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The frequency of pandemics occurrence has increased, from every 200 years in period before the 18th century, to occurring every 10
to 50 years in the last century. The illegal and unsustainable wildlife trade, the devastation of forests and other wild places, and rapid
human mobility were the driving forces behind the increasing number of diseases leaping from wildlife to humans. This article analyzes
present human-nature interactions during COVID-19 and projecting future interactions after the pandemic, based on review on academic
literature and reports from international development organizations. We found that global pandemic such as COVID-19 is altering humannature interactions in three major global ecological issues: wildlife, urban emission, and land use. For wildlife, COVID-19 affects human
perception towards wildlife consumption and trade, as well as animal conservation. For land use, COVID-19 makes countries reduced
efforts for forest monitoring and conservation. For urban emission, lockdown/mobility limitation and physical or social distancing policies are proven to some extent resulted in better human-nature interactions that reduce environmental problems. Reduced emission
occurred from decreased industrial activities and mobilities. But this positive impact on environment may end once COVID-19 ends and
human activities return to previous pattern. Therefore, structural change is required to prepare a resilient sustainable development by
continuing existing positive human behavior during COVID-19 as a new normal of human-nature relationships. It is proven to reduce
emission and if it is continued, it can have long term impacts on climate change mitigation.
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Частота возникновения пандемий в мире возрастает. Так, если до XVIII века пандемии возникали раз в 200 лет, то в XX веке они
объявляются уже каждые 10–50 лет. Нерациональное и незаконное природопользование, уничтожение природных ландшафтов
и высокая мобильность населения являются основными движущими силами увеличения у людей числа заболеваний, до того
встречавшихся только у животных. В данной статье представлен анализ взаимодействий человека и окружающей среды во время
пандемии COVID-19 с прогнозом на пост-пандемийный период на основании обзора научной литературы и отчетов международных
организаций. Результат качественного синтеза информации позволяет предположить, что пандемии меняют взаимодействие человека
и природы в трех основных доменах: дикая природа, выбросы вредных веществ и землепользование. В первом домене в пандемию
меняется потребление и торговля объектами дикой природы. В период ограничения мобильности и экономической активности
людей значительно снижается эмиссия вредных веществ промышленными предприятиями и транспортом в окружающую среду, что
благоприятно сказывается на взаимоотношениях в системе человек – природа. Однако положительный эффект на окружающую
среду завершится с завершением пандемии и возвращением человечества к прежнему уровню экономической активности. Таким
образом, опыт пандемий и связанные с ним изменения экономической и социальной активности человечества демонстрируют положительный эффект на окружающую среду и должны использоваться при планировании устойчивого развития в рамках новых
взаимодействий человека и природы для уменьшения воздействий изменений климата на здоровье человека.
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1. Introduction
There is a direct relationship between the histories
of human-nature interactions and global pandemics. A
pandemic is defined as “an epidemic occurring worldwide, or over a very wide area, crossing international
boundaries and usually affecting a large number of
people” [45]. While not a true pandemic because of its
smaller scope, the first epidemic was recorded in Athens
in 430 B.C.E. Until the 17th century, pandemics and

