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Abstract
Air pollution has been a widespread and visible concern, that has increased signiﬁcantly over
the last decade across many parts of India with severe consequences for human health and
well-being. The Indian government, as in many other countries, responded to the COVID-19
pandemic by enforcing a variety of restrictions on normal activity, including complete
lockdowns that led to severe disruptions in economic activities. A beneﬁcial short-term eﬀect
on the natural environment across cities was a signiﬁcant reduction in air pollution. The
pandemic and its management, have brought home the interconnectedness between nature
and human existence with renewed understanding of the complex linkages between the
economy and the environment. This presents a unique opportunity to integrate air pollution
management into plans for economic recovery. This paper empirically examines the impact of
imposing a 27-day lockdown on air pollution in India by comparing pollutant concentration
data from 8 representative cities over matching periods of time during the lockdown with
those of the previous year, and the National Ambient Air Quality Standards (NAAQS). This
provides an opportunity to understand the maximum extent to which air pollution could
potentially be reduced in these cities. Thereafter, these ﬁndings are analysed in conjunction
with city level socio-economic correlates and current air pollution management strategies, to
gain policy insights on the scope for integrating improved air quality with economic recovery
for a sustainable future. With city action plans having been recently prepared for improving
air quality, this is indeed an appropriate time to conduct analyses to impact and bend the
curve of air pollution substantially. Additionally, as winter approaches, there is a possibility of
a double burden of mortality and morbidity from worsening of both COVID-19 and air
quality. The current focus on public health provides an opportunity to concentrate on the
management of air pollution as a critical component of public health management.
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1. Introduction: context setting2
The COVID-19 pandemic has brought home the interconnectedness between nature and
human existence in multiple ways, both in terms of the nature of the pandemic itself as well
as in the means adopted to manage it. Governments in many countries have responded to the
pandemic by enforcing a variety of restrictions on normal activity, ranging from lockdowns to
restrictions on mobility that have led to disruptions in economic activities. The short-term
eﬀects on the natural environment have attracted attention, particularly with regard to an
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improvement in air quality in several cities in Europe, China, Brazil and India [[1], [2], [3], [4],
[5], [6], [7]].
Extending the rationale, it can be argued that lowered levels of air pollution would have
resulted in saving lives and avoided deaths associated with air pollution. The global evidence
on the severity of impacts from the virus which manifests itself through respiratory illnesses
is there for all to see. Another important environmental impact is the reduction in carbon
emissions arising from the changes in economic activity during this period [8,9]. These
reductions are attributable to various reasons including supply side disruptions for industry,
restrictions on transportation, cut backs in demand for energy from the service sector, and
reduction in emissions of short lived climate pollutants.
Additionally, marginal improvements in water quality have also been observed in India with
reports from Central Pollution Control Board (CPCB) [10,11] indicating slight decreases in
nitrates and improvements in dissolved oxygen in the river Ganga, and similar improvements
in the biological, chemical and oxygen demand indicators in the river Yamuna. The changes
were predominantly attributable to the lack of industrial and agricultural activity although
unabated domestic waste discharge led to there not being a signiﬁcant fall in the biological
oxygen demand in the river Ganga [10,11].
Visible improvements in air and water quality have ushered into the collective imagination an
introspection of the plural values people hold between the natural environment and their
near-term economic well-being [12,13]. Sustainable production and consumption is being
discussed in the backdrop of the pandemic [14].
From the criticality of maintaining a balance in nature to prevent such shocks [[15], [16], [17]]
to the consequences of measures for managing the pandemic [18], there are lessons to be
learnt for ensuring that the occurrence and adverse fall outs of future shocks to both
ecosystems and economic systems are minimised. Whether these lessons will be learnt for
making the world a better place to live in is not known, as countries concentrate on fast
tracking economic recovery. The call for a sustainable transition is a call where nations
recognise the interdependency amongst these two complex systems. For instance, for India, a
sustainable recovery would be one that eﬀectively prioritises societal values that gained preeminence during the pandemic and its subsequent management including adequate access to
food and safe drinking water, lowered pollution, jobs and safety nets for the poor, and
improved health care and workplace environments [12].
Air pollution has been a widespread and visible concern, that has increased signiﬁcantly over
the last decade across many parts of India with several studies tracking the severe
consequences for health and well-being [19]. Disability Aﬀected Life Years (DALYs) suggest that
deaths of around 1.24 million could be due to air pollution in the year 2017 for India [20].
Early estimates suggest that reduced air pollution during lockdowns and restrictions in the
economy could have prevented up to 0.65 million annual deaths for India [2], 11 thousand
avoided deaths in Europe [21] and saved many lives in China [22].
https://www.sciencedirect.com/science/article/pii/S2589791820300220
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The winter season has historically been associated with severe air pollution in India. With
evidence piling up on the relationship between exposure to air pollution and COVID-19
related mortality outcomes [23,24], and evidence emerging on the possibility of another
outbreak in winter [25]; there is a need to be prepared to handle a potential double burden
this winter.
This paper empirically examines the impact of imposing lockdowns and restrictions on
economic activities on air pollution in India by comparing pollutant concentration data from
8 representative cities over matching periods of time during the lockdown with those of the
previous year, and the National Ambient Air Quality Standards (NAAQS) in India. The ﬁndings
are qualitatively analysed in conjunction with city level socio-economic correlates and policies
to gain insights on the scope for integrating improved air quality with economic recovery for a
sustainable transition.
Section 2 discusses the data and methods while section 3 outlines the results. Section 4
undertakes an extensive discussion on the results with policy insights and section 5 concludes
with the key messages.

