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ABSTRACT 
 
The 2019 coronavirus (COVID-19) pandemic has been one of the worst disasters 
experienced by humanity. The numbers of infections and deaths continue to 
increase, and global economic growth has been damaged, perhaps permanently. 
This study reviews published studies on some warnings since COVID-19 
occurrence and how COVID-19 lockdown affected human activities and their 
effects on emissions of air pollutants and greenhouse gases, and the potential 
effects on future Earth environment. By integrating the previous research works, 
we find that human beings have greatly changed their environmental landscape 
since the industrial era, leaving their ecosystem more vulnerable to disease and 
sickness and making viruses transmit more easily from animals to humans. The 
damage to the Earth’s biosphere by human makes the emergence of COVID-19 or 
similar viruses inevitable. As with every disaster, there may be an opportunity to 
learn from these mistakes. The observed reductions in air pollution and 
greenhouse gas emissions via globally implemented lockdown policies to contain 
the virus, give us a hope to escape from the climate catastrophe that may happen 
in the future. By then, human beings should regulate their behaviors to save our 
Earth environment by the COVID-19 lesson. 
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INTRODUCTION 
 
By December 2019, the COVID-19 epidemic had already 
spread worldwide creating a pandemic (Kraemer et al., 
2020). COVID-19 continues to impact not only global public 
health but also national policy making, economic 
prosperity, and social development (Porter and Hook, 
2020). Governments of individual countries have attempted 
to formulate solutions to the pandemic, based on their own 
specific conditions (that is, quarantines, city lockdowns, 
blocking of borders, etc.) to prevent the spread of the virus. 
This has led to a sharp reduction in commodity circulation 
between and within nations and huge economic losses to a 
wide range of industries (e.g, manufacturing, 
transportation, retail, tourism, service, and aviation 
industries)(Richards and Rickard, 2020; Gemmill-Herren, 
2020; Bennett et al., 2020). The COVID-19 pandemic has 
also threatened food security (Kinsey et al., 2020) and has 
heavily impacted national economies and the global 

economy (Baldwin and Mauro, 2020; Nicola et al., 2020; del 
Rio-Chanona et al., 2020). According to the World Economic 
Outlook released in April 2020 by the International 
Monetary Fund, the global economy will shrink by 3% in 
2020 due to the COVID-19 pandemic, a drop more extreme 
than that experienced during the 2007–2008 global 
financial crisis (World Bank Group, 2020). The World Trade 
Organization predicts that global trade will decline by 13% 
to 32% by the end 2020, especially in industries with more 
complex supply chains (Liu, 2019). Meanwhile, COVID-19 
has a huge impact on the normal operations of traditional 
society with reduced incomes and increased operating costs 
(Kaux and Francaux, 2020; Andreato et al., 2020). The 
pandemic has affected major sporting events such as the 
Olympic Games, to be held in Japan, which have since been 
postponed. COVID-19 has also disrupted educational 
systems at every level (Paula, 2020) and has overburdened  
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Figure 1: Schematic illustration for the analyses in this work. 

 
 
medical institutions (Harter et al., 2020). The pandemic has 
raised the cost of living for the poor, resulting in massive 
unemployment and an increase in the rate of suicides 
(Rahmanian and Naghizadeh, 2020; Kinsey et al., 2020; 
Kawohl and Nordt, 2020). 

