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Abstract
The COVID-19 pandemic forced India as a whole to lockdown from 24 March 2020 to 14 
April 2020 (first phase), extended to 3 May 2020 (second phase) and further extended to 17 
May 2020 (third phase) and 31 May 2020 (fourth phase) with only some limited relaxation 
in non-hot spot areas. This lockdown has strictly controlled human activities in the entire 
India. Although this long lockdown has had a serious impact on the social and economic 
fronts, it has many positive impacts on environment. During this lockdown phase, a drastic 
fall in emissions of major pollutants has been observed throughout all the parts of India. 
Therefore, in this research study we have tried to establish a relationship among the fall 
in emission of pollutants and their impact on reducing regional temperature. This analysis 
was tested through the application of Mann–Kendall and Sen’s slope statistical index with 
air quality index and temperature data for several stations across the country, during the 
lockdown period. After the analysis, it has been observed that daily emissions of pollut-
ants (PM10, PM2.5, CO, NO2, SO2 and NH3) decreased by − 1– − 2%, allowing to reduce 
the average daily temperature by 0.3 °C compared with the year of 2019. Moreover, this 
lockdown period reduces overall emissions of pollutants by − 51– − 72% on an average and 
hence decreases the average monthly temperature by 2 °C. The same findings have been 
found in the four megacities in India, i.e., Delhi, Kolkata, Mumbai and Chennai; the rate of 
temperature fall in the aforementioned megacities is close to 3 °C, 2.5 °C, 2 °C and 2 °C, 
respectively. It is a clear indicator that a major change occurs in air quality, and as a result 
it reduced lower atmospheric temperature due to the effect of lockdown. It is also a clear 
indicator that a major change in air quality and favorable temperature can be expected if the 
strict implementations of several pollution management measures have been implemented 
by the concern authority in the coming years.
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1  Introduction

The new emergence of COVID-19 was first identified in Wuhan, China, in late Decem-
ber 2019 and on 30th January 2020, the World Health Organization (WHO) declared it a 
global public health emergency (Sohrabi et al. 2020). After the outbreak of COVID-19 in 
Iran, Italy, France, USA and other western countries, on 11th March the Wuhan epidemic 
became the world’s largest pandemic in 2020 (Muhammad et al. 2020). This COVID-19 
pandemic also well-known as coronavirus pandemic, and yet it is an ongoing epidemic 
caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), stated by 
WHO. People with low immunity are more vulnerable with SARS-CoV-2, basically novel 
coronavirus mostly prone to the people of pregnant women, elderly people and patients 
influenced by chronic diseases. Some of the basic symptoms such as fever, cough, fatigue, 
loss of smell and taste are found among the COVID-19 affected people. There are yet no 
such verified vaccines or proper treatment facilities for COVID-19. The disease spreads 
very easily among the people during the time of their close proximity. Therefore, in order 
to stop the rapid spread of the COVID-19 infection, strict measures have been imple-
mented by the government of (Nussbaumer-Streit et  al. 2020) different countries. Thus, 
several kinds of prevention measures have been incorporated such as recurrent hand wash-
ing, maintain social distancing, home isolation, always wearing a mask, etc. (Nussbaumer-
Streit et  al. 2020). Initially, the transmission of the virus from people to the community 
and after slowing down the number of COVID-19 cases, the government bans the mass 
gathering in different social and economic places such as school, universities, industries, 
public transport, market and religious sites and strains people’s social distance and home 
prison methods. Recent data indicate that until 21 September 2020, 30.9 million people 
have been affected by COVID-19 in 188 countries around the world. As a result of the 
COVID-19 pandemic, global social and economic disturbances have taken place. Beside 
this, the social distancing and home confinement of people has led to a drastic change in 
gas and pollutant emissions worldwide (Le Quéré et al. 2020).

Nowadays, climate change is happening and has a global impact, such as rising tempera-
tures, changing precipitation patterns and extreme weather conditions etc. (Djalante 2019). 
According to the latest report of the Inter-Governmental Panel on Climate Change (IPCC) 
(2018), the global temperatures rose by about 1 °C from the pre-industrial levels and are 
likely to reach 1.5  °C between 2030 and 2052. And the rising temperatures and global 
warming have an impact on rising sea-levels, increasing drought and floods, heat waves 
and cyclones around the world. World air pollution has a greenhouse effect, and the aver-
age temperature in the world is changing, which means temperatures are rising (Didenko 
et al. 2017). The IPCC reports showed that temperature increases are due to the radiative 
forcing, and this force is primarily caused by the high concentration of atmospheric pollut-
ants (CO2, CO, NO2, SO2 and O3) (Figueres et al. 2018; Stips et al. 2016).

