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ABSTRACT

The COVID-19 pandemic is sweeping the globe, claiming hundreds of
thousands of lives in just a few months. Because of the necessity of lockdown
measures, most countries, including Malaysia, have enacted Movement Control
Order (MCO) was effectively enforced on March 18, 2020, as a preventative
measure to stem the disease’s lethal spread. The concentrations of two criterion
pollutions, Nitrogen Dioxide (NO;) and Carbon Monoxide (CO) were measured at
Iskandar Malaysia, Johor, before the lockdown from January 1 to March 17, 2020,
during the lockdown from March 18 to December 31, 2020, and post lockdown from
January 1 to December 31, 2021. The results demonstrate that NO, and CO
concentration from COVID-19 lockdown did not decrease, especially during the
movement control order phase, with an increment of 112% for NO; and 18% for CO.
The primary causes of the air quality increase were that several sectors were closed
during the MCO. Iskandar Malaysia was the industrial and economic sector for the
southernmost point of Peninsular Malaysia, causing fossil fuel combustion, power
plant, local buming activities, and home appliances. The increment did not solely
depend on MCO; maybe there is another reason for that increment. This study is to
understand the COVID-19 lockdown affecting the urban air quality in Iskandar
Malaysia before, during, and post-COVID-19 pandemic lockdown.
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ABSTRAK

Penyebaran virus COVID-19 berskala pendemic, kini meragut ratusan ribu
nyawa dalam beberapa bulan sahaja. Disebabkan penyebaran melalui udara,
keperluan langkah berkurung telah dikuatkuasakan bagi setiap negara dan Malaysia
antara salah satunya. Dimana telah menggubal Perintah Kawalan Pergerakan (PKP)
mulai Mac 18, 2020, sebagai langkah pencegahan untuk membendung penularan
virus COVID-19. Terdapat dua ciri-ciri kepekatan pencemaran udara, iaitu Nitrogen
Dioxide (NO;), dan Carbon Monoxide (CO) telah terukur di Iskandar Malaysia,
Johor, sebelum sekatan pergerakan bermula pada Januari 1 sehingga Mac 17, 2020,
semasa sekatan pergerakan bermula pada Mac 18, sehingga Disember 31, 2020, dan
pasca sekatan pergerakan bermula pada Januari | sehingga Disember 31, 2021.
Keputusan daripda kajian ini, menunjukkan yang kepekatan NO,, dan CO daripada
perintah berkurung COVID-19 adalah tidak berkurang, terutamanya semasa fasa
perintah kawalan pergerakan, dengan kenaikan sebanyak +112% untuk NO, and
+18% untuk CO. Punca utama perkara ini berlaku kerana tidak semua sektor ditutup
semasa perintah kawalan pergerakan. Iskandar Malaysia dikenali sebagai sektor
perindustrian dan ekonomi untuk kawasan paling selatan Semenanjung Malaysia,
menyebabkan pembakaran bahan api fosil, loji kuasa, aktivit pembakaran tempatan
dan peralatan rumah. Kenaikan pencemaran udara ini tidak semata-mata bergantung
pada perintah kawalan pergerakan; mungkin ada sebab lain untuk kenaikan itu.
Kajian ini adalah untuk memahami kualiti udara bandar dalam situasi keadaan
perintah berkurung disebabkan oleh virus COVID-19 di Iskandar Malaysia bagi

keadaan sebelum, semasa, dan selepas.
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CHAPTER |

INTRODUCTION

1.1 Research Background

Anthropogenic air pollutants are a source of concern for human health,
particularly in the metropolitan area where economic activity and fast
industrialisation relate to poor air quality. Studies on air pollution and human health
have been conducted to investigate the harmful effects of air pollution on human
health, DNA damage, reduced lung function, preterm delivery for pregnant women,
and cardiopulmonary disease (Othman & Latif, 2021). One of the most significant
environmental challenges facing our society is the threat posed by climate change.
One of the leading greenhouse gases is carbon monoxide (CO). Fossil fuel burning,
deforestation, unsustainable biomass combustion, and the release of mineral source
of CO are all example of anthropogenic sources of CO (Worrell et al., 2001). Same
goes for nitrogen dioxide (NO,), which is predominantly released as a by-product of
combustion and participates in the creation and decomposition of ozone (03), is a
major factor in determining the quality of the air in metropolitan areas (Dunlea et al.,
2007). Since Malaysia has become more urban and industrialised in recent years, air
pollution has become a severe environmental concern (Kanniah et al., 2021). The
main contributors to air pollution come from stationary (industries and power plant)

as well as mobile (road motor vehicle, acroplanes, and trains) (Usmani et al., 2020).

The respiratory condition has had a significant impact on one's health. The
SARS-CoV-2 (COVID-19) coronavirus impacted practically every country; the
discase is classified as a pandemic due to its global impact. COVID-19 was
discovered near Wuhan, China, in December 2019. There were over 18 million new
cases instances of COVID-19 in the world as of January 10 - 16, 2022, with a 20 per
cent increase compared to the previous week (WHO, 2022b). SARS-CoV-2, which

affects the lower respiratory system and operates similarly to pneumonia, was the



original cause of the pandemic (Othman & Latif, 2021). Phase 1, 2, and 3 of the
COVID-19 control technique were implemented in Malaysia beginning on March 18,
2020, under the name movement control order (MCO) (Mohd Nadzir et al., 2020).
Except for a few crucial industries, the MCO prohibits all government sectors and
commercial activity in Malaysia. Universities, schools, day-care centres, and

commercial centres are prohibited from holding educational activities.

Additionally, mass gatherings are outlawed, and travel and leisure time are
limited. According to a study on COVID-19 control methods in China, the epidemic
scale was successfully reduced after the control measure were implemented. This
suggest that careful monitoring and early case detection of COVID-19 cases should
continue until the end of April 2020 (Othman & Latif, 2021).

Iskandar Malaysia (IM) is a ten-year-old spatial and economic development
framework for envisioned economic expansion, which includes a redefinition for a
more extensive spatial urban configuration that incorporates Johor Bahru's core
urban centre. IM has evolved into a critical role in Malaysia's economic development
in recent years. IM's new geographical framework, as outlined in the Iskandar
Comprehensive Development Plan (Rizzo & Glasson, 2012), has been marked by a
well-planned urban sprawl fueled by substantial international and local investment
(Zahari et al., 2016).



