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Abstract
The current situation of the COVID-19 pandemic has led to multiple changes in the
international market as well as in the lifestyle of people worldwide. The transport sector has
undoubtedly been one of the most affected sectors due to restrictions imposed by the
governments across the world to protect the health of their citizens, particularly the
restrictions imposed on the operation of airlines. On the other hand, the reduction in travel
by means of transport has contributed in part to the improvement in the environmental
conditions on account of reduction in the levels of CO2 emissions and pollution. The present
paper discusses the major consequences of the COVID-19 pandemic on the aviation industry.
The data and critical observations presented in this paper were collected from the detailed
studies published on this crucial topic and thus provide a broad overview to the reader.
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1. Introduction

1.1 Pandemic Aspects
The COVID-19 pandemic outbreak of 2019-2020, which is currently continuing, has suddenly
disturbed the daily lives of billions of people across the world. The first confirmed cases were
reported between the months of November and December in the year 2019 and concerned a few
workers in the wet market of Wuhan, in the province of Hubei, China, which is a really important
political, economic, financial, cultural, and educational center of China. The infected patients
exhibited the symptoms of a strange kind of pneumonia, which immediately became the subject of
study and research among the Chinese scholars, who identified the source of the illness to be a
novel strain of Coronavirus, which was later designated as SARS-CoV-2. After an exponential
increase in the number of infections, on January 23, 2020, the Chinese government ordered
quarantine for the Wuhan city, and on January 28, 2020, over 4600 positive cases of the novel
Coronavirus were reported and confirmed in several countries [1]. The COVID-19 disease had begun
to reveal its lethality, claiming the lives of 106 victims. In the entire month of February, the virus
began to exhibit significant expansion worldwide, leaving the governments no option other than
adopting strict shutdown measures to contain the spread of the virus and flatten the curve of
infection [2-6]. Soon, forced quarantines, curfews, and travel restrictions were applied throughout
the world, resulting in sudden alterations in the psychological state of individuals at the
interpersonal level and social discontent and critical economic instability at the global level. Indeed,
the effects of the restrictions imposed by the national governments pushed the global economy into
the worst recession since the Second World War. Initially, it was the supply shock that concerned
the Chinese market (along with conspicuously significant consequences on the international market
as well), although the rapid spread of the virus later caused a dramatic decline in demand as well,
which deeply disrupted the consumption patterns and investments in every region in the world [711].

1.2 Risk Factors in Society
Relying upon a theoretical background, the authors considered it worth discussing the different
sources of the transmission dynamics of the COVID-19 pandemic and the risk factors in the society
driven by the interaction between air pollution and the meteorological factors, including the wind
speed, that influence the air transport. The rapid and uncontrollable spread of the COVID-19 virus
was indeed facilitated by the environmental disorders of the various populations worldwide as well
as the different pollution intensities. Research has demonstrated the role of pollution in promoting
the diffusion of the epidemic. In general, the viral infectivity via airborne pollution is influenced by
particle composition, bacterial adaptive mechanisms, and meteorological conditions [12-18]. Coccia
reported the involvement of two categories of causes that determined the incidence: the general
factors and the more specific factors [19]. The first category is representative of each location and
mostly dependent on the biological identity of the virus, such as its incubation time, viral load, etc.