epidemics have occurred every 300 to 400 years. Some
examples include malaria epidemics in ancient Rome,
the first plague pandemic from 541 to 747 A.D. in the
Mediterranean basin, the Japanese smallpox epidemic
from 735 to 737 A.D., the second plague pandemic from
1346 to 1844 in mainland Europe, and the epidemics
that spread throughout the Thirty Years’ War from 1618
to 1648 in central Europe [37].
The frequency of pandemics has increased since the
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18th century, occurring every 10 to 50 years. Notable
examples include the first global cholera pandemic in
1817, the 1918 Spanish flu, the 1957 Asian influenza
[23], and the 2009 H1N1 pandemic [22, 37, 43]. Due
to the emergence of new virus subtypes as a result of
virus re-assortment the increased frequency of pandemic
occurrence has been attributed to the changing nature
and intensification of human-nature interactions [72].
Those pandemics were triggered by negative humannature interactions. The illegal and unsustainable wildlife
trade as well as the devastation of forests and other wild
places were still the driving forces behind the increasing number of diseases leaping from wildlife to humans
[21]. The changing of human-nature in land use has
brought wildlife, livestock and humans in closer contact
with each other and facilitating the spread of diseases,
including new strains of bacteria and viruses [76].
COVID-19 is part of a pattern of increasingly frequent
epidemics that have coincided with globalization, urbanization, and climate change. Interconnected nature of global
risk accelerates the speed of transmission of the virus [73].
This article analyzes present human-nature interactions during COVID-19 and projecting future interactions after the pandemic, based on review on academic
literature and reports from international development
organizations.
2. Research Methodology
This study resulted from a review of scholarly literature (Figure 1). We used academic resources, peer
review journal articles, and reports from international
development organizations indexed in Google Scholar
to identify relevant sources.
We utilized two search strategies. First, the key
concepts are defined based on the research objective.
We split the subject in the research questions into main
themes. We identified three key concepts from the research questions; 1. Zoonotic disease, 2. Wildlife, and
3. Emission. These key concepts become the guideline
for the search terms used in systematic literature review.
By finding synonym or related topics for each concept,
we formulate search terms per concept, for building a
systematic query. These search terms are refined by
doing some preliminary or simple searches.

Figure 1. Selection of literature flowchart
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Table 1
Search terms from key concepts
1 AND

2 AND

3

Zoonotic diseases OR
Infectious diseases
Emerging infection
disease
COVID-19
Pandemic
Lockdown

Wildlife OR
Wildlife consumption
Wildlife poaching
Wildlife trade
Wildlife conservation
Wild animals

Emission OR
Urban emission
Transport emission
Industrial emission
Air pollution
Urban pollution

