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Abstract: The rapid spread of coronavirus disease 2019 (COVID-19) in early 2020 prompted a global
lockdown from March to July 2020. Due to strict lockdown measures, many countries experienced
economic downturns, negatively affecting many industries including energy, manufacturing, agricul-
ture, finance, healthcare, food, education, tourism, and sports. Despite this, the COVID-19 pandemic
provided a rare opportunity to observe the impacts of worldwide lockdown on global carbon dioxide
(CO2) emissions and climate change. Being the main greenhouse gas responsible for rising global sur-
face temperature, CO2 is released to the atmosphere primarily by burning fossil fuels. Compared to
2019, CO2 emissions for the world and Malaysia decreased significantly by 4.02% (−1365.83 MtCO2)
and 9.7% (−225.97 MtCO2) in 2020. However, this is insufficient to cause long-term impacts on
global CO2 levels and climate change. Therefore, in this review, we explored the effects of worldwide
lockdown on global CO2 levels, the impacts of national lockdown on Malaysia’s CO2 emissions, and
the influence of climate change in Malaysia.
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1. Introduction

Coronavirus disease 2019 (COVID-19) is the first worldwide pandemic caused by a
coronavirus. Since the first confirmed case was found in China, the novel coronavirus
has evolved and spread rapidly to many countries around the world [1]. This onset
of COVID-19 health pandemic in early 2020 has seen a new global recession bringing
about adverse impacts on economies and labour markets. The global gross domestic
product (GDP) in 2020 is expected to decline by 3.9%, whereas China’s GDP loss may hit
4.3% [2]. The COVID-19 pandemic has negatively affected many industries such as energy,
manufacturing, agriculture, finance, healthcare, food, education, tourism, and sports [3].
The drastic lockdown measures implemented to curb the rapid spread of COVID-19, which
included social distancing, minimum travelling, banning of gatherings, and border closures,
have decreased the oil demand in many countries. These measures, coupled with the Saudi–
Russia oil price war, have lowered the global greenhouse gas (GHG) emissions, but this
phenomenon is only temporary [3]. In March to July 2020, strict lockdown measures were
enforced by many countries around the world, but after the lockdown was lifted, the global
CO2 emissions increased quickly due to the partial startup of the economy, especially in
China and some European countries [4].

The primary cause of rising global temperatures is the release of carbon dioxide
(CO2) from burning coal, oil, and natural gas [5]. There are two primary factors affecting
CO2 concentration in the atmosphere: (i) the natural carbon cycle whereby carbon is
exchanged between the atmosphere and the Earth, and (ii) anthropogenic CO2 emissions
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to the atmosphere via the combustion of fossil fuels [6,7]. In 2020, natural gas and coal
remain the top two energy sources used for electricity generation in the Organisation for
Economic Co-operation and Development (OECD) countries, having shares of 29.5% and
19.2%, respectively [8]. Given that fossil fuels are currently still the main energy source
for many countries and fossil fuel power plants will continue operation until net zero in
the global energy sector is achieved by 2050 [9], it is important to fund research in raising
the efficiencies and dropping CO2 emissions of existing modern gas- and coal-fired power
plants [10–12]. At the same time, it is also crucial to fund research in renewable energy
as electricity production from renewables in the OECD increased by 7.5% (228.8 TWh) in
2020 compared to 2019. Solar, wind, and hydropower recorded significant increments of
20.2% (73.0 TWh), 11.5% (95.0 TWh), and 3.5% (52.3 TWh), generating 4.2%, 8.9%, and
15.0% of total electricity in 2020, respectively [8]. Following the COVID-19 pandemic, the
global natural gas consumption and the global demand for coal to generate electricity
declined by 4% and 3.3% in 2020 compared to 2019 [13,14]. A mild winter in the northern
hemisphere in early 2020 and the global lockdown during the first half of 2020 negatively
affected all major gas markets, except for China where growth was sluggish at best [13].
The greatest reduction in coal-fired electricity production was in the European Union
(−19%, −111 TWh) and the United States of America (U.S.A.) (−14%, −196 TWh) [14].
The reduction in demand for fossil fuels due to the global lockdown, together with the
increase in utilization of renewables, 2020 saw an overall decrease in CO2 emissions of
4.02% (−1365.83 MtCO2) [15]. According to a June 2020 report by the United Nations
Environment Program (UNEP), the slowdown caused by COVID-19 pandemic in the fossil
fuel industry has made investments in renewable energy more cost-effective than before.
The reduction in cost for renewable energy is mainly attributed to better technologies,
improved production at scale, and more experienced renewable developers [16].

