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Abstract
This study examined the impacts of the Coronavirus disease 2019 (COVID-19) on the environment in the Southeast Asia region
using qualitative content analysis to analyze the textual data of published studies and other online references such as the
organizational reports. Besides, the materiality assessment particularly the Global Reporting Initiative was conducted by ana-
lyzing short- and long-term impacts from the stakeholders’ (local and regional policymakers) perspective. The positive effects of
COVID-19 lockdown and movement restriction on the regional environment identified in this study included a reduction in air
pollution, improvement of air and water quality, lower noise levels, and reduced land surface temperature. In contrast, the
negative effects encompassed a rise in the use of plastics and the generation of medical waste in Indonesia, Malaysia,
Thailand, the Philippines, and Vietnam. Materiality assessment findings have offered insights on the need of stakeholders’
importance for further to deal with huge amount of waste, inadequate waste management facilities and system, explore the
effectiveness of such sustainable work and lifestyle changes, utilize real-time monitoring air quality data and future prediction
responses for climate change mitigation and adaptation policies as well as consideration towards new green technologies for
clean energy in each Southeast Asian country and at regional level. It is anticipated that this study will contribute towards a better
understanding of the impacts of COVID-19 on environmental sustainability in the Southeast Asia region, particularly from the
perspective of the stakeholders.
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Introduction

The current worldwide pandemic of the Coronavirus disease
2019 (COVID-19) is the greatest global challenge since
WorldWar II. As of the end ofMay 2020, 117,551 cases have
been confirmed globally, with 38% of cases from Southeast

Asia. The COVID-19, caused by the Coronavirus 2, or SARS-
CoV2 (Chan et al. 2020), is an infectious disease that the
World Health Organization (WHO) declared as a global pan-
demic in March 2020. In human-to-human transmission, the
virus spreads directly through close contact via respiratory
droplets produced from coughs or sneezes and indirectly
through contaminated surfaces such as plastics and stainless
steel (Van Doremalen et al. 2020). To date, Indonesia has
recorded the highest number of coronavirus cases, and the
Philippines has experienced the highest mortality rate in the
region (Hirschman 2012; Johns Hopkins Coronavirus
Resource Center 2020).

With a growing number of confirmed cases, all Southeast
Asian countries have implemented various forms of lockdown
and movement restrictions, including restriction on social
movement, immediate isolation of positive COVID-19 pa-
tients, traveling bans, closure of international and interstate
borders, closings of schools and higher learning institutions,
and suspension of industrial activities and public transporta-
tion, since March 2020. These lockdowns and restrictions
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have forced many developing economies into a recession,
generating high debt, increased unemployment, and reduction
in manufacturing and service activities throughout Southeast
Asia (Loayza and Pennings 2020; Ozili and Arun 2020).
Along with the COVID-19 pandemic, increasing attention
has been paid to better understand the economics of public
health and medical aspects of infectious diseases, including
infection peak, hospital admission, and total deaths in
Southeast Asia (Setiati and Azwar 2020; Tay et al. 2020).
On the other hand, the lockdowns and movement restrictions
of the COVID-19 pandemic have also produced various envi-
ronmental effects in the region. Although these environmental
effects were relatively better understood in countries that are
most severely affected by the COVID-19 infections, such as
China, the United States (US), Italy, and Spain (Zambrano-
Monserrate et al. 2020), studies in the Southeast Asia region
remains scarce and limited to a local scale (Ash’aari et al.
2020; Dang and Trinh 2020; Li and Tartarini 2020;
Stratoulias and Nuthammachot 2020; Tosepu et al. 2020).
Furthermore, little effort is known to synthesize the local-
scale findings into an overall understanding of the COVID-
19 pandemic’s impact on the environment in the Southeast
Asia region.

Attempts to address sustainability have been growing on
both local and global scales, in which various frameworks and
guidelines have been developed for sustainability reporting.
Among the key principles used in sustainability reporting, the
most widely used one is the materiality assessment because it
could affect the stakeholder groups’ (local and regional
policymakers, civil society, industry, researchers) decision to
determine the actions to be taken to enhance future environ-
mental sustainability (Torelli et al. 2020). In particular, the
Global Reporting Initiative (GRI), which applies the method-
ology of content analysis, is suitable for studying the sustain-
ability of various sectors, including tourism, construction,
mining, and targeting a specific sector or an indicator (Wu
et al. 2018). However, the GRI assessments are more widely
used in developed countries such as the US, France, and
Sweden, focusing on the accountability of public sectors and
corporates for some specific sectors (Moneva et al. 2006;
Guthrie and Farneti 2008; Lodhia et al. 2012; Aktas et al.
2013) or a single indicator (Olsthoorn et al. 2001; Searcy
et al. 2016) and stakeholders’ transparency (Fernandez-
Feijoo et al. 2014; Bradford et al. 2017; Diouf and Boiral
2017). In contrast, the materiality assessment on sustainability
is very scarce in developing countries, let alone within a re-
gion such as Southeast Asia (Bae et al. 2018; Tarquinio et al.
2018).

