
sustainability

Article

Impact of Coronavirus (COVID-19) Outbreak on Society, Air
Quality, and Economy in India: A Study of Three “P”s of
Sustainability in India

Sayanti Kar 1,2, Indrajit Ghosh 1,3, Sebanti Show 4,5, Arunabh Sen 6, Tanya Gupta 1 , Poushali Chowdhury 1,
Tamasha Chatterjee 1 and Abhishek RoyChowdhury 7,*

����������
�������

Citation: Kar, S.; Ghosh, I.; Show, S.;

Sen, A.; Gupta, T.; Chowdhury, P.;

Chatterjee, T.; RoyChowdhury, A.

Impact of Coronavirus (COVID-19)

Outbreak on Society, Air Quality, and

Economy in India: A Study of Three

“P”s of Sustainability in India.

Sustainability 2021, 13, 2873.

https://doi.org/10.3390/su13052873

Academic Editors: Tony

Robert Walker and John Rennie Short

Received: 7 December 2020

Accepted: 1 March 2021

Published: 7 March 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Environment Science, Asutosh College, University of Calcutta, Kolkata,
West Bengal 700026, India; sayantikar18th@gmail.com (S.K.); indrajit140485@gmail.com (I.G.);
tanyagupta8942@gmail.com (T.G.); poushali.chowdhury18@gmail.com (P.C.); tamasha1995@gmail.com (T.C.)

2 Department of Civil Engineering, Jadavpur University, Kolkata, West Bengal 700032, India
3 Department of Chemical Engineering, University of Calcutta, Kolkata, West Bengal 700009, India
4 Department of Business Administration, University of Kalyani, Kalyani, West Bengal 741235, India;

ss25researchwork@gmail.com
5 Department of Commerce, Serampore College, Hooghly, West Bengal 712201, India
6 Department of Civil Engineering, IIEST, Howrah, West Bengal 711103, India; 3arunav@gmail.com
7 Environmental Science and Natural Resources Program, School of Science, Navajo Technical University,

Crownpoint, NM 87313, USA
* Correspondence: aroychowdhury@navajotech.edu

Abstract: The outbreak of novel coronavirus (COVID-19) pandemic forced affected countries to
implement strict lockdown to contain the spread of this disease before the advent of the vaccine.
This containment resulted in social and economic crisis globally. This study evaluated the impact
of COVID-19 on three “P” s of sustainability (Planet, People, and Profit) in India. A comparative
analysis was conducted by evaluating the available secondary data in different sectors during the
pre-lockdown and lockdown period. Seven major air quality parameters: particulate matter (PM2.5

and PM10), nitrogen dioxide (NO2), sulfur dioxide (SO2), ammonia (NH3), carbon monoxide (CO),
and ozone (O3) were studied in six states of India to review the ambient air quality status. Stratified
random sampling technique was used in this study for collective portrayal of the country’s air quality.
A drastic cutback of the level of PM2.5 and PM10 with significant increase of O3 was observed in the
lockdown phase for most of the selected monitoring stations. A significant change in level of PM2.5

and PM10 was observed when t-test was performed in between the pre-lockdown and lockdown
period. Improvement of ambient air quality was also observed considering the air quality index
(AQI) during lockdown. The trend and volatility of two broad Indian stock market indices, SENSEX
and NIFTY-50, were analyzed, and results showed that both the indices have recovered during the
forty-day lockdown phase. The potential effects of the crisis on various sectors of Indian economy
were assessed in this study, and a set of policy recommendations for these sectors were suggested.

Keywords: air quality index (AQI), COVID-19; lockdown; psychological crisis; stock market; sustain-
ability

1. Introduction

A sudden occurrence of pneumonia with an unrevealed etiology in Wuhan, Hubei
province, China in December 2019 created a global health concern. The severity of this
disease unfolded as large number of similar fatal cases erupted in China and it became
ubiquitous very rapidly. The Chinese authorities surprised the world with the identification
of a new type of coronavirus on 7 January 2020. The outbreak of this highly dynamic novel
coronavirus resulted in worldwide chaos [1]. The World Health Organization (WHO)
named the newly discovered disease COVID-19 on 11 February 2020 [2].
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Coronavirus (CoVs) belonging to the family Coronaviridae contains single stranded
RNA with an animal host and helical nucleocapsid with around 27–31 kb genomic size.
This is considered as one of the largest RNA genomes in the entire viral world. The
diameters of helical capsid and enveloped virion are 14–16 and 80–160 nm, respectively.
Very common and well-known genera of this family include avian infectious bronchitis
virus, and human coronavirus (HCV) OC43, among others. The virus is very infectious and
mainly causes upper respiratory tract infection (URTI) in humans. It leads to cytoplasmic
replication and uses Golgi apparatus and endoplasmic reticulum in budding [3].

Although the novel coronavirus (SARS-CoV-2) detected in Wuhan, China, is a novel
strain, it has its own history. In the year 1960, HCV that could infect upper respiratory
tract in children was characterized for the first time in the laboratory. It was detected and
identified for the first time in 1965 from the upper respiratory tract in an adult who was
suffering from common cold [4]. Having coronavirus infection is very common in both
adults and children [5,6]. A study showed that children under six years old, suffering from
acute respiratory tract infection, are very prone to coronavirus infection [7]. Asthmatic
children may have wheezing during this viral infection [8]. In the 21st century, the first
pandemic that caused “a worldwide health threat” was due to the outbreak of one type
of animal coronavirus, namely SARS (severe acute respiratory syndrome), that displayed
mild respiratory symptoms and fever in southern China in 2002. The occurrence was also
reported in Europe, North America, and South-East Asia with 813 reported deaths by July
2003 [9,10]. Another major outbreak of Middle East Respiratory Syndrome Coronavirus
(MERS-CoV) took place in the Kingdom of Saudi Arabia in 2012, which caused severe
respiratory illness and renal failure [11]. The MERS-CoV was spread in 27 countries
with 2494 positive cases and 858 reported deaths [2]. The seven most common HCV
are 229E (alpha coronavirus), NL63 (alpha coronavirus), OC43 (beta coronavirus), HKU1
(beta coronavirus, MERS-CoV (the beta coronavirus that causes MERS), SARS-CoV (the
beta coronavirus that causes SARS), and SARS-CoV-2 (the novel coronavirus that causes
coronavirus disease 2019, or COVID-19) (Table 1).

Table 1. Five major human coronavirus (HCV) reported worldwide.

Virus
First Infection Reported in Human

Reference
Place Year

SARS Guangdong province of southern China 2002 [9]

HCoV-NL63 Netherlands/Holland 2004 [12]

HCoV-HKU1 Hong Kong 2005 [13]

MERS-CoV Jeddah, Saudi Arabia 2012 [14]

COVID 19/SARS-CoV-2 Wuhan, Hubei Province of China 2019 [15,16]

Surprisingly, as of 20 January 2020, with 278 confirmed cases in China, the positive
cases of coronavirus infection were also reported in Thailand, Japan, and the Republic
of Korea. The neighboring country India registered its first coronavirus positive case on
30 January 2020, in Kerala (a state of India), but no significant widespread occurrence was
observed during the entire month of February. As of 5 March 2020, the total confirmed
new cases reached double digits (23 cases) in India, making the situation alarming. On
11 March WHO declared COVID-19 as a pandemic, and by understanding the critical
situation, on the same day India also announced COVID-19 as a “notified disaster” under
the Disaster Management Act, 2005. The need for the power of the Epidemic Diseases
Act, 1897 was felt to combat the situation and to increase the suppression of virus spread
in India. First COVID-19 related death was reported in India on 13 March 2020. After
a total of 88 reported deaths on 21 March 2020, Prime Minister of India, Mr. Narendra
Modi, declared “Janta Curfew” (that translates to “public lockdown” in English) from
7:00 a.m.–9:00 p.m. (Indian Standard Time or IST) on 22 March to restrict the widespread
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appearance of SARS-CoV-2 in India. However, with the aim of having absolutely zero
COVID-19 cases, the Government of India declared a series of lockdown throughout the
nation [2,17,18] (Figure 1).

Figure 1. Time scale analysis of COVID-19 outbreak [2].

Lockdown is considered as the primary strategy to be adopted to manage the disease
outburst worldwide in absence of a vaccine [19]. A defined planning of public health care
is highly required for the reduction of death rate, high incidence rate, or occurrence of
morbidity. Although the chance of re-establishment of the disease after three weeks of
lockdown is a possibility, the need for a prolonged lockdown with desired relaxation was
also mentioned in a model-based forecast of the COVID-19 [20].

The world has faced 691,013 mortality cases with 38,938 in India until 4 August 2020.
The impact of the outbreak of COVID-19 is immense on the health of the society. The
lockdown disturbed the lifestyle of Indian citizens with their physical, mental, and social
wellbeing. It also affected the education sectors worldwide. The world has also witnessed
the fear of economic slowdown with more than 120 countries registering the spread of
COVID-19. India has been suffering from long term negative impact of air pollution due
to the heavy traffic and transport in the working time (rush hours) throughout the year.
The lockdown period restricts heavy traffic, movement of public vehicles, production from
industrial sectors, and unwanted driving to regulate the releases of air pollutants in urban
areas [21–25]. The probability of transmission has always been reduced with the presence
of low level of pollutants in the air. Studies reported that the viability of SARS-CoV-2 in
aerosol is for at least 3 h [26]. Recent investigation showed that SARS-CoV-2 is transmitted
through respiratory droplets from coughing, sneezing, talking, shouting of infected persons
of close contact, direct touch, or contact with the inanimate materials, which have been
touched by infected individuals. Studies also reported the long-term survival of COVID-19
outside the body of infected persons [26,27]. Controlling the emission of air pollutants may
be an effective policy to reduce the worldwide COVID-19 related fatalities. India is the
largest democracy in the world with a population of over 1.36 billion people [28]. In India,
the COVID-19 crisis came at a time when the economy was still managing the tremors of
demonetization and Goods and Services Tax (GST). As per the Economic Survey 2019–2020,
India’s gross domestic product (GDP) growth rate was expected to be in between 6% and
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6.5%. Experts on GDP numbers predicted lower GDP rate for India amid the COVID-19
crisis. The World Bank has lowered India’s growth for fiscal year 2021 to 2.8%, which
will be observed as the lowest growth rate since the economic reforms of 1991. Asian
Development Bank forecasted the rate to be 4%, while Fitch rating estimated a 2% growth
rate. Some global rating agencies like Moody’s Investors Services downgraded it from a
previous estimation of 5.3% to 2.5%. Acuite Rating and Research Ltd. estimated a GDP loss
of equivalent to around USD 98 billion (About Indian Rupees or Rs.7.5 lakh crore) during
this lockdown period [29]. S&P Global Rating has changed its predictions from 5.5% to
3.6% [30].

