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Abstract: Among the numerous anthropogenic pollutants, nitrogen dioxide (NO5;) is one of the
leading contaminants mainly released by burning fossil fuels in industrial and transport sectors. This
study evaluates the impact of COVID-19 lockdown on the growing trend of NO, emissions in South
Asia. Satellite imagery data of Sentinel-5 Precursor with Tropomi instrument was employed in this
study. The analysis was performed using time series data from February—-May 2019 and February-
May 2020. The time frame from February-May 2020 was further divided into two sub-time-frames,
i.e., from 1 February-20 March (pre-lockdown) and from 21 March-May 2020 (lockdown). Results
show the concentration of NO, pollutants over the region declined by 6.41% from February-May 2019
to February—-May 2020. Interestingly, an increasing trend of NO, concentration by 6.58% occurred
during the pre-lockdown phase in 2020 (1 February—20 March) compared to 2019 (February—-May).
However, the concentration of NO, pollutants reduced considerably by 21.10% during the lockdown
phase (21 March—10 May) compared to the pre-lockdown phase in 2020. Furthermore, the country-
specific detailed analysis demonstrates the significant impact of COVID-19-attributed lockdown on
NO; concentration in South Asia.

Keywords: air pollution; nitrogen dioxide (NO,); COVID-19 lockdown

1. Introduction

Environmental effects are one of the major factors affecting human health [1]. Moni-
toring air quality is vital for ecosystems and public health. However, air pollutants such
as nitrogen dioxide (NO,), ozone (O3), carbon monoxide (CO), and sulfur dioxide (SO,)
are contaminating the air at unprecedented rates, thus compromising public health [2].
Environmental pollution has given rise to numerous acute and terminal diseases including
lung aging, asthma, emphysema, bronchitis, and cancer [3,4]. A significant number of
deaths are caused by air pollution each year and the situation is becoming worse daily.
Around 7 million annual deaths reported by health authorities are due to the superfluous
presence of NO, and other pollutants in the atmosphere [5]. The World Health Organi-
zation (WHO) warned that health risks might escalate because of atmospheric NO; and
called for protection of humanity against this threat [6]. However, the emissions of NO,
declined significantly during COVID-19 lockdown period—when restrictions caused small
enterprises, factories, and transport to shut down—thereby improving air quality.

COVID-19 cases were first reported in Wuhan, China, in November 2019, causing
WHO to declare it as a global pandemic in 2020—due to rapid growth and spread in
cases across countries. In March 2020, the number of confirmed cases was 209,839 with
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a corresponding death rate of ~2% [7]. From the initial analysis, it was revealed that the
risk factor of COVID-19 was higher in elderly people [4]. COVID-19 patients experience
dry cough and fever, wooliness, and breathing disorders [8]. To contain the unprecedented
spread of COVID-19, pertinent authorities around the globe agreed to impose a strict
lockdown in compliance with WHO recommendations [9]. The imposition of lockdown
and social distancing measures prevent the spread of COVID-19 through small droplets
from the nose or mouth of an infected person. The rate of transmission of coronavirus
was significantly reduced during the lockdown period [10]. Another positive outcome of
the lockdown was the improvement of air quality due to the shutdown of industries and
transport systems that were producing NO; and other hazardous pollutants [11].