The real-time observation of various air pollutants asserts that the different gas emis-
sion rate drastically falls during the month of April and May 2020 caused by COVID-19 
lockdown. The fossil fuels burning have been recorded low consumptions, and daily global 
CO2 emissions in April decreased by -17 per cent compared to the average of 2019 (Le 
Quéré et al. 2020). The others countrywide research shows the major air pollutants have 
drastically fallen during the COVID-19 lockdown improving the air and water quality 
(Mahato et al. 2020; Sharma et al. 2020; Yunus et al. 2020). There is a strong relationship 
between ambient air pollutant and the meteorological attribute like temperature, humidity, 
wind speed, thunderstorm, etc., in an urban area (Akpinar et al. 2008; Hu et al. 2018). The 
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research study also found that, due to the long lockdown period, the prevention of social 
distances has had a significant impact on the climate of several micro regions by improving 
air quality and as a result of this significant decrease in lighting activity in India (Chowd-
huri et al. 2020).

In India, the nationwide lockdown was implemented one day after the government of 
India announced Janata Curfew on 22nd March 2020.1 Following a lockdown of 68th 
days (24th March to 31st May 2020) in four different phases, the government has declared 
unlocking phase, with the exception of the high alert of COVID-19 containment zones. 
Due to low energy consumption, India has witnessed a significant decline in major air pol-
lutants monitored during the lockdown period (Mahato et al. 2020; Sharma et al. 2020).

The study therefore focused on reducing air pollutants (PM2.5, PM10, NO2, SO2, CO 
and O3) with a view to improving air quality and impacting regional temperatures (mini-
mum, maximum and average temperatures) as well as India’s climate during the lockdown 
period (April and May 2020) compared to previous years. Basically, this study emphasized 
on temporary reduction of the concentration of several air pollutants in the lower atmos-
phere, and as a result it significantly affects the climate of micro regions. Our study has 
given particular importance to the four megacity temperature reductions in India due to 
dramatic changes in air pollutants over a period of time. Further research can be carried 
out on several climatic parameters, such as the relationship between low air pollutants and 
wind speed, pressure, lighting activities, etc., and finally influence the climate of the micro 
region on the basis of the relationship between the above criteria, i.e., the reduction of air 
pollutants also significantly reduced temperatures. The study has indeed added new knowl-
edge in literature broadly in earth science and particularly in temperature and atmospheric 
study. Apart from this, current study would add new information in our understanding of 
dynamics of air pollution and pollutants in the lower atmosphere or air controlling strategy 
of pollution.

2 � Database and methodology

2.1 � Data availability

The major pollutants data such as PM2.5, PM10, NO2, NH3, SO2, CO and O3 are available at 
https​://app.cpcbc​cr.com/AQI_India​/, https​://safar​.tropm​et.res.in/index​.php, and https​://app.
cpcbc​cr.com/ccr/. The daily maximum, minimum and average temperature data are avail-
able at https​://www.iari.res.in/. Monthly temperature data for the month of May during the 
period of 1980–2019 are available at https​://www.india​water​porta​l.org/.

1  Janata Curfew is a curfew by the people and for the people to fight against coronavirus. To control the 
spread of coronavirus in India, the prime minister of India requested all the citizens make a curfew on 
March 22 from 7 am till 9 pm. During the Janata Curfew, people are requested to avoid public spaces and 
stay at home for 14 h in the view of coronavirus outbreak.

https://app.cpcbccr.com/AQI_India/
https://safar.tropmet.res.in/index.php
https://app.cpcbccr.com/ccr/
https://app.cpcbccr.com/ccr/
https://www.iari.res.in/
https://www.indiawaterportal.org/
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3 � Methods

AQI is an index through which the air quality of the lower atmosphere is reported on a 
daily basis. It is generally measured to know how local air quality affects human health 
and how it affects the regional climate. The measurement of AQI is based on the par-
ticulate matters (PM10 and PM2.5), carbon monoxide (CO), nitrogen dioxide (NO2), 
sulfur dioxide (SO2), Ozone (O3) and ammonia (NH3). Several countries have their 
own air quality indices, so India also has its own national AQI categories. In India, 
the National Air Monitoring Program (NAMP) has been operated by the Central Pollu-
tion Control Board (CPCB) in cooperation with the Satellite Pollution Control Boards, 
covering more than 342 monitoring stations across the country. AQI values have been 
measured using the sub-index values for 223 stations across the country. The sub-index 
value was determined using the following equation (Gupta and Dhir 2019; Kumar and 
Goyal 2011).