1.2 Problem Background

COVID-19 was first reported in Malaysia on January 24, 2020. The WHO
(World Health Organization) Country Office in Malaysia has coordinated response
efforts with the Ministry of Health (WHO, 2021a). The Malaysian government
proclaimed a state of a public health emergency. A series of swift and severe
responses have been implemented, including the isolation of cities and the first
Movement Control Order (MCO) implementation effective on March 18 till May 03,
2020 (BH Online, 2021).

As the effect of implementing an MCO, all the economic sectors were
shutting down, no universities and schools were allowed, and shopping malls were
also asked to close. Somehow, it gave scientists some space to study the effect of
COVID-19 on the environment, especially in urban air quality monitoring.
According to Hashim et al. (2021), Shows a positive result in NO: column
observations during COVID-19 pandemics in countries like Spain, India, Brazil, and
China. The use of S-5P/TROPOMI resulted in a considerable reduction in the
proportion of NOz in India and China, with 70 per cent and 20-30 per cent reduction
in NO: in India and China, respectively. In European countries, NO: levels were

reduced by 20-30 per cent (i.c., Spain, Italy, and France).

Since the population increases worldwide, the air pollutants are the main
contribute to economic development, urbanisation, energy consumption,
transportation, and motorisations (Kaplan et al., 2019). In Malaysia, the population
estimate in 2021 at 32.7 million compared to 2020 at 32.6 million with an annual
growth rate of 0.2 per cent (DOSM, 2021). The post-COVID-19 air quality index
(AQI) for December 03, 2021, in Klang, Selangor and Johor Bahru, with 75 and 60
AQI (Moderate), respectively (WAQI, 2021). In this study, we want to see the
COVID-19 pandemics lockdown footprint on urban air quality through the eye of
satellite Sentinel-5P/TROPOMI as nitrogen dioxide, and carbon monoxide is the
subject towards Iskandar Malaysia, Johor Bahru.



1.3 Significant of the study

The significance of the study is that it could compare the urban air quality
through COVID-19 pandemic lockdown by phase in pre, during, and post in the
Iskandar Malaysia region. Further, this study also compares the five (5) flagships
zones that were recognise by Iskandar Regional Development Agency (IRDA) as
shown in Figure 1 to assess the air quality of nitrogen dioxide and carbon monoxide
in pre, during, and post COVID-19 lockdown. Hence, this study would be beneficial
to the local authorities and researcher in future in enhancing the sustainable cities
around Iskandar Malaysia. As IRDA states that Iskandar Malaysia aims to reduce
greenhouse gas emissions to 50% by 2025 (IRDA, 2013).

All living things rely on clean and safe air to survive, so it is critical to
maintain it clean and safe. Anthropogenic activities are a primary source of ambient
air pollution, as they emit a variety of hazardous pollutants in high concentrations
that are injurious to one's health. As a result, economic development, urbanisation,
energy consumption, transportation, and rapid urban population growth are the
primary sources of air pollution. Particulate matter (PM), sulphur dioxide (SOa),
nitrogen dioxide (NO:), Ozone (0s), carbon monoxide (CO), and carbon dioxide
(CO:) are the most common air pollutants we face in our daily life (Hashim et al.,
2021).



1.4  Research Aim and Objectives

This study aims to assess the air quality in pre, during, and post COVID-19
pandemic lockdown over Iskandar Malaysia, Johor, using the Sentinel-
SP/TROPOMI satellite.

The objective is:
1. to apply the Sentinel-SP/TROPOMI satellite data product and ground station
data in accessing the nitrogen dioxide and carbon monoxide.

2. to validate the satellite data product using secondary data.

3. to map and analyse the air quality changes in pre, during, and post of
COVID-19 pandemic lockdown over Iskandar Malaysia region.

1.5 Research Question

In order to fulfill the objectives, three (3) research questions have been developed.

The research question is:
1. what are the air quality parameters could be retrieved from Sentinel-
5P/TROPOMI?

2. what is the accuracy assessment for Sentinel-5P data product with ground

station data?

3. what is the impact of COVID-19 lockdown towards the air quality?



1.6  Research Scope

This study focusing on the urban air quality in Iskandar Malaysia (IM) in pre,
during, and post COVID-19 pandemic outbreaks by accounting NO,,and CO in
producing map from Sentinel-5SP/TROPOMI. The timeframe for whole study starts
from January 2020 (before total lockdown in Malaysia March 18) — December 2021
(in post-COVID-19 period). The data product Level 2 (L2) of NO,,and CO were
obtain from The European Space Agency (ESA). In addition, for accuracy
assessment, both parameters were obtained from The Department of Environment
Malaysia (DOE). For result and analysis part, the air pollution concentrations
analysis, the air quality changes, root mean square error and correlation coefficient

analysis will be conducted thus, the air quality concentration map produced.

1.7  Study Area

Johor Bahru, the capital of Johor State in Malaysia, is a city of 500,000
people located at the peninsula's southern tip; the larger JB metropolitan area had a
population of about 1.3 million in 2006 (Rizzo & Glasson, 2012). After Kuala
Lumpur's capital, Johor Bahru is Malaysia's second-largest metropolitan area. Nearly
every big industrial brand has a branch in the Johor Bahru metropolitan area, which
is a hub for business and industry. Schematically, electronic, and semi-conductor
factories are located near the Senai area, the airport, and some are close to the Port
Tanjung Pelepas cargo harbour, in the new tax-free zone, while small and medium-
sized businesses are dispersed throughout the city. Pasir Gudang is the main
petrochemical harbour and is located to the east of the Johor Bahru agglomeration
(IRDA, 2013).

