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Abstract
Background: The impacts of lockdown on air pollution have been examined in various parts of the 
world. The concentration of main air pollutants has been decreased owing to a decline in anthropogenic 
activities like fossil fuel burning, etc. The main aim of this research was to assess the impacts of lockdown 
on air pollution of the main urban areas of Pakistan. 
Methods: The present study was conducted to assess the air quality index (AQI) of the main urban areas 
of Pakistan based on the pre- and post-lockdown effects and mortality rate due to coronavirus disease 
2019 (COVID-19). Hotspot analysis was conducted to assess the most vulnerable spots at the country 
level.
Results: The AQI greatly improved in all the main cities of Pakistan which ranges from 51 to 87. The 
pre- and post-lockdown AQI were categorized from unhealthy for sensitive groups to hazardous and 
moderate, respectively. There are noticeable hotspots in the vicinity of Lahore and Karachi. The level of 
nitrogen dioxide (NO2) dropped 45%, 49%, 20%, 35%, and 56% in Peshawar, Lahore, Multan, Karachi, 
Islamabad, and Rawalpindi, respectively.
Conclusion: Nature healed due to lockdown, which is the only good face of the COVID-19 pandemic. 
The temporary lockdown greatly improved air quality which may stimulate the policymakers, 
researchers, and governments for the smart use of resources to minimize emissions to heal the nature. 
The present study also suggests the application of hotspot analysis in different contexts for the evidence-
based care services decisions during the COVID-19 pandemic.
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Introduction
The World Health Organization (WHO) recently 
declared a health emergency at global level owing to the 
exponential spread of infectious coronavirus disease 2019 
(COVID-19). In December 2019, COVID-19 originated 
from Wuhan, China (1,2) and badly impacted more than 
100 countries within three months. The rapid spread of 
COVID-19 brought about consequences across the world 
and made itself a pandemic (2). To reduce the transmission 
of the virus, many countries of the world have adopted 
strict measures to reduce human interaction, which 
includes curfew, prohibiting social, cultural, educational, 
and religious gatherings to make sure social distancing, 
intradistrict and interdistrict transportation to restrict 

the people movement, and even, complete lockdown of 
the whole city. People are encouraged to perform online 
duties in order to reduce the spread of the virus. In many 
countries of the world, complete lockdown at the country 
level increases air quality, which is the only good face 
of COVID-19. In 2017, 9% of deaths were caused by air 
pollution globally. This shows that air pollution is one of 
the leading causes of human death.

Air provides carbon dioxide (CO2) and oxygen (O2) 
for photosynthesis and respiration, respectively. Rapid 
industrialization and urbanization have had bad effects 
on the air via the introduction of hazardous gases, which 
are hard to inhale and making human life uncomfortable. 
Particulate matter (PM) such as PM10 (<10 μm) and 
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PM2.5 (<10 μm) are highly dangerous to the human when 
it entries into the bloodstream of human beings via 
lungs (3,4). Respiratory infections, chronic obstructive 
pulmonary disease, asthma, and lung cancer are caused by 
air pollutants (5,6). The death toll of air pollution varies 
from country to country (2% to 17.5%) depending upon 
the air pollution status of the country. In 2017, 9% of deaths 
were caused by air pollution globally. This shows that air 
pollution is one of the leading causes of human death. The 
highest rates of death from air pollution occur in low-to-
middle income countries (7). Globally, air pollution causes 
7 million deaths annually via non-communicable diseases 
including acute respiratory infections like pneumonia (3). 

In the present situation of COVID-19, scientists argued 
that smoking and high air pollution fuels the vulnerability 
to this disease (3,8,9). Moreover, countries with high 
air pollution including China, South Korea, Iran, and 
northern Italy may face severe conditions of COVID-19 
cases. Particularly cities with higher air pollution are more 
vulnerable to the COVID-19 outbreak (5,10-12). It is 
well-founded knowledge that high air pollution fuels the 
occurrence of pulmonary diseases and respiratory tract 
infections (13-15). Air pollution can enhance COVID-19 
infections by reducing survival chances (12,16). 