We used three techniques in using the search terms.
First is using combination of terms, with Boolean operators such as the words «AND», «OR» and «NOT»,
that are typed between the search terms. Second,
we used wildcard technique, by adding the * or # in
places where an alternate spelling may contain an extra
character. The database finds all citations of the word
that appear with or without the extra character. For
example, type fact* to retrieve results containing factor
or factors. Third, for some terms such as technology
dissemination, we used Proximity operator, to locate
one word within a certain distance of another. The
symbol used in this type of search are w/n(3). The w
represents the word «with(in)» and the n represents
the word «near.» These techniques help to make each
search more precise. Below is an example of query we
used in conducting search in a database. Here are some
examples of search strings conducted for this study:
 pandemic OR lockdown AND wildlife trade OR
wildlife consumpt*
 urban W/3 emission OR air pollution AND pandemic OR COVID19
For selecting articles to be reviewed from the search
results, we used the following inclusion criteria:
 English language articles.
 Full text must be available.
 Peer-reviewed (for journal articles); included
environment, public health and epidemiology papers.
 Further criterion is based on our subjective expertise
on the subjects.
3. Results and Discussion
Earth is a complex matrix of living and inorganic
systems, all interacting to maintain a stable balance.
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When one component of the larger matrix is damaged
or destroyed, the others respond in their unique ways
in attempting to restore the natural order of things
[44]. Existing situation may reflect a human-nature
interaction to restore the earth. Wildlife trading occurred
along with devastating pressures on forest and natural
ecosystems. It has led to the destruction of biodiversity
that disturbed the stable balance of the earth. Human
activities have significantly altered three-quarters of the
land and two-thirds of the ocean, changing the planet
to such an extent as to determine the birth of a new
era of the “Anthropocene” [76].
As a result, COVID-19 may be a response to warn
human to restore the earth. Global pandemic such as
COVID-19 is altering human-nature interactions in
three major global ecological issues: wildlife, urban
emission, and land use. It is considered feedback
mechanisms within earth system.
3.1. Human-wild animals’ interactions: poaching,
trade, and conservation
Human-wild animals’ interaction through the lens of
pandemic can be seen from three activities with complex
direct and indirect pathways linking to both positive
and negative outcomes for environment. First is wildlife
poaching that is driven by a diversity of motivations such
as consumption/culture, conflict, and economic reason
[26, 42, 48]. In China, Vietnam, and Indonesia, wildlife
consumption is a cultural practice [28]. Wild meat is the
common product consumed and is used as a medium
to communicate prestige and obtain social leverage,
as well as to provide health benefits. As the countries’
economy grows and its population ages, demand for
wild meat products has increased [26, 67].
South East Asia suffers the world’s highest rate of
wildlife declines, due mainly to poaching [64]. Encroachment into wildlife habitat has driven the emergence of
infectious diseases. Before COVID-19, there were Ross
River virus disease in Papua, Indonesia and Nipah virus
disease in Malaysia and Singapore. The encroachment
may also have been a key factor also for the emergence
of Plague in India and the USA.
Wildlife poaching is driven by economic benefit from
wildlife trade. The unsustainable trade in Asia has been
providing an income for some of the least economically
affluent people and it generates considerable revenue
nationally [46, 55]. Wildlife trading is a human intervention that brings wildlife populations, domestic animals,
and human living in proximity. International trade and
the presence of introduced hosts had positive effects
on the distribution of wildlife disease that is emerging
at an unprecedented rate [25] posing major threats to
human health and biodiversity.
Emerging infectious diseases (EID) events have
risen significantly over time and dominated by zoonoses (60.3 % of EIDs): the majority of these (71.8 %)
originate in wildlife [41]. There are two major groups
of EIDs of free-living wild animals, on the basis of key
epizootological criteria: (i) EIDs associated with zoo-
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notic “spill-over” (excretion and slaughter) from wildlife
populations to domestic animals living in proximity; (ii)
EIDs related directly to human intervention, via host
or parasite translocations [58]. These phenomena have
two major biological implications: first, many wildlife
species are reservoirs of (high reproductive) pathogens
that threaten domestic animal and human health;
second, wildlife EIDs pose a substantial threat to the
conservation of global biodiversity [25]. Biodiversity
loss is disrupting natural balance of ecosystems. This
shows how natural ecosystems and human health are
closely connected.
Domesticated species, primates and bats were
identified as having more zoonotic viruses than other
species [40]. Globally, there are probably hundreds of
undiscovered mammalian coronaviruses, many with
the potential to infect human beings. Only three of
the seven known human-infective coronaviruses cause
severe disease. One of these, the Middle East respiratory syndrome coronavirus (MERS-CoV), has a high
fatality rate and has spread internationally, including
a 2015 South Korean outbreak that killed 38 people.
MERS-CoV probably originates in bats [49] and spreads
to human beings through dromedary camels [6].
COVID-19 outbreak was reported as a contaminated
source from infected or sick wild animals in the wet
market in Wuhan, China [78]. The virus was suspected
to have passed through pangolins after originating in
bats. Pangolins are endangered species that are poached
and smuggled into China [35, 68]. In the wet market,
multiple wildlife species were butchered and sold, thus
make this place had potential role as hotspots of crossspecies viral transmission [28]. Some such Asian markets
have already been temporarily shut, reducing the legal
and illegal trade in wildlife species, but zoonotic disease
emergence from wildlife trade and consumption could
arise on any continent [29]. Pathogens can transform
quickly, which allows them to pass from wild animals
to humans. These transmissions led to emerging
diseases that endanger human lives and bring major
socio-economic impacts [76].
Responding to the risk, conservationists are calling to stopping the wild animal trade for preventing
pandemics. During the lockdown period, wildlife trade
has reduced due to a decline in industrial activities
such as manufacturing and the production of food.
But, this decline has exacerbated local unemployment
and economic insecurity, which may increase wildlife
foraging in rural areas [10].
The rising tide of emerging diseases will force societies
to reconsider their relationships with the environment,
including wildlife conservation. Public health scholars
argue that condemning wildlife exploitation and seek
to replace it with fear and policing only handicap the
real work of engendering respect for nature, weakening
conservation in the long-term [28].
Depicting animals to the pandemic raise the negative
perception to general people and hampers conservation
[53]. Temporary declines in ecotourism to national parks
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Figure 2. Zoonotic diseases risk is elevated in forested tropical regions experiencing land-use changes
and where wildlife biodiversity (mammal species richness) is high (Allen et al., 2017)

