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Preface

Globalisation has led to a strongly growing demand in international air transport.
This growth was fuelled by deregulation of the airline sector. The industry has been
challenged by downturns every decade and at the time of finalising this book, by
COVID-19, the biggest global aviation downturn in history. The aviation industry
is facing huge challenges, especially with respect to its impact on the environment
and new technologies to solve those challenges. More than ever, policy makers,
business leaders, but also the whole society need a deeper understanding of the
aviation sector and the connections between its benefits and costs.

This book targets industry managers as well as policy makers, institutional cus-
tomers of the sector, and in particular students in the field of transport and tour-
ism. It provides an overview on the aviation sector with a special focus on value
creation and strategies based on industrial economics. The consequent application
of a system view makes the book unique in its field. The book draws on the rich
tradition of integrated management approaches and the use of system models in
management research and teaching of management at the University of St. Gallen.
The system view and the use of system models help to understand interrelated and
interdependent developments, like the consequences of technical progress on regu-
lation, supply and demand.

The authors were fortunate enough to be able to draw on research results of
many years at the Center of Aviation Competence at the University of St. Gallen.
Therefore, the editors thank all colleagues who contributed to this book by discus-
sions, research contributions and administrative support, and especially the co-
authors René Puls, Adrian Miiller, Erik Linden, Jan-Christian Schraven, Mark
Roth and Philipp Boksberger. Special thanks go to our assistant Christopher
Siegrist, who did the language editing and supported with different works along
the development of the book.

Andreas Wittmer
Thomas Bieger

Roland Miiller

St. Gallen, Switzerland
1 April 2021



Aviation Systems Management Summary

The liberalisation of markets, rapid technological changes and the establishment
of new businesses in air transportation constantly raise new questions for theory
and practice. Current and future developments in aviation are thereby shaped by
the industry actors and structures, in short, the aviation system. The textbook Avi-
ation Systems addresses these questions by providing a detailed picture of major
management aspects in the field of air transportation. Directed at students,
researchers and practitioners alike, the book deals with the three major stakeholder
groups in aviation: the air transportation industry itself (supply side), the custom-
ers (demand side) and the regulatory bodies and organisations (institutional side).
The book follows a superior system approach in the field of aviation economy and
creates the big picture of the aviation industry. The following figure shows the avia-
tion system as a fundamental framework underlying the chapters of this book.
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» Chapters 1 and 2: Fundamentals and Structure
of Aviation Systems

» Chapter 1 starts with an overview of trends, especially mobility trends, which
will shape the aviation industry.

» Chapter 2 provides an overview on the fundamental industry structures, the
industry’s importance, its size and historical development. The author introduces
the air transportation industry as a highly dynamic and complex industry, charac-
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terised by high cyclicality and a great vulnerability to external shocks and volatile
commodity prices.

While on several levels of the value chain the industry is characterised by duop-
olistic (aircraft manufacturers) or oligopolistic (airports) market structures, on
other levels of the value chain, companies act in a polypolistic market and face
fierce competition (airlines). Main stages of the aviation value chain, however, face
the problem of a high fixed cost structure characterised by specific and capital-
intensive investments in long-term assets. This creates high exit barriers, but at the
same time there is an oversupply and a very competitive market, which leads to low
prices demanded by the market.

» Chapter 3: The Environment of Aviation

The economic relevance of aviation includes direct, indirect, induced and catalytic
effects. Apart from its economic relevance, air transportation leads to social bene-
fits by contributing to global welfare as well as improved living standards, and
supports and increases cultural understanding as well as multicultural coopera-
tion. The authors also show within this chapter that these benefits come at the cost
of negative ecological impacts. The textbook gives an overview on major negative
externalities of aviation, both on a local and a global level.

» Chapters 4-7: The Supply Side of Aviation

» Chapters 4-7 covers the supply side of aviation. It presents the path from the
aviation value chain to the aviation system (» Chap. 4) as well as the theoretical
basics of network management and its application to air transportation. By intro-
ducing major strategies for network management — such as the hub-and-spoke sys-
tem vs. the point-to-point system — the authors analyse the prerequisites for the
operation of these systems and their usage in the different business models that
exist in aviation, whilst providing a new framework for analysing airline business
models (» Chap. 5). The major business models in aviation are also introduced:
the full-service network carriers, regional (niche/wet lease) airlines, point-to-point
carriers, leisure airlines and business aviation. A view from an airline planning and
operations perspective is added in » Chap. 6. In a further step, the focus is moved
from the air to the ground. » Chapter 7 provides an introduction to the “landside”
of air transportation, including airports and the respective ground infrastructure.

» Chapters 8 and 9: The Demand Side of Aviation

The demand side of the aviation industry can be classified into people flying for
business and leisure purpose. Business travellers usually seek quality services and
demand frequent flights to a wide range of destinations, and they are willing to pay
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a premium for these benefits. Leisure travellers, by contrast, often seek the lowest
available price, but are less concerned with service offerings, flight frequency or the
number of destinations served. Generally, it can be observed that the heterogeneity
of passengers is increasing. The authors discuss marketing, segmentation, pricing
(revenue management) and customer value of air transport (» Chap. 8). Further-
more, passenger behaviours are discussed to better understand the behavioural
issues of passengers (» Chap. 9).

» Chapters 10-15: Steering and Controlling the System

Steering aspects (e.g. influence of regulatory institutions, aviation law), safety pro-
vision and human factors, long-term planning as well as controlling aspects in
aviation (e.g. corporate governance, risk management) are analysed in detail to
show how the aviation industry is shaped by its institutional surroundings. Regula-
tions cover all elements of the air transportation value chain, from the construc-
tion of aircraft to customer contacts specifying how contract conditions of tickets
are shaped.

The book distinguishes between public and private institutions on the one side,
as well as between national and supranational institutions on the other side
(» Chap. 10). While public organisations generally serve as norm-setting and
monitoring institutions, private organisations often serve as a platform for member
exchange and advocacy and are not allowed to set binding norms and rules. Impor-
tant institutions, such as ICAO and TATA, are introduced and their specific roles
and competencies are discussed. It is also shown how the industry is shaped by the
norms and regulations set by these bodies. In this respect, the » Chap. 10 elabo-
rates on how international institutions influence competition structures in air
transportation and thus may cause potential distortions among states and indi-
vidual companies, such as airlines and airports.

» Chapter 11 provides an overview of risk, safety and security in aviation from
a consumer and also air service provider perspective and leads to the discussion of
an organisational cultural understanding in relation to human factors. Human fac-
tors (» Chap. 12) deal with the human-machine interface and all factors which
influence humans when operating planes with respect to safety. The book investi-
gates an increasingly intercultural industry, where cultural differences and lan-
guages become an increasing issue. Furthermore, the just culture concerning how
we deal with failures, e.g. blame or no blame for failures, is addressed.