In the search for alternatives to fossil fuels, the concept of bioeconomy was proposed.
A bioeconomy, or biobased economy, can be described as an economy where the raw
materials for manufacturing, chemicals, and energy are obtained from renewable biological
sources [17]. Not only is the transition from fossil-based to biobased economy essential for
stopping climate change, but also important for resolving current issues surrounding health,
food security, industrial restructuring, and energy security [18,19]. So far, the driving force
for the development of bioeconomy worldwide has been the societal transition towards
circular and low-carbon economies, which are based on the potential of providing green
biofuels. The continuous backing of low-carbon technologies should be coupled with
policies to gradually phase out fossil fuels. The COVID-19 pandemic, however, revealed
a much wider role that bioeconomy can have to diversify supplies for food, feed, and
raw materials. Views and new knowledge on a fresh perspective for future sustainable
development and operation of biobased value chains are needed. The integration of
renewable energy (solar, wind, hydro, geothermal, and biomass) with CO2 utilization
and carbon recycling (C-recycling) is the way forward for the circular carbon economy.
C-recycling is the construction of an artificial carbon cycle, which can be combined with
the natural cycle, to enhance the rate of CO2 sequestration and increase the selectivity
of end-products that are currently produced by fossil sources [20]. Liu et al. (2020) and
Sikarwar et al. (2021) published comprehensive articles detailing the impacts of global
lockdown due to the COVID-19 pandemic on global CO2 emissions and the different
sectors (such as power, transportation, industry, aviation, commercial, and residential)
in major countries [4,21]. Naderipour et al. compiled the impacts of COVID-19 on solar
energy generation and the relation between energy consumption (1973–2019) and GHG
emissions (2008–2019) in Malaysia [22]. Yusup et al. analysed and compared the monthly
differences in atmospheric CO2 concentration for the world and Malaysia from 2018–2020
(from November to May of each year) [23]. To the best of our knowledge, no journal
article has described the effects of COVID-19-related lockdown on daily CO2 emissions
in Malaysia.
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Therefore, in this review, we discuss how worldwide lockdown due to the COVID-
19 pandemic significantly reduced global CO2 emissions. We also discuss the impacts
of national lockdown in Malaysia on its daily CO2 emissions in 2020 together with the
influence of climate change on various sectors in Malaysia.

2. Overview of Greenhouse Gases

In 1896, Svante Arrhenius (1859–1927), a Swedish scientist, was the first to relate the
effect of atmospheric CO2 levels on Earth’s temperature. He observed that the infrared
absorption ability of water vapour and CO2 had kept Earth’s mean surface temperature at a
comfortable 15 ◦C. This phenomenon is known as the natural greenhouse effect. Arrhenius
calculated that a two-fold increase in CO2 level would increase temperature by 5 ◦C [24].
Around the same time, Thomas Chamberlin (1843–1928), an American geologist, suggested
that large alterations on Earth’s climate could be caused by variations in CO2 levels. Both
Arrhenius and Chamberlin concluded that the combustion of fossil fuels released CO2 to
the atmosphere, thereby warming the Earth [24].

Now, scientists have concluded with high confidence that human activities in the last
five decades have warmed the Earth. The industrial activities that support our techno-
logically advanced world have elevated atmospheric CO2 concentrations from 280 ppm
to 414 ppm in the past 150 years, and concentrations continue to rise [25]. This marks a
47% rise in CO2 level compared to the start of the Industrial Revolution (about 280 ppm)
and an 11% rise compared to the year 2000 (about 370 ppm) [26]. CO2 and water vapour,
together with methane (CH4) and nitrous oxide (N2O), are the primary GHGs that heat
the Earth’s atmosphere. GHGs function by absorbing energy from sunlight, which heats
the atmosphere and Earth’s surface. Water vapour and clouds contribute the most to the
greenhouse effect (about 75%). Noncondensing GHGs make up the remainder, with CO2
and CH4 accounting for about 24%, whereas N2O and ozone (O3) cover the remaining 1%.
At temperatures and pressures similar to Earth’s surface, water vapour and clouds behave
as feedbacks of the greenhouse effect, whereas noncondensing GHGs are the drivers that
influence the intensity of the greenhouse effect [27,28]. The noncondensable nature of the
smaller group of GHGs (CO2, CH4, N2O, and O3) means that larger amounts of these gases
can be accumulated in the atmosphere, thereby increasing the strength of the greenhouse
effect [29]. Although there are other greenhouse gases, CO2 receives the most attention
because of two main reasons: (1) All other noncondensing GHGs together contribute
only around one third of the total global warming potential, as their concentration in the
atmosphere is very low compared to CO2, and (2) CO2 remains in the atmosphere longer
than other GHGs. The time needed for CH4 to leave the atmosphere is one decade, while
N2O is around one century. In contrast, 70% of emitted CO2 will stay in the atmosphere
for 100 years, 20% will stay for 1000 years, and the remaining 10% will stay for 10,000
years [30]. This long lifespan of CO2 in the atmosphere makes it the most critical gas when
tackling the issues of climate change.

Naturally, CO2 is also generated in the atmosphere in the natural carbon cycle, but the
carbon cycle maintains the balance of carbon in the atmosphere, on land, and in the ocean.
In other words, the concentration of carbon in the atmosphere, land, plants, and oceans are
kept relatively constant. Despite this, the carbon cycle has been altered following changes
in climate. Shifts in Earth’s orbit occur continuously and in predictable cycles, varying the
amount of energy Earth acquires from the Sun. This results in a cycle of warm periods
and ice ages on Earth. When summers in the Northern Hemisphere become colder, ice
accumulates on land and the carbon cycle slows. At the same time, several factors such as
lower temperature and higher phytoplankton growth rate likely enhance the absorption of
atmospheric carbon into the ocean. The reduction in atmospheric carbon further cools the
Earth. Likewise, when the last Ice Age ended about 10,000 years ago, CO2 concentrations
in the atmosphere climbed rapidly as Earth’s temperatures rose [31–33].

