UNIVERSITI PUTRA MALAYSIA

DISPERSION OF PM,;, FROM INDUSTRIAL AND ROAD
TRANSPORTATION NETWORK EMISSIONS IN THE KLANG VALLEY,
MALAYSIA

MOHD. ASRUL BIN JAMALANI

FPAS 2019 8




Nl EM

’ UNIVERSITI PUTRA MALAYSIA
[BERILMU BERBAKTI]

[

DISPERSION OF PM1o FROM INDUSTRIAL AND ROAD
TRANSPORTATION NETWORK EMISSIONS IN THE KLANG VALLEY,
MALAYSIA

By

MOHD. ASRUL BIN JAMALANI

Thesis Submitted to the School of Graduate Studies, Universiti Putra Malaysia,
in Fulfilment of the Requirements for the Degree of Doctor of Philosophy

May 2019



All material contained within the thesis, including without limitation text, logos,
icons, photographs and all other artwork, is copyright material of Universiti Putra
Malaysia unless otherwise stated. Use may be made of any material contained within
the thesis for non-commercial purposes from the copyright holder. Commercial use
of material may only be made with the express, prior, written permission of
Universiti Putra Malaysia.

Copyright © Universiti Putra Malaysia



Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment
of the requirement for the degree of Doctor of Philosophy

DISPERSION OF PM1, FROM INDUSTRIAL AND ROAD
TRANSPORTATION NETWORK EMISSIONS IN THE KLANG VALLEY,
MALAYSIA

By

MOHD. ASRUL BIN JAMALANI

May 2019

Chairman  : Professor Ahmad Makmom Hj. Abdullah, PhD
Faculty : Environmental Studies

Particulate matter (PM1o) has been the major concern due to their negative impact to
the environment, human health and spatial planning for greener environment. In order
to have better understanding on the issues, three main objectives were stated in this
study. Firstly, was to determine the airborne PMio emission inventory from the local
sources. Secondly, was to correlate the meteorological conditions resulted from
meteorological modelling towards the study area. Lastly, to validate the obtained
concentration thematic map from the integration modelling approach. The Department
of Environment (DOE) reported that almost half of the total PM1o emission load in
Malaysia were contributed by the vehicular and industrial activities. Therefore, the
initiative was taken decades ago to monitor the ambient air quality with proper
recording. However, Malaysia still lack of pollutant emission inventory due to
limitation on expertise. Therefore, this study initiatively collects the information to
execute the PM1o emission inventory from the best available resources. In general, the
air pollutants dispersed freely without knowing the direction and magnitude of the
pollutants. Therefore, the Regional Air Quality Model (RAQM) was used to correlate
the calculated emission with the meteorological conditions forming the PMio
concentration thematic map. Thus, this modelling approach could address the
unmonitored area between the DOE monitoring stations with providing the PM1o
concentration information. The preliminary study on the localised air quality status
was conducted by the descriptive statistical and ANOVA analysis. Then, the
modelling part were initiated with the calculation of the PM1o emission from two main
sources consist of the industrial and road transportation network emission. In the end
producing the emission inventory file to fulfil the first objective. This emission
inventory was processed and converted into gridded emission profile by the
application of the Sparse Matrix Operator Kernal Emission (SMOKE) model. To
achieve the second objective, the gridded meteorological profile was produced from
the Fifth Generation Mesoscale (MM5) model. Community Multiscale Air Quality
(CMAQ) model as the chemical transport modelling system was able to simulate the



PM1o concentration thematic map. Thus, the integration process between the models
create an integrated SMOKE-MM5-CMAQ model under similar gridding system
namely known as the RAQM for achieving the third objective. The emission inventory
showed higher contribution of PM1o emissions in industrial source rather than road
transportation network. Whilst, the MM5 model showed positive result in correlating
the meteorological conditions. Thus, the integrated modelling system was able to
interpolate the PMyo concentration thematic map for every location in the domain.
However, the obtained concentration was extremely low due to the limitation on the
primary input of the emission. This study only considered the generalised industrial
area basis and the average on-road vehicles’ travel distance emissions from land use
map and vehicles statistic, respectively as the input. Besides, the presence of the
fugitive elements was being underestimated which contributed to the huge
uncertainties in the study. A comprehensive study on determining the fugitive
elements in the future is necessary for the emission input improvement in gaining a
convincing PMzo concentration information.
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Zarahan terampai (PM1o) telah mendapat perhatian disebabkan oleh kesan negatif
terhadap alam sekitar, kesihatan dan perancangan ruang bagi persekitaran hijau. Bagi
memastikan permasalahan ini dapat difahami dengan tebih mendalam, tiga objektif
utama telah ditetapkan dalam kajian ini. Pertamanya adalah penentuan penyenaraian
pelepasan PMso di udara daripada sumber-sumber tempatan. Kedua pula adalah untuk
menhubungkait keadaan meteorologi hasil daripada permodelan meteorologi terhadap
kawasan kajian. Akhirnya adalah untuk mengesahkan hasilan peta kepekatan tematik
daripada kaedah penyatuan permodelan. Jabatan Alam Sekitar (DOE) melaporkan
bahawa hampir separuh daripada jumlah beban pelepasan PMio di Malaysia
disumbang oleh aktiviti kendeaan dan juga industri. Oleh itu, insiatif thelah diambil
beberapa dekad yang lalu untuk memantau kualiti udara ambien dengan rekod yang
betul. Tetapi, di Malaysia masih kekurangan penyenaraian pelepasan bahan pencemar
disebabkan oleh kekurangan kepakaran. Oleh yang demikian, kajian ini mengambil
inisiatif untuk mengumpul maklumat bagi melaksanakan penyenaraian pelepasan
PM3o daripada sumber yang terbaik yang boleh didapati. Secara umum, pencemar
udara diserakkan secara bebas tanpa diketahui arah dan magnitudnya. Oleh itu, model
kualiti udara serantau (RAQM) telah digunakan untuk menghubungkait pengiraan
pelepasan dengan keadaan meteorologi yang akhirnya menghasilkan peta kepekatan
PM3o tematik. Justeru, kaedah permodelan boleh digunakan untuk penentuan kawasan
yang tidak dipantau iaitu kawasan di antara stesen-stesen pemantauan dengan
menyediakan maklumat kepekatan PM1o. Kajian awal mengenai status kualiti udara
setempat telah dijalankan melalui analisis diskriptif statsitik dan ANOVA. Kemudian,
pada bahagian permodelan dimulakan dengan pengiraan pelepasan PM1o daripada dua
sumber utama yang terdiri daripada pelepasan daripada industri dan jaringan jalan
pengangkutan. Akhirnya, menghasilkan fail penyenaraian pelepasan bagi memenuhi
objektif pertama. Penyenaraian pelepasan ini telah diproses dan ditukarkan kepada
profil pelepasan berkisi dengan penggunaan model Sparse Matrix Operator Kernal
Emission (SMOKE). Bagi mencapai objektif kedua, profil meteorologi berkisi telah



dihasilkan melalui model Fifth Generation Mesoscale (MM5). Model Community
Multiscale Air Quality (CMAQ) adalah system permodelan pengangkutan secara
kimia yang berkebolehan untuk menunjukkan peta kepekatan PM1o tematik. Justeru,
proses penyatuan antara model-model menghasilkan model penyatuan SMOKE-
MM5-CMAQ di bawah sistem kekisi yang sama dan juga dikenali dengan RAQM.
Penyenaraian pelepasan menunjukkan penyumbang tertinngi kepada pelepasan PM1o
adalah daripada sumber industri jika dibandingkan dengan jaringan jalan
penyangkutan. Sebaliknya, model MM5 menunjukkan keputusan yang positif dalam
penghubungkaitan dengan keadaan meteorologi. Oleh itu, system permodelan
penyatuan berkebolehan untuk menunjukkan peta kepekatan pelepasan PM1o tematik
pada setiap lokasi di dalam kawasan. Walau bagaimanapun, kepekatan yang diperolehi
adalah terlalu rendah disebabkan had input utama iaitu pelepasan. Kajian ini hanya
mengambil kira pelepasan daripada kawasan perindutrian secara umum serta
penganggaran jarak perjalanan kenderaan daripada peta guna tanah dan juga statistic
kenderaan yang digunakan sebagai input. Selain itu, kehadiran elemen-elemen
sampingan telah diabaikan di mana ianya memberikan sumbangan kepada banyaknya
ketidakpastian dalam kajian ini. Kajian yang mendalam mengenai penentuan elemen-
elemen sampingan pada masa hadapan adalah perlu bagi penambahbaikan input
pelepasan dalam pemerolehan maklumat kepekatan PM1o yang lebih meyakinkan.
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CHAPTER 1

INTRODUCTION

This thesis describes the study on air pollution particularly on particulate matter
(PMy) from industrial and transportation sector sources by adopting modelling
approach. Chapter 1 will cover the study background, problem statement, study
objectives, research questions and the significance of study together with the
organization of the thesis structure.