Globally, due to a global lockdown, spaceborne NO, column observations were
reduced by approximately 9.19% and 9.57% in March and April 2020, respectively, as
compared to the same months from 2015 to 2019. A decline in NO,, SO,, PM; 5, and PM1g
concentrations was observed in different regions of Europe, China, India, and the US. An
increase in O3 concentrations occurred during the same period [12]. Statistical analysis of
the air quality data of Abu Dhabi during the first 10 months of 2020 revealed a significant
decrease during lockdown in the concentration of the gaseous pollutants analyzed (NO,,
SO,, CO, and C4Hg). However, a different trend was shown by particulate matter (PMjg
and PMj, 5) averaged concentrations due to a larger influence from natural events (dust
and sand storms) and other anthropogenic sources [13]. A combination of satellite and
ground-based daily data analysis of nitrogen dioxide (NO,) and fine particulate matter
(PM; 5) emissions for May from 2015 until 2020 was performed to monitor the air quality
changes in Brazilian cities of Sao Paulo (SP) and Rio de Janeiro (R]). Significant decreases of
42% and 49.6% were found for SP and R], respectively, during the year 2020 compared to
the 2015-2019 average. Ground-based data showed 13.3% and 18.8% decrease in NO; levels
for SP and R], respectively, in 2020 compared to 2019 [14]. Mobile monitoring for urban
air pollution in the road network of Nanjing, China, for a year (October 2019-September
2020) revealed that compared to the pre-COVID period, CO and NO, concentrations
during the COVID-lockdown period were decreased by 44.9% and 47.1%, respectively.
Moreover, the contribution of traffic-related emissions to them both decreased by more
than 50% [15]. The average daily O3 concentrations escalated by 14% in Rome, 24% in
Nice, 2.4% in Valencia, and 27% in Turin [16]. This rise in O3 concentrations happened
primarily by the record decrease in NOx emissions that resulted in reduced NO titration of
Os. In Salé city of Morocco, a decrease in the concentration of pollutants was examined,
which showed a difference of 49%, 96%, and 75% in concentrations of SO,, NO,, and
PMjy, respectively, before and during the lockdown period [17]. During the COVID-19
control period, the air quality index and concentrations of six air pollutants (SO,, NO,,
PM; 5, PMjy, O3, and CO) were assessed in northern China [18]. On the whole, air quality
improved due to restricted transport and secondary-industry pollution. The asymmetric
effect of temperature on COVID-19 in the ten most-affected provinces in China from 22
January 2020 to 31 March 2020 was examined [19]. The relationship between temperature
and COVID-19 was found positive for Anhui, Hunan, and Hubei, whereas negative effect
was found in Shandong and Zhejiang provinces. However, mixed trends were observed in
the remaining five provinces (Heilongjiang, Jiangsu, Henan, Jiangxi, and Guangdong). An
investigation of the effects of regional climate, precipitation, evaporation, and temperature
on local transmission of SARS-CoV-2 coronavirus was examined in 31 states and Mexico’s
capital from 29 February to 31 March 2020 [20]. The association of confirmed positive
cases (LCPC) of COVID-19 with both weather and climatic characteristics was statistically
analyzed. The local transmission ratio (LTR) was estimated as the ratio between the regional
LCPC and the number of effective days of contagion in each state from the regional onset.
The results presented a negative association of temperature and climate with LTR and
LCPC. In addition, a positive association was reported between precipitation and both LTR
and LCPC.
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This study investigates the proliferating trend of NO, and analyzes its reduction due
to COVID-19 lockdown in South Asia. As a contribution to existing literature, this study
covers a wide geographical area rather than exploring a metropolitan area or a specific state,
as done by other recent studies. It is envisaged that this study would help in identifying the
association between COVID-19 lockdown and air quality improvement due to reduction of
NO; proliferation.

The rest of the paper is organized as follows. The topography of the region of study
is discussed in Section 2. Section 3 presents the methodological details. The results and
discussion are presented in Section 4, and concluding remarks are given in Section 5.