The widely accepted definition of sustainable development, “that meets the needs
of the present without compromising the ability of future generations to meet their own
needs”, comes from the “Report of the World Commission on Environment and Devel-
opment: Our Common Future” in 1987. The concept of needs and idea of limitation on
sustainability has been illustrated and well explained in this report [31].

In the mid-1990s, John Elkington introduced the ways to measure sustainability, which
are almost universally agreed upon. This framework says that the role of sustainability is
to maximize benefit to People, Planet, and Profit, which is widely known as the “3Ps” of
sustainability [32]. The objective of this study was to analyze the effect of recent COVID-
19 outbreak on three major domains (social, environment, and economic) of sustainable
development or the “3Ps” of sustainability from the perspective of the Indian scenario.
A comparative analysis was conducted by evaluating the available secondary data in
different sectors during the pre-lockdown and lockdown period. The severity of disease
outbreak was evaluated by analyzing the number of confirmed cases and mortality cases
in the Indian scenario and globally on a daily basis. In this abrupt changing scenario, the
study also aimed to capture the concern on the status of wellbeing of the Indian society.
The changes in ambient air quality during the pre-lockdown and lockdown period were
observed along with the estimation of the effect of COVID-19 outbreak on the Indian
economy with special reference to the Indian Stock Market. An effective future planning to
combat the COVID-19 pandemic was developed by generating new ideas and analyzing
present status in Indian scenario and global aspects.

2. Methods

A comprehensive survey of recently published literature to generate a brief idea on
virology, etiology, and epidemiology of novel coronavirus (SARS-CoV-2) was performed.
The literature survey elaborated the effect of COVID-19 outbreak on three broad areas,
i.e., society, environment, and economy, in two major phases (pre-lockdown, PLD; and
lockdown, LD). The time frame of the study is presented in Figure 2. PLD and LD phases
consisted of forty days and were further divided into four phases, PLD 1, PLD 2, PLD 3,
PLD 4, LD 1, LD 2, LD 3, and LD 4, and each of them consisted of ten days.

Social impact (the first “P” of sustainability, people) was studied globally and from
the Indian aspect by reviewing recently published literature and analyzing available
epidemiological data from 1 February 2020 (the date of availability of complete set of
data), to 3 May 2020 (the last day of second lockdown phase in India), on COVID-19
from Situation Report 12–104 [2]. (Table 2). Comparison was made between the status of
mortality and morbidity, newly confirmed cases, and death cases in the last 24 h both in
the Indian and global context [33]. Crude case fatality ratio was calculated day wise by
using Equation (1) [34].

Crude case fatality ratio =

(
the number of deaths

the number of laboratory confirmed cases

)
× 100. (1)
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Figure 2. Time period breakup of pre-lockdown (PLD) and lockdown (LD) phase used in this study.

Table 2. Time frame of the study that consists of 40 days of pre-lockdown (PLD) and 40 days of lockdown (LD) phases.

Areas to Be Analyzed Pre-Lockdown (PLD) Phase
Lockdown (LD) Phase

Phase-I Phase-II

Social 1 February 2020–24 March 2020 25 March 2020–14 April
2020

15 April 2020–3 May
2020

Environmental 14 February 2020–24 March 2020 25 March 2020–3 May 2020

Economic 14 February 2020–24 March 2020
(26 trading days in the Indian Stock Market)

25 March 2020–3 May 2020
(23 trading days in the Indian Stock Market)

To analyze the impact of COVID-19 on the environment (second “P” of sustainability,
planet), spatial changes of seven major air quality parameters, particulate matter 2.5 (PM2.5),
particulate matter 10 (PM10), nitrogen dioxide (NO2), sulfur dioxide (SO2), ammonia (NH3),
carbon monoxide (CO), and ozone (O3), were taken into consideration for the pre-lockdown
and lockdown ambient air quality analysis. Stratified random sampling technique was
applied for this study. Six geographically scattered Indian states (West Bengal, Delhi,
Maharashtra, Uttar Pradesh, Madhya Pradesh, and Andhra Pradesh) were selected for this
study. The sites were selected in such a way so that they can collectively portray the air
quality status of the entire country. Two sites from each of these six states were selected at
random, and the data were collected from the official website of Central Pollution Control
Board (CPCB) and Ministry of Environment, Forest, and Climate Change (MoEF) [35]
(Table 3; Figure 3). Forty days prior to the starting date of lockdown was considered for
the pre-lockdown (PLD) study, followed by another forty days during two consecutive
lockdown (LD) phases, including Phase-I and Phase-II for this analysis (Table 2). The
24-h average data of each parameter was collected for each monitoring site on a regular
basis. For further evaluation, at ten days interval, the mean value of each parameter
was considered. The value of air quality index (AQI) was also recorded by following the
same pattern from the published site. The graphs were prepared by using Origin Pro 8: a
GUI software Version-64 bit. Location map for selected air quality monitoring sites was
prepared by using ArcGIS Pro with an imagery resolution 4800 × 2718 and 100% scaling
(Figure 3). The aim of this study was to discuss the comparison of means between all the
above-mentioned stations based on the availability of data. The Student’s t test was used
in this study to compare the means indicating a significant p value (<0.05).
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Table 3. Details of selected air quality monitoring stations in India [35].

State Station No. Latitude and Longitude Elevation Type Name of the Monitoring Sites

West Bengal
Station 1 22.4955◦ N, 88.3709◦ E 11 m Suburban Jadavpur, Kolkata

Station 2 23.6872◦ N, 86.9461◦ E 111 m Industrial Asansol Court Area, Asansol

Delhi
Station 1 28.6975◦ N, 77.1604◦ E 214 m Industrial Wazirpur, Delhi

Station 2 28.6125◦ N, 77.2373◦ E 216 m Urban Major Dhyan Chand National
Stadium, Delhi

Maharashtra
Station 1 19.0195◦ N, 73.0433◦ E 14 m Urban Mahape, Navi Mumbai

Station 2 19.8406◦ N, 75.2466◦ E 568 m Urban More Chowk Waluj, Aurangabad

Madhya Pradesh
Station 1 23.2358◦ N, 77.3986◦ E 527 m Urban T T Nagar, Bhopal

Station 2 22.7152◦ N, 75.8700◦ E 550 m Urban Chhoti Gwaltoli, Indore

Uttar Pradesh
Station 1 29.4677◦ N, 77.7116◦ E 267 m Urban New Mandi, Muzaffarnagar

Station 2 28.5509◦ N, 77.4709◦ E 200 m Urban Knowledge Park—V, Greater
Noida

Andhra Pradesh

Station 1 17.8148◦ N, 81.9700◦ E 14 m Urban Anand Kala Kshetram,
Rajamahendravaram

Station 2 17.6868◦ N, 83.2185◦ E 45 m Urban GVM Corporation,
Visakhapatnam

Figure 3. Location map of twelve selected air quality monitoring stations in India. The map is
prepared by ArcGIS Pro.

The effect of COVID-19 on Indian economy (third “P” of sustainability, Profit) was
also studied based on the secondary data available in the official websites of Reserve
Bank of India (RBI), Center for Monitoring Indian Economy Pvt. Ltd., Bombay Stock
Exchange, and National Stock Exchange. The study was both explorative and empirical
in nature. The explorative part was based on the various articles published in electronic
media, newspapers like The Economic Times, and Business Standard. The empirical part
mainly dealt with the effect of COVID-19 on the Indian Stock Market with special reference
to Bombay Stock Exchange and National Stock Exchange during the first and second
lockdown phase (Table 2). A period of eighty days ranging from 14 February 2020, to
3 May 2020, was considered to examine this effect. A trend of unemployment rate of India
was also analyzed during this same study period (14 February 2020, to 3 May 2020). The
analysis and interpretation of market data was done both graphically and statistically.
In statistical analysis, the change in index value was calculated by subtracting closing
index value at time “t + 1” from closing index value at time “t”. The change in index
value was divided by closing index value at time “t” to determine daily market return.
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The standard deviation of daily market returns was determined to measure the market
volatility. In graphical analysis, the charts were drawn to explain the trend of two major
stock indices in India, i.e., SENSEX (on Bombay Stock Exchange) and NIFTY 50 (on National
Stock Exchange). Average of daily returns was also calculated during the pre-lockdown and
the lockdown phase. On the other hand, the increase in confirmed cases of COVID-19 was
measured as the change in the confirmed cases of COVID-19. The degree of association, i.e.,
Pearson correlation coefficient between the stock market return (SENSEX return and NIFTY
50 return) and the increase in confirmed cases of COVID-19 were determined to catch the
stock market’s reaction to the COVID-19 during the pre-lockdown and the lockdown phase.

3. Results and Discussions
3.1. Analysis of Impact of COVID-19 on Society (First “P” of Sustainability, People)

A study based on Wuhan, China, the epicenter of the novel coronavirus, showed
that the restricted movement and social distancing can curtail the rampant spread of the
virus [36]. Around 60% reduction of new coronavirus cases was mentioned in a study on
Hubei province, China, during lockdown and even after its withdrawal [37].