where, q = Quality Rating, V = Observed values of the parameter, and Vs = Standard value 
recommended for the parameter. Thus, one of the pollutant’s sub-indexes has the highest 
value, and it is responsible for air quality in a station. Alongside the highest sub-index’s 
pollutant concentration value is the AQI. The value of AQI ranges from 0 to 500, and it 
is categorized into six categories, i.e., good, satisfactory, moderately polluted, poor, very 
poor and severe with their AQI ranges from 0–50, 51–100, 101–200, 201–300, 301–400 
and 401–500, respectively.

The Mann–Kendall test is a method of nonparametric statistical technique to identify 
data series patterns (Kendall 1975). The principal advantages of this test are that no outer 
data properties or non-normal data sequence influence this test (Kendall 1975). The most 
famous test used by Man-Kendall is to grasp the hydrological, weather-related phenom-
ena. However, this measure has been primarily used in this analysis to assess the direc-
tion of the air quality index. The monotone air quality pattern of the time series data was 
observed here. This method has generally been used to prove the hypothesis where the null 
hypothesis (H0) indicates that there is no such pattern of air quality and temperature over 
time. However, the alternative hypothesis (H1) indicates that there is a clear pattern in the 
air quality and temperature (increase or decrease) over time. A rank-based nonparametric 
technique is used to measure this test that can be used with skewed variables. The method 
used to measure Mann–Kendall tests has been shown. The Mann–Kendall statistical S test 
is calculated (Kendall 1975; Mann 1945) as follows

Here, Ri and Rj are rank of observation in Xi and Xi time series. The Mann and Kendall 
have reported that statistics S, with the mean and variance, and the variance is computed 
(Kendall, 1975; Mann, 1945) as

(1)q = 100
(
V
/
Vs

)

(2)S =
∑
i<j

aij

(3)aij = sign
�
Xj − Xi

�
= sign

�
Rj − Ri

�
=

⎧
⎪⎨⎪⎩

1 Xi < Xj

0 Xi = Xj

1 Xi > Xj

⎫⎪⎬⎪⎭
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where n is the number of observations, m is the number of groups of tied ranks, each with tj 
tied observations. When the number of observation became large, the significance of trend 
can be computed comparing the standardized variable u as followed.

The positive u value in the Mann–Kendall test shows a growing trend in the data series 
and a negative downward trend in the data series. The emission and the temperature param-
eters of the research region concerned were therefore determined on the basis of the u 
meaning. The estimate of the value u is then compared to the tabulated value to show the 
conclusion. The probability is contrasted with the one-to-one percent, which means the 
standard. In this case, if the measured value of u is greater than │u│ ≥ │u1 − α/2α│, the 
null hypothesis (H0) is rejected.

Sen’s slope showed a pattern of intensity, where there is also a nonparametric approach 
to median utilization (Gilbert 1987). In this process, the data were sorted in an ascending 
manner (Gilbert1987). The first sub-series will be placed on the X-axis, while the Cartesian 
coordinate system will cover about half of the subseries on the Y-axis. The 45° straight line 
shows no data patterns, but the patterns below show a declining pattern beyond trends (Gil-
bert 1987). The slope estimates of N datasets were computed by the following equation.

where xj,…,xk are the value of data at the time j and k ( j > k ), respectively. The median of 
slope or Sen’s slope estimator of odd and even data is computed as

where Qm is median of data trend. Equation (5) applied if N is odd data, and if N is even 
Eq. (6) is used. When the median slope is statistically different than zero, the confidence 
interval of Qm at specific probability (Da Silva et al. 2015; Gilbert, 1987) is estimated as

where Var (S) is calculated from Eq. (6) and Z1−�∕2 is obtained from the standard normal 
distribution.