Aviation governance (> Chap. 14) deals with corporate governance of avia-
tion companies. Corporate governance includes corporate risk management. The
book shows how corporate risks (» Chap. 13) and the integration of all risks, not
only safety risks, are highly important for sustaining an aviation company in the
long run.

Furthermore, the aviation industry is exposed to regular external shocks, which
is challenging for management. During an environmental shock, there are high
levels of uncertainty, which can lead to unproductive long-term decisions. » Chap-
ter 15 addresses how to strategically prepare for external shocks in management.
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» Chapter 16: Future Technologies and Development
of Aviation

The book picks up three developments, which are linked to new technologies and
might influence the future of air travel.

Supersonic travel was possible in the past until the famous Concorde crashed
and supersonic travel came to a halt. Since then, new developments of supersonic
air transport failed to enter the market for technical, economic and environmental
reasons. Nevertheless, there are certain concepts, and some of them may make it to
the market in the coming years.

Space tourism is a new potential market for travellers. While the first companies
are already trialling their products, the technological implementation and the price
of space travel make it unclear as to when and how the market will develop.

There are many different fields for the application of drones and urban air
mobility. One of them being passenger transport. Despite the many obstacles in
place, there are many opportunities for drone taxis. It will take some time until
obstacles are overcome and trust in automated air vehicles will allow them to enter
the market. The market entry will most likely be seen in markets where time versus
cost efficiency gains are possible. This will most likely be in city transport, intercity
transport and airport shuttle services.

Andreas Wittmer
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Summary

== Digitalization is a gigatrend.

== Individualization, urbanization, ecology, globalization, new life, new work, secu-
rity and mobility are eight megatrends to have on your watchlist.

== Autonomous vehicles, sustainable mobility and mobility sharing will reshape the
mobility system.

== These trends have a global character, even if they are not pronounced everywhere
at the same time with the same characteristics and the same magnitude.

== Be aware that these trends have a fundamental impact on supply and demand.
Thus, introduce a culture of openness towards dynamic change and introduce
uncertainty and curiosity as standard factors to embrace these trends.

Mobility is set to change in the future and this chapter maps these changes as well
as the potential outcomes. It starts by exploring giga- and megatrends that will
influence and shape the future of mobility. Technical innovations around autono-
mous vehicles, sustainability and mobility sharing will form part of the change in
the mobility system. Although the shape and impact of these phenomena will differ
across various geographical regions, they will have a global impact. The impact of
these trends will shape the supply and demand sides of our economy. It is recom-
mended that decision makers follow a culture of openness towards dynamic changes,
which result from these trends. Furthermore, curiosity and uncertainty are standard
factors that should be accounted for when working with these trends. This is not to
be seen as an extensive list of trends, nor as a scientific piece on these trends. The
chapter is rather based on our ongoing exchange with various societal, economical
and political actors on these trends. It is a piece of opinion, which shall allow deci-
sion-makers to get curious about these trends, get involved in discussions on these
trends, and/or exchange ideas and thoughts with their stake- and shareholders on
this piece. It is further ought to be used as initial piece for long-term planning and
thinking processes in for-profit and non-for-profic organizations.

1.1 Gigatrend Digitalization

1.1.1 Trend Management in General

Many researchers, scientists and also private institutes and companies are address-
ing the topic of the future and trying to analyse the effects of current trends for the
future. Megatrends serve as early warning systems in corporate circles and high-
light possible bottlenecks and shortages in life. They thus the future more planna-
ble. This holistic view, with which we proceed to observe these deep currents of
change, is not primarily technology-centred, but is always socio-technical, i.e. an
evolutionary perspective on the interface of society and technology.
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Trend research is increasingly reaching its scientific limits. Only a few methods
and standards have been developed yet which reliably describe the changes in sys-
tems. By combining quantitative methods (e.g., updating past developments through
mathematical-statistical procedures) and qualitative methods (e.g., Delphi method,
in-depth interviews, etc.), futurology does justice to the level of abstraction of a
trend and the different knowledge types humans possess and are able to handle.
Nassim Nicholas Taleb describes an essential limit of trend research in his book 7he
Black Swan (2015). He shows that highly improbable events (called black swans) can
occur, which are very difficult to measure and have a significant impact on the future
of systems (e.g. earthquakes, economic and social revolutions, wars, etc.). The rele-
vance of the factor of uncertainty has risen sharply as a result of scientific debate
and the consideration of future or trend worlds. Trend research is thus currently in
a paradox to explore the impossible to strengthen the validity of its own trend
research.

1.1.2 Definition Gigatrend

Joseph. A. Schumpeter already assumed that in a cycle of at least 50 years, a trend
will develop, which will then transform into the economy, ecology and society and
thus influence the lives of all people on earth (Schumpeter, 2008).

The term gigatrend has been used very little in science and practice so far. The term
megatrend strongly predominates. The term gigatrend merely describes the next higher
prefix of the term megatrend. To put it simply, the word giga here means a “gigantic”
change and the word mega a huge change in our society. When talking about a giga-
trend in the following, this type of trend includes the following prerequisites:

== The trend must have an impact on all existing megatrends and other trend
forms as well as on all areas of life, whereby this impact can be different.

== The trend is international and can be observed in all soecietal and economic
systems.

== The trend has a half-life of at least 30 years.

Gigatrends, therefore, not only have an impact on all current megatrends but also
on systems of industries or sectors due to their holistic nature. They considerably
influence supply and demand and have different characteristics depending on the
system, country and region.

Gigatrends are not intended to show what is already discernible today, but
instead move on the borderline of what can be known and, through this level of
abstraction, provide added value for the investigation of a future in more than
30 years, which is very difficult for people to imagine today (Kreuzer, 2003).

)» Imagination is more important than knowledge. For knowledge is limited, whereas
imagination embraces the entire world, stimulating progress, giving birth to evolu-
tion. It is, strictly speaking, a real factor in scientific research. (Einstein, 1931)
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Gigatrends are to be distinguished, among other things, in their cycles and charac-
teristics from megatrends (20-30 years), technology (15-20 years), society (10—
15 years), consumption (5-10 years) and product trends (2-5 years).

1.1.3 The Gigatrend Digitalization

According to the Gartner Glossary (2020), digitalization is “the use of digital tech-
nologies to change a business model and provide new revenue and value-producing
opportunities; it is the process of moving to a digital business.”