2. Data and methods
2.1. Approach
The Indian government imposed a nationwide lockdown eﬀectively bringing economic
activities and movement in cities to a standstill from March 25th 2020 to April 20th, with only
essential services being allowed to function. Beyond April 20th, the strictness of the lockdown
eased in a phased manner allowing for a gradual resumption of economic activities. This
provides an opportunity to understand the maximum extent to which air pollution could
potentially be reduced in these cities.
Publicly available data on pollutant concentrations over this 27- day period is compared with
the corresponding period in the previous year for 8 cities. Natural factors often play an
important role in determining the observed levels of pollutant concentration in a city. The
advantage of adopting this comparative approach is that it helps control for the inﬂuence of
biophysical and meteorological conditions and provides a relevant measure of comparison,
although it may not be strictly ceteris paribus. The air pollutants studied include nitrogen
dioxide (NO2), carbon monoxide (CO), ground level Ozone (O3), and particulate matter (PM2.5
and PM10).
Data on the meteorological factors should ideally correspond to locations from where the
pollutant data is collected at speciﬁc monitoring stations, for the matching period (27 days) in
the two years. There may also be interactive or combined impacts of these factors, with
corresponding implications for pollution. To model these is beyond the scope of the paper.
However, we are able to provide some indicative evidence of the extent of comparability in
Temperature and Relative Humidity based on data from continuous ambient air quality
monitoring stations (CPCB Website3) wherever comparable data was available for both years.
https://www.sciencedirect.com/science/article/pii/S2589791820300220
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For each city, the ﬁndings are correlated with and qualitatively assessed in terms of the
important socio-economic determinants of the emissions of pollutants in these cities. An
extensive desk review of the literature has been undertaken to help in the interpretation and
contextualisation of the ﬁndings for drawing policy relevant insights. The detailed
methodology for analysing the pollutant data is discussed below and the ﬁndings are
presented in the results section. The lessons from the literature review are integrated with
these ﬁndings in the discussion section.

2.2. Methods and data for air Pollutants4
The study tracks the ﬁve pollutants (PM10, PM2.5, NO2, Ozone and CO) over the speciﬁc dates
from the period of 25th March 2020 to April 20, 2020 using data on daily concentration levels.
These daily concentrations at the city level were compared with the daily concentrations in
the previous year during the same dates (March 25th, 2019 to April 20th, 2019). For drawing
inferences, the pollutant concentration data was also compared with the NAAQS for India [26].
These time weighted average pollutant standards which are to be used for monitoring
purposes have been speciﬁed for PM10, PM2.5 and NO2 in terms of annual and 24-h time
periods as 60 μg/m3, 40 μg/m3, 40 μg/m3 respectively for the annual duration and 100 μg/m3,
60 μg/m3, 80 μg/m3 respectively for the 24-h duration. For CO and Ozone, these are speciﬁed
for 8-h and 1-h durations at 2 mg/m3, 100 μg/m3 respectively for the 8-h duration and
4 mg/m3, 180 μg/m3 respectively for the 1-h duration.
Daily pollutant concentration data was collected from continuous ambient air quality
monitoring stations providing real-time data from the CPCB Website2. It is to be noted that
concentration data was used for the analysis as against indicators like the Air Quality Index, as
the purpose is to track individual pollutants rather than the overall air quality as represented
by the Air Quality Index which does not allow tracking of the trends in individual pollutants.
The diﬀerence between the 2020 and 2019 values in terms of daily concentration was obtained
and the percentage change calculated over 2019. This was calculated on a daily basis for each
city and pollutant in the study. The average of these derived changes in daily values is
computed to represent the percentage change in the pollutant’s concentration for the city over
the 27-day period.

2.3. Selection of cities
The cities that have been selected in this study fulﬁl two criteria. The ﬁrst one being that
these cities are amongst the most polluted cities representing a geographical spread over
several states that experience severe air pollution. Secondly, consistent and comparable data
points for the selected time periods is easily accessible in the public domain from oﬃcial data
sources. To this extent, it is acknowledged that the analysis is done with what is publicly
accessible, since the number of monitoring stations for which data is available varies across
cities; especially for the lockdown period due to reasons such as the size of the city and other
practical limitations. To facilitate a meaningful interpretation of the economic correlates,

https://www.sciencedirect.com/science/article/pii/S2589791820300220
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representative values of pollutant concentrations for the city were calculated by computing the
mean value from readings across individual monitoring stations.
The analysis is undertaken for 8 cities for which pollution data is consistently available for the
periods of the study. All these cities are categorised as non-attainment cities5 under the
National Clean Air Programme (NCAP) of the Government of India, and are geographically
distributed over the most polluted regions observed over northern and parts of western India.
The cities are Jaipur, Jalandhar, Gurugram, Mumbai, Ahmedabad, Varanasi, Ghaziabad and
Delhi from the states of Rajasthan, Punjab, Haryana, Maharashtra, Gujarat, Uttar Pradesh and
Delhi respectively. Delhi, being a large city-state, for which data from several monitoring
stations was available, is further divided into four geographical quadrants to capture the
variations within this much larger area (Details are provided in Supplementary Material, SM
Figure 1 and SM Table 1 ). Quadrant 1,2,3 and 4 are hereafter referred to as Delhi 1, Delhi 2,
Delhi 3 and Delhi 4 respectively.

Table 1. City-wise socio-economic and pollution related factors.