(4)E(s) = 0

(5)V0(S) =
n(n − 1)(2n + 5)

18

(6)V∗
0
(S) =

n(n − 1)(2n + 5)

18
−

∑m

j=1
tj
�
tj − 1

��
2tj + 5

�

18

(7)u =

⎧
⎪⎨⎪⎩

(S − 1)∕
√
V0(S) S > 0

0 S = 0

(S + 1)∕
√
V0(S) S < 0

⎫⎪⎬⎪⎭

(8)Qi =
xj − xk

j − k
fori = 1, 2,… ,N

(9)Qm = Q[(N+1)∕2]

(10)Qm =
1

2

[
Q(N∕2) + Q{(N+2)∕2}

]

(11)Cα = Z1−�∕2

√
Var(S)
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It is also a well-known fact that every statistical technique has some limitations in 
its applied side. Therefore, the Man–Kendall test also has some limitations, which give 
a negative result in shorter datasets and periodicity data, i.e., seasonal variations. On 
the other hand, Sen’s slope also produces a negative result in a short dataset. There-
fore, in both of cases longer the time series data give much more effective result in 
trend analysis. Thus, here we used a long-term climatic data to meet our objective 
with special emphasis on, during and after lockdown period. Moreover, the AQI and 
the Mann–Kendall statistical method both will be suitable to understand the trend and 
internal dynamics of temporary improvement in ambient-air-quality reduced tempera-
ture during the COVID-19 lockdown period in India.

4 � Results

Throughout this study, data on pollutants were used to show the improvement in air 
quality available from February 2016 to 20 May 2020 to estimate changes in daily 
emissions during the forced closure of the COVID-19 pandemic and its impact on the 
regional climate during the pandemic phase (2020) compared to previous years. This 
change in pollutants and air quality was compared with the average daily pollutants of 
previous available years (2016–2019 across the country) in order to provide a quanti-
tative study of relative improvement compared to pre-lockdown conditions. Changes 
in daily atmospheric pollutants and temperatures have been estimated at five different 
types of forced lockdown phases (Table 1) across the country due to improved levels of 
pollutants and temperatures in accordance with strict government regulations and their 
impact on the regional climate and environment [Eqs. (1)–(11) in Methods]. The study 
is carried out across India as a whole, with 4 most polluted mega-cities (Delhi, Mum-
bai, Kolkata and Chennai) accounting for 1.4 billion people worldwide (18.5%), 15% 
of pollution and 12.5% of global deaths (Gurjar et al. 2016). The strict lockdown form 
of government intervention is specified on a scale of 1–5 and specifies the degree to 
which a negligible relaxation of 1.4 billion people has been permitted (Table 1). Scale 
1 indicates that all kinds of activities are strictly prohibited throughout the country, 
e.g., ’Janata Curfew’ from 7 a.m. To 9:00 p.m. Sunday 22 March 2020 to control the 
outbreak of COVID-19. Scale 2 shows that, despite the opening of the market, almost 
all services and factories have been declared suspended, the consequences of nation-
wide arrests for violating the lockdown regulation have been witnessed, but daily emis-
sions have dropped substantially (5%). Scale 3 reflects that the relaxation has been 
introduced to agricultural businesses, livestock, aquaculture and forestry, and to shops 
selling agricultural goods, etc., which has boosted the daily level of emissions by 2%. 
However, the lockdown has also been extended to 3 May 2020. Scale 4 reveals the con-
tinuation of the enforced lockdown duration until 17 May 2020, where the red zones 
will remain under strict lockdown; however, then the orange zones would allow only 
private and hired vehicles with no public transport while, as usual, bus travel is per-
mitted in green zones with a limited capacity of 50%. Scale 5 demonstrates extended 
relaxation and lockdown until 31 May 2020 in the red hot spot zones. This shows a 
gradual improvement in daily pollutants and air quality, resulting in a declining tem-
perature trend across the country.
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4.1 � Daily changes in pollutants levels and air quality