The specific factors, on the other hand, concern the local environmental context (such as the air
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pollution levels, meteorological conditions, etc.) as well as the socio-economic organization
(population density and typology, healthcare infrastructures) and the emergency state
management (specialized human resources, equipment, and funding provision). The current
statistical data reported by studies [20-24] reveal that the highest rates of infected individuals and
deaths associated with COVID-19 occurred in the cities with greater atmospheric stability, such as
low wind speeds, colder temperature, and often high levels of air pollution, including exceeded safe
levels of ozone or particulate matter [25-27]. Inverse changes in the AOD (aerosol optical depth)
and AE (Angstrom exponent) parameters during the lockdown restrictions reflected the decrease in
the total aerosols in the air and the influence of the growth of fine-mode particles [28]. The
econometric analyses based on the D2C (Casual Direction from Dependency) algorithm were
performed to assess the unidirectional causal relationship between pollution (in terms of CO2
emissions, PM2.5, and NO2) per capita gross domestic product (GDP) and the COVID-19 disease in
India [29] and three major French cities (Paris, Lyon, and Marseille) [30, 31], and the results were
consistent with the findings already reported by the other authors [32-35]. In this context, there is
an urgent requirement for developing a global prevention strategy against the air pollution that
would safeguard the environment and human health, i.e., the application of sustainable
development practices integrated with the promotion of research and political cooperation
between the nations of the world [36, 37]. The present paper provides a database of information
describing the overall state of the pandemic that would assist, in the future, in predicting the risk of
the contagiousness of COVID-19 or any other viruses. In this context, the index C, which varies
between 1.0 (high transmission risk) and 0 (low transmission risk), could be representative of the
various boundary conditions (environmental, demographic, meteorological, and health risk factors)
that may or may not favor the expansion of the pandemic phenomena across different territorial
communities [38]. The exponential growth in the number of infections and the consequent
implementation of restrictive measures on movements on a micro scale (urban and extra-urban) as
well as on a macro scale (international and continental) have impacted the economy of the transport
sector, particularly that of the aviation industry. On one hand, the economic crisis continues to
create problems even during the recovery times for the transport sector, on the other hand, several
scientific studies, including certain well-known studies and findings, have demonstrated a dramatic
decline in the pollution levels following the lockdown measures. Therefore, it would be of
significance to adopt political strategies encouraging a new phase of industrial development, while
ensuring alongside, greater attention to the environmental requirements. The COVID-19 pandemic
being a critical phase of a generalized nature, also represents an opportunity to invest more in
research, new production processes, and new forms of sustainable energy.
2. Aspects of the Covid-19 Pandemic in Relation to Air Transport
Air transport has, for years, been a strong pillar for commercial networks worldwide. Among the
western nations, the United States of America has been drastically affected by the crisis, particularly
concerning the airline industry. A study [39] examining the short-term impact of COVID-19 on the
stock performance of 52 airlines reported that the initial announcements regarding the spread of
the virus caused a decline in air travel even before the formalization of the restrictive measures. The
authors raised awareness of the short-term development of policy attitudes with the aim of
alleviating the impact of the pandemic on the aviation sector worldwide and encouraging
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investments in the sector. Resilience is defined as the ability to preserve a certain level of
regular/nominal performance following a disruptive large-scale event. A study reported developing
several analytical methodologies, including data on airport capacity, number of daily flights,
proposed routes, the average number of passengers, among others [40]. In the current competitive
times, air transport has emerged as one of the main means available for travel over long distances.
However, it is required to guarantee the high standards necessary for the safe management of
protected operations both in flight and on the ground. Observations on the field have revealed a
prominent increase in the passenger boarding times following the individual health checks and the
time dedicated to cabin disinfection. A redesign of the control procedures, therefore, becomes
necessary [41]. Forecasts attest to a recovery of the air transport sector by 2022 for up to six years,
although with a considerable influence of the geographical location, such as the Asia Pacific region
expected to be the one that would have the fastest recovery, followed by North America and Europe
[42]. The airlines with more fleets and a greater diversity of aircraft are certainly going to be the
most flexible to this outbreak [43]. Airports are the real hubs for the economy of each nation in
terms of the exchange of goods and culture occurring daily on the airports. A study was conducted
on different pairs of airports to address their planning issues in relation to territorial economic
development and countries such as Italy, Norway, and Cyprus were investigated [44, 45]. The
objective of the study was to define a level of economic and financial equilibrium for the airports
that coexist in the same territorial regions, to ensure a fair and balanced growth of the GDP (p.i.).