City

Income Dominant economic Major source of air

Contribution

Transport

Group

from sources

(Number of

external to city

registered

boundaries

motor

sector

pollution

(State)

vehicles)
Ahmedabad High

Industry, services

Dust, transportation,

Yes

36,55,848

n. a

n. a

Yes

24,23,593

n. a

n. a

Yes

28,19,6521

industry
Gurugram

High

Tertiary

Dust (Road,
construction), vehicles,
industry

Jaipur

Low

Tertiary (Primary:

Transportation and

6%, Secondary: 33%, emissions from vehicles,
Tertiary: 61%)

dust (includes road and
construction)

Jalandhar

Middle Tertiary (Primary:

Dust from roads (from

16%, Secondary:

vehicles, construction)

26%, Tertiary: 58%)

emissions from industry
and vehicles

Mumbai

High

Tertiary1 (Primary:

Dust, industry, transport

1%, secondary: 20%,
tertiary: 79%)

https://www.sciencedirect.com/science/article/pii/S2589791820300220
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Income Dominant economic Major source of air

Contribution

Transport

Group

from sources

(Number of

external to city

registered

boundaries

motor

sector

pollution

(State)

vehicles)
Varanasi

Low

Tertiary (Primary:

Dust from roads,

Yes

7,77,130

13%, Secondary:

Domestic cooking,

25%, Tertiary: 62%)

lighting, heating, burning

Secondary and

Dust (road, construction), n. a

8,39,731

tertiary (Primary:

industry

of open waste
Ghaziabad

Low

8%, Secondary: 47%,
Tertiary: 45%)
Delhi2

High

Tertiary (Primary:

Dust (construction, road), Yes

88,50,720

2%, Secondary: 14%, industry, transport
Tertiary: 84%)
Source: Data/Information compiled from various sources as listed in Appendix.
Note: n.a. - Data/Information not available; 1 Mumbai refers to the Greater Mumbai region; 2 For Delhi, the
values are representative of the entire city.

The key point of the analysis is to not only map the changes in these key pollutants, but also
to be able to provide insights on the possibilities for managing these for a sustainable path to
economic recovery. For this purpose, data on key socio-economic aspects and environmental
management policies for the cities concerned is analysed.

2.4. Data on socio-economic factors
Data on socio-economic factors were collected for the city and the respective state to examine
the economic correlates of air pollution for the city concerned. Per capita Gross State
Domestic Product (GSDP) was computed using data from MoSPI (2019) [28], which was used to
rank states in ascending order and were subsequently grouped into low, middle and highincome categories. Data on contributions of diﬀerent economic activities over 5 years from
2014 to 2019 was used for determining the dominant economic sector for the district within
which the city lies. Data was collated from various Government of India documents including
Smart City Mission documents, budget documents, and the Directorate of Economics and
Statistics.
Information on major sources of air pollution at the city level are available from various
source apportionment studies, City Action Plans prepared by State Pollution control boards,
and information available on websites of the state government departments.
https://www.sciencedirect.com/science/article/pii/S2589791820300220
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An important factor for this analysis are the trans-boundary sources of air pollution from
areas adjoining the city boundaries. Information where available was collated from source
apportionment studies and documents from the city’s pollution control committee.
The inﬂuence of transportation as a potential factor contributing to air pollution was
examined through an indicator of the number of registered motor vehicles in the city [29].
Data on the source of power at the state level was captured by computing the share of statewise installed generation capacity of electricity utilities by source including hydro, thermal,
nuclear, and other renewable energy sources [30].
To provide some insights on the socio-economic factors contributing to variations observed
within Delhi, data was collated from a variety of secondary sources on some variables such as
population density [31], sectoral contributions and levels of industrial activity (ASI report [32]),
transportation and land use [33].
The complete list of sources is provided in the Appendix.

3. Results
In most cities, the lockdown period is indeed associated with better air quality. This holds for
most pollutants and cities in our analysis, with concentration levels of pollutants
predominantly below those for the corresponding period in 2019. Fig. 1 shows line graphs
depicting the pollutant concentrations during the 2 periods, and the national standards for
India.

https://www.sciencedirect.com/science/article/pii/S2589791820300220
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Fig. 1. Daily pollutant concentration levels and standards for Indian cities.
https://www.sciencedirect.com/science/article/pii/S2589791820300220
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Source: Authors’ calculations based on data from CPCB,2009 [26] ;CPCB, 2020 [27].
Note: Information for the lockdown period was not available on PM10 and CO for Varanasi;
Information for 2019 was not available on PM10 for Ahmedabad; Time weighted average
standards for PM10, PM2.5 and NO2 are for 24-hour and annual durations; CO and Ozone
standards are for 8 hour and 1-hour durations.