The devastation and loss of human life brought about by 
the pandemic have been profound. However, the economic 
stagnation and the changes in human activities due to the 
COVID-19 lockdown have actually reduced anthropogenic 
emissions, including greenhouse gases and aerosol 
pollutants, and improved the air quality, especially in the 
polluted regions (Rodríguez-Urrego and Rodríguez-Urrego, 
2020; Le Quéré et al., 2020;Liu et al., 2020; Xu et al., 2020). 
The resulting climate responses to these varied emissions 
have been examined (Forster et al., 2020; Weber et al., 
2020; Yang et al., 2020) or are in progress. As there are 
three major ways affecting the Earth's climate system and 
atmospheric environment, dominated by human activities 
(IPCC, 2014; IPCC SRCCL, 2019), changes in anthropogenic 
emissions (including air pollutants and greenhouse gases) 
and land use due to the lockdown measures not only affect 
the current world, but also future Earth environment via 
their impacts on global warming (Figure 1). This 
unprecedented time may provide an opportunity for 
introspection in an effort to move forward for a more 
sustainable future for all. This work first reviews published 
papers on the facts that human beings have already greatly 
changed our lands and made them easier for some viruses 
to transmit from animals to humans; and how COVID-19 
lockdown affected human activities and the consequent 
effects on air pollution and carbon emissions.We then 
propose how to avoid future climate crisis through lessons 
learned during COVID-19 pandemic. Finally, we offer 
concluding remarks in the end, to extract our idea on how 
to get along with our Earth from now on. Figure 1 provides 
a schematic illustration for the analyses in this work. 

The facts of land use change due to human activities 
 
It has been concluded with high confidence that the current 
geographic spread of the use of land, the large 
appropriation of multiple ecosystem services, and the loss 
of biodiversity are unprecedented in human history (IPCC 
SRCCL, 2019). With the deepening of the scale and intensity 
of human development, environmental degradation and 
ecological crises are becoming increasingly all too familiar 
(Foley et al., 2011) (Table 1). From 2000 to 2013, global 
intact forest area decreased by 7.2%. Of the total forest area 
loss, tropical regions contributed 60%, temperate and 
southern boreal regions are responsible for 21%, and the 
remaining 19% occurred within North America and the 
northern boreal forests of Eurasia (Potapov et al., 2017). In 
particular, tropical forests have also seen escalating human 
influence, in the alterations of their structures and 
functions (Fraser, 2014; Lewis et al., 2015; Alamgir et al., 
2019; Klarenberg et al., 2019). Recent data suggest that 
24% of the world’s extant tropical forests are intact, 46% 
are fragmented, and the remaining 30% have become 
degraded (Mercer, 2015). In China, Liu (2019) found that 
agricultural land increased by 1.68%, and built-up land 
increased by 0.2% in Kaidu-Kongque River Basin, form 
1980-2015. But in Xiongan New District, agricultural land 
decreased by 4%-5%, while built-up land increased by 
17%-21% (Zhai et al., 2019). In addition, a research of 
Loess Plateau indicated that forest coverage decreased by 
24% (from 33% to 9%) from 1100 to the 1950s, then 
increased to 33% since the 1950s (Wu et al., 2020). 
Tollefson (2020) pointed out that deforestation and the 
building of infrastructure are eliminating Earth’s 
biodiversity and increasing the risk of pandemic outbreaks. 

Furthermore, Gibb et al. (2020) provided evidence that 
global change in the mode and the intensity of land use are 
creating expanding hazardous interfaces between people,  
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Table 1: Impact of human activities on land use in different regions. 
 

Region Time Agricultural land Forest Built-up land Reference 

Global 2000-2013  -7.2%  Potapov et al., 2017 

Kaidu-Kongque River Basin 1980-2015 1.68%  0.2% Liu, 2019 

XiongAn New District 2014-2018 -4%~-5%  17%~21% Zhai et al., 2019 

Loess Plateau 1100-1750s 267.8% -15%  Wu et al., 2020 

1750s-1950s 5.9% -9%  

1950s-1970s -11.1% 6%  

1980s-1990s -12.5% 5%  

2000s to the 
present 

-14.3% 13%  

 
 

Table 2: Impact of COVID-19 on major air pollutants in different cities of the world. 
 

