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Abstract
Aviation has been a sector that has heavily contributed towards 
easing lives, addressing transportation needs, and paving the 
way for new job roles. Since the invention of aircraft, its usage 
has increased dramatically, which has caused a rampant surge 
in the frequency of flying. Ever since industrialization, pollution 
and its harmful effects on the environment have been a press-
ing issue. Due to this, the airline industry has continuously tak-
en initiatives to protect the atmosphere without disturbing the 
frequency of flying. Initiatives including better aircraft design, 
fuel efficiency, optimized routes, restrictions on flight cargo, 
etc., have been constantly adapted and experimented with to 
reduce aircrafts’ carbon footprint. Recently, flights had to be 
suspended on a large scale to avoid coronavirus spread and 
promote social distancing. Initially, foreign flights were banned 
from entering Indian soil. The ban was soon extended to do-
mestic travel. This paper focuses on the impact of this preven-
tive measure on the environment. The report follows a sys-
tematic approach by analyzing the environmental conditions 
before and after the suspension of flights in India and checks 
for significant changes in critical ecological health indicators. 
The purpose of this paper is to analyze and document the im-
pact of this measure and highlight its benefits, thereby aiding 
to take novel initiatives at corporate and at government levels 
to ensure a sustainable future.
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Introduction 
Aviation, a sector that has heavily contributed to 

easing lives, has increased transportation opportuni-
ties and paved the way for new job designations and 
roles in tourism, journalism, mergers and acquisi-
tions, international on-sites jobs, and aviation itself. 
[1] The choice of air transport began in 1903, and the 
first-ever passenger flight took off on January 1, 1914. 
Ever since it has evolved incredibly by touching new 
milestones, this was predominantly fueled by indus-
trialization and technological advancements. Over 
these years, the need for flying has increased, giving 
rise to the modification in the types and design of air-
craft and the frequency of flying. [12] This is proved 
by statistics which states that a flight takes off every 45 
seconds in Heath row airport as of June 2018.

Almost every commercial activity has an environ-
mental effect. The aviation industry is responsible for 
around 5% of global warming. The emissions have in-
creased by 32% between 2013 and 2018. Though the 
aviation industry is beneficial to various fields of busi-
ness, it has been contributing extensively to noise and 
air pollution worldwide due to both its air and ground 
operations. [3] In the purview of this, the airline com-
panies have considered the climatic effects due to the 
operation of large aircraft. The direct emission of fu-
els into the atmosphere plays the role of a significant 
contributor to air pollution. Along with the modifica-
tion of airplane design, the fuels consumed have been 
worked upon to reduce the effects on the atmosphere.

The coronavirus outbreak, an ongoing fear-induc-
ing pandemic, has led to the suspension of flights to 
promote social distancing as a preventive measure of 
COVID-19. [4] Though few cargo flights are allowed 
to transport essential goods, 7.5 million flights have 
been canceled until July, according to the Internation-
al Air Transport Association(IATA). Airline compa-
nies are currently operating their fleet as cargo-only 
to compensate for the loss of business from passenger 
flights.

In the past triennial, India’s aviation (civil) indus-
try has seen swift growth, making it the 3rd largest 
domestic civil aviation market globally. As of FY20, 
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domestic passenger traffic was four times more than 
international passenger traffic. The domestic aircraft 
movement in FY20 is five times the global aircraft 
movement, making the domestic market more wide-
spread. [5] This has brought about the need for more 
airports in the country, which the government is look-
ing into with plans of introducing over two-fold the 
current number of airports in the next 20 years.

Domestic aviation plays a significant role and 
hence would have a more significant impact on the 
environment in India. Therefore, in this paper, the in-
formation discussed will be concerning the domestic 
market. [6] This paper will focus on the impact of the 
suspension of flights on the environment concern-
ing India. Since the international aircraft have barely 
been operational since March 2020, the global market 
will be neglected for this study. Further, the paper will 
compare data with the previous condition of the envi-
ronment to examine the difference.

Literature Review
Air transportation has grown globally at the rate 

of 5-6% per year since 1950. This applies to both pas-
senger and freight sectors. [7] Aviation is responsible 
for approximately 2-4 percent of overall greenhouse 
gas emissions associated with oil. CO2 heavily con-
tributes to the greenhouse effect due to its abundance. 
Airline-induced CO2 emissions have traditionally ac-
counted for about three percent of radiative forcing, 
i.e., the difference between incoming solar irradiance 
and outgoing thermal energy.

2000-2010 was represented by exponential global 
demand for air transport services. [8] This was proven 
by European airlines, which exhibited an increase in 
Revenue Passenger Kilometres (RPK) and Available 
Seat Kilometres (ASK) of 26.7% and 18.4%. Few un-
fortunate events like the outbreak of SARS in 2003, 
the 9/11 terrorist attacks, and the 2007 financial cri-
sis had affected the airlines globally. This involved the 
performance of airlines’ which led to the reduction in 
demand for their services. Despite this, the aviation 
industry managed to grow.

This has brought a high rate of interest in the en-
vironmental impact of aviation. [9] Air pollution is 
related to climate change, noise, and other social and 
economic problems. EU (Directorate-General for Cli-
mate Change of the European Commission (Europa, 
2015)) pressures to minimize CO2 emissions, which 
serves as evidence that the airline industry and IATA 

are committed to achieving carbon-neutral growth by 
2020.

The air quality index depicts the health of the envi-
ronment. AQI of various stations is measured to ana-
lyze its health. The CO2 emissions are later calculated 
to see the impact of CO2 on the health of the environ-
ment. [10] The AQI is calculated based on pollutants, 
where every individual pollutant’s deliberation is con-
verted toward a single index via a suitable aggregation 
method. Traditionally, the estimation of AQI was ex-
pected to be based on five pollutant parameters (i.e., 
PM2.5, PM10, SO2, NO2, and CO) as the maximum 
sub-index method.

