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Nowadays, the rise in air pollution can be seen around the world especially in urban city.
Studying the distribution of air pollution becomes one of the essential ways to know the characteristics
and nature of air pollutants for air pollution mitigation actions around the world. In Myanmar, there
are very few studies focusing on this area and these very few studies were carried out for short term
periods. Therefore, this study was aimed to investigate the temporal distribution of air pollutants
(PM2s, PMyo and Os) following by MLR modeling for the influence of meteorological factors on air
pollutant concentrations and Time series modeling for the prediction of AQI. Hourly air pollutant
concentration was collected by US Embassy monitoring station and NGO monitoring station. Daily
meteorological data was collected from department of Meteorological and Hydrology, Yangon,
Myanmar. Pearson's correlation analysis was applied for checking the direction and magnitude of
association between all meteorological data in order to include in regression models. Seasonal
(summer, monsoon and winter) and annual multi linear regression models were analyzed to examine
the associated factors for air pollution during study periods. Moreover, AQI for PM.s, PM;, and O3
was calculated by the standard formula of USEPA. Finally, AQI prediction of PM1o and PM2 s for 2022
was done by ARIMA of Time Series Modeling. Excel and R studio software were used for all the
statistical analysis contained in this study. Overall, both air pollutants concentration and AQI of PM_s
were 0-93.6 pug/m? and 0-171 which exceeded the acceptable level by WHO which are 35.15 ug/m?®
and under 50. Similarly, air pollutants concentration and AQI of PMjo were 0.1-149.27 pg/m? and 2-
98 which exceeded the acceptable level by WHO which are 50 pg/m? and under 50. Particulate matter
pollution is the worst especially in summer and winter. AQI of ozone during study period was 1-56
which was at a safe level. Dew point temperature, relative humidity and rainfall had significant
negative association for all pollutants while, ambient temperature had significant positive association
with all pollutants in this study. Winter models for particulate matters had the best model performance
and explained majority of variation in particulate matters. 60%, 45% and 45% of variation in PM;s,
PMjo and Ozone were successfully explained by relative humidity in annual model. Time series
modeling forecasted AQI of particulate matters and saw an increasing trend in the year 2022. In this
study, it can be clearly seen that AQI of PM,s and PMyare really high in Yangon city, Myanmar and
the influence factors for distribution of air pollutants were identified. Therefore, urgent mitigation
actions for air pollution should implement in the Yangon city, Myanmar for the health concerns of
residents living in the city. The accurate and precise results from this study are aimed to give required
information as a reference in setting national ambient air quality standard, in regional policy making
process and also for giving awareness for the public through the publication.
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CHAPTER |

INTRODUCTION

1.1 Background and Rationale

In many part of the world, air pollution has become a serious issue especially in
densely populated areas. It is a global issue that needs to be addressed because it brings
adverse health outcomes(Castells-Quintana, Dienesch et al. 2021). The United States
Environmental Protection Agency (US EPA) has identified six major pollutants; lead
(Pb), carbon monoxide (CO), nitrogen oxides (NO), particulate matter (PM), sulfur
dioxides (SO2) and ozone (Oz) as “criteria” pollutants. They identified them as criteria
pollutants based on human health and environmental related criterions

(https://www.cdc.gov/).

According to WHO, air pollution is a major contributor for environmental
related health problems(Organization 2003). These health problems include minor
effects such as upper respiratory irritation and chronic effects; for example, loss of lung
capacity, lung cancer, asthma, heart disease, bronchitis and failure in lung function
(Kampa and Castanas 2008). Even though there can be seen effectiveness of air
pollution mitigation actions in some parts of our planet, a number of people in both
industrialized countries and developing nations still encountered premature death
yearly from the adverse effects of air pollution.

A record of 3.7 million premature deaths occurred in 2012 due to outdoor air
pollution (UNEP 2014). Moreover, in developing nations of South-East Asia, indoor
air pollution caused 3.3 million deaths and outdoor air pollution caused 2.6 million
deaths, this meant that the problem of air pollution in these areas is larger than in other
parts of the world (Bauer, Moebus et al. 2010). Myanmar also has been facing problems
relating to air pollution. According to a report from Department of Population, the
information relating to Yangon's air quality and also water quality is very limited
(Aung, Noguchi et al. 2019). Yangon is the most important commercial and urbanized
city of Myanmar (Forbes 2016). However, there were no air quality and emission

monitoring stations in Myanmar in the past years(Sricharoenvech, Lai et al. 2020).


https://www.cdc.gov/

According to the articles published in 2020 about Yangon Air Quality, by Axel Harneit-
Sievers and Rixta Sievers starting from the middle of 2019, there were three air quality
monitoring stations which particularly monitored PM2s, PMiwo and Os. These
monitoring stations were maintained by US Embassy, Heinrich Boll Stiftung Yangon
Office — Myanmar, and Clean Air Yangon. Although there were a few research
conducted for preliminary evaluation relating to indoor and outdoor air quality,
distribution of different types of air pollutants in the atmosphere of Yangon that is based
on secondary data obtained from current monitoring stations, is still lacking (Tun, Aung
et al. 2018, Aung, Noguchi et al. 2019, Yi, Aung et al. 2020).

Many evidences showed that climate factors have a great influence on different
kinds of pollutants (PM1o, NO2, PM2s, and Oz), correlations between air quality and
meteorological parameters are inconsistent among studies (Akpinar, Akpinar et al.
2009, Afzali, Rashid et al. 2014, Li, Qian et al. 2014). Certain climate factors cause
transportation of aerial pollutants and leads to the formation of secondary pollutants.
Periodical and topographical criteria of meteorological and air pollutants are obvious.
The concentration of most air pollutants was affected by climate factors which have a
great impacts on concentration of air pollutants depending on sources of pollution and
locations(Liu, Zhou et al. 2020). The common climate factors affect the level of air
pollution includes temperature, precipitation, relative humidity and wind speed (Han,
Zhou et al. 2015).

The study of association between air pollutant parameter and meteorological
conditions have also been carried out around the world (Giri, Adhikary et al. 2008,
Luvsan, Shie et al. 2012, Wang and Ogawa 2015, Wang, Myint et al. 2018, Radzka
2020, Rojas, Borge et al. 2020, Munir, Coskuner et al. 2021) including Asian countries
(Kliengchuay, Cooper Meeyai et al. 2018, Mohtar, Latif et al. 2018, Dung, Son et al.
2019). However, this type of research is still limited, especially in the context of
Myanmar.

The US EPA developed a system called Air Quality Index (AQI) which
categorizes the pollutants for the purpose of rating the safety level of air and for better
understanding of air quality index in the society (Tan, Han et al. 2021). Generally, AQI
varies from region to region in the degree of concentration (Guo, Zhao et al. 2020).

Therefore, every country around the world needs to amend the level of pollutant



concentration practically. The process of developing a new AQI for specific country
include monitoring concentration of parameters hourly in target areas, converting the
raw concentration into AQI value for each pollutant by the use of standard formulas by
US EPA and announcing the highest values as the Air Quality Index for specific day
(US-EPA 2012).

It is essential to understand the relationship of air pollutants and meteorological
factors because this can help to formulate effective air quality control policies. There
are so many challenges in Myanmar regarding to the implementation of Environmental
Conservation Law; for example, absence of detail legislation relating to management
of air pollution and not having some of the implementation plans for air pollution
control. Therefore, studying the distribution of air pollutants and also finding the
association between climate factors and major pollutants with the current available data
set will be useful in preliminary steps for air pollution mitigation in Myanmar. The
results obtaining from this kind of study are very useful and can be applied for regional
policy making process such as setting national ambient air quality standard and also for
giving awareness for the public (Purohit, Munir et al. 2013, Cannistraro, Cannistraro et
al. 2016).

Especially, developing countries like Myanmar has very limited number for
this kind of research and it is urgently needed to conduct a research for air quality
development in the most urbanized city of Myanmar. Therefore, in this study, the
association between air quality parameters and climate parameters (i.e., temperature,
station pressure, rainfall, humidity, dew point temperature and wind speed) were
analyzed by applying secondary data from meteorological department during the year
of 2019 to 2021. AQI was considered for reaching the assessment of air in Yangon from
AQI calculation of three different pollutants by using the raw concentration data from
the year 2019 until 2021. Air quality forecasting for near future of PMz2.sand PM1o was
also included for investigating early warning against harmful air pollutants. This
research is the first study in Myanmar to investigate the distribution of air pollutant
from current monitoring stations and also to analyze the association between
meteorological data and selected air pollutant in the context of Yangon city, Myanmar.
As air pollution is one of the most wide spread and obvious kind of environmental

damage, studying the distribution of air pollution in Yangon city Myanmar is aimed for



better understanding of the nature of air pollutants and environmental factors that
related to air pollution. The outcomes obtained from this study is targeted for both

policy making process for air quality control and further research in the future.

1.2 Research Questions

1. How much variability in air pollutant concentration could be explained by
selected meteorological factors i.e., temperature, pressure, humidity, dew point
temperature, wind speed, and rainfall) in the atmosphere of Yangon city,
Myanmar?