The advent of the COVID-19 globally has led to the enforcement of complete as well
as partial lockdown worldwide. The countries with high mortality rates (China, United
States, Italy, Spain, Iran, France, United Kingdom, and Germany) [38] have intensified their
efforts to manage the pandemic throughout their country using collective public health
intervention measures and rigorous social distancing. Mental health risks go hand in hand
with physical health risks; hence, immaculate attention must be given to both. Along with
timely assessment and management of prevention and control of the disease, the situation
also demands psychological crisis analysis to minimize cognitive influence of infected
person with the side-effects as well as the after-effects [39]. As for non-infected persons,
often, lack of knowledge of the nature of the virus, varied incubation period in different
individuals, asymptomatic carriers, limitation of movement, less interaction with people,
and no discovery of vaccine along with extended home stay enhances anxiety, stress, and
depression [40]. Lockdown demands the formation of psychological intervention teams
to confront psychological crises [41]. The lack of regular public interaction makes people
prone to detrimental behaviors like prolonged watching of television, lack of physical
activities, dependence on electronic gadgets, and severely increased health risks [42].
An interesting study on the active social media users in China reported the negative
impact of lockdown on linguistic expressions. The expression of pessimistic emotions like
distress, anger, anxiety, and depression, among others, was increased enormously, while a
sharp decline of tendency of positive expression use was also observed [43]. Indulging in
physical activities on a regular basis during home stay is highly recommended [40]. Studies
also showed that there are chances of physical inactivity, tendency of weight gain, along
with psychological, neurological, and musculoskeletal disturbance during this prolonged
lockdown period [44].

An extended lockdown majorly affects the economic strength of the common man,
which leads to joblessness, homelessness, and extreme food crisis. The COVID-19 crisis
and the ongoing lockdown has pushed off employees of various organizations feeling
apprehensive for their future. Retail and wholesale, manufacturing, business services, and
administration are the most affected sectors [45]. Inadequate food leads to undernutrition,
especially in children and plunged already poor people deeper into the poverty.

Being the foremost health crisis, COVID-19 has created a paradigm shift in the educa-
tion system worldwide. The lockdown of education institutes has caused major obstruction
in students’ learning system. Though the policymakers are in perplexity, with the target of
reducing viral contamination, it is rightly justified to close schools, colleges, universities,
and all such educational institutions. The necessity of online teaching has been felt on a
global scale [46,47]. This situation has brought up sweeping changes in the conventional
education system.



Sustainability 2021, 13, 2873 8 of 25

The severity of coronavirus can be assessed by its widespread entry in different
countries along with India (Figure 4A,B). Globally, there are 62,363,527 total confirmed
cases, out of which 1,456,687 people have died up until November 2020. India alone
has 9,431,691 total confirmed cases, which accounts for 15.12% of global total confirmed
cases, and 137,139 death cases, which accounts for 9.41% global death cases. A comparative
analysis of epidemiological data collected from the WHO website reflects the actual scenario
of COVID-19 pandemic worldwide. According to the WHO’s first published situation
report on January 21, 2020, there were 282 confirmed cases with only six reported deaths.
There is a 229,566-fold increase of total number of deaths due to the coronavirus pandemic
globally since the first report was published. Considering the huge loss, the Government
of India declared a series of lockdowns to be followed by the nation. This study observed
an effective decrease of mortality rate during the lockdown period in India. The maximum
crude case fatality ratio was reported on April 13, 2020 (3.37%), and the value reached up to
3.25% on the last day of the Phase-II of lockdown in India (Figure 5A). During the Phase-I
of lockdown of 21 days, 37.67 times increment in the death cases was observed, which
resulted in the declaration of a continuous Phase-II of lockdown. In this period of 19 days,
the frequency of death cases was reduced by 3.45 times, more than 90% reduction than the
Phase-I period. A sharp reduction in the total confirmed cases from 18.44 times to 3.50 times
was also reported during the Phase-I to Phase-II of lockdown. A comparative analysis with
global aspect highlights a substantive difference of occurrences of daily confirmed cases
and number of deaths in India (Figure 5B–D).

Figure 4. Cont.
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Figure 4. (A) Top five COVID-19 affected countries as of 3 May 2020 [2]. (B) Top five COVID-19 affected states in India as of
3 May 2020 [2].

Figure 5. Cont.
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Figure 5. (A) Global and Indian crude case fatality ratio due to COVID-19 [2]. (B) Total confirmed
new cases of COVID-19 in last 24 h globally and in India [2]. (C) Total confirmed new cases vs. total
new deaths in last 24 h for COVID-19 globally [2]. (D) Total new confirmed cases vs. total new deaths
in last 24 h for COVID-19 in India [2].

Depending on the incubation period of the coronavirus, the development of symptoms
may appear after 14 days of complete isolation [48]; thus, the occurrence of new cases can
be reduced by maintaining social distancing, restricted movement, and other health and
safety guidelines. People with symptoms of COVID-19 should be under proper isolation
and medication as per Government norms. The situation is critical and challenging for
the asymptomatic patients. Therefore, full lockdown is the ultimate way for its control.
However, since the absolute zero case was not achieved, a third lockdown phase was
readily declared in India from 4 May 2020, to 17 May 2020.

3.2. Analysis of Impact of COVID-19 on Environment (Second “P” of Sustainability, Planet)

The probability of viral outbreak can be controlled by reducing the pollutants in the air.
Severity of high level of PM2.5 and PM10 may enhance the chances of entry of the COVID-19
virus in human body due to the intake of these particulate matters easily via respiration
process. Recent study showed that the COVID-19 virus stays for a longer period in air by
surface attachment with aerosol particles [26]. This study based on twelve stations across
the six states in India (Table 3; Figure 3) showed that the concentration of PM2.5 and PM10
in the ambient air during pre-lockdown (PLD) phase was observed to be very high, well
above their permissible limits of 60 and 100 µg/m3 (24-h average), respectively, indicating
the presence of bad air quality [48]. The concentration of PM2.5 and PM10 in air for the PLD1
and PLD2 phases was nearly two to 2.5 times greater than the standard value, respectively,
while for the PLD3 and PLD4 phases, the concentration was nearly 1.5 times greater than
the standard value for nearly all the stations. A sharp fall in the concentration was observed
in the first two lockdown (LD) phases, improving the quality of the ambient air, followed
by the LD3 and LD4 phases that varied in accordance with the LD1 and LD2 phases, the
fall gradually progressing from the LD1 to LD4; the concentration of PM2.5 and PM10 in
air was found to be 1.5 to 2.5 times lesser than the standard values (Table S2; Figure 6A,B).
Lockdown phase restricts movement of vehicles and production from industries, among
others. Road dust, construction materials, incomplete combustion of carbon particles, solid
waste dumping, industrial activities, fine particulate matter from household activities like
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cooking, water heating, and kerosene usage may have contributed to the high-level of
particulate matters in the ambient air and indoor environment (Table S1). These particulate
matters are the major determining factor of air quality index (AQI) in India during the
pre-lockdown phase. Drastic changes of level of air quality parameters may have occurred
due to the restriction of heavy traffic loads, unwanted movement, minimum road dust, less
solid waste dumping, and construction materials, among others.

Figure 6. Cont.
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Figure 6. The changes of concentration of (A) PM2.5; (B) PM10; (C) NO2; (D) NH3; (E) SO2; (F) CO; and (G) O3 at selected
sites in pre-lockdown and lockdown phase.

The levels of NO2 and O3 in India were several times higher than the standard values
of 80 and 60 µg/m3 (24 h average), respectively, for few monitoring sites [49]. These levels
were within the standard limits before lockdown period, but few sites were exceptionally
vulnerable due to its concentration (Table S2; Figure 6C,G). The lockdown minimized
the contribution of NO2 and O3 in the atmosphere from vehicles, industry, and power
generation stations (Table S1). A sharp decrease was found over time for the level of NO2,
while the changes of trend of O3 were quite different than other parameters. In some
monitoring stations, the level of O3 was increased significantly during the lockdown phase,
whereas only few results showed a decreasing trend during the lockdown period. O3
became a prominent pollutant instead of particulate matters during the lockdown phase
in most of the places (Figure 6G). A clampdown of atmospheric NO2, which has become
a major factor for the COVID-19 mortality in north Italy and central Spain, reduces the
probability of fatality in India during the lockdown phase [50].

The concentration of NH3, SO2, and CO in the air in the pre-lockdown phase was
observed to be very near and lesser than their standard value of 400, 80 (24-h average) and
2000 µg/m3 (8-h average), respectively (Table S2) [49]. Atmospheric NH3 comes mainly
from the agricultural sectors (Table S1). As the areas selected in this study for the air quality
monitoring were situated mostly in the urban neighborhoods, no significant level of NH3
was observed in the pre-lockdown and lockdown phase in any of the monitoring sites
(Figure 6D). In case of SO2, the level was within the limit for each selected monitoring
site (Figure 6E). A study showed that fatality cases developed by the COVID-19 incidence
in China is positively associated with the SO2 level and negatively associated with the
PM2.5 and PM10 concentrations [51]. Again, atmospheric NH3 and SO2 are the major
contributors for the formation of secondary aerosols that can be generated by oxidation to
form water droplet in dry air or clouds [52]. Low levels of NH3 and SO2 in the atmosphere
reduce the chances of generation of the secondary aerosols, which may be a factor for the
COVID-19 outbreak. CO was not considered as a major air pollutant at any site during
the pre-lockdown and lockdown period due to its lower values (Figure 6F). A study in
Barcelona (Spain) also showed that air pollutants such as PM10 and NO2 were reduced
significantly after two weeks of lockdown phase, while a slight change in SO2 concentration
as well as increasing trend of O3 concentration was found in this phase [25]. In China,
PM2.5 decreased significantly due to the reduction of anthropogenic activities during
lockdown phase [14]. Mortality drastically decreased in quarantine period because of the
huge reduction in the levels of air pollutants in China [53]. High level of air pollutants acts
as a significant co-factor to induce the lethality of the COVID-19 in north Italy [54].
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The overall status of air quality in India was determined by analyzing the AQI value
that was estimated using the concentrations of prominent pollutants. Additionally, the
stations at certain time intervals could not provide sufficient data that mainly resulted in
near zero values. The rest of the values showed the trend of air quality at monitoring sites.
The values gradually decreased over time, which indicated the better quality of air during
the lockdown phase (Figure 7).

Figure 7. The changes of air quality index (AQI) in pre-lockdown and lockdown phase. In India,
standards of AQI 0–50: Good; 51–100: Satisfactory: 101–200: Moderate; 201–300: Poor; 301–400: Very
Poor; 401–500: Severe [35].