Region PM10 PM2.5 NO2 CO SO2 O3 reference 

Comparison with previous years 
Wuhan  -33% -55% -23% Slight 

Increase 
35% ~95% Shi and Brasseur (2020) 

Delhi -31% -43 % -18% -10% Slight 
Increase 

-35% Sharma et al. (2020) 

Rio de Janeiro   -33~-24 % -44 ~-37 %  Slight 
Increase 

Dantas et al. (2020) 

Kuala Lumpur -31 -26 % -32 -23 % -64 ~-63 % -31 ~-25 % -9 ~-20 %  Kanniah et al. (2020) 
Counties in 
America* 

 −4.45% -25.5%    Berman and Ebisu (2020) 

Comparison between pre- and during-lockdown phases 
Beijing -13.66% -5.93% -24.67% -4.58% -6.76% Uncertain Bao and Zhang (2020) 
Wuhan  -29.9% -53.2%    Ma and Kang (2020) 
Daegu  -20.9% -19.0%    Ma and Kang (2020) 
Tokyo  -3.6% -10.4%    Ma and Kang (2020) 
Delhi -60 % -39% -53% -30%  Slight 

Increase 
Mahato et al. (2020) 

Barcelona -28 ~-31 %  -45 ~-51 %  Uncertain 35 ~57 % Tobías et al. (2020) 
Salé -75%  -96%  -49%  Otmani et al. (2020) 
Almaty  -21% -35% -49% 7% 15% Kerimray et al. (2020) 

 

*American counties with both NO2 and PM2.5 monitors. 

 
 
livestock, and wildlife reservoirs of zoonotic disease, which 
may be one factor underpinning links between human-
disturbed ecosystems and disease emergence. Ostfeld and 
Keesing (2020) showed that changes in land use caused by 
human activity make it easier for some viruses to transmit 
from animals to humans.Thus, damage to the natural 
environment may be one of major factors in the emergence 
of COVID-19 (Baudron and Liégeois, 2020). Since the 
industrial revolution, the intensification of human activities 
has been disrupting the balance of the natural environment 
(Lorentzen et al., 2020; Epstein et al., 2003) directly and/or 
indirectly through greenhouse gas and air pollutant 
emissions into the atmosphere and changing land use, 
resulting in environmental deterioration and climatic 
change (Figure 1). Meanwhile, novel viruses (e.g, Ebola 
virus (EBOV), human immune-deficiency virus (HIV), 
severe acute respiratory syndrome (SARS), Middle East 
Respiratory Syndrome (MERS), 2009 novel influenza A 

virus (2009H1N1), and COVID-19) continue to emerge at an 
ever increasing rate (Lorentzen et al., 2020). This could be 
interpreted as Earth's biological systems stepping in to 
prevent human invasive presence to an irreversible level, 
from the idea that, the destruction of climate systems and 
ecosystems by human activities makes the emergence of 
COVID-19 or similar viruses inevitable. 
 
 
The facts of reductions in air pollutants and carbon 
emissions during COVID-19 lockdown 
 
Since the COVID-19 outbreak, visible improvements have 
been occurring in nature. There has been a marked change 
in environmental quality in many areas (Table 2). In China, 
the average air quality index (AQI) during the lockdown 
period decreased by 7.80% (Bao and Zhang, 2020) the AQI 
reductions  in  northern  cities  were  higher  than  those  in  
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southern cities (Wang and Su, 2020). Similarly, most 
megacities in India have also observed an AQI reduction of 
over 30%, due to the COVID-19 shutdown (Mahato et al., 
2020; Sharma et al., 2020; Selvam et al., 2020; Lokhandwala 
and Gautam, 2020). COVID-19 lockdowns have reduced 
vehicle traffic and limited domestic travel, which has 
resulted in a large drop in nitrogen dioxide (NO2) 
concentrations in eastern and central China by 10–30%, in 
India by 18–53% (Sharma et al., 2020; Mahato et al., 2020), 
in the United States by 25% (Berman and Ebisu., 2020), and 
in Spain by 45–55% (Baldasano, 2020; Tobías et al., 2020) 
compared to historical data. Meanwhile, a decline in fine 
particulate matter less than 2.5 microns in diameter (PM2.5) 
has also been observed in nations suffering from the 
COVID-19 pandemic. There has been a 12% mean decrease 
in PM2.5 in the 50 most-polluted cities in the world 
(Rodríguez-Urrego and Rodríguez-Urrego, 2020), although 
O3 levels increased by over 15% in some megacities in 
Europe and Asia (Sicard et al., 2020), probably due to a 
reduction in NOx emissions (lower titration of O3 by NO). 
Air pollution was responsible for more than 1.6 million 
deaths in China and 4.2 million deaths globally in 2016, 
while about 58% and 18% of premature deaths were due to 
cardiovascular and respiratory diseases, respectively, and 
6% were due to lung cancer (World Health Organization 
(WHO), 2018). He et al. (2020) estimated that the 
improvement in air quality caused by the COVID-19 
lockdown would avert about 24,000 to 36,000 premature 
deaths per month in China. It may be expected that the 
significant improvement in the environment during the 
pandemic enhances human health in polluted regions and 
thus potentially saves many lives (Isaifan, 2020). 