The strict lockdown policy was introduced by the Government of India to mitigate and 
monitor the Covid-19 pandemic. It was a common consensus to develop a policy of social 
distancing and to avoid a public meeting. In addition to the above policies, strict meas-
ures have been taken to put an end to the transport networks (air, rail and road) and the 
closure of major factories. As a result of this drastic improvement in air quality, espe-
cially among vital pollutants such as PM10, PM2.5, CO, NO2, SO2, NH3 and O3 have been 
observed (Fig. 1). The result of the strict lockdown was to decrease emissions of pollutants 
by − 12% (− 8– − 16%) per day across the nation by 22 March 2020 onwards compared to 
the average amount of pollution in 2019 (Fig. 2). The 21 March 2020 change in pollutants 
was the maximum daily average change from 1 January to 20 May 2020. In particular, 
the quantity of pollutants decreased from ‘Janata Curfew’ to lockdown (22 March 2020 
to 31 March 2020) just below the permitted limit within one week, whereas the concen-
tration of O3 increased in the manufacturing and transport areas (Fig.  3). Atmospheric 
pollution emissions such as PM10 and PM2.5 were decreased by − 48.56% and − 57.09%, 
respectively (Figs. 4 and 5). Other pollutants that showed significant improvements during 
pre-lockdown and lockdown are NO2 (− 46.95%), SO2 (− 32.11%), while CO (− 22.82%) 
and NH3 (− 30.61%) showed very small reductions compared to other pollutants (Fig. 6, 7, 
8, 9 and Table 2). This resulted in a significant improvement in air quality (− 42.90% with 
a net decrease of − 65.85) during the lockdown period from ‘Janata Curfew’ to lockdown 
phase 4 (22 March–31 May 2020) (Fig.  10 and Table  2). It has been observed that the 
level of emissions has indeed improved in metropolitan areas. PM10 and PM2.5 decreased 
by − 43.91% and − 61.35% in Delhi (Table 3), while PM10 and PM2.5 decreased by − 58.04% 
and − 71.56%, respectively, in Mumbai (Table 4). PM10 and PM2.5 concentrations in Kol-
kata decreased by − 71.72% and − 81.25%, respectively (Table 5), while PM10 and PM2.5 
concentrations in Chennai decreased by − 47.08% and -59.26%, respectively (Table  6), 

Fig. 1   Trend of major pollutants during pre-lockdown (2016–2020) and lockdown period
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owing to the COVID-19 pandemic. Other pollutants with notable changes during the pan-
demic period are SO2 (− 32.10%) and NO2 (− 31.14%), though CO (− 25.17%) shows a 
rather slight decrease compared to other contaminants in Delhi (Table 3). Besides this, in 
Mumbai, CO (− 29.55%) and NO2 (− 77.56%) were the pollutants that showed substan-
tial improvements, whereas SO2 (− 19.62%) saw a rather slight decrease relative to other 
pollutants (Table 4). Similarity, CO (− 59.83%) and NO2 (− 62.64%) are contaminants in 
Kolkata, which has seen a significant decrease in the pre-locking and lockdown period 
(Table 5). Similarity, CO (− 48.31%) and NO2 (− 33.43%) are contaminants in Chennai, 
which has seen a sharp decline during these phases (Table 6). This is due to a different 
pollution challenge in Chennai than the other megacities in India. Basically, this megacity 
has a unique coastal location, sea breeze is being developed, and all pollutants will disap-
pear from the city and move inland. However, motorization in public transport is very high 
compared to many other megacities and therefore adds enormous pollution to the lower 
atmosphere, basically CO and NO2. However, due to a strict lockdown, the public transport 
system, i.e., road motorization, has been totally stopped. As a result, a sharp decrease in the 
level of CO and NO2 pollutants in the Chennai megacity has been observed.               

4.2 � Changes in daily temperature

A significant decrease in temperature was noted when the COVID-19 lockdown minimized 
human activity and the movements of vehicles, thus decreasing concentrations of pollut-
ants in the atmosphere, which eventually led to a considerable decrease in temperature 
(Figs. 11 and 12). The daily temperature trend during the Covid-19 pandemic lockout for 
maximum, minimum and average (Table 7) are 0.099 °C, 0.109 °C and 0.102 °C, while 
in 2019 these daily temperature trends were 0.102  °C, 0.119  °C and 0.111  °C per day. 
Similarly, in 2018 these daily temperature trends were also found increasing (0.110  °C, 