Presently, the Southeast Asia region is experiencing vari-
ous environmental impacts that the COVID-19 pandemic had
generated. Therefore, the objective of this study was to devel-
op an overview for a better understanding of the impacts of
COVID-19 on environmental sustainability in the region

using the materiality assessment, particularly from the per-
spective of stakeholders (local and regional policymakers).
Such an understanding would serve as a reference point for
the relevant stakeholders to enhance environmental sustain-
ability in Southeast Asian countries.

Methodology

The qualitative content analysis was used to analyze the tex-
tual data of published studies available on the Internet. The
published references for these environmental effects primarily
came from scientific databases such as Web of Science,
Scopus, and Google Scholar. Other online references such as
the organizational reports of the WHO and the World
Meteorological Organization, and newspapers were also used
largely because there were limited publications of this subject
in these scientific databases (Appendix). Multiple searches
and screening via various keywords such as Southeast Asia,
COVID-19, and environmental effects and sustainability were
conducted to capture as many relevant references as possible.

In this study, the impacts of the COVID-19 pandemic on
the environment were examined from the perspective of stake-
holders’ (local and regional policymakers) importance using
the GRI method of a materiality assessment. Materiality as-
sessment was conducted using content analysis method to
analyze positive and negative environmental effects content
extracted from the selected literatures. Then, all the analyzed
information was categorized into short- and long-term impacts
relevant to Southeast Asia region. Materiality matrix was uti-
lized to visualize these short- and long-term impacts with its
importances to stakeholder point of view. Short- and long-
term prioritization in materiality matrix will able to provide
stakeholders a clear framework for future sustainability deci-
sion and actions in each Southeast Asian country and at re-
gional level.

Results and discussion

As a result of the COVID-19 lockdown and restriction, vari-
ous positive and negative environmental impacts were record-
ed in each of the Southeast Asian countries. Most prominent
of all, there were noticeable improvements in air quality and
transboundary haze pollution within the region. An improve-
ment in air quality was also recorded in other countries world-
wide (Kanniah et al. 2020; Zambrano-Monserrate et al. 2020).
However, a drastic increase in household plastics and medical
wastes were the main negative environmental effect observed
in Southeast Asia (Table 1).

In themajor urban areas of Indonesia,Malaysia, Singapore,
Thailand, the Philippines, and Vietnam, air pollutants such as
fine particles, or more commonly known as particulate matter
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2.5 (PM2.5), carbon monoxide (CO), nitrogen dioxide (NO2),
sulfur dioxide (SO2), and carbon dioxide (CO2) were found to
have substantially decreased in concentration (citation needed

here). Such a decrease was attributable to the social restriction
of work from home, which resulted in a drastic decline in the
number of vehicles on the road. In Jakarta, the concentrations

Table 1 Environmental effects observed in Southeast Asian countries due to COVID-19

Southeast
Asia
countries

Measures taken by the Government Positive Negative

Brunei Measures implemented locally
(travel ban, restrictions on public
gatherings, work from home)

No changes in terms of air pollution levels NA

Cambodia National Emergency Declaration No changes in terms of air pollution levels NA

Timor-Leste National State of Emergency No changes in terms of air pollution levels NA

Indonesia Partial shutdown and Large-Scale
Social Restrictions (LSSR)

Improvement of air quality (The Jakarta Post 2020)
Reduction of 33% of PM2.5 concentrations in Jakarta

(The Jakarta Post 2020)
40% drop in NO2 levels in Jakarta (The Jakarta Post

2020)

Total of 247 tonnes per day medical
waste in Jakarta (Asian Development
Bank 2020)

Laos Lockdown and Travel Restrictions No changes in terms of air pollution levels NA

Malaysia Movement Control Oder (MCO)
by phases

Decreased concentrations of PM10, PM2.5, NO2, SO2,
and CO between 23 and 64% at industrial, suburban,
and rural sites from urban areas across the country
(Kanniah et al. 2020)

Reduction of PM2.5 concentrations up to 58.4% during
the MCO in Malaysia (Abdullah et al. 2020)

Improvement of Air Pollutant Index (API) levels
(Raman 2020)