Lockdown restricted anthropogenic activities affected 
the environment in a positive way. In India, particulate 
matter (PM2.5) levels have been reduced to normal (40 
g/m3) and carbon monoxide (CO) concentration has 
also been reduced to 10 ppm (17). In Korea, remarkable 
improvement was observed in the levels of PM2.5, PM10, 
CO, and NO2 in twin cities i.e. Seoul and Daegu (18). In 
Kannur, south India, the concentration of VOCs (61%), 
CO (67%), NH3 (16%), and SO2 (62%) were significantly 
improved due to lockdown (19). In many cities of the 
world, NO2 concentration was significantly improved 
(20).

The geographic information system (GIS) is a handy 
tool to assess the spatial distribution of any infectious 
disease (17), which can assist in controlling the pandemic 
and enhance rapid response. GIS helps in analyzing and 
visualizing the COVID-19 pandemic updates via live GIS 
dashboard to inform people about the current situation 
of the pandemic i.e. number of cases, recovered patients, 
and mortalities. Very few GIS-based studies have been 
conducted on the COVID-19 pandemic. Lakhani identified 
the most vulnerable location of COVID-19 patients using 
GIS to foster the care facility in Australia (18). Gibson and 
Rush, used GIS to mark dwelling boundaries of probable 
infection spread in South Africa (19). 

In February 2020, the COVID-19 pandemic reached 
Pakistan. To control the pandemic, the government of 
Pakistan has imposed strict lockdown in multiple regions 
in the country based on the number of COVID-19 cases. 
To reduce the fast pace spread of the pandemic, Pakistan 
has adopted strict measures to decrease the effects of the 

virus by curfew, prohibiting social, cultural, educational, 
and religious gathering to reduce human interaction, 
interdistrict and intradistrict transportation to restrict 
people movement, and even, complete lockdown of 
the whole city. Union council (UC) having positive 
COVID-19 cases was closed for all kinds of activities for at 
least 14 days until the condition become normal (no cases 
of COVID-19 after retesting the patients). The main aims 
of the present study were to identify the most vulnerable 
spots in Pakistan using hotspot analysis, to assess the 
impact of lockdown on spatial and temporal variations on 
air quality index (AQI) in the main cities of the country, 
and finally, to evaluate pre- and post-lockdown effects on 
NO2 in the lower atmosphere (troposphere).

Materials and Methods
Currently, one-third of the population of Pakistan is living 
in urban areas and it is estimated to rise by 50% in 2025. 
The present study was conducted on the large cities of 
Pakistan including Islamabad (capital), Karachi (Sindh), 
Lahore (Punjab), and Peshawar (Khyber Pakhtunkhwa) 
as demonstrated in Figure 1. According to census report 
in 2017, the population of Islamabad, Karachi, Lahore, 
and Peshawar is 1 009 832, 14 916 456, 11 126 285, and 
1 970 042, respectively. Daily COVID-19-infected cases 
data of Pakistan were collected (20). Air quality data for 
the main cities of Pakistan were obtained for October, 
November, December, January, February, and March from 
the webpage: aqcin.org (AQI data were accessed on April 
15, 2020).