The results of the GIS (Geographic Information System) analysis performed led to a comprehensive
SWOT (Strengths, Weaknesses, Opportunities, and Threats) analysis to identify the assets and the
weaknesses of the studied airports [46-49]. According to the EU27, in the first quarter of the year
2020, the impact of the losses to the aviation industry would have negatively reduced the world
GDP from 0.02% to 0.12%, while at the end of 2020, the loss could be 1.41%-1.67% or even 1.66%1.98% [50]. These critical scenarios include both flight-tracking data and reduced or canceled
bookings, along with the assumptions based on the experience of previous pandemics that affected
the aviation industry. In this context, safety science is a key factor that could assist in establishing
short-, medium-, and long-term policies aimed at reducing the spread of the virus, while minimizing
the negative impacts of the pandemic in the economic and social contexts. In the context of the
COVID-19 virus, science indeed plays a crucial role in contributing to the formulation of policies and
decisions for short-, medium-, and long-term to deal with the socio-economic crisis in terms of both
transportation and safety. In a study [51], assessing the relationship between the COVID-19
diffusion and the transport accessibility of a specific area, a multiple linear regression model was
implemented to explain this correlation, including the total provincial positive cases of COVID-19
(according to the Italian Ministry of Health data [52]), as dependent variables, while the socioeconomic factors, (population density, percentage of the elderly residents, number of employees,
and number of companies), territorial measurements (coastline length, square kilometers of the
urban areas), environmental indices (pollutant emissions, particulate matter average
concentrations), health care measures (number of COVID-19 tests/day), transportation variables
(accessibility to road/rail vehicles, percentage of trips), were used as independent variables. The
statistical results revealed the variable of rail transport with the highest weight in terms of the
number of COVID-19 infections (approximately 40% by weight), followed by the variables of a purely
socio-economic kind, i.e., population density (approximately 14% by weight), and territorial and
polluting indices (geographical position and PM pollutant -greater than 2% and approximately 7%
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by weight, respectively). Air transport is, therefore, one of the most affected sectors in terms of the
critical economic impact of the pandemic. The future of air transport is currently uncertain, and it
is, therefore, imperative to formulate administrative policies to identify ways for the survival of the
aviation industry during the recovery phase and beyond [53]. Close cooperation between transport
planning and the legislative systems is necessary [54]. In a study [55], authors proposed a novel
intervention policy planning approach, which they referred to as PASS, to deal with the COVID-19
crisis and the future pandemics. The approach included four major conceptual macro-categories of
P (Prepare-Protect-Provide), A (Avoid-Regulate), S (Move-Share), and S (Substitute-Interrupt) to fill
the current gaps in the definition of transport to safeguard the economy of the entire stakeholder
chain and the public healthcare. Government policies are warranted to reorganize the economic
plans for industries while ensuring resources and funds to reduce people inequalities rather than
intensifying them [56, 57]. The upward trend in the epidemiological curve has irreparably damaged
the tourism industry worldwide and, along with it, air transport could be placed in the list of sectors
that were the most affected by the pandemic [58]. The ECB (European Central Bank) has issued a
sinister alarm, stating: "Decline in the activity of international airlines would be much wider and
deeper following the COVID-19 pandemic, and would probably have more lasting consequences
compared to 9/11 and SARS". According to a bulletin of the European banking institution, the impact
of the Coronavirus on the air navigation sector did not bode well, and the chaos at the airports
would last no less than three years [59]. The International Air Transport Association (IATA) has
predicted complicated times for the airline industry [60]. Several critical scenarios for the advancing
crisis were proposed at the beginning of the lockdown measures (March 2020): one more contained
and another one more dramatic. The first one, i.e., the Limited Spread scenario, would imply a $63
bn loss accounting for 11% of the revenue passenger kilometers (RPK) worldwide in 2020. In the
second one, i.e., the Extensive Spread scenario, the drop would be 19% with a loss of $113 bn.