1.1  Background

Globally, the air pollution has been a major concern and getting greater attention
among public and local authorities because of its massive impact on the large
population. While the air pollution as often referred to the deterioration of air quality,
the worse of the situation is depending on either the pollutant is stagnant at certain
location or disperse to wider area. The transportation of air pollutants rely on several
factors such as the obstacles on the surface, the presence of the dispersion agents (e.g.
wind) and additional pollutant concentration emitted from multiple sources (Azid et
al., 2014).

According to AFP, (2016) the head of Public Health and Environment Division in the
World Health Organization (WHO) stated that 90 % of the world population were
impacted by the air pollution and the fatality cases had risen every year (see Appendix
B1). WHO also mentioned that under develop and developing countries including
Malaysia encounter difficulties in implementing the air pollution abatement strategies
due to economical and resources constrain.

Besides, according to Husaini (2015), the air pollution was one of the environmental
factors that contribute to the increasing health problems among the sensitive receptors.
The most affected population include the children, old folks, and the person with
respiratory illnesses especially the asthmatic patient. In addition, those who frequently
works outdoors are prone to health problems due to the exposure to the particulate
matter originated from either vehicular emissions or open burning sources (see
Appendix B2).

According to Khan et al. (2019) the mortality count due to the air pollution implication
was approximately 3.7 million persons worldwide based on the WHO statistic. The
highest score that contribute to the majority of the mortality count were located in
Western Pacific and Southeast Asia regions with the death statistic of approximately
2.6 million persons. The implication of air pollution is not restricted only to the health
effect but also on the human behaviors and productivity. A study done in National
University of Singapore’s Business School showed that the air pollution could reduce



the human self-control physically and psychologically, increase the chances of
depression, anxiety and insomnia which indirectly affecting human behavior and
productivity (NST, 2016) (see Appendix B3).

The other source of air pollution is from the transboundary movement of pollutants
commonly known as haze. Webb (2015) claimed that the haze originated from peat
and forest fires in Kalimantan and Sumatra, Indonesia due to the land clearing
activities for agricultural purposes (see Appendix B4). The particulate emitted from
peat and forest fires travels across the boundaries by wind which trigger alert among
the local and international community in Southeast Asia. The findings from the haze
study done by non-governmental organization (NGO) from United Kingdom indicated
that the developing countries showed the highest negligence on the environmental
protection. This is due to several factors such as i) lack of legislation and enforcement
in protecting public, ii) corruption and economic overpowered by NGOs on public and
environment for self-benefits, iii) loose decision making in abatement actions and
policies, iv) inadequate of standard operating procedures (SOP) and tools for enforcing
sustainable environment and v) lack of qualities in accessing environmental protection
procedures and tools by both government and NGOs.

Other than transboundary sources, Tan (2017) found that the haze might originated
from the local sources (see Appendix B5). In specific case of haze, the transportation
and dispersion of particulates originated from the domestic sources are worst during
dry sunny afternoon, the presence of wind effect and also induced by the hot air
turbulence movement.

In Malaysia, PM1o is the main variable for particulate assessment. The Air Pollutant
Index (API) are used in the determination of the air quality level and the indication of
the potential health effect to the urban community (Shaadan et al., 2015). PMyo is one
of the five elements being considered in measuring the API and contributes as the
highest portion to the index.

In determining the compliance to the air quality standard, Malaysia mainly follows the
Air Pollutant Index (API) system adapting the Pollutant Standard Index (PSI) by
United States Environmental Protection Agency (USEPA) based on five major air
pollutant namely PMzg, SO2, NOx, Oz and CO. The sub-indexes in Malaysian API are
based on the collection of five major air pollutants data from the continuous Air
Quality Monitoring Stations showed in Table 1.1. Only the highest index value among
the air pollutant was chosen as the key component to the API hourly value in certain
hour for the indication of the air quality status in Malaysia (Abdullah et al., 2012;
Awang et al., 2000). The PMyosubindex basically being identified as the dominant air
pollutant parameter especially during the occurance of the haze phenomena (Awang
et al., 2000). Thus, it is also essential to study the background of PMyo in the absent of
the haze phenomena as well where the PM1o emitted from local sources would add the
severity of the air quality degradation during haze.



Table 1.1: Malaysian Ambient Air Quality Guidelines

Air Pollutant Guidelines Average Time API Status
0.04 ppm 24 h
SO2 0.13 ppm 1h
0.19 ppm 10 min Selection of
Os 0.10 ppm 1h the highest
0.06 ppm 8h sub-index
NO: 0.17 ppm 1h value as the
co 30 ppm 1lh API
9 ppm 8h indicator
PMao 3 1h
150 pgm 8h

Source: (Abdullah et al., 2012; Awang et al., 2000)

Furthermore, Department of Environment (DOE) as the authority in protecting the
environment in Malaysia is currently paying greater attention to the finer particulate
(PM25). DOE has taken several progressive initiatives by introducing the PMazs
detectors at the selected continuous air quality monitoring stations and it is expected
to be installed at all monitoring stations in Malaysia in the future.

Generally, the PMio becomes the main issue in Klang Valley based on two main
scenarios; emission from local and transboundary sources. The pollutant emission
from the local source would originated from the transportation, industrial and other
activities such as power plant activity including the natural sources such as wildfires
and windblown dust (Rani et al., 2018). Both local and transboundary particulate
sources have the negative impact to the environment such as increasing the ambient
temperature, decreasing the surface solar radiation and visibility besides affecting
human health, rainfall, hydrological cycles and indirectly decreasing the agricultural
production (Zhang et al., 2011). The PM1o emission from the transboundary source is
not being elaborated further as it is not focus of this study. For the preliminary study
of the PM1o background, it was identified that the PM1o pollutant released to the
atmosphere is continuously be increased till now due to certain criteria. For example,
Figure 1.1 shows the increment of the PMzo concentration by the period of 10 years
(2000 — 2009) recorded in DOE monitoring stations; Klang, Shah Alam, Petaling Jaya
and Kajang. These time series chart which refers to PMig concentration in Klang
Valley region were plotted based on the raw PM1o data received from the Department
of Environment, Malaysia.
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Figure 1.1: PMo concentrations recorded at the DOE monitoring stations in
(a) Klang, (b) Shah Alam, (c) Petaling Jaya and (d) Kajang for year 2000 to 2009



From road transportation perspective, the total vehicle registration in Malaysia had
risen from 10.6 million in 2000 to 19 million in 2009 while the total of road mileage
which includes the paved and unpaved roads in Malaysia had risen from 67.6 thousand
Kilometres in 2000 to 124.7 thousand kilometres in 2009 as shown in Table 1.2.

Table 1.2: Development in road transportation perspective for 10 years’

duration.
. i Year Increment
Perspective Details 5000 2009 (%)
Total vehicles 10.6 19 million 79
Road registration million
transportation ~ Total of road mileage 67.6 124.7 84
(km) thousand  thousand

*Note: These values were calculated based on one decimal rounding.
(Source: KKR, 2013)

Meanwhile for the industrialization perspective, the Malaysian’s industrial production
indexes of 10 years (2000 — 2009) for mining, manufacturing and electricity had risen
from 86.9, 77.3 and 68.9 to 99.9, 100.9 and 111.4 respectively as shown in Table 1.3.
In the money matters perspective of construction, mining and stone quarrying
industry, it shows that the gross output values had risen from RM39.9 million to
RM70.6 million for construction (2000 — 2009), RM38.9 million to RM91.2 million
for mining industries (2000 — 2009) and for stone quarrying industries (2000 — 2010)
the gross output value risen from RM1.3 million to RM3.0 million as shown in Table
1.2.

Table 1.3: Development in industrialization and money matters in
industrialization perspective for 10 years’ duration

Year Increment

Perspective Details 2000 2009 2010 (%)

Production indexes for
mining
Production indexes for
manufacturing
Production indexes for
electricity

86.9 99.9 **N/A 15.0
Industrialization 77.3 100.9 **N/A 30.5

68.9 1114 **N/A 61.7

Gross output for 399 706

construction industry million  million **N/A 76.9
Money matters (RM)
in Gross output for mining  38.9 91.2 *FNJA 134
industrialization industry (RM) million  million
Gross output for stone 1.3 o 3.0
quarry industry (RM) million N/A million 130

*Note: These values were calculated based on one decimal rounding.
** N/A = Not applicable

(Source: DOSM, 2016)



1.2 Problem Statement

According to the Environmental Quality Report (EQR), the industries and motor
vehicles contribute almost half (49 %) of the total PM1o emission load in Malaysia
(DOE, 2015) as shown in Table 1.4. The PMzoemission load from industries and motor
vehicles can be controlled as the sources are restricted to the permissible limit of
emission which be the main characteristic to the study of PMio emission in this
research.

Table 1.4: Sources and its percentage contribution towards the PM1 emission
load in Malaysia

Sources of PM1o emission load in Malaysia Percentage of contribution (%)
Industries and motor vehicle 49
Others 51
Source: (DOE, 2015)

The other sources which contribute slightly higher (51%) PMio than industries and
motor vehicles are due several factors such as the loose control on enforcement, poor
monitoring and regulation and also the land use emissions during the land
development. These criteria would be the fugitive’s aspects that also contribute to the
PM1o emission generally and not being considered in this study.