Hotspot analysis pinpoint statistically significant spatial 
clusters of hot spots (high values) and cold spots (low 
values). The hotspot algorithm assesses every pixel and 
its neighbor pixels for a particular distance to cluster the 
pixels as hotspot, cold spot or neutral. Hotspot analysis 
was conducted to assess the most vulnerable spots at the 
country level. Monthly AQI (range: 0 to 300+; good: 0-50; 
moderate: 51-100; unhealthy for sensitive groups**: 101-
150; unhealthy: 151-200; very unhealthy: 201-300; and 
hazardous: 301+) values were computed for the main cities 
of Pakistan to assess variations. Later, the AQI values were 
symbolically presented using GIS to develop AQI spatial 
and temporal maps. Pre- and post-lockdown effects were 
assessed on NO2 in the lower atmosphere (troposphere)
(21-24). The mortality rate was computed for the 
COVID-19 as per the method suggested by Ghani et al 
(25). This technique is very simple and applicable where 
death and recovery rate from hazard are proportional at 
any time “t” as per the data obtained from hospitals.
Mortality rate (%) = (number of deaths/number of cases) 
× 100
= probability of death infected by the virus (%)                                                                           
( 1 )
The mortality rate was compared with the death rate 
caused by air pollution (7). 
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Results 
Current situation of COVID-19 in Pakistan
More than 70 000 tests were conducted at the country 
level where approximately 6000 cases were reported. The 
number of infected people is growing exponentially. 107 
people were died while 1446 patients were recovered. In 
Pakistan, the recovery rate is higher than the death rate 
(Figure 2). The death rate is lower because this is the early 
stage of the pandemic in Pakistan. The mortality rate will 
increase when local transmission gain momentum. 
The ratio of male cases is higher than the female cases as 

shown in Figure 3. This can be due to the fact that females 
usually stay at home and engaged in familial activities. 
Due to their weak immune system, old people aged more 
than 50 years, are more vulnerable to the coronavirus 
compared to young people (26).

Figure 4 shows spatial variations in COVID-19 cases 
at the provincial level. Punjab and Sindh are the most 
vulnerable provinces to the COVID-19 pandemic. Except 
for these two provinces, currently, the remaining places 
are comparatively at a lower risk. Lahore and Karachi 
contain 16% to 20% of the total COVID-19-infected 
patients in the country, respectively, as depicted by Figure 

Figure 1. Study area demonstrating the main cities of Pakistan.

Figure 2. Brief details of the COVID-19 pandemic. Figure 3. Distribution of COVID-19 cases by gender and age.
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1. And Hyderabad and Dera Gazi Khan contain 4% to 8% 
of the total COVID-19-infected patients in the country, 
respectively.

Identification of the most vulnerable spots at the 
provincial level
The results of the hotspot analysis, which considers the 
percentage of COVID-19-infected patients as a variable, 
show clustering in the studied area as shown in Figure 

5. There are very specific areas in Punjab and Sindh 
provinces which constitute hotspots, such as Lahore and 
Karachi, where there are noticeable hotspots in its vicinity. 
However, the results vary significantly depending on the 
technique used for hotspot analysis. Based on the spatial 
configuration, noticeable variations were occurred in the 
results. Fixed distance approach results in making clusters 
with lower statistical significance while the inverse 
distance squared and inverse distance techniques produce 
quite analogous results, making groups with higher 
statistical significance. 

It is worth mentioning that large areas of the country are 
not significant, which is mainly due to the heterogeneous 
nature of the under-analysis variable hindering making 
homogeneous clusters (22-24). 

Temporal variations in AQI
In Pakistan, AQI shows spatial and temporal variations 
at the country level as demonstrated by Table 1. The AQI 
showed spatial variations at the country level where the 
AQI of Lahore > Peshawar > Karachi > Islamabad subjected 
to urbanization, industrialization, transport facilities, fuel 
burning, and climatic conditions, etc. Temporally, the AQI 
has shown greater variations in the main cities of Pakistan. 
Usually, the AQI values are higher in winter compared to 
summer. From October 2019 to February 2020, the AQI 
ranges from unhealthy for sensitive groups to hazardous 
(ranging from 106 to 315), as shown in Figure 6. The 
AQI is higher in December 2019 in almost all the main 
cities of Pakistan. Higher AQI causes serious respiratory Figure 4. Spatial variations in COVID-19 cases.

Figure 5. Hot spot analysis comparison to conceptualize spatial relationships: (a) Fixed distance band; (b) Inverse distance; (c) Inverse 
distance squared using Euclidean distance approach.
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effects (27). In March 2019, lockdown was imposed in 
all the main cities of Pakistan to control the outbreak 
of the pandemic of COVID-19. The only good face of 
COVID-19 lockdown is the improvement of AQI of all 
the main cities of Pakistan. The AQI was greatly improved 
in all the main cities of Pakistan, which ranges from 51 

to 87. The pre- and post-lockdown AQI was categorized 
from unhealthy for sensitive groups to hazardous and 
moderate, respectively. Nature healed due to lockdown, 
which is the only good face of the COVID-19 pandemic 
outbreak (28).