Iskandar Malaysia, Figure 1, formed in 2006, is Malaysia's first economic
area. [t leverages the country's rich location and ecology to achieve its aim of being
the chosen place for investment, work, life, and play. Iskandar Malaysia has become
vital in Malaysia's economic development in recent years. Iskandar Malaysia's new

geographical framework, as outlined in the Iskandar Comprehensive Development



Plan (Zahari et al., 2016), has been marked by a well-planned urban spraw! fueled by
substantial international and local investments in the commercial, institutional, and
industrial sectors, resulting in strong economic growth. It is ideal situated at a key
intersection of East-West trade routes from quickly developing nations like China
and India. Regionally, the growth of Iskandar Malaysia gives a stronger competitive
edge and greatly profit form the air and sea connections among the Asia-Pacific
nations.

Figure 1 The map of Iskandar Malaysia, Johor, which consists of five (5) flagship
zones.

Iskandar Malaysia consists of five (5) flagship zones. These flagship zones all
have significant urban centres. Zone A: Johor Bahru City, Zone B: Planned Nusajaya
urban centre. Zone C: Western Gate Development, Zone D: Eastern Gate
Development, and Zone E: Senai-Skudai (Ho et al., 2013).



CHAPTER 2

LITERATURE REVIEW

2.1 Brief Introduction into Pandemic COVID-19 virus

Coronavirus disease 2019 (COVID-19) is the world’s first coronavirus
pandemic. Since the first verified case was discovered in Wuhan, China, the new
coronavirus has mutated and spread fast around the world (Liu et al., 2020). Based
on the phylogenetic study, the coronavirus was formally termed severe acutle
respiratory syndrome SARS-CoV-2 by the International Committee on Taxonomy of

Viruses.

The cardiovascular system is frequently impacted, and monitoring with high
sensitivity cardiac troponin may be helpful. Complications include myocardial
damage, myocarditis, acute myocardial infarction, heart failure, dysrhythmias, and
venous thromboembolic events (Ciotti et al.. 2020). Acute respiratory distress
syndrome patients may rapidly deteriorate and pass away from multiple organ failure

brought on by the alleged “cytokine storm™ (Wang et al., 2020).

Patients infected with SARS-CoV-2 may exhibit various symptoms ranging
from mild to severe. Fever, cough, and shortness of breath are the most ofien
reported symptoms in 83%, 82%, and 31% of patients, respectively (Wang et al.,
2020). It has also been observed that 2-10 per cent of COVID-19 patients
experienced gastrointestinal symptoms such as vomiting, diarrhoea, and abdominal
discomfort (Wang et al., 2020).



2.1.1 Movement Control Order (MCO) in Malaysia

MCO refers to the lockdown or total restriction of mass movements and

meetings, including religious, sporting, social, and cultural activities. It entails

closing all government and private establishments to save those engaged in critical

activities, imposing comprehensive limitations on all Malaysian travelling overseas,

and imposing restrictions on international tourists and visitors (Baharudin et al..
2021). Table 1 shows the chronology of the Movement Control Order (MCO),
Conditional Movement Control Order (CMCO), Recovery Movement Control Order

(RMCO), and National Recovery Plan in Johor.

Table 1

Phase in Movement Control Order in Malaysia and Johor states were include from

January 11— December 31, 2021 (MKN, 2022).

Phase Period

Movement Control Order (MCO, March 18, 2020 — May 3, 2020)

March 18 — March 31

April 1- April 14
Phase 1
e April 15— April 28
April 29 - May 3
Conditional Movement Control Order (CMCO, May 4, 2020 — June 9, 2020)
May 4 — May 12
P2 May 12 - June 9

Recovery Movement Control Order (RMCO, June 10, 2020 — March 31, 2021

June 10— August 31
Phase 3 September | — December 31
January 1 —March 31

Movement Control Order by States (January 11 — May 31, 2021)

MCO Phase 1 January 13 — January 26
MCO Phase 2 January 26 — February 4
MCO Phase 3 February 4 — February 16
MCO Phase 4 February 16 — March 4
CMCO March 4 — March 12
CMCO March 13 — April 28
MCO Phase 5 May 7 — May 20
National Recovery Plan (NRP, June 15, 2021 — December 31, 2021)
Phase 1 June 1 - October 1
Phase 2 September 24 — October 8
Phase 3 October 8 — October 25
Phase 4 October 25 — until further notice




Table 2
Simplest phase of movement control order in Malaysia.

Phase Period
Before MCO January 01 —March 17, 2020
During MCO March 18 — December 31, 2020
Post MCO January 01 — December 31, 2021

Table 2 shows the rough chronology of the movement control order in
Malaysia. Such movements increased the risk of COVID-19 spread, which was
connected to the rise in daily COVID-19 cases over the following 14 days, peaking
on March 26, 2020 (Tang, 2022). The lockdown or total restriction of mass
movements and meetings, such as religious, sports, social, and cultural activities, is
referred to as MCO (Baharudin et al., 2021).

10



2.2 Brief Introduction into Sentinel-5P TROPOMI

Between 2017 and at least 2023, the Sentinel-5P (P for precursor) mission
will provide information and services on air quality and climate as shown in Table 3
(Sentinelhub, 2022). The Sentinel-5 Precursor satellite, carrying the Tropospheric
Monitoring Instrument (TROPOMI) as its single payload, was successfully launched
on October 13, 2017 (ESA, 2022). It makes daily worldwide observations of major
atmospheric elements such as ozone, nitrogen dioxide, Sulphur dioxide, carbon
monoxide, methane, formaldehyde, cloud, and aerosol characteristics with the

TROPOMI sensor on board.

TROPOMI is a next-generation atmospheric sounding instrument that builds
on the triumphs of GOME, SCIAMACHY, OMI, and OMPS by providing better
spatial resolution, increased sensitivity, and a wider wavelength range. The device
has four spectrometers separated into two modules that share a single telescope and
measure the Earth’s ultraviolet, visible, near-infrared, and shortwave infrared
reflectance. The imaging system provides daily worldwide coverage with a push-
broom configuration and a spatial resolution 5.6* km x 3.5 km in nadir from an 824
km Sun-synchronous orbit with an Equator crossing time of 13:30 local solar time
(Kleipool et al., 2018).



Table 3
Basic info of Satellite Sentinel-5P TROPOMI.

Property Info

Spatial resolution Upto5.6* km x 3.5 km.