2. Region of Study

We adopt Southern Asia as the region for our case study, shown in Figure 1. The
area is topographically governed by the Indian Plate, primarily defined in the north by
the Himalayas and Karakoram, and in the south by the Indian Ocean. In the north of
Hindu Kush rises the Amu Darya, which forms part of the northwest frontier. South Asia is
bounded on land (in the clockwise direction) by Western Asia, Central Asia, East Asia, and
Southeast Asia. South Asia is home to the world’s largest population, including Muslims,
Sikhs, Hindus, Jains, and Zoroastrians. South Asia contains 24.89% of the entire world’s
population. Based on the latest estimates from the United Nations, South Asia’s current
population is 1,939,699,711 as of Sunday, 21 June 2020, which is 24.89% of the world’s
entire population [21]. Much of the region consists of a peninsula in south-central Asia
forming a diamond shape by the Arakanese in the east, the Hindu Kush in the west, and
the Himalayas on the north, extending south to the Indian Ocean with the Arabian Sea on
the southwest and southeast [22]. The region of study is based on eight countries: Pakistan,
Bangladesh, India, Afghanistan, Sri Lanka, Maldives, Bhutan, and Nepal. The details of
the countries are presented in Table 1.

T e SOUTH ASIA

Figure 1. Region of study [23].
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Table 1. Details of sampled countries including the capital, population, and date of first reported
COVID-19 case.

Country Capital Population First COVID-19 Case Reported
Pakistan Islamabad 224,723,434 26 February 2020
Indian New Delhi 1,393,409,038 27 January 2020
Bangladesh Dhaka 166,163,896 8 March 2020
Afghanistan Kabul 37,466,414 24 February 2020
Nepal Katmandu 29,602,256 23 January 2020
Bhutan Thimpu 779,218 6 March 2020
Sri Lanka Colombo 21,493,581 10 March 2020
Maldives Male 543,617 7 March 2020

3. Methodology

To monitor the impact of COVID-19 lockdown on the increasing trend of NO, pol-
lutants, the adopted methodology is shown in Figure 2. For this study, key data were
extracted from the Sentinel-5 Precursor satellite data using the Google Earth Engine (GEE)
platform [24,25]. For the extraction of NO, pollutants, we utilized the TROPOMI instruc-
tion, which is a sun back-scatter instrument in the line of SCCAMACHY and OMI with four
spectrometer bands and a spectral resolution of 0.25-0.5 nm. The satellite was launched on
13 October 2017 to monitor air pollution, while the NO; pollutants data were first released
on 10 July 2018. Using satellite imagery, digital image processing operation was performed,
and data were obtained using pixel values that statistically measure the daily maximum
availability of NO; according to the filtration of date range and geographic area. The date
range filtration was done for both 2019 and 2020 under the month’s array of February to
May. To measure the increasing trend of NO, pollutants, the time period from 2019 to 2020
(pre-lockdown period) was considered. Following this, the change in the proliferation of
NO; pollutants was monitored during the COVID-19 lockdown period (from March to
May 2020). Furthermore, to determine the positive impact of reduced NO, proliferation on
air quality during COVID-19 lockdown, country-specific filtration was done to perform the
same analysis for Pakistan, Bangladesh, India, Afghanistan, Sri Lanka, Maldives, Bhutan,
and Nepal.
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Figure 2. Methodology to monitor the impact of lockdown on the increasing trend of NO;.
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4. Results and Discussion

This section outlines the results produced by performing a daily-based maximum
statistical analysis utilizing the Sentinel-5 Precursor satellite during the two different time
series, which were used to measure increasing trend of NO; and impact of COVID-19
lockdown on the reduction of NO, pollutants. Moreover, a detailed country-specific
analysis of the South Asian region is provided.

4.1. Nitrogen Dioxide (NO,) Concentration in South Asia

Figure 3 shows the level of concentration of NO, pollutants from February to May
2019, and Figure 4 shows the level of intensity of NO, pollutants from February to May
2020. Both images have a range of color palettes, viz., light blue-orange—yellow-red—purple
that indicates the lowest to the highest level of NO, pollutants. Changes in the reduction
of NO; pollutants over time are shown in Figure 5. The additional black color indicates no
change or modification in the area over the time range.

Figure 3. Nitrogen dioxide (NO;) concentration in South Asia, February to May 2019.

Figure 4. Nitrogen dioxide (NO;) concentration in South Asia, February to May 2020.
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Figure 5. Change of nitrogen dioxide (NO;) in South Asia.