2. What is the seasonal distribution of AQI for selected pollutants (PM1o, PM2s
and O3)?

3. What will be the AQI of particulate matters in 2022 and which air pollutants

can represent more for health concerns?
1.3 Objectives

1.3.1 General objective
e To investigate the temporal distribution of three type of air pollutants (i.e.,
PM1o, PM25s and Os) in the atmosphere of Yangon city during a three-year

period.

1.3.2 Specific objectives

(1) To investigate the distribution of PM1o, PM2sand Os during 2019-2021

(2) To investigate the association between meteorological factors (i.e., temperature,
pressure, dew point temperature, relative humidity, wind speed and rainfall) and
the concentration of air pollutants (PM1o, PM2.5 and Os)

(3) To determine the AQI level and its distribution for each air quality parameters
(i.e., PM1o, PM2sand Os) from daily data.

(4) To predict the air quality index of PM1o and PMz2s for the near future (1year)

1.4 Conceptual Framework

Independent Variables Dependent Variables
(Meteorological factors) (Air pollutant concentration)
» Temperature, « PM,
* Pressure « PM,;
» Dew point temperature '




*  Humidity « O,
* Wind Speed
+ Rainfall

1.5 Scope of the study

Yangon is the important commercial city of Myanmar and the whole city is
full of residential buildings and industrial areas (Sritarapipat and Takeuchi 2017). The
location of the city is between Latitude 16.8861° N and Longitude 96.1951° E, and 34
km from the sea in the coastal area. Yangon covers an area of 598.8 km? having a
population of approximately six million people (Tint and Kyaw). There are thirty-three
townships in Yangon City. However, there are only three monitoring station for air
quality until 2020 according to an article published in 2020. However, only two stations
in two provinces in Yangon city can provide real time air quality data from 2019 to
2021. Therefore, raw data obtained from two monitoring stations was used for further
analysis: Pearson's correlation and multiple linear regression (MLR) by R which is an
open-source language was used for statistical computing and graphical presentation in
this study. Moreover, the research also focused on observing AQI of measured air
pollutants by using U.S. EPA derived formula. After calculating Air Quality Index
(AQI), Time Series analysis was applied in order to analyze the distribution pattern of
air quality index from 2019 to 2021 and time series modelling was conducted the AQI
value of PMioand PMzs for the near future. The location of two air quality monitoring
stations and meteorological stations are shown in Figure 1 by using Arc Map and

Google earth pro software.
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CHAPTER I

LITERATURE REVIEW

2.1 Theoretical Background
2.1.1 Air Pollution

There are two type of air pollutants; primary pollutant that released directly
into the atmosphere and secondary pollutant which form from the reaction of other
pollutants in the atmosphere. Ozone (Os), Particulate matter (PM) and Peroxyacyl
nitrates are examples of secondary pollutants. However, nitrogen oxide (NOx) and PM
are released from a direct route or can be formed from the reaction of other pollutants,
and they are included in two types of pollutant (Holman 1999). Majority of Man-made
activities (anthropogenic) comes from transportation, manufacturing, construction, and

residential (Agustine, Yulinawati et al. 2017).

2.1.2 The relationship between air pollutant concentration and climate factors

Various economical, geographical, and climatological variables have a great
influence on the distribution of various kinds of air pollutants (Mohtar, Latif et al.
2018). These factors are unmanageable; however, they can extremely impact on the
concentration of air pollutants. As for a crucial concern, peak of Os periods and
temperature were related vigorously because of the association of temperature and
stagnation periods increase photochemical reaction and bonfire emissions (Fiore, Naik
etal. 2012).

It will be misleading if all meteorological variables are not included in finding
the association between air pollutants and climatological factors because the air
pollutants' concentration react to all climate factors as air mass (Mohtar, Latif et al.
2018). Various studies found that air humidity associated with the level of air pollutant.
A study found that the higher water vapor lowers the ozone level (Jacob and Winner
2009), while another study found that the level of PM1o decreased when the humidity
increased (Giri, Adhikary et al. 2008). On the other studies, the increase in the wind
speed associate with the increase in the level of PM1o (Wang and Ogawa 2015), similar
to another study conducted in Nagasagi, Japan showed that PM2s have a negative

correlation with temperature, a positive correlation with precipitation. In addition, it has



found that a wind that originates from the west and blows in an eastward direction is
the carrier for most pollutants over Nagasaki (Ng, Hashizume et al. 2019). One research
done in Kathmandu valley stated that increasing in the level of rainfall was negatively
correlated with PM1o concentration(Giri, Adhikary et al. 2008). In the previous study,
it is indicated that moisture level is strongest predictors of PM concentration (Wise and
Comrie 2005).

The use of time series analysis can clarify the distribution patterns of various
kinds of air pollutants and found out that Os level are typically highest in January—
March (Mohtar et al., 2018). Time series analysis requires at least three years of data
for synthetic data generation for forecasting AQI of various pollutants (Devi, Sundar et
al. 2013, Abhilash, Thakur et al. 2018, Zhang, Lin et al. 2018, Koo, Wong et al. 2020).

2.1.3 Air Pollution study in low-income countries

One of the global concerns in these days include poor air quality management
such as assessment of reliable data including absent of air quality monitoring data and
also not having a great concern about air pollution problem in developing countries. To
address this problem effectively, both private and administrative sectors would require
working cooperatively to realize the main goal of distinguishing, comprehensive
understanding of air pollution problems that leads to many health problems around the
world. Especially, lack of air pollution data is one of the main sources of problem
because the government has no intention to invest for air quality monitoring sectors and
also people became lack of awareness and cannot see how big the problem is.

Various studies that have been done as the first air quality study in low- and
middle- income countries, applying low-cost air quality monitors to measure air quality
parameters. The poor air quality area and major sources of pollution were identified
(deSouza, Nthusi et al. 2017, Thu, Htun et al. 2018, Ngo, Asseko et al. 2019). Moreover,
researchers also conduct research about the correlation between exposure to air
pollution and specific types of diseases in these countries (Lelieveld, Evans et al. 2015,
Jafta, Barregard et al. 2017, Mannucci and Franchini 2017).

Another kind of study that mostly done relating to air quality in developing
countries are modeling study. These studies created models to predict concentration of

pollutants based on the correlation between air pollutants and meteorological data and



road traffic emission data (Ho and Clappier 2011, Li, Hsu et al. 2011, Chiwewe and
Ditsela 2016, Aman, Manomaiphiboon et al. 2019).

2.1.4 Model or Analytical method for air pollutant distribution

Computer programming are widely used for analyzing and forecasting of large
data because many tools available in computer can do more accurately and precisely.
For examples, CC++, SPSS, SAS, Mat lab, Strata, FORTRAN, and 'R' has been used
for the air quality modeling. As for R, this language is developed by Insightful
Corporation under the Free Software Foundation's for General Public License (Chiang,
Goes et al. 2012, Agustine, Yulinawati et al. 2017, Sivaprasad 2021). There are many
different models that can be used for assessing the air pollutant distribution and
examples include statistical interpolation, time series modelling, multiple linear
regression, artificial neutral networks (Jerrett, Arain et al. 2005). Among them,
Regression is the most widely used method for forecasting and finding the relationship
between the independent and dependent variables. The following Table 1 shows the
data requirements, weakness, strength of analytical analysis methods and models that
are mostly applied for air pollution study.

Table 1 Comparison of mostly used analytical methods and models for air pollution
study

Types Data Weakness Strength References
of requirements
analysis
MLR* At leasttwo | Two or more of the | Good for | (Khademi &
dependent independent preliminary Behfarnia,
and variables are highly | study 2016;
independent | associated to each Tranmer &
variables other Elliot, 2008)
Time Longer time | Problems with Help to gaina | (Huang et al.,
Series data accurately useful 1998; Velicer
is needed identifying the glimpse of the | & Plummer,
correct model to future. 1998)
represent the data
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Types Data Weakness Strength References
of requirements
analysis
Kriging* | Monitoring The original data Good for (Jerrett et al.,
site(10-100) | points are seldom various land | 2005)
honored use and
topography
study sites
ANN* large and Need lots of data, Higher (Khademi &
complex there is no specific | accuracy Behfarnia,
multi- rule for determining | results 2016; Sarangi,
parameter the structure of Madramootoo,
datasets artificial neural Enright,
networks. Prasher, &
Patel, 2005)

*Note: MLR = Multiple Linear Regression, ANN = Artificial neutral networks, Kriging
= Geo statistical interpolation technique

2.1.5 Linear regression and its component

A statistical technique called Regression has been widely used for numerous
variables and could address many real-world problems. To estimate the inaccessible
data, it is necessary that the model has maximum generalization ability of simulation
and documented data is used. For interpretation and prediction purpose, regression is
used because it can give strong explanation of how explanatory variables can affect
response variables. Moreover, complex model can lead to the decrease in generalization
ability and linear regression which has the least complexity is frequently applied by
different fields. There are two types of linear regression. Including simple linear
regression which contain one explanatory variable and one response variable and
multiple linear regression which contains more than one explanatory variables. In the
case of more than one explanatory variables, it is mostly referred to use multiple linear
regression for two reasons. The first one is making the analysis separately cannot state

the effect of combined set of independent variables on dependent variables and the
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second one is the estimation for response variable cannot done with the absent of
simultaneous effect of explanatory variables. It is also important to check the variables
whether to include or exclude in the model before starting regression.