The revised Indian National Air Quality Index 
Standards has taken 12 parameters. They are PM2.5, 
i.e., Particulate Matter greater than 2.5 μm, PM10, i.e., 
Particulate matter more significant than 10μm, Nitro-
gen Dioxide (NO2), Sulphur Dioxide (SO2), Ozone 
(O3), Carbon Monoxide (CO), Lead (Pb), Ammo-
nia (NH3), Benzene (C6H6), Arsenic (As), Benzo(a)
Pyrene (BaP) and Nickel (Ni). Out of the 12 param-
eters, four of them possess an annual standard. The 
remaining eight parameters (first eight) have a brief 
(i.e., 1/8/24 h) and annual standards, except O3 and 
CO. [11] The seven parameters have been selected 
primarily on the objectives earlier stated, the duration, 
regularity monitoring, and accessibility of data (Lynes 
& Dredge, 2006).

Global air pollution has many related factors, 
namely Electricity, Energy, Construction, Agri. Trans-
portation, manufacturing. The aviation industry is a 
significant transport feature. The following are few 
airlines that carry the most significant number of pas-
sengers and take long and high emission-intensive 
routes. These airlines are Qantas, Emirates, Jetstar, 
Malaysia Airlines, Virgin Australia, Air New Zealand, 
Cathay Pacific, Singapore Airlines. Their main com-
petitors are Delta Air Lines, United Airlines, Hawaiian 
Airlines, AirAsia X, Garuda, and Etihad. [12] These 
airlines connect 30 airports/cities between Austra-
lia and the top seven countries, i.e., Australia, USA, 
Singapore, UAE, New Zealand, Hong Kong, Malaysia, 
and Indonesia. The CO2 emissions profiles of 9 of the 
top 10 carriers by passenger numbers flying between 
Australia and Hong Kong, USA, New Zealand, UAE, 
Indonesia, Singapore, Malaysia in2012 became the 
least CO2 efficient from being the most. These airlines 
were Emirates (EK), Singapore Airlines (SQ), Virgin 
Australia (VA), AirAsia X (D7), Malaysia Airlines 
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(MH), Jetstar (JQ), Air New Zealand (NZ), Qantas 
(QF), Cathay Pacific (CX). Their main competitors are 
United Airlines (UA), Garuda GA), Etihad (EY), Delta 
Airlines (DL), and Hawaiian Airlines (HA). AirAsia X 
has been ranked the most CO2 efficient, while United 
Airlines has been the least CO2 efficient. This varia-
tion arises because of the various initiatives taken by 
the airline company to be eco-friendly.

The negative impacts of the airline industry on the 
environment include noise pollution, air pollution, 
and effects on public health. Supersonic aircraft cause 
a large burst of sound, which has proven to harm hu-
man health. [13]. To counter this, supersonic flights 
are banned in most parts of the world, and aircraft are 
situated far from residential areas. Air pollution has 
been the most pressing among all the other concerns. 
The airline industry has responded by better aircraft 
designs, advanced fuel technology for maximized fuel 
usage, reduced ground idling time, luggage restric-
tions, green airports, carbon taxes, etc.

Over the years, airlines’ have taken various mea-
sures to be environment friendly. For instance, AirA-
sia X was ranked the most CO2 efficient. It emitted 
64.86 g of CO2 per passenger-km flown. This is be-
cause of the usage of the new powerful A330-300’s 
and due to the high seating capacity of the airline. [14] 
United Airlines was ranked as the least CO2 efficient 
because aircraft that fly to the USA (mainland) have 
less furl efficient and old models, namely, B747-400s. 
In 2012, Australian airlines had CO2 efficiency lower 
than the average value. 

The average value was 80.6g of CO2 for every pas-
senger-km. Qantas (QF) was graded for maximum 
emission, followed by Emirates, Singapore Airlines, 
and Cathay Pacific.

International flights that travel for short distances 
emit 2.5 Mt CO2. International flights with medium 
and long-hauls emit above 5 Mt CO2. AirAsia and 
Emirates being the most CO2- efficient airlines, re-
lease between 65g-66g of CO2 for every passenger-km. 
Irrespective of the distance. Depending on the spaces 
traveled, airlines can have significant variations in CO2 
efficiencies. [15] Passengers, bags, and freight make 
up the payload on each flight. The CO2 efficiency is 
decided by calculating the overall CO2 generated from 
each passenger and their luggage and freight on each 
flight. Malaysian Airlines was not as CO2 effective on 
its journeys between Malaysia and Australia as much 
as AirAsia X. AirAsia X carried fewer passengers and 

more cargo and yet was more efficient comparatively. 
Cathay Pacific achieves comparable CO2 performance 
on non-stop/direct flights. Cathay Pacific uses A330-
300 on 98 percent of its Australian flights. Cathay Pa-
cific has a 77.4 percent passenger load factor vs. 77.53 
percent on AirAsia X, though AirAsia X operates on 
reduced capacity seats over 60 seats. Cathay pacific has 
bagged the 2nd best CO2 performance by moving more 
freight than AirAsia X on each journey (10.82 t v 4.18 
t). These journeys are medium-haul routes. The extra 
6.64t of cargo is equal to an addition of 60 passengers, 
with the assumption that each passenger weighs 110 
kg along with their checked-in baggage.

On a global scale, United Nations Framework 
Convention on Climate Change (UNFCCC) gives 
guidelines based on the Kyoto protocol, giving coun-
try-wise emission targets for CO2. In India, the Min-
istry of Civil Aviation regulates protocols and norms 
for the airline industry. The Director-General of Civil 
Aviation (DGCA) executes these policies and operates 
closely with the Ministry. [16] Since 2009, an Avia-
tion Environment Unit has been set up as part of the 
DGCA, which addresses environmental issues about 
Indian Aviation. Besides these, the Airports Authori-
ty of India is a crucial regulatory body that supervises 
125 airports in India. This body lays the framework 
for ground operations in the airport.