Months later, the airlines would struggle to cut unit costs sufficient enough to prevent cash burn
from continuing throughout 2021, as predicted based on the current demand assumptions and in
the absence of further government support [61]. As the IATA chief economist Brian Pearce stated,
“Airlines are still going to be burning through cash and making significant losses next year”, despite
the industry’s efforts to scale down for much lower levels of demand. Another report stated: "The
collapse of flight capacity across regions is unprecedented in the aviation history." Following the
terrorist attacks of September 2001, the lack of passengers caused a 15% decline, and it required
an average of three years for a full recovery of this loss in just the United States and Europe. With
the outbreak of SARS in 2002-2003, the airline industry encountered a decline of approximately
two-thirds in the passenger revenue, and an improvement was reported only a year later. However,
the Coronavirus pandemic is expected to cause much deeper damage that would be extremely
difficult to recover from, with certain irreversible consequences that would require a minimum of
three years or more for a complete recovery. As of June 2020, a 65% decline in flight capacity was
recorded globally. In the United States and Japan, flight capacity decreased by 72% and 48%,
respectively. In China, the flight capacity decreased by 71%, to a value 20% lower than that in 2019.
In Italy, Spain, France, and Germany, flight capacity declined by over 90% compared to the previous
year [62]. In the month of July 2020, the restart tests were certified in the air transport sector,
demonstrating a slight improvement compared to the previous month. According to the National
Civil Aviation Authority (ENAC), the EU flights have resumed more significantly, while the non-EU
flights are still quite limited due to the entry restrictions imposed by the respective non-EU countries.
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It is important to restore the passengers' confidence in the safety of air travel. According to the
reports of ENAV (the body that manages civil air traffic in Italy), the data concerning air traffic grew
steadily, particularly during the month of July 2020. The number of flights has doubled compared to
the previous month. The movements recorded by the ENAV were a total of 33000, with a daily
average of 2200 flights and a maximum peak of 2521 flights on 10 July. Therefore, in the first half of
July 2020, 20% of the air traffic was resumed, and the decline was reduced to 66% compared to the
previous year. The gradual resumption of flights in the “Bel paese” proved to be in line with the
growth trend recorded in the rest of Europe as well, with a further improvement observed in August.
According to the Italian “Cassa Depositi e Prestiti” Think Tank study, the air transport industry
represents 2.4% of the world GDP, accounting for 1800 billion dollars. The entire supply chain
employs nearly 29 million people, including direct, indirect, and induced employment. The world is,
therefore, witnessing a sharp contraction in the aviation sector, and the financial situation at the
end of the year” would be unsustainable. The debt of the companies would become 120 billion
higher than the level at the end of 2019, accounting for a total of 550 billion dollars, equivalent to
approximately 92% of the revenues expected next year". The IATA has ascertained certain
considerations: the receipts would fall by 50% to 419 billion dollars, and a rise is expected in 2021
with 598 billion dollars. However, a critical situation has been announced for the coming year as
well, and the most affected companies would be those of the Asia-Pacific region (-29 billion dollars),
followed by those of North America (-23.1 billion dollars) and Europe (-21.5 billion). Unfortunately,
the serious crisis that this sector has suffered has also caused repercussions at the employment
level, and the companies have announced their intention to implement a clean cut of employees.
In addition to this tragic consequence, closures of several hubs are planned. Easy Jet, for example,
is going to close three bases in the United Kingdom, while the low-cost airline Ryanair plans to close
certain bases in Europe until the total recovery of the sector [63]. "The aviation industry has never
faced a situation like this," states the Eurocontrol general director, Eamonn Brennan, sadly, during
an exchange of views with the European Parliament's Committee on Transport and Tourism (Tran).
Indeed, the number of flights, which had significantly increased gradually during the summer, began
to drop drastically once again at the beginning of autumn. The COVID-19 crisis has demonstrated to
the entire array of investors, political governors, and the general public that natural disasters are
capable of causing economic damage on an unprecedented scale.
3. Discussion and Conclusions
The lockdown period imposed due to the COVID-19 pandemic has undoubtedly lowered the
levels of air pollutants in most of the cities across the world, and there has been a considerable
decline in large-scale energy consumption, such as in the industrial plants, as well as in the transport
flows. These scenarios have led to a few interesting observations regarding air quality management.