Detailed analyses have been performed on air trapped in ice cores taken from Antarc-
tica, and results have shown that for the past 800,000 years, CO2 levels in the atmosphere
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had only fluctuated between 170 and 210 ppm [34]. Presently, the CO2 level in the at-
mosphere is approaching 414 ppm, double that of the past 800,000 years. This rise in
atmospheric CO2 levels is due to the combustion of fossil fuels. The carbon released from
combusting fossil fuels contains a different ratio of heavy-to-light carbon atoms. This
produces a distinct “fingerprint” that can be quantified as (i) burning fossil fuel causes a
relative decrease in the concentration of heavy carbon-13 atoms (13C) in the atmosphere,
and (ii) burning fossil fuels reduces the ratio of oxygen to nitrogen in the atmosphere [26].
There are three different isotopes for carbon, which are carbon-12 (12C), carbon-13 (13C),
and carbon-14 (14C). The most common is 12C, while 13C makes up around 1% of the total
and 14C only accounts for around one in one trillion carbon atoms. Plants and fossil fuels
(ultimately derived from ancient plants) all contain a similar 13C/12C ratio. The 13C/12C
ratio in the atmosphere is 2% higher than in plants (and hence fossil fuels). When the
carbon from fossil fuels is liberated into the atmosphere, the average atmospheric 13C/12C
ratio decreases [26].

One way to reduce CO2 emissions is the substitution of fossil fuels with biomass-
derived biofuels. Although utilizing biomass-derived biofuels also emit CO2, the benefit
of biomass-derived biofuels is that the combustion of biofuels discharges carbon which
is part of the natural carbon cycle. In contrast, the combustion of fossil fuels discharges
carbon which was previously kept in the ground for millions of years, adding more carbon
into Earth’s biosphere [35]. The additional carbon from burning fossil fuels is primarily
responsible for global warming. To mitigate this, it is imperative that the global energy
industry switches to biofuels and renewable energies, and reduces the dependence on fossil
fuels. To this end, the implementation of renewable energy has been growing globally. For
instance, the global electricity production from renewables was 27% in 2019 and 29% in
2020. In the midst of the COVID-19 pandemic in 2020, renewable energy usage increased
by 3% while demand for fossil fuels dropped [36].

3. Global CO2 Emissions during COVID-19 Pandemic

When compared to 2019, there was a significant reduction in global CO2 emissions
in 2020 due to the COVID-19 pandemic. From Figure 1 [15], the total global CO2 emis-
sions in 2020 showed a decline of 4.02% (−1365.83 MtCO2), with the greatest decrease
in emissions occurring in the U.S.A. (−477.37 MtCO2, −9.44%), followed by EU27–UK
(−230.58 MtCO2, −7.48%), and India (−198.44 MtCO2, −8.07%). Lesser decrease in emis-
sions were observed in Japan (−54.92 MtCO2, −5.04%), Russia (−45.16 MtCO2, −2.92%),
and Brazil (−41.95 MtCO2, −9.80%). When compared to the first half of 2019 (January to
June 2019), the first half of 2020 observed a decline in global CO2 emissions by roughly 8.8%
(−1551 MtCO2). The period when emissions declined coincided with the global spread
of COVID-19 and implementation of lockdown measures in many countries worldwide
between March and July 2020, with the greatest decline recorded in April 2020. The abso-
lute reduction in CO2 emissions over the first half of 2020 was the greatest reduction in
history, surpassing the drop in emissions during the Great Recession in 2008–2009 and the
end of World War II (annual decrease of 790 Mt CO2). However, since July 2020, the global
CO2 emissions started to increase due to the relaxation of lockdown measures and partial
restart of the economy, particularly in China and some European countries [4].
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As shown in Figure 1, China recorded overall a slight increase in total emissions in
2020 compared to 2019 (+52.96 MtCO2, +0.51%). At the start of 2020, there was a sharp
decline in China’s emissions due to the outbreak of COVID-19 and stringent lockdown
measures, but these restrictions were gradually lifted starting in March. After this, CO2
emissions in China quickly recovered in April and May. When compared to 2019, China
in 2020 experienced a reduction in emissions of −18.4% in February and −9.2% in March,
followed by an increase of 0.6% in April and 5.4% in May [4].

3.1. Power Sector

From Figure 2 [15], global CO2 emissions from the power sector in 2020 decreased
by 2.54% (−343.40 MtCO2). The largest reduction was found in U.S.A. (−166.06 MtCO2,
−10.35%) and EU27–UK (−107.46 MtCO2, −11.51%). During the lockdown period, global
electricity consumption was reduced to weekend levels. Electricity demand was sub-
stantially reduced in services and industries, and this reduction was partially offset by
increased residential usage [37]. Typically, weekends record lower electricity consumption
than weekdays. This is because most commercial offices are closed, reducing the need to
power lighting, air-conditioning, and computers [38]. When the lockdowns in Italy and
Germany were lifted in April, electricity consumption gradually increased and rebounded
to near 2019 levels in August. This trend was also observed in other countries (France,
Spain, Great Britain, and India), which lifted their lockdowns in May and saw electricity
demand rebound to near 2019 levels in August [37].