Fig. 2   Trend of major pollutants during pre-lockdown (17 February–21 march, 2020) and lockdown period
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Fig. 3   Spatial distribution of O3 in before (17th February–16th March) and during lockdown (24th March–
20th May) period
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Fig. 4   Spatial distribution of PM2.5 in before (17th February–16th March) and during lockdown (24th 
March–20th May) period
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Fig. 5   Spatial distribution of PM10 in before (17th February–16th March) and during lockdown (24th 
March–20th May) period
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Fig. 6   Spatial distribution of NO2 in before (17th February–16th March) and during lockdown (24th 
March–20th May) period
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Fig. 7   Spatial distribution of NH3 in before (17th February–16th March) and during lockdown (24th 
March–20th May) period
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Fig. 8   Spatial distribution of CO in before (17th February–16th March) and during lockdown (24th March–
20th May) period
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Fig. 9   Spatial distribution of SO2 in before (17th February–16th March) and during lockdown (24th 
March–20th May) period
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Fig. 10   Spatial distribution of Air Quality Index (AQI) in before (17th February–16th March) and during 
lockdown (24th March–20th May) period
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0.124 °C and 0.129 °C). The same rising temperature trend was observed for the rest of 
the years (1980–2020). The findings of the Mann-Kendal and Sen slope rank tests indicate 
that the maximum, minimum and average temperatures for May 2020 (lockdown period) 
decreased by 2  °C, 1  °C and 1.5  °C, respectively, compared to the previous year, i.e., 
1980–2019 which eventually had a considerable impact on the regional climate (Table 7). 
In the case of the metropolitan cities of India, the same findings have been found that 

Fig. 11   Trend in maximum, minimum and average temperature of April month from 1980 to 2020

Fig. 12   Trend in maximum, minimum and average temperature of May month from 1980 to 2020
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temperatures in Delhi are falling close to 3 °C due to a significant reduction in air pollu-
tion, while temperatures in Kolkata are falling by 2.5 °C, while temperatures in Mumbai 
and Chennai are falling by 2 °C.

5 � Discussion

India ranks fifth among the most polluted nations in the world and is home to the 21 most 
polluted cities in the world based on PM2.5 and PM10 concentrations. In the last 10 years, 
a number of suggestive measures across Indian cities have failed to maintain standard air 
quality. However, the COVID-19 pandemic has changed and significantly improved the 
quality of the environment and air. As a result of the tight lockdown, emissions of pol-
lutants have been reduced by − 12% (− 8– − 16%) per day across the country by 22 March 
2020, compared to the average volume of pollution in 2019, with a substantial and def-
initely unimaginable height. As a result, the maximum, minimum and average tempera-
tures for May 2020 (lockdown period) decreased by 2 °C, 1 °C and 1.5 °C, respectively, 
compared to the previous year, i.e., 1980–2019, which therefore had a significant impact 
on the regional climate. However, plenty of the improvements seen during the lockdown 
phase in 2020 are likely to be temporary, as they do not suggest any weaknesses in the 
regional environment and transport policy measures. The social discomfort of restrictions 
and related adjustments could alter the potential course of action in complex ways, but 
social reactions alone, as seen here, do not motivate the significant and sustainable reduc-
tions needed to achieve an optimum level of emissions. Government initiatives to control 

Table 7   Daily trend of temperature (°C) in India and its four megacities for the year of 2018, 2019, 2020

***, **, and * are the significant at the 1%, 5%, and 10% level of significance respectively

Mega city and 
Country

Year Daily temperature

Mann–Kendal Z Sen’s slope

Maximum Minimum Average Maximum Minimum Average

Delhi 2020 8.88*** 8.76*** 8.69*** 0.99 0.121 0.118
2019 9.21*** 9.89*** 9.77*** 0.102 0.133 0.129
2018 9.56*** 10.09*** 10.06*** 0.124 0.129 0.131

Mumbai 2020 8.46*** 8.78*** 8.66*** 0.96 0.105 0.116
2019 8.98*** 9.06*** 9.43*** 0.106 0.109 0.123
2018 9.01*** 9.54*** 9.72*** 0.113 0.126 0.129

Kolkata 2020 8.01*** 8.25*** 8.45*** 0.092 0.119 0.106
2019 8.84*** 9.23*** 9.48*** 0.106 0.132 0.118
2018 9.43*** 9.96*** 10.03*** 0.121 0.126 0.128

Chennai 2020 7.58*** 7.23*** 7.55*** 0.079 0.092 0.087
2019 7.34*** 7.49*** 7.45*** 0.089 0.101 0.099
2018 8.44*** 8.91*** 8.36*** 0.099 0.102 0.109

India 2020 8.61*** 8.23*** 8.01*** 0.099 0.109 0.102
2019 8.31*** 9.21*** 9.01*** 0.102 0.119 0.111
2018 9.25*** 9.89*** 9.76*** 0.11 0.124 0.129
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the outbreak of COVID-19 pandemic demand for a method such as strict lockdown to man-
age the regional climate, specifically aimed at balancing air quality with higher well-being, 
a goal that has not been achieved before but now through compulsory lockdown.