Tropospheric Monitoring Instrument (TROPOMI), a
spectrometer measuring ultraviolet and visible (270-495 nm),

Sensor
near infrared (675-775 nm), and shortwave infrared (2305-
2385 nm) light.

Revisit time Less than one day.

Spatial coverage Global coverage.

Data availability Since April 2018

To provide global information on a multitude of atmospheric
Common usage/purpose | trace gases, acrosols and cloud distributions affecting air

quality and climate.

Ad I from: (Si lhub, 2022)

t

2.3 Brief Introduction into Urban Air Quality

The term “urban air quality” refers to how “clean” the air is inside cities with
a density, population, and level of activity that are commonly considered “urban.” In
general, urban air quality differs from rural air quality because there are more
concentrated sources and the capacity of contaminants in the air to disperse is limited
by physical limits in the urban environment. Because of differences in pollution
control and the usage of open fires in urban areas, urban air quality differs

dramatically in urban cities in industrialised and non-industrialised worlds.

Nonetheless, air pollution is still blamed for illness, deaths, and
environmental harm all around the world (WHO, 2022a). Every year, an estimated
seven million people die as a result of air pollution. According to WHO data, almost
all of the world’s population (99 %) breathes air that exceeds WHO guideline limits
and contains high levels of pollutants, with low- and middle-income countries
suffering the most (WHO, 2022a).



2.3.1 Nitrogen Dioxide (NO3)

Nitrogen Dioxide (NO:) is a highly reactive gas that belongs to a larger group
of gases called nitrogen oxides (NO,) (Prunet et al., 2020). Other nitrogen oxides
include nitrous acid and nitric acid. NO: serves to indicate the larger group of
nitrogen oxides. The way NO: enters the air is mainly by buming fuel from

emissions from cars, trucks, buses, power plants, and off-road equipment.

Breathing in air with high concentrations of NO: can irritate the human
respiratory tract. Such short-term exposure can aggravate respiratory discases,
especially asthma, and lead to respiratory symptoms such as coughing, wheezing or
difficulty breathing. Besides affecting humans, NO: can penetrate the environment
with water, oxygen, and other chemicals in the atmosphere to form acid rain. The
abbreviation NO, refers to a bigger range of nitrogen oxides. NO, enters the
atmosphere primarily from the combustion of fuel from automobiles, trucks, buses.
power plants, and off-road equipment. A recent study from the cities of Madrid and
Barcelona found that traffic is responsible for 65% of the NO, emissions (Savulescu
et al., 2020), while the remaining 35% comes from other sources, such as the

industrial sector, activity at power plants, and heating.

2.3.2 Carbon Monoxide (CO)

CO is a colourless, odourless gas that, when inhaled in excessive volume, can
be dangerous. When anything is bumed, CO is released. Cars, trucks, and other
fossil-fuel-burning vehicles and machinery are the most significant emitters of CO in
the outdoor air (EPA, 2021). CO is a pollutant that is crucial for the chemistry of the
atmosphere, including the production of tropospheric ozone (Mingiang et al., 2021).

Breathing CO-rich air limits, the quantity of oxygen that can be transferred to
vital organs like the heart and brain through the bloodstream. CO can cause
dizziness, confusion, unconsciousness, and death at very high levels, which are

possible indoors or in other confined places (WHO, 2021b). When compared to other
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air contaminants, CO has a relatively lengthy lifetime (week to months), and OH is
primarily responsible for removing it (Aschi & Largo, 2003).

2.4  Data Accuracy

2.4.1 Sentinel-5P Data Product (L.2)

The TROPOMI multi-spectrometer exceeds comparable systems by a factor
of 100, with a spatial resolution of 3.5 kilometre by 7 kilometres (ESA, 2022). Air
pollution from cities and build-up areas may now be detected from space for the first
time. With complimentary orbits, the satellite orbits Earth 14 times every day.
Individual data products, whether they relate to nitrogen dioxide concentrations or
sulphur dioxide concentrations, are made accessible within three hours of the
observations being taken. Sentinel-5P, overall, provides a daily global dataset for

atmospheric composition



Sierra Negra 27/06/2018

Figure 2 On June 27, 2018, the image depicts the propagation of the sulphur dioxide
cloud from the Sierra Negra volcano. On the lefi, the TROPOMI / Sentinel-5P
measurement result, and on the right, the EUMETSAT MetOp-A and MetOp-B
satellite measurements. The image is made up of DLR / BIRA-processed Copemicus
Sentinel data (2018) (DLR, 2018).

The Sentinel-5P mission is unique due to the complex technical processes
required to produce a total of 12 end products with a daily data volume of up to two
terabytes. The raw spectral data from the TROPOMI measurements are received by
the ground station in the Arctic and transmitted to DLR via global fibre-optic links,
following a highly complex processing chain (DLR, 2018). They are then analysed,
filtered, and processed into individual data products (L2) before being made
available on a web server automatically.
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2.5 Previous Research

2.5.1 Based on Remote Sensing, Air Quality, and COVID-19

In Malaysia, there is study done by Kanniah et al. (2020) to investigate of
MCO / lockdown measures on air quality in the South East Asia (SEA) region using
satellite remote sensing (Himawari-8) and ground-based measurements with special
focus on Malaysia. The method they are using to assess is aerosol optical depth
(AOD) data product level 3 (L3) from Himawari-8 with a spatial resolution of 5km,
and data of air pollution from DOE, Malaysia. The findings from the study shows,
seasonal biomass burning has no effect on Himawari-8 AOD reduction in urban
areas. During the lockdown phase, reduction in PM,,, PM,5,NO,,50,,and CO are
26%, 23 - 32%, 63 — 64%, 9 — 20%, and 25 — 31%, respectively, in urban areas. The
study shows, COVID-19 lockdown can reduce the trends in aerosols and air
pollutants in SEA especially in Malaysia the moderate industrial development

country.