A reduction in greenhouse gas emission has also been 
observed due to lessened human activity (Forster et al., 
2020; Le Quéré et al., 2020; Liu et al., 2020). During the 
pandemic, global CO2 emissions were lower by 1,048 (543–
1,638) metric tons of CO2 (MtCO2) in the first four months 
of 2020 compared with 2019. The largest decrease was in 
China with −242 (−108 to −394) MtCO2 by −6.9% compared 
to 2019, followed by the United States with −207 (−112 to 
−314) MtCO2 (−9.5%), Europe with −123 (−78 to −177) 
MtCO2 (−12%), and India with −98 (−47 to −154) MtCO2 
(−8.5%); absolute changes are from Le Quéré et al. (2020) 
and relative changes are taken from Liu et al. (2020). 
According to Le Quéré et al. (2020), the daily CO2 emission 
in early April 2020 was at the same level as that in 2006, 
and the global daily CO2 emission reduction approached 17 
MtCO2 (17%); some countries and regions have reduced 
emissions to levels of 26%. The pandemic situation 
continues to impact international, domestic, and regional 
transportation and travel. CO2 emissions from surface 
transports fell by 340MtCO2 in the first four months of 
2020. Then, the impacts on industry (−292.5 MtCO2) and 
power sectors (−136.2 MtCO2) followed (Liu et al., 2020). It 
is estimated that the annual CO2 emissions in 2020 will be 
reduced by 2–12% compared with 2019, which is 2.6 

gigatons of CO2 (Le Quéré et al., 2020;ERG,2020), and the 
reduction will be about 2-4 gigatons of CO2 by 2030. The 
impact of this pandemic on CO2 emission is even greater 
than other global events, including the Great Depression, 
World War II, and the 2008 financial crisis (International 
Energy Agency, 2020). According to the United Nations 
Environment Programme(2019), a reduction of 7.6% 
(2.7%) per year in global CO2 emission over the next decade 
(2020–2030) is expected to achieve the goal of containing 
global warming within 1.5° (2°); thus, the pandemic of 
COVID-19 presents an opportunity to slow down the rate of 
global warming. 

 
 
What we can learn from COVID-19 pandemic 

 
Climate crisis is another disaster that may happen in the 
future. Since the Industrial era, the global mean air 
temperature at the surface has risen more than 1°C at a rate 
of +0.2°C/10 yr (Hoegh-Guldberg et al., 2018), resulting in 
adverse impacts on the environment and climate (Mysiak et 
al., 2016; Hoegh-Guldberg et al., 2018). Some climate 
tipping points, such as the rapid-losing Antarctic Ice Sheet 
mass (Drijfhout et al., 2015; Meredith et al., 2019), 
vulnerable forests in the Amazon, and widespread thawing 
of permafrost in the Arctic (Hoegh-Guldberg et al., 2018; 
Lovejoy and Nobre, 2018; Walker et al., 2019), have already 
been breached, sounding the alarm for irreversible changes 
in climate systems. Even more worrisome is that most of 
the above mentioned examples involve the interactions 
among these climate tipping points through a domino effect 
(Lenton et al., 2019). The inter-trigger among climate 
tipping points implies the increasing risk of irreversible 
changes to a less habitable climate state (Rocha et al., 2018; 
Steffen et al., 2018); hence, the ability to limit warming to 
1.5°C or 2°C is of utmost importance for the planet’s 
survival. Without adopting effective measures on carbon 
emissions, worldwide heat waves and heavy precipitation 
events will be more frequent, intense, widespread, and 
long-lasting. Drought will intensify in many regions of the 
world, and ecosystems will be irreversibly damaged 
(Hoegh-Guldberg et al., 2018). According to data released 
by the United Nations Office for Disaster Risk Reduction 
(UNDRR, 2019), about 60 million people around the world 
have been affected by extreme weather, and more than 
10,000 people have died. The UN's World Economic 
Situation and Outlook 2019 report points out that climate 
risks are increasing with more extreme weather events 
occurring around the world (United Nations, 2019). 