Inhalable particles are small enough to penetrate the thoracic region and cause lung
or heart diseases, making elderly people and children particularly vulnerable. Thereby,
approximately 3% of cardiopulmonary and 5% of lung cancer deaths are attributed to the
particulate matters globally [55] A t-distribution test was performed based on the sampling
distribution to locate specific pollutants against the distributed data. Student’s t-test
considering the lockdown and pre-lockdown phase showed a significant change of PM2.5
at all sampling states except Madhya Pradesh. The changes of PM10 concentrations were
found significant for all sampling states after comparing the lockdown and pre-lockdown
data (Table 4).

Table 4. Result of t-test of PM2.5 and PM10 during the pre-lockdown and lockdown phases.

West Bengal Delhi Maharashtra Madhya Pradesh Uttar Pradesh Andhra Pradesh

PM2.5 0.002368 0.001332 0.008773 0.178311 0.00149 0.009776

PM10 0.001358 0.000626 0.005647 0.003419 0.010935 0.013942

p < 0.05.
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The correlation of AQI with PM10 (Table 5) during the lockdown period was much
more significant and consistent than PM2.5 (Table 5). Uttar Pradesh showed the peak
(R2 = 0.98) followed by Delhi and Maharashtra (R2 = 0.89 and 0.87, respectively), whereas
PM2.5 had shown gradual decrease among the states except for Delhi, showing primary
peak (R2 = 0.94) followed by Uttar Pradesh (R2 = 0.84). The phase of lockdown had contin-
uously favored the lower emittance of both the particulate matters ranging (R2 = 0.8–0.99).
The detailed study was done by means of all possible data that could be drawn from the
available and reliable resources.

Table 5. Regression analysis of PM2.5 and PM10 with air quality index (AQI) at different sampling states.

Location Parameters
PM2.5 (Independent Variable) PM10 (Independent Variable)

Pre Lockdown Lockdown Pre Lockdown Lockdown

West Bengal

AQI (Dependent
Variable)

y = 1.1105x −
21.341

R2 = 0.9936

y = 0.9025x −
15.367

R2 = 0.693

y = 0.6365x +
30.037

R2 = 0.9774

y = 1.1121x −
14.039

R2 = 0.886

Delhi
y = 1.1466x −

32.068
R2 = 0.9851

y = 0.9214x −
7.1844

R2 = 0.9497

y = 0.7739x +
20.696

R2 = 0.8931

y = 0.7864x +
11.809

R2 = 0.8982

Maharashtra
y = 1.0575x −

26.837
R2 = 0.9357

y = 0.6695x − 2.449
R2 = 0.6609

y = 0.8608x +
8.8484

R2 = 0.9785

y = 1.047x − 7.8886
R2 = 0.9679

Madhya Pradesh
y = 1.7121x −

136.24
R2 = 0.9698

y = 1.1079x −
46.362

R2 = 0.8047

y = 0.9873x +
0.5474

R2 = 0.9929

y = 0.9862x −
5.6189

R2 = 0.8761

Uttar Pradesh
y = 0.9385x −

2.6224
R2 = 0.7994

y = 0.8428x −
10.335

R2 = 0.8416

y = 0.8878x +
2.7001

R2 = 0.8877

y = 1.113x − 16.145
R2 = 0.9874

Andhra Pradesh
y = 0.9046x −

15.074
R2 = 0.8665

y = 0.7621x −
17.939

R2 = 0.307

y = 0.8209x +
7.7514

R2 = 0.8083

y = 0.5826x +
11.367

R2 = 0.1004

3.3. Analysis of Impact of COVID-19 on Economy (Third “P” of Sustainability, Profit)

The total of forty days lockdown in India from 25 March 2020, to 3 May 2020, is consid-
ered as one of the largest lockdowns in the world, affecting 1.33 billon populations in the
country. During this lockdown period, the Indian economy was expected to observe a severe
downfall with a loss of USD 4.64 billion (over Indian Rs. 35,000 crore) per day [29]. Effect on
the economy can be understood by analyzing the Central Government’s and the Reserve Bank
of India’s policy measures, by analyzing sectoral impact and losses. Figure 8 shows how the
unemployment rate had changed over time during the pre-lockdown and lockdown phase.
The average unemployment rate of India during the pre-lockdown phase (from 14 February
to 24 March 2020) was 7.6 ± 0.26% (SD). The average unemployment rate of India during
the lockdown phase (from 25 March to 3 May 2020) was 16.09 ± 6.56% (SD). An upward
trend in the unemployment rate was observed during the lockdown phase and the highest
24.12% unemployment rate was recorded on May 2, 2020 [56]. Results from this analysis
clearly showed that the COVID-19 caused a significant impact on the Indian economy.
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Figure 8. The change of unemployment rate in India during the study time (pre-lockdown and lockdown phase) [56].

3.3.1. Analysis of Policy Measures

In order to cope up with this pandemic, the Finance Minister of India announced
a relief package worth USD 22.5 billion (Indian Rs.1.7 lakh crore) under the “Pradhan
Mantri Garib Kalyan Yojana” (Prime Minister’s Poor welfare scheme) for the low-income
population [57] (Figure S1). The measures, if implemented properly, are intended to
give some sort of relief to the informal workers and other poor people. However, the
government should rethink to reduce the agony of these people in long-run. As per the
Economic Survey of 2018–19, almost 93% of India’s total workforce is informal, which
includes daily wage earners such as construction workers, brick field workers, petty traders,
rickshaw and e-rickshaw drivers, barbers, vegetable sellers, landless labors, and many
others. The Government should come up with complete set of relief package to help
them out in this crisis period. The proposed package accounts for only 0.8% of estimated
GDP [58]. The other COVID-19 affected G20 countries have announced a satisfying relief
package for battling against this contagion.

Japan has topped the list among G20 countries. India’s COVID-19 stimulus commit-
ment size is not at all satisfactory as compared to others (Figure 9).

To fight against this emergency, the Reserve Bank of India has also undertaken several
policy measures on 27 March 2020 [59] (Figure S2). On 20 April 2020, RBI announced, in
consultation with the Government of India, that the limit for Ways and Means Advances
(WMA) for the period of six months from April 2020 to September 2020 will be revised to USD
26.112 billion (Indian Rs. 200,000 crore) [60]. In addition to the above, the Reserve Bank of
India announced a special liquidity fund of USD 6.565 billion (Indian Rs. 50,000 crore) on 27
April 2020 [61]. Sharp volatility in the Indian Stock market due to the COVID-19 has imposed
liquidity stress on the high-risk debt mutual fund segment. The industries will be able to
maintain their liquidity with this special liquidity fund and will ensure financial stability.
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Figure 9. Covid-19 stimulus commitment size (as % of GDP) [57].

3.3.2. Analysis of Sectoral Impact

Tourism, hospitality, and aviation are among the worst affected sectors that are facing
the maximum losses. Consumption has also been affected due to the decline in income levels.
Lockdown has made the financial market tremendously unstable, leading to wealth erosion
of investors. Supply side has also been disturbed due to the shutdown of factories and
unavailability of the raw materials. Some sectors like chemical products, automobiles, phar-
maceuticals, and electronics, among others, have been overwhelmed by the raw material
and component shortages. The outbreak of coronavirus has also impacted the international
trade adversely. Daily wage earners and migrant workers are the worst sufferers with zero
level income in India. Millions of workers are trapped far away from their hometown with
no work, money, and safety. Some migrant workers walked more than thousand kilome-
ters to return to their hometowns and villages. However, the government has announced
some monetary benefits for them and gave permission to run some special trains between
selected cities to move them on May 1, 2020 [62]. Agriculture, domestic and international
travel [63], sports and entertainment, and tourism [64] have majorly been affected due to
this lockdown. The effect has also been seen on other sectors such as e-commerce, education
and skill, financial services and fintech, retail, automobiles, medical services, real estate and
construction, consumer durables, micro, small and medium enterprises (MSME), power
generation, renewable energy, and textiles, among others (Figure S3).

3.3.3. Analysis of Indian Stock Market

Financial markets in India are observing sharp volatility in sync with the fall in global
indices in the US, Europe, Asia, and other developing economies. Performance of the
Indian Stock Market has always been linked with the global market. In the US, the Dow
Jones Industrial Average (DJIA) fell to 23,533.22 points on 11 March 2020, which was
25,018.16 points on March 10, 2020 [65]. This was due to the WHO’s declaration of the
COVID-19 as a pandemic. NASDAQ Composite was also crashed by 4.79% on that day.
However, since the announcement of $2 trillion relief package on 25 March 2020, the DJIA
gained 3271.78 points or by 15.43% on 30 April 2020. Other global indices also witnessed
the similar trends. The Indian Stock Market has also witnessed volatility given the present
global slowdown and domestic lockdown. All broad market index and sectoral indices
ended with declines. A comparative study was generated by analyzing two stock market
indices, namely, SENSEX [66] and NIFTY 50 [67], to understand the trend and volatility
between pre-lockdown and lockdown phases.
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SENSEX was showing a declining trend during the pre-lockdown phases due to the
decline in the global market, as the pandemic has raised the fear of worldwide recession.
India observed “Janta Curfew” (public lockdown) on 22 March 2020, to fight against
COVID-19 and on the very next day, The BSE SENSEX fell 3934.72 points or by 13.15%,
which was recorded as the biggest single day fall after three years (Figure 10A). The index
witnessed an increasing trend during the lockdown phase as compared to the pre-lockdown
phase. It gained 5184.84 points during this phase. After announcement of the relief package
on 26 March 2020, the index was lifted by 1410.99 points or by 4.94%. However, the crash
was unexpected after the Reserve Bank India’s policy announcement on 27 March 2020
(Figure 10B). The National Stock Exchange, NIFTY 50, also recorded a declining trend like
SENSEX. It was closed at 7610.25 points and lost 1135.20 points or 12.98% on 23 March
2020, after observing “Janta Curfew” (public lockdown) (Figure 10C). It also witnessed an
increasing trend during the lockdown phase like BSE SENSEX. The index gained 1542.05
points during this phase. The Government of India’s relief package announcement effect
was seen on 26 March 2020, which lifted the index by 323.6 points or by 3.89% (Figure 10D).
It can be inferred from the trend that the returns were highly deviated and volatile in nature.
SENSEX was more volatile (4.02%) than NIFTY 50 (3.97%) during this phase. Returns
of Sensex and NIFTY 50 were declined sharply from 5.75% to −13.15% and from 5.83%
to −12.98%, respectively, on 23 March 2020. This was due to the negative perception
of stock market investors (Figure 10E). The COVID-19, global economic condition, and
“Janta Curfew” (public lockdown) on 22 March 2020, have raised the fear of wealth loss
among those investors. It can be observed that the market remained volatile during this
phase also. However, volatility of SENSEX came down to 3.22%, as compared to 4.02%
in pre-lockdown phase. Investors managed to get an average return of 0.81% during this
phase. NIFTY 50 was also reflecting the same picture with a lower volatility of 3.06%.
Therefore, the market crawled back slowly with high volatility and is expected to recover
fast (Figure 10F).