Real-time improvement in river water quality index
(WQI) (Teoh 2020; Raman 2020)

Decreased in total suspended solids and increased in
dissolved oxygen and chemical oxygen demand
(Babulal 2020)

Reduction of land surface temperatures in cities (Raman
2020)

Waste spillage (Yuen et al. 2020)
Increased household and plastics wastes

(Teoh 2020)
Total production of 180 tonnes per day

medical waste in Kuala Lumpur
(Asian Development Bank 2020)

Myanmar Community/partial lockdown,
banned gatherings and flights

No changes in terms of air pollution levels NA

Singapore Circuit breaker lockdown Increased air quality with decreased PM10, PM2.5, NO2,
SO2, and CO2 between 8 and 43% (Christopher Tan
2020)

30% of NO2 reduction (Kanniah et al. 2020)

Increase extra plastics waste of
1334 tonnes (TodayOnline 2020)

Thailand Nationwide lockdown PM2.5, PM10, CO, NO2, and O3 decreased between 9.7
and 44.6% in general areas in Bangkok (Fatima Arkin
2020; Jack Board 2020)

Increased on plastic waste volume (The
Japan Times 2020)

Increase food waste and contaminated
medical waste (Jack Board 2020)

Decrease municipal waste in urban
areas (Jack Board 2020)

Total production of 245 tonnes per day
medical waste in Bangkok (Asian
Development Bank 2020)

The
Philippines

Enhanced Community Quarantine
(ECQ)

Reduction of PM2.5 concentrations up to 71–80%
(Fatima Arkin 2020)

34% reduction in the NO2 levels in Manila (Kanniah
et al. 2020)

40% decline in the country’s power demand

Total production of 327 t per day
medical waste in Manila (Asian
Development Bank 2020)

Vietnam National lockdown Reduced PM2.5 and NO2 emissions in Hanoi and Ho Chi
Minh cities (Le 2020; Suarez and Myllyvirta 2020)

Improved AQI levels in Hanoi and Ho Chi Minh (Le
2020; Suarez and Myllyvirta 2020)

Less noise level (Le 2020)

Total production of 187 tonnes per day
medical waste in Hanoi (Asian
Development Bank 2020)

NA not available
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of air pollutants, particularly the PM2.5, were low on rainy
days while increasing slightly on sunny days (The Jakarta
Post 2020). However, the levels of NO2 remained high in
areas with power plants, such as in the province of Banten
(Indonesia), whereby the operation of power plants was non-
stopping despite the lockdown (Suarez and Myllyvirta 2020).

Also, the reduction of air pollutant concentrations in
Malaysia was as much as 64% (Abdullah et al. 2020;
Kanniah et al. 2020), attributable to the more stringent move-
ment control orders (MCO) that temporarily halted most of the
anthropogenic activities and industrial operations. The reduc-
tion of air pollutant concentrations occurredmostly in industrial
and urban areas, which was directly associated with vehicle
emissions (Kanniah et al. 2020). Similarly, the air pollutant
index values also improved, together with a reduction in land
surface temperature, which occurred mostly in urban areas due
largely to emission reductions from vehicles and industries
(Raman 2020). However, the concentrations of NO2 remained
unchanged in areas with coal and gas power plants in Malaysia
(Suarez andMyllyvirta (2020), since the power plants operated
continually even during the lockdown. In Singapore, air quality
improvement was also attributable to the implementation of
work from home with a substantial reduction in traffic volume
and industrial operations (Tan 2020). However, the reduction
in the atmospheric concentration of NO2 in Singapore was
much lower than in other Southeast Asian countries because
NO2 emissions from major gas-powered plants and shipping
terminals continued during the lockdown (Kanniah et al. 2020;
Suarez and Myllyvirta 2020).

In Thailand, improved air quality was recorded in
Bangkok. Similar to other major cities in Southeast Asia, a
reduction of air pollutants, namely PM2.5 and NO2 in
Bangkok, was associated with a lower traffic volume with a
drastic decrease in the number of vehicles on the road and a
reduced operation of heavy industries (Jack Board 2020).
However, there were no apparent changes in the concentra-
tions of respirable particulate matters, or PM10, and NO2 in
northern Thailand due to continuous agricultural burning, for-
est fires, persistent dry conditions, and the operation of coal
and gas power plants during the lockdown period (Suarez and
Myllyvirta 2020). In the Philippines, the concentration of
PM2.5 and NO2 decreased by 80% and 45%, respectively, in
Metro Manila, which was also attributed to a decline in the
number of motor vehicles on the road during the enhanced
community quarantine. In the Philippines, approximately
65% of the air pollutants were derived from mobile sources,
such as cars, motorcycles, and buses. In comparison, 21%
came from stationary sources, such as power plants and fac-
tories, and the rest were from open burning (the National Air
Quality Status Report 2016).