In this context, the pandemic crisis offers an opportunity to focus on the possible global initiatives,
such as the optimization of fuels, designing of environmentally sustainable means of transport, and
re-adaptation of the current means of transport, among others [64]. The gradual shift toward
electric or hybrid motorization in both private and public transport appears to be the right direction
to be undertaken. The global phenomenon has caused a reorganization of daily activities and habits
of the people worldwide. The new normal of remote work has certainly encouraged a reduction in
work-related trips. Policy initiatives should balance these transformation processes with targeted
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strategies, learning a lesson from the pandemic experience and encouraging a new normal of the
daily living activities and the concept of work [65-67]. Furthermore, the decrease in environmental
pollution would only be temporary until the world returns to a regular pace. However, the pandemic
has invited a necessary reflection on climate change and the emission of polluting gases, which is
perhaps the only positive note related to this pandemic that has affected the entire world
population. For instance, the province of Hubei, during the quarantine, witnessed a drastic decrease
in the concentrations of nitrogen dioxide (NO2) and atmospheric particulate matter of dimensions
below 2.5 µm (PM2.5, suspended particulate matter) in its major Chinese cities. In New York, the air
pollution levels dropped by almost 50% during the lockdown period, while the satellite images of
Europe revealed that the NO2 emissions of the continent had fallen dramatically. Despite these
decreases in the greenhouse gas emissions due to the restrictions imposed for containing COVID19, only a minimal effect has been exerted on the collective concentrations of these gases
accumulated for decades in the atmosphere. In order to achieve a radical change in the current
environmental and climatic situation, a long-term change should occur, which would require the
national economies to commit to adopting environmental protection policies. The recent
Legambiente campaign "The caravan of glaciers" encourages "to implement ambitious political
measures for the climate to achieve net emissions equal to zero by 2040, rather than 2050, in line
with the Paris agreement, an issue which, unfortunately, appears to remain out of the current
political discussion in our country”. Unfortunately, nine out of ten people worldwide breathe
polluted air, which results in the death of 4.2 million people worldwide every year, while 412,000
deaths are estimated across Europe, of which 374,000 recorded in the 28 EU countries are because
of exposure to PM2.5. In this context, it would be interesting to evaluate the negative impact of air
pollution on the incidence and evolution of COVID-19 as well as the positive impact of the reduced
pollution levels during the pandemic lockdown period. Among the "side benefits" of the lockdown,
one could certainly place the reduction in the noise pollution and an improvement in the waste
disposal process, particularly on the beaches, where all kinds of toxic wastes from flora and fauna
often accumulate carelessly. The marine waters have assumed a clearer aspect, and the beaches
have returned to their original aspect. However, if one considers the general atmospheric conditions,
an increase in the toxic and sanitary wastes has been observed, including masks, gloves, and used
or expired drugs, which should be disposed of separately and not along with the household waste.
Therefore, once again, environmental protection has definitely been compromised by a different
type of pollution [68, 69]. The restrictions imposed by the government have weighed heavily on the
aeronautical sector, particularly its civil wing. The concept of travel has been questioned with a
broadcasted risk for the public. Air transport has undergone a general review of all its rules and
regulations, which the airline companies must comply with. The international bodies, such as ICAO,
ACI, CANSO, IATA, TIACA, WFP, and WHO, have cooperated in the development of specific aviation
guidelines to ensure appropriate planning and action at all levels, in order to mitigate the effects of
the pandemic [70, 71]. The global pandemic might have thrown the aviation industry into crisis, a
shutdown of international fleets had the worst effect, but it has revived the drive to significantly
reduce the carbon dioxide CO2 emissions from commercial aircrafts. Moreover, the global recession
has revitalized the drive to significantly reduce the CO2 emissions from commercial aircrafts due to
the drastic reduction in the number of flights. In this critical scenario, the crisis has accelerated the
long-term greening of air transport. The political-economic challenge would be to balance
connectivity and offer competition in the aftermath of the end of the pandemic. The governments
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must prioritize the maintenance of the climatic and environmental targets attained in these crucial
months of lockdown, while looking at the industrial future not with limitations but with incentives
to reach high levels of eco-sustainability [72-76]. Short-term practical recommendations should
encourage a rearrangement of funding and dialogue for long-term planning with different
stakeholders and shareholders with constructive and stimulating strategies should be promoted
[77]. The reorganization is required not only in the funding process but in the infrastructure as well.