The second study by Ghahremanloo et al. (2021), in examine the influence of
the COVID-19 epidemic and associated quarantines on East Asia's lowering
pollutants levels showing that, the NO, experienced the highest decrease in East Asia
due to lockdowns, NO, (83%) and SO, (71%) decreased more than HCHO (11%)
and CO (4%) in Wuhan, and 50, increased in Seoul and Tokyo due to polluted air
transport in  2020. The researcher investigated NO,, HCHO,50,,and CO
concentrations as well as the aerosol optical depth (AOD) over the BTH, Wuhan,
Seoul, and Tokyo regions in February 2019 and February 2020 using data from the
Sentinel-5P and Himawari-8 satellites. In conclusion, the study show mostly
reduction in every air pollution concentration except carbon monoxide with
dramatically reduction because of as the temperature rose, more biogenic VOC

emissions were oxidized, resulting in higher amounts of HCHO and CO.



2.5.2 Based on Air Pollution and COVID-19

In article Air pollution impacts from COVID-19 pandemic control strategies
in Malaysia by Othman and Latif (2021) goal is to investigate the potential changes
in concentrations of air pollutants caused by MCO in nine major cities in Malaysia.
The method they are using were air pollution data collection from DOE, air mass
trajectories (Hybrid Single-Particle Lagrangian Integrated Trajectory), statistical
analysis (t-test, and one-way ANOVA), and health risk assessment. From the
research findings, the largest reduction of PM,g, PMyg,50;,05,and CO were
recorded at Kota Kinabalu, Kuantan, Alor Star, Kota Bahru, and Ipoh, 17%, 9.5%,
38%, 15%. and 27%, respectively. And an average hazard index (HI) value of 1.44E-
01 (before the MCO) and 1.40E-01 (during the MCO) showed higher human health
risks before the MCO than during the MCO.

Next article from Abdullah et al. (2020) on air quality status during 2020
Malaysia Movement Control Order (MCO) due to 2019 novel coronavirus (2019-
nCoV) pandemic. The study is to evaluate the variation of PM,; 5 changes during and
before MCO in Malaysia. The method that was using is acquiring the air pollutant
index (API) data from the Department of Environment Malaysia on an hourly basis
before and during the MCO on PM, 5 concentration at 68 air quality monitoring
stations. From the research findings, the PM, s concentrations dominated the Air
Pollutant Index (API) in Malaysia, several decreases in PM, s values occurred under
the Malaysia Movement Control Order (MCO), PM, s concentrations were reduced
by roughly 28.3% in certain red zone regions., and with a 23.7% average reduction in
PM, 5 concentrations, the Northern Region of Peninsular Malaysia had the largest
average reduction. It may be concluded that the MCO has a major impact on
lowering PM, s concentrations in Malaysia. It should be highlighted that additional
elements like as weather, traffic density, industrial activity, and biomass buming

should be investigated further.



CHAPTER 3

RESEARCH METHODOLOGY

3.1 Introduction on Methodology

The methodology of this study can be divided into four stages. The first stage
is data acquisition, the second stage is data pre-processing, the third stage is data
processing, and the fourth stage is results and analysis as shown in Figure 3. In the
data acquisition, the data is divided into 2 categories. The first data is primary data
which come from the Sentinel-5P/TROPOMI satellite data product (L2). The second
data is secondary data which obtain from DOE. In data pre-processing stage, both
data from primary and secondary will go through the data quality process, then
moving on to subset the satellite Sentinel-5P data product according to the study area

in Figure 1.

Furthermore, in data processing. The accuracy assessment is being carried out
to determine the accuracy of the satellite Sentinel-5P data product with the in-situ
data (Secondary data). Secondly, the daily data product was averaged phase three (3)
phase (before, during, and after MCO), and continued with calculation and
generating map. Lastly in result and analysis, the calculated data were analysed and
compared to come out with the discussion. Figure 3 illustrates the methodology
involve for the whole process in secing the impact of COVID-19 pandemic

lockdown on urban air quality in Iskandar Malaysia.



Primary Data:
Sentinel-5P

Objective | Secondary
Data: DOE

Data Acquisition

m—t Data quality control Data quality control

|

Subset the data into
Iskandar Malaysia

Data Pre-processing

Objective 2

Accuracy

No Assessment

Average the primary data into three phase
{Betore, Dunng, & Post) COVID-19
pandemic

Generating map from the data
Calculating the mean. min, & max value
Calculating the variation for every flagship zones.

Data provessing

Map analysis based on mean. minimum, & maximum | Objective 3

value on nitrogen dioxide & carbon monoxide

Comparison between five (5) flagship zones around
Iskandar Malaysia

Accuracy assessment caleulaton (RMSE, correlation)

Result & Analysis

Figure 3 Flowchart of methodology.
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3.2  Data Acquisition

3.2.1 Sentinel 5P / TROPOMI Data Product (L2)

TROPOMI data products is use as a primary data in this study which were
obtain from The European Space Agency (Open Access Hub (copernicus.eu)). We
make use of data collected by the push-broom imaging spectrometer TROPOMI, an
S5P instrument (Levelt et al., 2021). Atmospheric concentrations of various gases, as
well as cloud and acrosol features, are recovered using the spectral radiance data
from TROPOMI. We utilise the following TROPOMI data products for our works:
NO2 and CO.

The Table 4 below lists the TROPOMI Level 2 data package generated by the
Copernicus ground system. There are three types of data streams: near-real-time
(NRTT), non-time critical or offline (OFFL), and reprocessing (RPRO) (TROPOMI,
2022). In this study, the offline data were selected with using nitrogen dioxide, and
carbon monoxide data product.

Table 4

List of SSP/TROPOMI Level 2 Data Products

Product Main Parameter Data file descriptor  Developers

UV Acrosol Index Aerosol index AER_AI KNMI

Acrosol Layer Height Mid-level pressure AER_LH KNMI

Carbon monoxide (CO) Total column CcOo____ SRON

Cloud Fouction dbed. P wroin: DLR
pressure

Formaldehyde (HCHO) Total column HCHO__ BIRA-IASB

Methane (CHs) Total column CH4 SRON

Nitrogen dioxide (NOz)  Tropospheric column ~ NO2___ KNMI

Ozone profiles Totsl snd wopospheric. o5y on. KNMI
profiles

Sulphur dioxide (SOz) Total column s02_ BIRA-IASB

Ozone (Os) Total column 03___ DLR

Tropospheric Ozone (0s)  Tropospheric column  O3_TCL DLR

uv! Surface irradiance FMI
erythemal dose

* Bold data product indicates the selected data for this study.
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3.2.2 Ground Monitoring Station

The Department of Environment (DEQ), part of the Ministry of Environment
and Water, is responsible for managing the air quality in Malaysia. The data from
DOE were used as our secondary data for the S5P accuracy assessment. The air
pollutions parameters obtained from DOE were also the same as those obtained from
S5P satellites (NO3, and CO), where the location of the data was collected from the
ground station at Larkin, Johor (S33: Lat:1.495, Lon: 103.736), and Pasir Gudang,
Johor (S34: Lat: 1.470, Lon: 103.894).