From the above analysis, it can be inferred that both the indices have rebounded
during the forty days lockdown phase. Calculated average daily market return during
pre-lockdown study period was −1.65% on SENSEX and −1.67% on NIFTY 50. During
the lockdown phase, it went up to 0.81% on SENSEX and 0.82% on NIFTY 50. The results
suggest that the market is moving in a positive direction. Once this pandemic is over with
strong recovery of global market, the Indian Stock Market will also rebound fast. Although
the Government of India declared a relief package to fight against this pandemic, proper
implementation of this package is paramount at the ground level. Food, safety, and shelter
are the needs of this hour for migrant workers who were trapped all over the country.
The Government of India should take prompt action for their settlement. There are policy
measures in different sectors that may restore the growth and performance of the Indian
economy (Figure S4). On the other hand, Central and State governments should work
jointly to minimize the effects of this pandemic.

Descriptive statistics are summarized in this section to describe the basic features of
the economic data set. Table 6 shows the descriptive statistics of the variables employed in
the study. During 26 trading days of the pre-lockdown phase both SENSEX and NIFTY 50
recorded a higher mean value as compare to the lockdown phase of 23 days. Mean returns
of both SENSEX and NIFTY 50 during pre-lockdown phase were negative. However, the
standard deviations of return for both the indices have decreased in the lockdown phase
with a positive mean return.
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Figure 10. Trend of (A) BSE SENSEX in pre-lockdown phase, (B) BSE SENSEX in lockdown phase [65]; (C) NIFTY 50
in pre-lockdown phase, (D) NIFTY 50 in lockdown phase [66]; and Daily Return (%) of SENSEX and NIFTY 50 in (E)
pre-lockdown phase and (F) in lockdown phase.

The results of the Karl Pearson’s correlation coefficient test were analyzed in this
section. Pair wise correlations are reported in Table 7. The correlation matrix showed
significant and moderate negative correlation between SENSEX return and increase in
confirmed cases of the COVID-19 in the pre-lockdown phase. Significant and moderate
negative correlation between NIFTY 50 return and increase in confirmed cases of the
COVID-19 was also observed during the same period. Both were significant at 1% level
(p = 0.05) of significance. Therefore, the market reacted negatively to the increase in
confirmed cases of COVID-19. Both SENSEX and NIFTY 50 returns dropped as the number
of confirmed cases increased. The correlation of SENSEX return with the increase in
confirmed cases of COVID-19 and NIFTY 50 return with the increase in confirmed cases of
COVID-19 was found to be insignificant during the lockdown phase.



Sustainability 2021, 13, 2873 20 of 25

Table 6. Descriptive statistics.

Variables N Maximum Minimum Mean Std. Dev. Skewness Kurtosis

SENSEX Index Value
Pre-lockdown 26 25,981.24 41,323.00 35,977.45 5017.58 −0.717 −0.894

NIFTY 50 Index Value
Pre-lockdown 26 7610.25 12,125.90 10,536.67 1475.16 −0.706 −0.899

SENSEX Index Value in
Lockdown phase 23 27,590.95 33,717.62 30,591.09 1500.41 −0.151 −0.147

NIFTY 50 Index Value in
Lockdown phase 23 8083.80 9859.90 8940.99 447.03 −0.169 −0.337

SENSEX Return
Pre-lockdown (%) 25 −13.15 5.75 −1.64 4.02 −0.993 1.891

NIFTY 50 Return
Pre-lockdown

(%)
25 −12.98 5.83 −1.67 3.97 −0.954 1.868

SENSEX Return in
Lockdown phase (%) 22 −4.61 8.97 0.81 3.22 0.466 0.599

NIFTY 50 Return in
Lockdown phase (%) 22 −4.38 8.76 0.82 3.06 0.470 0.826

Table 7. Pair wise correlation matrix.

Variables

SENSEX
Return in

Pre-
Lockdown

Growth in
Confirmed

Cases of
COVID-19 in

Pre-
Lockdown

NIFTY 50
Return in

Pre-
Lockdown

SENSEX
Return in
Lockdown

Phase

Growth in
Confirmed

Cases of
COVID-19 in

Lockdown
Phase

NIFTY 50
Return in
Lockdown

Phase

SENSEX Return in
Pre-lockdown 1

Growth in confirmed cases
of COVID-19 in
pre-lockdown

−0.647 * 1

NIFTY 50 Return in
Pre-lockdown −0.647 * 1

SENSEX Return in
Lockdown phase 1

Growth in confirmed cases
of COVID-19 in Lockdown

phase
0.03 1

NIFTY 50 Return in
Lockdown phase 0.029 1

* Correlation is significant at the 0.01 level (2-tailed).

4. Future Perspective

While the world is busy with the Mars Civilization project, establishing a footprint at
outer space, undertaking research about black hole, building nuclear weapons, and building
the fifth generation (5G) of wireless technology, among others, all the developments have
come to a halt with the advent of a virus. The world leaders prepare themselves for wars
by developing different types of arms and ammunition, but this time a nanometer-sized
enemy arrests the whole world and becomes a potential global threat.



Sustainability 2021, 13, 2873 21 of 25

Restricting or quarantine can only be one of the means to defeat the COVID-19 pan-
demic. Quarantine is the ultimate option for public health concern that can only be achieved
by individual consciousness. This study was performed during a time when no COVID-19
vaccines were available. The findings of this study showed that the increasing rate of the
COVID-19 can be controlled by extending lockdown. Again, impact of this lockdown
on atmospheric pollution is already established by many researchers [68–70]. Steps like
airport screening, proper treatment of suspected individuals, and their isolation should
be strictly maintained. The situation could remain up until 2022 [71]. In this perspective,
various future measures may curtail the risk of this pandemic, including lockdown on
holidays, allowing VR (virtual reality) shopping for malls and other commercial stores,
and allowing the least human interaction at malls by using entry pass with timer. The
districts should be made self-sufficient for overcoming this crisis. Providing good med-
ical facilities, hospitals with advanced technology, and highly skilled doctors for each
individual district of the country are the basic requirements. Opening of commercialized
grocery store or supermarkets for each individual district, where the farmers could sell
their crops, vegetables, and handmade products, among others, to the local people can
be the other way to make it more self-sufficient. The education sector could enhance its
focus on virtual classroom facilities and online classes. This will not only be a solution
for a pandemic like the COVID-19, but can also be a smart move towards giving quality
education across the nation. In the era of social networking platforms such as Facebook
and WhatsApp, pushing the country towards cashless transaction could be another smart
and futuristic move to combat such a pandemic. As the virus can survive for about 24 h
on paper [26] and about 72 h on metal [72], online transaction must be well practiced,
ensuring zero contact. Use of robotics at various cash counters of bank, shops, hospitals,
and restaurants, among others, could be a boon to cope with this situation. Many sectors
and organizations are indifferent towards work from home culture; the same needs to be
encouraged at different sectors with proper planning. The assessment of home schooling
by “predicted grades” can be a suitable alternative [46]. The unorganized workers could
be engaged to produce sanitizer, hand liquid soap, masks, and other personal protective
equipment (PPE) at different community or district levels.

The global awareness to fight against this pandemic should be generated. Govern-
ments of each nation need to utilize funds for large scale research based on their climatic
conditions. A continuous generation of disaster funds, developing vaccine with minimum
cost, and sufficient supply of PPE for the health care system and individuals are also
required. To curb such a crisis, a COVID-19 Detection Kit should be made available at
online sites. The kit should detect the virus in person instantly; moreover, a part of district
private or government hospitals should be engaged to make COVID-19 detection kits as
per issued standard. This will increase the availability of testing kits and will ultimately
lead to more testing.

5. Conclusions

The world has witnessed several severe epidemics, such as the plague during 1812–1819,
first cholera pandemic during 1816–1826, second cholera pandemic during 1829–1851, third
plague pandemic 1855–1860, and smallpox during 1877–1977, among others, and global
recessions, such as The Great Depression of 1929–1939, The OPEC Oil Price Shock of 1973,
The Asian Crisis of 1997, and the US Subprime crisis of 2008, and has also managed to
recover. The incidence of coronavirus outbreak makes the world rethink its unlimited
resource utilization and overexploitation. The need for sustainability comes from the high
demand for food. The disparity between need and greed forces the entire world to face this
hardship. A sustainable future plan by developing environmentally friendly townships and
changing lifestyle of individuals can head us towards a safe contaminant free environment.