Ozone comes out as an exception and ﬂuctuates in the range observed in the previous year in
most instances, and in some cases shows some increase. However, the important point to note
is that both CO and Ozone stay well below the desired standard during this period for almost
all the cities. Paired t-tests were conducted comparing pollutant concentration levels in 2020
and 2019 for each pollutant for the period of analysis. Results show that there is a statistically
signiﬁcant diﬀerence between the pollutant concentration levels in the two periods. For PM10,
PM2.5, NO2 and CO, there was a statistically signiﬁcant diﬀerence at the 1% level, while for
Ozone there was a statistically signiﬁcant diﬀerence at the 10% level. Further, the one-tailed ttest on the diﬀerence (2020 minus 2019 pollutant levels) shows that for all pollutants, the 2020
concentrations are signiﬁcantly less than those for 2019.
There have been sizeable decreases in terms of the percentage change in PM10 and PM2.5
across all cities as compared to the previous year, except for Mumbai for PM2.5. In terms of the
pattern of decline amongst pollutants during the lockdown period, these are mostly along
expected lines, lending credibility to the analysis. Correlations between percentage changes in
PM10 and PM2.5 are positive and high at 0.76 and signiﬁcant at the 5% level, as are the
correlations between movements in CO and NOx with a correlation coeﬃcient of 0.85. Weak
correlation coeﬃcients, which are low in value and insigniﬁcant, between CO and PM10, NOx
and PM2.5, are suggestive of the complexity across cities in terms of sources of air pollution
and the manner in which these need to be tackled. Correlations based on the day-to-day
diﬀerences in pollutant concentration levels during the lockdown period also indicate a
positive and signiﬁcant relationship at 1% level between PM2.5 and CO, PM10 and CO, and
expectedly between PM10 and PM2.5.
CO, NO2, PM10 and PM2.5 pollutant concentrations in most cities decreased in terms of
percentage changes. The exceptions were CO and NO2 in Gurugram and PM2.5 in Mumbai.
Both Gurugram and Mumbai are located in states with high per-capita incomes. Table 1
summarises information on relevant socio-economic factors and associated pollution related
factors for the cities.
A comparison of the available data on meteorological variables for 2020 and 2019 indicates
that in most cases the trends are similar and the values lie close to each other in these two
time periods, with some exceptions. We ﬁnd that correlation coeﬃcients between 2020 and
2019, are signiﬁcant at the 1% level for temperature and relative humidity. The closest
correspondence seems to be in the case of Delhi where there are quite a few matching data
points available from monitoring stations for both years. It is also evident that there is
https://www.sciencedirect.com/science/article/pii/S2589791820300220

10/35

4/22/2021

Reduced air pollution during COVID-19: Learnings for sustainability from Indian Cities - ScienceDirect

similarity in the patterns observed for some of the meteorological variables for the contiguous
cities of Delhi, Ghaziabad and Gurugram. For example, Relative Humidity for Delhi 1, 2, 3 and
4, Ghaziabad and Gurugram have similar patterns over the period. Similarly, Ambient
Temperature patterns over the period also look similar in Delhi 1, 2, 3, 4 and Ghaziabad.
(Graphical plots for temperature and relative humidity are presented in SM Figue 2).
Ahmedabad is located in the high-income state of Gujarat and its income generating activities
stem from both the secondary and tertiary sectors. Power supply is sourced primarily from
thermal sources, followed by renewable energy (excluding hydro). As in the other cities,
pollutant concentration levels during the lockdown period for PM10, PM2.5, NO2 and CO are
well below the previous year’s daily concentration levels as well as below daily standards.
PM2.5, CO and NO2 are also below the more stringent annual standards. Ahmedabad has the
second largest number of motorised vehicles within the cities in the analysis. The city’s
pollution is due to dust, vehicular emissions, and sources outside the city boundaries such as
industries located nearby [34,35].
Gurugram, a city in the state of Haryana, is a high-income state where major contributions to
economic activity in the state come from the secondary and the tertiary sectors. Thermal
sources meet most of the state’s power requirements, while hydro power is the next important
source. PM10 and PM2.5 over the lockdown period were predominantly below last year values
and NO2 and CO similar to last year levels; although all pollutants fell below daily standard on
most days. Daily ozone concentrations are consistently higher than the previous year,
although they are both below standards. The role of transboundary pollution from
surrounding rural areas is discussed further in section 4, especially in relation to the use of
biomass for household cooking and agricultural practices which plays an important role in
the emissions of pollutants in the state. Road dust and construction, vehicles and industry
contribute largely to PM10 and PM2.5 in the summers [36], the absence of which could possibly
explain the lower concentrations of these two pollutants during the lockdown period.
The city of Jaipur is located in the state of Rajasthan which is a relatively lower income state
with income generation in the city predominantly from activities in the tertiary sector. While
the state’s power supply is primarily sourced from thermal sources, there is a substantial
contribution from renewable energy sources (not including hydro). Pollutant concentrations
in most days in the lockdown period have been below the levels observed during the previous
year and daily standards for NO2, CO, PM2.5 and PM10 clearly indicating lower levels of
concentration during the lockdown period. Transport and emissions from vehicles, dust from
construction and roads [37,38] and sources outside city boundaries [38] are major contributors
to pollution in Jaipur. A key point to note is that amongst the cities Jaipur has a relatively
large number of motorised vehicles.
Jalandhar is located in the state of Punjab which is a middle-income state. A signiﬁcant
contribution to income generation comes from the tertiary sector. The major sources of
power are thermal, followed by hydro. Daily concentrations of CO, NO2, PM10 and PM2.5
predominantly lie well below those for the previous year and below the daily and annual
https://www.sciencedirect.com/science/article/pii/S2589791820300220
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standards. Dust from construction and roads, vehicular and industrial emissions being
important sources of pollution from the city [39], it is not surprising that the lockdown has
had a substantial impact on pollution levels.
The city of Mumbai is located in Maharashtra, which is a high-income state. The city of
Mumbai is referred to as the ﬁnancial capital of the country and the predominant economic
activities in the city are in the tertiary sector. The state’s power requirements are met from
thermal sources alongside a substantial contribution from renewable energy sources
(excluding hydro). CO and NO2 were observed predominantly to be at substantially lower
levels in comparison to the previous year in terms of the comparable period of time while
PM10 and PM2.5 were predominantly around or above the previous year levels. All are within
daily standard levels and also annual standards, except for PM10 which is consistently above
annual standards, but below daily standards. Major contributors to pollution in Mumbai
during normal years include dust, transport or vehicular emissions, and sources external to
the city boundaries such as industrial emissions of pollutants [35,40]. The city has a large
number of motor vehicles in relation to the other cities in the analysis. Given that transport
and industry were both severely impacted during the lockdown, the impacts are clearly
favourable for reducing air pollution.
The city of Varanasi is located in the state of Uttar Pradesh, which is a low-income state and
the major sources of economic activity are in the tertiary sector. Another city in the same state
which was examined was Ghaziabad, where income generation activities was drawn from both
secondary and tertiary sectors. The state’s power is predominantly supplied from thermal
sources, with a limited sourcing from renewable energy. In both these cities, pollutant
concentrations during the lockdown are well below those of the daily levels observed in 2019.
NO2 in both cities and CO in Ghaziabad are well below daily and annual standards, while the
other pollutants are around or above the standards. Dust from construction and roads, and
industrial activities are considered to be major contributors to pollution in Ghaziabad [36,41].
Since these activities were majorly restricted, it contributed to the lower concentration values.
Interestingly, given that some of the sources of pollution in Varanasi are likely to have
continued such as from cooking activities; external sources outside of the city’s boundaries
[38] apart from dust from roads [42] are both likely to have been a major cause of the reduced
pollution. Both cities have relatively less motorised vehicles in comparison to the other cities.
Delhi (Fig. 2) is a high-income city-state with most of its income generation activities in the
tertiary sector, and some limited ones in the surrounding areas being industrial in nature. A
substantial decline occurred in concentrations for CO, NO2, PM2.5 and PM10 as compared to
those for the previous year. Although CO and NO2 were always below both standards, other
pollutants were either above or around the standards. The average percentage changes for CO,
NO2, PM10, PM2.5 were negative across the city.