Table 1. Air quality index trend

Cities Mar-20 Feb-20 Jan-20 Dec-19 Nov-19 Oct-19

Karachi 69 117 106 210 149 155

Lahore 51 195 278 315 186 265

Islamabad 67 167 129 190 160 111

Peshawar 87 194 205 215 169 177

Figure 6. Temporal variation in the AQI in Islamabad, Khyber Pakhtunkhwa, Punjab, and Sindh: (a) October; (b) November; (c) 
December; (d) January; (e) February; and (f) March.
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Comparative assessment of mortality rate
The mortality rate was computed using the formula 
suggested by Ghani et al (25). The mortality rate of 
COVID-19 is increasing with each passing day. Currently, 
the mortality rate is below 2% at the country level 
(Figure 7). Moreover, the mortality rate of COVID-19 
was compared with that of other virus-borne diseases. 
Generally, the mortality rate of severe acute respiratory 
syndrome (SARS) and Middle East respiratory syndrome 
(MERS) was comparatively higher than that of COVID-19 
(29). The result may change because COVID-19 is in the 
initial stage in Pakistan and far from over. 

In Pakistan, air pollution caused 9.04% of deaths in 
2017. On a global scale, mortality rate varies from 2% to 
15% by country as shown in Figure 8 (7). Due to this, air 
pollution is considered as one of the main death tool for 
human beings. Currently, mortality rate of air pollution 
is higher than COVID-19 in Pakistan. Globally, each 
year 7 million people die because of air pollution via  

non-communicable diseases including acute respiratory 
infections (3).

NO2 drop down in the key cities of Pakistan pre- (01-
03-2020 to 23-03-2020) and post- (24-03-2020 to 15-04-
2020) lockdown

COVID-19 pandemic has forced the government of 
Pakistan to restrict or halt interdistrict and intradistrict 
transportation, and industrial as well as agricultural 
activities at the country level. These measures were adopted 
to break coronavirus spread and save human lives. These 
measures badly impacted the socioeconomic activities of 
Pakistani people. The South Asian countries, Pakistan, 
India, and Bangladesh have the worst air quality (7). Over 
the past few weeks, air quality was greatly improved in 
Pakistan owing to a considerable reduction in fossil fuel 
and coal consumption in various sectors including public 
transport, power plants, and industries, etc. (29,30). 
Pakistan is a real-time ambient air quality data scarce 
country. In the absence of the data, it is extremely hard to 
assess the impacts of interventions or policy decisions on 
the AQI and public health. Advances in remote sensing 
technology have made it convenient for scientists to assess 
air quality with or without publicly available ground 
monitoring stations data. The lockdown for few weeks in 
the main cities of Pakistan including Peshawar, Lahore, 
Multan, Karachi, Islamabad, and Rawalpindi showed 
a decrease in NO2 levels. NO2 levels reduced 45%, 49%, 
20%, 35%, and 56% in Peshawar, Lahore, Multan, Karachi, 
Islamabad, and Rawalpindi, respectively (Figure 9). In 
Pakistan, the national lockdown has started on March 24, 
2020. Some maps are being acquired which are plotted 
using TROPOMI-Sentinel-5P satellite data (Figure 9). 
Pre- (March 1-23, 2020) and post- (March 24 to April 15, 
2020) lockdown images show a decrease in NO2 levels 
across the main cities of Pakistan. NO2 is mainly injected 
into the atmosphere via burning of fuels for running 
transport, industries, and power plants (31-33). These 
activities are banned owing to the nationwide lockdown, 
which drastically reduced emissions.