Furthermore, the reason why only PMo is considered in this study was due to the
predominant air pollutant characteristic during haze phenomena where the PM3o sub-
index showed the major contributor compared to the other 4 pollutants’ sub-index in
monitoring the ambient air quality worldwide (Awang et. al., 2000). However, this
study only considers the PMzo pollution under normal condition without haze as the
sources of haze were not from the local sources and occur occasionally.

Other than that, there are also problems in the managing the air pollution due to several
factors:

i.  Variety of unstructured pollution information where temporal patterns of the
emission sources; mobile or stationery sources rather than hourly emitted
emission database.

ii.  Unmatched relationship which indicate direct regulation and enforcement but
indirect economic control in pollution reduction with multiple of aims by the
regulatory actors.

All the factors above indicate the complexity of the problems towards the decision
making process in pollution abatement strategies (Abdullah et al., 2012). Besides, the
capacity of the officer which are not to be train in managing the inventory would be
the other factor to the air pollution management in Malaysia especially to the Klang
Valley region as the selected study area.



The implication to the above matters would result the lacking of organized emission
inventory not only become localised issue but also becoming the national issue. In
terms of transportation emissions, there are no specific government agencies that
conduct the exact PMyo or other air pollutant emission from the vehicles which in the
lay man words there are unavailability on how much PM1o emission concentration
from each types of vehicle. One of the relevant agency is the Public Works Department
(JKR) under Ministry of Work Malaysia (KKR) conducting traffic survey of 6 classes
of vehicle in three types of road, road mileage paved or unpaved roads and the number
of registered vehicles for whole Malaysia including Sabah and Sarawak and those data
were provided for the study purpose.

In terms of industrial emissions, there is one specific government agency which is the
Department of Environment under the Ministry of Natural Resources that conduct and
monitored the industrial emission. Unfortunately, those data are considered as private
and confidential and could not be released to public. The most available industrial
information used in this study was by utilizing the industrial area from land use map
from Federal Department of Town and Country Planning (JPBD) along the application
of an appropriate emission factor to PM1o. Besides, the most famous on air pollutants
studies in Malaysia are overlaying the Geographical Information System (GIS) and
topographical layers in showing the pollutant dispersion in certain area that based on
the DOE ambient air pollutants secondary data (Tarmizi et. al., 2014 and Noor et. al.,
2018) without knowing on how the of air pollutants being produced, what are the air
pollutant sources and how they being distributed in the air.

The air pollutants including the focal air pollutant in this study which is PMyg are being
dispersed freely by the effect of meteorological conditions like wind speed, wind
direction and other dispersion agents (Khan et al., 2019) without knowing the
dispersal’s direction after released from the sources. In general, the air pollutant that
released from sources was transported and diluted in the air when arrived to the
monitored area. Therefore, the role of DOE is to monitor the ambient air quality
through the application of the continuous air quality monitoring stations located at the
selected monitored areas besides monitoring the Malaysian API status online and other
enforcement related works. However, the concentration of unmonitored areas between
the DOE monitoring stations focusing in Klang Valley are unknown. Therefore, the
aim of this study is to address the unmonitored area between the DOE monitoring
stations by the application of the regional air quality model showing the PM1o being
dispersed from the calculated local sources to any area especially at the unmonitored
area with known PMzo concentration

The study on the PMio concentration is determined based on the calculation of
emission from selected sources. The calculation from the Vehicle Kilometer Travel
(VKT) emissions according to vehicle classes utilizing the road traffic volume data for
road vehicle emissions while industrial area emission utilizing land use map for the
industrial emissions and both will apply an appropriate emission factor. The
generalised industrial area and types of industry are selected as the raw material in
determining the PM1o emission from industries due to the limitation of information in
the land use map as the best available resources in this study.



The Regional Air Quality Model (RAQM) like the integrated SMOKE-MM5-CMAQ
model in this study is referred to a modelling system that able to show the spatial-
temporal of PMyo concentration to every location within the gridded study domain.
The spatial-temporal pollutant concentration covers the whole area gridded study
domain including the monitored areas similar to the location of the DOE’s monitoring
stations and also any of the unmonitored areas. The integrated model has the ability to
simulate the air pollution dispersion with the gridded domain beyond 100 km?.

In general, the calculated PM1o emission is used as an input to the emission model,
Sparse Matrix Kernel Emission (SMOKE) model and undergo the transformation into
gridded emission profile. The gridded emission profile then will be used as primer
input to the chemical transport model; Community Multiscale Air Quality (CMAQ)
model. Simultaneously, the gridded meteorological profile resulted from the
meteorological model; Fifth-generation Mesoscale (MM5) model is used as another
primer input to CMAQ. The CMAQ model will produce the PMio dispersion
concentration thematic map as the output. All the three models above could be linked
with each other to perform the integration modelling system due to its similarities
gridding properties. Latter, the PM1o pollutant will be extracted and compared with
the ambient PM1o concentration monitored by the DOE following the recent National
Ambient Air Quality Standard (NAAQS). On the other hand, the external PM1q source
that coming from the transboundary pollution commonly known as haze could also be
assessed using this RAQM by assessing PMio concentration, wind vector and other
meteorological properties set in each grid within the domain in the stipulated time
frame.

1.3  Objective of Study

General objective of this research is to predict the particulate (PM1o) pollution in Klang
Valley area specific from industrial and transportation emission basis activities and
the use of modelling approach in determining the status of PM1o pollution within the
study area

1.3.1 Specific Objectives

The research goal is to study the followings:

1. To determine the inventory of airborne particulate matter (PM1o) emission sources
in Klang Valley through the activity of emission rating.

2. To correlate the meteorological conditions of the study area using MM5 model.

3. To validate the PM1o concentration thematic map using integrated SMOKE-MM5-
CMAQ Model.



1.4 Research Questions

According to the research goal, research questions are as follow:

1) How to conduct the inventory of the airborne particulate matter (PM1o) from the
emission sources?

2) How to correlate the meteorological conditions of the study area?

3) How can the PM1o concentration thematic map being evaluated?

1.5  Significant of Study

Generally, the study of PMyo is essential as this air pollutant give such impact not only
to the degradation of the air quality but also to the economic loss. The Malaysian
economic loss is difficult to be measured. However, the economic loss can be
discussed which is closely related to the air pollution or haze issues (1999 to 2016).
The air pollution has cause the increment in cost of illness from RM 9.5 million to RM
410.6 million in recent 15 years for whole Malaysia not including Pahang, Terengganu
and Kelantan in the beginning while latter for the whole Peninsular Malaysia. Besides,
the hospital admission cost had risen from RM 1.8 million to RM18.9 million for the
recent 2 years. Thus, the air pollution had significantly impact the health which
simultaneously the economic loss due to the risen cost of medication and hospital
admission that promote the loss of income (Manan et al., 2018).

Malaysian citizens are unfortunate to conduct research related to the air pollutant
emission due to the insufficiency of the air pollutants emission database where some
are due to lack of expertise and instrumentation, while some are being considered as
a confidential and not for public release. Therefore, this research is conducted by
applying new approach in predicting the air pollution emission in achieving the air
pollutant emission (PMyo) data base for further investigation on the PMzyg emission
towards the environmental aspect from the best available sources.

Several key elements that comprise of emission, meteorological and chemical
transport are involve in the modelling stage. This study provides the emission profile
(SMOKE model application), climatic profile (MM5 model application) along with
providing the PM1o concentration and dispersion patterns (CMAQ model application)
starting from the defined sources at the selected time frame of any grid within the
Klang Valley region. The relationship between urbanization leading to the air
pollution and changes in climate and land use will also be discussed in this research.

The major contribution in this study is by providing the PMio concentration
information at every location in Klang Valley especially to the unmonitored area
(beyond the area of DOE continuous air quality monitoring station) through the
application of regional air quality modelling. Besides, conducting this modelling
approach in this study would also provide an initial PMzo dispersion information from



the pollution source to certain area especially to the unmonitored area which may
beneficial to the sensitive receptors.

The application of these integrated models on the regional scale could help in assessing
the air quality status in term of initial spatial air pollutant dispersion information
(PMyo) from sources. This approach would be beneficial for the city planners to
conduct spatial planning on the pollution reduction strategies and develop the official
Malaysian Environmental Policies. This study could help the decision makers either
for the government or the non-government bodies in order to strengthen the
environmental regulation not to forget will be useful in pollution prevention strategies
implementation and legislating the official environmental policies.

1.6 Scope of Study

Emission inventories approaches with the combination of emissions factors and
statistics had been widely used to investigate the variety of anthropogenic emission
sources such as form industrial, road transportation, agricultural activities and
residential emission that contributed to the major air pollution (Li et al., 2011).