There are 4 critical assumptions for classical MLR and they are independent
observation of a variable, no serious outliers in a variable, normal distribution of a
variable, and no multi-collinearity of a variable. These assumptions clarify variables
that should be included in the model to give the reliable result (Fitzmaurice, 2016). The
coefficient on the regression model is actually the assumed parameter value in the
model for the actual condition. In multiple linear regression, R? indicate how much
variation in the result can be described by the variation in the explanatory variables
(Wang and Ogawa 2015, Etemadi and Khashei 2021). In MLR, the lowest p-value
means the observed statistical test is meaningful because this value clarifies for
rejecting null hypothesis and accepting alternative hypothesis. To analyze the
distribution of air quality and also the influence of meteorological factors, many
previous studies applied multiple linear regression (Li, Qian et al. 2014, Sahanavin,
Prueksasit et al. 2018, Shi, Matsunaga et al. 2018).

2.1.6 Time Series Modelling

According to Tufte and Graves-Morris (1983), “The time-series plot is the
most frequently used form of graphic design. With one dimension marching along to
the regular rhythm of seconds, minutes, hours, days, weeks, months, years, or millennia,
the natural ordering of the time scale gives this design a strength and efficiency of
interpretation found in no other graphic arrangement” (Tufte 1983). The application of
Time-series for environmental management problems contains identification of the
different time-series components such as stationary, linear trend, random variables,
regressive model, cyclic term (Devi, Sundar et al. 2013). For example, time-series
analysis is applied in air pollution analysis for the purpose of categorizing air pollutant
concentration into stationary, trend and periodicities. Seasonality in time-series means
the presence of changes occurring weekly or monthly. For detecting seasonality, the
autocorrelation function is used. Stationary of time-series means the mean and variance
don't change over time; for instance, the values are not as a function time (Hamilton

2020). Basically, time-series modelling involves, moving average, exponential
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smoothing, and ARIMA. ACF and PACF functions are normally used to identify
possible models for targeted values and parameters (Devi, Sundar et al. 2013).

2.1.7 Air Quality Index Standard

The best way to know how much polluted the air is and also the level of different
kinds of risks associated to air pollution is the use of air quality index. An AQI is
generally computed by the use of standard criterions that are developed on research for
the safety levels of main pollutants. Air quality indexes is applied for two major
purposes:

1. To inform the public about air quality in a comprehensible manner, so that

they may take action to protect their health

2. To help countries develop and assess policies for better air

The basic approach of Air Quality Index contains converting the concentration
of six air quality parameters (including CO, PM1o, PM25 SO2, NO2, and Os) into
corresponding non-integer with a range from 0-500, individually. Some studies used
AQI standards and national air quality standards have been used for the investigation
of current air quality situation in some countries of the world.

In recent study, AQI standard developed by USEPA was applied for various
pollutants as Sulfur dioxide (SO2), Nitrogen dioxide (NOz) and Suspended Particulate
Matter (SPM) (Guo, Zhao et al. 2020). Daily air quality estimation in Delhi also have
been done by ARIMA and multiple linear regression (MLR) models (Goyal, Chan et
al. 2006)Moreover, high correlation between air quality index and meteorological
variables also observed (Cogliani 2001). AQI values below 100 are generally assumed
as acceptable level (Mohan and Kandya 2007). EPA's AQI guideline values related to
PM2s, PM1o and Os is listed in Table 2.2 and the explanation for level of health concern
is explained in Table 2.
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CHAPTER Il

METHODOLOGY

3.1 Data Collection
(1) Meteorological data

All the meteorological data from January 2019 to December 2021 was collected
from Department of Meteorology, Myanmar. For meteorological parameters, there are
2 monitoring stations maintained by Department of Meteorology in Yangon district.
However, a station called “Hmawbi Station” is 100 km away from Yangon city. Thus,
this monitoring station didn't include in this study. Finally, only one station was
included. The meteorological station is located at No.50, Kaba-Aye Pagoda Road,
Mayan gone Township, Yangon, Myanmar.

Meteorological parameters included in this study are rainfall (millimeter, mm),
ambient temperature (degree Celsius, ‘C), relative humidity (percent, %), dew point
temperature (degree Celsius’ C), rainfall (millimeter, mm), atmospheric pressure
(hectopascal ,hPa) and wind speed (mile per hour, m/h) and all data are presented as
daily average.

(2) Air pollution data

For air pollutant data, there are two monitoring stations: U.S .Embassy
monitoring station which is located at 110 University Avenue Road, Yangon and
Heinrich Boll Stiftung Yangon Office which is located at Hlaing Myint Moh Lane
3,Hlaing Township, Yangon. The distance between two monitoring station is 5.1 km.;
while the distance from meteorological station to HBS office and U.S. Embassy are 2.8
km and 5.9 km, respectively. PM2.sand PMzo concentration data from HBS office and
PM2s and ozone from U.S. Embassy are attained from two monitoring stations. The
daily average concentration in the unit of pg/m? for PM1o and PM2.s, and ppb for Oz will

be used for the data analysis.
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3.2 Sampling method and Quality control
3.2.1 U.S. Embassy Monitoring Station —Measuring PM2s and O3

Principle of operation: The concentration of air pollution was measured
hourly by BAM-1020. In the central unit, the sampling pump and the sampling inlet
hardware are three major parts of detector. Every part is independent and can be easily
decoupled for substitution and checking. The BAM-1020 apply beta ray attenuation
for the purpose of calculating particle mass concentrations (ug/m®). A 14C element
(60uCi +/- 15uCi) emits a constant source of low-energy electrons also knows as beta
particles. The beta rays are attenuated as they collide with particles collected on a filter
tape. The decrease in signal detected by the BAM-1020 scintillation counter is inversely
proportional to the mass loading on the filter tape. Routine service checks: Embassy
monitoring station was routinely checked by the operator. The routine check included
daily, weekly, monthly, bi-monthly, and annual check.

3.2.2 Heinrich BAll Stiftung Monitoring station-Measuring PM 25 and PM 19

The device used for monitoring PMzs and PMao is called Airveda, which is
India’s first accurate air quality monitored device. According to Heinrich Boll Stiftung,
the device was placed at the back of their office. The device measures the PM2.s, PMuo,
and then send it to server. The data storage may affect by the poor Wi-Fi connection,
server down or blackout. Routine service checks: HBS monitoring station was routinely
checked by the operator. The routine check included daily, weekly, monthly, bi-

monthly, and annual check.

3.3 Data Analysis
Step 1: Data preprocessing
After the data collection, both meteorological and air quality data was checked

for data validation to clarify all the data was acceptable to use in data analysis. Firstly,
descriptive statistics i.e., mean, median, and mode was analyzed. In addition, box plot
was used to illustrate the distribution of data. Detailed criteria for determining the
minimum amount of data from data set that is required to forecast the average value of
air pollutant concentration by WHO,"

1) The 1-hour average (hourly) value must have a minimum of 75% of the

monitoring data.
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2) The 8-hour average value should have at least 75% of the monitoring data or
about 18 hours of available monitoring data.

3) The 24-hour average (daily) value should have a minimum of 50% of hourly
data in a day.

4) The seasonal and annual average values must have at least 50% of daily data in
a year", was considered.

There were two data sets for air pollutant PM2s concentration and the degree
of correlation between these two data sets from different monitoring stations was
observed. For this purpose, the correlation analysis which is normally applied to
determine how much the measurement of air quality parameters from two station was
used. Firstly, it was checked whether the data is normally distributed or not by skewness
and kurtosis. Since both data sets were normally distributed, Pearson correlation
coefficient analysis was used. Scatterplot was applied to provide a general illustration
of the relationship between variables. Positive or negative sign r shows the direction of
correction between variables.

Step 2: Multiple Linear Regression

Regression model was used to estimate the level of correlation between the
predictors and criterion variables and explore the forms of relationships between them.
Before making multiple linear regression, four assumptions criteria were checked.
These assumptions included the independent observations of a variable, no serious
outliers in a variable, normal distribution of a variable and no multi-collinearity among
independent variables. For the last one, VIF (Variance Inflation Factor) to detect multi-
collinearity was used. A variable with VIF of 1-10 was considered to be acceptable.
Any variable with VIF greater than 10 indicated a problematic amount of collinearity
and was removed from the model and run the analysis again. Finally, multiple linear
regression analysis was used to find the association between meteorological factors and
air pollutant concentration. The model for the distribution of air pollution in Yangon
city; a random dependent variable () relating to a set of explanatory variables X1, Xa...
Xk based on the multiple regression model, is as shown as follow:

Y =y + Bax1 + BaX2 + ...+ Pn Xnte; Eq.1
Where, Y = the response variable such as pollutant concentration,

X1, X2,..., Xn = the independent variables (i.e., meteorological factors),
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B1,..,pn = the coefficients of the regression model and
€ = an error term factor.
The variable with the p<0.001 was considered as statically significant. After
performing this model, the model validation was made by the following methods:
(1) Comparison of residual and fitted value to check the linearity of predictor
variables (x) with response variable (y),
(2) Checking the normality of residual or error variance by Q-Q plot,
(3) Checking the homoscedasticity of residual or error variance by scale-location
and
(4) Checking whether the data are free from outliers and influential observations by
using Cook's distance.
When the normality assumption is violated, the variables were log transformed. For
the last one, influential outliers, it was considered to remove when it comes to serious
outliers and if the outliers are not serious enough, they were decided to include.
Moreover, 10-fold cross validation which divided data sets into two segments; 90% of
the random data for training set and 10% of random data for test set to give the RMSE

and MAE value for determining the best the performance was also applied.

