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In recent years, due to rapid urbanization and industrialization, there is an increasing trend
of air pollution that has brought the most alarming situation for the health of humans in
some developing countries. Among various air pollutants, the most dangerous
contaminants are CO (Carbon Monoxide), NO2 (Nitrogen Dioxide) as well as Os
(Ozone). This paper conducted a crucial analysis by utilizing the GEE cloud-based
platform with Sentinel-5P TROPOMI satellite imagery of multi-temporal range to
analyze the changes of NOz, CO, and Os at a surface level during the nationwide
lockdown in Pakistan due to COVID-19. As the whole country "shuts down", the sudden
suspension of industrial activities and sparse vehicles on roads greatly reduced the air
pollution. Our study found a notable reduction in NO2 (28.88%), CO (15.81%), and O3
(8.41%). The improvement in the air quality helps people who are suffering from
respiratory and related diseases. Our study is helpful for the environmental department

to design effective policies and take measures to improve and maintain the air quality.

1. INTRODUCTION

Along with the rapid urbanization and industrialization in
developing countries, air pollution has become one of the main
urban issues and public focuses, as air quality has profound
impacts on health. Induced through social actions or non-
human progressions, several constituents pass into the
stratosphere [1]. As soon as constituents are emanated to a
greater extent when extreme surpassing the self-
decontamination capability of the surrounding, it will cause
changes in the composition of the atmosphere [2]. Once the
measure, density, & extent of impurities in the troposphere
touches a detrimental extent, air pollution is formed, which
compromises people’s wellbeing, healthiness, and welfare of
surroundings. The environmental effects of air pollution are
divided into two hazard categories i.e. severe and chronic
hazards. Extreme hazards are mainly caused by air emissions,
mostly due to the accumulation of outside air, which increases
rapidly over a short period, such as heavy haze [3]. Severe
risks, mainly show symptoms of respirational and eye
irascibility, rib cage aching, cough, tender esophagus, head
nuisance, unsettled stomach, aortic pump debilitation, lung
disorders, & serious occurrences of lingering heart & mental
illness, are caused by inhaling into large amounts of pollutants
[4]. Air pollution can cause acute and chronic diseases. There
is strong evidence that long-term exposure to air pollution
increases the risk of suffering from the following diseases:
ischemic heart disease, stroke, chronic obstructive pulmonary
disease (COPD), lung cancer and upper respiratory and
digestive tract cancer, adverse pregnancy outcomes [Namely,
low birth rate, premature delivery, weight loss (infants
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weighing less than 5 pounds)], diabetes and cataracts. The
International Agency for Research on Cancer (IRCA) of the
World Health Organization has classified air pollution as a
carcinogen. Some of the direct health effects of exposure to air
pollution include irritation of the eyes, nose, and throat;
shortness of breath; coughing; exacerbating pre-existing
diseases such as asthma attacks and chest pain. Age, pre-
existing diseases, other risk factors for diseases, and sensitivity
to pollutants may all affect a person's response to pollutants.
This usually leads to severe chronic obstructive pulmonary
disease (COPD) [5]. The larger the value of the AQI, the
higher the level and category, and the darker the characterizing
color, means that the more serious the air pollution situation,
the greater the health hazard to the human body. When citizens
look at the AQI, they don’t need to remember the specific
value and level of the AQI. They only need to pay attention to
the excellent (green), good (yellow), light pollution (orange),
moderate pollution (red), heavy pollution (purple), and severe
pollution. Six evaluation categories and characteristic colors
including pollution (brown-red). When the category is
excellent or good, and the color is green or yellow, the general
population can perform normal activities; when the category
is lightly polluted and the color is orange, red, purple, or
maroon, all groups of people need to pay attention to the
recommendations and in 2019 before the lockdown in Multan
the color for Pakistan was red and it placed between 180-200
AQI that indicates the quality of air unhealthy for children, and
people with heart and lung disease. After lockdown for 2020,
the air quality is still unhealthy but significantly improved and
now Pakistan is placed 153 AQI with orange color. Air
pollution is the biggest environmental risk facing global public
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health. People all over the world are exposed to air pollution,
whether in the workplace, during travel, or at home. In many
developing countries, people rely on wood and other solid
fuels, such as the use of raw coal for cooking and heating, and
the use of kerosene for lighting, which increase air pollution
in the home and harm the health of people living in such
environments. While the connection between air pollution and
development, the economy and the environment mean that
reducing air pollution is closely related to the achievement of
the Sustainable Development Goals (SDG), and directly
affects the realization of the following goals: Good health and
well-being, affordable clean energy, Sustainable Development
Goal, Sustainable Cities and Communities, and it indirectly
affects many other sustainable development goals. The control
of air pollution can also reduce the huge economic losses
related to human health, loss of productivity, the decline in
crop yields, and a decline in the competitiveness of globalized
cities. Due to the outbreak of the COVID-19 pandemic, the
Pakistani government as per the recommendations from
epidemiologists almost completely shut down the country to
maintain the safe social distancing and suppress the spreading
of coronavirus [6]. In Pakistan, the first case was reported on
26th February 2020. Till 1st September 2020, the total number
of affected patients rose to 296K, recovered patients were
281K, and the number of deaths was 6.3K [7]. Nowadays, the
increasing trend of coronavirus is impressively down due to
effective nationwide lockdown control measures are taken by
the Pakistani government [8]. During the lockdown, only a few
vehicles were seen on the road. All small- and large-scale
factories, shopping malls, offices were closed completely [9].
These are all the primary sources of air pollution, and in less
developed countries almost 90% of deaths happen yearly due
to air pollution, while in the developed countries the death rate
is much lower [10].