Few other airlines have taken similar initiatives to 
Japanese airlines. From the mid-1990s, substantial im-
provements in the fleet mix were undertaken. Japan 
Airlines and All Nippon Airways introduced Boeing 
777–200 aircraft in 1995 and began replacing Boeing 
747s. Boeing 777–300s were introduced to the domes-
tic market in 1998, with over 500 seats.

The airlines embarked on a range of financial 
projects in addition to replacing old generation air-
craft. Some of the steps they took were implementing 
the automated optimized flight control system, min-
imizing fuel tanking measures, and starting engine 
cleaning.

These measures were essential towards developing 
the energy efficiency of the daily operation of aircraft. 
Various airline companies later took these measures to 
be sustainable and eco-friendly in the Industry. These 
initiatives were supreme at the moment as the demand 
for air transport was increasing. The need has seen re-
markable growth over the past two decades. However, 
other problems, such as economic and social consid-
erations, should also be discussed to improve produc-
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tivity. Despite this, airlines have started implementing 
robust CSR approaches.

According to Dray’s report, if all passenger aircraft 
and freight aircraft get replaced by the latest technolo-
gies currently available, the usage of fuel (globally) and 
CO2 emissions would decrease by approximately 9%.

Research Methodology 

Coronavirus
Coronavirus is RNA viruses that cause diseases. In 

humans, these viruses cause infections in the respira-
tory tract, varying from mild to fetal. The outbreak of 
the virus has caused a major impact worldwide. The 
virus is known to have started its spread from Wuhan, 
China, and slowly begun to capture all the nooks and 
corners of the world. It was extremely severe in Chi-
na in November 2019, while the rest of the world was 
unaffected.

By the first month of 2020, coronavirus was de-
clared as a pandemic due to its extreme contagion. 
Though the virus was not air-borne, it spread to var-
ious continents, and in no time, the entire world was 
starting to see new cases. One of the primary reasons 
for this was air transportation. Major hubs of the avia-
tion industry led to increased affected numbers due to 
close contact with unaffected persons. Travelers mov-
ing across countries carried the virus with them, thus 
spreading it further. As a preventive measure, gov-
ernments started restricting the frequent movement 
of people. Some governments even went to take the 
extreme action of completely sealing their borders.

As a consequence of restricted air travel, flights 
were suspended ever since January 2020. While some 
countries have resumed flights, others have still sus-
pended flights. In India, domestic and international 
flights were first arrested in March 2020. The Director-
ate General of Civil Aviation (DGCA) is the aviation 
regulator in India, which plays a crucial role in deci-
sion-making regarding the suspension and resuming 
of aircraft. Few domestic flights are operating in the 
country, with a wide range of precautions being un-
dertaken to protect the staff and travelers. Though the 
DGCA has permitted to resume international flights, 
the activity has not come to effect due to operational 
hurdles as of June 2020. It is expected that when inter-
national flights resume, the passengers being permit-
ted only on a case-to-case basis with the decision to 
resume flights will now rest in the hands of the state 

owing to the varied concentration of COVID-19 cases 
across the geography of the country.

Data Collection
Data collection for the paper is organized into two 

parts:
Data Collection for comparison of environmental 

conditions before and after the ban on civil aviation
Data Collection for studying the impact of the Air-

line industry on the Indian environment before and 
after the pandemic

Data Collection for comparison 
of environmental conditions before 
and after the ban on civil aviation

The Air Quality Index (AQI) is measured using six 
parameters, namely PM2.5, PM10, NO2, SO2, CO, O3. 
The parameter that records the highest reading is tak-
en as the AQI for the hour. This data for analyzing the 
environmental condition is drawn from NAQI (Na-
tional Air Quality Index), WHO, ACIQN, Air Plume 
Labs. The AQI is computed based on pollutants using 
the appropriate aggregation method. In this method, 
every individual pollutant is converted into one index. 
The Indian National Air Quality Standards (INAQS) 
use twelve parameters, namely, PM2.5, PM10, Sulphur 
Dioxide (SO2), Carbon Monoxide (CO), Nitrogen 
Dioxide (NO2), Ozone (O3), Ammonia (NH3), Lead 
(Pb), Benzo(a)Pyrene (BaP), Nickel (Ni), Benzene 
(C6H6) and Arsenic (As) for the aggregation method. 
But the parameters explicit are PM2.5, PM10, NO2, 
SO2, CO, and Ozone because the other parameters are 
negligible. Figure 1, Figure 2 shows the Concentration 
of PM 2.5. Then Figure 3 shows the concentration of 
NO2, then Figure 4 and Figure 5 shows the concentra-
tion of O3 and SO2. -Figure 6 displays the details of 
the environmental condition per parameter in India 
this year.

In the above figures, various ranges of AQI are 
represented using different colors. Bright colors like 
red, purple, and maroon signify a high concentration 
of the respective parameters, while light colors like 
green, yellow, and orange represent low parameters. 
The greener, the better is the air quality. Figure 8 ex-
plains the implication of various colors clearly.

NAQI has divided all the states in India into dif-
ferent cities. These cities are divided into different ar-
eas known as stations. The AQI and other parameters 
for these stations have been recorded daily. Figure 7 
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Figure 1. Concentration of PM 2.5 (India, 2020).

Figure 2. Concentration of PM2.5 (India,2020).

Figure 3. The concentration of NO2 (India, 2020).

Figure 4. The concentration of O3 (India, 2020).

Figure 5. The attention of SO2 (India, 2020).
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shows health implications and a Cautionary statement 
for different AQI rages. There are 223 stations in In-
dia. To simplify the methodology, 52 stations from 
all over India have been considered. The readings of 
PM2.5, PM10, NO2, SO2, CO, Ozone, and AQI have 
been drawn for March 15 and May 25 of 2020. This is 
depicted in Table 1 and Table 2.