3.4 Air Quality Index (AQI) calculation and Time Series modelling

The key benefit of using an AQI is the ability to transform the information about
air quality to the public with a way which is both easily and conveniently. AQI
calculation of particulate matters (PM 2sand PM1o) from 2019- 2021 and Os from 2019
to 2020 was performed by using the AQI formula (EPA, 1999) for criteria pollutants

which is given as:

Igi—ILo
Ip == m (Cp - BPLO) + 1L0° Eq2

Where,

lr =the AQI for pollutant ‘p’

Cp =actual ambient concentration of the pollutant ‘p’

BP w1 = the concentration breakpoint that is greater than or equal to C p
BP Lo = the concentration breakpoint that is less than or equal to C p
I vi = the AQI corresponding to BP i

| Lo =the AQI corresponding to BP Lo
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The obtained AQI values were used for time series analysis and time series
modelling. All the Data sets were transformed into time series data first. Then,
augmented Dickey Fuller (ADF) test for unit roots was carried out for checking the
stationary of the time series data; y,=u + @y,_, + &;where, HO: @=1, H1: @ <l.
Stationary of the time series means the variance, mean and standard deviation of the
data are constant over the time. When our time series data were not stationary,
differencing or transformation; U, =Z,- Z, ,(first order), W, = U-U,,(Second order)
into stabilized series was done. After that, ACF (Auto correlation function) for g value
and Partial correlation function (PACF) for p value were checked. However, to get the
best fit of the model, Akaike's Information Criterion (AIC);

AlIC=—2log(L) +2(p +q+ k+ 1) Eq. 3
was applied for the selected data set. Then, the following ARIMA (p,d,q) model,
Ze=%0 1 01 Lo e Ny P Zt—i‘z;?ﬂ i + 2 Eq. 4

was applied to predict for 2022. Model validation was done by using Ljung-Box test

and 5-fold cross validation.
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CHAPTER IV

RESULTS

In this study, the temporal distribution of three types of pollutants (PMz.s, PM1o
and Ozone) were investigated to determine the impact of observational meteorological
factors on these pollutants. Secondly, Air Quality Index (AQI) for particulate matter
(PM2s5 and PM1o) were calculated, followed by the AQI prediction of these two
pollutants for the near future. The duration considered in this study was three years
period (2019-2021) and there were 1,096 observations for both air pollutants PM2.s and
PMzo and 731 observations for Os. There were 1096 observations for meteorological
factors (maximum temperature, dew point temperature, relative humidity, station
pressure, rainfall, and wind speed).

This chapter provides a detailed description of the results obtained from all
analysis methods and modeling. There are three parts in the result session: descriptive
findings, inferential findings, and findings from time series modelling. Firstly,
validation of data was accounted for reliable descriptive statistics in all observations.
Descriptive observations of each pollutant and each meteorological factor were
included in the first part. This session clearly describes the characteristics of all
variables found in the atmosphere of Yangon city.

Second part includes bivariate analysis and multivariable analysis to investigate
the association between explanatory variables and response variables. The explanatory
variables in this study are meteorological factors and response variables are air pollutant
concentrations. In the third session, AQI calculations and prediction of AQI as a
function of time by time series modelling via ARIMA model was presented.

4.1 Descriptive Findings
4.1.1 Air Pollutants Concentration

Collected air pollutant data included Ozone from US Embassy monitoring
station, PMaio from NGO monitoring and PMzs from both US Embassy and NGO
monitoring station. For both Ozone and PM1o, the minimum amount of data from these
two data sets to forecast the average value of air pollutant concentration was over 75%;

therefore, data imputation was made by median imputation because only 3% was
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missing. Although the minimum amount of data that need to meet the average
concentration standard by WHO for a three-year study period of PM2swas over 75%,
data imputation was done by correlation analysis for 8.2 % of missing value.

Table 3 shows the result of correlation analysis between PMz.s concentration of
two stations; NGO monitoring station and US Embassy monitoring station, while
Figure 2 illustrates a scatter plot of the correlation. The analysis shows a strong
correlation between 2 stations with the correlation coefficient (r?) of 0.84 (p <0.001).
Therefore, 8.2% of PM2s concentration missing value from US Embassy monitoring
station was substituted by the PM2s concentration of the same day. Table 4 also shows

the summary statistics of air pollutants (PM2s, PM1oand Os) during a three-year study

period.
Table 3 Summary for correlation analysis of PM2s between two stations
Air Pollutant r-value p-value
PM2s 0.84 <0.001

Correlation between two stations

PM2 5(NGO)
20 40 60 80 100

0

PM2.5{(Embassy)

Figure 2 Scatterplot of significant PM2.s concentration correlation between two
stations
According to summary statistic shown in Table 4, concentration of PM2.5, PM1o

and Os during the study periods range from 0-93.6 (pg/m®), 0.1-149.27(ug/m®) and
0.50- 62.25(ppb) respectively. Monthly average concentrations of all pollutants (PMzs,

PMao, Os) during the study period were also investigated and the result are shown in
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Table 5, Table 6 and the monthly average distributions graphs are shown in Figure 3

and Figure 4 respectively.

Table 4 Summary descriptive statistics of air pollutants (PM2s, PMz1o and Os)

Air Pollutants PMzs PMuo O3
No. of observation 1096 1096 731
Mean 24.02 40.16 7.50
Median 19.07 32.09 5.89
Min 0 0.10 0.50
Max 93.6 149.27 62.25
SD 21.01 30.21 6.94

Table 5 Monthly Average concentration of PMz.s, PM1o during 2019-2021

VA PM2 s concentration PM3o concentration
(ng/m?) (ng/m3)

January 51.49 75.20
February 52.33 78.69
March 44.33 69.17
April 33.30 47.95
May 16.81 30.15
June 5.70 15.96
July 4.19 14.26
August 4.82 17.62
September 5.06 14.62
October 5.63 29.01
November 21.00 36.65
December 39.89 50.35
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Figure 3 Monthly distribution of PMz.sand PMio during 2019-2021

Table 6 Monthly Average concentration of Ozone during 2019-2020

[V O3 concentration (ppb)

(2019)

January 10.32
February 10.59
March 9.30
April 10.09
May 6.39
June 4.92
July 13.63
August 6.47
September 3.86
October 5.24
November 7.82
December 9.00
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4.1.2 Meteorological factors
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Meteorological factors included in this study are maximum temperature, dew

point temperature, relative humidity, rainfall, wind speed and station pressure. There

are 1096 observations for each meteorological factors. Summary statistics of

meteorological factors is shown in the Table 7.

Table 7 Summary statistics of meteorological factors during study period

: Maximum | Relative | Dew point : Station | Wind
Meteorological - Rainfall
temperature | humidity | temperature pressure | speed
factors g , (mm)
(C) (%) (C) (hPa) | (mph)
No. of
) 1096 1096 1096 1096 1096 1096
observation
Mean 33.94 62.27 23.09 7.60 | 1010.07 | 1.57
Median 32 62 24.60 0 1010.95 | 1.20
Min 33 21 9.60 0 107 0
Max 42.20 100 39 190 1018.9 | 4.60
SD 3.10 30.21 3.60 16.66 28.68 0.65
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4.2 Inferential Findings

4.2.1 Bivariate association between air pollutant (PM.;5) and meteorological
factors

Pearson's correlation analysis stated the multiple correlation between PM2.sand
meteorological factors. The result of correlation matrix from Pearson's correlation
analysis between PMz2s concentration and meteorological factors is shown in Figure 5.
Illustration of how much one variable was affected by another is shown in Figure 6.
According to Pearson's correlation analysis, ambient temperature and dew point
temperature had significant negative correlation with PM2s concentration (p-value <
0.001). Similarly, rainfall had moderate negative correlation with PMz.s concentration
(p-value < 0.001). Moreover, ambient temperature had moderate positive association
with PMzs (p-value < 0.001). However, station pressure and wind speed found no

correlation with PM2s concentration.
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Figure 5 Summary correlation matrix of correlation analysis between PM2.s and
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Figure 6 Scatterplot matrix of correlation analysis between PM2.s and meteorological

factors

4.2.2 Bivariate association between air pollutant (PM10) and meteorological

factors

Pearson's correlation analysis stated the multiple correlation between PMaio and

meteorological factors. The result of correlation matrix from Pearson's correlation

analysis between PM1o concentration and meteorological factors is shown in Figure 7.

Illustration of how much PM1o concentrations was affected by meteorological factors

are shown in Figure 8. According to Pearson's correlation analysis, relative humidity

and dew point temperature had significant negative correlation with PMz1o concentration

(p-value < 0.001). Similarly, rainfall had moderate negative correlation with PMuo

concentration (p-value < 0.001). Moreover, ambient temperature had moderate positive

association with PMaio with (p-value < 0.001). However, station pressure and wind

speed found no correlation with PM1o concentration.
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4.2.3 Bivariate association between air pollutant (Os) and meteorological factors

For Ozone concentration, the data was positively skewed and normality of the whole
data set was done by log transformation. Pearson's correlation analysis stated the
multiple correlation between Oz and meteorological factors. The result of Pearson's
correlation analysis between Os concentration and meteorological factors is shown in
Table 8. Illustration of how much Os concentrations was affected by meteorological
factors are shown in Figure 9. According to Pearson's correlation analysis, dew point
temperature and relative humidity had negative correlation with O3z concentration and

ambient temperature had significant positive correlation with ozone (p-value < 0.001).