Analyzed the change of air pollutants, including ozone,
nitrogen dioxide, and carbon monoxide, in Pakistan before and
during the lockdown due to COVID-19. We use the data from
the Sentinel-5P satellite which is a global air pollution
monitoring satellite. This satellite is equipped with a
Tropospheric Monitoring Instrument (TROPOMI), which can
effectively observe trace gas components in the atmosphere
around the world. This study carried an analysis based on a
comparison approach to measure the changes under the two

different periods before lockdown from 21st October 2019 to
20th March 2020 and during the lockdown from 21st March
2020 to 21st August 2020. The novelty of this research is
based on its uniqueness as it is implemented in the Pakistan
region. The important parameter of this research is that it is
based on different variants of air pollutants. Pakistan is
amongst the countries with a high pollution rate and it is the
second most polluted country in the world and therefore the
pollutants are of shear importance [11]. Considering the
importance and nature of these air pollutants in Pakistan, it
makes it critical for the policymakers to foresee these changes
to aid the prospect of the country and for a sustainable future
[12].

2. MATERIALS AND METHODS

The workflow of our study is shown in Figure 1, which
indicates all of the most important components that are used to
investigate the atmospheric change due to the imposition of
COVID-19 lockdown.

2.1 Satellite imagery

The Sentinel-5 Precursor (Sentinel-5P) has been used to
research the concentration of nitrogen dioxide (NO>), carbon
monoxide (CO), ozone (O3). This low-orbit polar satellite was
launched by the European Space Agency on 13th Oct. 2017
for monitoring the pollution of the air at surface level.
Especially, it is a multispectral sensor that tracks reactance
values at wavelengths that measure amounts of ozone,
methane, formaldehyde, aerosols, carbon monoxide, nitrogen
oxide, and sulfur dioxide as well as cloud characteristics such
as cloud fraction, cloud base, and pressure at ultraviolet-
visible (250-500 nm), near-infrared (675-775 nm) and short-
wave infrared (2305-2385 nm) [13].

2.2 Preprocessing of satellite imagery

Image preprocessing makes the satellite imagery usable for
further processing to extract the desired results. There are a
series of operations that are needed to perform on raw satellite
imagery data for preprocessing [14].
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Figure 1. Methodology of the study to analyze the change of air pollutants due to COVID-19 Lockdown
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2.3 Geographical filter boundaries