The airport hubs would have to increase the forms of passenger control, as well as increase the
number of employees and services to prevent the slow down of the check-in and boarding times
[78]. Standard operating procedures would also require redesigning to include the upcoming
healthcare necessities [41]. With the objective of sustaining the declining capacities and revenues,
the IATA is calling on the EU governments to provide relief to their airlines by building cost control
plans and integrating innovations according to the demand for supporting their operations [79]. The
achievement of the environmental objectives during the lockdown period encourages the nations
to maintain this trend in the future as well. The companies have increased their initiatives for the
renewal of old fleets in favor of greener vehicles. Studies have highlighted that the effects of the
COVID-19 pandemic on air transport could be considered a fresh opportunity with better avenues.
A novel perspective for the foundation of a new air transport market that would also consider the
associated environmental impacts must be properly scheduled, and most importantly, financed by
state incentives [80]. Government strategies are placing the development of zero-emission aircrafts
at the core of the industry's support packages, with the estimated release times of up to ten years.
However, the aircraft industry has already demonstrated significant progress in reducing emissions
over the past few decades. Indeed, the most recent in-service aircrafts today are over approximately
80% more fuel-efficient than the early 1960s jets, owing to considerable investments in related
research and development. The global commitment would be to reduce the greenhouse gas
emissions to half of the 2005 baseline levels by 2050. The new-generation aircrafts, such as Airbus
A320neo, A350, and Boeing B787 Dreamliner, are already replacing the fleets of older aircrafts, such
as Boeing 747 jumbo jet and Airbus A380. The French government has announced a € 15 billion
support plan for the aerospace industry, which includes € 1.5 billion for a three-year research on
the development of greener aircrafts. This evolutionary process toward a more sustainable aviation
industry is a welcome step, as the global industry produces approximately 2% of the human-induced
emissions of CO2. Aviation is responsible for approximately 12% of the CO2 emissions from all the
transport sources, compared to the 74% produced from road transport. The active participation of
the government entities and banks is, therefore, strongly required. First of all, among the
investment risk mitigation measures, it would be good to indicate an improvement in business and
relations with the governments and potential partners. Implementing measures to overcome the
crisis must, on one hand, balance the economic requirements of the realities that work around
aeronautics, and on the other hand, ensure the environmental priorities concerning the issues of
pollution and sustainability [72]. The research would have to refer to both these requirements. An
assessment study [81] identified the performance aspects of the industrial supply chain following
the pandemic outbreak and reported lead-time and epidemic propagation speed as the parameters
that could be used by the decision-makers to predict the risk levels of the operative and long-term
recovery policies. Another study [82] provided the conceptual and methodological contributions to
crisis management and purchase intent research along with practical insights for the airline industry.
Future research in this regard should include quantitative analysis to investigate the associations
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among the business improvements as well as the associations between relationships (companies,
governments, and partners) and the consequences on corporate stock indices to promote rapid
economic-financial recovery and volatility of the equity indices as well. The limitations to be
considered in such a process of significant change are mostly associated with the inertia of different
government realities and economic macrostructures. While the pandemic was able to disturb the
global equilibrium in just a few months, it is not certain that all the countries of the world would
adapt at the same pace. Currently, strong inequalities exist among the world economies, and several
countries would require a longer time to recover according to their level of productivity and financial
attractiveness. The gradually developing countries may have suffered less from the industrial crisis,
precisely because they never participated actively in the world economic balances. Nonetheless,
even these countries would require financial subsidies and infrastructures aimed at the substantial
improvement in health and social sectors to prevent further exacerbating the differences with the
other nations.
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