Table 8 Summary of correlation analysis between Os and meteorological factors

Meteorological factors r-value p-value
Ambient temperature 0.4 <0.001
Dew point temperature -0.35 <0.001
Relative humidity -0.40 <0.001
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Figure 9 Scatterplots of significant correlation between O3z and meteorological factors

4.2.4 Multiple Linear Regression Analysis

To investigate the remarkable effect of meteorological factors on selected air

pollutant concentration, multiple linear regression analysis was done by making
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seasonal models; Summer (March-May), Monsoon (June-October) and Winter
(November-February) and annual model by considering all the selected study periods
together. The significant findings of multiple linear regression analysis are stated in the

following sessions.

4.2.4.1 Seasonal Multiple Linear Regression model of PM25

The influence of meteorological factors on PMz.s showed variations depending
on seasons. The results obtained from seasonal multiple linear regression models are
listed in Table 9, while Figure 10 shows the prediction and actual value in each season.
According to four assumption criterions that were checked before developing the
model, four explanatory variables were considered to include in the seasonal models.
Explanatory variables included in summer, monsoon and winter models are maximum
temperature, dewpoint temperature and relative humidity; however, rainfall was
included in monsoon model because of the significant correlation between rainfall and
PMz2s concentration during monsoon. From three seasonal models, coefficient of the
regression model in relation to temperature is high (p<0. 001) although the value of R?
is 0.19, 0.08 and 0.3 for summer, monsoon, and winter, respectively. The result of
checking these three seasonal models by linearity assumption, linearitly assumption,
homosdececity of error variance assumption and no influential outliers assumption
proved these models were best fit models.

Table 9 Seasonal multiple linear regression Models of PM2s in Yangon city

Seasons MLR model(y) Adj-R*
Summer PM25= 25+1.5x1-2.32%2-0.06X3 0.19*
Monsoon | PMzs = -18.24+0.84x1-0.2x2-0.02x3-0.005x4 0.08*
Winter PM25 = 59+0.84x1-1.16x2-0.44x3 0.3*

*p-value < 0.001,x:= "Temperature', xo=""Dew point temperature, xs=""Relative

humidity** xs=""Rainfall"*
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4.2.4.2 Seasonal Multiple Linear Regression model of PM1o

The influence of meteorological factors on PMio showed variations depending
on seasons. The results obtained from seasonal multiple linear regression models are
listed in Table 10, while Figure 11 shows the prediction and actual value in each season.
According to four assumption criterions that were checked before developing the
model, four explanatory variables were considered to include in the seasonal models of
PMa1o. Explanatory variables included in summer, monsoon and winter models are
maximum temperature, dewpoint temperature and relative humidity; however, rainfall
was included in monsoon model because of the significant correlation between rainfall
and PM1o concentration during monsoon. From three seasonal models, it can be clearly
seen that coefficient of the regression model in relation to temperature is high(p<0. 001)
especially in winter although the value of R? is 0.08, 0.05 and 0.35 for summer,
monsoon, and winter, respectively. The result of checking these three seasonal models
by linearity assumption, linearitly assumption, homosdececity of error variance
assumption and no influential outliers assumption proved these models were best fit
models.

Table 10 Seasonal multiple linear regression Models of PMio in Yangon city

Seasons MLR model(y) Adj-R*
Summer | PMio = 98.91+0.2x1-3.00x2-0.05X3 0.08*
Monsoo | PMio =-68.14+2.78x1-0.25x2-0.03x3-0.004 x4 0.05*
n

Winter PM1o =117.09+0.56X1-2.25%2-0.59x3 0.35*

*p-value < 0.001,x1= ""Temperature', xo=""Dew point temperature”, xs=""Relative

humidity"* x4=""Rainfall™
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4.2.4.3 Annual Multiple Linear Regression model of PM3 s

For the fianl fitted model during a three-year period, assumptions were checked
before developing the model. According to the result of these assumptons, rainfall was
excluded because it violated two assumptions. Furthermore, atmospheric pressure and
winspeed were also excluded because they caused multi-collineartiy among
explanatory variables. Finally, for the better performance of the model, only three
meteorological factors (i.e., temperature, relative humidity, and dew point temperature)
were included in the final model. The result of the fitted model is shown in Table 11.
The results suggested that dew point temperature and relative humidity significantlly
associated with PM2s concentration (p<0. 05), while the max-temperature was
borderline associated with PM2s (p = 0.056). The adj-R? of the final regression model
is 0.60. The result obtained from cross validation; 90 % of the randomly data selected
from data set as training set and 10% of the data as testing set, suggested that the best

fit model in this study is,

Y= 79.14+ 0.50 (Temperature) - 2.62(Dew point temperature) - 0.37(Relative
humidity)

with R? value of 0.55 and (RMSE=14, MAE=10.8). After the validation, scatterplot of
the best fit model was illustrated in Figure 12.

Table 11 Multiple linear regression model of PM2sin Yangon City

Varibales B coeff. S.E. p-value
Intercept 79.15 17.63 <0.001
Maximum temperature 0.50 0.26 0.0561
Dewpoint temperature -2.62 0.24 <0.001
Relative humidity -0.37 0.06 <0.001

R?: 0.60, RMSE:14
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Figure 12 Scatter plot of Predicted vs. Observed PM2s values

4.2.4.4 Annual Multiple Linear Regression model of PM1o

After checking the reliablity of the data set , four assumptions criterions which
are types of sampling, checking outliers, normal distribution of individual variables and
multi-collinearity among independent were checked. According to the result of these
assumptions, rainfall was excluded because it violated two assumptions. Furthermore,
atmospheric pressure and winspeed were also excluded because they caused not only
multi-collineartiy among explanatory variables but alos violated one assumption.
Finally, for the better performance of the model, only three meteorological factors (i.e.,
temperature, relative humidity, and dew point temperature) were included in the final
model. The result of the final fitted model is shown in Table 12. The results suggested
that relative humidity and dew point temperature significantlly associated with PM1o
concentration (p<0. 001). The adj-R? of the final regression model is 0.45. The result
obtained from cross validation; 90 % of the randomly data selected from data set as
training set and 10% of the data as testing set, suggested that the best fit model in this
study is,

Y=136.03 - 3.09 (Dew point temperature) - 0.55 (Relative humidity)

with R? value of 0.45 and (RMSE=22.00, MAE=17.20). After the validation, scatterplot

of the best fit model was illustrated in Figure 13.
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Table 12 Multiple linear regression model of PMao in Yangon City

Varibales B coeff. S.E. p-value
Intercept 136.03 5.04 <0.001
Dewpoint temperature -3.09 0.40 <0.001
Relative humidity -0.55 0.10 <0.001

R?: 0.45, RMSE:22.00

Observed Vs. Predicted PM10 values
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Figure 13 Scatter plot of Predicted vs. Observed PM1o values

4.2.4.5 Annual Multiple Linear Regression model of Ozone

For the fianl fitted model during a three-year period, assumptions were checked
for all variables like before. Ozone concentration is positively skewed and log
transformation was applied to obtain the normal distribution. When it comes to
meteorologiacl factors, rainfall, atmospheric pressure and winspeed were excluded
because they not only viloated assumptions but also caused multi-collineartiy among
explanatory variables. Finally, for the better performance of the model, only three
meteorological factors (i.e., temperature, relative humidity, and dew point temperature)
were included in the final model. The result of the fitted model is shown in Table 13.
According to the result, only relative humidity was boderlone associated with Os ,while
other meteorological factors was no significant association with ozone. The adj-R? of
the final regression model is 0.20 (p-value< 0.001). The result obtained from cross



35

validation; 90 % of the randomly data selected from data set as training set and 10% of
the data as testing set, suggested that the best fit model in this study is,
Y= 1.39 - 0.014(Relative humidity)

with R? value of 0.445 , MAE=0.3 and RMSE= 6.69. After the validation, scatterplot
of the best fit model was illustrated in Figure 14.

Table 13 Multiple linear regression model of Osin Yangon City

Varibales B coeff. S.E. p-value
Intercept 1.39 0.31 <0.001
Relative humidity -0.014 0.00 <0.001

R?=0.445, RMSE=6.69

Observed Vs. Predicted Ozone values
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Figure 14 Scatter plot of Predicted vs. Observed Os values

4.3.1 AQI of air pollutants (PMzsand PMp)

AQI of PM2s and PMio were calculated according to USEPA's formula for
criteria pollutants. The summary statistics of the results of the daily AQI of PM2s
calculation are mean=69.13, median = 66.5, minimum =0, maximum =171 and
SD=49.72. For PM1o, mean=33.46, median=30.5, minimum= 2, median=30.5 and SD=
22.41 respectively. Table 14 shows the summary of daily average AQI of PMio and
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PMz2s, and related health hazards of ozone during study period, while Figure 15 and
Figure 16 illustrate the daily distribution of PM2sand PM1o during the study period.