Our society needs to be prepared to cope with such types of pandemic like the way
we prepare ourselves for war and other emergencies. Other than the extended lockdown,
different moves have already been made by the Government of India at the state and district
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levels. To strengthen the fight, the right information has been circulated by the Ministry of
Health and Family Welfare along with the creation of the PM (Prime Minister)-Care Fund.
Other important measures have also been adopted, like digital collaboration, advancement
of new technology, and increasing the capacity of quarantine centers [73]. The lockdown
has affected different sectors of the Indian economy like industry, agriculture, education,
transportation, and tourism, among others. All these sectors have been witnessing a
tremendous downfall since the outbreak of COVID-19, imposing an adverse effect on
the third “P” of sustainability, i.e., Profit. Generation of energy, production of food, and
materials, among others, have also been impacted by the crisis. The descriptive statistics
performed in this study show the higher mean values of both stock market indices (SENSEX
and NIFTY 50) during the pre-lockdown period in comparison to the lockdown period.
Mean returns of both indices are negative in the pre-lockdown period, which implies
the impact of lockdown on both of these indices. On the other hand, a positive impact
is observed on the environment with minimum anthropogenic activities. This study
showed that the concentration of PM2.5, PM10, NO2, and O3 have come down to their
respective standard limit as set by the Central Pollution Control Board and the Ministry of
Environment and Forest at 12 select sampling stations in India during the lockdown period.
Other air quality parameters such as NH3, SO2, and CO are already within the standard
limit during the pre-lockdown and the lockdown periods at all sampling stations. AQI
values establish the improvement of air quality during the lockdown period. This impact
is likely to be extended over coming years. It would be foolish to expect a fast economic
rebound from the present situation. In this crisis period, more fiscal stimulus is desired. It
will have an impact on fiscal deficit, but it is expected to recover after economic rebound.
Policy makers should make policies to attract foreign direct investments. They will bring
in capital inflow, new technology, and employment opportunities. They will also ensure
increase in exports, exchange rate stability, development of backward areas, and overall
economic development. Being an importer of oil, India can take the advantage of the falling
oil price by importing oil cheaply and keeping it in the reserve for future. Given the sharp
volatility in the stock market, investors are more inclined to risk free investment. Domestic
and institutional investments can be attracted towards risk free instruments like bank fixed
deposit, T-Bills, commercial papers, and other money market instruments. It will be an
effective policy that will increase capital inflow in the money market. With these policies,
the cost of COVID-19 on the economy can be minimized to some extent. Application of
preventive vaccine against the COVID-19 pandemic will ensure the sustainability of people,
planet, and profit, and the intensity of COVID-19 will certainly be reduced after successful
introduction of different effective vaccines.
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parameters in India [21–24], Table S2: National ambient air quality standards in India [49].

Author Contributions: S.K. and I.G. designed the study and T.G., P.C. and T.C. collected the data
and performed the environmental analysis. S.S. and A.S. performed the economic analysis. S.K. and
I.G. performed the social analysis. S.K., I.G. and A.R. interpreted the data. S.K. and I.G. wrote the
paper with contributions from A.R., S.S., A.S. and T.G., A.R. proofread the manuscript. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding. The APC was funded by Navajo Technical University.

Institutional Review Board Statement: Not Applicable.

Informed Consent Statement: Not Applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

https://www.mdpi.com/2071-1050/13/5/2873/s1
https://www.mdpi.com/2071-1050/13/5/2873/s1


Sustainability 2021, 13, 2873 23 of 25

Acknowledgments: The authors want to acknowledge the support provided by Asutosh College
for conducting this study. Additionally, the authors want to acknowledge the support provided by
Navajo Technical University towards this study.

Conflicts of Interest: The authors declare no conflict of interests.

References
1. Chatterjee, R.; Bhattacharya, S. Could novel corona virus (SARS-CoV-2) be the evolving face of a new generation of genetically

complex epidemiological challenge? Malays. J. Med. Res. 2020, 4, 49–52.
2. The World Health Organization (WHO). Coronavirus Disease (COVID-19) Pandemic. Available online: https://www.who.int/

emergencies/diseases/novel-coronavirus-2019 (accessed on 27 August 2020).
3. Prescott, L.M.; Harley, J.P.; Klein, D.A. Microbiology, 6th ed.; McGraw Hill International Edition: Singapore, 2005.
4. Kahn, J.S.; McIntosh, K. History and Recent Advances in Coronavirus Discovery. Pediatric Infect. Dis. J. 2005, 24 (Suppl. 11),

S223–S227. [CrossRef] [PubMed]
5. McIntosh, K. Coronaviruses: A Comparative Review. In Current Topics in Microbiology and Immunology; Arber, W., Haas, R.,

Henle, W., Hofschneider, P.H., Jerne, N.K., Koldovský, P., Koprowski, H., Maaløe, O., Rott, R., Schweiger, H.G., et al., Eds.;
Springer: Berlin/Heidelberg, 1974; Volume 63, pp. 85–129.

6. Monto, A.S. Medical reviews. Coronaviruses. Yale J. Biol. Med. 1974, 47, 234–251. [PubMed]
7. Isaacs, D.; Flowers, D.; Clarke, J.R.; Valman, H.B.; Macnaughton, M.R. Epidemiology of coronavirus respiratory infections. Arch.

Dis. Childh. 1983, 58, 500–503. [CrossRef] [PubMed]
8. McIntosh, K.; Ellis, E.F.; Hoffman, L.S.; Lybass, T.G.; Eller, J.J.; Fulginiti, V.A. The association of viral and bacterial respiratory

infections with exacerbations of wheezing in young asthmatic children. J. Pediatrics 1973, 82, 579–590. [CrossRef]
9. Huang, Y. The SARS epidemic and its aftermath in China: A political perspective. In Learning from SARS: Preparing for the

Next Disease Outbreak: Workshop Summary; Knobler, S., Mahmoud, A., Lemon, S., Mack, A., Sivitz, L., Oberholtzer, K., Eds.; The
National Academies Press: Washington, DC, USA, 2004; pp. 116–136.

10. Zhong, N.S.; Zheng, B.J.; Li, Y.M.; Poon, L.L.M.; Xie, Z.H.; Chan, K.H.; Li, P.H.; Tan, S.Y.; Chang, Q.; Xie, J.P.; et al. Epidemiology
and cause of severe acute respiratory syndrome (SARS) in Guangdong, People’s Republic of China. Lancet 2003, 362, 1353–1358.
[CrossRef]

11. Majumder, M.S.; Rivers, C.; Lofgren, E.; Fisman, D. Estimation of MERS-Coronavirus Reproductive Number and Case Fatality
Rate for the Spring 2014 Saudi Arabia Outbreak: Insights from Publicly Available Data. PLoS Curr. 2014, 18, 6. [CrossRef]

12. Abdul-Rasool, S.; Fielding, B.C. Understanding human coronavirus HCoV-NL63. Open Virol. J. 2010, 4, 76–84.
13. Esper, F.; Weibel, C.; Ferguson, D.; Landry, M.L.; Kahn, J.S. Coronavirus HKU1 infection in the United States. Emerg. Infect Dis.

2006, 12, 775–779. [CrossRef]
14. Wang, P.; Chen, K.; Zhu, S.; Wang, P.; Zhang, H. Severe air pollution events not avoided by reduced anthropogenic activities

during COVID-19 outbreak. Resour. Conserv. Recycl. 2020, 158, 104814. [CrossRef]
15. Lescure, F.-X.; Bouadma, L.; Nguyen, D.; Parisey, M.; Wicky, P.-H.; Behillil, S.; Gaymard, A.; Bouscambert-Duchamp, M.; Donati, F.;

Hingrat, Q.L.; et al. Clinical and virological data of the first cases of COVID-19 in Europe: A case series. Lancet Infect Dis. 2020, 20,
697–706. [CrossRef]

16. NCIRD. Division of Viral Diseases. Centre for Disease Control and Prevention. Available online: https://www.cdc.gov/about/
leadership/leaders/ncird.html (accessed on 27 August 2020).

17. Chaurasiya, P.K.; Pandey, P.; Rajak, U.; Dhakar, K.; Verma, M.; Verma, T. Epidemic and challenges of Coronavirus Disease-2019
(COVID-19): India response. SSRN 2020, 1–28. [CrossRef]

18. Pulla, P. Covid-19: India imposes lockdown for 21 days and cases rise. BMJ 2020, 368, m1251. [CrossRef]
19. Ferguson, N.M.; Laydon, D.; Nedjati-Gilani, G.; Imai, N.; Ainslie, K.; Baguelin, M.; Bhatia, S.; Boonyasiri, A.; Cucunubá, Z.;

Cuomo-Dannenburg, G. (Imperial College COVID19 Response Team, London). In Impact of Non-Pharmaceutical Interventions (Npis)
to Reduce Covid-19 Mortality and Healthcare Demand; WHO Collaborating Centre for Infectious Disease Modelling, MRC Centre for
Global Infectious Disease Analysis, Abdul Latif Jameel Institute for Disease and Emergency Analytics, Imperial College London:
London, UK, 2020; Volume 16, p. 9.

20. Singh, R.; Adhikari, R. Age-structured impact of social distancing on the COVID-19 epidemic in India. arXiv 2020,
arXiv:2003.12055.

21. Kumari, P.; Toshniwal, D. Impact of lockdown measures during COVID-19 on air quality—A case study of India. Int. J. Environ.
Health Res. 2020, 1–8. [CrossRef]

22. Mahato, S.; Pal, S.; Ghosh, K.G. Effect of lockdown amid COVID-19 pandemic on air quality of the megacity Delhi, India. Sci.
Total Environ. 2020, 730, 139086. [CrossRef] [PubMed]

23. Sharma, S.; Zhang, M.; Anshika; Gao, J.; Zhang, H.; Kota, S.H. Effect of restricted emissions during COVID-19 on air quality in
India. Sci. Total Environ. 2020, 728, 138878. [CrossRef]

24. Singh, R.P.; Chauhan, A. Impact of lockdown on air quality in India during COVID-19 pandemic. Air Qual. Atmos. Health 2020,
13, 921–928. [CrossRef]

https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
http://doi.org/10.1097/01.inf.0000188166.17324.60
http://www.ncbi.nlm.nih.gov/pubmed/16378050
http://www.ncbi.nlm.nih.gov/pubmed/4617423
http://doi.org/10.1136/adc.58.7.500
http://www.ncbi.nlm.nih.gov/pubmed/6307189
http://doi.org/10.1016/S0022-3476(73)80582-7
http://doi.org/10.1016/S0140-6736(03)14630-2
http://doi.org/10.1371/Currents.Outbreaks.98d2f8f3382d84f390736cd5f5fe133c
http://doi.org/10.3201/eid1205.051316
http://doi.org/10.1016/j.resconrec.2020.104814
http://doi.org/10.1016/S1473-3099(20)30200-0
https://www.cdc.gov/about/leadership/leaders/ncird.html
https://www.cdc.gov/about/leadership/leaders/ncird.html
http://doi.org/10.2139/ssrn.3569665
http://doi.org/10.1136/bmj.m1251
http://doi.org/10.1080/09603123.2020.1778646
http://doi.org/10.1016/j.scitotenv.2020.139086
http://www.ncbi.nlm.nih.gov/pubmed/32375105
http://doi.org/10.1016/j.scitotenv.2020.138878
http://doi.org/10.1007/s11869-020-00863-1


Sustainability 2021, 13, 2873 24 of 25

25. Tobías, A.; Carnerero, C.; Reche, C.; Massagué, J.; Via, M.; Minguillón, M.C.; Alastuey, A.; Querol, X. Changes in air quality during
the lockdown in Barcelona (Spain) one month into the SARS-CoV-2 epidemic. Sci. Total Environ. 2020, 726, 138540. [CrossRef]
[PubMed]

26. Van Doremalen, N.; Bushmaker, T.; Morris, D.H.; Holbrook, M.G.; Gamble, A.; Williamson, B.N.; Tamin, A.; Harcourt, J.L.;
Thornburg, N.J.; Gerber, S.I.; et al. Aerosol and surface stability of SARS-CoV-2 as compared with SARS-CoV-1. N. Engl. J. Med.
2020, 382, 1564–1567. [CrossRef]

27. Qu, G.; Li, X.; Hu, L.; Jiang, G. An Imperative Need for Research on the Role of Environmental Factors in Transmission of Novel
Coronavirus (COVID-19). Environ. Sci. Technol. 2020, 54, 3730–3732. [CrossRef]

28. World Bank. Population, Total—India. Databank. Available online: https://data.worldbank.org/indicator/SP.POP.TOTL?
locations=IN (accessed on 30 August 2020).