In India, electricity consumption increased 3.4% in September 2020 compared to 2019
levels due to greater demand from commercial and industrial sectors, as well as increased
need for irrigation compared to 2019. In October 2020, India’s recovering economy and
relaxed restrictions drove up the consumption of electricity by more than 10% compared
to 2019, which was similar to pre-COVID-19 levels. In the last two weeks of November,
electricity consumption dropped to 2019 levels due to the Diwali festival and strikes in the
agriculture industry. In December, electricity demand again rose more than 8% compared
to 2019 [37].
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Figure 2. Changes in CO2 emissions (million tonnes (Mt)) in different sectors for various regions
and countries.

After China enforced lockdown in January 2020, electricity consumption began to
drop and a significant reduction of 11% was recorded in February 2020 compared to 2019
levels. One of the reasons for lower electricity usage is the warmer temperatures recorded
in February 2020 compared to February 2019. After China eased lockdown measures,
electricity consumption quickly rebounded to pre-COVID-19 levels in April, and increased
to a consistent 6% higher from August to November compared to 2019 levels [4,37]. Overall,
electricity usage in China showed a slight growth of 1.20% (+54.83 MtCO2).

3.2. Ground Transportation

The global CO2 emissions from ground transportation in 2020 were reduced by
10.91% (−710.06 MtCO2) (Figure 2). The largest contributors to this reduction were U.S.A.
(−153.02 MtCO2, −9.29%) and China (−115.05 MtCO2, −12.45%). Moderate reductions
were observed in EU27–UK (−51.03 MtCO2, −5.80%) and India (−41.47 MtCO2, −13.84%).
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In China, the mean emissions from transportation in January 2020 rose by 7.4% compared
to January 2019. This occurred because the Spring Festival travel rush began earlier in
2020 (10 January) before the onset of lockdown (last week of January). However, after lock-
down was initiated, transport emissions declined sharply showing −75.1% in February and
−34.2% in March [39]. In contrast, although transportation in U.S.A., Brazil, and Japan were
not restricted, emissions from ground transportation in these three countries still declined,
with Brazil registering −15.27% (−26.14 MtCO2) and Japan −5.98% (−10.66 MtCO2) [4].

3.3. Industry and Cement Production

On average, 29% of the worldwide annual CO2 emissions are released from industries
such as steel, chemicals, fossil-fuel-derived goods, and cement production. Developing
countries, such as China and India, typically have a greater share in these emissions [40].
However, due to the COVID-19 pandemic, the worldwide industrial emissions in 2020
declined by 1.44% (−145.05 MtCO2) (Figure 2). This included significant reductions in India
(−98.63 MtCO2, −13.13%), U.S.A. (−56.40 MtCO2, −5.47%), and EU27–UK (−51.82 MtCO2,
−8.19%). In China’s case, its industrial emissions recorded a small increase of 2.93%
(+120.36 MtCO2) in 2020 compared to 2019. This increase can be attributed to two of
China’s major industries, steel and cement, which accounted for roughly 42% and 22% of
China’s industrial emissions from fuel consumption in the past several years. Despite the
lockdown measures, China’s steel industry recorded a 2.2% increase in emissions in the
first half of 2020 compared to 2019. For China’s cement industry, a significant decline in
emissions was observed in the first three months of 2020 (−29.5% in January and February
combined, and −18.3% in March). After the lockdown was relaxed in March, however,
cement emissions surged to +3.8%, +8.6%, and +8.4% in April, May, and June compared to
2019 [4,41].

3.4. Residential and Commercial Premises

The rapid spread of COVID-19 disease caused more people to work from home and
minimize travelling. The winter months in the northern hemisphere were unusually warm
in 2020, reducing energy consumption for heating. As a result, CO2 emissions from global
heating demand fell 1.43% (−50.83 MtCO2) in 2020 compared to 2019 (Figure 2). The
estimation of global heating demand assumes that most of the energy usage in residential
and commercial premises was for temperature control, with no considerable change in
their intrinsic energy consumption throughout the lockdown phase [4].

3.5. Aviation Industry

CO2 emissions from global domestic aviation were reduced by 31.93% (−116.49 MtCO2)
in 2020 compared to 2019 (Figure 2). There were two occurrences where global aviation
emissions were considerably reduced in 2020, one in Asia close to the end of January
and another during the implementation of lockdown measures worldwide in mid-March.
Global international aviation was greatly affected by the worldwide lockdowns, which
showed a reduction in emissions of 72% in July 2020 compared to July 2019 [4]. According
to the International Air Transport Association (IATA), the aviation industry’s revenue pas-
senger kilometres (RPKs) declined by 94.3% year-on-year in April 2020, following a huge
drop of 55% year-on-year in March [42]. The industry-wide RPKs still showed reductions
in July (−79.5%) and August 2020 (−75.3%) compared to 2019 levels. However, the easing
of lockdowns globally has increased domestic market demands, allowing the aviation
industry to gradually rebound [43]. Apart from RPKs, industry-wide cargo tonne kilome-
tres (CTKs) also saw year-on-year reductions from −14.7% in March to −27.7% in April.
This resulted from a reduced demand for cargo shipping and decreased manufacturing
activities due to lockdowns [44]. In August, although industry-wide CTKs still displayed a
reduction of 12.6%, international cargo traffic increased in many countries [45].
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3.6. Comparison of CO2 Emissions in 2019, 2020, and 2021