3.3  Data Pre-Processing & Data Processing

Upon completion of data acquisition, the subsequent phase is data processing.
Raw data were filtered by using SNAP Desktop software, where this process
climinated the missing data (70% loss) obtained from S5P. Then the data undergoes
reprojection into the WGS84 Datum as shown in Figure 4, followed by a subset
process focusing around [skandar Malaysia. We then extracted NO, and CO from
raw data by using MATLAB software.

Figure 4 (a) Example of before reprojection, (b) Example of after reprojection and
subset.
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Once the data were ready, we moved into the data processing procedure,
where the first thing was to validate the TROPOMI data with ground station data by
using root mean square error (RMSE) and correlation coefficient (r?) calculation that
will discuss in Chapter 3.4. After the satellite data meet the requirement, we then
average all data into three (3) phases, which were before (Jan — Mar 2020), during
(Mar — Dec 2020), & post (Jan — Dec 2021) COVID-19 pandemic. Later, the average
data were gone through generating a map for each concentration, and several
calculations such as finding the mean, minimum, and maximum value, the variation

for every five (5) flagship zones.
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3.4  Accuracy Assessment

As using Sentinel-5P data product, validation through ground-based
secondary data will acquire the best differentiation between both sensors. Since it is
impossible to directly count the number of molecules across vast areas, validating
NO, and CO concentration estimations from S5P in the tropospheric is a difficult
issue. It can be contrasted with other estimations from other ground-based equipment
that have been shown to produce good fits and have undergone the validation
process. Thus, we normalise both concentration data before apply the accuracy
assessment, in changing the values of numeric columns in the dataset 10 a common

scale, without distorting differences in the ranges of values.

The average error or uncertainty of the model is defined by the RMSE
equation (1). The quantities being compared and the units of RMSE are the same. It
is advised that the model inputs and verification be reviewed in order to make
changes if the RMSE values are greater than 25% of the target being evaluated
(Scotland). Where satellite data (x;) represent the actual observation time series and
the ground data (%;) represent estimated time series. N is the number of non-missing

data points.

T (e — £)? 0

RMSE = N

The correlation coefficient is to estimate the effect of some explanatory
variable on the dependent variable. Below is the formula for correlation coefficient
that will use to validate the Sentinel-5P data product with data obtain from DOE.
Where; r?: correlation coefficient, x; is values of the x-variable in a sample, ¥ is
mean of the values of the x-variable, y; is values of the y-variable in a sample, and ¥

is mean of the values of the y-variable.

= L =X)yi —y)
VE@ - 023y — y)?

(2)
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Average Nitrogen Dioxide (NO;)

Due to its negative effects on both human health and plant growth, NO, is
regarded as one of the most serious atmospheric pollutants (Metya et al., 2020). For
the whole period of the COVID-19 pandemic lockdown around Iskandar Malaysia
showed an increase in NO, concentrations obtained from satellite images as
displayed in Figure 5, especially in Pasir Gudang, Johor. The average concentration
of mean difference for NO, increase +112% (before — during MCO), while the
reduction only occurs for during — after MCO with -39% as shown in Table 5. Table
5 also shows maximum values, where the highest value among the three periods
were in during the pandemic with 3.0828e™* which -+128% increase in air pollution
from before MCO and decreases back to -50% in after MCO (during the national
recovery plan in 2021).

Table 5
Mean, minimum, and maximum values of the average NO, tropospheric column
calculated. The mean difference for Before — During MCO and During — After MCO.

Descriptive Statistics  Before During After

Mean 2.5403e5 5.3872¢75 3301775
Min value 3.5082¢7° 3.9330e~° 3.7667e~7
Max value 135444 3.0828e~* 1.5547e~*

Before — During  During - After

Mean difference (%)
+112 -39
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L_ C\i\

103 1032 103.4

Tropospheric column (mobim?)

(b) The Average of Nitrogen Dioxide During MCO (Mac - Dec 2020) « 10

2

1.9

Latitude degree

1032 103.4 1036 103.8 104 104 2 104 4
Longitude degree

Tropospheric column 1rmb’m2)

25




(c) The Average of Nitrogen Dioxide After MCO (Jan - Dec 2021) 0
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Figure 5 The average nitrogen dioxide concentration map around Iskandar Malaysia,
where: (a) Before MCO; (b) During MCO; and (c) After MCO.
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4.2 Average Carbon Monoxide (CO)

Automobiles, lorries, and airplanes are major contributors to incomplete
combustion, which contributes to the atmospheric concentration of CO. Burning
gases and wood are additional crucial sources (Ghahremanloo et al., 2021). Figure 6
shows the increase of carbon monoxide after the pandemic period with a maximum
value of 0.0465 compared to before the pandemic with 0.0428, and a slight reduction
of -5% during the pandemic as shown in Table 6. For the whole picture of average
carbon monoxide concentration, the value of mean difference before and during
MCO increases by +18%, and slightly the growth of +1% during and after MCO.

Showing there is no reduction after the MCO.

Table 6

Mean, minimum, and maximum values of the average CO total column calculated.
The mean difference for Before — During MCO and During — After MCO.

Descriptive Statistics  Before During After

Mean 0.0295 0.0348 0.0350

Min value 0.0191 0.0274 0.0261

Max value 0.0428 0.0408 0.0465
Before — During  During - After

Mean difference (%)

+18

+1
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(e) The Average of Carbon Monoxide After MCO (Jan - Dec 2021)
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Figure 6 The average carbon monoxide concentration map around Iskandar
Malaysia, where: (a) Before MCO; (b) During MCO; and (c) After MCO.
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4.3 Flagship Zone Analysis

After analysing the average concentration of nitrogen dioxide and carbon
monoxide. We extracted the data from the five (5) flagship zones location that were
established by Iskandar Regional Development Agency as shown in Figure 1.