29. PTI. World’s biggest Lockdown May Have Cost Rs 7-8 Lakh Crore to Indian Economy. The Economics Times, 13 April 2020.
Available online: https://economictimes.indiatimes.com/news/economy/finance/worlds-biggest-lockdown-may-have-cost-
rs-7-8-lakh-crore-to-indian-economy/articleshow/75123004.cms?from=mdr (accessed on 27 August 2020).

30. Noronha, G. S&P further Slashes India’s Growth Forecast to 3.5% from 5.2% for FY21. The Economics Times, 31 March 2020. Avail-
able online: https://economictimes.indiatimes.com/news/economy/indicators/sp-further-slashes-indias-growth-forecast-to-3-
5-from-5-2-forfy21/articleshow/74884847.cms?utm_source=contentofinterest&utm_medium=text&utm_campaign=cppst (ac-
cessed on 27 August 2020).

31. Brundtland, G.H. Report of the world commission on environment and development: Our common future. In UN Documents:
Gathering a Body of Global Agreements; United Nations, Document: A/42/427—Development and International Co-operation:
Environment; Oxford University Press: Oxford, UK, 1987.

32. Elkington, J. Towards the Sustainable Corporation: Win-Win-Win Business Strategies for Sustainable Development. Calif. Manag.
Rev. 1994, 36, 90–100. [CrossRef]

33. The World Health Organization (WHO). Report of the WHO-China Joint Mission on Coronavirus Disease 2019 (COVID-
19). 28 February 2020. Available online: https://www.who.int/publications-detail/report-of-the-who-china-joint-mission-
oncoronavirus-disease-2019-(covid-19) (accessed on 27 August 2020).

34. Verity, R.; Okell, L.C.; Dorigatti, I.; Winskill, P.; Whittaker, C.; Imai, N.; Cuomo-Dannenburg, G.; Thompson, H.; Walker, P.G.;
Fu, H.; et al. Estimates of the severity of coronavirus disease 2019: A model-based analysis. Lancet Infect. Dis. 2020, 20, 669–677.
[CrossRef]

35. CPCB. National Air Quality Index. Available online: https://app.cpcbccr.com/AQI_India (accessed on 27 August 2020).
36. Fang, H.; Wang, L.; Yang, Y. Human mobility restrictions and the spread of the novel coronavirus (2019-ncov) in China. Natl. Bur.

Econ. Res. 2020. [CrossRef]
37. Shen, M.; Peng, Z.; Guo, Y.; Xiao, Y.; Zhang, L. Lockdown may partially halt the spread of 2019 novel coronavirus in Hubei

province, China. MedRxiv 2020, 1–6. [CrossRef]
38. Mukhtar, S. Mental Health and Psychosocial Aspects of Coronavirus Outbreak in Pakistan: Psychological Intervention for Public

Mental Health Crisis. Asian J. Psychiatry 2020, 51, 102069. [CrossRef]
39. Kang, L.; Li, Y.; Hu, S.; Chen, M.; Yang, C.; Yang, B.X. The mental health of medical workers in Wuhan, China dealing with the

2019 novel coronavirus. Lancet Psychiatry 2020, 7, E14. [CrossRef]
40. Chen, P.; Mao, L.; Nassis, G.P.; Harmer, P.; Ainsworth, B.E.; Li, F. Coronavirus disease (COVID-19): The need to maintain regular

physical activity while taking precautions. J. Sport Health Sci. 2020, 9, 103–104. [CrossRef]
41. Zandifar, A.; Badrfam, R. Iranian mental health during the COVID-19 epidemic. Asian J. Psychiatry 2020, 51, 101990. [CrossRef]
42. Owen, N.; Sparling, P.B.; Healy, G.N.; Dunstan, D.W.; Matthews, C.E. Sedentary Behavior: Emerging Evidence for a New Health

Risk Author links open overlay panel. Mayo Clin. Proc. 2010, 85, 1138–1141. [CrossRef]
43. Li, S.; Wang, Y.; Xue, J.; Zhao, N.; Zhu, T. The Impact of COVID-19 Epidemic Declaration on Psychological Consequences: A

Study on Active Weibo Users. Int. J. Environ. Res. Public Health 2020, 17, 2032. [CrossRef]
44. Lippi, G.; Henry, B.M.; Bovo, C.; Sanchis-Gomar, F. Health risks and potential remedies during prolonged lockdowns for

coronavirus disease 2019 (COVID-19). Diagnosis 2020, 7, 85–90. [CrossRef] [PubMed]
45. Clarke, G. COVID-19: Impact Could See 195 Million Job Losses. United Nations Information Centre for the Caribbean Area. 8

April 2020. Available online: https://www.portofspain.unicnetwork.org/index.php/component/k2/itemlist/tag/ILO (accessed
on 27 August 2020).

46. Murphy, R.; Wyness, G. Minority Report: The impact of predicted grades on university admissions of disadvantaged groups.
Educ. Econ. 2020, 28, 333–350. [CrossRef]

47. Lavy, V. Do Differences in Schools’ Instruction Time Explain International Achievement Gaps? Evidence from Developed and
Developing Countries. Econ. J. 2015, 125, F397–F424. [CrossRef]

48. Lauer, S.A.; Grantz, K.H.; Bi, Q.; Jones, F.K.; Zheng, Q.; Meredith, H.R.; Azman, A.S.; Reich, N.G.; Lessler, J. The incubation period
of Coronavirus disease 2019 (COVID-19) from publicly reported confirmed cases: Estimation and application. Ann. Intern. Med.
2020, 172, 577–582. [CrossRef]

49. MoEF. National Ambient air Quality Standards, Ministry of Environment and Forests Notification, New Delhi. 16 November
2009. Available online: https://mpcb.mizoram.gov.in/uploads/attachments/8b2d13d4e90043c9f350cb2aa126f574/pages-25
-revised-national-ambient-air-quality-standard.pdf (accessed on 27 August 2020).

http://doi.org/10.1016/j.scitotenv.2020.138540
http://www.ncbi.nlm.nih.gov/pubmed/32302810
http://doi.org/10.1056/NEJMc2004973
http://doi.org/10.1021/acs.est.0c01102
https://data.worldbank.org/indicator/SP.POP.TOTL?locations=IN
https://data.worldbank.org/indicator/SP.POP.TOTL?locations=IN
https://economictimes.indiatimes.com/news/economy/finance/worlds-biggest-lockdown-may-have-cost-rs-7-8-lakh-crore-to-indian-economy/articleshow/75123004.cms?from=mdr
https://economictimes.indiatimes.com/news/economy/finance/worlds-biggest-lockdown-may-have-cost-rs-7-8-lakh-crore-to-indian-economy/articleshow/75123004.cms?from=mdr
https://economictimes.indiatimes.com/news/economy/indicators/sp-further-slashes-indias-growth-forecast-to-3-5-from-5-2-forfy21/articleshow/74884847.cms?utm_source=contentofinterest&utm_medium=text&utm_campaign=cppst
https://economictimes.indiatimes.com/news/economy/indicators/sp-further-slashes-indias-growth-forecast-to-3-5-from-5-2-forfy21/articleshow/74884847.cms?utm_source=contentofinterest&utm_medium=text&utm_campaign=cppst
http://doi.org/10.2307/41165746
https://www.who.int/publications-detail/report-of-the-who-china-joint-mission-oncoronavirus-disease-2019-(covid-19)
https://www.who.int/publications-detail/report-of-the-who-china-joint-mission-oncoronavirus-disease-2019-(covid-19)
http://doi.org/10.1016/S1473-3099(20)30243-7
https://app.cpcbccr.com/AQI_India
http://doi.org/10.3386/w26906
http://doi.org/10.1101/2020.02.11.20022236
http://doi.org/10.1016/j.ajp.2020.102069
http://doi.org/10.1016/S2215-0366(20)30047-X
http://doi.org/10.1016/j.jshs.2020.02.001
http://doi.org/10.1016/j.ajp.2020.101990
http://doi.org/10.4065/mcp.2010.0444
http://doi.org/10.3390/ijerph17062032
http://doi.org/10.1515/dx-2020-0041
http://www.ncbi.nlm.nih.gov/pubmed/32267243
https://www.portofspain.unicnetwork.org/index.php/component/k2/itemlist/tag/ILO
http://doi.org/10.1080/09645292.2020.1761945
http://doi.org/10.1111/ecoj.12233
http://doi.org/10.7326/M20-0504
https://mpcb.mizoram.gov.in/uploads/attachments/8b2d13d4e90043c9f350cb2aa126f574/pages-25-revised-national-ambient-air-quality-standard.pdf
https://mpcb.mizoram.gov.in/uploads/attachments/8b2d13d4e90043c9f350cb2aa126f574/pages-25-revised-national-ambient-air-quality-standard.pdf


Sustainability 2021, 13, 2873 25 of 25

50. Ogen, Y. Assessing nitrogen dioxide (NO2) levels as a contributing factor to coronavirus (COVID-19) fatality. Sci. Total Environ.
2020, 726, 138605. [CrossRef]

51. Ma, Y.; Zhao, Y.; Liu, J.; He, X.; Wang, B.; Fu, S.; Yan, J.; Niu, J.; Zhou, J.; Luo, B. Effects of temperature variation and humidity on
the death of COVID-19 in Wuhan, China. Sci. Total Environ. 2020, 724, 138226. [CrossRef] [PubMed]

52. Bellouin, N.; Haywood, J. Climatology of tropospheric aerosols. In Encyclopaedia of Atmospheric Sciences, 2nd ed.; North, G.R.,
Pyle, J., Zhang, F., Eds.; Academic Press: Cambridge, MA, USA, 2015; pp. 40–47.