Conducting the emission inventory can get the estimation of PM1o emission sources
within the study area either point source emission or non-point source emission.
Emission inventory in general was the conversion and compilation of annual values
for an individual emission within the research boundary that based on the statistical
data (Woo et al., 2012).

The emissions basically can be divided into two scope; industrial and on-road
transportation emissions. The regional emission inventory can be accomplished via
applying “top-down” and “bottom-up” approaches (Colvile et al., 2001; Thunis et al.,
2016) where “top-down approach apply the concept of total polluting activity over the
whole area of interest while “bottom-up” approach apply the concept of using the
detail geographical resolved data which consist of location, rate of emission from both
major sector; industries and transportation.

Some of the importance data such as the emission data are almost impossible to be
obtained due to the confidentiality issue in which cannot be shared to public.
Therefore, this study focuses on determining the PM1o emission from rate of activities
of local sources; industrial area and vehicle kilometre travel and its suitable emission
factor as the alternative to overcome the in-availability of the emission data result from
the confidentiality issue. The data selection is based on the best available sources from
industries and transportation sector and this study sufficiently cover the Klang Valley
region and presenting the PM1o emission over the area. Thus, method to develop local
PM1o emission inventory as an input to the regional air quality models is showed in
this study.
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This study also utilizes an integrated modelling system on air quality that includes
emission, meteorological and chemical transport simulation within 3km resolution
radius over Klang Valley, Malaysia that covers the year of 2012 scenario. Various
fields of interaction between the emission, meteorology and chemical transport aspect
involve in this study through the application of the integration models.

The surrogating process on the emission input data is taken place during the emission
simulation. The collected and organised emission inventory file by the annual means
is surrogated into an hourly gridded model-ready emission input profile. According to
Borge et al. (2008) this gridded form of the emission input profile is the vital element
to the integrated model. Thus, SMOKE model which liaise with the United State
Environmental Protection Agency (USEPA) had been applied by researchers for
preparing the model-ready emission input profile to fulfil the requirement of the final
component (CMAQ) in the integrated SMOKE-MM5-CMAQ model (Mao et al.,
2006). Meanwhile, the MM5 model works as the meteorological conditions data
supplier to the CMAQ component in the integrated model. The meteorological
condition profile is another vital input besides emission which is required for the
completion of the complex interaction processes operated by CMAQ in order to
produce the pollutant concentration thematic map. This situation showed the complex
interaction processes between the three models executing the unified regional air
quality modeling system.

The MM5 and CMAQ models are validated by conducting the comparison between
the simulated temperature, wind speed and PM1o data with the actual data collected
from the Department of Environment (DOE), Malaysia. The output of the integrated
models is the PM1o concentration dispersion thematic map from the industrial and road
network emissions throughout the Klang valley region that will beneficial in providing
the PMyo emission information in every location in the studied domain which include
the unmonitored locations.

1.7 Thesis Organization

In order to accomplish this research, several objectives have to be achieved including
determining the airborne PMio emission sources through emission rating activity,
generating the simulated meteorological conditions of the studied area in selected time
frame and lastly to produce the spatial PM1o distribution through the application of
integrated model.

Review in literature regarding the air quality status, particulate matter (PM1o)
characteristics, factors determining the particulate dispersion, PMjig emission
inventory and regional air quality modelling were conducted for achieving the
research objectives as recorded in the Chapter 2.
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Chapter 3 shows the conceptual research frameworks that covers the flow of this
research including the elaboration of study area, the Klang Valley population, data
collection process, emission inventory construction, the experimental design and
principal of each selected regional air quality models towards achieving the integration
of emission, meteorological and chemical transport modelling system criteria, the
validation of those models and application of the SMOKE-MM5-CMAQ modelling
system elaboration throughout the study.

Chapter 4 shows and discuss the outcomes from the emission inventories, the
prediction of meteorological conditions from meteorological model, the PMio
distribution generation from chemical transport model and the validation process for
both meteorological and chemical transport model and the limitation of the study.

The concluding process and giving the author’s point of view regarding the study
limitation and future research improvement were discussed in the last section of
Chapter 5.

12



REFERENCES

Abas, M. R., Oros, D. R., and Simoneit, B. R. T. (2004). Biomass burning as the main
source of organic aerosol particulate matter in Malaysia during haze episodes.
Chemosphere, 55:1089-1095.

Abdullah, A. M., Samah, M. A. A., and Tham, Y. J. (2012). An overview of the air
pollution rend in Klang Valley, Malaysia. Open Environmental Sciences, 6:13-
19.

Abdullah, N. A., Shuhaimi, S. H., Ying, T. Y., Shapee, A. H., and Mohamad, M.
(2011). The study of seasonal variation of PM1o concentration in Peninsular,
Sabah and Sarawak. Paper presented at the meetings of Malaysian
Meteorological Department (MMD), Ministry of Science, Technology and
Inovation (MOSTI).

AFP (2016, September 27). Over 90 Percent of World Breathing Bad Air: WHO. News
Strait Times, Malaysia. Retrieved from
http:/technu.nst.com.my/news/2016/09/176353/over-90-percent-of-world-
breath-bad-air-who

Afroz, R., Hassan, M.N., and Ibrahim, N. A. (2003). Review of air pollution and health
impacts in Malaysia. Environmental Research, 9:71-77.

Amnauylawjarurn, T., Kreasuwun, J., Towta, S., and Siriwitayakorn, K. (2010).
Dispersion of Particulate Matter (PM1o) from forest fires in Chiang Mai Province,
Thailand. Chiang Mai Journal Science, 37(1):39-47.

Amran, M. A., Azid, A., Juahir, H., Toriman, M. E., Mustafa, A. D., Hasnam, C. N.
C., Azaman, F., Kamarudin, M. K. A., Saudi, A. S. M., and Yunus, K. (2015).
Spatial analysis of the certain air pollutants techniques using environmetric
techniques, Jurnal Teknologi, 75(1), 241-249.

Antanasijevi¢, D. Z., Pocajt, V. V., Povrenovi¢, D. S., Risti¢, M. D., and Peri, A. A.
(2013). PMyo emission forecasting using artificial neural networks and genetic
algorithm input variable optimization. Science of the Total Environment,
443:511-519.

Arasa, R., Soler M. R., Ortega S., Olid M., and Merino, M. (2010). A performance
evaluation of MM5/MNEQA/CMAQ air quality modelling system to forecast
ozone concentrations in Catalonia. Tethys, 7:11-23.

Arif, N. L., Abdullah, A. M., Juahir, H., and Chng, L. K. (2013). Evaluation of
meteorological condition during 2005 haze in Klang Valley using Mesoscale
Model MMD5, International Journal of Basic and Applied Sciences, 13(2):7-14.

Awang, M., Jaafar, A. B., Abdullah, A. M., Ismail, M., Hassan, M. N., Abdullah, R.,
Johan, S., and Noor, H. (2000). Air quality in Malaysia: Impacts, management
issues and future challenges. Respirology, 5:183-96.

Azid, A., Juahir, H., Toriman, M. E., Kamarudin, M. K. A., Saudi, A. S. M., Hasnam,
C. N. C., Aziz, N. A. A., Azaman, F., Latif, M. T., Zainuddin, S. F. M., Osman,
M. R., and Yamin, M. (2014). Prediction of the level of air pollution using
principal component analysis and artificial neural network techniques: a case
study in Malaysia. Water Air Soil Pollution, 225(2063):1-14.

Azid, A., Juahir, H., Ezani, E., Toriman, M. E., Endut, A., Rahman, M. N. A., Yunus,
K., Kamarudin, M. K. A., Hasnam, C. N. C., Saudi, A. S. M., and Umar, R.
(2015a). Identification source of variation on regional impact of air quality
pattern using chemometric. Aerosol and Air Quality Research, 15:1545-1558.

Azid, A., Juahir, H., Amran, M. A., Suhaili, Z., Osman, M. R., Muhamad, A., Abidin,

128



I. Z., Sulaiman, N. S., and Saudi, A. S. M. (2015b). Spatial air quality modelling
using chemometrics techniques : a case study in Peninsular Malaysia. Malaysian
Journal of Analytical Sciences, 19(6):1415-1430.

Azid, A., Juahir, H., Toriman, M. E., Endut, A., Kamarudin, M. K. A., Rahman, M.
N. A., Hasnam, C. N. C. Saudi, A. S. M., and Yunus, K. (2015c). Source
apportionment of air pollution: A case study in Malaysia. Jurnal Teknologi,
72(1):83-88.

Azmi, S. Z., Latif, M. T., Ismail, A. S., Juneng, L., and Jemain, A. A. (2010). Trend
and status of air quality at three different monitoring stations in the Klang Valley,
Malaysia. Air Qual Atmos Health, 3:53-64.

Barnum, B. H., Winstead, N. S., Wesely, J., Hakola, A., Colarco, P. R., Toon, O. B.,
Ginoux, P., Brooks, G., Hasselbarth, L., and Toth, B. (2004). Forecasting dust
storms using the CARMA-dust model and MM5 weather data. Environmental
Modelling and Software, 19:129-140.