The selected region for this research is Pakistan situated in
South Asia as shown in Figure 2 and the Greater Middle East
at a latitude and longitude of 30°00N, 70°00E. Pakistan is
surrounded on the southern side by 1,046 kilometers of
coastline of the Arabian Sea and is bordered in the west by
Afghanistan and Iran, in the east by India, and in the far
northeast by China [15]. Pakistan has a region of 803,940 sq.
km (310,403 sq. mi), covering 1,875 km (1,165 mi) northeast
to southwest from the Hindu Kush as well as the Himalayas to
the Arabian Sea, and 1,006 km (625 mi) southeast to North
West. Comparatively, the area covered by Pakistan is
marginally less than half the size of the state of California.
Low rainfall, large-scale deforestation, coal mining, and oil
and gas mining have caused climate problems, with that issue
the plateau facing severe environmental problems. In the mid-
1990s, at 71.9 million metric tons a year, or 0.59 metric tons
per capita per year, Pakistan was among the 50 countries
producing the world's top manufacturing carbon dioxide
emissions [16]. Because of agricultural and industrial waste as
well as in-curable sewage, the water quality of the country is
at risk. Healthy drinking water is available to just 85 percent
of the rural areas. Approximate 80% of the nation's diseases
are related to drinking unclean water [17].

(a)

(b)

Figure 2. (a) The World map and South Asia region (b) The
Pakistan geographical representation

2.4 Date range filtration

The date range filtration is based on the previous five
months and during five months from the starting date of
Coronavirus Ist wave’s Lockdown. The timeframe of the
previous six months is 21st October 2019 to 20th March 2020
while the nationwide Coronavirus Lockdown was imposed on
20th March 2020 and during the period is 21st March to 20th
August 2020.

2.5 Air pollutants filtration

There are various ranges of pollutants available [18, 19] and
captured by the Sentinel-5P satellite using Google Earth
Engine [20] and we utilized the TROPOMI [21] instruction for
our concerning data, which is a sun back-scatter instrument in
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the line of SCIAMACHY and OMI with four spectrometer
bands and a spectral resolution of 0.25-0.5 nm, but our
concern is about major atmosphere pollutants such as nitrogen
dioxide, carbon monoxide, and ozone that are considered
harmful to human health not for any specific geographical area
but also the whole world [17].

2.6 Change of air pollutants

On preprocessed satellite imagery, applied the basic binary
operation of digital image processing to measure the multi-
temporal change of reduction in the pollutants of air at the
level of surface [22].

2.6.1 Binary operation

At this stage measured the change of nitrogen dioxide,
carbon monoxide, and ozone by utilizing the difference binary
operation on preprocessed satellite imagery data. The resultant
image indicates the number of losses with the help of the color
spectrum that happened due to the COVID-19 lockdown [23].

2.7 Visualization

There are different techniques and tools are available to
represent a series of data [24]. While the adopted one is a line
chart that represents the availability of NO,, CO, and O; at
surface level. Change analysis of air pollutants due to COVID-
19 Lockdown [25]. An important thing is to analyze the results
into the meaningful state that extracts the positive impact of
COVID-19 lockdown in Pakistan concerning the most
dangerous air pollutants like nitrogen dioxide, carbon
monoxide, and ozone [26].

3. COMPARISON AND ANALYSIS

This section provides a concise description of the results of
this study to assess the outcomes of concentrated discharges
throughout the stay-inside phase, due to COVID-19, on-air
value in Pakistan. We compared the concentration of
particulate matter nitrogen dioxide, carbon monoxide, and
ozone measured during the lockdown period 21st March 2020
to 20th August 2020, with values obtained in the previous five-
month period 21st October 2019 to 20th March 2020. Air
pollutant gases can also be very dangerous. Carbon monoxide
(CO) restricts the transfer of oxygen to tissues and can be fatal
in very high concentrations. Nitrogen dioxide (NOy) is a
powerful lung irritant that affects the health of people who
already have respiratory diseases (asthma and chronic
obstructive pulmonary disease), especially those who live and
work near the source of (NO2). Nitrogen oxides (NO2) can
cause a variety of effects, from respiratory tract irritation to the
development of asthma and increased mortality. According to
data on the global burden of disease, exposure to ozone (Os)
can cause respiratory diseases and is associated with 472,000
premature deaths (IHME) in 2017.