Data Collection for studying the impact 
of the Airline industry on the Indian 
environment before and after the pandemic

Apart from climatic conditions, aviation pollu-
tion affects the air quality severely. The paper focuses 
on the contribution of the airlines industry towards 
air pollution in India. Since the global pandemic has 
caused for suspension of flights across countries, 
only selective domestic flights are operational in In-
dia. Hence, only domestic aviation is being consid-
ered.

International aircrafts enter and leave the geograph-
ical boundaries a few hours before taxation and after 
take-off, respectively. Also, there have barely been any 
international flights, so their emissions are being ne-
glected for this study. The aviation industry is drawn 
from International Aviation and Transport Association 
(IATA) and International Civil Aviation Organization 
(ICAO). Aircraft engines emit carbon monoxide (CO), 
nitrogen oxides (NOx), sulphur oxides (SOx), Particu-
late Matter (PM), unburned hydrocarbons (HC), and 
smoke. These emissions affect air quality. There are 
plenty of options available to the executives in the avi-
ation industry to address the causes of concern of the 
impact aircrafts have on the climate and air quality. Of 
them, standards for emissions with stringent monitor-
ing and increased fuel efficiencies are few. The emis-
sions NOx and CO have gradually reduced due to the 
usage of improved engine designs. It has also eradicated 
emission of hydrocarbon and smoke.

Figure 6.The concentration of CO (India, 2020).

Figure 7. Health Implications and Cautionary Statement for different AQI ranges.
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Table 1
March 15 and May 25 readings of PM2.5, PM10, NO2, SO2, CO, Ozone and AQI for the first 28 stations in India.

State City Area

Mar-15 25-May
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O
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Q

I

Andhra 
Pradesh

Tirupati Tirumala 56 59 36 9 28 34 59 57 73 11 6 3
1

72 73

Andhra 
Pradesh

Amaravati Secretariat 45 48 12 28 24 35 48 28 56 5 9 17 47 56

Andhra 
Pradesh

Vishakapata-
nam

GVM Corpo-
ration

50 73 28 30 38 15 73 31 74 28 10 6 25 74

Andhra 
Pradesh

Rajamahen-
dravaram

Ananda Kala 
Kshetram

26 59 20 12 23 38 59 29 50 8 8 29 60 60

Assam Guwahati Railway 
Colony

105 130 12 17 11 19 130 29 29 12 19 21 26 29

Bihar Hajipur Industrial 
Area

36 45 16 4 26 9 45 47 118 9 12 3
0

16 118

Bihar Patna Rajbansi 
Nagar

38 38 140 18 30 11 140 71 117 45 4 40 50 117

Bihar Gaya Collect orate 34 120 1 17 44 81 81 101 34 29 21 45 73 101

Bihar Muzzafarpur Muzzafarpur 
Collect orate

64 49 30 32 41 74 74 54 21 30 18 43 47 54

Chandigarh Chandigarh Sector-25 14 28 12 12 23 18 28 48 88 6 19 20 53 88

Delhi Delhi R K Puram 71 100 75 14 17 45 100 86 102 42 34 32 64 102

Delhi Delhi Panipat 71 108 93 17 12 27 108 162 166 110 9 47 67 166

Delhi Delhi Lodhi Road 71 90 14 78 15 41 90 85 117 8 42 21 65 117

Delhi Delhi IGI Airport 
(T3)

106 128 198 85 50 17 198 126 130 76 34 94 34 130

Delhi Delhi Okla Phase 2 100 115 43 17 34 38 115 97 131 39 6 25 12 131

Delhi Delhi North Cam-
pus

80 89 36 55 70 20 89 79 133 24 42 41 46 133

Delhi Delhi Ashok Vihar 192 107 45 19 33 33 192 116 117 23 38 29 86 117

Delhi Delhi ITO 117 98 62 7 43 8 117 198 54 49 12 109 49 198

Delhi Delhi Anand Vihar 140 120 63 12 98 37 140 142 102 37 24 59 155 155

Delhi Delhi Dwaraka 168 169 64 27 9 50 169 124 154 29 44 28 92 154

Gujarat Ankleshwar GIDC 122 168 17 73 55 56 168 40 72 9 10 20 45 72

Gujarat Vatva Phase 4, 
GIDC

84 115 47 31 20 25 115 59 75 7 6 43 25 75

Gujarat Vapi Phase I, 
GIDC

137 136 62 30 88 4 137 31 52 4 25 28 9 52

Gujarat Ahmedabad Mari nagar 67 108 40 33 10 36 108 43 74 21 13 31 61 74

Gujarat Gandhi 
Nagar

Sector 10 42 86 8 7 39 42 86 34 67 4 13 33 29 67

Haryana Faridabad Sector 30 110 153 7 7 39 30 153 120 139 14 2 32 51 139
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According to statistics, the demand for domestic 
flights calculated in terms of Available seat Kilome-
ters (ASK) and revenue passenger kilometers (RPK) 
is 155,033.4 million km and 136,631.4 million km for 
in India in FY19. The Indian passenger traffic, freight 
traffic and aircraft movement has been discussed for 
the years FY16-FY20. The Indian passenger traffic 
grew at a compound rate (CAGR) of 11.13% and it 
currently, i.e., in FY20, stands at 341.05 million. This 
is segregated as Domestic passenger traffic and Inter-
national passenger traffic. The Domestic Passenger 

traffic rose with 12.91% CAGR and it currently stands 
at 274.50 million in FY20 and the International pas-
senger traffic rose with 5.01% CAGR and currently 
stands at 66.54 million. Freight traffic has increased 
at a CAGR of 5.32% from 2.70 MT to 3.33MT. It was 
projected to increase at a CAGR of 7.27% in FY23 and 
stands at 4.14 MT. This projection may not hold now 
considering the hit on aviation industry due to the 
spread of COVID-19. Aircraft movement increased 
at a CAGR of 9.56% from 1.60 million to2.59 million 
from FY16-FY20. This is further categorized into Do-

Table 2
March 15 and May 25 readings of PM2.5, PM10, NO2, SO2, CO, Ozone and AQI for the next 28 stations in India.