Borge, R., Lumbreras, J., and Rodri'guez, E. (2008). Development of a high-
resolution emission inventory for Spain using the SMOKE modelling system: A
case study for the years 2000 and 2010. Environmental Modelling and Software,
23:1026-1044.

Chan, L. S., and Dunn, O. J. (1972). The treatment of missing values in discriminant
analysis-1. The sampling experiment. Journal of the American Statistical
Association, 67:473-477.

Chan, L. S., Gilman, J. A., and Dunn, O. J. (1976). Alternative approaches to missing
values in discriminant analysis. Journal of the American Statistical
Association, 71:842-844.

Chandrasekar, A., Philbrick, C. R., Clark, R., Doddridge, B., and Georgopoulos, P.
(2003). Evaluating the performance of a computationally efficient
MM5/CALMET system for developing wind field inputs to air quality models.
Atmospheric Environment, 37:3267-3276.

Chao, N., Tang, G., Wang, Y., Wang, H., Huang J., and Chen, J. (2014). Vehicular
emissions in China in 2006 and 2010. Atmospheric Chemistry and Physics
Discussions, 48:179-192.

Chen, D. S,, Cheng, S. Y., Liu, L., Chen, T., and Guo, X. R. (2007). An integrated
MM5-CMAQ modelling approach for assessing trans-boundary PMig
contribution to the host city of 2008 Olympic summer games-Beijing, China.
Atmospheric Environment, 41:1237-1250.

Chen, G., Li, J., Ying, Q., Sherman, S., Perkins, N., Sundaram, R., and Mendola, P.
(2014). Evaluation of observation-fused regional air quality model results for
population air pollution exposure estimation. Science of the Total Environment,
485(48):563-574.

Chen, T., Chang, K., and Tsai, C. (2017). Modelling approach for emissions reduction
of primary PM2 s and secondary PM> s precursors to achieve the air quality target.
Atmospheric Research, 192:11-18.

Cheng, S., Li, L., Chen, D., and Li, J. (2012). A neural network based ensemble
approach for improving the accuracy of meteorological fields used for regional
air quality modelling. Journal of Environmental Management, 112:404-414.

Chenoli, S. N., Jayakrishnan, P. R., Samah, A. A., Hai., O. S., Marzuki, M. Y. A., and
Lim.,, C. H. (2018). Southwest monsoon on set dates over Malaysia and
associated climatological characteristics. Journal of Atmospheric and Solar-
Terrestrial Physics, 179:81-93.

China, S., and James, D. E. (2012). Influence of pavement macrotexture on PM1o

129



emissions from paved roads: A controlled study. Atmospheric Environment,
63:313-326.

Chng, L. K., Abdullah, A. M., Sulaiman, W. N. A., and Ramli, M. F. (2010). The
effect of improved land use on the meteorological modelling in Klang Valley
Region Malaysia. Environment Asia, 3(SI):117-123.

Chng, L. K. (2011). Prediction sulphur dioxide dispersion from multiple sources in
major cities in Klang Valley, Malaysia using integrated MM5-SMOKE-CMAQ
model system. (Unpublish master dissertation). Universiti Putra Malaysia,
Malaysia.

Choi, Y., and Fernando, H. J. S. (2008). Implementation of a windblown dust
parametrization into MODEL-3/CMAQ: Application to episodic PM events in
the US/Mexico border. Atmospheric Environment, 42:6039-6046.

Chotamonsak, C., Salathé, Jr., E. P., Kreasuwan, J., and Chantara, S. (2012).
Evaluation of precipitation simulations over Thailand Using a WRF regional
climate model. Chiang Mai Journal Science, 39(4):623-638.

Colvile, R. N., Hutchinson, E. J., Mindell, J. S., and Warren, R. F. (2001). The
transport sector as a source of air pollution. Atmospheric Environment, 35:1537-
1565.

Deni, S. M., Suhaila, J., Zin, W. Z. W., and Jemain, A. Z. (2009). Trends of wet spells
over Peninsular Malaysia during monsoon seasons. Sains Malaysiana,
38(2):133-142.

Dey, S., Caulfield, B., and Ghosh, B. (2019). Modelling uncertainty of vehicular
emissions inventory: A case study of Ireland. Journal of Cleaner Production,
213:1115-1126.

DOE. (2011). Environmental Quality Report 2011. Ministry of Nature Resources and
Environment, Malaysia.

DOE. (2013a). Environmental Quality Report 2013. Ministry of Nature Resources and
Environment, Malaysia.

DOE. (2013b). New Malaysia Ambient Air Quality Standard. Retrieved from
http://www.doe.gov.my/portalvl/wp-content/uploads/2013/01/Air-Quality-
Standard-BI.pdf

DOE. (2015). Environmental Quality Report 2015. Ministry of Nature Resources and
Environment, Malaysia.

DOSM. (2010). Population Distribution by Local Authority Areas and Mukims.
Retrieved from https://newss.statistics.gov.my/newss-
portalx/ep/epFreeDownloadContentSearch.seam?cid=15317 on 15" August
2019

DOSM. (2016). Malaysia Economic Statistics - Time Series 2016. Retrieved from
https://www.dosm.gov.my/v1l/index.php?r=column/ctimeseries&menu_id=NHJ
laGc2RIg4ZXIGTjh1SU1kaWyY5UT09 on 25" October 2018

Dodla, V. B. R, Ratna, S. B., and Desamsetti, S. (2013). An assessment of cumulus
parameterization schemes in the short range prediction of rainfall during the onset
phase of the Indian Southwest Monsoon using MM5 Model. Atmospheric
Research, 120-21:249-267.

Dominick, D., Juahir, H., Latif, M. T., Zain, S. M., and Aris, A. Z. (2012). Spatial
assessment of air quality patterns in Malaysia using multivariate analysis.
Atmospheric Environment, 60:172-181.

Dominick, D., Latif, M. T., Juneng, L., Khan, M. F., Amil, N., Mead, M. |., Nadzir,
M. S. M., Moi, P. S., Samah, A. A., Ashfold, M. J., Sturges, W. T., Harris, N. R.
P., Robinson, A. D., and Pyle, J. A. (2015). Characterisation of particle mass and

130


https://newss.statistics.gov.my/newss-portalx/ep/epFreeDownloadContentSearch.seam?cid=15317
https://newss.statistics.gov.my/newss-portalx/ep/epFreeDownloadContentSearch.seam?cid=15317
https://www.dosm.gov.my/v1/index.php?r=column/ctimeseries&menu_id=NHJlaGc2Rlg4ZXlGTjh1SU1kaWY5UT09
https://www.dosm.gov.my/v1/index.php?r=column/ctimeseries&menu_id=NHJlaGc2Rlg4ZXlGTjh1SU1kaWY5UT09

number concentration on the east coast of the Malaysian Peninsula during the
northeast monsoon. Atmospheric Environment, 117:187-199.

Elangasinghe, M. A., Singhal, N., Dirks, K. N., and Salmond, J. A. (2014).
Development of an ANN-based air pollution forecasting system with explicit
knowledge through sensitivity analysis. Atmospheric Pollution Research, 5:696-
708.

Ferreira, J., Rodriguez, A., Monteiro, A., Miranda, A. I., Dios, M., Souto, J. A,
Yarwood, G., Nipmongcol, U., and Borrego, C. (2012). Air quality simulations
for North America - MM5-CAMx modelling performance for main gaseous
pollutants. Atmospheric Environment, 5:212-224.

Fisher, M. J., and Marshall, A. P. (2009). Understanding descriptive statistics.
Australian Critical Care, 22(2):93-97.

Gibson, M. D., Kundu, S., and Satish, M. (2013). Dispersion model evaluation of
PMa5, NOx and SO from paint and major line sources in Nova Scotia, Canada
ysing AERMOD Gaussian plume air dispersion model. Atmospheric Pollution
Research, 4;157-167.

Giordano, L., Brunner, D., Flemming, J., Hogrefe, C., Im, U., Bianconi, R., Badia, A.,
Balzariani, A., Bar6, R., Chemel, C., Curci, G., Forkel, R., Jimenez-Guerrero, P.,
Hirtl, M., Hodzic, A., Honzak, L., Jorba, O., Knote, C., Kuenen, J. J. P., Makar,
P. A., Manders-Groot, A., Neal, L., Perez, J. L., Pirovano, G., Pouliot, G., Jose,
R. S., Savage, N., Schréder, W., Sokhi, R. S., Syrakov D., Torian, A., Tucella,
P., Werhanhn, J., Wolke, R., Yahya, K., Zabkar, R., Zhang, Y., and Galmarini,
S. (2015). Assessment of the MACC reanalysis and its influence as chemical
boundary conditions for regional air quality modelling in AQMEII-2.
Atmospheric Environment, 115:371-388.

Gokhale, S., and Raokhande, N. (2008). Performance evaluation of air quality models
for predicting PM1o and PM2 s concentrations at urban traffic intersection during
winter period. Science of the Total Environment, 394:9-24.