3.1 Nitrogen dioxide pollutants

The level of nitrogen dioxide is measured by satellite
imagery and for the time range of 21st October 2019 to 20th
March 2020 are shown in Figure 3(a) while Figure 3(b)
demonstrate the existing level of nitrogen dioxide during the
COVID-19 lockdown 21st March 2020 to 20th August 2020



period. The color scale bar on the right top of Figure 3
indicates the present quantity of nitrogen dioxide.

-

(a) (b)

Figure 3. Level of nitrogen dioxide concentration: (a) 21st
October 2019 to 20th March 2020; (b) 21st March 2020 to
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Figure 4. Indicate the existence of nitrogen dioxide: (a) 21st
October 2019 to 20th March 2020; (b) 21st March 2020 to
20th August 2020

Figures 4 (a) and (b) show the graph values of Nitrogen
Dioxide pollutants which are extracted on daily maximum
statistical-based values for both periods. The heights indicate
the available quantity of nitrogen dioxide while the horizontal
axis represents the date values.

X
Averagev alue of NO, = Z <#) (1

In Eq. (1) represents the following:

(a) =1 specifying the starting date of before and during
lockdown.

(b) n indicates the total number of days.

(c) Xi is the daily maximum statistical-based value for
nitrogen dioxide.
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The average estimated from data for the before lockdown
period is 0.370138 mol/m?, and the average calculated after
lockdown is 0.150316 mol/m>.

Before the lockdown period, nitrogen dioxide
concentrations were at their highest point, with a value of
0.561 mol/m? but during the lockdown period, the highest
value is 0.273 mol/m? in Pakistan.

3.1.1 Change of nitrogen dioxide

There is an extensive change of reduction in nitrogen
dioxide at surface level is observed in Pakistan due to the
executions of lockdown with the comparison of the pre-
lockdown period. The loss of nitrogen dioxide between two-
time series is shown in Figure 5 in which the presence of black
color demonstrates the no change observed in the particular
geographical area of Pakistan.

Figure 6 comparison graph contains two lines. In which 21st
March to 20th August 2020 values are indicated by the orange
color line and the yellow color line is for before lockdown 21st
October 2019 to 20th March 2020 while the level of
concentration of nitrogen dioxide is reduced and it is clearly
shown. The difference between the two mentioned cycles is
0.219822 mol/m?. According to data derived from the Sentinel
5P satellite imagery, nitrogen emission in the air is 71.12%
higher before the lockdown time, but it falls by 42.22% after
the lockdown period, resulting in a reduction of 28.88%
currently measured.

Figure 5. Change of reduction in nitrogen dioxide at the level
of surface
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Figure 6. Loss of nitrogen dioxide at the level of surface
3.2 Carbon monoxide and air pollutants

Sentinel 5P satellite imagery is utilized to measure the
availability index of CO for the time range of October, 21st to
March 2020 as shown in Figure 7(a). Figure 7(b) was utilized
to determine the concentration index of ca CO during the
period of lockdown due to the COVID-19 pandemic during the
time ranges from 21st March 2020 to 20th August 2020. The
presence quantity of carbon monoxide is expressed through
the color scale bar as shown at the right top of Figure 7.



Figure 7. Indicate the existence of CO (a) 21st October 2019
to 20th March 2020; (b) 21st March 2020 to 20th August
2020
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Figure 8. Indicate the existence of Carbon Monoxide: (a)
21st October 2019 to 20th March 2020; (b) 21st March 2020
to 20th August 2020

Figures 8 (a) and (b) are illustrated the histogram graph
values of carbon monoxide pollutants which are extracted on
daily maximum statistical-based values for both periods. The
heights indicate the available quantity of carbon monoxide
while the horizontal axis represents the date values. The
estimated average data is 0.052678 mol/m?, before the
lockdown period. After lockdown data is 0.038289 mol/m?.
The concentrates of carbon monoxide were at their highest
before lockdown. The value of concentration was 0.083
mol/m?. The highest value is during the lockdown 0.051
mol/m? period in Pakistan.