State City` Area
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Jharkhand jorapokhar Tata stadium 120 160 14 32 89 24 160 100 145 13 29 37 30 145
Karnataka Chikkamanga-

luru
Kalayana Nagar 49 64 17 4 24 61 64 31 35 30 3 20 23 35

Karnataka Bangalore Hebbal 46 80 11 12 82 73 82 25 44 16 9 20 42 44
Kerala Kozhikode Palayam 54 57 25 7 28 14 57 31 38 8 3 16 6 38
Madhya 
Pradesh

Indore Chhoti Gwaltoli 48 130 78 9 15 35 130 28 99 47 10 12 71 99

Madhya 
Pradesh

Bhopal TT Nagar 43 129 25 13 23 85 129 29 41 6 14 16 34 41

Maharashtra Thane Pimpleshwar 
Mandir

128 17 81 41 49 31 128 69 5 21 5 51 12 69

Maharashtra Pune Karve Road 134 106 27 71 92 45 134 44 43 13 35 58 28 58
Maharashtra Mumbai Powai 81 127 19 5 54 40 127 17 59 2 7 13 17 17
Maharashtra Mumbai Chhtrapati Shi-

vaji Internationl
133 194 68 15 43 58 194 13 43 21 3 8 6 43

Meghalaya Shilling Lumpyngngad 80 60 3 6 8 45 80 25 25 3 11 8 10 25
Mizoram Aizawal Sikulpuikawan 76 48 1 6 20 92 76 17 17 10 14 9 44 17
Odisha Talcher Talcher Coal 

Fields
22 22 17 86 65 19 86 31 37 23 36 78 7 78

Punjab Amristar Golden Temple 41 82 16 26 35 37 82 24 69 13 17 32 17 69
Rajasthan Jaipur Adarsh Nagar 60 103 38 13 44 67 103 70 113 22 18 43 60 113
Rajasthan Udaipur Ashok Nagar 78 89 36 17 41 63 89 51 65 13 10 26 42 65
Rajasthan Jodhpur Collectorate 204 143 19 11 44 6 204 99 99 18 8 22 60 99
Tamil Nadu Coimbatore SIDCO kurichi 60 54 67 13 29 49 67 36 32 57 8 44 17 57
Tamil Nadu Chennai Alandur Bus 

Depot
74 67 18 10 39 49 74 20 16 4 26 27 27

Telangana Hyderabad Central Univer-
sity

40 74 37 3 14 32 74 51 95 26 8 11 53 95

Uttar Pradesh Meerut Ganga Nagar 53 89 26 12 44 15 89 119 160 33 27 52 34 160
Uttar Pradesh Lucknow Talkatro District 

Indust
88 55 27 4 57 89 88 249 11 43 3 50 66 249

Uttar Pradesh Noida Sector 125 98 111 62 10 38 39 111 60 44 32 19 15 15 44
West Bengal Howrah Belur Math 23 45 48 23 12 92 48 17 38 17 11 13 54 54
West Bengal Kolkata Fort William 41 51 36 12 19 59 59 33 51 8 3 7 5 51



Issue 25. December 2022 | Cardiometry | 711

mestic and International aircraft movement where the 
Domestic aircraft movement increased at a CAGR of 
9.83% and International aircraft movement has in-
creased at a CAGR of 3.57%. It currently stands at 
2,155,000 and 433,000 respectively.

Table 3 and Table 4 depict the domestic flights re-
corded as of March 2020 and May 2020 is 1,42,070 and 
12,400 respectively. There is a reduction of 91.27% in 
flights due to the suspension of flights as a covid-19 
prevention measure. The carbon emissions from these 
aircrafts is calculated, and the percentage of contribu-
tion towards pollution is depicted.

Table 3
Comparison of Aircraft movement, passengers and freight in 
India in March 2020.

CATEGORY MARCH CHANGE %
2019-20 2018-19

Aircraft Movement (in ‘000)
International 22.00 37.74 -41.7
Domestic 142.07 175.39 -19.0
Total 164.07 213.13 -23.0
General Aviation 16.81 26.96 -37.7

Passenger (in Million)
International 2.57 5.89 -56.2
Domestic 14.96 22.29 -32.9
Total 17.53 28.18 -37.8

Freight (in ‘000 ton)
International 133.31 195.23 -31.7
Domestic 76.80 113.86 -32.5
Total 210.11 309.09 -32.0

Table 4
Comparison of Aircraft movement, passengers and freight in 
India in May 2020.

CATEGORY MARCH CHANGE %
2020-21 2019-20

Aircraft Movement (in ‘000)
International 4.63 34.99 -89.7
Domestic 12.4 177.94 -93.0
Total 17.03 212.93 -92.0
General Aviation 7.73 25.98 -70.2

Passenger (in Million)
International 0.11 5.69 -0.98
Domestic 0.6 23.22 -97.4
Total 0.71 28.91 -97.5

Freight (in ‘000 ton)
International 75.75 181.37 -58.2
Domestic 19.17 112.32 -82.9
Total 94.92 293.69 -67.7

Methodology
The six parameters in NAQI used to determine the 

Air Quality Index (AQI) have been collected for two 
dates, March 15 and May 25. Since, Domestic flights 
were suspended from functioning on March 25, these 
dates were chosen to gather statistical data before and 
after the suspension of flights. These six parameters 
determining the AQI will be recorded for important 
stations in every city and state in India. These record-
ed values were compared using a paired T-test to find 
out the significant difference between them.