and other protected areas may influence funding for
anti-poaching and wildlife management programs [14,
54]. This makes natural habitat and fragile wildlife might
receive less attention, resulting in potential big losses
and a failure to reach conservation targets [10, 11, 53].
Human-wildlife interactions are loosely related to
deforestation, fires, and the emergence of infection
disease in urban areas (Figure 1). Pressures of human encroachment on shrinking wildlife habitat cause
increased wildlife population densities [1, 12]. Lack of
urgent policy intervention to curb deforestation and
fires, and to slow the quantities of animals entering the
wildlife trade, are likely to increase the number of species loss for trade and bring infectious disease [29, 66].
The value chain of wildlife trade often ended in urban
areas where human population expansion and density
have increased the risk of zoonotic disease outbreaks
and pandemic [16, 25].

3.2. Urban emissions
In handling COVID-19, countries all over the world
have been implementing different types of physical or
social distancing policy, such as lockdown and social
restriction. These policies are found to bring a positive
impact to earth environment. Based on data released by
NASA (U.S. National Aeronautics and Space Administration) and ESA (European Space Agency), human
mobility is found reduced up to 90 %. This mostly
came from air travel that is dropped by 96 % and this
is recorded as the lowest decrease in last 75 years. Figure 2 shows that the reduction influenced the decline of
environmental pollution in atmosphere up to 30 %, in
form of GHGs emission reduction that affects reduction
of air pollution [51]. In China, Italy, Spain, and France,
CO2 emissions is reduced up to 20-30 % from the
reductions in coal, gas generation, and transportation
[27, 51]. In northeastern part of USA, NO2 emissions