Table 14 Summary of daily average AQI and health hazard of particulate matter for
each month (PMz2.s and PM1o)

Health
Month PM2s AQI Health Hazard PM1o AQI
Hazard
January 122.83 57.24 Moderate
February 133.58 63.70 Moderate
March 121.42 58.02 Moderate
April 94.04 Moderate 38.53
May 56.47 Moderate 18.35
June 23.14 14.24
July 16.92 12.75
August 20.62 15.34
September 18.88 13.10
October 36.99 23.92
November 78.07 Moderate 39.17
December 110.53 44.55
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Figure 15 Daily distribution of AQI of PMzs
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4.3.2 AQI of air pollutant (O3)
AQI of ozone was calculated according to USEPA's formula for criteria

pollutants. The summary statistics of the results of the daily AQI of ozone calculation
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are mean=6.81, median = 5, minimum =1, maximum =56 and SD=6.3. Table 15 shows
summary of daily average AQI and related health hazards of ozone for each month
during study period, while Figure 16 illustrates the daily AQI of ozone distribution
during the study period.

Table 15 Summary of daily average AQI and health hazard of Ozone during for each
month

Month O3 AQI Health Hazard
January 10.00
February 9.98
March 9.63
April 8.62
May 5.00
June 4.00
July 12.50
August 5.50
September 3.50
October 4.50
November 7.00
December 7.50
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4.4 Time Series Modelling

Daily AQI values of PMio and PMz5 from 2019 to 2021 were used to predict
the AQI values for 2022. Firstly, the time series patterns of particulate matters were
investigated by time series analysis. Figure 18 and Figure 19 depicts the time series of
AQI values for PMz2s.

Time Series for AQl of PM2.5 from 2019-2021
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Figure 18 Time Series for AQI of PMzs from 2019-2021

Time Series for AQIl of PM10 from 2019-2021
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Figure 19 Time Series for AQI of PM1o from 2019-2021

Being a stationary time series is really important when forecast the future and
stability of these series was investigated by Augmented Dickey-Fuller unit root test.
For PMz2s, the critical value of Dickey-Fuller test is -3.5 (p-value=0.4913), which
showed that PM2.s time series is not stationary. Similar to PMauo, the critical value is-
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3.7(p-value=0.2) and the series is considered as non-stationary. To fit this, Akaike
Information criterion (AIC) was performed to get the stationary series and for
investigating the correlation coefficient and partial correlation coefficient in building
the model for prediction. According to the result of the AIC, the best fit model for both
PMzsand PMuo is (3, 1, 1) (0, 1, 0) with the lowest AIC value of 6646.009 for PMz2s
and AIC value of 5582.341 for PMuo. Finally, prediction of AQI for both PM1o and
PMz2swas made by applying the best fit model by AIC of p=3, g=1 and d=1. Illustration
for the result of AQI prediction for PM2s for near future (2022) is shown in Figure 20
and that of PM1o is shown in Figure 21. The validation of proposed model was checked
by 5-Fold cross-validation and the resulted model performance for both PM2s and PM1o
models are shown in Table 16. Moreover, the performance of the ARIMA models for
both PM2sand PMio according to cross validation are shown in Figure 22 and 23.

Table 16 Model performance for PM2sand PMio models From Cross-validation

Model RMSE MAE MAPE p-value Theil's U
PM2s 17.43 13.18 49.21 <0.05 1.10
PM1o 7.54 5.28 20.04 <0.05 1.03
AQl of PM2.5 for 2022
S I I T T
2019 2020 2021 2022 2023

Figure 20 Forecast for PMz2s AQI model for 2022.The gray bands (95%) show the
possible range of variation of AQI over the predicted period. Y-axis shows the AQI
value of PM2.5 and X-axis represents the date.The blue line represents the forecasted

value.
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Figure 21 Forecast for PMio AQI model for 2022.The gray bands (95%) show the
possible range of variation of AQI over the predicted period. Y-axis shows the AQI
value of PM1o and X-axis represents the date.The blue line represents the forecasted

value.
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Figure 22 Model performance of ARIMA for AQI (PM25)
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CHAPTER V

DISCUSSION

This study is the secondary data analysis of air pollutants data and
meteorological factors data during 2019-2021 which aimed to investigate the
association between meteorological factors and the concentration of air pollutants, to
determine the AQI for each air quality parameters (PM1o, PM25and Os) and to predict
the air quality index of PM1o and PMzs for the near future (1 year). In this session, the
results of this study are discussed by comparing with findings of other research that

have been done on the temporal distribution of air pollutants.
5.1 Descriptive statistics of variables in this study

5.1.1 Distribution of PM1o during 2019 -2021

During study period, PM1o concentration ranged from 0.10-149.27 pg/m? with
the median value of 32.09 pg/m® (SD=30.21). This result is consistent with the
distribution of PM1o study in seven townships within two weeks in 2018 because they
also found that PM1o concentration in selected seven townships of Yangon city ranged
from 126+56.66 pg/m* (Yi, Aung et al., 2020). Moreover, Tun et al., (2018) found that
the baseline PMao concentrations of Mingaladon area was 52.69+23.53 pug/ma3 in their
one month study in 2016. A study conducted by Ko, Jindal et al. (2022) stated that
PMa1o concentration at four different locations during their study from January to March
2021 was with a minimum value of 24.17 pg/m3 and maximum value of 63.8 pg/m3 ..
In current study the observed concentration of PMao in Yangon city during three-year
study period was higher than the 24-hour average PM1o concentration suggested by
WHO which is 50 pg/m?3 (Weltgesundheitsorganisation, Organization, & Environment,
2021). Since excessive level of PM1o concentrations brought many adverse health
effects, such as heart disease, stroke, rise in blood pressure, and cardiovascular diseases
(Lee, Kim, & Lee, 2014), the current level of PM1o concentration in Yangon city is at
the danger level for people especially for sensitive people with other kinds of health

problems.

According to the result from Table 5 of investigating the monthly average

concentration of PMio during 2019-2021, monthly average concentration of PMio
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concentration was the lowest in monsoon (June-October), then the concentration
slightly increased in summer (March-May) and finally PM1o concentration reached a
peak in winter (November-February). Previous study stated that the highest PM1o mass
concentration was observed in summer, followed by the winter and the rainy season in
2018 (Sricharoenvech et al., 2020). The clear illustration for the distribution of PM1o
concentration can be seen in Figure 3. The rise of PM1o concentration in winter months
and early months of summer could be attributed to agricultural waste management
because of the harvesting of most vegetables usually take place in winter months
(November-February) as there are many agricultural fields at the outskirts of Yangon.
According to previous study about possible sources of PMio in Yangon city, PMao in
Yangon city might be from dust (54.1%), secondary aerosols (13.8%), metal
manufacturing (8.8%), biomass burning (8.5%) and roadway emissions (5.2%)
(Sricharoenvech et al., 2020).

5.1.2 Distribution of PM2 s during 2019 -2021

As seen in Table 3, Pearson's correlation analysis between two PM2s monitoring
station pointed out 82% association of PMzs data between US Embassy monitoring
station and NGO monitoring station. Since the distance between these two monitoring
station is only 4.2 km and the two monitoring and both are located near the busy roads,
this lead to get the strong positive correlation between then (p-value < 0.001). In this
study, only the dataset from US Embassy monitoring station was used after making
8.2% of data imputation by the dataset of NGO monitoring station. According to Table
4, during three-year study period, PM2s concentration ranged from 0-93.6 pug/m? with
a median value of 19.07 pug/m3 (SD =21.01). This means that the observed PM2s
concentration in Yangon city during the study period was higher than the acceptable
PM2s concentration by USEPA and WHO, which are 35.15 (ug/m) and 15 (ug/md)
respectively (Organization & Environment, 2021).

According to the result from Table 5 of investigating the monthly average
concentration of PMz.s, monthly average concentration of PM2s concentration was the
lowest in monsoon (June-October), then the concentration slightly increased in summer
(March-May) and finally PMzs concentration reached a peak in winter (November-

February). Recent study also found out that PM2.s concentration in Yangon city was
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68 + 11 pg/m? (summer) and 87 + 17 ug/m? (winter) (N. Zhang, Maung, Win, Feng, &
Yao, 2022). Previous study about preliminary analysis of PM2s distribution in Yangon
city during their study from 25 January 2018 to 29 January 2018 pointed out that PM2s
concentration in Yangon city was 83+28 pg/m? (Vi et al., 2020). Similarly, PM2s
concentration in the previous study relating to satellite-retrieved PMz.s concentrations
in South and Southeast Asia from 1999 to 2014 Shi et al., (2018) mentioned that
Myanmar had been experiencing in dramatic increasing trend of air pollutant
concentration (PM2.5) with a tendency of 0.5 pg/m? each year. In our study also, we can
see a rise in PM2s concentration each year expect for 2021. This may be because of
COVID-19 pandemic that lead to a remarkable drop in the use of motor vehicles due to
new normal ways of working style became one of the affecting factors for reduction in

anthropogenic emissions of particulate matter (Aung et al., 2021).