Figure 3 shows the comparison of CO2 emissions for the world and major contributing
countries or regions in the first five months of 2019, 2020, and 2021 [15,46]. Data from
the first five months sufficiently covers the lockdown periods for the major countries and
regions [4]. From Figure 3, global CO2 emissions recovered back to 2019 levels in 2021
despite a sharp decrease of 8.19% (−1160.03 MtCO2) in 2020. After experiencing CO2
reductions in 2020, emissions in 2021 quickly rose back to 2019 levels for EU27–UK, India,
and Russia. In the case of China, its CO2 emissions rose 9.4% above 2019 levels, observed
the highest recovery of 15.44% (+610.06 MtCO2) in 2021 compared to 2020. In contrast,
emissions from U.S.A., Japan, and rest of the world (ROW) in 2021 were 7.5%, 4.1%, and
5.4% lower than their 2019 levels, despite all three registering positive emissions growth
in 2021 compared to 2020. Even though there is a net reduction in emissions in 2020, the
mean atmospheric CO2 level still increased by 0.6% in 2020 (412 ppm) compared to 2019
(410 ppm). This annual rate of increase is similar to 2019, which also showed a 0.6% increase
compared to 2018 (408 ppm) [47]. After global emissions in 2021 returned to 2019 levels,
the mean atmospheric CO2 level for May 2021 reached 419 ppm as measured by National
Oceanic and Atmospheric Administration’s (NOAA) Mauna Loa Observatory [48]. These
data showed that the CO2 emissions savings from drastic lockdown measures on a global
scale was only temporary and showed no significant effect on the annual growth of CO2
levels [3]. This agrees with historical observations where brief decline in carbon emissions
did not lead to significant climate change. To achieve long-term impacts, a systemic shift is
required. Even if the lower GHG emissions due to COVID-19 were to become normal, we
must still cut emissions by 50% by 2030 to prevent global mean temperature from rising
more than 1.5 ◦C compared to pre-industrial level. This will allow us to mitigate some of
the worst effects of climate change [49]. This has been the goal of the international Paris
Agreement on climate change, which aims to control the rise of the global surface mean air
temperature well below 2 ◦C compared to pre-industrial levels [50].
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4. CO2 Emissions in Malaysia during COVID-19 Pandemic

Figure 4 [51] shows a decline in Malaysia’s CO2 emissions during 2020 in six differ-
ent areas, namely the power sector, industrial sector, ground transportation, public and
residential sectors, and domestic aviation. The values in Figure 4 represent the estimated
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difference between daily CO2 emissions in 2020 compared to the mean 2019 levels. From
Figure 4, total CO2 emissions showed the highest reduction (−0.202 MtCO2/d) in the
middle of March 2020, which coincided with the implementation of lockdown measures
by the government, known as Movement Control Order (MCO), to curb the rapid spread
of COVID-19. The spike in positive cases from 29 cases on 1 March to 553 cases on 16
March, due to mass gathering at a religious event, prompted the government to enforce
first phase MCO from 18 March to 31 March [52,53]. The MCO enforced rules such as
banning of movement and assembly, banning of overseas and interstate travel, closure of
all educational institutions, closure of all nonessential public and private premises, social
distancing, and allowing only one person per household to leave home for purchasing
essential items [54,55]. The government then implemented three more phases of MCO,
extending the lockdown period from April to early May. These restrictions were reflected
by significant reductions in CO2 emissions in power generation (−0.052 MtCO2/d, 26%
share of total reductions during MCO), industrial sector (−0.047 MtCO2/d, 23% share), and
ground transportation (−0.093 MtCO2/d, 46% share) from March to May as all nonessen-
tial sectors were closed (Figure 4). The public sector and aviation industry saw a lesser
decrease in emissions of −0.006 MtCO2/d (28% share) and −0.005 MtCO2/d (23% share),
respectively. In the same period, CO2 emissions from the residential sector saw a slight
increase of 0.0005 MtCO2/d as all residents stayed at home. Outside of MCO, residential
emissions stayed the same as their mean 2019 levels.

The government gradually relaxed the lockdown measures by establishing Condi-
tional Movement Control Order (CMCO) in two phases from 4 May to 9 June. Under the
CMCO, several sectors of the economy were permitted to resume provided that all employ-
ers and employees complied to the Standard Operating Procedures (SOPs) specified by the
government [56,57]. The partial restart of the economy increased the daily CO2 emissions
during CMCO to −0.133 MtCO2/d (34% recovery) compared to the MCO period (Figure 4).
Emissions from power generation recorded the highest recovery of 67% (−0.017 MtCO2/d)
compared to the MCO period. This was followed by industrial and ground transportation
emissions, registering recoveries of 29% (−0.033 MtCO2/d) and 20% (−0.075 MtCO2/d).