Figure 3. Global Reduction in Human Mobility decreased NO2 emission by 30 %
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is reduced up to 30 % due to lockdown. In Java island,
Indonesia, slight NO2 emissions reduction also occurred
[34]. Major source of NO2 emissions reduction is the
decrease on traffic pollution. The limited mobility looks
like a new version of `silent spring` where the northern
hemisphere is relatively silent from human activities.
Physical or social distancing policies do not only
limit the transmission of COVID-19, but also reducing
dangerous GHG emission that increases mortality rate
of COVID-19. NO2 is considered highly lethal to human
health as studies shows that both short term and long
term exposure to NO2 can increase mortality rate [31].
NO2 may cause bronchial hyper responsiveness, cellular
inflammation and respiratory problems. This point relates
to pneumonia as respiratory problem that often found in
patients infected with COVID-19 [7]. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infects host
cells through angiotensin converting enzyme 2 (ACE2)
receptors, leading to coronavirus disease (COVID-19)related pneumonia, while also causing acute myocardial
injury and chronic damage to the cardiovascular system
[80]. NO2 emission reduction contributes to decline risk
of human exposure to pneumonia and its acute injury
and chronic damage from COVID-19.
The next question is does emission reduction help to
avoid severe air pollution? Study in China found that
large emissions reduction in transportation and slight
reduction in industrial would not help avoid severe air
pollution, especially when meteorology is unfavorable.
In cities like Beijing, Tianjin, and Shijiazhuang, emission reduction is lower than pollutant formation due
to unfavorable meteorology. There was seldom wet
deposition of PM (particulate matter) in Beijing due to
the rare of rains during the lockdown period. The low
PBL (planetary boundary layer) increased atmospheric
stability, the low wind speed made it worse for difficult
dispersion of air pollutants. High RH (relative humidity) and temperature usually accelerate secondary PM
formation by speeding up chemical reactions. In Wuhan
and Jinan, favorable meteorology helped emissions reduction in transportation and industries to avoid severe
air pollution [69].
Slight emissions reduction would also not help to
avoid severe air pollution in dense areas with lack of
green spaces. Lack of green spaces means no trees to
absorb emission; fewer trees and plants to clean the
air and provide oxygen. It suggests that lack of green
spaces reduce common health conditions of people live
in dense areas [75].
In India, a study in 22 cities found that there is
substantial reduction in concentrations resulted in a
4 times reduction in total emission reduction. PM 2.5 is
found having maximum reduction in most of the cities.
Like in China, PM2.5 could increase due to unfavorable
meteorology, but the average concentration would still
be under the national ambient air quality standards in
India [63].
In Jakarta, Indonesia, PM 2.5 decreased from
44,55 μg/m3 to 18,46 μg/m3 in two weeks after social
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restriction policy. This figure is recorded as the best air
quality in the city for the last 28 years [30]. The same
pattern is also found in other four cities in the country
[59]. These findings from China, India, and Indonesia
shows that emission reduction helped to reduce average
air pollution to some extent.
Global Carbon Project from Stanford University
predicted that COVID-19 could result in a 5 % fall
in global carbon emissions, or around 2.5bn tones,
by the end of 2020 [3]. This suggests that COVID-19
as earth’s response has forced human to reduce their
emission and pollution. When many environmental
targets and commitments such as sustainable development goals including climate action has fallen short
in the last decades, COVID-19 may be an extreme
nature-based solution for tackling socio-environmental
challenges.
Nevertheless, the fall in emission could be short-lived
and have little impact on climate change mitigation
[52]. It is because COVID-19 may not be last long as
countries are currently racing to create the vaccines,
to save human civilization and world economy. Once
COVID-19 ends, the emissions could rise back to
previous normal as business as usual. This emission
recovery after COVID-19 is already seen in China. A
study found that most provinces in East China gradually
regained some of their NOx emissions after lockdown
ended in February 2020 [79].
3.3. Land use