3.2.1 Change of carbon monoxide

Due to the lockdown execution, an extensive change of
reduction in carbon monoxide is observed. It is compared with
the pre-lockdown period. In Figure 9, the loss of nitrogen
dioxide is shown between two times series. In this, the
presence of black color demonstrates the unchanged area of
Pakistan.
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Figure 9. Change of reduction in Carbon monoxide at the
level of surface
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Figure 10. Loss of Carbon Monoxide at the level of surface

A comparison graph containing two lines is shown in Figure
10. These two lines represent values, the orange color
demonstrates the availability of carbon monoxide during the
period of 21st March 2020 to 20th August 2020. On the other
hand, yellow color lines are used for 21st October 2019 to 20th
March 2020. There is a reduction in the level of carbon
monoxide. It is visible in the graph and the observed difference
between these cycles is 0.014389 mol/m?.

n
Y;
Averagev alue of CO= Z <§l) 2)

i=1

In Eq. (2):

(a) i=1 specifying the starting date of before and during
lockdown.

(b) n indicates the total number of days.

(c) Y; is daily maximum statistical-based values for carbon
Monoxide.

The data derives from sentinel 5P satellite imagery, and it
reveals facts that carbon monoxide emission is 57.90% higher
before the lockdown time in the air. However, it falls by
42.09% after lockdown and results in a reduction level up to
15.81%.

3.3 Ozone air pollutants

Using satellite images measure the ozone air pollutants at
the level of surface in the air for the range of October, 21st to
March 2020 as shown in Figure 11(a). Figure 11(b)
demonstrates the surface level of ozone during the period of
COVID-19 lockdown from 21st March 2020 to 20th August
2020. The availability of ozone is expressed highest to lowest
through the color scale bar as shown at the right top of Figure
11.

Figure 12 (a) and Figure 12(b) are demonstrated the
histogram graph values of carbon monoxide pollutants which
are extracted on daily maximum statistical-based values for
both periods. The heights indicate the available quantity of
carbon monoxide while the horizontal axis represents the date
values.
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(a) ()
Figure 11. Indicate the existence of Ozone: (a) 21st October
2019 to 20th March 2020; (b) 21st March 2020 to 20th
August 2020
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Figure 12. Indicate the existence of Ozone: (a) 21st October
2019 to 20th March 2020; (b) 21st March 2020 to 20th
August 2020
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In Eq. (3):

(a) i=1 specifying the starting date before and during the
lockdown.

(b) n indicates the total number of days.

(c) Z; is the daily maximum statistical-based value for
Ozone.

3.3.1 Change of ozone pollutants

Due to the lockdown execution, an extensive change of
reduction in ozone is observed. It is compared with the pre-
lockdown period. In Figure 13, the loss of ozone is shown
between two times series. In this, the presence of black color
demonstrates the unchanged area of Pakistan.

A comparison graph containing two lines is shown in Figure
14. These two lines represent values, the orange color
demonstrates the availability of carbon monoxide during the
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period of 21st March 2020 to 20th August 2020. On the other
hand, yellow color lines are used for 21st October 2019 to 20th
March 2020.

There is a reduction in the level of carbon monoxide. It is
visible in a graph and the observed difference between these
cycles is 0.024496 mol/m”2. According to data derived from
the Sentinel 5P satellite imagery, ozone in the air is 54.21%
higher before the lockdown time, but it falls by 45.79% during
the lockdown period, resulting in a reduction of 8.41%
currently measured.

Figure 13. Change of reduction in Ozone at the level of
surface
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Figure 14. Losses of Ozone at the level of surface
3.4 Discussions

The geographical area of Pakistan is placed at the second-
ranking among the most air pollutant countries list all over the
world due to this we work to find out the main concerns for
the air pollution. Our analysis deals with the most ambient air
pollutants nitrogen dioxide, carbon monoxide, and ozone and
we found an interesting correlation between the COVID-19
pandemic lockdown and change of air pollutants. Before
lockdown the availability of nitrogen dioxide, carbon
monoxide, and ozone at the surface level with the help of
Sentinel 5P satellite imagery is shown in Figure 3(a), Figure
7(a), and Figure 11(a) respectively and the daily maximum
statistical-based approach is adopted to calculate the average
values of nitrogen dioxide, carbon monoxide, and ozone that
are 0.370138 mol/m?, 0.052678 mol/m?, is 0.157869 mol/m?
respectively. During the lockdown period a massive change in
nitrogen dioxide, carbon monoxide, and ozone air pollutants
has been observed and can be seen in Figure 3(b), Figure 7(b),
and Figure 11(b) while using a daily maximum statistical-
based approach the average values of nitrogen dioxide, carbon
monoxide, and ozone that are 0.150316 mol/m?, 0.038289
mol/m?, is 0.133373 mol/m? respectively. The finding of this
work specifies the reduction in nitrogen dioxide is 28.96%,
carbon monoxide is 15.81%, and ozone is 8.42%. The massive
change in these air pollutants happened due to the temporary