4.3.1 Nitrogen Dioxide (NO3)

The variation of nitrogen dioxide concentration before and during MCO, and
during and after MCO were shown in Table 7. Referring to before and during MCO,
the only reduction was occurred at zone E (Senai — Skudai) with -1%, while others
showing the increment where at zone D (Pasir Gudang) were the highest (+160%)
followed at zone C (Tanjung Pelepas), zone B (Nusajaya), and zone A (Johor Bahru
city) with, +115%, +74%, and +40%, respectively. Besides, for period during and
after MCO, the variation shows at zone B is the highest (+174%) and at zone E
(+30%), different with zone A, zone D, and zone C, where the location had a
reduction after the MCO, with -40%, -25%. and -22%, respectively.

:::::tizn of NO; concentration changes in before, during, and after MCO.
Zones Before (a) During (b)  After (c) e

a-b b-e¢ a-b% b-c%
A 3.521 4918 2.957 1.397 1.961 +40 -40
B 0.860 1.501 4,122 0.641 2.621 +74 +174
C 2.600 5.585 4342 2989 1.242 +115 -22
D 2.090 5.424 4.042 3334 1.381 +160 -25
E 2326 2307 3.016 0.019 0.709 -1 +30
* Bold indicate the highest changes, + = increase, - = decrease. All values in are pmol/m?.

30



The Air Quality Changes of Nitrogen Dioxide for Flagship Zone
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Figure 7 The overall changes of nitrogen dioxide based on different zones.

The bar graph in Figure 7 showed the percentage calculated based on every
zone, where the value before, during, and after were total up. From the visual
interpretation, all flagship zones had an increment of air pollution during the
COVID-19 pandemic lockdown. Zone D were the highest increment with 47%,
followed by zone C, zone A, and zone B, with 45%, 43%, and 23%, respectively.
After the MCO, when all citizens of Iskandar Malaysia can do outside activities, the
air pollution become increase in certain places such as at zone B with 64% and zone
E 39%. While other zones have shown a good reduction.
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4.3.2 Carbon Monoxide (CO)

Table 8 shows the variation of CO concentration, the highest increment was at
zone C (+38%), followed by zone D (+35%), zone E (+24%), zone B (+20%). and
zone A (+7%). As we observed during and after MCO, the highest increment was at
zone E with +10% and the highest reduction was at zone C with -16% where it was
the highest in before and during MCO. At zone A and zone B also showed a
reduction with -3% and -9%, respectively.

Ezzlaelign of CO concentration changes in before, during, and after MCO.

Variation
Zones Before (a) During (b)  After (c)

a-b b-¢ a-b% b-c%
A 0.033 0.036 0.035 0.003 0.001 7 -3
B 0.031 0.037 0.033 0.006 0.004 +20 -9
C 0.028 0.039 0,032 0.011 0.007 +38 -16
D 0.027 0.036 0.039 0.009 0.003 +35 +7
E 0.028 0.035 0.038 0.007 0.003 +24 +10

* Bold indicate the highest changes, + = increase, - = decrease. All values in are pmol/m?.
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Figure 8 The overall changes of carbon monoxide based on different zones.

Figure 8 showed the changes percentage calculated based on every zone,
where the value before, during, and after were total up. For carbon monoxide
concentration showing that all zones were slightly increase in during MCO compared
to before MCO. With zone C get the highest increment with 39%, and from the bar
graph, all zones were in range 20% to 40%. The increment and reduction were not
very exaggerated. Showing that, the production of carbon monoxide during and after
MCO for five zone were very minimal and controlled.
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44 Accuracy Assessment

In studies on air quality and climate, the root mean square error (RMSE) has
been employed as a standard statistical indicator to assess model performance of
satellite data and ground station. By normalising the nitrogen dioxide and carbon
monoxide, Table 9 shows the value of RMSE at Pasir Gudang was the lowest (0.067)
compared to Larkin (0.175), which tells us RMSE at Pasir Gudang was able to fit the
dataset the best from Larkin. Lastly, for different statistical analyses, the correlation
coefficient shows for both sites Larkin and Pasir Gudang a positive correlation
(strong) which higher than 0.7 where Pasir Gudang was the highest (0.998) and
Larkin (0.844).

Table 9
The value of Root Mean Square Error (RMSE), and correlation coefficient (r?) for
Larkin and Pasir Gudang, Johor.

Larkin Pasir Gudang
RMSE 0.175 0.067
r? 0.844 0.998

* All values represent in unitless.
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4.5 Discussion

In this study, we investigated NO, and CO changes in the period before,
during, and post COVID-19 lockdown in Iskandar Malaysia, Johor. In addition, to
deeply understand each air pollution change, we include the five flagship zones
categorised by Iskandar Regional Development Authority (IRDA), as shown in
Figure 1. This study aims to understand the air quality of the Iskandar Malaysia
region by isolating three phases pre, during, and post. In addition, Iskandar Malaysia
had an economic expansion and urbanisation (Nordin et al., 2016), which can be the
primary source of air pollution. Referring a previous study shows that there is an
increment of PM,: for before and during MCO at Larkin with +2% and Pasir
Gudang with +17.1%, while for MCO and MCO [, Larkin shows increment of +5.8%
and Pasir Gudang +16.3%, lastly for MCO I and MCO II, Larkin indicate a reduction
-7.2% and Pasir Gudang shows an increment +1.5% (Abdullah et al., 2020). The
cause for PM, s rose because of the forming particle from burning fuel and the
chemical reaction that occur in the atmosphere from other air pollutants such as
nitrogen dioxide (Seinfeld & Pandis, 2008).