The results show a substantial change of abatement in NO; pollutants for the region
of study. Figure 6 elaborates the daily maximum values that indicate the presence of NO,
pollutants in the air for both time series. Blue shows the values ranging from February to
May 2020, whereas green indicates the values ranging from February to May 2019. In South
Asia, most countries imposed smart and full lockdown in the last ten days of March 2020.
Before the lockdown period in 2020, the level of NO, pollutants was higher compared to
2019, revealing that NO, pollutants increased over time. However, after the imposition of
lockdown, the level of concentration of NO, reduced. In May 2020, different governments
relaxed the restrictions due to Islamic festival (Eid al-Fitr), Hindu festival (SavitriPooja),
and Buddha festival (Vesak Full Moon Poya), but the concentration level of NO, pollutants
were still observed in reduced amount or approximately equal to both pre-lockdown
periods, i.e., February to the middle of March 2020 and February to May 2019.

NO, in SOUTH ASIA
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Figure 6. Nitrogen dioxide (NO;) concentration in South Asia.
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4.2. Country-Specific Detailed Analysis

The country-specific comprehensive analysis is primarily done to assess the contri-
bution of each country towards improving air quality by restricting the generation of
NO, during the smart and full lockdown. Results of the daily maximum values of NO,
pollutants over the full-lockdown/smart-lockdown periods are compared with the results
of the pre-lockdown period across countries.

4.2.1. Country-Specific NO, Pollutants from February to May 2019

The country-specific comparison deals with the level of concentration of NO; pollu-
tants between February—May 2019. Figure 7 shows NO, concentration across eight admin-
istrative countries: Pakistan, India, Afghanistan, Sri Lanka, Maldives, Bhutan, Bangladesh,
and Nepal. The resultant image utilizes the color palette, viz., light blue—orange-yellow—
red—purple that describes the lowest to highest level of NO; pollutants.

™
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Figure 7. Concentration level of nitrogen dioxide in South Asian countries from February to May 2019.

4.2.2. Country-Specific NO; Pollutants from February to May 2020

The country-specific analysis deals with the level of concentration of NO; pollutants
in the air during February-May 2020 period. Figure 8 shows the information on Pakistan,
India, Afghanistan, Sri Lanka, Maldives, Bhutan, Bangladesh, and Nepal. The resultant
image utilizes the color palette, viz., light blue—orange-yellow-red—purple that describes
the lowest to highest availability level of nitrogen dioxide pollutants for each country.
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Figure 8. Concentration level of NO; in South Asian countries from February to May 2020.

4.2.3. Year-Specific Change of NO, Pollutants

The year-specific fluctuation analysis deals with the level of concentration of NO,
pollutants reduced during multitemporal range from February-May 2019 to February-May
2020. Figure 9 shows changes in NO, concentration in South Asian countries. The resultant
image utilizes the color palette, viz., orange—yellow-red-purple that describes the lowest
to highest availability level of NO, pollutants; black indicates no change in reduction
occurred.

Results show a considerable reduction in NO, pollutants in the air of Pakistan.
Figure 10 depicts NO, pollutants with daily maximum values from February—-May 2020
represented by a solid blue line and February-May 2019 shown by a solid green line. In
Pakistan, the lockdown commenced on 21 March 2020 [26]. Before the lockdown, from
1 February—20 March 2020, the level of NO, concentration was at its peak compared to
February—May 2019. This indicates an increase in nitrogen dioxide pollutants over time.
Following the imposition of lockdown, however, the level of concentration of NO, declined.
It is evident in the values for the last March and April results. At the start of May, the
government decided to relax restrictions due to Eid al-Fitr, but the observed level was still
lesser or approximately equal to the pre-lockdown period from February-May 2020 and
February-May 2019.
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Figure 9. Change in NO, concentration across South Asian countries.
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Figure 10. Nitrogen dioxide (NO;) concentration in Pakistan.