5.1.3 Distribution of Oz during 2019 — 2021

Ozone (Os) which resulted from anthropogenic events including industrial and
vehicular emissions of volatile organic compounds (VOC) and oxides of nitrogen (NOx)
became main reason for serious environmental problems that is difficult to control and
predict. The concentration of Os in this study ranged from 0.50 - 62.25 ppb with the
median value of 5.89 ppb (SD=6.94). The concentration of ozone in Yangon city is
within the acceptable ozone level by WHO which is 100 ppb (Amann & Lutz, 2000)
and the acceptable level by the USEPA which is 70 ppb (McCarthy & Lattanzio, 2014).
Our finding is harmony with Aung et al., (2019), which was a seven day preliminary
study of many different kinds of air pollutants including ozone in summer of 2017 and
ozone concentration ranged from 10 — 26 ppb.

Monthly average concentration of ozone in 2019 and 2020 followed the same
trend. It can be clearly seen that Os concentration slightly increased in winter and
summer than in monsoon. Many previous studies also found out that ozone was
dramatically higher during winter and spring than during previous years (Gramsch,
Cereceda-Balic, Oyola, & Von Baer, 2006; Sinnhuber, Weber, Amankwah, & Burrows,
2003). According to Schnell et al.,( 2009), the increase in concentration of ozone during
winter was because of the high-pressure system that promotes cooler temperatures, low
wind speeds and limited cloudiness. Increase in the concentration of ozone in some

season was probably due to comparable industrial and meteorological conditions. Also
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for Yangon city, the influence of meteorological factors on ozone concentration will be

considered in the next section.

5.2 Bivariate association between air pollutants and six meteorological factors

In this study, only relative humidity and dew point temperature had
significant negative correlation with PMzs. While ambient temperature had moderate
positive correlation with PMz., rainfall had significant negative correlation with PMz.s.
Our finding is consistent with 10-year study in five European countries that stated that
low temperature favored decrease in particulate matter pollution and high temperature
led to the increase in particulate matter concentration (Barmpadimos, Keller et al.
2012). However, previous study in China with 732 observations of variables found out
that temperature had significant negative correlation with PM2.s concentration with r =
-0.457 (p-value<0.05) and there was no significant association between relative
humidity and temperature (Li and Wang 2017). Similarly, another study in China stated
that temperature and concentrations of particulate matter had negative correlation.
Moreover, they pointed out that atmospheric pressure and concentrations of particulate
matter were significantly positively correlated. Besides, the wind speed showed a slight
impact on atmospheric pollution (Li, Guo et al. 2015).

Our study observed that only relative humidity and dew point temperature had
significant negative correlation with PMio. While ambient temperature had moderate
positive correlation with PMio, rainfall had significant correlation with PMio. Our study
is agreeable with another study that found the negative correlation between particulate
matter and relative humidity (Jayamurugan, Kumaravel et al. 2013). However, one
study demonstrated that the concentrations of PMio and PMa2s were positively
correlated with temperature and relative humidity and negatively correlated with wind
speed (Zhao, Wang et al. 2014). From these results, it be clearly seen that the influence
of meteorological factors can vary regions to regions. Relative humidity represent the
amount of moisture content in the atmosphere at a given temperature and pressure.
Moisture particle has a partial negative charge and partial positive charge that can easily
bind to other gaseous particles and lead to wet deposition. That is why increase in
relative humidity is negatively correlated with decrease in pollutant concentration.

Similarly increasing in dew point temperature is associated with decreasing in pollutant
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concentration .Dew condensation that is the process of changing a solid or gaseous
particles to liquid state also reduces concentration of gaseous particles. It is mostly
occurred when the temperature is lower than the dew point temperature.

In this study, the correlation between ozone and meteorological factors is quite
similar to that of PM2s and PM1o expect for ambient temperature. The increase in
ambient temperature, decrease in dew point temperature and relative humidity favored
the increase in ozone concentration. Similarly, previous study by(Abdul-Wahab,
Bakheit et al. 2005) found very weak positive correlation between ozone and
temperature; and negative correlation with relative humidity. Moreover, (Kovac-
Andri¢, Brana et al. 2009) presented that "ozone concentrations are highly correlated
with temperature, solar radiation time, visibility and pressure, while relative humidity
and cloudiness were negatively correlated to Os ". For the association of ozone with
climate factors, our findings are consistent with many previous findings.

5.3 Seasonal models for air pollutants (PM2.s and PM1)

Among all the seasonal models, winter models are the best for both PM2.s and
PMz1o because of its good model performance (highest R? and lowest RSME).
Considering all seasonal models, the influence of meteorological factors under a
combined set of all variables showed a significant difference from individual
correlation. However, the direction of correlation such as positive or negative
association between variables were still the same. When we look at the all seasonal
models of PMz.sand PMayo, influencing factors for the elevation of these two pollutants
are dew point temperature, relative humidity and temperature. Although the influence
of temperature on PM2s concentration was more significant in summer than monsoon
and winter, the impact of temperature on PMio was more significant in monsoon
showing that increasing temperature is the one of the major contributor for the rise in

PMa1o0 concentration during this season.

5.4 Annual model for air pollutants (PMzs, PM1o and O3)

Firstly, six meteorological factors are included in all annual multiple linear
regression model because they are acceptable according to four assumptions. Moreover,
variance inflation factor (VIF) for all independent variables are within the acceptable

limit of 10 and all independent variables are included. However, wind speed,
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atmospheric pressure couldn't explained the variation in air pollutant concentration and
these two independent variables are excluded from the models. According to result of
our study, annual PM1o model that contained three explanatory variables explained 45%
of the variation in the PMzio concentrations by changes in relative humidity and dew
point temperature. When we compared to this annual model with seasonal models,
annual model had better model performance and variation in PMio concentration can
be better explained. Our study is agreeable with many previous MLR studies that found
significant negative association between PM1o concentration and relative humidity, dew
point temperature (Afzali, Rashid et al. 2014, Ozdemir and Taner 2014). A recent study
done in Turkey developed MLR model by including relative humidity and dew point
atmospheric pressure and they observed that significant negative association with
relative humidity and moderate positive association with station pressure and the model
could explain 70% of PM1o variability(Ozdemir and Taner 2014). Another study about
modeling of PM1o with meteorological factors done in Kocaeli, Turkey observed that
significant negative association with relative humidity, rain fall and positive association
with temperature. When the water vapor in the air called relative humidity increase and
reach to a point where the air can no longer hold the weight, rain occur. As a result of
increasing relative humidity, particulate matter normally fall off because of the
aggregation of particles and heaviness. Similar meaning is that increase humidity also
cause rain and rain has scavenging effect and can remove pollutants in the atmosphere
(Ozbay, 2012).

PM2s model that we developed in this study also pointed out that 60% of the
variation in the PMz2s concentrations may be accounted for by changes in temperature,
relative humidity and dew point temperature. The significant association between
dependent variable and independent variables in our study is agreeable with previous
studies. A recent study conducted in United States (1998-2008)(Tai, Mickley et al.
2010) included nine meteorological factors (temperature, relative humidity,
precipitation, cloud cover, 850-hPa geo potential height, sea-level pressure tendency,
wind speed, E-W and N-S wind direction) and their model could explain 50% of PM2.s
variability Moreover, precipitation in their study had strong negative association with
PMz2s concentration and temperature had positive association with PM2.s concentration

(Tai, Mickley et al. 2010). The association between meteorological factors and air
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pollutant concentration can vary depending on geographical locations of the study and
the correlation of PM2.s with relative humidity is positive in the Northeast and Midwest
but negative in the Southeast and the West in the previous study (Tai et al., 2010). In
addition, our study found positive association of temperature with PMz2.s concentration;
however, another study stated that negative temperature affected PM2.s concentration
(Dawson, Adams et al. 2007).

The nature of relative humidity can influence the natural deposition of
particulate matters and increase particulate matter concentration in the atmosphere.
Moisture particles normally attach to particulate matter and the more moisture particles
in the atmosphere means the more they attach to particulate matter. When the relative
humidity reach 100%, dry deposition happens and it automatically reduced the
particulate matter concentration in the atmosphere(Hernandez, Berry et al. 2017).
Similarly for dew point temperature in this study, the increase in dew point temperature
contributed to decrease in PM2s concentration. Finally, increasing temperature in this
study observed with increasing PMzs concentration. This is because of the effect of
increased daytime temperature on PMioconcentrations may be explained by the process
of thermally-induced convection. When the temperature is increased, it can increases
in gusts and winds, leading to the diffusion of particulate matter and resulting in rising
pollution (Pepper, Gerba et al. 2011).

Our annual ozone model consists of three predictor variables (i.e., temperature,
dew point temperature and relative humidity). However, only relative humidity had
significant impact on ozone concentration and the final model include only one
predictor variable and the model explained that 45% of the variation in the ozone
concentrations may be accounted for by changes in relative humidity. Similarly,
previous study in Croatia developed the multiple linear regression model for spring
2002 (R?=0.67) with two independent variables which are sun radiation and relative
humidity. In their study, they stated that decrease in relative humidity favored increased
ozone concentration (Kovac¢-Andri¢, Brana et al. 2009). Another study by (Dawson,
Adams et al. 2007) also developed a model that included relative humidity and they
found that 8-h average ozone concentration dropped gradually as relative humidity was

increased and the model performance was linear (R?=0.957)(Li, Yu et al. 2021) showed
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that ozone level in all cities of China decreased with an increase in relative humidity
and relative humidity had an moderate association with ozone.