As the rate of infection was largely under control due to the MCO and CMCO mea-
sures, the government introduced Recovery Movement Control Order (RMCO) after CMCO
ended. The first two phases of RMCO lasted from 10 June to 31 December 2020 [58,59],
while the third phase continued from 1 January to 31 March 2021 [60]. Under RMCO,
restrictions were further relaxed while still adhering to the SOPs. RMCO allowed interstate
travel (but not international travel), normal business operations, small-scale gatherings
for recreation and sports (except sporting events and contact sports), gradual reopening
of schools, and small congregations of worshippers at mosques and suraus [58]. The
RMCO initiated another increase in daily CO2 emissions to −0.043 MtCO2/d (79% recov-
ery compared to the MCO period), which stabilized until the end of 2020 (Figure 4). Upon
the start of RMCO, CO2 emissions from power generation completely recovered to 2019
levels. Compared to the MCO period, emissions from ground transportation and public
sector showed high recoveries of 80% (−0.019 MtCO2/d) and 78% (−0.0009 MtCO2/d),
respectively. Meanwhile, industrial and aviation emissions showed lower recoveries of
57% (−0.020 MtCO2/d) and 34% (−0.003 MtCO2/d). By the end of 2020, Malaysia’s total
CO2 emissions were 225.97 MtCO2, a notable decline of 9.7% from 250.09 MtCO2 in 2019
(Figure 5) [51].
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5. Climate Change in Malaysia

Despite the considerable drop in global and Malaysia’s CO2 emissions in 2020 due to
the COVID-19 pandemic, it was not enough to cause a long-term impact on global CO2
levels [3]. Given the direct link between rising CO2 levels and increased global warming, it
is prudent to look into the effects of climate change [30]. This is because climate change
not only poses a grave threat to the planet and health of the human race, but it is also
endangering the world economy. To solve this problem, we need to change our technologies
of commodity production to modern technologies that guarantee and drive the growth of
sustainable economies. Climate change, increasing energy consumption, and sustainable
development have become the most critical challenges in the 21st century. The climbing
atmospheric CO2 concentrations (currently >400 ppm) coupled with the rising average
global temperatures (increase >2 ◦C by 2100) will severely affect the human population
worldwide, resulting in extreme weather events (higher frequency of intense heat waves



Sustainability 2021, 13, 8461 11 of 19

and cyclones) and melting of glaciers (causing rapid sea-level rise) [61]. If measures to
halt global warming are not implemented swiftly, coastal cities may become flooded and
unsuitable for living in the near future. Apart from this, the growing world population,
projected to reach 9.7 billion in 2050 [62], together with the expected rise in global energy
consumption of 30–50% higher in 2050 [63,64], are great challenges that must be solved by
the entire human society.

Being a global phenomenon, the impacts of climate change on a global and regional
scale, including in Malaysia, must be studied. Malaysia, located in Southeast Asia, is a
country that comprises two regions, namely Peninsular Malaysia (West Malaysia) and
Malaysian Borneo (East Malaysia). The whole country has a land area of 330,803 km2

and an estimated population of 32.7 million in 2020 [65,66]. Malaysia is located near the
equator and has hot and humid climate throughout the year. The variabilities of Malaysia’s
climate are closely linked to the Northeast and Southwest Monsoons. The Northeast
Monsoon happens from October to March and brings higher precipitation, whereas the
Southwest Monsoon occurs from April to September and displays drier climate with
decreased rainfall [67].

5.1. Mean Monthly Temperature in Malaysia

Figure 6 [68,69] shows the mean monthly temperature in five different towns/cities
in Malaysia, two from East Malaysia (Kota Kinabalu and Kuching) and three from West
Malaysia (Malacca, Subang, and Kuantan). These five towns/cities were selected be-
cause they are suitably located in different regions of Malaysia, thereby providing a good
overview of climate conditions throughout the country. In Figure 6, there is a clear up-
ward trend in temperatures at all five locations. The rate of increase in mean monthly
temperature, as shown by the slope of the linear trendline (the red dotted straight lines in
Figure 6), was smallest for Kuching, followed by Kota Kinabalu, Malacca, Kuantan, and
Subang, in increasing order. These data coincide with observations from the Malaysian
Meteorological Department, wherein Kuching recorded the lowest temperature rise due
to its slower growth in development [70]. However, the slope of the trendlines does not
give the actual rate of mean temperature rise. Based on a 2015 report by the Ministry of
Natural Resources and Environment Malaysia, the estimated rate of mean temperature
rise was 0.25 ◦C every decade for Peninsular Malaysia, 0.20 ◦C for Sabah, and 0.14 ◦C for
Sarawak [71].
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5.2. Extreme Weather

Malaysia has increasingly experienced extreme climate events in the last several
decades, where days or weeks of high temperature, high precipitation, dry weather, thun-
derstorms, and strong winds are becoming more frequent. Since the 1980s, days with very
high precipitation levels have been rising. In addition, the number of days with extreme
thunderstorm and wind conditions has also increased. These factors have promoted more
frequent flooding in many regions of Malaysia. The most extreme flooding event was
documented in the southern region of Peninsular Malaysia during the Northeast Monsoon
in 2006–2007 [72]. The rising temperature trends shown in Figure 6a–e depict progres-
sively hotter weather in Malaysia. This change is influenced by El Nino events [70]. The
co-occurrence of high precipitations and dry spells within the same year is becoming an
apparent weather pattern in Malaysia [73]. Table 1 shows a list of major flooding events in
Malaysia for the past 50 years.

