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and in the upper regions of the atmosphere which is called troposphere and stratosphere
respectively as shown in Figure 2.1. Stratosphere also known as good ozone since it
shields life on Earth from the sun's harmful ultraviolet (UV) rays. Ground-level Ozone
(GLO) is produced as a result of chemical reaction between oxides of nitrogen and
VOCs released from natural sources and/or due to human activities. VOCs and NOx are
released from many different sources such as motor vehicles, chemical solvents and
other industnial causes (Sharma, Jain, Khirwadkar, & Kulkarni, 2013). Gorai, Tulurn
and Tchounwou (2014) stated that GLO is believed to have a plausible association with

increased risk of respiratory diseases, particularly asthma.

Figure 2.1 Type of Ozone

Bad ozone can cause various infections to human health such as shortness of
breath, coughing, throat irritation and lung disease. Ozone also triggers asthma and may
aggravate other respiratory illnesses such as pneumonia, emphysema and bronchitis
(Mabahwi, Leh, & Omar, 2014). Asthma attacks may let chest pain when breathing and

also can grew risk of respiratory disorders.

At concentrations that occur in many urban areas, O3 causes a variety of toxic
effects in humans and experimental animals. Based on previous studies to evaluate the
consequences of ozone on the respiratory tract, ozone exposure has been reported to
induce airway inflammation, increase airway responsiveness and reduce pulmonary
function in persons and experimental animal models (Fiévez, Kirschvink, Dogné,
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2.5  Functional Time Series Application

Functional time series often consists of random functions observed at regular
time intervals. Depending on whether or not the continuum is also a time variable,

functional time series can be grouped into two categories.

Moreover, functional time series can occur by dividing a nearly continuous time
record into natural consecutive intervals such as days, months or years. Examples of
these include daily financial stock price curves (Kokoszka Miao, & Zhang, 2012), and
monthly sea surface temperature in climatology (Shang & Hyndman, 2011). Figure 2.2
shows monthly sea surface temperatures (in °C) from January 1950 to December 2006.
The sea surface temperatures were smoothed using a smoothing spline with the
smoothing parameters determined by generalized cross validation. Each curve

represents smoothed sea surface temperatures in year.

Smoothed sea surface temperature

Figure 2.2 Smoothed Monthly Sea Surface Temperatures (in °C) from 1950 to 2006

On the other hand, functional time series can also arise when observations in a
time period can be considered together as finite realizations of an underlying continuous
function; for example, annual age-specific mortality rates in demography (Gao, Shang,
& Yang, 2018). The data set covers yearly age-specific mortality rates over a span of
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41 years from 1975 to 2015. The observations are the yearly mortality curves from ages

0 to 110 years, where age is treated as the continuum in the rate function. The curves

represented as shown in Figure 2.3.

Tokyo: female death rates (1975-2015)

Log death rate

Figure 2.3 Female Death Rates (1975 — 2015)

Hyndman and Shang (2009) also previously have conducted study to forecast
Australian fertility rates. A rainbow plot is illustrated in Figure 2.4, where the mortality
rates are smoothed by weighted penalized regression without monotonic constraint (see

Hyndman and Ullah, 2009).
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Figure 2.4 Smoothed Age-specific Australian Fertility Rates (1921 — 2006)

Table 2.7

Summary of Functional Time Series Application

Citations

Research Title

Application on

Gao et al. (2018)

High-dimensional
functional time series

forecasting:

An application to age-

specific mortality rates.

Japanese age-specific mortality
rates (1975 - 2015)

Kokoszka et al.
(2012)

Functional prediction of
intraday cumulative

retums

Daily financial stock price

Curves

Shang & Hyndman
(2011)

Nonparametric time

series forecasting with

Monthly sea surface

temperatures (in degree

dynamic updating. Celcius) from 1950 to 2006
Hyndman & Ullah Forecasting functional Age-specific Australian fertility
(2009) time series. rates from 1921 to 2006
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Malaysia’s most develop region and is more susceptible to air pollution due to its
geographical location, the development of large-scale industrial and commercial
activities, densely populated areas and also high vehicular traffic.

Johor City, like any other city in the globe, is constantly evolving. Industrial
development in the southern part of Johor could deteriorate the quality of life, especially
the air quality in the urban area, and therefore should be greatly taken into consideration.