» The digital revolution currently affects all areas of the economy and society and will
have similar disruptive effects as the industrial revolution in the 19th century.
(Zukunft Mobilitat, 2016)

» Digitalization will be the main driver for the future of mobility. (Sommer, 2016)

What a few years ago was considered fictional, visionary thinking and represented
the maximum level of abstraction, has now become everyday life: Al, the Internet of
Things, Big Data, wearables and many other digital forms of products are influenc-
ing the future worldwide (Linden & Wittmer, 2018). The mobile, digital life will
replace the classic computer. Digital products, such as smartphones, tablets or wear-
ables, can be carried conveniently either directly on the body or in the trouser pocket.
Humans and technology are growing together (more on this under connectivity).
For Generation Z, it will be a crucial to be very mobile. A further development of
information technology, sensor technology (Heinrich et al., 2015; Tille, 2016) and
robotics (Haun, 2013; Molzow-Voit et al., 2016), as well as miniaturization of tech-
nical components, can be observed (Sanchez, 2008; Wiechert, 2015). The leaps in
innovation are increasing as a result of advances in nanotechnology (targeted
manipulation of matter at the atomic and molecular level) (Ahmed & Jackson,
2015; Schneider, 2016; Wolf & Freudenstein, 2015) and bionics (Kiippers, 2015;
Steinbuch & Gekeler, 2016) as well as the increasing semantics and intelligent algo-
rithms up to a so-called Web 3.0 (Stachowicz-Stanusch & Wankel, 2016) or the
much-discussed Industry 4.0 (Brettel et al., 2014; Lee et al., 2015). Besides, the tech-
nologies are networking with each other, which is leading to increasing consolida-
tion effects in many industries and in some cases, across industries (Zukunftsstark,
2016). This is giving rise to new digital and internet-based business models that take
computer support into different areas of life, new forms of communication and
participation, increasing real-time information processing, and start-up and beta
culture as models (Zukunftsstark, 2016). Through gamification (Mitzscherling,
2015; Wood & Reiners, 2015) and other applications, such as artificial intelligence,
companies can change customer behaviour (Watson, 2014). The gigatrend of digiti-
zation will certainly, in the long term, lead to automation and technologization of
the world of work, life and transportation. Digital and global subcultures are emerg-
ing, which also promote the digital participation of users from developing countries.

» Every part of the UK economy and our lives has been digitized — from how we shop and
entertain ourselves to the way we travel to work and manage our health. (Vaizey, 2015)
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This often raises the question of the legal protection of both newly created and
already existing generated data. Specifically, this concerns data, operational and, in
the context of the digitalization of motion, vehicle safety (more on this in the meg-
atrend of safety). According to experts, the right to privacy is an obsolete model.
The increasing use of data will lead to a democratization of data in the future. The
sub-trend of open-source redefines privacy. The individual is given more personal
responsibility but also more freedom (Zukunftsinstitut, 2016). Thus, the democra-
tization of public data also leads to the unleashing of private information. In the
coming years, a new awareness of data rights will form and be reflected in socially
sanctioned rules. However, this also leads to a demand for more transparency; with
transparency becoming an increasingly important attribute of every economy and
various public and private organizations (EY, 2016).

)» The Internet of Everything is the connection of people, data, process and things. It
is revolutionizing the way we do business, transforming communication, job cre-
ation, education and healthcare across the globe. (Chambers, 2014)

Computer-based avatars and brain-computer interfaces are the latest technologies
(Diego-Mas & Alcaide-Marzal, 2015; Myers et al., 2016), which make the interface
between products and humans even more fluid — whether by replacing the human
with a machine (already commonplace in the industry today), an assistance function
with avatars or only by better connecting the human brain to digital or material end
products. The future of digitalization will certainly not depend on whether things are
possible, but on whether people are willing to trust. This fact describes the failure
factors to date of, for example, autonomous driving (more on this in the section on
autonomous vehicles) or other fully autonomous products in the industry. Many
expert opinions show that the entire world, all other trends, systems of industries
and their value chains are fundamentally changed by digitization. Experts, therefore,
no longer speak of digital industries, but of industries that operate in a digital world.

» We should no longer be talking about “digital marketing”, but “marketing in a dig-
ital world”. (Weed, 2015)

Moreover, the term digitalization also includes the connectivity of people and things.
Connectivity refers to the organization of humanity in networks in the context of
digitalization. Via new digital products, not only people but also machines commu-
nicate with each other. According to Evans (2011) of Cisco, around 50 billion
“things” are connected to the Internet by 2020. The interaction of these systems is
crucial. Everything is then interdependent. Connectivity, therefore, has not only a
technical impact but also a social one. The partial trend towards Big Data (Fasel &
Meier, 2016; Hu, 2016) and open source (Anthes, 2016; Watters & Layton, 2016)
allows companies and administrative structures to the outside world (Deek &
McHugh, 2008). It is driven by the demand for transparency, which is transforming
society as a whole. Data should, thus, be freely accessible. Due to the new availability
of data, increasing networking and communication between devices can be observed.
This, in turn, is making the partial trend of connectivity increasingly dynamic.
Whether it is a home cinema, lighting, everyday objects such as the refrigerator or
other types of terminal equipment, they can increasingly be used in networks with
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other products. Digital and analogue realities are increasingly merging into a holistic
one (Zukunftsinstitut, 2016). Life as a whole becomes more connected. Modern com-
munication technologies give connectivity a breath-taking dynamic, where change,
disruption and innovation are the results. New forms of national economies are
emerging in the shape of new social, economic and collaborative communities.
Through digital interface management, infrastructures can increasingly be networked
and function, especially in the field of mobility, with intelligent contact points between
hardware, software and humans. Vehicles will become parts of smart grids (Eberl,
2013; Mouftah & Erol-Kantarci, 2016; Stephens et al., 2015). Not only do they con-
sume energy, but they also store energy or return it to the environment when required.
Parked vehicles, for example, can act as interactive elements in urban space and inter-
act with people (e.g. as city guides or through interactive advertising). The trunks and
interiors of parked vehicles, for example, can be made accessible and thus usable.

» Infrastructure is already in place today. It is important how this infrastructure can
be networked and used in a more digital way. (Beckmann, 2016)

The trend becomes more critical when one considers that there are different mobility
requirements in different areas (urban, suburban and rural) and that different tech-
nologies or products are and will be attractive. One can certainly not fundamentally
assume that explorations on the scale of the gigatrends will be made. However, one
should sharpen the senses for such elementary changes in society and extend trend
research through this giga level, also due to the cycle and the holistic view. To this
end, this short report should provide added value, stimulate critical reflection and
focus on future discussions.

e Key Questions for Digitalization
= What does digitalization really mean? What does it not mean?
= How can I use digitalization in a beneficial manner?
= Do we need digitalization for the sake of digitalizing or rather because of increas-
ing efficiency or effectivity?

1.2 Megatrends

)»» Megatrends (...are) large social, economic, political, and technological changes
(...), they influence us for some time. (Naisbitt, 1982)

» A megatrend influences our social world view, it influences our values and our think-
ing. (weiterdenken.ch, 2010)

)»» Megatrends are the result of complex interactions between many different social,
cultural, economic and technological systems. (Frick, 2016)

“[A megatrend] must play a role in ALL areas of life and show effects (economy,
consumption, politics, everyday life, etc.). In principle, megatrends have a global
character, even if they are not pronounced everywhere at the same time” (Horx,
2014). A megatrend has a fundamental impact on supply and demand and varies



8 A. Wittmer and E. Linden

1 9000
Yo X X7
"OTO0®

Individualization

Urbanization

Globalization New life New work Secdrity

O Fig. 1.1 Illustration of the megatrends described in this chapter. (Author’s own figure)

by country, industry and organization. The effect can have different characteristics
in each case. If we speak of a megatrend in the following, this trend form has a
half-life of at least 20 years.