https://www.sciencedirect.com/science/article/pii/S2589791820300220
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Fig. 2. Daily pollutant concentration levels and standards for Delhi.
Source: Authors’ calculations based on data from CPCB,2009[26]; CPCB, 2020 [27].
Note: Time weighted average standards for PM10, PM2.5 and NO2 are for 24-hour and annual
durations; CO and Ozone standards are for 8 hour and 1-hour durations.

There is variation in the sourcing of power amongst the states within which the cities of
Jalandhar, Gurugram and Delhi are located. In most cases, the dominant source is thermal,
with Delhi and Uttar Pradesh having the highest shares. In addition, Delhi has the lowest
share in renewable energy sources in comparison to other states in spite of the fact that Delhi
has the highest per capita income, signifying there is scope for investing much more in
renewables to meet future demands. Vehicular emissions, burning of agricultural residue
from neighbouring areas, dust from construction and roads, and industrial emissions from
outside the city limits are major contributors to Delhi’s air pollution [36,43] which has made
headline news across the world in recent past. However, the marked drop in pollutant
concentrations levels for Delhi is expected since Delhi being the capital city is likely to have
had the most stringent implementation of the lockdown.

https://www.sciencedirect.com/science/article/pii/S2589791820300220
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There is substantial variation among the four quadrants in Delhi in terms of population
density, road traﬃc concentration, built up area and green cover, value added and extent of
industrial activity. SM Figure 3 pictorially represents some prominent socio-economic details
for Delhi 1, 2, 3 and 4. Delhi 2 had the highest average PM10 and PM2.5 concentrations and
also experienced the maximum reductions in PM10 and second highest reduction in PM2.5
during the lockdown period as compared to the previous year. Delhi 1 followed close on its
heels with the second highest reductions in PM10 and the highest reductions in PM2.5 during
the lockdown. Both Delhi 1 and 2 overlap with the North West District, which has the largest
number of factories in operation and the highest share of gross value added from industries.
Of the 13 locations categorised as air pollution hotspots based on PM10 and PM2.5 annual
averages [44], most fall in Delhi 1 and Delhi 2. It is therefore not surprising that the lockdown
led to the maximum improvements in air pollution in these parts of the city. Further, in Delhi
1, most of the land is built-up area, and it has 2 districts with the highest population density
in the city, namely, the North East and Central districts.
It may be interesting to consider what insights can be gained from cities with good air quality,
to help high pollution cities in designing a recovery which is green and less polluting. An
examination of the data on air quality [45,46] indicates that most Indian cities which have air
quality that meets the nationally deﬁned satisfactory limit are not considered to be the high
income or employment generating ones, and are typically classiﬁed as smaller cities than the
ones studied in this analysis. For instance, states like Sikkim and Kerala have good air quality
but are low income compared to several other states. They are also geographically unique with
the former characterised by mountains and forestlands, and the latter having large coastal area
and water bodies. Land use changes in these states is limited by their geography as well as by
law for environmental protection.
Comparable data on air quality and pollutant concentrations is also far less, as there appears
to be less monitoring of pollution levels. Amongst cities in these two states, consistent and
comparable daily concentration data for the analysis period was available only for
Thiruvananthapuram in Kerala. Thiruvananthapuram has some land under plantation and
forests [33], and major contributions to economic activity and income generation are
attributable to the tertiary sector [47], while the power requirements of the state are met
predominantly from renewable sources.
Instead, we consider the case of Chennai in the neighbouring state of Tamil Nadu which has
good air quality, and comparable levels of economic activity and development as the other
major cities analysed in this study. Chennai also doesn’t fall in the list of non-attainment
cities [48]. The majority of its land use and land cover is classiﬁed under urban built-up area
[33], the income generating activities for the city are majorly from the industrial and tertiary
sector [49], and the number of registered motor vehicles is surpassed only by Delhi. On the
positive side, here is a city that draws its power majorly from renewable sources.
It is interesting to note that daily concentration levels of NO2, CO and Ozone were similar
during the lockdown period and the previous year for both Chennai and
https://www.sciencedirect.com/science/article/pii/S2589791820300220
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Thiruvananthapuram. PM2.5 values in Chennai and PM10 values in Thiruvananthapuram, in
2019, were above annual standards on a few days, though not alarmingly so. Expectedly, even
in these cities, on most days during the lockdown, particulate matter concentrations were
lower than the corresponding levels in 2019 since activities leading to the major sources of
pollution such as dust, transportation and transboundary sources [35,38], were all halted. In
general, the pollutant concentrations remain well below the daily standards (SM Figure 4).