H0: There is no significance difference between 
PM2.5 values recorded in March 2020 and May 2020

Ha: There is a significance difference between 
PM2.5 values recorded in March 2020 and May 2020

H0: There is no significance difference between 
PM10 values recorded in March 2020 and May 2020

Ha: There is a significance difference between 
PM10 values recorded in March 2020 and May 2020

H0: There is no significance difference between 
NO2 values recorded in March 2020 and May 2020

Ha: There is a significance difference between NO2 
values recorded in March 2020 and May 2020

H0: There is no significance difference between 
SO2 values recorded in March 2020 and May 2020

Ha: There is a significance difference between SO2 
values recorded in March 2020 and May 2020

H0: There is no significance difference between O3 
values recorded in March 2020 and May 2020

Ha: There is a significance difference between O3 
values recorded in March 2020 and May 2020

H0: There is no significance difference between 
CO values recorded in March 2020 and May 2020

Ha: There is a significance difference between CO 
values recorded in March 2020 and May 2020

Also, the AQI for all the stations in India has been 
collected on an hourly basis for March 15 and May 25. 
The average AQI for each station is calculated for the 
dates considered and tested using Paired T-test to find 
the significant difference between them.

H0: There is no significance difference between 
AQI values recorded in March 2020 and May 2020

Ha: There is a significance difference between AQI 
values recorded in March 2020 and May 2020

After analyzing the significant difference in the 
Air Quality parameters, the contribution of CO2 
emissions from the Indian domestic aviation is cal-
culated. The procedure to calculate this is given in 
detail below.
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Results and Analysis
The two sets of data are tested for significant dif-

ference. Simultaneously, the impact of domestic avia-
tion on the environment is computed using a carbon 
emission calculator provided by ICAO (ICAO.int, 
n.d.). Domestic flights have maximum impact on the 
climate over India’s geographical area than interna-
tional flights for which the paper focuses on the same. 
In Indian domestic aviation, there are only 6 operating 
airlines. They are Air India, Indigo, SpiceJet, Vistara, 
Go Air, AirAsia, which connects various cities of In-
dia. The aircrafts used to fly to and fro between these 
cities frequently, before the suspension of passenger 
flights. The carbon emission calculator takes in the 
destination and arrival cities and calculates the carbon 
emitted (in kg) on a single trip journey. The shortest 
distance discharges 25.5kg of carbon dioxide on this 
analysis and the longest distance discharges 175.4kg. 
This value is multiplied with the number of domestic 
aircrafts in March and May to find out the contribu-
tion of thethe aviation industry towards pollution.

Table 5 depicts the CO2 emissions for the shortest 
and longest haul for all domestic aircrafts in India. The 
maximum CO2 emissions, i.e., the emissions for the 
longest haul is175.4 kg and the minimum CO2 emis-
sions, i.e., the emissions for the shortest haul is 25.5 kg.

Table 5
Contribution of aviation industry towards pollution in India for 
March and May in 2020

May March
Number of Aircrafts/Total carbon 
Emissions per journey

12,400 1,42,070

Maximum (175.4kg) 21,74,960 2,49,19,078
Minimum (25.5kg) 3,16,200 36,22,785

The number of aircrafts in March 2020 has been 
recorded as 1,42,070 flights. The number of aircraft 
movements in May 2020 is recorded as 12,400 flights. 
The average CO2 emissions for the month of march 
and may has been calculated by multiplying these 
values. This is done by calculating the average of the 
maximum and minimum CO2 emissions which is 
100.45 kg. This value is multiplied with the number 
of aircrafts drawn from Table 1 and Table 2. This gives 
the average CO2 emissions for the month of march 
and may in the year 2020. The average CO2 emissions 
for March and May 2020 are 1,42,70,931.5 kg and 
12,45,580 kg respectively. From March 25, all domes-

tic and international flights were suspended. 6 days of 
inactivity has been recorded in March. The total CO2 

emissions in March would have been 1,76,95,955.06 kg 
if no inactivity was recorded. This calculated value is 
considered to calculate the contribution to pollution.

There are three steps involved in the calculation 
percentage of contribution of domestic aviation to 
national CO2 emissions. First, CO2 emissions in In-
dia are calculated. This value is found by multiply-
ing CO2 emissions per capita with the population of 
India. The CO2 emissions per capita in the year 2018 
were 1.9 metric tonnes. 2018 is considered as it is the 
most recently updated data. The population of India 
in 2018 was 135.26 crores. The CO2 emissions in In-
dia are found to be 2,56,99,40,000 Mt CO2. The sec-
ond step involves the calculation of CO2 emissions in 
India per month. This value is found by dividing the 
previously calculated by 12. The value obtained now 
is 21,41,61,666.7 Mt CO2. The final step calculates the 
percentage of contribution by the Indian domestic 
aviation industry to air pollution. The total CO2 emis-
sions in March across India by the airline industry are 
divided by the total CO2 emission by India in a month. 
This value is multiplied by 100 to obtain its percentage 
value.

CO2 emissions in India = CO2 emissions per capita 
x population of India in that year

CO2 emissions in India / 12 = Total CO2 emission 
by India in a month

(Total CO2 emissions in March across India by 
airline industry/ Total CO2 emission by India in a 
month) x100

On comparing and testing the values of the con-
centration of PM2.5, PM10, NO2, SO2, Ozone and CO in 
the atmosphere recorded in two different dates in May 
and March which signify the period before and after 
suspension of flights due to COVID-19 and applying 
the Paired T-test to find the significant difference, each 
parameter shows different types of results. Among the 
listed parameters are PM2.5, PM10, NO2, SO2, Ozone 
and CO. Table 6 shows values used to calculate the 
contribution of domestic aviation to air pollution. 
One set of parameters (PM2.5, PM10, NO2, SO2) show a 
type of result, while another set of parameters (Ozone, 
CO) show a different result. The null hypothesis states 
that there is no significant difference between the two 
sets of data points which were collected before and af-
ter the suspension of flights in March and May while 
the alternate hypothesis states that there is a signifi-
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cant difference between the two sets of data collected 
during the same intervals of March and May months. 
The data points of the concentration of PM2.5, PM10, 
NO2 and SO2 shows the results rejecting the null hy-
pothesis. This is shown in Table 7, Table 8, Table 9 and 
Table 10.