The summary presented here is intended to provide a basis for discussion of
the megatrends. It is important to note that the following list by no means covers
all megatrends, but only those that have a central impact on future mobility.
Therefore, the megatrend mobility is also listed separately at the beginning. Also,
the megatrend of mobility will be given special attention in all megatrends.
However, a compilation of megatrends, and therefore this chapter, is never final
and conclusive. The megatrends examined in this chapter are shown in @ Fig. 1.1
(Frick, 2016).

However, there is one significant limitation to be made when it comes to the
topic of megatrends. So-called wild cards (events not foreseeable in the future) are
not to be considered here. Trends can develop into various extremes or be elimi-
nated by the influence of other megatrends or other externalities.

» Anyone who thinks into the future must always take into account that everything
will be different from what we think today. (Maas et al., 2015)

1.2.1 Individualization

Individualization describes the process of replacing industrial and social forms of
life with post-industrial values of self-determination and self-realization.
Decentralization is a decisive factor in this respect. The megatrend is developing
as a result of an improved standard of living, extensive social security and new,
digital ways of life and opportunities. There is a pluralism of lifestyles and the
traditional family image is changing (see megatrend New Life). However, in this
society, which is to be shaped freely by the individual, also known as a “multi-
option society” (Cachelin, 2009; Heufers, 2015), there is also pressure for individu-
als to make decisions. This pressure to make decisions is changing values and
attitudes and with them the economy, in which “do-it-yourself cultures”
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(Reed, 2016; Suh et al., 2016) along with “free economies” (Andrews, 2013) are
forming, and niche markets are established. Cultures of LOHAS (Helmke et al.,
2016), LOVOS (McGouran & Prothero, 2016; Rich et al., 2016) and service clubs
are emerging, which promote co-housing (Labit, 2015; Tummers, 2016) and strive
for work-life balance (Maas et al., 2015). Social awareness, open-source, sharing,
independence and renunciation as well as modesty, simplicity, voluntariness, hope
and slowness define this new kind of “self-determination” (Maas et al., 2015,
p- 63ff). Traditional restrictions and norms are overcome; class orders, caste sys-
tems and religions partly converge. Individualization processes are spreading
worldwide and, thus, additionally promote multi-optionality. The trend towards
sharing, for example, is closely linked to the megatrend of individualization. In the
future, individualization can, therefore, make an essential contribution to increased
mindfulness (Zukunftsinstitut, 2016). At the very least, however, it fundamentally
changes interpersonal relationships (Sauter-Servaes, 2016; Schuldt, 2016).

As a result of this development, people are often “spoilt for choice” and some-
times find it challenging to deal with this heterogeneity and multiculturalism. Thus,
they make irrational decisions. The result is that people look for orientation and
support. The megatrend is thus also nurturing its opposite, with individualists
seeking community or social groups to find more individual solutions. This corre-
sponds more or less to the frequently used term “cocooning.” Communities (real
and virtual), shared flats and closed societies give the individual the security and
safety needed through coaching.

Digitization dynamizes individualization and enables new forms of it. We can, for
example, put together products ourselves via the Internet and thus tailor them to our
individual needs. Schuldt (2016) describes mobility as a practice of individualization:
“People want to be able to move freely and independently, to organize their lives flex-
ibly.” This has been observed for years, particularly in the area of mobility. New,
multi-layered segments are emerging and are confronting government organizations
and companies with the task of finding new, more individual solutions. Managers of
companies with established business models have to adjust these old models to this
trend and consider analyzing customer’s demand and value drivers in more detail.

1.2.2 Urbanization

The United Nations (2015) estimates that by 2050 two thirds of the world’s popula-
tion will live in urban areas. The trend towards urbanization is already very distinct
today. The degree of urbanization is particularly high in less developed countries
(Ushakov, 2015). These urban centres are becoming engines of innovation in mod-
ern urban development, as planning often does not take place with existing infra-
structures but with new, previously undeveloped infrastructures. The reason for
this is the development problems of rural areas. But even in more developed coun-
tries, this megatrend — contrary to the expectations of many demographers — is
unbroken (EY, 2016). On a global scale, urbanization has very different character-
istics. These characteristics are broken down according to the economic and demo-
graphic bases of the countries (Watson, 2014).
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The cities of the future will be more diverse, networked, livable and in every
respect “greener” than we have experienced for a long time (Eberl, 2013; Watson,
2014); they will become smart cities (Albino et al., 2015). This megatrend is also
highly connected to the subsequently introduced megatrend of ecology, with people
in well-developed countries seeking opportunities for the interconnection between
digitalization, urbanization, and ecology for concepts of, e.g. urban farming. These
future megacities are thus developing great innovation potential. The borders
between town and rural areas are blurring. The cities of the future will be made more
attractive through urban farming and through leisure activities, which are now also
possible in the city (e.g. city golf). Urban spaces thus change the relationship to their
inhabitants. Mobility and aviation customers, especially the younger generation, are
therefore changing their behaviour already today and will do so in the future. Climate
movements are just one of the many accelerators of this development.

» The fully networked city becomes an interactive marketplace for mobility custom-
ers. (Schonduwe, 2016)

These cities of the future are no longer just competing nationally, but must also
strive and position themselves internationally for new industries and talented,
mobile people. Cities must be more than just a centre of activity for their inhabit-
ants. They must enhance the quality of life and thus contribute to the well-being,
comfort, convenience, safety and satisfaction of the broadest possible range of
needs. Particularly in the area of mobility and aviation, new technologies will
increase the differences in urban and rural living. This requires the establishment
of more efficient infrastructures to ensure sustainable urban life, but also the con-
nectivity and accessibility of suburban areas.

However, the urban trend is also subject to multi-layered geographical-spatial,
financial and ecological growth limits (Camagni et al., 2015; Dijkstra et al., 2015;
Duncan & Wang, 2015). The impact of this development on mobility and quality
of life in mega-cities is already taking on dramatic forms. Concepts for higher-level
spatial planning must be introduced. If these complex solutions cannot be guaran-
teed across the board, or if the benefits of city life are minimized by new trends
such as autonomous driving, the counter-trend towards more rural or suburban
living will be reinforced. Rural regions become more attractive as a result of such
new, digital developments, and urban sprawl occurs unless countermeasures are
taken early on by spatial planning measures. These rural areas might be more
accessible and reachable in the future, with mobility concepts being introduced on
a rapid scale to foster rural living, working and commuting (for example through
drones. To find out more about these new developments for rural mobility con-
cepts, see the chapter on the megatrend mobility).