4. Discussion
The lockdown period in the Indian case seems to have predominantly resulted in lower levels
of air pollutants for most cities. Ozone concentrations are seen to be either at comparable
levels or in some instances higher during the lockdown period than in the previous year. In
general, it has been observed that concentrations of Ozone are highest in spring and summers
with April to August being the period in India generally exhibiting increased levels [50,51].
Further, it is possible that the increase in Ozone concentration, especially for the North West,
Indo Gangetic Plain maybe attributable to some extent to the burning of agricultural residue
in the region [52], as the period of the lockdown corresponded with the post-harvest period
for the rabi crop, especially wheat. To a limited extent, the increase maybe attributable to crop
stubble burning in the latter part of the lockdown and the transboundary impact of these in
the cities analysed. However, a more likely explanation lies in the fact that ozone is a
secondary pollutant, with its precursors being nitrogen oxides (NOx) and volatile organic
compounds (VOC). Reduced reactive nitrogen, attributable to reduced emissions of NOx
(speciﬁcally NO) from sources such as transportation (due to lockdown on movement) could
therefore be a reason for the higher concentrations of Ozone during daytime [50]. In fact, this
raises some interesting issues for managing air quality in view of the atmospheric chemistry
around mix of pollutants, especially for Ozone [53].
External sources outside city boundaries and regional sources are an important source of
contribution to air pollution in many cities. The NCAP emphasises multi-pronged actions on
air pollution including at the regional and transboundary levels [35,48]. Coordination between
states is considered especially important for states in the Indo-Gangetic plain area [48]. It is
often alleged that crop burning is in fact a major source of air pollution observed over a large
part of northern India, with estimates attributing 50% and more of the pollution to this
phenomenon [[54], [55], [56], [57]]. A National Policy for Management of Crop Residues
(NPMCR) was made in 2014 which stressed on the control of crop residue burning to prevent
environmental degradation and suggested formulation and implementation of suitable
legislative measures to curb burning of crop residue. Subsequently, the National Green
Tribunal (NGT) through its judgement in December 2015, directed the implementation of
NPMCR in the States of Rajasthan, Uttar Pradesh, Haryana and Punjab. It also directed the
State Governments to immediately take steps to educate and advise the farmers through
media, Gram Panchayats and Corporations that crop residue burning is injurious to human
health, causes serious air pollution and is now banned or prohibited by law. In 2018, the
Cabinet Committee on Economic Aﬀairs gave its approval for the promotion of Agricultural
Mechanization for in-situ Management of Crop Residue in the States of Punjab, Haryana,
https://www.sciencedirect.com/science/article/pii/S2589791820300220
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Uttar Pradesh and National Capital Territory of Delhi. This is in fact a classic case signifying
the need to hasten implementation and upscale eﬀorts on a direct intervention to reduce air
pollution, as substantial legislative and executive eﬀorts have already been put in place.
Apart from direct interventions, the current context provides the opportunity to focus on
initiatives in India that have been conceptualized and are yet to take oﬀ which can be
accelerated. Some of these initiatives include: establishing farm machinery banks to provide
an alternative equipment for timely sowing, creating forests in Tier I cities, and increasing
tree cover in urban areas to check air pollution, all of which also contributes directly to
mitigation, and often as well to adaptation for global warming. The current focus on reducing
residue burning from paddy cultivation in the Kharif (monsoon) season has to be upscaled to
cover all crops such as wheat from the Rabi (winter) season.
A major policy initiative from the Indian government to deal with air pollution was the NCAP
that set a goal to achieve the prescribed annual average air quality standards across the
country in a speciﬁed timeframe. A list of 122 cities for which city action plans were to be
made was drawn up accordingly. One stated intention for instance is to achieve a fall in PM10
and PM2.5 by 20%–30% by the year 2024 [48].
In fact, the preparation of city action plans for meeting air quality standards were provided an
increased impetus on the instructions of a national tribunal, namely the NGT. The NGT had
also directed that an assessment of the carrying capacity of the “non-attainment cities” where
the NAAQS were not being met should be carried out [58]. The judiciary’s involvement in
taking forward the environmental concerns and directing implementing agencies such as the
concerned ministries at the national level, the state level departments and pollution control
boards has become an important aspect in the last couple of decades for addressing natural
resource management concerns and preventing environmental degradation.
Most cities and states get contributions to income generation predominantly from the tertiary
sector, with transport related emissions and dust being the most common sources
contributing to air pollution. Large contributions to income originating from the tertiary
sector could mean linkages with increased movement of people and possession of private
vehicles, along with higher traﬃc congestion leading to air pollution. Speciﬁcally, in case of
reduction in NOx, the association with lockdowns in large cities seems to be an obvious fall
out given that signiﬁcant emissions of NOx come from fuel combustion, linked to road
transportation in urban areas [[59], [60], [61]]. Ahmedabad and parts of Delhi experienced the
highest percentage decreases in NO2 during the lockdown as compared to their 2019 levels. It
is possibly no coincidence that these cities have some of the highest number of registered
vehicles plying on the streets in pre-lockdown times. What is important to note is that these
cities also belong to the top income generating states and have high per capita incomes which
also means that city clean-up plans should be emphasising the uptake of investment in these
directions.
In such instances, the need to incentivise a shift to electric or hybrid vehicles and behavioural
changes from private to public transportation would be the right direction to take. The policy
https://www.sciencedirect.com/science/article/pii/S2589791820300220
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interventions in terms of encouraging environment friendly modes of transportation such as
