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Study on Hybrid Approach Incorporating Machine Learning Algorithms and Chemical Transport
Title Model for Estimating Air Quality in Japan and Thailand
(AREFZAMIZB TP RREHAD-OOEMFE LLFREETILERARATZNAT) vy FRFXRICET 28R)

Abstract of Thesis

Chapter I is an introduction to the dissertation which describes the rationale, novelty, and objectives of
the study. A statistical technique, referred to land use regression (LUR), has typically been applied for an
estimation of air pollutant concentrations in a particular area. However, the conventional approach with linear
regression bears the disadvantages of limited temporal resolution and difficulty in capturing non-linearity
between predicted and predictor variables. Chemical transport model (CTM) and machine learning (ML)
algorithms can be applied to overcome the limitations of the conventional approach. Although the hybrid LUR
model incorporating ML algorithm and CTM were used for air quality assessment, it has not been applied for
assessing air quality that is affected by long-range transport and local pollution, e.g., Japan. In addition, it has
not been studied in developing countries due to the limited number of air quality monitoring stations. Therefore,
this hybrid approach requires validation to ensure that it is effectively applicable for air pollutant predictions.
The main objective of this dissertation is to develop and evaluate the hybrid LUR approach which incorporates
ML algorithm and CTM for air pollutant predictions in Japan and Thailand.

Chapter II presents the air pollutant information, the description of the modelling system, the LUR
technique, the description of machine learning, and statistical evaluation methods that were applied to this
study.

Chapter III is to develop and evaluate the hybrid LUR model incorporating ML algorithm and CTM for
NO: and PM:5 assessment in Japan. Random forests (RF), as an ML algorithm, was used to build the LUR
model. This model was termed a land use random forests (LURF) model. The LURF model was conducted in two
conditions by inclusion and exclusion of CTM for investigating NO2 and PMzs predictabilities between with-CTM
and without-CTM models. Moreover, the air pollutant predictabilities from the with-CTM LURF model were
compared with those from the LUR model built with linear regression and CTM to investigate the performance
between non-linear and linear models. As the results, the with-CTM LURF model performs higher NO2 and
PMa25 predictive accuracy than the without-CTM LURF model and the LUR model built with linear regression.
Accordingly, the hybrid approach is advantageous in accurately estimating daily NO2 and PMz2 5 levels.

Chapter IV is to enhance the NO2 and PMss predicting performances of the hybrid LUR models by using
Light Gradient Boosting Machine (LightGBM). The LightGBM is a newly developed ML that is highly efficient
and capable of handling large-scale data. NO2 and PMoazs predictabilities from the LightGBM model was
compared with those from the hybrid LUR models built with RF and Extreme Gradient Boosting Machine
(XGBoost) algorithms. The advantages of the three ML algorithms were discussed and provided in this chapter.
The findings demonstrate that the LightGBM model processed faster and achieved more accurate NOz and PMz5
predictions than the RF and XGBoost models.

Chapter V is to evaluate and implement the hybrid LUR model for air quality assessment in developing
country. The hybrid LUR model developed from LightGBM was used to predict the PMz25 levels and illustrate its
spatiotemporal distributions in central region of Thailand. The outcome reveals that the hybrid approach
accurately estimates the daily ambient PMas level, which is influenced by transboundary and local pollutions.

Chapter VI summarizes the important conclusions that the hybrid modelling approach can be effectively
applicable for air pollutant predictions in both developed and developing countries. Moreover, this chapter
describes the limitations of the study together with the recommendations for future studies. For instance, the
modelling approach can be utilized for risk assessment studies on the short-term (acute) effects of large cohorts

of residents, including those living away from air quality monitoring stations.
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REIGY RN L D0 & 3T 2 729010, HIR O KRRIG W B IR E DR ZER 046 OHEE DS ETT, T OHEEIC
%, BHURIAEYE (LUR) EMEEN 2 FER —RICERS AV DLN TR, #EERERA o THDLZ &0
B ENLTWD, Eiut, LUR €T, THEK L THAKOBOIMEEEZ R TERNEVI KEEZH LT
LML THD, AL, EFHEEET L (CTM) B LU S (ML) 72U X A% LUR BT /WICHAAALT
NAT Yy RLURETAZBI L, ZOXKEETR L., RERIGUWEIRE OREZEM 340 OHEEREE on L& BHE L7z
HLDOTH D,

FUHIZ, ML 7 A TY XhE CTM 2#AAATE A 7Y » K LUR EFMICE LT, ML 742U X ADMAA
HOFE, CTM OFBIIAH DA IED RI2 55T T, HAD NOz 3 LT PMas DRFZE IR EE AT HEE &2 FhE L T
5, ZZTOHETIE, ML 73V XALL LTI FL7H VAN BRF) 743V XLZ2FHLTW5E, FHE-ER
iZ, RE7 A=Y XA L CTM 28AAATE AL 7Y » K LUR 77, AAD NO2#5 L0 PMas 0 F ABIIE % IF
WECHEE S5 Z EMNHIRD Z EEZH LML TS,

Wi, B#HO ML 7 /=Y XL T % Light Gradient Boosting Machine (LightGBM), #i¢3E?d ML 7 /L= X A
T®» 5 RF £ L O Extreme Gradient Boosting Machine (XGBoost) 72U XA %ZHWT, ~1/ 7 U > KLUR E£5
VEREEE L, HAR®D NO2 I LT PMa s DRFZERHIRE S AiHEE % 30 L T D, FHEAERIL, LightGBM €7 V73 RF
BEL XGBoost ET /L LV HEHEHENHELS . L 0EE L NO2 B LU PMes O AEBNRE 2 B ICHET D2 &
DKL ZEEZHHENILTVD,

IHIC, HRLEIRGEMB L OKRKIGREENR R D | OoT=F Y U T T —Z P07 A Figio st LT,
LightGBM 7 L= J X4 & CTM 2 FHAAATEANA 7Y v K LUR EF AL M5 L, PMa.s O RF22 [ 547 #E 1 % 52
i LT %, FHRAERIL, ITBEREE D & OBBEIG Y & MUk 5 Y DB % %\ F 5 2 A i Hilg > PMas O B AR % IE
MECHEE S5 Z EMHRD Z EEZH LML TS,

UED X iz, K3 x ¥ — L%, FICRERFICHFET D22 ENREN,

Lo AR LR E LUlESH 2 b0 LR 5,