Table 6
Values Used To Calculate The Contribution Of Domestic Avia-
tion To Air Pollution.

Total CO2 emis-
sions in the 

month of march

Total CO2 emission by 
India in a month

Contribution of 
domestic aviation

1,76,95,955.06 kg 2,14,16,16,66,666.67 Kg 0.008263%
~ 0.01%

Table 7
Results of Paired T-Test for NO2.

NO2 NO2

Mean 39.88461538 23.36538

Variance 1266.417798 391.4913

Observations 52 52

Pearson Correla-
tion

0.677720656

Hypothesized 
Mean Difference

0

df 51

tStat 4.49113936

P(T<=t) One-Tail 2.03915E-05

T Critical One-Tail 1.67528495

P(T<=t) Two-Tail 4.07831E-05

T Critical Two-Tail 2.00758377

Table 8
Results of Paired T-Test for PM 2.5.

PM2.5 PM2.5

Mean 79.05769231 64.46154
Variance 1827.114253 2441.234
Observations 52 52
Pearson Correla-
tion

0.385585868

Hypothesized 
Mean Difference

0

df 51
tStat 2.048643242
P(T<=t) One-Tail 0.022830043
T Critical One-Tail 1.67528495
P(T<=t) Two-Tail 0.045660087
T Critical Two-Tail 2.00758377

Table 9
Results of Paired T-Test for PM10.

PM10 PM10

Mean 92.34615 73.48077
Variance 1668.662 1827.156
Observations 52 52
Pearson Correla-
tion

0.383568

Hypothesized 
Mean Difference

0

df 51
tStat 2.92962
P(T<=t) One-Tail 0.002532
T Critical One-Tail 1.675285
P(T<=t) Two-Tail 0.005065
T Critical Two-Tail 2.007584

Table 10
Results of Paired T-Test for SO2.

SO2 SO2

Mean 22.65385 15.57692
Variance 453.7602 137.3077
Observations 52 52
Pearson Correla-
tion

0.574183

Hypothesized 
Mean Difference

0

df 51
tStat 2.924864
P(T<=t) One-Tail 0.002566
T Critical One-Tail 1.675285
P(T<=t) Two-Tail 0.110607
T Critical Two-Tail 2.007584

Thereby, it implicitly accepts the alternate hypoth-
esis and signifies that there is a change in atmospheric 
composition of PM2.5, PM10, NO2, and SO2 before and 
after the suspension of the flights. This shows a direct 
correlation between the data points of concentration 
of the PM2.5, PM10, NO2, and SO2 in the atmosphere 
before and after the suspension of the flights.

But CO and Ozone shows a different type of re-
sult. The test conducted for the set two parameters 
shows that they accept the null hypothesis, which 
shows no significant difference in the concentration 
of CO and Ozone in the atmosphere before and after 
flight suspension. This is shown in Table 11 and Table 
12. Therefore, the CO and Ozone levels above India 
do not correlate with the activity of flights. Hence, 
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the suspension of flights has not affected the CO and 
Ozone levels above India.

Table 11
Results of Paired T-Test for CO.

CO CO
Mean 38.34615 32.94231
Variance 524.819 464.1339
Observations 52 52
Pearson 
Correlation

0.418384

Hypothesized 
Mean Difference

0

df 51
tStat 1.623695
P(T<=t) One-Tail 0.055303
T Critical One-Tail 1.675285
P(T<=t) Two-Tail 0.110607
T Critical Two-Tail 2.007584

Table 12
Results of Paired T-Test for O3.

OZONE OZONE
Mean 39.67308 41.34615
Variance 565.2832 784.9367
Observations 52 52
Pearson 
Correlation

0.173993

Hypothesized 
Mean Difference

0

df 51
tStat -0.36076
P(T<=t) One-Tail 0.359885
T Critical One-Tail 1.675285
P(T<=t) Two-Tail 0.719771
T Critical Two-Tail 2.007584

Discussions
PM2.5, PM10, NO2, and SO2 have stated a positive 

significant difference between them. The percentage 
difference between the two sets of data for every pa-
rameter was calculated, and it showed negative val-
ues, which implies that they have been significantly 
affected. The effect has been positive in that these 
compounds have been reduced significantly due to 
suspension of the flights. This is a point to be explored 
for further research to see the reason behind the sta-
ble concentration of CO and Ozone before and after 

the lockdown despite changes in the concentration of 
other parameters (PM2.5, PM10, NO2, SO2). It can be 
inferred here is that CO and Ozone concentration is 
correlated to some other pollution activity rather than 
just the pollutants from the exhaust of flights. The to-
tal AQI also rejects the null hypothesis, i.e., it states 
that there is a significant positive difference in the air 
quality, which means the AQI has increased, leading 
to an improvement in air quality which shows that the 
climatic condition has become healthier. It is inferred 
here that the AQI is more dependent on the concen-
tration of PM2.5, PM10, NO2, SO2 and not much depen-
dent on CO and Ozone.

Aviation industry, specifically Indian domestic avi-
ation contributes 1,76,95,955.06 kg carbon emissions 
on an average, i.e., 0.01% of the total aviation sector. 
Therefore, there is a positive connection between 
the suspension of flights and the improvement in 
the Air Quality Index, which shows that the suspen-
sion of flights has improved the air quality in the last 
2 months. Hence the aviation industry should work 
towards innovating the fuel system and the turbine 
to decrease the output of PM2.5, PM10, NO2, SO2 into 
the atmosphere. Further, since CO is a very import-
ant compound which causes atmosphere degradation, 
identification of the reason behind the independence 
of the suspension of flights and CO concentration in 
the atmosphere is also a important variable to be in-
ferred to get an idea of how to decrease CO concentra-
tion in the atmosphere. All these improvements can 
gradually improve the air quality levels in the atmo-
sphere, thereby supporting the environment.