C

g =

@ Urban

Figure 3.2 Continuous Air Quality Monitoring Station Studied
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Hundreds of missing records have been generated from the API data set has been
recorded daily at hourly basis at the Shah Alam and Pasir Gudang air quality monitoring
stations located in the west and south parts of Peninsular Malaysia respectively. A
matrix data set with 2922 days (rows) by 24 hours (column) which was recorded in the
year 2011 to 2018 is considered for each station. The data contains small percentage of
missing values; 2.96% missing value for Shah Alam and 2% missing value for Pasir
Gudang (as shown in Table 3.4). The missing values have been imputed with the
Principal Components Analysis (PCA) approach.

Table 3.4
Percentage of Missing Values
Station 1D Location Days Missing Percent Missing
CA0001 Pasir Gudang 2,073 2.96%
CA0025 Shah Alam 1,457 2.00%

Given that a few data points are missing within the 24 hours period of a day
curve, the aimed was to replace the missing value y,,;s, at time t with a value on the
estimated curve x(t) at the same time t being missing, where ;s = x(t). Examples

for the possible condition of the missing values are illustrated in Figure 3.4.
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Figure 3.4 Possible Patterns of Missing Values Within A Day Curve
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3.5  Data Conversion and Smoothing

3.5.1 Data Conversion

Before the data been smoothed and conversed to the functional time series, the
actual data were daily data in hourly basis covered period of 2011 — 2018. Since this
study aimed to forecast the monthly diurnal maximum API, thus the maximum for each

month were obtained using commands in R (as attach in Appendix).

In the study analyses, the monthly and hourly recorded maximum API data are
treated as functional data or curves instead of discrete monthly maximum values.
Therefore, the original monthly by hourly recorded data must be first converted into
functional data or curves. Figure 3.5 shows the example of five months API curves after
data conversion process was conducted. There are n = 5 months API curves and x is
variable time within the period of T that lies between 1 to 24 such that is x € T where
T = [1,24] where i = 1,2, ...,24. Data conversion is defined as converting discrete data

into functional data or curves.
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Figure 3.5 Physical forms of five API daily data (curves)

Let's consider a set of discrete observations y = [}'1,1- V1.2 oes J’:,z;] recorded at
time point ¢ = [1,2, ..., n]. Data conversion is defined as transforming the discrete data
¥ into a continuous function y,(x;) that can be computed at any time t by the following

mathematical model;
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Figure 3.6 Mean Curve fi(x)

The mean function u(x;) is estimated using weighted average

A0) =) o fix) 6

=1

where f,(x;) is the smoothed curve estimated from y,, and w, = K(1 — K)"**
is a geometrically decreasing weight with 0 < K < 1. If one requests for a robust
estimator, then L median of the estimated smoothed curves can be used instead

(Hyndman & Ullah, 2007). The mean or median-adjusted functional data are
represented as f;' (x;) = fi(x;) — alx).

3.6.2 Functional Principal Component Analysis (FPCA)

FPCA is one of the most important exploratory tools in FDA. The analysis is
conducted using mean centred curves because the interest is primarily in characterizing
the main deviations of each curve from the average curves (Ramsay & Silverman,
2006). In comparison to FPCA, PCA is known as a classical approach to the exploration
of variation in multivariate data, while FPCA is used for functional data or curves. Both
methods are generally aimed and used for data reduction, but the key difference is that,
PCA uses discrete point data, while FPCA uses functional data. The methods use an
eigenvalue decomposition of the covariance matrix to find direction in the observation

space along which the data have the highest variability. The direction of variation in
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The Functional Mean Square Error (FMSE), also called the Mean Integrated
Square Error (MISE), is defined as

T T
FRMSE = N-lzim—ﬂniz: N- 12] NA0) (3.12)
=1

=1

These error measurements can provide some results that are hard to interpret
because the integration is done in the domain range of the functions u € [a, b]. A way

to normalize the results is by dividing each measure by b — a.