53. Dutheil, F.; Baker, J.S.; Navel, V. COVID-19 as a factor influencing air pollution? Environ. Pollut. 2020, 263, 114466. [CrossRef]
[PubMed]

54. Conticini, E.; Frediani, B.; Caro, D. Can atmospheric pollution be considered a co-factor in extremely high level of SARS-CoV-2
lethality in Northern Italy? Environ. Pollut. 2020, 261, 114465. [CrossRef]

55. Health Relevance of Particulate Matter from Various Sources. Report of a WHO Workshop. Copenhagen, WHO Regional Office
for Europe. 2007. Available online: www.euro.who.int/document/E90672.pdf. (accessed on 28 October 2020).

56. Center for Monitoring Indian Economy Pvt. Ltd. (CMIE). Unemployment Rate in India. Available online: unemploymentinindia.
cmie.com (accessed on 6 February 2021).

57. Press Information Bureau-Government of India. Pradhan Mantri Garib Kalyan Package. 26 March 2020. Available online:
https://www.mohfw.gov.in/pdf/MoFPMGaribKalyanYojanaPackage.pdf (accessed on 27 August 2020).

58. Statista Business Data Platform. Value of COVID-19 Fiscal Stimulus Packages in G20 Countries as of April 2020, as a Share of GDP.
4 May 2020. Available online: https://www.statista.com/statistics/1107572/covid-19-value-g20-stimulus-packages-share-gdp
(accessed on 27 August 2020).

59. Reserve Bank of India. Governor’s Statement—Seventh Bi-monthly Monetary Policy Statement, 2019–2020. 27 March 2020.
Available online: https://www.rbi.org.in/Scripts/bs_viewcontent.aspx?Id=3847 (accessed on 27 August 2020).

60. Reserve Bank of India. Review of WMA Limit for Government of India for remaining part of the first half of the Financial Year
2020–21 (April 2020 to September 2020). 20 April 2020. Available online: https://www.rbi.org.in/Scripts/BS_PressReleaseDisplay.
aspx?prid=49701 (accessed on 27 August 2020).

61. Reserve Bank of India. RBI Announces Rs.50, 000 crore Special Liquidity Facility for Mutual Funds (SLF-MF). 27 April 2020.
Available online: https://www.rbi.org.in/Scripts/BS_PressReleaseDisplay.aspx?prid=49728 (accessed on 27 August 2020).

62. PTI. Special Train with Migrant Workers to leave for Jharkhand from Kerala. The Times of India, 2020. Available on-
line: https://timesofindia.indiatimes.com/india/special-train-with-migrant-workers-to-leave-for-jharkhand-from-kerala/
articleshow/75502414.cms (accessed on 27 August 2020).

63. PTI. Indian Aviation Industry May Incur $3.3–3.6 Billion Loss in June Quarter: CAPA India. BloombergQuint, 25 March 2020.
Available online: https://www.bloombergquint.com/coronavirus-outbreak/indian-aviation-sector-may-incur-3-3-3-6-bn-loss-
in-jun-quarter-capa-india (accessed on 27 August 2020).

64. Dash, J. Covid-19 impact: Tourism industry to Incur Rs 1.25 trn Revenue Loss in 2020. Business Standard, 28 April 2020.
Available online: https://www.business-standard.com/article/economy-policy/covid-19-impact-tourism-industry-to-incur-
rs-1-25-trn-revenue-loss-in-2020-120042801287_1.html (accessed on 27 August 2020).

65. Yahoo Finance. Sensex and Nifty 50 Index Data. Available online: https://in.finance.yahoo.com/quote/%5EDJI/history?p=%5
EDJI (accessed on 27 August 2020).

66. Bombay Stock Exchange. Sensex. Available online: https://www.bseindia.com/indices/IndexArchiveData.html. (accessed on 27
August 2020).

67. National Stock Exchange. Nifty 50. Available online: https://www1.nseindia.com/products/content/equities/indices/indices.
htm (accessed on 27 August 2020).

68. Devlin, H. Coronavirus Distancing May Need to Continue until 2022. The Guardian. 14 April 2020. Available online: https:
//www.theguardian.com/world/2020/apr/14/coronavirus-distancing-continue-until-2022-lockdown-pandemic (accessed on
27 August 2020).

69. Shakoor, A.; Chen, X.; Farooq, T.H.; Shahzad, U.; Ashraf, F.; Rehman, A.; e Sahar, N.; Yan, W. Fluctuations in environmental
pollutants and air quality during the lockdown in the USA and China: Two sides of COVID-19 pandemic. Air. Qual. Atmos.
Health 2020, 13, 1335–1342. [CrossRef]

70. Bilal; Bashir, M.F.; Benghoul, M.; Numan, U.; Shakoor, A.; Komal, B.; Bashir, M.A.; Bashir, M.; Tan, D. Environmental pollution
and COVID-19 outbreak: Insights from Germany. Air Qual Atmos Health 2020. [CrossRef] [PubMed]

71. Javed, Z.; Wang, Y.; Xie, M.; Tanvir, A.; Rehman, A.; Ji, X.; Xing, C.; Shakoor, A.; Liu, C. Investigating the Impacts of the COVID-19
Lockdown on Trace Gases Using Ground-Based MAX-DOAS Observations in Nanjing, China. Remote Sens. 2020, 12, 3939.
[CrossRef]

72. Mackay, I.M.; Arden, K. How Long Coronavirus Survives on Surfaces—And What it Means for Handling Money, Food and
More. World Economic Forum, 28 March 2020. Available online: https://www.weforum.org/agenda/2020/03/this-is-how-long-
coronavirus-lives-on-surfaces/ (accessed on 27 August 2020).

73. National Portal of India. Combating Coronavirus. Available online: https://www.india.gov.in/spotlight/combating-coronavirus
(accessed on 27 August 2020).

http://doi.org/10.1016/j.scitotenv.2020.138605
http://doi.org/10.1016/j.scitotenv.2020.138226
http://www.ncbi.nlm.nih.gov/pubmed/32408453
http://doi.org/10.1016/j.envpol.2020.114466
http://www.ncbi.nlm.nih.gov/pubmed/32283458
http://doi.org/10.1016/j.envpol.2020.114465
www.euro.who.int/document/E90672.pdf.
unemploymentinindia.cmie.com
unemploymentinindia.cmie.com
https://www.mohfw.gov.in/pdf/MoFPMGaribKalyanYojanaPackage.pdf
https://www.statista.com/statistics/1107572/covid-19-value-g20-stimulus-packages-share-gdp
https://www.rbi.org.in/Scripts/bs_viewcontent.aspx?Id=3847
https://www.rbi.org.in/Scripts/BS_PressReleaseDisplay.aspx?prid=49701
https://www.rbi.org.in/Scripts/BS_PressReleaseDisplay.aspx?prid=49701
https://www.rbi.org.in/Scripts/BS_PressReleaseDisplay.aspx?prid=49728
https://timesofindia.indiatimes.com/india/special-train-with-migrant-workers-to-leave-for-jharkhand-from-kerala/articleshow/75502414.cms
https://timesofindia.indiatimes.com/india/special-train-with-migrant-workers-to-leave-for-jharkhand-from-kerala/articleshow/75502414.cms
https://www.bloombergquint.com/coronavirus-outbreak/indian-aviation-sector-may-incur-3-3-3-6-bn-loss-in-jun-quarter-capa-india
https://www.bloombergquint.com/coronavirus-outbreak/indian-aviation-sector-may-incur-3-3-3-6-bn-loss-in-jun-quarter-capa-india
https://www.business-standard.com/article/economy-policy/covid-19-impact-tourism-industry-to-incur-rs-1-25-trn-revenue-loss-in-2020-120042801287_1.html
https://www.business-standard.com/article/economy-policy/covid-19-impact-tourism-industry-to-incur-rs-1-25-trn-revenue-loss-in-2020-120042801287_1.html
https://in.finance.yahoo.com/quote/%5EDJI/history?p=%5EDJI
https://in.finance.yahoo.com/quote/%5EDJI/history?p=%5EDJI
https://www.bseindia.com/indices/IndexArchiveData.html.
https://www1.nseindia.com/products/content/equities/indices/indices.htm
https://www1.nseindia.com/products/content/equities/indices/indices.htm
https://www.theguardian.com/world/2020/apr/14/coronavirus-distancing-continue-until-2022-lockdown-pandemic
https://www.theguardian.com/world/2020/apr/14/coronavirus-distancing-continue-until-2022-lockdown-pandemic
http://doi.org/10.1007/s11869-020-00888-6
http://doi.org/10.1007/s11869-020-00893-9
http://www.ncbi.nlm.nih.gov/pubmed/32837621
http://doi.org/10.3390/rs12233939
https://www.weforum.org/agenda/2020/03/this-is-how-long-coronavirus-lives-on-surfaces/
https://www.weforum.org/agenda/2020/03/this-is-how-long-coronavirus-lives-on-surfaces/
https://www.india.gov.in/spotlight/combating-coronavirus

	Introduction 
	Methods 
	Results and Discussions 
	Analysis of Impact of COVID-19 on Society (First “P” of Sustainability, People) 
	Analysis of Impact of COVID-19 on Environment (Second “P” of Sustainability, Planet) 
	Analysis of Impact of COVID-19 on Economy (Third “P” of Sustainability, Profit) 
	Analysis of Policy Measures 
	Analysis of Sectoral Impact 
	Analysis of Indian Stock Market 


	Future Perspective 
	Conclusions 
	References