In addition to emission, COVID-19 has also impacted
environment through reduced industrial activities. The
manufacturing sector is found is the most impacted
sector. COVID-19 has impacted their operations, productivity, and supply chain [60].
Some people argue that panic buying due to COVID-19 may increase industrial production. In fact, the
most popular items since the start of the outbreak have
been dry goods, frozen foods, comfort snacks, power
beverages and water [24]. It is dominated by fast moving consumer good industry. This industry has difficulty
to currently increase their production as the factories
are currently having issues with their workforce and
productivity. This situation could have knock-on effects
for the entire global supply chain of their products.
Those situations show that the reduction of industrial
activity does not only reduce emission but also potentially
reduce the use of natural resources and generate less
waste [38]. As a result, it brings lower environmental
impact to biosphere: the surface, atmosphere, and
hydrosphere of the earth.
Meanwhile, trading behavior is currently shifting
significantly to online shopping. Due to sharp increase
on households’ spending particularly in retail, credit
card spending and food items [8], conventional supermarkets are thinking about ways to get more traffic on
their websites as number of people want to stay home
is growing [24]. This contributes to reduce carbon
footprint for shopping activities.
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Besides abovementioned positive impacts to environment, countries’ responses to COVID-19 could also
bring negative impact to environmental conservation. In
Brazil, indigenous groups - the forest’s main defenders
- are infected by COVID-19 and retreating into isolation
to avoid the disease and appealing for food and medical
supplies. This situation reduces forest monitoring efforts
by the indigenous groups. While other stakeholders’
attention may also decline. Multiple stakeholders are
currently focusing on handling COVID-19 as health
and economic crisis [5]. Government focus on the crisis
causes fewer law enforcement officials are going out into
the field and some monitoring missions are being scaled
back [4, 70]. This reduces attention to environmental
protection and opening the door for land invasion and
forest clearance triggered by economic crisis due to
COVID-19 [65].
Same threat is happening to other forest and peatland
countries, particularly rainforest regions in developing
world such as Indonesia. These areas have indigenous
groups who live in harmony with forest and supporting
peatland restoration [17]. Slow handling of the COVID-19 in some developing countries brings the risk of
COVID-19 infection to indigenous people. This could
weaken rainforest and peatland protection.
Another negative impact to environment is the widespread practice of spraying disinfectant and alcohol in
the sky, on roads, vehicles, personnel, and housings.
Some speculative studies about COVID-19’s spread
by the airborne route made the government in some
countries conducted air disinfection of cities and communities. This measure is not known to be effective for
disease control. The widespread practice of spraying disinfectant and alcohol are potentially harmful to humans,
biodiversity, and water bodies [77]. This negative impact
is rather caused by lack of policymakers’ knowledge
about interaction or impact of the widespread practice
of spraying disinfectant to environment.
4. Discussion and Conclusions: Preparing a resilient
sustainable development
Table 1 shows several human-nature interactions
that contributed to the emergence of pandemic and
a number of changing in human-nature interactions
resulted from pandemic related policies.
Physical or social distancing policies created by
human is proven to reduce environmental problems,
but this positive impact on environment may end once
COVID-19 ends and human activities return to previous
pattern. Therefore, structural change is required to prepare a resilient sustainable development by continuing
existing human behavior during COVID-19 as a new
normal of human-nature relationships. It is proven to
reduce emission and if it is continued, it can have long
term impacts on climate change mitigation and the
stable balance of the earth.
Infectious diseases such as COVID-19 were named
one of the top 10 risks in terms of impact for the next
10 years [72]. South and East Asia is predicted as
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Table 2
Human-nature interactions in different sectors that are linked
to pandemics and its responses
Type of
interactions