Finally, a functional version of MAPE could be defined as the norm of the

residual normalized by the norm of the real functional observation

P; llez _ Iz_ﬂﬂ(u}— ¥, (w)| du
- (3.13)
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3.7.4 Model Validation

By comparing the predicted future curves using the best model obtained with

benchmark curves.
38 Prediction Interval

Prediction intervals are an important tool for evaluating the probabilistic doubt
related with point forecasts. As was stressed by Chatfield (2000), it is crucial to provide

both interval forecasts and point forecasts in order to

i) evaluate future uncertainty level;

ii) allow for the planning of different strategies for the range of possible outcomes

indicated by the interval forecasts;

42






CHAPTER FOUR
ANALYSIS AND DISCUSSIONS OF RESULTS

4.1 Introduction

This chapter discusses in detail regarding the results and findings of this research
study. The monthly diurnal maximum API data for two (2) chosen air monitoring
stations; Shah Alam and Pasir Gudang was analysed using Microsoft Excel and R
programming. The data first went through the preliminary investigation where the data
has been describe using the graph, mean and standard deviation. Then, the functional
time series analyses were run in order to achieve all the three (3) objectives of this study.

The results and discussions will be further explained in the following sections.

4.2  Functional Descriptions of Monthly Diurnal Maximum API Data

Monthly Diurnal Maximum API Shah Alam (Jan'11 to Dec'18)
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Figure 4.1 Monthly Diurnal Maximum API Curves for Shah Alam (Jan'11 to Dec’18)




Figure 4.1 shows that for Shah Alam air monitoring station, the monthly
maximum API curves over a 24-hour period are about the same with the highest peak
at 3 p.m. A few curves, however, seem to have the peak level at 10 a.m. before declining
until night. These few curves are the curve of maximum API for June 2013, September
and October 2015, where deterioration of air quality has occurred due to transboundary

pollution, massive land and forest fire in Kalimantan and Sumatra.

Furthermore, from Figure 4.1 seem there are two significant groups of curve
patterns across the hours. A group of curves with consistent behaviour was observed at
the lower level of maximum APL. On the other hand, a sparser curve at the higher level
indicated extreme behaviour. Thus, the obvious difference in the behaviour of the
diurnal monthly curves might be attributed to the different emission source. The
changes in the meteorological condition and the air pollution emission from the
transportation activities caused the occurrence of the maximum peak at around 15:00 in
the afternoon for most of the months, whereby the highest API of 300 was recorded at

around 9 a.m. in June 2013.

Monthly Diurnal Maximum API Pasir Gudang (Jan'11 to Dec"18)
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Figure 4.2 Monthly Diurnal Maximum API Curves for Pasir Gudang (Jan’11 to
Dec’18)
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Figure 4.2 reveals that, except for 3 months, the maximum API curves for Pasir
Gudang station over a 24 -hour period reported moderate API readings (API level below
100). The peak level with 350 API reading occurred at midnight indicates hazardous air
quality status. It is apparently seen that there are two significant groups of curve patterns
across the hours. A group of curves with consistent behaviour was observed at the lower
level of maximum APIL On the other hand, a sparser curve at the higher level indicated
extreme behaviour. Thus, the obvious difference in the behaviour of the diurnal monthly
curves might be attributed to the different emission source or due to particular

events/incidents such as haze, transboundary pollution, etc.

Monthly Diurnal Maximum API Pasir Gudang (Jan'11 to Dec"18)
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Figure 4.3 Monthly Diurnal Maximum API Curves for Pasir Gudang (focus on
maximum value of 20 till 120)

Figure 4.3 was generated to further investigate Pasir Gudang's pattern of
maximum AP] curves concentrating the reading at the lower level of maximum API;
API reading below 120. Commonly, at 15:00 in the afternoon, Pasir Gudang station
recorded the highest peak of maximum API. Maximum API readings recorded lower in
the morning and night, same as Shah Alam. However, in comparison with Shah Alam,
Pasir Gudang reported lower maximum API readings. The changes in the

meteorological condition and the air pollution emission from the transportation
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activities caused the occurrence of the maximum peak at around 15:00 in the afternoon

for most of the months.
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Figure 4.4 Functional Mean and Standard Deviation of Monthly Diurnal Maximum
API Shah Alam

Figure 4.4 shows the mean and standard deviation curves of monthly maximum
APl over 24 hours period for Shah Alam station. The mean curve level is between API
readings of 60 to 90 and the curve’s highest level was at 3 p.m. in the evening with the
mean approximately 90. Based on the mean curve, it seems that air pollution of day-to-
day basis does not look harmful or serious; the API readings still below 100 indicates

moderate air quality.