The findings demonstrate significant reduction of NO; pollutants under the admin-
istrative boundaries of India from February—May 2019 to February—May 2020. Figure 11
shows the presence of NO, pollutants from February-May 2019 with daily maximum
values illustrated by a solid green line. The time frame from February-May 2020 daily
maximum values are depicted with a solid blue line. In India, the lockdown started on 22
March and lasted until 30 June 2020. During this period [27], however, the government of
India alleviated specific conditions and containment zone restrictions. Before the lockdown
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period (February 1 through 21 March 2020) in India, the level of NO; concentration was
slightly higher compared to the results of February—-May 2019, indicating an increasing
trend over time. During the lockdown period (i.e., the last of March and April), however,
the level of NO, concentration declined. At the start of May 2020, the administration of
the Indian government relaxed COVID-19 restrictions due to Islamic and Hindu festivals,
although the level of NO, concentration was still lower or equivalent to the pre-lockdown
period from 1 February-21 March 2020, and the results from February—-May 2019.

NO, in India

1.8
1.6
1.4
1.2

1
0.8
0.6
0.4
0.2

0
1-Feb 1-Mar 1-Apr 1-May

(mol/m?)x10

=—=NO: in 2019 ———=NO: in 2020
Trend Line for 2019

Trend Line for 2020

Figure 11. Nitrogen dioxide (NO;) concentration in India.

The results show minor changes in NO, reduction in Afghanistan from February—May
2019 to February—May 2020. The NO; pollutants with daily maximum values are presented
in Figure 12. The green solid line shows data from February—May 2019, and solid blue line
illustrating the results from February—-May 2020. In Afghanistan, the government applied
smart lockdown from 22 March through 22 May 2020 [28], but this smart lockdown was
restricted to a few cities and provinces. Before the 2020 smart lockdown in Afghanistan, the
level of NO; concentration was mostly higher as compared to the results from February-
May 2019. Over time, the level of NO, pollutants escalated, however, with the impact
of smart lockdown, the level of NO, concentration reduced as shown in late March and
April results. The administrative authorities in Afghanistan lifted the smart lockdown due
to Eid al-Fitr, but the level of NO, concentration was slightly lower or very close to the
pre-lockdown period from 1 February—21 March 2020, and from February-May 2019.

Figure 13 shows NO; pollutants with daily maximum values of both periods in Sri
Lanka. The solid green line represents the values from February-May 2019, while the solid
blue line specifies values from February—May 2020. The Sri Lankan government declared
lockdown from 22 March until 11 May 2020 [29], but in late April, the lockdown was
barred in few areas with conditional relaxation. Before the lockdown period (1 February—21
March 2020) in Sri Lanka, the level of NO, concentration was mostly higher as compared
to the results from February—-May 2019. During the lockdown, however, the level of NO,
concentration declined.
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Figure 12. Nitrogen dioxide (NO,) concentration in Afghanistan.
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Figure 13. Nitrogen dioxide (NO,) concentration in Sri Lanka.

Figure 14 shows NO; pollutants with daily maximum values of both periods in
Maldives. The solid blue line represents February-May 2020 values whereas the solid green
line shows the values from February-May 2019. The results show a minimal reduction
in air pollutants containing NO, from February-May 2019 to February—-May 2020. The
government of Maldives imposed smart lockdown from 15 April until 28 May 2020 [26], but
was restricted to only a few cities and provinces. Before the lockdown period (1 February-
14 April 2020), the level of NO, concentration was approximately equal to the results from
February-May 2019, indicating insignificant change over time. During the smart lockdown
period, however, the level of NO, concentration declined slightly, as shown in the April

and May results.
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Figure 14. Nitrogen dioxide (NO;) concentration in Maldives.