Gumus, K., Selbesoglu, M. O., and Celik, C. T. (2016). Accuracy investigation of
height obtained from Classical and Network RTK with ANOVA test.
Measurement, 90:135-143.

Grell, G. A., Emeis, S., Stockwell, W. R., Schoenemeyer, T., Forkel, R., Michalakes,
J., Knoche, R., and Seidl, W. (2000). Application of a multiscale, coupled
MM5/chemistry model to the complex terrain of the VOTALP valley campaign.
Atmospheric Environment, 34:1435-1453.

Grell G. A., Dudhia J. and Stauffer, D. R. (1995). A Description of the Fifth-
Generation Penn State/NCAR Mesoscale Model (MM5). NCAR Technical Note
TN-398 + SRT. Mesoscale and Microscale Meteorology Division.

Hamm, N. A. S., Finley, A. O., Schaap, M., and Stein, A. (2015). A spatially varying
coefficient model for mapping PMio air quality at the European scale.
Atmospheric Environment, 102:393-405.

Han, X., Zhang, M., and Zhou, B. (2013). Modelling nitrate aerosol distributions and
its direct radiative forcing in East Asia with RAMS-CMAQ. Particuology,
11:256-263.

Han, Z., Ueda, H., and An, J. (2008). Evaluation and intercomparison of
meteorological predictions by five MM5-PBL parameterizations in combination
with three land-surface models. Atmospheric Environment, 42:233-249.

Henneman, L. R. F., Liu, C., Hu, Y., Mulholland, J. A., and Russell, A. G. (2017). Air
quality modelling for accountability research: Operational, dynamic, and
diagnostic evaluation. Atmospheric Environment, 166:551-565.

131



Hua, H., Jiang, S., Sheng, H., Zhang, Y., Liu, X., Zhang, L., Yuan, Z., and Chen, T.
(2019). A high spatial-temporal resolution emission inventory of multiple-type
air pollutants for Wuxi city. Journal of Cleaner Production, 229:278-288.

Husaini, N. B. (2015, October 6). Pencemaran Udara Jejas Kesihatan. Berita Harian,
Malaysia. Retrieved from https://www.bharian.com.my/node/86816

Hassan, H., and Raman, S. (2003). Numerical modelling of coastal circulations near
complex topography. Proceeding of the Indian National Science Academy,
69A(5):615-632.

Ilhamsyah, Y. (2012). A mescoscale meteorological model of modified land cover to
the effect of urban heat island in Jakarta, Indonesia. Aceh International Journal
of Science and Technology, 1(2):60-66.

Igbal, A., and Oanh, N. T. K. (2011). Assessment of acid deposition over Dhaka
division using CAMx—MM5 modelling system. Atmospheric Pollution Research,
2:452-462.

Isiyaka, H. A., and Azid, A. (2015). Air quality pattern assessment in Malaysia using
multivariate techniques. Malaysian Journal of Analytical Sciences, 19(5):966-
978.

Jaafar S. A., Latif, M. T., Razak, I. S., Shaharudin M. Z., Khan, M. F., Wahid, N. B.
A., and Suratman, S. (2016). Monsoonal variations in atmospheric surfactants at
different coastal areas of the Malaysian Peninsula. Marine Pollution Bulletin,
109:480-4809.

Jamalani, M. A., Abdullah, A. M., Azid, A., Ramli, M. F., Baharudin, M. R., Bose,
M. M., Elhadi, R. E., Youssef, K. A. A. B., Gnadimzadeh, A., and Gumel, D. Y.
(2016). Monthly analysis of PMso in ambient air of Klang Valley, Malaysia.
Malaysian Journal of Analytical Sciences, 20(5):1159-1170.

Jamalani, M. A., Abdullah, A. M., Azid, A., Ramli, M. F., Baharudin, M. R., Chng,
L. K, Elhadi, R. E., Yusof, K. M. K. K., and Gnadimzadeh, A. (2018). PM1o
emission inventory of industrial and road transport vehicles in Klang Valley,
Peninsular Malaysia. Journal of Fundamental and Applied Sciences, 10(1S):33-
324,

Jin, R, Liu, T., Xi, S., and Wang, S. (2016). Descriptive analysis of PM;s data in
Beijing, China. Global Journal of Research in Social Science, 2(2):112-120.
Jittra, N., Pinthong, N., and Thepanondh, S. (2015). Performance Evaluation of
AERMOD and CALPUFF Air Dispersion Models in Industrial Complex Area.

Air, Soil and Water Research, 8:87-95.

Juneng, L., Latif, M. T., and Tangang, F. (2011). Factors influencing the variations of
PM3o aerosol dust in Klang Valley, Malaysia during the summer. Atmospheric
Environment, 45:4370-4378.

Juneng, L., Latif, M. T., Tangang, F. T., and Mansor, H. (2009). Spatio-temporal
characteristics of PMaio concentration across Malaysia. Atmospheric
Environment, 43:4584-4594.

Juneng, L., Tangang, F. T., Reason, C. J. C., Moten S., and Hassan, W. A. W. (2007).
Simulation of tropical cyclone Vamei (2001) using the PSU/NCAR MM5 model.
Meteorology and Atmospheric Physics, 97:273-290.

Kannari, A., Tonooka, Y., Baba, T., and Murano, K. (2007). Development of multiple-
species 1 km x 1 km resolution hourly basis emissions inventory for Japan.
Atmospheric Environment, 41:3428-3439.

Kanniah, K. D., Kaskaoutis, D. G., Lim, H. S., Latif, M. T., Zaman, N. A. F. K., and
Liew, J. (2016). Overview of atmospheric aerosol studies in Malaysia: Known
and unknown. Atmospheric Research, 182:302-318.

132


https://www.bharian.com.my/node/86816

Kawamoto, Y. and Ooka, R. Accuracy validation of urban climate analysis model
using mm5 Incorporating a multi-layer urban canopy model. Paper presented at
The Seventh International Conference on Urban Climate, Yokohama, Japan. June
2009.

Keskin, M., Dogru, A. O., Balcik, F. B., Goksel, C., Ulugtekin, N. and Sozen, S.
(Eds.). (2015). Proceeding in Energy Systems and Management.

Khan, M. F., Hamid, A. H., Bari, M.A., Tajudin, A. B. A., Latif, M. T., Nadzir, M. S.
M., Sahani, M., Wahab, M. I. A., Yusup, Y., Maulud, K. N. A., Yusoff, M. F.,
Amin, N., Akhtaruzzaman. M., Kindzierski, W., and Kumar., P. (2019). Airborne
particles in the city center of Kuala Lumpur: Origin, potential driving factors, and
deposition flux in human respiratory airways. Science of Total Environment,
650:1195-1206.

Khiem, M., Ooka, R., Huang, H., and Hayami, H. (2011). A numerical study of
summer ozone concentration over the Kanto area of Japan using the
MM5/CMAQ model. Journal of Environmental Sciences, 23(2):236-246.

KKR. (2013). Road Traffic Volume Malaysia 2013. Ministry of Works, Malaysia

Kumar, A., Patil, R. S., Dikshit, A. K., and Kumar, R. (2017). Application of WRF
model for air quality modelling and AERMOD — A survey. Aerosol and Air
Quality Research, 17:1925-1937.

Latif, M. T., Huey, L. S. and Juneng, L. (2012). Variations of surface ozone
concentration across the Klang Valley, Malaysia. Atmospheric Environment,
61:434-445.

Li, L., Chen, C., Huang, C., Huang, H., Zhang, G., Wang, Y., Chen, M., Wang, H.,
Chen, Y., Streets, D. G. and Fu, J. (2011). Ozone sensitivity analysis with the
MM5-CMAQ modelling system for Shanghai. Journal of Environmental
Sciences, 23(7):1150-1157.

Li, L., Losser, T., Yorke, C., and Piltner, R. (2014). Fast inverse distance weighting-
based spatiotemporal interpolation: A web-based application of interpolating
daily fine particulate matter PM2s in the contiguous U.S. using parallel
programming and k-d tree. International Journal of Environmental Research and
Public Health, 11:9101-9141.

Liu, T, Jeng, F., Huang, H., Berge, E., and Chang, J. S. (2001). Influences of initial
conditions and boundaries conditions on regional and urban scale Eularian air
quality transport model simulations. Chemosphere — Global Change Science,
3:175-183.

Mao, Q., Gautney, L. L., Cook, T. M., Jacobs, M. E., Smith, S. N., and Kelsoe, J. J.
(2006). Numerical experiments on MM5-CMAQ sensitivity to various PBL
schemes. Atmospheric Environment, 40:3092-3110.

Manan, N. A., Manaf, M. R. A., and Hod, R. (2018). The Malaysia haze and its health
economic impact: A literature review. Malaysian Journal of Public Health
Medicine, 18(1):38-45.

Marshall, G., and Jonker, L. (2010). An introduction to descriptive statistic: A review
and practical guide, Radiography, 16(4):1-7.

Megido, L., Suarez-Pefia, B., Negral, L., Gastrillion, L., Suarez, S., Ferndndez-Nava,
Y., and Marafion. (2016). Relationship between physico-chemical characteristics
and potential toxicity of PMio. Chemosphere, 162:73-79.