Also, there was an improvement in the Air Quality Index
(AQI) in Hanoi (Vietnam), due to a reduction in the particulate
emission of a large number of factories and vehicles. A similar

trend was observed in Ho ChiMinh City (Vietnam), with AQI
reported at good levels throughout April 2020 (Le 2020).
Likewise, a reduction in the concentration of PM2.5 and NO2

was recorded in Hanoi and Ho Chi Minh City. However,
outside these cities, the atmospheric concentration of NO2

remained high due to particulate emissions from the continu-
ous operation of the coal-fired power plants (Suarez and
Myllyvirta 2020). Although there were no quantitative find-
ings available for Brunei, Cambodia, Laos, Myanmar, and
Timor-Leste, it was deduced that there were no changes in
the levels of air pollution in these countries (Suarez and
Myllyvirta 2020).

Meanwhile, the significant challenges that transboundary
haze pollution exerted in Southeast Asia for decades also
showed some improvements, particularly in the Mekong
sub-region (Fig. 1). In May 2020, only moderate hazes were
recorded in the northern parts of Laos, where localized mod-
erate to dense smoke fuming in the Mekong sub-region in a
lesser number of days. Improvements in haze pollution in the
Mekong sub-region were attributed to various forms of lock-
downs, and social movement restrictions, in addition to a
gradual increase of rainfall in May 2020 in the northern part
of Southeast Asia region due to the Southwest Monsoon sea-
son and the prevailing winds shifted to blow from the south-
east or southwest of the Southeast Asia region (ASEAN
Specialised Meteorological Centre 2020).

Meanwhile, there were also improvements in the river wa-
ter quality index, i.e., a decrease in the total suspended solids
and an increase in dissolved oxygen, which was attributable to
a reduction in the total amount of garbage and pollution load-
ings in Malaysian rivers during the lockdown period (Babulal
2020; Raman 2020).

Other than the positive impacts, the COVID-19 also pro-
duced numerous adverse effects on the environment within
the region. The foremost negative environmental impact dur-
ing the pandemic lockdown was the massive generation of
plastic waste in Malaysia, Singapore, and Thailand (The
Japan Times 2020; Yuen et al. 2020). A fresh pile of plastic
waste was generated in Bangkok (Thailand), Kuala Lumpur
(Malaysia), and Singapore through a spike in online delivery
services, single-use plastic packaging, bags and containers
from food deliveries, and demand for sanitizers and bottled
water (The Japan Times 2020; TodayOnline 2020).
Furthermore, the lockdown period also halted the movement
of workers, which resulted in a shortage of solid waste work-
force to manage the disposal of plastics and recycling process-
es (Klemeš et al. 2020).

Given that the COVID-19 virus may be viable for several
hours to days on plastic surfaces, the pressure on waste man-
agement became further exacerbated (Van Doremalen et al.
2020). Likewise, with an increase in the use of single-use
medical equipment, consumable, and protective gear, medical
waste also significantly increased in Indonesia, Malaysia, the
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Philippines, and Thailand. With the sudden surge in medical
waste, the capacity for Southeast Asian countries to deal with
the extra waste would soon be exhausted in light of the inad-
equate medical and hazardous waste disposal facilities in most
of these countries (Asian Development Bank 2020; Fernandes
2020). With limited capacity and financial means to modern-
ize the current medical waste treatment facilities in most
Southeast Asian countries, reframing the current medical
waste supply chain would probably be the best option for
the proper disposal of medical waste in these countries
(Fernandes 2020; Peters and Chan 2020; World Health
Organization 2020).

Prioritization of COVID-19 impacts on environmental
sustainability

The environmental effects that the COVID-19 lockdowns
generated necessitated a much needed transformational
change to safeguard the environmental sustainability in the
Southeast Asia region. Figure 2 shows the materiality matrix
of the short- and long-term impacts on the environment that
the COVID-19 pandemic generated from the perspective of
stakeholders’ importance in the Southeast Asia region.