electric vehicles [62] and cycling, and in general encouraging public transportation over
private transportation are very much needed no doubt. What is of signiﬁcant interest in the
context of the lessons learned from the pandemic is also the impact and potential of work
from home or remote work alternatives in relation to travelling to work. This is something
that has been a global phenomenon during the pandemic, but for India it is a major point to
ponder upon in terms of the environmental impacts. The remote work component in India is
far below the levels in western Europe and the US where it ranges from 30 to 40% for the
organised work force [63]. For instance, at the all India level in the unincorporated non
agriculture sector, only 5% of the total enterprises surveyed reported internet usage over a 365
-day period [64].
For India, there is thus huge potential to gain on this front, even currently in the IT and IT
enabled sectors, and with further investment in digital infrastructure and the internet this can
be extended to other sectors as well [12]. Remote work options reduce infection risk [65], while
the IT and IT enabled sectors undertake economic recovery. Thus, there are many ways, direct
and indirect, in which economic recovery can link and provide co-beneﬁts to the
environment.
As various coping strategies are adopted, it is also relevant to mention in the COVID-19
context that aﬀordability and access constraints may lead to greater fuel stacking and burning
of solid biomass by the poor, rather than using clean fuels such as LPG and electricity for
cooking and heating purposes [62]. This could lead to adverse impacts on indoor air pollution
and the health of the poor, particularly women and children. Adverse consequences for
ambient air pollution could also be possible given the link between the two [66], such as
between PM2.5 and Ozone concentrations [[67], [68], [69]] and might also contribute to adverse
climate impacts. For instance, researchers have estimated that 50% and more of black carbon
and organic carbon emissions in China could be due to residential coal and biomass burning
[70,71]. The Indian government gave a major push to consumption of LPG by poor
households through its Ujjwala programme, which provided free connections. Given that
aﬀordability continues to be a major concern for many households since locally available
alternative biomass -based fuels are much cheaper, the initiative to provide free cylinders as
part of the post COVID-19 relief measures is welcome [72]. The fall in prices of LPG
internationally in the current period [62] coupled with continued government support could
also help promote its continual use. However, more can be done to inﬂuence behavioural
change towards increased consumption of clean fuels by stronger messaging on the health
aspects of air pollution [73]. Awareness is also as equally important as aﬀordable access to
alternatives in rural India, whether it be for farmers to stop crop burning or for households to
consume clean fuels. With per capita electricity consumption for millions of households well
below internationally accepted thresholds of a decent quality of life in the pre-pandemic
situation, there is a need to undertake demand side management measures to actively
stimulate electricity consumption (and hence also aid the recovery process) from this segment
[74].
https://www.sciencedirect.com/science/article/pii/S2589791820300220
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It should also be kept in mind that while greening the recovery path may appear costly,
mitigation activities that lower emissions from industrial, power and transport sectors tend to
yield immediate and near-term health beneﬁts that are extremely valuable for society. It is
unclear at the moment how the energy sector will impact emissions of GHGs and air
pollutants in a post pandemic world as economies seek to fast track economic recovery.
Outcomes will depend on a host of factors: movements in international oil prices, fall in
overall energy demand from industry and commercial sectors, increase due to stimulus and
aid packages from governments such as free LPG cylinders for the poor in India, extent of
targeted funding for renewable energy and green investments on related sectors such as
infrastructure and transportation, perceptions and behavioural change about the trade-oﬀs
between air pollution and the need to get back to business as usual as quickly as possible in
poor countries [62,72,75,76].
However, it is highly desirable that the links between human health and energy eﬃciency and
renewable energy are mainstreamed into the recovery process [[77], [78], [79]]. During the
lockdown, the shortfall experienced in energy production/consumption in India ranged
between 23.73% (March 25, 2020) and 18.54% (April 20, 2020) [80] 6. The energy consumption
levels will only rise in the coming weeks and as the economic condition improves, it is natural
to expect higher demand for energy continuing into the future well beyond the post pandemic
recovery. The measures that are put in place to incentivise the recovery in terms of energy
eﬃcient processes and technologies, including renewables in the power sector will therfore be
of critical signiﬁcance. While it may appear that conventional paths to recovery imply that the
integration of environmental issues into the recovery can wait or be a longer-term plan [81];
there are ways in which decision-makers can start building in these concerns in the interests
of long-term sustainability. For instance, a key concern in the pandemic has been the loss of
jobs and livelihoods, especially for the poor. There is evidence that it is possible to create
signiﬁcant number of jobs in sectors relating to renewable energy [62,82,83]. Many countries
are in fact making speciﬁc provisions to integrate green aspects into their recovery plans
[62,84]. Delhi, being the state having maximum thermal capacity and lowest renewable energy
capacities; and as the state with the highest per capita income, should undertake investment
in boosting renewable energy capacities.
The implications for climate change are also very relevant [8]. Many activities that promote
energy eﬃciency, renewables or clean technologies impact both global and local pollutants.
Further, short lived climate pollutants such as ground level ozone can have warming
potentials more than carbon dioxide and controlling these is critical to combating climate
change [85,86]. The analysis indicates that restrictions that were put in place to tackle the
pandemic have led to a decline in emissions of harmful gases, which are attributable to the
decline in surface transport, industry and the power sector depending on the economic and
business proﬁle of the city concerned.