Conclusion and Recommendations
The aviation industry has been predominant in 

India. It has led to the rise of various opportunities 
and economic growth. With its commendable bene-
fits comes dangerous risks. The Industry directly af-
fects the environment, which needs to be protected 
and nurtured for survival. The Industry has taken 
various advanced and modern initiatives to be more 
eco-friendly. These efforts have been successful and 
have alleviated the carbon footprint greatly over the 
past two decades. The unpredictable widespread of 
coronavirus has led to the implementation of unprec-
edented decisions. Such a decision was the suspen-
sion of domestic and international flights all over the 
world. The suspension of domestic flights in India has 
had a positive impact on the country’s pollution levels.
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Analysis shows a distinguishable difference in air 
quality levels over the two months of complete inac-
tivity. Various factors affect climate improvement, but 
the aviation industry has a 1% contribution towards 
it. The aviation industry consists of passenger air-
crafts, logistics aircrafts, defence aircrafts and ground 
operations. The passenger domestic aircrafts in India 
contributes 0.01% of CO2 emissions. With this knowl-
edge and the assumption that the new normalcy will 
include adaptation to the virus, it is advisable to im-
plement new regulations in the aviation industry to be 
sustainable, economic and environmentally friendly. 
The initiative of using modified engines has been one 
of the major ways of being eco-friendly. Apart from 
this idea, Sustainable Aviation Fuel (SAF) is a biofuel, 
that acts as a an alternate to jet fuel. This is usually 
used in jets where the jet fuel is blended with SAF. The 
blended fuel does not require any special infrastruc-
ture or equipment. It also reduces CO2 emissions, 
improves fuel efficiency and air quality. Due to its nu-
merous advantages, it is recommended that this fuel 
can be tried with passenger flights. It can be used in 
aircrafts along with usual fuels to provide a greener 
environment. Recycling programmes adopted by air-
lines have proved to be more CO2 efficient. Emphasiz-
ing on the importance of recycling and teaching it as 
a habit has produced environment friendly outcomes. 
These are a few of the measures that airlines can un-
dertake to reduce emissions from their side. Besides 
this, the aviation industry has to adapt to the increase 
in demand for air transportation and COVID-19 to 
sustain on the longer run. These measures will help 
to ensure zero contact amongst travellers and aviation 
employees. Such measures have been recommended 
and explained briefly. 

One of them is the digitization of the usual process 
flow. This will include reducing paper by digitizing 
important documents like ID proof, boarding pass, 
tickets etc. Apps can be created to store the details of 
these documents, which would be shared securely with 
an OTP. This way the transfer will be encrypted, and 
the data will not be misused. As the lockdown rules 
are being revised and relaxed, passengers choosing air 
transportation will increase. The frequency of travel 
may also increase. At that moment, airport services 
need to be modernized accordingly. For instance, all 
toilets can be replaced with automated toilets. Hubs, 
lounges, waiting areas, immigration, seating areas, 
restaurants, shops, and all kinds of places in airports 

need to be sanitized frequently. Innovative seating ar-
rangements can be made to ensure social distancing. 

Also, every airlines can set up food stalls near 
boarding gates and offer organic food to passengers. 
This is an alternate to the food supply in the aircraft. 
The number of food packets given to a passenger can 
vary depending on the duration of the journey. This 
method guarantees sanitization, recyclability, and re-
duction of physical contact between the crew and pas-
sengers during the journey. More importantly, as the 
population starts adapting to the new normal life, the 
schedule of departures and arrivals can be optimized. 

A definite number of flights (lesser than the usual) 
can be scheduled for a day to strike a balance between 
growth and corporate responsibility. When passen-
ger count falls, single aircraft can be used for multi-
ple small routes by combining them. This way all the 
passengers can be accommodated with a reduction 
in the movement of aircrafts. This paves the way for 
the Industry to be eco-friendlier and more efficient. 
In today’s rapidly advancing world, it is wise to take 
decisions on the long run, specially after witnessing 
the demented after effects after the spread of corona-
virus. This can bring in tremendous changes yet have 
a low influence on the Industry’s profits in the long 
run. These factors can be considered as the new goals 
for the future.

Limitations
The paper focuses on the impact of domestic 

flights in India towards the health of the environment. 
Passenger aircrafts consists of both domestic and in-
ternational flights. The paper does not include inter-
national flights. It is confined to domestic aircrafts be-
cause international flights leave the Indian boundary 
within half an hour or hour after take-off. Similarly, 
it enters the Indian geographical area a few hours be-
fore landing. Therefore, to simplify the calculation, 
international flights have not been considered. Also, 
only passenger aircrafts have been concentrated on. It 
does not look at other kinds of aircrafts like defence 
aircrafts, freight aircrafts, private jets, etc. the reason 
is that these aircrafts are considerably small in num-
ber and their CO2 emissions are negligible. Due to this 
narrowed down approach, the paper is not holistic. 
The contribution of aviation industry towards air pol-
lution may differ slightly when these factors are tak-
en into consideration. The longest haul and shortest 
haul data have been drawn from ICAO. The average 
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of these two distances has been considered to reduce 
the complexity of calculation. If not, all the routes be-
tween various cities in India should have been taken to 
get the accurate average of CO2 emissions. The aver-
age calculated with long and shirt hauls is assumed to 
give precise results equivalent to the complex method. 
Another limitation is the data chosen for calculating 
the Total CO2 emissions in India. The latest recorded 
value was 1.9 metric tonnes in the year 2018. The To-
tal CO2 emissions in India for the year 2020 was not 
available due to which this proven data was consid-
ered. The 2018 data was multiplied with the popula-
tion of India in 2018. This might have slight variations 
in the calculation, but it is negligible as the population 
and CO2 emissions have not had any drastic hike from 
2018-2020.
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