Table 1. Major floods in Malaysia [74,75].

Date Location Event

Jan 1971 Kuala Lumpur,
Malaysia

Most extreme flood in Malaysia since 1926. Caused by
heavy monsoon rains. 32 deaths and 180,000 people

affected.

Dec 2006–Jan 2007 West Malaysia
Johor was severely affected. Malacca, Pahang, and

Negeri Sembilan were affected to a lesser extent.
Caused by heavy rain following Typhoon Utor.

Oct–Nov 2010 Thailand and Northern
Peninsular Malaysia

Flooding caused by abnormally late monsoon rains
from the La Nina event and the Bay of Bengal. Killed

232 people in Thailand and 4 in Malaysia.

Jan–Feb 2014 Sabah, Malaysia Heavy rainfall and flash flooding in various regions of
Sabah.

Dec 2014–Jan 2015 Southeast Asia and
South Asia

Northeast monsoon caused flooding in South Thailand,
West Malaysia, Indonesia, and Sri Lanka. More than

417,000 people were affected.

Jan–Feb 2015 East Malaysia
Stronger northeast monsoon causing floods in many

regions of Sarawak and Sabah, affecting roughly 13,878
people.

Feb–Mar 2016 Malaysia Heavy rainfall causing floods in Sarawak, Johor,
Malacca, and part of Negeri Sembilan.

Dec 2016–early 2017
Southern Thailand and

Northern Peninsular
Malaysia

Northeast monsoon caused floods in southern
Thailand and in Kelantan and Terengganu, northern

Peninsular Malaysia. Resulted in a loss of roughly
USD 4 billion due to the infrastructure damage and

disruption of agriculture and tourism.

Nov 2017 Penang and Kedah,
Malaysia

Flash floods due to hours of torrential rain in Penang
killed a minimum of 7 people. The Malaysian military

personnel assisted in evacuating more than 3500
people. In Kedah, floods displaced more than 2000

people.

2017 Kundang, Malaysia
More than 6000 people were affected by flash floods

and landslides. A few stretches of roads, infrastructure,
and properties were severely damaged.

Jan 2018 Malaysia

Downpour due to annual monsoon created severe
flooding in six states. About 5000 people were

displaced in Pahang. The hardest hit state, Kuantan,
saw 3931 people displaced by floods and stayed in 22

evacuation centers.

Feb 2018 Sarawak, Malaysia Flooding due to heavy rainfall displaced 4859 people.
25 evacuation centers were set up for the flood victims.

5.3. Rainfall

The large variability found in Malaysia’s historical precipitation data coincides with
observations from other reports [70,72,76]. From Figure 7 [68,69], there is a lack of pre-
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cipitation data between 1973–1978 in all five locations. Despite this, a rising trend can be
seen in Figure 7a–e, with the greatest increase in precipitation occurring in Kuantan. This
is followed by Kuching and Subang, indicating moderate increase in precipitation. Kota
Kinabalu and Malacca share the lowest increase in precipitation in this selected group.
The yearly precipitation increment in Malaysia is attributed to the Northeast Monsoon,
which usually takes place between October to March. The strong northeasterly and easterly
winds carry moisture from the western Pacific to the South China Sea, increasing the
amount of rain in the Southeast Asian region [67,77]. The rising mean precipitation in
Malaysia is linked to a greater number of rainy days, and rainfalls during the Northeast
Monsoon season are heavier than at other times of the year. Although the mean precip-
itation varies throughout the year, one study reported that the yearly precipitation and
Northeast Monsoon rainfall have increased significantly between 1971 and 2010, with 95%
and 90% confidence levels, respectively. During the same period, the number of days with
greater than 20 mm precipitation also increased by 1.5 every decade [78].
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5.4. Impacts of Climate Change in Malaysia

There are seven sectors in Malaysia that are susceptible to changes in climate, namely
agriculture, biodiversity, coastal and marine resources, forestry, water resources, energy,
and public health. Despite this, most of the research in Malaysia centres around investigat-
ing the effects of climate change on agriculture, especially the effects on rice cultivation [75].
It was reported that agricultural yields and growth rates were adversely but weakly af-
fected by climate change. However, there was a notable positive correlation between crop
production index and per capita CO2 emissions, indicating that the agriculture sector is
a CO2 source [79]. Although the considerable CO2 emissions from Malaysia’s agricul-
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tural practices were not highlighted, this phenomenon still raised concerns regarding the
sustainability of the agriculture sector. While higher atmospheric CO2 concentration can
promote the rate of photosynthesis in C3 plants (where the first product of photosynthe-
sis is 3-phosphoglycerate which comprises three carbon atoms, for instance paddy), the
increasing temperature instead inhibits photosynthesis and promotes respiration when
temperature rises above the tolerance limit of 26 ◦C. The final result is a lower rate of
grain filling in paddy [80]. The future weather conditions in Malaysia were projected to
have higher temperatures and unanticipated rainfall patterns, and these conditions do not
favour the production of grains [75].