The short-term impact ranked from the stakeholder impor-
tance in the Southeast Asia region was attributed to the huge
amount of waste produced during the COVID-19 pandemic
lockdown. A surge in medical waste along with household
waste, particularly plastic waste, exerted severe challenges to
environmental sustainability due largely to inadequate waste
management facilities and technology in Southeast Asia coun-
tries, such as Indonesia, Malaysia, Thailand, the Philippines,
and Vietnam. However, at the same time, this crisis also cre-
ated an opportunity for these countries to establish an effective
and sustainable waste management system to safeguard the
environment. Thus, the concerns of stakeholders would be
needed to evaluate the various aspects of developing new
solid waste management while improving the existing system.
In this respect, decentralizing waste management via treat-
ment and recycling appears to be the best way to reduce waste

collection and transportation burden (Kulkarni and
Anantharama 2020), especially in reducing the operating cost,
and lessening the possibility of infection risk among workers.
Furthermore, decentralized waste management could easily be
adapted to the existing waste management system while in-
creasing the efficiency of recycling (citation needed).
However, a further feasibility study is needed to further eval-
uate the incorporation of decentralized waste management
systems into the existing system.

Meanwhile, although the improvement of air quality was
deemed as a short-term impact, the concern of stakeholders
would still be needed to identify the sustainable solutions for
further improving the air quality to a better level upon the
disappearance of the pandemic. In this respect, the stake-
holders could pledge for a transformational change in work
style and lifestyle, such as work from home, remote work, and
various activities to be mediated online. These practices had
been rapidly implemented worldwide, especially in developed
countries. A sustainable work style and lifestyle in the devel-
oped countries did not just manage to promote a zero-carbon
society; it also promoted a balance between work and quality
life (Sarkis et al. 2020). However, the effectiveness of
implementing such a change to sustainable work style and
lifestyle would need to be carefully evaluated, especially in
the areas of economic inequality, technological capabilities,
and the relevant policies in developing countries (Hakovirta
and Denuwara 2020).

As for the long-term benefit of environmental sustainabil-
ity, the COVID-19 lockdown provided us with a golden op-
portunity to collect, monitor, and evaluate various real-time
data of greenhouse gases emission, short-term changes in air
quality, and meteorological data. This real-time data could be
used for future prediction response studies in better prepara-
tion at both local and regional levels (Barbier and Burgess
2020). These data were ranked as of high importance to the
stakeholders for further motivating policymakers and stake-
holders to work together in improving policies in mitigating
climate change at both the national and regional levels. These
policies might further reinforce the capacity to address

Fig. 2 Stakeholder importance on
COVID-19 impacts for sustain-
ability in Southeast Asia region
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environmental sustainability issues not only in the Southeast
Asia region but also globally (Manzanedo and Manning
2020). Besides, the COVID-19 lockdown also decreased the
energy demand by the industrial sector while increasing elec-
tricity consumption at the household level in most Southeast
Asian countries. Currently, investments in renewable energy
and public transportation are nearly impossible in Southeast
Asia due to the economic recession (Gillingham et al. 2020).
However, a modest allocation could be implemented to-
wards the development of new green technologies such
as solar energy and hydrogen storage for clean energy
with a long-term projection.

Limitations of the study

Although this study provided an overview of the environmental
effects that the COVID-19 pandemic generated and the prioriti-
zation of the importance of stakeholders for best sustainable op-
tions in the Southeast Asia region, there were several inherent
limitations in this study. Given that all the environmental effects
were based on information available in scientific databases, there
may be some discrepancies in ranking the importance of stake-
holders between the deliberation in this study and the reality.
Also, there was little information available from countries such
as Myanmar, Cambodia, Brunei, Laos, and Timor-Leste, which
was essential in assessing the overall environmental impacts in

Fig. 1 Decreased in number of
days with moderate to dense
smoke haze observed in
Southeast Asia region from
March 2020 until May 2020.
Source: ASEAN Specialised
Meteorological Centre (2020)
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this region. Thus, the importance of stakeholder was summarized
using information from Indonesia, Malaysia, Singapore,
Thailand, the Philippines, andVietnam. Stakeholder engagement
in future materiality assessment would help to better understand
the stakeholders’ expectations and needs.

Conclusion

This review provided an overview of the environmental ef-
fects due to the COVID-19 lockdown in the Southeast Asia
region. The positive environmental effects included a reduc-
tion in air pollution, an improvement in air and water quality
as well as noise levels, and land surface temperature reduc-
tions. In contrast, the negative environmental effects
encompassed a drastic increase in plastic and medical waste,
which had exerted a severe challenge to environmental sus-
tainability in the region. The short- and long-term impacts
requiring the evaluation by stakeholders may be used as an
overture or turning point to strengthen the policy requirements
for implementing innovative mitigation actions in battling cli-
mate change while framing the best solution to safeguard and
sustain the environment within the Southeast Asia region.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s11356-020-11774-0.
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