1.2.3 Ecology

Progressive global warming, a noticeable power shift, increasing pollutant emissions
due to inefficient products, scarcity of raw materials and the increasing sensitization
of people to environmental issues are making this megatrend more dynamic and
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impactful. As a result of environmental problems, some of which are highly visible
and measurable (Beijing, Stuttgart, Sao Paulo, etc.), rising food consumption and
increasing consumption of energy and raw materials, especially in the rapidly grow-
ing emerging and developing countries, an increasing tightening of laws and market
interventions can be observed - especially in urban areas. However, despite the
sometimes apparent limitations and the increasing environmental awareness and
sense of responsibility of people, especially in the automotive industry, there are still
few dependencies in mobility behaviour due to significant pollutant emissions and
sometimes enormously inefficient products, contrary to many expert opinions.
Consumers often do not view this megatrend in a reflected and detached manner,
but always in the context of economy, ecology and social commitment. This is right
on the one hand, as this development shifts people’s values towards the term
LOHAS: Lifestyle of Health and Sustainability (Helmke et al., 2016; Pittner, 2014).
Environmental protection, resource conservation, CO, reduction, corporate social
responsibility and urban and vertical farming are, therefore, also fundamentally
changing people’s attitudes and values. On the other hand, there are still substantial
differences in actual behaviour. In this context, science (mainly on sustainability
issues) often speaks of the attitude-behaviour gap (Aschemann-Witzel & Niebuhr
Aagaard, 2014; Caruana et al., 2016). Although customers feel a sense of responsi-
bility based on ethics, values and attitudes, they still do not act on them due to eco-
nomic and restrictive factors. For example, sustainability plays a minimal role in the
choice of a mobility offer, since restrictive factors such as time and money predom-
inate, and systematic misjudgements are made in the case of these inefficiencies.

It is noticeable that the customer thoroughly checks many products for their
respective carbon footprint — “eco is in.” This offers great potential for new technolo-
gies in the field of mobility, for example. The demand for post-fossil mobility is
becoming increasingly popular as a result of the developments described above
(Brake, 2009; Hehn, 2015; Knoflacher, 2013). Politics, societal actors and business
must increasingly take this megatrend into account (Bilyk, 2015). In the context of
other megatrends, the customer no longer wants to consume only in the classical sense
but wants to control consumption himself due to his new, ecological values and atti-
tudes. Digitalization and connectivity will ensure alternatives to the old throwaway
society. New markets for environmental protection technologies and “fair trade” as
well as concepts for saving resources and energy are emerging. In addition, there is an
increasing demand for regional and seasonal products, and new business models are
emerging in the area of recycling and by-product electricity use. For countries such as
Switzerland, it will be valuable in the future to guarantee liberal electricity and energy
markets, to “depoliticize” or privatize markets in order also to give new technologies
and innovative solutions in the field of ecology a chance (possibly based on a measur-
able green premium), and to separate the market from the interests and behaviour of
suppliers (Meister, 2013).

Attention
Be aware that introducing an ecological strategy or single products or services might
backfire. Embrace this megatrend, create a culture of ecological relevance, empathi-



12 A. Wittmer and E. Linden

cally care about this topic, not only for your marketing campaigns, and incorporate
with main stakeholders or even outsiders to strategically tackle this megatrend for
the long-term.

o Key Questions for Ecology

= What does ecology really mean? What does it not mean?

= How can I use the megatrend ecology for good in aviation without being criticized
for greenwashing?

= Do we need ecology for the sake of an external push for environmental sustainabil-
ity or because of increasing long-term competitive advantage instead?

= How can we use the megatrend of ecology to develop a culture of sustainability
alongside long-term thinking and acting?

1.2.4 Globalization

Supported by gigatrends such as digitalization and increasing automation, the
dynamics of mobility are proliferating and becoming increasingly global. Migration
movements of population groups and individuals can be observed worldwide.
Contrary to numerous forecasts, this means that developing and newly industrial-
izing countries will be able to participate more in world trade and, thus, in prosper-
ity and economic growth (Eberl, 2013). The Internet, and in the future the Internet
of Things, promotes a culture based on global challenges in a sometimes highly
virtual space (Derven, 2016; Zaugg et al., 2015). Trade and innovation flows are
changing. The influence of large emerging markets is increasing due to growing
innovative power and positive social changes. Countries rich in raw material are
developing a growing self-confidence and self-image (Eberl, 2013). Also, new
technologies and speeds of travel, as well as the global spread of these factors, have
led to a weakening of global production differences and a declining relevance of
labour costs as a location factor (Lejpras, 2015). Many experts already speak of a
multipolar world due to the megatrend globalization (De Keersmaeker, 2015; Dee,
2015). The role of the state and state organizations is changing (Fischer et al.,
2016). Autonomy is being surrendered because of global interests and demands for
transparency and participation.

In addition to economic factors, social factors are also playing an increasingly
important role in this megatrend. The megatrend is changing education systems
and consumption. Private life and relationships are changed via global mass media.
Cultures change and converge. However, globalization affects not only urban but
also rural areas. This does not necessarily mean that existing traditions will be dis-
solved. These are only made globally accessible and, thus, possibly more compre-
hensible.
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Due to the pressure to legitimize established political and economic systems, a
counter-trend towards more nationalization and the elaboration of local charac-
teristics has emerged in the recent past. Covid-19 fostered this development even
further. Experts speak of the increasing impotence of regional legislation. This can
be observed mainly in regions that are highly dependent on other regions or show
increasing competitive disadvantages. As a result of this development, remote
areas are trying to detach themselves from the global challenges and reduce their
dependence to become competitive again or to differentiate themselves from other
regions or nations. Reshoring and nearshoring are just two of the many buzzwords
in this context.

1.2.5 New Life

1.2.5.1Demographic Change

Due to the megatrend of globalization, also caused by migration, as well as due to
the health trend (considered separately) and medical developments, a demographic
change can be observed, especially in markets in Western Europe and North
America. As a result of rising life expectancy worldwide (Watson, 2014) — accord-
ing to United Nations forecasts, 9 billion people will already be living on Earth by
2043 (depending on the birth rate, wars, pandemics, accidents, etc.) —and due to the
falling birth rate and population decline in general, an aging society emerged (Maas
et al., 2015; Naumann et al., 2015). It can be observed that people are not only get-
ting older but that developments or behaviour can also be observed across genera-
tions (Morgan & Kunkel, 2016). Experts refer to this as down aging, the process of
stepping out of traditional-age roles (Beckmann, 2016; Dill & Keupp, 2015;
Schuldt, 2016). Older people are simply no longer satisfied with classical everyday
activities but want to reinvent themselves and realize their dreams in old age.
Volunteering, working life and further education are the results. Age groups are
blurring (Geithner et al., 2015). These new older generations are changing existing
structures and creating new, different markets and more heterogeneous segments.
Age no longer plays a decisive role in many decisions and is no longer a central dif-
ferentiating factor for companies. Multigraphic CVs are the consequence.