Miao, J.-F., Chen, D., Wyser, K., Borne, K., Lindgren, J., Strandevall, M. K. S.,
Thorsson, S., Achberger, C., and Almkvist, E. (2007). Evaluation of MM5
mesoscale model at local scale for air quality applications over the Swedish west
coast: Influence of PBL and LSM parameterizations. Meteorology and

133



Atmospheric Physics, 77-103.

Mott, J. A., Mannino, D. M., Alverson, C. J., Kiyu, A., Hashim, J., Lee, T., Falter, K.
and Redd, S. C. (2005). Cardiorespiratory hospitalizations associated with smoke
exposure during the 1997 Southeast Asian forest fires. International Journal of
Hygiene and Environmental Health, 208:75-85.

Mutalib, S. N. A. A., Juahir, H., Azid, A., Sharif, S. M., Latif, M. T., Aris, A. Z., Zain,
S. M., and Dominick, D. (2013). Spatial and temporal air quality pattern
recognition using environmetric techniques: A case study in Malaysia.
Environmental Science Processes & Impacts, 15:1717-1728.

Norazian Mohamed, N., Abdullah, M. M. A., Tan, C., Ramli, N. A,, Yahaya, A. S.,
and Fitri, N. F. M. Y. (Eds.). (2011). Proceeding from 2011 International
Conference on Physics Science and Technology (ICPST 2011).

NST (2016, April 25). Pollution and Its Effect on Productivity. News Strait Times,

Malaysia. Retrieved from
https://www.nst.com.my/news/2016/04/141345/pollution-and-its-effect-
productivity.

Olszowski, T., and Ziembik, Z. (2018). An alternative conception of PMzio
concentration changes after short-term precipitation in urban environment.
Journal of Aerosol Science, 121:21-30.

Prasetyo, A., and Yamashita, T. (2011). Numerical study on atmospheric, hydrological
and coastal circulation in coastal city, Semarang Indonesia. Journal of
International Development and Cooperation, 17(2):159.181.

Queen, A., Zhang, Y., Gilliam, R., and Pleim, J. (2008). Examining the sensitivity of
MM5-CMAQ predictions to explicit microphysics schemes and horizontal grid
resolutions, Part I-Database, evaluation protocol, and precipitation predictions.
Atmospheric Environment, 42:3842-3855.

Quintanar, A. 1., Mahmood, R., Motley, M. V, Yan, J., Loughrin, J., and Lovanh, N.
(2009). Simulation of boundary layer trajectory dispersion sensitivity to soil
moisture conditions: MM5 and Noah-based investigation. Atmospheric
Environment, 43:3774-3785.

Raymond, M. R., and Roberts, D. M. (1987). A comparison of methods for treating
incomplete data in selection research. Educational and Psychological
Measurement, 47:13-26.

Rani, N. L. A,, Azid, A., Khalit., S. I., Juahir, H., and Samsudin, M. S. (2018). Air
pollution index trend analysis in Malaysia, 2010-15. Polish Journal of
Environmental Studies, 27(2):801-807.

Rasmussen, P. E., Levesque, C., Chénier, M., and Gardner, H. D. (2018). Contribution
of metals in resuspended dust to indoor and personal inhalation exposure:
Relationships between PMio and settled dust. Building and Environment,
143:513-522.

Requia, W. J., Dalumpines, R., Adams, M. D., Arain, A., Ferguson, M., and Koutrakis,
P. (2017a). Modelling spatial patterns of link-based PM2s emissions and
subsequent human exposure in a large canadian metropolitan area. Atmospheric
Environment, 158:172-180.

Requia, W. J., Roig, H. L., Koutrakis, P., and Adams, M. D. (2017b). Modelling
spatial patterns of traffic emissions across 5570 municipal districts in Brazil.
Journal of Cleaner Production, 148:845-853.

Reyes, J. M., Xu, Y., Vizuete, W., and Serre, M. L. (2017). Regionalized PM2s
Community Multiscale Air Quality model performance evaluation across a
continuous spatiotemporal domain. Atmospheric Environment, 148:258-265.

134


https://www.nst.com.my/news/2016/04/141345/pollution-and-its-effect-productivity
https://www.nst.com.my/news/2016/04/141345/pollution-and-its-effect-productivity

Reynolds, A. W., and Broderick, B. M. (2000). Development of an emissions
inventory model for mobile sources. Transportation Research Part D, 5:77-101.

Rolph, G., Stein, A., and Stunder, B. (2017). Real-time environmental applications
and display system: READY. Environmental Modelling and Software, 95:210-
228.

Sahu, S. K., Beig, G., and Parkhi, N. S. (2011). Emissions inventory of anthropogenic
PM2s and PMzyo in Delhi during Commonwealth Games 2010. Atmospheric
Environment, 45:6180-6190.

Samiksha, S., Raman, R. S., Nirmalkar, J., Kumar, S., and Sirvaiya, R. (2017). PMzo
and PM_;s chemical source profiles with optical attenuation and health risk
indicators of paved and unpaved road dust in Bhopal, India. Environmental
Pollution, 222:477-485.

Shaadan, N., Jemain, A. A,, Latif, M. T., and Deni, S. M. (2015). Anomaly detection
and assessment of PM10 functional data at several locations in the Klang Valley,
Malaysia, Atmospheric Pollution Research, 6:365-375.

Shahbazi, H., Taghvaee, S., Hosseini, V., and Afshin, H. (2016). A GIS based
emission inventory development for Tehran. Urban Climate, 17:216-229.

Shen, J., Wang, X. S, Li, J. F,, Li, Y. P, and Zhang Y. H. (2011). Evaluation and
intercomparison of ozone simulations by Models-3/CMAQ and CAMXx over the
Pearl River Delta. Science China Chemistry, 54(11):1789-1800.

Singh, J,, Yeo, K., Liu, X., Hosseini, R., and Kalagnanam, J. R. (2015). Evaluation of
WRF model seasonal forecast for tropical region of Singapore. Advance in
Science and Research, 12:69-72.

Sokhi, R. S., José, R. S., Kitwiroon, N., Fragkou, E., Pérez, J. L., and Middleton, D.
R. (2006). Prediction of ozone levels in London using the MM5-CMAQ
modelling system. Environmental Modelling & Software, 21:566-576.

Suhaila, J., Deni, S. M., Zin, W. Z. W., and Jemain, A. A. (2010). Trends in Peninsular
Malaysia rainfall data during the southwest monsoon and northeast monsoon
seasons: 1975-2004. Sains Malaysiana, 39(4):533-542.

Talib, M. T., Dominick, D., Ahamad, F., Khan, M. F., Juneng, L., Hamzah, F. M., and
Nadzir, M. S. M. (2014). Long term assessment of air quality from a background
station on the Malaysian Peninsula. Science of the Total Environment, 482-
483:336-348.

Tan, A. (2017, April 22). Latest Haze Could be From Local Sources. The Strait Times,
Singapore. Retrieved from
http://www.straitstimes.com/singapore/environment/latest-haze-could-be-from-
local-sources

Tarmizi, S. N. M., Asmat, A., and Sumari, S. M. (2014). IOP Conference Series: Earth
and Environment Science. 18 012048.

TIFTE-TUONC. (2015). Sparse Matrix Operator Kernel Emissions (SMOKE)
Modelling System Vesion 3.7 User Manual. The institute for the Environment -
The University of North Carolina.

Thunis, P., Clappier, A., Pisoni, E., and Degraeuwe, B. (2015). Quantification of non-
linearities as a function of time averaging in regional air quality modelling
applications. Atmospheric Environment, 103:263-275.

Thunis, P., Miranda, A., Baldasano, J. M., Blond, N., Douros, J., Graff, A., Janssen,
S., Juda-Rezler, K., Karvosenoja, N., Maffeis, G., Martilli, A,
Rosoloharimahefa, M., Real, E., Viaene, P., Volta, M., and White, L. (2016).
Overview of current regional and local scale air quality modelling practices:
Assessment and planning tools in the EU. Environmental Science and Policy,

135


http://www.straitstimes.com/singapore/environment/latest-haze-could-be-from-local-sources
http://www.straitstimes.com/singapore/environment/latest-haze-could-be-from-local-sources

65:13-21.

Titov, M., Sturman, A. P., and Zawar-Reza, P. (2007). Application of MM5 and
CAMXx4 to local scale dispersion of particulate matter for the city of Christchurch,
New Zealand. Atmospheric Environment, 41:327-338.

Toh, Y. Y., Lim, S. F. and Glasow, R. V. (2013). The influence of meteorological
factors and biomass burning on surface ozone concentrations at Tanah Rata,
Malaysia. Atmospheric Environment, 70:435-446.

USEPA. (1999). Air Quality Modelling Guidelines, RG-25 (Revised) and Supplement
A, Environmental Protection Agency, EPA-450/2-78-027R.