The results shown in Figure 15 indicate changes in the reduction of NO, pollutants
under the administrative boundaries of Bhutan. The solid blue line represents the NO,
concentration with daily maximum values from February—May 2020, while the solid green
line represents daily maximum statistically based values from February-May 2019. In
Bhutan, smart lockdown was imposed from 23 March to 21 April 2020 [30]. Before the
lockdown period (1 February-22 March 2020), the level of NO; pollutants was lower than
the results obtained from February—May 2019. Yet, in early March 2020, the level of NO,
pollutants was higher. Amid the smart lockdown, the level of NO, concentration declined.

NO, in Bhutan
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Figure 15. Nitrogen dioxide (NO,) concentration in Bhutan.

Figure 16 shows a considerable reduction in NO, pollutants in Bangladesh from
February—May 2019 to February—-May 2020. The solid green line represents the level of
NO; pollutants with daily maximum values from February-May 2019, while the solid blue
represents the times series from February—-May 2020. The Bangladesh government enforced
a complete lockdown from 26 March to 4 April 2020, which was prolonged until 30 May
2020 [31]. The government of Bangladesh, however, lifted the lockdown due to Eid al-Fitr.
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Before the lockdown period (February 1-24 March 2020), the level of NO; pollutants were
elevated as compared to February-May 2019, but with the impact of the lockdown, the
trend of NO, pollutants reduced.

NO, in Bangladesh
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Figure 16. Nitrogen dioxide (NO;) concentration in Bangladesh.

Figure 17 depicts a very small reduction in NO, pollutants in Nepal. NO; pollutants
with daily maximum values from February—May 2019 are specified by the solid green line,
while the solid blue line specifies February—-May 2020. The Nepalese government enforced
lockdown from 24 March to 12 April 2020 [32]. Before the lockdown period (February 1-23
March 2020), the level of NO, concentration was mostly higher than February—May 2019
results, depicting an increase in NO, over time. However, during the lockdown period, the
level of NO, concentration declined.
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Figure 17. Nitrogen dioxide (NO,) concentration in Nepal.

Table 2 summarizes the country-specific trend analysis during the specified time
periods. Observing the overall reduction from February-May 2019 to February-May
2020 indicates that Afghanistan ranked high in reducing NO, concentration levels, by
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15.09%. Pakistan follows with a 13.80% reduction in NO, pollutants during the entire
period. India, Sri Lanka, Maldives, Bhutan, Bangladesh, and Nepal achieved 2.80%, 6.20%,
7.62%, 4.79%, 4.80%, and 2.95% reduction in NO; concentration levels, respectively. While
comparing the situation before and after lockdown in 2020, interesting facts are revealed.
For example, all countries before the lockdown period observed increasing trends in NO,
concentration—specifically, Bangladesh (22.80%), Sri Lanka (17.34%), and Afghanistan
(10.90%). However, the imposition of full and smart lockdown dramatically reversed
the scenario, and significant reduction in NO, pollutants was observed, depicting the
commencement of atmospheric healing process by improving air quality. Bangladesh had
the highest positive impact of lockdown, revealing a 47.94% reduction in NO, concentration.
Sri Lanka, Pakistan, and Afghanistan also achieved high reduction rates, 38.88%, 31.43%,
and 27.78%, respectively, during lockdown period. The results indicate the positive impact
of lockdown on global environment and air quality, thereby reflecting the influence of daily
life human activities on the environment. The main sources of NO; production are the
burning of fossil fuels in industrial and transport sectors. The implementation of lockdown
ceased or considerably lessened the industrial and commercial activities, and very sparse
vehicles could be seen on roads [33], thereby reducing the concentration of NO, in the
atmosphere. However, it is unclear whether improvements in air quality have long-term
effects. This could be an extraordinary incident for authorities and administrative bodies
and can aid in suggesting and devising smart lockdown policies to maintain a clean and
healthy environment.

Table 2. Country-specific trend analysis from February to May 2019 to February to May 2020.