This demographic development has a particularly significant impact on the
area of mobility. The over-65s will account for a much larger share of the total
mobility market in Western countries. These segments will have different mobility
requirements or abilities to move within the mobility system. Experts even describe
it as the most heterogeneous and complex segment in the mobility sector.

In addition to demographic change, an increase in population can be observed
worldwide, despite the decline in births. Nevertheless, shortages of skilled labour
and poverty among the elderly are evident in many regions. For many nations, the
question is how this sub-trend can be financed and how these new needs and
requirements can be met.
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Case: Ageing Airline Passengers

Although airlines are relatively good at catering for the needs of infants and children
through the provision of colouring books, dedicated nanny services and food
options, it is only recently that they have started to address the needs of older travel-
lers systematically. Demographic aging has already become apparent and will
increase rapidly in the coming decades. Older air travellers show different behaviour,
beliefs, needs and values compared to younger travellers. In particular, they differ
concerning their propensity to fly, travel purpose, destination choice, access modes,
airport dwelling time, perception of the travel product and the use of airport facili-
ties. This demographic has a particularly strong impact on airlines. The over-65s will
account for a significantly larger share of the overall mobility market.

The physical and mental conditions of people change with age. Eyesight, hear-
ing, and general physical health decline, mobility decreases, and mental changes such
as anxiety may be potential side effects. These changes affect the business and oper-
ating model of airlines and the global transport system. Older travellers may be less
agile, require mobility aids, take longer to board, are not familiar with automated
systems and may find it difficult to lift bags into overhead lockers.

Also, in this context, it can be observed that people are not only getting older, but
behavioural changes can also occur across generations. Experts refer to this as down
aging, i.e. leaving traditional-age roles and changing traditional activities. The result
is multigraphic CVs and travel characteristics. Older people are no longer satisfied
with traditional everyday activities but want to reinvent and fulfil themselves. This
results in changing behaviour, beliefs, needs, and values, for example, voluntary
working, traveling more frequently and to a greater range of destinations. Age
groups are becoming blurred. These older generations change existing structures and
create new, different markets and more heterogeneous segments. Researchers and
transport experts describe older travellers as the most heterogeneous and complex
segment. They will have a significant impact on the business models of airlines, but
also on the design of transport systems and the underlying infrastructure.

Stop and Think

Why is an understanding of aging important for airlines? What does the demographic
change mean for my own business?

1.2.5.2Gender Shift

In many regions and countries of the world, gender is increasingly losing its sig-
nificance and social commitment. Contrary to many forecasts by experts, the
change can also be observed in emerging and developing countries (Eberl, 2013;
Otten & Wittkowske, 2014; Zukunftsinstitut, 2015). In the future, gender will no
longer determine how a biography develops and what overarching gender role an
individual assumes (Zukunftsstark, 2016). Career models dissolve; new cultures
are formed (Blair-Loy et al., 2015). The increasing equality of men and women in
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professional, private and social life creates enormous potential and disruptive
changes in the economy and society of national economies.

This sub-trend, in turn, dynamizes the trend of individualization, as it enables
more individuals to realize their own potential and satisfy individual needs.
Millions of women from all over the world start their own businesses. Most of
them do so because of the reason of possibility and less because of the aspect of
necessity (EY, 2015). They, thus, provide new career opportunities. Female entre-
preneurs also tend to expand. However, women are also increasingly striving for
leadership positions, while men act as family organizers (Zukunftsstark, 2016).
New and different family models are emerging, which places higher demands on
the compatibility of family and career (more details in the chapter on the mega-
trend new work). The family thus plays a more significant role in general life. This
also poses new challenges in the field of mobility. The changing needs and demands
for mobility are developing an enormous potential for new business models and
service structures, which are very different from today’s offerings.

On the other hand, a trend towards single lifestyle has been observed for many
years. Driven by the changing image of the family, almost 34% of all people in the
United Kingdom already live alone (Watson, 2014). Due to the changed role of
women in working and leisure life, marital alliances will no longer be decisive in the
future.

0 Key Questions for Gender Shift
= What does Gender Shift really mean? What does it not mean?
= How can I use the megatrend Gender Shift for my aviation organization?
= What are the benefits of a more gender-diverse culture in aviation?
= How can I, as an organization, benefit from a more gender-diverse culture?

Case: Switzerland and Gender Diversity in Top Management Positions

Fifteen years ago, in Switzerland, only a few organizations had gender diversity on
their agendas. At that time, the percentage of women on executive boards of the
largest 100 companies in Switzerland was at 4%. Today, the quota is at 10%, which
means that it has reached the double digits for the first time. Since 2010, the
percentage of women on supervisory boards has even increased from 10% to 23%.
The trend has remained consistent for years, which is why experts anticipate a 30%
quota by 2024.

What one would not think of is that the public sector is paving the way in terms
of gender diversity on the board level. The proportion of women employed as top
executives in the public sector steadily rose by two percentage points and for the first
time reached the 20% mark in 2020. The public sector confirmed its efforts of the
previous year and again filled 38% of the vacancies in the top positions with a
woman. The proportion of women in top positions is, therefore, twice as high as on
executive boards of the private sector. The greater gender diversity in the public sec-
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tor is due to the better reconciliation of career and family. These aspects are vital to
balance gender diversity.

Despite this, there is much room for improvement. Only 53% of the largest com-
panies employ one or more women on executive boards. 47% of the companies still
do not have one single woman on their executive board. In contrast, only 11% of the
surveyed companies are without women on their strategic board — the supervisory
board.

This case is based on the Schilling report of 2020 (Schilling, 2020).

1.2.5.3Health

Due to rising standards of hygiene and living as well as the transparency of conflicts
with food, work and consumption, a partial trend of New Life exists today. Growing
health expenditure and increasing cost pressure in medicine can be observed
(Zukunftsinstitut, 2015). Health is seen as a desirable goal, also because is offered
more individually and technologically. Psychology and physiology are growing even
closer together. This offers enormous potential for new medical services, as they are
now seen less as a necessary means and more as a service for achieving general pros-
perity. Detoxing, self-tracking, wearables and other technological products for mea-
suring the health of an individual are, therefore, in high demand (Bruno, 2015;
Ernst, 2016; Neff & Nafus, 2016; Tiller, 2015; Zukunftsstark, 2016).

» Right now, we are struggling to realize what wearable technology is. It will not be
just on the body, but in the body. (O’Reilly, 2014)

In this health society, the customer sees himself as a “health prosumer” (based on
the term prosumer: the consumer who makes professional demands on a product).
The marketing potential seems almost inexhaustible. This trend is also making
itself felt in working life. Experts call this phenomenon “corporate health” (Moussu
& Ohana, 2016; Schuldt, 2016).