As a result, for the NO, concentration in this study, showing a rising during
MCO as shown in Table 5. From the result for the whole data NO, and CO explained
that during a movement control order where the government has ordered a movement
restriction, approximately for 10 months, there is an activity that can cause an
increase in air pollution such as, service provider (delivery, shipping, heavy-
industrial, and important government sector). According to Sharma (2020), higher
S0, contributions from coal-fired power plants may have caused concentrations
during the shutdown in 2020, whereas (Tobias et al., 2020), shipping emissions may
be to blame for the increased SO, concentrations. From the statement designate the
citizen have spent their time more on online shopping while they were having
movement control order. Corresponding to (DHEC), sulphur dioxide and nitrogen
dioxide are both parts of smog, and the primary source comes from the power plant,

mobile vehicles, and burning coal and oil.
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Referring to flagship zones bar graph over Iskandar Malaysia, Figure 7 shows
that zone B (Nusajaya) get the highest increment for NO, before and after MCO,
zone D (Eastern gate development) and zone E (Senai - Skudai) for CO
concentration. The increasing air quality concentration in post MCO due to most of
the sector during third and national recovery phase were open in helping the nation to
generate the economic back after a few months of break. Referring to zone E (Senai
— Skudai) is located at the international airport of Senai, a cyber city, manufacture of
high technology and acrospace is the cause of increasing the air quality. Quotes from
(Kanniah et al., 2021) state that, as one of the major economic sectors, the aviation
industry is constantly growing, which has a significant impact on air pollution,
climate change, and human health. As a result, the aviation industry globally emits

1.9% of greenhouse gases and is a 3.5% contributor to global warming.

Lastly, what authors can conclude from this study. Johor Bahru's city centre
is unfriendly to pedestrians, with high traffic congestion and car accidents. Using
public transportation to get around the city is time-consuming and unreliable is the
causes of increasing in air pollution. When at the second phase and third phase of the
MCO, there were several sectors can be open which mostly in services and some
industrial sectors. Hence, there were some illegal factories run their business in order
to generate their economy. Referring to these consequences, we can see the air
pollution around Iskandar Malaysia were increase day by day. Relating this study
with United Nations Sustainable Development Goals (SDGs) in achieving control air
pollution, thus reducing the contamination. SDG 8, Decent work, and Economic
Growth. Costs associated with air pollution are significant in high, low, and middle-
income countries. These include consequences on the built environment, crop losses,
productivity losses due to illness, and direst health care impacts. However, investing
in new technologies that perform better in terms of emissions might open prospects
for new employment and long-term growth. Opportunities are especially present in
renewables, energy efficiency, and public transportation. Climate action, SDG 13.
This objective is directly impacted by air pollution. The use of fossil fuel in industry,
commerce, transportation, agriculture, and homes contributes significantly to climate
change, which influences human health, food security, access to fresh water, and the

marine environment.
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

In this study, the concentration of NO, and CO was observed by Sentinel-5P /
TROPOMI satellite over Iskandar Malaysia, Johor. To support air quality monitoring
at various scales of analysis, from the big cities to national, continental, or global
coverages, the recently launched ESA Sentinel-5P satellite system produces free and
open data products with a high spatial resolution available offline and in near-real-
time. The result indicates that the MCO did not help much in reducing air pollution,
especially for NO, and CO. Hench, the air pollution will gradually increase over the
years due to social distancing, travelling and lack of public transport in Johor Bahru,
where everyone will use their vehicle in their daily commute. Although air pollution
does not affect people in the short term, accumulating air pollution in our
surroundings can cause long term disease, greenhouse gases, climate change, an
increase in land surface temperature, and result in an imbalance of nature. The

objective of this study was achieved, as stated in 1.4, which is:

1. Accessing the nitrogen dioxide and carbon monoxide from the satellite
Sentinel-5P/TROPOMI data product and ground station.

2. Gaining the best fit value for RMSE and strong correlation between the
Sentinel-5P/TROPOMI data product and ground station data.

3. Generating map of concentration and analyse the air quality changes in pre,

during, and post COVID-19 pandemic lockdown.
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52 Limitations

All objectives have been achieved at the end of this study. However, there are
obstructions and limitations have been identified. Firstly, the downloaded data were
sorted by selecting one data in a week with same day for the whole period. Due to
space limitation and time consuming. Secondly, the MCO phase (1, 2, and 3) in this
study were average same goes to after MCO, the period is from January till
December 2021. Hence, we cannot analyse the value of reduction during MCO for
three phases. Apart from seeing the concentration reduction, we can analyse the

increment of air pollution as of COVID-19 lockdown.

53 Recommendations

To increase the quality of the results, several recommendations are suggested.

The recommendations presented are based on the difficulty and limitation addressed

as follow:

1. Study on nitrogen dioxide concentration for the whole MCO period
by downloading daily data from Copemicus.

2 Continue using the coding, in future the data can be process by days
and generate the graphic interchange format (gif) for a good
visualisation of air pollution changes.

3. Analyse with wind direction to gain more understanding from where

the air pollution come from and where does its heading.
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ABSTRACT

The COVID-19 pandemic is sweeping the globe, claiming hundreds of
thousands of lives in just a few months. Because of the necessity of
lockdown measures, most countries, including Malaysia, have enacted
Movement Control Qrder (MCO) was effectively enforced on March 18,
2020, as a preventative measure to stem the disease’s lethal spread.
The concentrations of two criterion pollutions, Nitrogen Dioxide (NO,)
and Carbon Monoxide (CO) were measured at Iskandar Malaysia,
Johor, before the lockdown from January 1 to March 17, 2020, during
the lockdown from March 18 to December 31, 2020, and post lockdown
from January 1 to December 31, 2021. The results demonstrate that
NO, and CO concentration from COVID-19 lockdown did not decrease,
especially during the movement control order phase, with an
increment of 112% for NO, and 18% for CO. The primary causes of the
air quality increase were that several sectors were closed during the
MCO. Iskandar Malaysia was the industrial and economic sector for the
southernmost point of Peninsular Malaysia, causing fossil fuel
combustion, power plant, local burning activities, and home
appliances. The increment did not solely depend on MCO; maybe there
is another reason for that increment. This study is to understand the
COVID-19 lockdown affecting the urban air quality in Iskandar Malaysia
before, during, and post-COVID-19 pandemic lockdown.
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