Wahid, N. B. A, Latif, M. T., and Suratman, S. (2013). Composition and source
apportionment of surfactants in atmospheric aerosols of urban and semi-urban
areas in Malaysia. Chemosphere, 91:1508-1516.

Wang, F., Chen, D. S., Cheng, S. Y., Li, J. B., Li, M. J,, and Ren, Z. H. (2010).
Identification of regional atmospheric PM1g transport pathways using HYSPLIT,
MM5-CMAQ and synoptic pressure pattern analysis. Environmental Modelling
& Software, 25:927-934.

Wang, S., Zheng, J., Fu, F., Yin, S., and Zhong, L. (2011). Development of an
emission processing system for the Pearl River Delta Regional air quality
modelling using the SMOKE model: Methodology and evaluation. Atmospheric
Environment, 45:5079-5089.

Webb, A. B. (2015, December 2). Air Pollution Knows No Boundaries. News Strait

Times, Malaysia. Retrieved from
https://www.nst.com.my/news/2015/12/114989/air-pollution-knoes-no-
boundaries

Woo, J., Choi, K., Kim, H. K., Baek, B. H., Jang, M., Eum, J., Song, C. H., Ma, Y.,
and Yoo, S. H. (2012). Development of an anthropogenic emissions processing
system for Asia using SMOKE. Atmospheric Environment, 58:5-13.

Yan, G., Cong, L., Zhai, J., Wu, Y., Dali, L., and Zhang Z. (2019). Particle removal in
polluted cities; Insight from wash-off process dynamic foe different wetland
plants. Journal of Environment Management, 245:114-121.

Yu, Y., Sokhi, R. S., Kitwiroon, N., Middleton, D. R., and Fisher, B. (2008).
Performance characteristics of MM5-SMOKE-CMAQ for a summer
photochemical episode in southeast England, United Kingdom. Atmospheric
Environment, 42:4870-4883.

Zhang, M., Uno, I., Zhang, R., Han, Z., Wang, Z., and Pu, Y. (2006). Evaluation of
the Models-3 Community Multi-scale Air Quality (CMAQ) modelling system
with observations obtained during the TRACE-P experiment: Comparison of
ozone and its related species. Atmospheric Environment, 40:4874-4882.

Zhang, Y., Cheng, S. H., Chen, Y. S., & Wang, W. X. (2011). Application of MM5 in
China: Model evaluation, seasonal variations, and sensitivity to horizontal grid
resolutions. Atmospheric Environment, 45:3454-3465.

Zhang, Y., Zhang, X., Wang, L., Zhang, Q., Duan, F., and He, K. (2016). Application
of WRF/Chem over East Asia: Part I. Model evaluation and intercomparison with
MM5/CMAQ. Atmospheric Environment, 124:285-300.

Zhao, S., Yu, Y., Yin, D. He, J., Liu, N., Qu, J. and Xiao J. (2016). Annual and diurnal
variations of gaseous and particulate pollutant in 31 provincial capital cities based
on in situ air quality monitoring data from China National Environmental
Monitoring Center, Environment International. 86:92-106.

Zheng, J., Zhang, L., Che, W., Zheng, Z., and Yin, S. (2009). A highly resolved
temporal and spatial air pollutant emission inventory for the Pearl River Delta

136


https://www.nst.com.my/news/2015/12/114989/air-pollution-knoes-no-boundaries
https://www.nst.com.my/news/2015/12/114989/air-pollution-knoes-no-boundaries

region, China and its uncertainty assessment. Atmospheric Environment,
43:5112-5122.

Zhong, Z., Zheng, J., Zhu, M., Huang, Z., Zhang, Z., Jia, G., Wang, X., Bian, Y.,
Wang, Y., and Li, N. (2018). Recent developments of anthropogenic air pollutant
emission inventories in Guangdong province, China. Science of Total
Environment, 627:1080-1092.

Zizi, N. A. M., Noor, N. M., Hashim, N. I. M. and Yusuf, S. Y. (2018). 10P
Conference Series: Materials Science and Engineering. 374 012094.

Zou, B., Zhan, F. B., Wilson, J. G., and Zeng, Y. (2010). Performance of AERMOD
at different time scales. Simulation Modelling Practice and Theory, 18:612-623.

137



BIODATA OF STUDENT

The student, Mohd. Asrul Bin Jamalani was born on September 3, 1987 in Kota
Kinabalu, Sabah. He had completed his primary and secondary school education in
1999 at S.K. Taman Rakyat, Kedah and in 2004 at Kolej Sultan Abdul Hamid, Kedah
respectively. He received his bachelor degree in Analytical and Environmental
Chemistry at Universiti Malaysia Terengganu (2006-2009). Then he obtained his
master degree certificate in Master in Environment in 2011 at Universiti Putra
Malaysia. Upon completion of his master degree, he applied his knowledge in
analytical chemistry and environmental studies and gaining the work experiences as a
R&D Chemist in the pharmaceutical factory before became an environmental officer
in the construction company and both located in Seberang Perai Selatan, Penang. He
pursued his study at doctorate level in environmental studies specifically in the field
of environmental analysis and modelling under the supervision of Professor Dr.
Ahmad Makmom Hj. Abdullah at Universiti Putra Malaysia in September 2012.

198



LIST OF PUBLICATIONS

Jamalani, M. A., Abdullah, A. M., Azid, A., Ramli, M. F., Baharudin, M. R., Bose,
M. M., Elhadi, R. E., Youssef, K. A. A. B., Gnadimzadeh, A., and Gumel, D. Y.
(2016). Monthly analysis of PM1o in ambient air of Klang Valley, Malaysia.
Malaysian Journal of Analytical Sciences, 20(5):1159-1170.

Jamalani, M. A., Abdullah, A. M., Azid, A., Ramli, M. F., Baharudin, M. R., Chng,
L. K, Elhadi, R. E., Yusof, K. M. K. K., and Gnadimzadeh, A. (2018). PM1o
emission inventory of industrial and road transport vehicles in Klang Valley,
Peninsular Malaysia. Journal of Fundamental and Applied Sciences, 10(1S):33-
324,

Proceeding

Jamalani, M.A., Abdullah, A.M., Ramli, M.F. and Baharudin, M.R. 2015. Spatial-
temporal of monthly PMzo in ambient air of Klang Valley, Malaysia. International
Conference on Environmental Forensics (IENFORCE2015). Procedia
Envirnmental Science.

List of Conference Attended

1. 24™ Malaysian Science and Technology Congress 2015 (MSTC 2015) by Ministry
of Science, Technology and Innovation (MOSTI). Faculty of Agriculture,
Universiti Putra Malaysia, Selangor. 20-21 January 2015.

2. International Conference on Environmental Forensic 2015 (iENFORCE2015);
From Source to Solutions by Faculty of Environmental Studies, Universiti Putra
Malaysia. Marriot Hotel, Putrajaya. 19-20 August 2015.

3. 2" University Consortium Graduate Forum (UCGF); The Quest for
Environmental and Food Security, Inclusive and Sustainable Agricultural
Development. by University of the Philippines Los Banos (UPLB), College,
Laguna, Philippines 11-12 November 2016.

4. International Conference on Environment, Sports & Recreation (ICESR);
Synergizing Environment, Sports & Recreation for Sustainability by Universiti
Sultan Zainal Abidin. 1M4U Outreach Camp, Merang Setiu, Terengganu.
3-5 October 2017

199



RS

1

Ny 22

UNIVERSITI PUTRA MALAYSIA

STATUS CONFIRMATION FOR THESIS / PROJECT REPORT AND COPYRIGHT
ACADEMIC SESSION : FIRST SEMESTER 2019/2020

TITLE OF THESIS / PROJECT REPORT :
DISPERSION OF PM;; FROM INDUSTRIAL AND ROAD TRANSPORTATION NETWORK

EMISSIONS IN THE KLANG VALLEY, MALAYSIA

NAME OF STUDENT: MOHD. ASRUL BIN JAMALANI

I acknowledge that the copyright and other intellectual property in the thesis/project report
belonged to Universiti Putra Malaysia and | agree to allow this thesis/project report to be placed at
the library under the following terms:

1. This thesis/project report is the property of Universiti Putra Malaysia.

2. The library of Universiti Putra Malaysia has the right to make copies for educational purposes
only.

3. The library of Universiti Putra Malaysia is allowed to make copies of this thesis for academic
exchange.

| declare that this thesis is classified as :

*Please tick (V)

CONFIDENTIAL (Contain confidential information under Official Secret
Act 1972).
RESTRICTED (Contains restricted information as specified by the

organization/institution where research was done).

HOO

\/ OPEN ACCESS | agree that my thesis/project report to be published
as hard copy or online open access.

This thesis is submitted for :

PATENT Embargo from until
(date) (date)

i

Approved by:

(Signature of Student) (Signature of Chairman of Supervisory Committee)
New IC No/ Passport No.: Name:

870903-49-5673
Date : Date :

[Note : If the thesis is CONFIDENTIAL or RESTRICTED, please attach with the letter from the
organization/institution with period and reasons for confidentially or restricted. ]