However, the mobility market has not yet really become aware of this trend.
Health offers, in combination with mobility offers, are the exception, although
there would be an enormous synergy potential here, as the customer would feel this
not only psychologically but also physically. Personalized genomics, regenerative
medicine, remote monitoring, organ printing and user-generated medicine through
medical data mining will lead to an additional dynamization of this trend (Watson,
2014). In the future, it will be possible to generate user-specific data, monitor it and
treat it in a more personalized, resource- and cost-efficient manner.

) The digital world has been in a separate orbit from our medical cocoon, and it’s time
the boundaries be taken down. (Topol, 2014)

On the other hand, the shift in the focus of clinical pictures, the more important
information and self-treatment of the customer and the emergence of ethical ques-
tions are creating new demands on the partial trend of health and medicine in
general.



17 1

The Future of Mobility: Trends That Will Shape the Mobility...

1.2.6 Knowledge Culture

Due to the increasing speed of innovation, growing technological change, new
individualized concepts for lifelong learning, the globalization of educational
opportunities and the worldwide increase in education and qualification levels,
enabled the emergence of a knowldge culture. The demands on the type of compe-
tencies are changing. New competencies are in strong demand.

This trend will be reinforced by an increase in open access and open source
solutions in the field of education (Eberl, 2013). Bionics, creativity and creation are
increasingly promoting this trend (Maas et al., 2015). The liberalization of the edu-
cation system leads to considerable potential for efficiency and innovation
(Schellenbauer & Walser, 2013). There is an increasing number of educational
opportunities. Besides, access to these new and more varied educational opportuni-
ties is increasing. Educational institutions act as multipliers. Through new techno-
logical educational opportunities (also due to the gigatrend digitalization),
individuals are able to access knowledge more autonomously. Digital education is
the key to success (Eberl, 2013).

» Think about learning and education with all the new tools that are being built. We
are on the cusp of the acceleration of that and it’s almost overwhelmingly good.
(Schmidt, 2015)

This, in turn, supports the trend towards individualization. A culture is emerging
around the knowledge and education of individuals in a society (Zukunftsstark,
2016). This development is further supported by new forms of work (see mega-
trend New Work) such as part-time work, homeoffice and third places (Maas et al.,
2015). In turn, the future viability and competitiveness of individuals, societies and
entire nations depend on the development of a knowledge culture (Schellenbauer,
2013).

On the other hand, there is also great danger in this. If individuals and societies
do not succeed in establishing this knowledge culture, industries and societies will
come under increasing pressure to be uncompetitive in the “war for talents” due to
faster and more disruptive phases of change. For this reason, a gap in the level of
education can be observed increasingly worldwide. Ghettoization, social inequality
and two-tier societies are the result (Maas et al., 2015).

Attention

Really challenge and reflect your own thinking and your respective organizations’.
Do not stick to the same mental models and rationales, but try to learn continuously.
Foster different views from different people through open sources and open dialogue
and develop into a learning organization or a learning individual.

@ Key Questions for Knowledge Culture
= How can I use the megatrend knowledge culture for my aviation organization?
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= What might be possible partners for my organizations to cooperate with to create a
knowledge culture?

= How can I create a learning organization that benefits my employees and the capa-
bilities of my organization in the long-run?

1.2.7 New Work

The softening of the traditional image of the employee, the changing role of men
and women and the automation of increasingly complex work tasks are creating a
megatrend that can be described as a new way of working. Companies are faced with
the challenge of combining concentrated work and increasing employee demands.
They are increasingly being held responsible for solving social challenges. As a result,
new and more open work structures and management concepts are developing,
which result in more flexibility for employees. In recent years, the megatrend of digi-
talization has made it possible to develop new, intelligent production processes that
increasingly relieve employees of physical labour. The megatrend of globalization is
also fundamentally changing from an industrial to a knowledge and service society.
Service, information and creative work form the foundation of modern economies.
Different industries are growing together and are increasingly consolidated. Mobile
working, autodidactic, new workplace designs as well as part-time work, home office
and so-called third places are the characteristics of this new work. Creativity and
identity are the critical skills required to manage the polarization of work content
and quantity. New forms of mobility enable mobile workers to work and eliminate
the need for a fixed job. It is not a scarcity that this trend promotes, but the complex-
ity of the type of work that will challenge organizations in the future.

On the individual side, the megatrend new work is leading to an increasing
merge of professional and private life. The professional world is taking on a new
role in the life of an individual. Work-life balance, home office and flexible working
hours are already standard today. Collaborative concepts and co-working allow the
new, creative workers to exchange ideas and take on different jobs. This gives the
employee the possibility (and sometimes just the feeling) of being self-employed,
even though being employed. The boundaries between work, living and movement
become relative. Work is changing and with it mobility as well. Leisure and work
paths are becoming blurred, as is general leisure and working life.

However, collective labour agreements, minimum wages and sector-specific
wages have created inefficiency in many industrialized countries that limit this flex-
ibility, liberal wage formation and new concepts (Schellenbauer, 2013).

1.2.8 Security

Due to the insecurity of society concerning uncertain events (described at the
beginning as wild cards), new technologies and the usability of data as well as the
vast and diverse demands on the state, military and sovereinty, a megatrend of
security exists. This trend is caught in the dichotomy between monitoring or pre-
vention and protection or precaution.
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Many experts even call this a new culture of security, with the megatrend moving
away from established structures and responsibilities. Due to the increased threat of
cyberterrorism, natural disasters, data theft and forgeries, individuals are subjectively
insecure and the complexity of the situation overburdens the state. For this reason,
the state and public organizations will no longer play a central role in the security
megatrend in the future. New technologies also result in an increase and change of
type of safety issues, such as in the case of autonomous driving and flying. The new
types of safety issues in this specific fields are issues of liability and vehicle safety. But
also, in operational and data security, new questions arise in the context of security
due to new and different final products and different interfaces (Eberl, 2013). In the
future, there will generally be more regulation and incentive systems instead of hard
regulation.

» In the digital era, privacy must be a priority. (Gore, 2013)

Due to increasing digitalization, connectivity, individualization and new demands
about living and working, the understanding of security values is changing from
superordinate organizations towards individual designs. In the context of mobility,
for example, previous national efforts often neglected issues such as the intermo-
dality of transport and overestimated safety issues. Experts argue that governmen-
tal organizations are only responsible for a framework and are guaranteed by
regional institutions (private or state), some of which are highly adapted and indi-
vidualized (Lyons & Davidson, 2016). In this new security world, people and com-
panies are increasingly security and not just risk carriers because in the future
security world, “nothing is private” (Watson, 2014). If the new security is not
dynamic, adaptable, flexible and changeable, security can fundamentally no longer
be guaranteed. Transparency plays a vital role in this process, to build trust with
users and society.