However, by looking at the standard deviation curve (as shown in Figure 4.4),
it seems that the variation quite high which indicating that some of the days, APl reading
might shoot high. The standard deviation curve’s highest level was at 10 a.m. in the
moming indicates that dispersion is the highest at that time. This might due to several
factors that need to be further studied. It is suggested that statistical process control
investigation and analysis need to be done. So that, we can detect the sources that cause

the high variation in the API values at some particular hours.
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Figure 4.5 Functional Mean and Standard Deviation of Monthly Diurnal Maximum
API Pasir Gudang

Figure 4.5 shows the mean and standard deviation curves of monthly maximum
APl over 24 hours period for Pasir Gudang station. The mean curve level is between
API readings of 62 to 68 and the curve’s highest level was at 3 p.m. in the evening with
the mean approximately 68. Based on the mean curve, day-to-day air pollution does not
appear harmful or serious with the API readings still below 100 throughout day

indicates moderate air quality.

However, by looking at the standard deviation curve (as shown in Figure 4.5),
it seems that the variation quite high which indicating that some of the days, APl reading
might shoot high. The curve’s highest level was at 10 a.m. in the morning indicates that
the dispersion is very high at that time. This might due to several factors that need to be
further studied. It is suggested that statistical process control investigation and analysis
need to be done. Thus, we can detect the sources that cause the high variation in the API
values. In addition, the least dispersion happened at 2 p.m. that the data did not vary
greatly in comparison with other hours.
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From both Figure 4.4 and Figure 4.5, it can be summarised that Shah Alam
experienced higher air pollution compared to Pasir Gudang. Pasir Gudang, however,
reported greater dispersion of API readings compared to Shah Alam.

4.3  To Compare the Performance Between Multi-Step-Ahead and Iterative
One-Step-Ahead Forecast in Forecasting Monthly Maximum API

4.3.1 Multi-Step-Ahead Forecast

By conditioning on the set of smoothed functions f(x) and the fixed functional
principal components B, the h-step-ahead forecasts obtained using y,.n(x) and
resulting to the values as in Table 4.1 and Table 4.2, as well as the results depicted as

in Figure 4.7 and Figure 4.9.

Forecasted Monthly Diurnal Maximum API {(Jul'18 to Dec'18)
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Figure 4.6 Multi-Step-Ahead Forecasted Monthly Diurnal Maximum API Curves for
Shah Alam (Jul’18 to Dec’18)
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Figure 4.7 Multi-Step-Ahead Forecasted Monthly Diurnal Maximum API Curves for
Shah Alam (Jul'18 to Dec'18)

Figure 4.6 shows the forecasts of maximum API data of Shah Alam from July
2018 to December 2018 highlighted in blue colour, while the data used for estimation
are greyed out. The forecasted curves should exhibit rainbow colour with 6 different
curves indicating a curve to a month. This multi-step-ahead forecast method, however,
cannot exhibit multiple curves for maximum APl data, resulting same curves exhibit

for every month forecasted.

Figure 4.7 which shows clear visualisation (enlarged form of curve depicted in
Figure 4.6) of the forecasted curves for July 2018 to December 2018 indicates that the
maximum API achieved the highest peak level of about 80 at 15:00 in the evening. The
curves are below 100 throughout the 24 hours of the forecasted months indicating that
Shah Alam’s air quality will be in a healthy state for the second half of year 2018.

Table 4.1 below shows the details of the forecasted values, which it can be seen
that the forecasted diurnal maximum API were the same for every forecasted month.