Wildlife

Contribute
Poaching,
to the
Food
emergence of consumption,
pandemics
(Illegal) trade
Impact of
Animal
pandemic
conservation
policy
measures

Urban activities

Land use

Intensive mobility,
crowding in public
transports, lack of
healthy behavior
Reduced emission
from decreased
industrial activities
and mobilities

Deforestation,
reduced
biodiversity rate
Reduced efforts
for forest
monitoring and
conservation

hotspots for future zoonotic diseases because of its
high human population density, high biodiversity, and
rapid environmental changes [2]. Thus, mitigation and
adaptation strategies are proposed to prepare a resilient
sustainable development toward future risk. Further
work is required to detailing these strategies and adapt
it with various national/local context.
4.1. Preventing negative human-nature interactions
Mitigation is considered actions that prevent negative
human-nature interactions that can lead into global
risks such as pandemics. To mitigate the increase of
pandemic frequency, several things need to be done.
First, all stakeholders worldwide must act to strictly
regulate the wildlife related activities that brought a
novel virus to human life. It is time to end the exploitation of wildlife and wildlife habitats that increases
human exposure to pathogens that jump from animals
to humans [36]. Banning trade may lose our ability to
regulate it, to protect endangered species and securing
way of animal consumption. Scale of the wildlife related
practices such as hunting, trade, food consumption must
be strictly regulated and enforced. For example, community outreach is needed for telling risk of unhygienic
poaching and high volume of wild animals consumption
[64]. Decision-makers must adopt a holistic approach to
inform national and local policy responses to pandemic
risks posed by wildlife trade [13].
Scientists, practitioners and policymakers must also
address the challenges arising from the radically altered
economics, attitudes and behaviors imposed by Covid 19
to animal conservation [29]. Better risk management
is required on wildlife conservation activities, such as
socialization, and implementation of one health concept
as a multidisciplinary and collaborative approach to
prevent the emergence of new zoonosis. The one health
concept acknowledges the link between human health
to animal and environmental health.
Although some wildlife related activities such as
wildlife consumption is a “fundamental cultural and
economic practice”, the global threat from coronaviruses
is too great. Scholars argue that even with extensive
wildlife trade bans, crippling zoonotic disease burden
remains a near certainty in the absence of strengthened
health systems [28].
Second, an effort for predicting pandemics is required
[50]. There is a growing need for globally predictive
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models of the future distribution of species that incorporate both climate and human movement patterns. By
integrating factors associated with both fundamental
niche predictors and propagule pressure predictors,
monitoring and management of species conservation can
be done for guiding the development of global models
for species invasions and pathogen emergences [47].
Since 2009, more than 60 countries have been working together to build capacity and strengthen zoonotic
pathogen surveillance and identified at least 931 novel
virus species from 145 000 samples of wildlife, livestock,
and humans. viral discovery is not enough to prevent
pandemics [20].
Third, regulation and its enforcement on food safety
need to be improved. Zoonotic diseases like Covid-19
thus reveal distressing dimensions of the global agriculture and food system that are not adequately understood
or regulated through private commerce [35]. It brings
the risk of foodborne disease. Thus, it is mandatory
for producers to adopt, apply and implement Hazard
Analysis and Critical Control Points (HACCP) system,
an application to ensure food safety process with general
principles of food hygiene by the Codex [74]. Besides,
it is essential for the food industry to strengthen personal hygiene measures to avoid or minimize the risk
of viral contamination. Furthermore, high risk foods e.g.
raw milk, fresh meat, fruit or vegetables handled by a
person with the virus or drinking water contaminated
with feces or urine might also possible to transmit the
virus [32]. Fourth, we also must stop deforestation to
maintain healthy ecosystems for wild animals. In addition, reforestation also contributes to increase ability
of forest vegetation to absorb emission and to reduce
pollution. This relates to adaptation strategy to support
cleaner air for better health.
4.2. Building positive feedback mechanisms from
human to natural environment
Adaptation does not only mean to adapt with future risks, but also to build more positive feedback
mechanism from human to earth environment. Lessons
learned for adaptation strategies can be derived from
Korea’s experiences from post-2008 crisis and current
China recovery from COVID-19. After financial crisis
of 2008, China and South Korea are two countries that
put highest stimulus to green measures, compared
to other countries. Green stimulus is defined here as
short-run fiscal stimuli that also serve a “green” or
environmental purpose in a situation of “crisis” characterized by temporary under-employment [9]. South
Korea allocated 80 %, and China put almost 40 % of
their 2009 stimulus to green growth in energy efficiency,
renewable energy, low carbon industries, material consumption sectors (Robins et al., 2009). As a result,
South Korea rebounded their GDP growth faster than
the rest of OECD countries [57]. This growth is proven
green as the increase rate of carbon emission in South
Korea and China declined, while global carbon emission
continued to rise in the same rate [33].
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To recover from COVID-19, China is currently upgrading their green measures with adding resilience
factor into consideration. The new investments start to
focus on building resilience to future risks [75]. Attention
is put to some ‘light-touch’ sectors such as information
services (big data), medical, education (online learning), entertainment, logistics (resilient supply chain),
and industrial robot. By April 2020, online working is
found to increase by 537 % and online education is
also increased by 169 % [71]. In addition, China also
build new infrastructures such as 5G internet network,
ultra-high voltage, inter-city transportation, and new
energy vehicle battery as well as its charging stations.
In cities, the country accelerates promotion of new
schemes such as waste to energy, new safe mobility
and energy storage infrastructure [75]. With this vision,
China economic recovery index reached 86 % by the
end of March 2020, about two months after lockdown.
Other countries can learn from China and Korea
about strategy of recovery from health and economic
crisis, and to adapt with future risks by starting a new
normal. Other sectors that can also be upgraded are
finance, trade and investment, and food-energy-water
nexus. Industries must apply fair trade principles along
their value chain, to support vulnerable groups. Water,
food, and energy sectors must consider decentralized
system to anticipate the risk of supply chain disruptions
in the future. These transformations require a resilient
governance model with high degree of distribution of
power and cooperation [18].
Financial acts such as Bank can put sustainability
and resilience into consideration in providing investment
and loan for businesses [19]. This includes investment
in resilient infrastructure for core services and housing
for dense areas in cities as the most vulnerable areas
to pandemics. Urban regeneration can be considered
for housing in vulnerable districts to anticipate readiness for physical/social distancing in the future. One
of important core services is public transportation.
Public transit systems require new measures such
as heightening routine cleaning protocols, separating
drivers from passengers with temporary barricades, and
using floor markings to indicate safe distances between
riders. Besides, cities must create alternatives to public
transit by promoting walking and cycling as healthier
and environmental-friendly lifestyle [56].
For cities, post-COVID-19 period is an enormous
opportunity to respond and recover more inclusively
and with greater resilience. Besides green and resilient
economic development, cities must also provide strong
social and fiscal safety nets for informal & low-wage
workers. This must be followed with targeted financial
support for vulnerable communities [62, 75]. In addition,
national-local coordination and arrangement for disaster
response and recovery must be improved with the use
of data in city and neighborhood level to monitor risks.
In community level, behavior change is a key. More
collective actions are required to support sustainability
and resilience in neighborhoods [15, 39]. For example,
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local food security can be advanced through urban farming, to adapt with the future risk of food crisis due to
pandemics. Daily activities such as working and studying must start to shift to online mode by encouraging
online meetings/events. This will decline economic and
environmental cost of the activities by reducing travel
cost, its emissions and pollution.
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