It is predicted that between 2025 and 2050, climate change will significantly increase
flow in the watersheds of Terengganu, Kelantan, Perak, and Pahang during the Northeast
Monsoon, while considerably reduce flowing in the watersheds of Klang and Selangor
during the Southwest Monsoon [81]. This change in flow has the potential to cause heavy
precipitation, floods, and rainfall-induced landslides, which can damage private properties
and public infrastructure [82]. In the fishing industry, a study revealed that unstable
weather decreases the days for fishing and amplifies the risks to fishing activities [83].
Even though statistical data are insufficient, another study showed that unstable weather
resulted in an overall reduction in earnings of 9–32% for fishermen living along the east
coast of Peninsular Malaysia [84].

In terms of energy consumption, higher temperatures resulting from climate change
promotes the usage of air-conditioning in commercial and residential buildings. Com-
pared to the year 2000, the cooling load in Malaysia is projected to rise by 2.96%, 8.08%,
and 11.7% in 2020, 2050, and 2080, respectively. Since the maximum cooling load in
2000 was 297,000 KJ/h, this projection translates into maximum energy consumptions of
305,000 KJ/h in 2020, 321,000 KJ/h in 2050, and 330,000 KJ/h in 2080. The greater outdoor
temperatures causes heat to enter buildings through walls, thereby increasing the indoor
space cooling demand [85]. Apart from varying temperatures and rainfall patterns, climate
change also raises the frequency of fire and haze in the tropical peatlands. This will disrupt
the capacity of the peatlands to store carbon, instead turning them from carbon sinks into
carbon sources, which in turn aggravates climate change [86].

In the public health sector, climate change is recognized for enhancing the spread of
water-borne (such as cholera, typhoid fever, hepatitis A, and dysentery) and vector-borne
diseases (or mosquito-related diseases such as malaria, dengue, and chikungunya) [87,88].
Global warming causes an increase in rainfall, which enhances the risk of flooding and the
formation of ground pools where drinking water can be contaminated by untreated river
or sewage water. Increase in precipitation also enhances the formation of stagnant waters
that encourage breeding of mosquitoes, thereby raising the occurrence of mosquito-related
diseases and expanding the affected areas [87]. Although the occurrences of water-borne
diseases have been largely reduced in the last century, there were still incidences of typhoid
and cholera outbreaks due to low coverage of clean water supply and lack of water supply
during droughts, respectively. The best practices to minimize the incidences of typhoid
and cholera are to extend clean water supply infrastructure to cover remote rural areas
and to prepare and ration water supply for dry spells. On the other hand, the higher
ambient temperature and increased rainfall in Malaysia provide the optimum conditions
for mosquitoes to multiply and spread diseases. Warmer temperature reduces the time
mosquito larvae reach maturity, and given favourable conditions, mosquito eggs can hatch
within a day and mature as adults within a week. Even under dry conditions, the eggs
can last about nine months. The policies and programmes to control the spread of malaria,
dengue, and chikungunya include public health awareness, active detection of outbreaks,
regular fogging, and reduction of breeding grounds [88]. In spite of this, little research has
been carried out in Malaysia to examine the impacts of climate change on the occurrences
of these diseases and conditions of the areas affected. From a review article, in the year
2050, the number of malarial cases could potentially increase by 15% when temperatures
rise by 1.5 ◦C. This projection considered factors such as increased rainfall and intrusion
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of saline water. The review also described a positive correlation between precipitation
and dengue, showing that greater frequency of rainy days and higher temperatures were
favourable conditions for the propagation of dengue viruses [88].

6. Conclusions

There is no doubt that the COVID-19 pandemic is a serious global matter and has
claimed the lives of many people worldwide. Many countries also faced economic down-
turns due to stringent lockdown measures implemented to curb the rapid global spread of
COVID-19. However, there is a silver lining in this scenario, and this pandemic provided a
once-in-a-lifetime opportunity to study the global atmospheric CO2 levels during the global
lockdown. Although the concentration of CO2 in the atmosphere is relatively low, the high
heat absorbing ability and long atmospheric lifespan of CO2 makes it the most important
GHG to study and mitigate. If CO2 levels are not lowered quickly, we will be faced with
global warming and more frequent and severe weather events. Thus, it has become a global
mission to reduce CO2 emissions to prevent the global mean temperature from rising above
1.5 ◦C. There is strong evidence that the additional CO2 in the atmosphere comes from
human activities, primarily the burning of fossil fuels. In order to reduce our reliance on
fossil fuels, it is imperative that more research, funding, and political considerations are
put into developing renewable sources of energy.
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12C Carbon-12 atom
13C Carbon-13 atom
14C Carbon-14 atom
CH4 Methane
CMCO Conditional Movement Control Order
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C-recycling Carbon recycling
CTK Cargo tonne kilometre
EJ Exajoules
EU27 The 27 European Union countries after the UK left the EU
GDP Gross domestic product
GHG Greenhouse gas
Gt Giga tonnes
IATA International Air Transport Association
KJ/h Kilojoules per hour
MCO Movement Control Order
mm Millimetre
Mt Million tonnes
N2O Nitrous oxide
O3 Ozone
ppm Parts per million
RMCO Recovery Movement Control Order
ROW Rest of the world
RPK Revenue passenger kilometre
SOP Standard Operating Procedures
TWh Terawatt-hour
U.S.A. United States of America
UK United Kingdom
UNEP United Nations Environment Program
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