This insight shows that this model can be further improvise in future.
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Forecasted Monthly Diurnal Maximum API Pasir Gudang (Jul'18 to Dec'18)
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Figure 4.8 Multi-Step-Ahead Forecasted Monthly Diurnal Maximum API Curves for
Pasir Gudang (Jul’18 to Dec’18)
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Figure 4.9 Multi-Step-Ahead Forecasted Monthly Diurnal Maximum API Curves for
Pasir Gudang (Jul’18 to Dec’18)

Figure 4.8 shows the forecasts of maximum API data of Pasir Gudang from July
2018 to December 2018 highlighted in blue colour, while the data used for estimation
are greyed out. The forecasted curves should exhibit rainbow colour with 6 different
curves indicating a curve to a month. However, this forecast method cannot exhibit

multiple curves for maximum API data, this method resulting to same curves for every
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4.3.2 Iterative One-Step-Ahead Forecast

By conditioning on the set of smoothed functions f(x) and the fixed functional
principal components B, the one-step-ahead forecasts obtained using v,,,(x) and
resulting to the values of July 2018 as in Table 4.3 and Table 4.4 and the process iterated
forward for the number of periods desired; for example this study iterated forward 6
periods to get the forecasted (curves) values of month July 2018 — December 2018, And

the plot of the forecasted curves as in Figure 4.11 and Figure 4.13.

Forecasted Monthly Diurnal Maximum APl Shah Alam (Jul'18 to Dec'18B)
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Figure 4.10 lterative One-Step-Ahead Forecasted Monthly Diurnal Maximum AP
Curves for Shah Alam (Jul’18 to Dec’18)
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Figure 4.11 [Iterative One-Step-Ahead Forecasted Monthly Diurnal Maximum API
Curves for Shah Alam (Jul 18 to Dec’18)

Figure 4.10 shows the forecasts of maximum API data of Shah Alam from July
2018 to December 2018 highlighted in rainbow colour, while the data used for
estimation are greyed out. The forecasted curves should exhibit rainbow colour with 6
different curves indicating a curve to a month. Fortunately, this forecast method able to

exhibit multiple curves for maximum API data.

Figure 4.11 of the enlarged form of curve depicted in Figure 4.10 which shows
clear visualisation of the forecasted curves July 2018 to December 2018 indicates that
the maximum APl achieved it peak level of about 80 at 3 p.m. in the evening then
continued at the lower level till midnight. Furthermore, the result gives the information
to the public that Shah Alam’s air quality status for the second half of 2018 will be in a
healthy state and people can freely plan their outdoor daily activities.

Table 4.3 below shows the details of the forecasted values of monthly diurnal
maximum API for Shah Alam for July to December 2018 using iterative one-step ahead
forecasts. These values have been depicted as in Figure 4.10 and Figure 4.11.

55







Forecasted Monthly Diurnal Maximum API Pasir Gudang (Jul'18 to Dec'18)
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Figure 4.12 Iterative One-Step-Ahead Forecasted Monthly Diumnal Maximum API
Curves for Pasir Gudang (Jul’18 to Dec’18)
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Figure 4.13 Iterative One-Step-Ahead Forecasted Monthly Diurnal Maximum API
Curves for Pasir Gudang (Jul’18 to Dec’18)

Figure 4.12 shows the forecasts of maximum API data of Pasir Gudang from
July 2018 to December 2018 highlighted in rainbow colour, while the data used for
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Table 4.4 above provides detail information of the forecasted values for Pasir
Gudang's monthly diurnal maximum API from July to December 2018 using iterative
one-step ahead forecasts. These values have been depicted as in Figure 4.12 and Figure
4.13.

In conclusion, in forecasting monthly diurnal maximum API data set, the two
(2) models of multi-step-ahead and iterative one-step-ahead models have recognized
that Malaysia’s air pollution has varied for each location but still not in such worrying
situation. However, most of the site has the common peak time around 3 p.m. at late
noon. Through these results, we therefore suggest that the authorities, in particular
DOE, perform further tests to determine whether the prevalent peak level has occurred
due to the certain possible factors. The possible factors might be due to the hot weather

around that time, as well as the air pollution emission from the transportation activities.

Furthermore, from this study we know that both models of the functional time

series analysis can be used for the API data set.