A study done in Nanjing showed that 43.4 ppb of O3 was found at 40% relative
humidity, and the lowest value of 10.9 ppb was found at 80% RH (Tu, Xia et al.
2007). Therefore, relative humidity was assumed as much more important one among
many meteorological factors to assess the adverse effects of ozone on agriculture
(Gong, Yue, Liao, & Ma, 2021).Majority of the study found negative association
between ozone concentration and relative humidity. Moreover, many previous ozone
distribution study found positive correlation with temperature and developed model by
including temperature (Chen et al., 2020; Lin et al., 2021; Tarasova & Karpetchko,
2003). In our study, the monitoring period for ozone was only two years and it might
be the fact that the association between temperature and ozone was not significant
enough.

Increase in relative humidity reduce the ozone concentration because
O3z photolysis produces O(*D). O(*D) then reacts with a water molecule (H20) to
generate two OH radicals, which favor ozone decomposition (M. Li et al., 2021).
Moreover, relative humidity inhibits the chain length of hydroxyl radicals (OH and
HO2) and NOz2, thus limiting the O3 generation (Reichert, Andres Hernandez et al.
2003).

5.5 Air Quality index in Yangon city

In this study, air quality index in relation to PMzs, PM1o and Os during 2019-
2021 was investigated. According to the results obtained from AQI calculations,
majority of AQI for both PM2s and PMio exceeded the acceptable level of health
concern. When we look at the AQI of PM2s, level of AQI reached moderate level of
health hazard and unhealthy level for sensitive group especially in winter months
(November, December, January, February) and summer months (March, April, May).

The health concern for AQI calculated from PMaois not as worst as that of PMz2.s
because AQI of PM1o is “good” in most of the months all around the year except for
January, February, and March. Main sources of particulates matter in Yangon city are
from coal burning power plants, exhaust from traffic congestions on busy roads and

biomass burning. The main reason for increasing particulate matter in these months
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related to harvesting and burning from agriculture. Moreover, the condition of very low
relative humidity in the atmosphere and hence there is no rain and extreme temperature
might lead to the increase in AQI of particulate matter. The results observed in our
study are agreeable with the AQI finding of other countries around the world that had
very high AQI in winter and summer than in monsoon (Kumar and Goyal 2011, Rashki,
Rautenbach et al. 2013, Ikram, Yan et al. 2015, Mehmood, Ahmad et al. 2020).
Surprisingly, AQI of ozone in Yangon city, Myanmar is in the range of 0-50 and we

didn't find out any AQI value exceed this limit.

5.6 Time Series modeling for air pollutants

During the study period, the seasonality distribution was observed for both PM1o
and PMzs. The results revealed that AQI of particulate matters normally reached the
bottom during monsoon and reached a peak in winter and summer. According to the
result of ARIMA model, both the AQI of PM2sand PMio values showed a decreasing
trend in 2022.

According to the result of the ADF test, our time series for both PMz.sand PM1o
are not stationary. In this study, correlation of non-stationary series showed very slow
reduction due to seasonality and subtraction process was carry out to get the stationary
series. For both PM2s and PM1o AQI time series, the best fit model (p,d,q) with the
lowest AIC value was (3,1,1) with the seasonal variation of (0,1,0). For both PM2.sand
PMuio, ACF is almost zero from lag 2 later on and it is concluded that MA (1) is the best
for data. In addition, "p "optimum for both models was 3 because lag 3 is more
significant than other lag. Finally, AQI of PM2s and PMio for the year 2022 was
forecasted by using the order of ARIMA (3, 1, 1). According to 5-fold cross validation,
the obtained models had reasonable RMSE, MAE and MAPE and Theil's U values. Our
model is comparable with other previous studies that used ARIMA model for
forecasting AQI of air pollutants. However, RMSE and MAE value found in previous
models are more robust. For example, a study done in Oviedo, Spain used 7 years of
monthly PMzo data to forecast 7 months ahead of monthly PMio. Their results showed
a model that can be used as an accurate prediction model with RMSE value of 1.99
(Nieto, Lasheras et al. 2018). Moreover, another study done in Erzurum, Turkey used

ARIMA model to forecast the monthly PM1o concentration and their model could
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forecast 2 years ahead of PMz1o concentration with RMSE value of 1.5 an MAE value
of 1.26 (Abhilash, Thakur et al. 2018).

5.7 Conclusion

This is the first study in Myanmar that investigated the temporal distribution of
air pollutants by using a large data set. The main objectives of this study is to understand
the temporal distribution of three air pollutants (PM2.s, PMio and Oz) followed by how
meteorological factors were associated with the concentration of PM2.s, PM1o and Oz in
the atmosphere of Yangon city, Myanmar during 2019-2021. In addition to these, the
study also included the calculation of AQI for PMz2s, PMio and ozone during study
periods and AQI prediction of PMz.s and PMio for 2022.

This study successfully explained the temporal distribution of air pollutants
during 2019-2021. During three years study period, both PM2.s and PM1o concentration
showed a decreasing trend although ozone concentration didn't show a significant
change. Both PM2s and PMz1o concentrations in Yangon city normally reached a peak
in winter and summer and the concentration in these months exceeded the acceptable
PM2s and PMio concentration by WHO. PMio and PMz.s concentrations in monsoon
were more favorable.

Moreover, this study pointed out the variations in air pollutant concentrations
in the atmosphere of Yangon city by meteorological factors. Increasing in relative
humidity, rainfall and dew point temperature could explain the significant drop in PMzo
and PM2.s concentration. Ambient temperature also accounted for the rise in particulate
matter concentration. For ozone, temperature, relative humidity is major influence
factors for the variability in ozone concentration. The models from this study may
involve in significant role for improving air quality in Yangon because it can give
precise predicting result about high-pollutants concentration days in the future.
Moreover, this study would be the reliable reference for future air pollution models with
other criteria pollutants in Yangon city.

In this study, Ozone concentration and AQI of ozone was still at the safety level
even though there can be seen a rise in 0zone concentration in winter months. However,
AQI level of particulate matters reached over 100 in every year. Since high level of

AQI is linked to a wide range of adverse health outcomes for residents, the current AQI
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of particulate matter in Yangon city had negative impacts for the health of residents.
According to our study, it is necessary to take urgent mitigation action for reducing
AQI level of particulate matters especially for winter months in Yangon city, Myanmar.
Major sources for particulate matter in Yangon city are from biomass burning, motor
vehicles, open landfill and power plants. Therefore, government should introduce
alternative way for biomass burning such as chipping and mulching, making bio char
and production of bioenergy. Moreover, implementation of better waste management
system in the city , promoting sustainable transport and proposing emission guideline
for power plants to balance environmental and economic benefits. Myanmar is lack of
National Ambient Air Quality Standard and there is no much concern about air
pollution mitigation action in the city. This research will be helpful for developing
national ambient air quality standard in Myanmar by understanding the temporal
distribution of air pollutants and the major influence factors for the elevation of air
pollutants. The accurate and precise result from this study are aimed to give required
information as a reference in setting air quality standard, regional policy making and

also for giving awareness to the public.

5.8 Strengths, Limitations and recommendation
5.8.1 Strengths of the study

This is the first study in Myanmar that emphasized on temporal distribution of
air pollutants within 3 years. Moreover, investigating AQI was also the first time for
Yangon city and the resulted reliable AQI values can help in giving public awareness
about poor air quality in Yangon. All the data sets in this study were over 90% of the
requirements for acceptable data for air quality analysis. This study included multiple
linear regression modeling and auto regressive moving average time series modeling
and resulted model performance was good to predict future trends. The result from this
study will definitely assist in future modeling studies for identifying air pollution
sources in Yangon city. Moreover, the results may help for developing National
Ambient Air Quality and also implementing air pollution control policy and strategies

in Myanmar.
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5.8.2 Limitations of the study

The first limitation is related to the availability of data and all the air pollution
monitoring stations started from 2019 January and ended in 2021 December except for
ozone data set, it is available from 2019-2020 and couldn’t include in seasonal MLR
and time series forecasting. Moreover, AQI prediction for PM2s and PMzo used only
three years AQI data. The second limitation is there were only two monitoring stations
for air quality monitoring and spatial distribution of air pollutants and host spot
determination could not carried out. Lastly, the variation in air pollutant concentration
was determined by only meteorological factors and sources of pollution couldn't
identified.
5.8.3 Suggested Recommendations

This study provides baseline information for future studies on the influence of
meteorological factors on PM2s, PM1o and Ozone and real AQI of PM2s, PM1o and Os,
. If health and ecological risk assessment and identifying emission inventories could be
done for Yangon city, it will be a good reference for implementing air pollution control
strategies in the city. Therefore, further research should concern about the influence of
meteorological factors on other criteria pollutants and they should include health risk
assessment of criteria pollutants in Yangon city. Different models from this study can
help to estimate the relationship between meteorological factors and their effects on air
quality. In the future, research related to the spatial distribution of criteria pollutants
should be conducted to identify sources contributions to air pollution. Government and
non-government organization should put more effort on establishing reliable air quality
monitoring stations around Yangon city and should concern about the rise of air
pollution in winter by developing control strategies and mitigation actions. Finally, the

health awareness regarding to higher level of AQI should be promoted to all citizens.
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