situation of nationwide and cause to improve the quality of air
and helpful for the people who are suffering from respiratory
and related diseases. The COVID-19 pandemic is a crisis that
affected many sectors especially education systems all around
the world, causing most schools, universities, and colleges to
close, it also hits the global economy the most since World
War 11, etc. but despite these causes, COVID19 is considered
as a blessing for the perspective of the environment in terms
of positive change.

The government needs to invest in capacity building to
measure and monitor air pollution through the establishment
of monitoring networks, and to ensure that such networks
operate normally, are properly maintained, and follow
procedures to ensure the quality and reliability of air quality
measurement. The first step in responsible management of air
pollution is to ensure that the necessary regulations, policies,
and enforcement mechanisms are in place and fully supported.
The government should ensure that relevant agencies have
sufficient capacity to monitor and evaluate air pollution
emissions. This will ensure that decision-makers know where
the air pollution comes from, how large the different emission
sources are, the air pollution levels in different parts of the
country, the health effects, and what influential measures can
be taken to reduce pollution levels and the harm caused by
pollution. The government must understand the benefits and
costs associated with alternative actions or interventions to
improve air quality and determine the priority of actions
especially controlling the excessive usage of private vehicles
and such industries that contribute massively to air pollution
due to their massive smoke. The health and social benefits of
most air pollution reduction measures far exceed the cost of
implementation. Strengthening systems and governance,
promoting behavior change, building a culture conducive to
clean air, improving the ability of all departments to
effectively participate in and contribute to solutions,
strengthening the political will, and increasing funding are also
key factors for success. Companies and industries can play a
key role in reducing air pollution because many of their
activities are sources of various air pollutants. The private
sector can cause air pollution through its cross-sectoral
operations and supply chains. The private sector has a variety
of sources of pollution, from burning fuel to distribution and
delivery vehicles. Because air pollution also contributes to
climate change, companies that promise to reduce air pollution
emissions can also reduce their carbon footprint. This win-win
situation of reducing air pollution and its carbon footprint can
and has been a driving force for the private sector to find
innovative solutions. In the past, most of these solutions were
technical (for example, switching from one technology to
another), but some private sectors may need to get rid of the
shackles of these technical solutions. To reduce air pollution,
the private sector can take the following actions:

v' Incorporate air quality into corporate social
responsibility activities and promise to report and
monitor regularly.

v Identify and quantify air pollution emissions from
different facilities, manufacturing processes, and
supply chains.

v" Develop a plan to reduce air pollution for each
department.

Carry out publicity activities to transparently publicize the
level of emissions caused by their business activities and
explain what measures they will take to reduce emissions.
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4. CONCLUSION

The COVID-19 pandemic is spreading globally, Pakistan
has adopted measures to lock down cities or provinces: public
places are closed, people work from home. In this work, we
found that these actions have produced quantifiable results in
a short period, especially to the large-scale decline in the
pollutants of air in such a wide area. Taking the average
concentration of nitrogen dioxide, carbon monoxide, and
ozone before the intervention in 2020 as a reference, we have
observed that the level of concentration has been reduced in
nitrogen dioxide, carbon monoxide, and ozone about 71.18-
42.22%, 57.90-42.09%, and 54.21-45.79% respectively,
which indicates that imposition of lockdown is effective for
the reduction of most dangerous pollutants by a large amount
from the air. This is a temporary but noticeable situation for
the higher administration of Pakistan as well as for the
environmental department because the reductions of air
pollutants improve the quality of air which is better for the
people of Pakistan. So, there is a need for a permanent solution
to gain control of air pollution under sensible and competent
leadership that adopts effective policies for the reduction of
these pollutants.
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