4.3.3 Model Comparison

Table 4.5
Comparison Model Performance Shah Alam
Errors Multi-Step Ahead Forecast  Iterative One-Step Ahead Forecast
FMSE 91.1719 92.7854
FRMSE 9.5484 9.6325
FMAPE 11.7742 12.1009
Table 4.6

Comparison of Model Performance for Pasir Gudang
Errors Multi-Step Ahead Forecast Iterative One-Step Ahead Forecast

FMSE 46.7837 48.5807
FRMSE 6.8399 6.9700
FMAPE 6.6192 6.3674

Two statistical models that estimate daily air quality in Peninsular Malaysia are

specified using measured Air Pollutant Index (API) from two monitoring stations; Shah
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Figure 4.14 Comparison between Forecasted Curve and Actual Data for August 2018
(Shah Alam)
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Figure 4.15 Comparison between Forecasted Curves and Actual Data for November
2018 (Pasir Gudang)
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Figure 4.14 and Figure 4.15 illustrate comparison between the actual maximum
API curves with the forecasted maximum API curves of multi-step-ahead forecast and
iterative one-step-ahead forecast for Shah Alam and Pasir Gudang air monitoring
stations respectively. Based on both figures, it can be concluded that the forecasted
models for both multi-step-ahead and iterative one-step-ahead is acceptable due to the
actual curves quite similar with the forecasted curves and lie between the confidence

interval curves.

However, since we aim to get the best model between these two (2) models of
multi-step-ahead and iterative one-step-ahead forecast, we can conclude that multi-step
ahead is a better model since the model validation requirements is meet and it has lower

error measurements compared to iterative one-step-ahead forecast model.

4.4 To Determine the Future Pattern of Monthly Diurnal Maximum API
Curves at Two Hotspot Locations in Malaysia Using the Best Model

Forecasted Monthly Diurnal Maximum API Shah Alam January 2019
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Figure 4.16 Forecasted Monthly Diurnal API Shah Alam January 2019

Figure 4.16 illustrates the forecasted diurnal maximum API curve for January
2019 for Shah Alam air monitoring station. Shah Alam is anticipated to have a moderate

air quality on January 2019 because of the maximum API level expected to be below
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70 throughout the entire month’s 24-hour period. The highest level of API in January
2019 for Shah Alam expected to occur around 3 p.m. in the evening with the API level
of 70; indicates moderate air quality status which does not pose any bad effect on public
health.

Forecasted Monthly Diurnal Maximum API Pasir Gudang January 2019
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Figure 4.17 Forecasted Monthly Diurnal API Pasir Gudang January 2019

Figure 4.17 illustrates the forecasted diurnal maximum API curve for January
2019 for Pasir Gudang air monitoring station. Pasir Gudang is predicted to experience
healthy or good air quality on January 2019 due to the maximum API level expected to
be below 70 throughout the entire month's 24-hour period. The highest level of API
during month January 2019 for Shah Alam expected to happen around 3 p.m. in the
evening with the API level of 52. Note from Figure 4.17 that a slight rise in the API
level around 8 am. to 9 am. could be due to the air pollution emission from
transportation as this interval hour is recognized as busy vehicle motion hours as most

individuals go to school, college and workplaces.

In conclusion, although the API level is not at worrisome state at both locations,
the sudden rise in API readings at 3 p.m. should have a valuable information if we
understand the cause of the sudden elevated readings level. The changes in the
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meteorological condition and the air pollution emission from the transportation
activities may be the causes of the occurrence of the sudden peak at around 15:00. It is
therefore suggested that the sources of the high air pollution at certain observed time
should be studied in future research study.

4.5 To Determine the Confidence Interval for the Forecasted Monthly

Diurnal Maximum APl Curves

Prediction intervals provide an upper and lower expectation for the real
observation. These can be useful for assessing the range of real possible outcomes for a

prediction and for better understanding the skill of the model.
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Figure 4.18 Forecasted Curve and Corresponding Confidence Interval Curves for
January 2019 Shah Alam

Figure 4.18 illustrates the 95% lower and upper confidence interval curves for
forecasted diurnal maximum API curve for January 2019 of Shah Alam air monitoring
station. We are 95% confident that the Shah Alam’s API curve for January 2019 will
lie between API level of 0 to 150. Furthermore, the upper level curve shows that the
maximum APl is above 100 indicates unhealthy air quality status that might worsen the
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Figure 4.19 Forecasted Curve and Corresponding Confidence Interval Curves for
January 2019 Pasir Gudang

Figure 4.19 illustrates the 95% lower and upper confidence interval curves for
forecasted diurnal maximum API curve for January 2019 of Pasir Gudang air
monitoring station. We are 95% confident that the Pasir Gudang’s API curve for
January 2019 will lie between API level of 0 to 120. In addition, the upper level curve
shows that the maximum API for the month of January 2019 would be slightly above
100 suggests a mildly unhealthy air quality status that could worsen the individuals at
high-risk.