Overall Reduction . Changfe D ue to the
Increasing Trend Imposition of Full
Country from Feb-May 2019 o
before Lockdown % and Smart
to Feb-May 2020 % o
Lockdown %
Pakistan 13.80 5.81 31.43
India 2.80 1.80 9.22
Afghanistan 15.09 10.90 27.78
Sri Lanka 6.20 17.34 38.88
Maldives 7.62 4.32 24
Bhutan 4.79 3.40 3.36
Bangladesh 4.80 22.80 47.94
Nepal 2.95 2.69 4.75

In this study, we monitored the impact of COVID-19 lockdown on the production of
NO; in South Asia. This study is the first of its kind to cover such a large geographical
area to analyze pollutant concentration in the atmosphere during COVID-19 lockdown.
Most of the recent relevant studies analyze the atmosphere, monitoring various pollutants,
of different cities or small geographical regions, as summarized in Table 3. We believe
that such studies are useful and significant, but for local regions. However, COVID-
19 is a global pandemic, hence, a unified study across the globe is essential to monitor
the impact of COVID-19 on environmental quality. Based on the findings, unanimous
decisions or precautions could be implemented to save the global atmosphere. Having this
intuition in mind, we designed this study to cover South Asia consisting of eight countries:
Pakistan, India, Bangladesh, Sri Lanka, Nepal, Afghanistan, Maldives, and Bhutan. The
results indicate increasing NO, concentrations in 2020 before the lockdown because of
increasing traffic, industrial, and domestic activities. However, a significant reduction
in NO, concentration levels was observed during the lockdown period in all sampled
countries. We suggest South Asian countries could work together and devise common
solutions to save the environment of the entire region.
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Table 3. Comparison with existing literature.

Reference Pollutants Monitored Region of Study
. Southern Europe Rome, Nice,
P. Sicard et al. [16] Os Valencia, and Turin
A. Otmani et al. [17] SO,, NO,, and PM; Morocco
Z.Lietal. [18] 502, NOz, PMa5, PMg, Os, Northern China
and CO
B. M. Hashim et al. [34] NO,, O3, PM; 5, and PMyg Baghdad, Iraq
Twenty major cities: Wuhan,
Beijing, Seoul, Tokyo, Delhi,
Tehran, Istanbul, Moscow,
Berlin, Rome, Paris, London,
F. Fuetal. [35] SO,, NO,, and CO Madrid, New York, Los
Angeles, Mexico City, Lima,
Sao Paulo, Johannesburg, and
Sydney
This Study NO, South Asia

5. Conclusions

This study assessed the levels of nitrogen dioxide (NO;) in South Asia for two separate
time frames, February-May 2019 and February—-May 2020. The analysis is based on
collective and individual assessment of eight countries present in the region: Pakistan,
India, Afghanistan, Sri Lanka, Maldives, Bhutan, Bangladesh, and Bhutan. Results showed
the concentration of NO, pollutants over the region reduced by 6.41% from February—
May 2019 to February-May 2020. Interestingly, before the lockdown during 2020, i.e.,
pre-March 2020, the concentration of NO, pollutants was 6.58% higher as compared to
the results of 2019. Moreover, this study identified 21.10% reduction in the concentration
of NO; pollutants before the lockdown period (1 February-20 Mar 2020) compared to
the lockdown period (21 March-10 May 2020). Thus, the results vividly demonstrate the
perceptible impact of lockdown during COVID-19 on NO, concentrations across South
Asian countries.

Results become further explicit by the discrete assessment of South Asian countries.
By the study of individual countries, it was found that NO, levels flared initially in 2020,
i.e., pre-lockdown phase. However, NO, concentration recorded significant declined levels
in late March 2020, i.e., lockdown phase. This shows that decreased human activities in
industrial and transport sectors had direct impact on NO, concentrations and their flare-up.
Thus, to maintain this remarkable reduction in NO, levels in the South Asian region, it is
recommended that the South Asian member countries work on a collective institutional
framework to take effective initiatives.
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