Two hotspots, Lahore-Sheikhupura road and Raiwind 
to Pattoki belt, are clearly visible around Lahore before the 
nationwide lockdown, which shows a decline in the oil-
based power plant operations. Similarly, satellite imagery 
of Karachi shows that NO2 emission has been reduced 
significantly. But some areas of Karachi show that few 
industries including Korangi-Landhi industrial areas 
and, fertilizer and cement plants at the Port Muhammad 
Bin Qasim were still in operation during the nationwide 
lockdown. 

Discussion 
Like other global cities (20), AQI has greatly improved 
in the main urban areas of Pakistan owing to a decline 
in human activities. Industrial emissions, fossil fuels 
burning, and traffic emissions are the main contributors 

Figure 7. Mortality rate of various virus-borne diseases. (a) 
COVID-19 in Pakistan; (b) Other diseases (28).
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to poor air quality in Pakistan. Figure 10 demonstrates 
primary energy sources in Pakistan. Air pollution is 
linked with energy consumption. The ongoing lockdown 
taught a good lesson that air pollution in south Asian 
regions is primarily linked with the main economic 
activities like industrial activities, public transport, and 
energy production (16,17). A shift from high fossil fuel-
dependent economy to clean energy systems is suggested. 
Although the present restrictions are not suggested to 
reduce air pollution, which brought a lot of suffering to 
the Pakistani people. But these testing times showed us 
what types of economic activities badly affect air quality.

In India, humidity, air temperature, and PM2.5 and 
carbon monoxide (CO) levels have been greatly reduced 
due to lockdown (17).

The results of the present study are consistent with the 
results of the study by Seo et al who found that NO2 emission 
is declined with lockdown in urban areas due to lower 
anthropogenic activities (18). Similarly, Venter et al and 
Fu et al reported that NO2 emission reduction was noted 
in COVID-19 lockdown (16,21). The results of the present 
study suggested that NO2 emission is directly linked with 
anthropogenic activities like fossil fuel burning, traffic 
emissions, etc. The transportation ban is the main reason 
which has declined approximately 65% marginal changes 

in NO2 emissions across Pakistan. In Pakistan, poor air 
quality is mainly attributed to the abundance of vehicles 
and low fuel quality. Urban emissions are drastically 
declined due to a decrease in vehicular mobility during 
the nationwide lockdown (34,35). NO2 is a toxic pollutant 
which is responsible for respiratory problems and deaths 
in Pakistan.

Hotspot analysis plays a vital role in identifying the most 
vulnerable populations for providing prompt and adequate 
care. It suggests that how much space (quarantine centers 
and isolation wards), medical equipment (ventilators and 
masks), and human capital (medical and paramedical staff) 
are required to fight against novel coronavirus pandemic 
(22). It also guides the government officials in imposing 
strict lockdown to restrict human movements as well as 
food supply in the most vulnerable areas. Hotspot analysis 
plays a leading role in spatial planning and management 
to control the outbreak. This spatial technique can be 
employed in different contexts as per the evidence-based 
COVID-19 pandemic for care service decisions.

Conclusion 
This study reports hotspots identification and lockdown 
effects on the AQI in Pakistan. Air pollution is growing 
rapidly at the global scale and causes strong respiratory 

Figure 8. Maps demonstrating deaths caused by air pollution in 2017. (a) World map; (b) Asia map; (c) time series of Pakistan (3).
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diseases in human beings. The results of hot spot 
analysis demonstrated that Karachi and Lahore, and 
their surrounding districts are the most vulnerable 
areas in Pakistan. The pre- and post-lockdown AQI 
were categorized from unhealthy for sensitive groups 
to hazardous, and moderate, respectively. NO2 levels 

dropped 45%, 49%, 20%, 35%, and 56% in Peshawar, 
Lahore, Multan, Karachi, and Islamabad, and Rawalpindi, 
respectively. Significant improvement in air pollution was 
observed in Pakistan owing to the closure of industrial 
units and stopping of public transport at the national level. 
The temporary lockdown greatly improved air quality 
which may stimulate the policymakers, researchers, and 
governments for the smart use of resources to minimize 
emissions to heal the nature.
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