Table 4.8 shows the forecasted values of the lower and upper bound as per
depicts in Figure 4.19. API level ranging from 0 — 50 as heathy air quality status and
above 500 as emergency air quality status. Since the lower bound has negative values,
as lowest API level is 0, then the negative values are regarded to be 0. Thus, although
the curve is below 0 in the Figure 4.19, the lower bound values in Table 4.8 has been
changed to the API range.

66

























RS s e e

Sl
ot
Pl T e

o
ol

Ry S e T el

ot th el -1 A v ¢ . v R = :

T e A ) o A b i e
e e e
r p - . .

e 3, AR =T

T o iy
M“-: _.:-.r_v':-;..--.:-'q:_,.".-?. bl

TS

o

ok
1 I‘I- I -

P T e AN = i
ST e LA S e
L Rt e ke T

;g o
A -
J-:-'-Eﬂ-;
5 rL

e

: i
T
e e et
Lo

P

L ".:‘"-""F‘L -I':-:i;"._:*hi
T R i AT




	FUNCTIONAL TIME SERIES MODELS IN FORECASTING MONTHLY DIURNAL MAXIMUM AIR POLLUTION INDEX CURVES
	AUTHOR'S DECLARATION
	ABSTRACT
	ACKNOWLEDGEMENT
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF ABBREVIATIONS
	CHAPTER ONE INTRODUCTION
	1.1 Research Background
	1.2 Problem Statement
	1.3 Research Questions
	1.4 Research Objectives
	1.5 Significance of Study
	1.6 Limitation of Study

	CHAPTER TWO LITERATURE REVIEW
	2.1 
Introduction
	2.1.1 Ozone and its Negative Impacts
	2.1.2 Carbon Monoxide and its Negative Impacts
	2.1.3 Sulphur Dioxide and its Negative Impacts
	2.1.4 Nitrogen Dioxide and its Negative Impacts
	2.1.5 Particle Pollutants and its Negative Impacts

	2.2 
Air Pollutant Index (API)
	2.3 
Study of Air Pollution in Malaysia
	2.3.1 Issues and Methods
	2.3.2 Time Series Analysis of Air Pollution and its Limitation

	2.4 
Functional Data Analysis
	2.5 
Functional Time Series Application

	CHAPTER THREE RESEARCH METHODOLOGY
	3.1 Introduction
	3.2 Research Framework
	3.3 Data Collection
	3.4 Data Preparation
	3.4.1 Data Arrangement
	3.4.2 Data Cleaning

	3.5 Data Conversion and Smoothing
	3.5.1 Data Conversion
	3.5.2 Data Smoothing Using Basis Expansion Method

	3.6 Functional Time Series Model Development
	3.6.1 Functional Principal Component Regression (FPCR)
	3.6.2 Functional Principal Component Analysis (FPCA)

	3.7 Model Comparison
	3.7.1 Multi-Step-Ahead Forecast
	3.7.2 Iterative One-Step-Ahead Forecast
	3.7.3 Performance Indicator for Model Comparison
	3.7.4 Model Validation

	3.8 Prediction Interval

	CHAPTER FOUR ANALYSIS AND DISCUSSIONS OF RESULTS
	4.1 Introduction
	4.2 Functional Descriptions of Monthly Diurnal Maximum API Data
	4.3 To Compare the Performance Between Multi-Step-Ahead and Iterative One-Step-Ahead Forecast in Forecasting Monthly Maximum API
	4.3 .1 Multi-Step-Ahead Forecast
	4.3.2 Iterative One-Step-Ahead Forecast
	4.3.3 Model Comparison
	4.3.4 Model Validation

	4.4 To Determine the Future Pattern of Monthly Diurnal Maximum API Curves at Two Hotspot Locations in Malaysia Using the Best Model
	4.5 To Determine the Confidence Interval for the Forecasted Monthly Diurnal Maximum API Curves

	CHAPTER FIVE CONCLUSION AND RECOMMENDATIONS
	5.1 Conclusion
	5.2 Recommendations

	REFERENCES