The emergence of COVID-19 has led to an unprecedented 
change in human behavior (Scudellari, 2020). People are 
increasingly embracing teleconferencing to conduct their 
meetings and gatherings in a contactless manner, as well as 
shopping by network platforms, etc. This has resulted in a 
short-term, but  significant,  reduction  in  greenhouse gases  
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and air pollutants during the COVID-19 lockdown. Based on 
the above, in the post-pandemic era, how likely is the global 
economic recovery to adopt more green-energy methods 
and strategies to reduce the burning of fossil fuels? Many 
leading economists have also called for a “green recovery” 
(Hepburn et al., 2020). Therefore, COVID-19 may offer 
society a chance to overcome the crisis of global warming 
and environmental degradation. A reduction in greenhouse 
gas emissions is likely to be determined largely by the 
world’s recovery plans. The concern is that huge economic 
stimulus may consequently lead to a strong rebound in CO2 
emissions after this pandemic’s first wave. Following a 6.9% 
drop in China’s CO2 emissions during the lockdown, the 
data from China’s National Bureau of Statistics indicate a 
fossil CO2 emission increase of around 4–5% year-on-year 
in May (Carbon Brief, 2020). Forster et al. (2020) have 
simulated four scenarios for a global recovery from the 
COVID-19 crisis. They predicted that, under the “moderate 
green stimulus” (“strong green stimulus”), 0.8% (1.2%) 
more GDP is expected to go to low-carbon energy and 
efficiency measures and 0.3% (0.4%) less going to fossil 
fuels, compared to current policies; this would result in a 
35% (52%) reduction in anthropogenic emissions by 2030. 
The temperature rise is projected to be approximately 
0.2°C/0.3°C, thus achieving the 2°C target set by the Paris 
Agreements (UNFCCC, 2015), which give us a hope to 
escape from climate crisis occurrence in the future, 
although there are many uncertainties in the work. 

 
 
CONCLUSION 

 
The COVID-19 has provided the human race with a warning 
about continuing with unsustainable practices that lead to 
harming the natural biosphere by damaging and depleting 
Earth’s natural resources. Human beings should be mindful 
of their behaviors, and regulate them, to protect the Earth 
environment effectively for the foreseeable future and for 
generations to come (El Zowalaty et al., 2020; Howarth et 
al., 2020). Society as a whole must reconnect to nature and 
its place in the ecosystem to ensure that proper measures, 
policies, and accountability are put in place to protect the 
human race from its short-sightedness. Working together, it 
is possible to enact change, as evidenced by the significant 
global reduction in the emissions of greenhouse gas and air 
pollutants within a short period during the COVID-19 
lockdowns. Every disaster presents opportunities to do and 
be better. Whether we can seize the opportunity presented 
depends on our choices. Climatic crisis has been proposed 
by scientists for the large damages brought about by 
COVID-19 pandemic push us to consider and take actions 
on how to avoid its reoccurrence in the future. If the short-
term dip followed by the “green stimulus” in our future 
society, more than 25% anthropogenic emissions will be 
reduced and the 2°C target will be realized by 2030. 
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