5. Conclusion
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Examining the air pollution level across various cities which are nested within states at very
diﬀerent levels of socio-economic development, provides useful insights on the diﬀering
transition contexts and opportunities faced by these cities and the various state agencies
responsible for managing these spaces. These states vary widely in terms of economic
indicators like gross state domestic product which will be the most important conventional
indicator for deﬁning and evaluating economic recovery. A sustainable transition calls for
bringing in other values that matter to society in the immediate future, such as good health
and clean air.
Reducing air pollution has the potential to both directly and indirectly impact health
outcomes, as this pandemic has revealed. Direct implications in terms of avoided deaths
combine with indirect routes of reduced vulnerability to respiratory illnesses. As we build
back towards a better and more secure future, it is imperative to keep this lesson in mind.
A recovery which can impart the desired resilience to the economic system should include
indicators of environmental sustainability for evaluating the success of the recovery. This can
take diﬀerent forms for diﬀerent sectors and geographical areas, and ranges from
incentivising green infrastructure, making explicit provisions for ﬁnancing green technology
and renewable energy, to providing employment in these sectors. The alarm bells have rung
for the need to plan a future where resilience in the ecological and economic system move in
tandem as never before. The key would be to identify and subsequently provide funding for
the speciﬁc purpose. In some instances, this could mean simply upscaling or implementing
existing programs, by providing the required technical and ﬁnancial support.
It is also worth keeping in mind the speciﬁc context as we plan ahead. It appears that for most
cities in India, except where there are favourable geographical conditions, air pollution and
economic growth are moving in parallel. However, what is described as high income for India,
is still comparatively low in a relative context, with the highest average per capita incomes at
below 6000 US$ annually. Income and employment are likely to continue to be issues not just
for the economic recovery, but well beyond that as we aspire to reach the SDGs. Therefore, the
implications for managing air pollution will be important well beyond the recovery and
lessons from best practices can oﬀer good insights. For instance, moving to renewables for
electricity generation and clean fuels for transportation on a priority basis.
With city action plans having been recently prepared and the NCAP setting goals to better air
quality by 2024, this is indeed an appropriate time to conduct analyses to impact and bend the
curve of air pollution substantially. On one hand there is a need to integrate management
across borders of cities, to account for air sheds that represent pollution common to an entire
region such as the Indo-Gangetic plain. On the other hand, it’s time to take city speciﬁc
requirements on board in the design, implementation and funding of air pollution
management plans. It is obvious that there is a diverse set of factors responsible for air
pollution in diﬀerent Indian cities. The action plans to manage air pollution that have thus
far been prepared by cities tend to cover broad heads such as transportation and vehicular
emissions, road dust, agricultural and waste burning, industrial emissions, construction, and
https://www.sciencedirect.com/science/article/pii/S2589791820300220
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so on. Similarities are noticeable especially in case of cities falling within the same state,
indicating a lack of contextualisation. Some common gaps are also noticeable such as a
relatively lower focus on renewable energy and on the co-beneﬁts of climate action, which is
also missing. Two key areas requiring research are the need for more cost-beneﬁt type of
studies of proposed activities in speciﬁc city contexts and an emphasis on behavioural change
across economic agents so as to impact production through sustainable consumption
behaviour by consumers of services and goods governed by city agencies.
The public health response to COVID-19 has been to urge social distancing and work from
home as much as possible. No doubt this can help in providing a nudge towards more
sustainable practices such as reduced transportation and its associated air pollution. On one
hand, work from home implies advantages of reduced space, infrastructure and transportation
costs associated with work places. On the other hand, it calls for greater digital infrastructure
availability and access in order to be able to adopt work from home practices, which is
currently very low in developing countries. Perhaps the greatest nudge will come from the
real-life experience of having lived through a phase of clean air and an opportunity to craft a
new normal for the economy in terms of the economy-nature-health interface.
The COVID-19 situation was one way of experiencing what the possibilities are in terms of
living in a cleaner environment and sets a bench mark of where one would ideally like to be at.
Air pollution imposes many costs on the economy which tend to remain unrecognised. These
relate to loss in agricultural productivity and biodiversity, lowered worker productivity from
ill health, increased health care expenditure, morbidity and mortality losses apart from
productivity related ones, and increase in Short Lived Climate Pollutants. Even in a normal
year, it all adds up to imposing signiﬁcant welfare losses. With rising cases of COVID-19
expected during the winter months when pollution is at its worst in parts of the Indo
Gangetic plain, a double burden can be expected from respiratory illnesses and associated
health and productivity costs. Sustainability is achievable by integrating economic recovery
with reduced air pollution, adding back to the GDP the lost productivity, lives and work hours
lost from air pollution, and recognising the potential gains to the GDP. As the economic
recovery sets in, it would therefore make good sense to allocate resources and plan for
adoption of measures that lead to lowering of air pollution alongside generating income and
employment, in other words, for a green recovery.
Air pollution, with its critical inter-relationships with health and climate change has to form
an important component of the policies relating to recovery from the pandemic. Three key
messages from our analysis are as follows. Firstly, given that the management of COVID-19
has created renewed awareness about the beneﬁts of clean air, it provides a unique
opportunity to impact preferences of consumer citizens. Secondly, there is imminent scope
for integrating economic recovery decisions with producer decisions that acknowledge losses
arising to the economy from air pollution. Finally, therefore, the current focus on public
health provides an opportunity to concentrate on the management of air pollution as a critical
component of public health management.
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