Different micro- and laboratory-based studies from around the world have shown that there 
are significant effects of air quality on temperature and humidity as well as on micro-climate 
changes. Fang et al. (Fang et al. 1998) tested in the laboratory for temperature and humidity 
characteristics in clean air and polluted air and observed a temperature increase of 18–28 °C 
and a relative humidity of 30–70% in polluted air. Wallace et al. (Wallace et al. 2010) inves-
tigated the effect of air quality on the reversal of surface air temperature in the industrial city 
of Hamilton, Canada, and the most affected air pollutants are NO2 and PM2.5. Strefler et al. 
(Strefler et al. 2014) investigated the fact that the country that has already implemented air 
pollution policies has seen a decline in the rate of global temperature changes over the last 
decade. The study of the pandemic caused by COVID-19 (Le Quéré et al. 2020) showed that 
the significant global daily greenhouse gas emissions of CO2 decreased by − 11– − 25% in 
April 2020 compared to April 2019, which could reduce global temperatures.

This study reveals that the study region is well-recognized for its high level of pollution 
worldwide. As a consequence, the major pollution factors are excessive vehicle numbers, 
unplanned urbanization and sub-urban regions, and poorly maintained roads. The COVID-19 
outbreak effect, strict lockdown, significantly reduces pollutant levels and improves air qual-
ity, resulting in a gradual reduction in temperature and impacts on the regional climate. For 
example, in metropolitan cities such as Delhi, Kolkata, Mumbai and Chennai, temperatures 
have dropped significantly, ultimately having a significant impact on the regional climate.

Several drivers aim to revive an even higher level of pollution relative to the policy-
induced pre-COVID-19 pandemic pathways, including calls by some policy makers and 
companies to postpone Green New Deal projects and reduce vehicle emissions require-
ments and to hinder the implementation of renewable energy and supply side work. The 
degree to which world leaders find the net zero emission reduction targets and the demands 
of climate change in the preparation of their economic responses to COVID-19 are likely to 
have an impact on the path of emissions of pollutants in the coming decades.

6 � Conclusion

The COVID-9 pandemic has been restricted and confined human activities to avoid the 
rapid spread of this deadly virus (COVID-19) in India. The pollution from commercial 
industries has also been decreased significantly during this time period. The impact of 
much-needed lockdown was analyzed by concentrating on concentrations of seven air con-
taminants and environment indicators from 17 February to 20 May 2020 at 223 locations 
in different stations throughout the nation. Among all pollutants, PM10 and PM2.5 reported 
the highest reduction followed by NO2, SO2, NH3 and CO. PM10 and PM2.5 concentrations 
decreased by approximately − 48.56% and − 57.09%, respectively, compared to the previ-
ous four years across the country. Among the four megacities, the Kolkata has noticed the 
record fall of PM2.5 and PM10 (− 81.25 and − 71.72%), Mumbai has witnessed the high-
est fall of NO2 and NH3 (− 77.56 and − 71.67%), Chennai has the highest descend of SO2 
and CO (− 70.81 and − 48.31%), and the highest O3 concentration (− 15.79%) fall down in 
lockdown period has been observed in Kolkata megacity. The daily increases of the aver-
age temperature of March to May 2020 are more than 0.027 °C and 0.009 °C from the same 
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period of 2018 and 2019, respectively, in India. The Sen’s Slope result of the daily tempera-
ture of four megacities in India also follows the national trend that is 0.002–0.022 °C lower 
increases than the period of 2018 and 2019. Daily emissions of pollutants that ultimately 
reduce the maximum, minimum and average temperatures for April and May 2020 (lock-
down period) decreased by 2 °C, 1 °C and 1.5 °C, respectively, compared to the previous 
year, i.e., 1980–2019, which ultimately had a significant impact on the regional climate. In 
the case of four megacities in India, the same findings have been found that temperatures 
dropping in Delhi and Kolkata are close to 3 °C and 2.5 °C, and Mumbai and Chennai are 
falling by 2 °C in each. It is a clear indicator that a major change in air quality and tempera-
ture can be expected if the strict implementation of pollution management measures, such 
as lockdown, has been implemented in the coming years. Therefore, this type of research 
work can further help to understand and analyze the impact of micro-region climate in a 
wider sense. However, the study would also provide policy maker and other management 
authority to make plan for air pollution- and global warming-related issues. The study has 
enormous importance considering the relation of particulate matter and associated climatic 
parameters like temperature in lower atmosphere and its regional impact.
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