» Trust is a serious problem; we have to get to a new level of transparency — only
through radical transparency will we get to radical new levels of trust. (Benioff, 2015)

1.2.9 Mobility

)» Economies, states and cultures have always depended on transport and the spatial
exchange of people and goods for their existence, security and progress. For this
reason, transport and its history form a fascinating cross-cutting theme with numer-
ous far-reaching references, both within the historical sciences (political, economic,
social, environmental and technological history) and within other sciences (geogra-
phy, sociology, economics and ecology). (Merki, 2008)

m= Mobility:

No other term embodies the hopes, wishes, needs and problems of people and their
impact on economic cycles. The term describes the movement, speed and agility of
persons (origin in Latin: mobilitas). The term transport, in turn, describes the
instrument with which mobility is perceived and executed.
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The forms of mobility today are at least as heterogeneous as the needs, life-
styles, work forms and networks of the mobility customers themselves (Hunecke,
2015). The mobility of the future, therefore, depends on many premises. Mobility
stands for the freedom of movement of individuals (Weihrauch, 2014), strongly
observable in times of the recent COVID-19 crisis. Since mobility is expressed in
various areas of life (work, leisure, tourism, etc.), mobility has been characterized
by a steady increase in demand and simultaneous acceleration (BFS, 2016). The
volume of traffic and the number of trips per person will further increase in the
future, experts say — especially in urban areas (ARE, 2016b) with transport modi
being available in the future, such as urban air travel. In the future, home becomes
a relative concept. Being mobile will become a social obligation and, thus, a matter
of course for the customer (Zukunftsinstitut, 2016).

The value of mobility is changing in the perception of the customer precisely because
many experts already describe mobility as a “commodity” or “basic supply.” The mega-
trend mobility will also play a central role in everyday life of every individual in the future
(Buckley et al., 2015). The car is still considered a general right of ownership today.
Today, mobility also means activity, freedom, change and heterogeneity, both individu-
ally and socially. Future customers want even faster, more frequent, more, cheaper, safer
and more female-friendly mobility (Wittmer & Linden, 2017). Soon already, mobility
will increasingly unite working and living spaces. The needs become even more heteroge-
neous due to individual demands. Central mobility points (mobility hubs) are the key to
an efficient, networked and mobile mobility lifestyle. The car is no longer just a status
symbol and the central vehicle for everyday mobility but is being developed into an
autonomous, high-tech data tool for the new, more mobile worker. Multimodality
becomes even more system-critical and -important in the multi-option society that can
be observed today. This also increases the search for possibilities to implement mobility
requirements, rules, infrastructure and needs in an economical, comfortable, individual
and ecological way. The consequence is that more and more areas of politics, business
and society are being influenced and made dependent on the megatrend mobility.
Mobility affects everyone and sometimes to a very considerable extent.

» In 2040, mobility will be greener, safer, more automated, multimodal, shared and
individual. Mobility will thus become people-friendly, post-fossil and climate com-
patible. At the same time, mobility customers want 100% safety, punctuality and
predictability as well as emission-free, eco-friendly, multimodal and time-
independent services. (Linden & Wittmer, 2018)

Social change with new forms of living and working will further dynamize this
megatrend. The increase of flows of people, goods and information on an interna-
tional scale as well as growing tourism, changing interplay between different forms
of mobility, mobility substitution through digitization, new logistics concepts and
the emergence of horizontal mobility concepts are essential criteria for the rele-
vance and nature of this megatrend (Zukunftsstark, 2016). The combination of
social and environmental change combined with new technological possibilities
has a major impact on the future of mobility. This is one of the reasons why the
megatrend mobility is so dynamic and its development incredibly difficult to mea-
sure (Canzler & Wittowsky, 2016; Knie, 2016).
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How can we react to this dynamic development, one might ask. The central chal-
lenge will be to eliminate inefficiencies in the mobility market and to make transport
policy dependent on external costs such as congestion, noise, emissions, etc. (ARE,
2016a) to charge actual costs and promote the polluter-pays principle (Miiller-Jentsch,
2013). One term that is particularly relevant is a controversial one: “mobility pricing”
(Kryvobokov et al., 2015; Nash & Whitelegg, 2016; Pronello & Rappazzo, 2014).
According to experts, it is also necessary to promote a rethink in the area of mobility
(Knoflacher, 2013) to do justice to the digital mobility revolution (Canzler & Knie,
2016). Without this rethinking, the critics will grow in the following direction: “ Besides
smaller innovations, it is above all the past that is being perpetuated: The sale of private
cars remains at a high level, congestion hours are increasing, and the number of kilome-
ters traveled and passengers on trains and buses are rising steadily. Although goods traf-
fic on the last mile is becoming increasingly small, it is also continuing to grow.”

1.2.9.1Autonomous Vehicles

» The revolution in mobility comes with autonomous vehicles. And these are coming
sooner than many experts suspect. (Thomsen, 2016)

» 1In 2040, autonomous vehicles will mundane. (Kelkar, 2016)

)» Autnomous vehicles is the biggest revolution in the mobility industry since the
invention of the car. (Réhrleef, 2016)

== Back to the Future:

Strictly following this motto, today’s mobility players are trying to shape the future
of the industry. They try to integrate phenomena observed in nature into intelli-
gent, autonomous vehicles of the future (Watson, 2014). One of the most exiting
examples for this is FESTO’s Smart Bird, which is inspired by the herring gull. The
ultralight flying model has state-of-the-art aerodynamics and agility, and is able to
take off, fly and land without an additional drive. Vehicles of the future are to scan
their surroundings with multi-layered sensory organs, communicate with other
vehicles, act autonomously and also learn from past events.

Many researchers and experts, therefore, describe the introduction of fully auton-
omous vehicles in transport as a turning point for mobility as a whole. The potentials
and effects of this sub-trend are very complex. Not only other modes of transport but
also new ways of life and work of mobility customers depend very much on this sub-
trend of mobility. Many megatrends, such as urbanization, ecology, globalization
and security, can be suddenly changed or dynamized by this sub-trend. If autono-
mous vehicles are successfully introduced, the vehicles’ system(s) exist mainly in act-
ing as intermediaries between “automotive users” and third-party products. Thus,
mobility vehicles will develop into data collectors and storage devices. These vehicles
allow the provider to collect, analyse and use essential data and information to fur-
ther improve their system, networks and resilience as well as understand customer
needs. These customer needs can also change significantly through autonomous vehi-
cles. The customer can be presented with new, more flexible and individual offers. The
pyramid of needs can thus shift considerably. The autonomous vehicle eliminates
both the price advantage of public transport and the flexibility advantage of MIV.
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Besides autonomous ground transportation, drones have been experiencing an
immense push in recent years. When precisely the history of drones began depends on
what exactly is considered to be a “drone.” Both the first flight of an unmanned balloon
in 1782 and the first quadcopter created in 1907 can be regarded as the beginning of the
drone era. For many years, drones were developed and used mainly for military pur-
poses. However, over the past 10 years, there has been a steady development towards
commercial and private uses. The global drone market is expected to generate 43.1
billion USD in 2024, with growth projected to be at 16.8% CAGR (Dronell, 2019).
Further, drones are set to disrupt different areas, from agriculture, arts and entertain-
ment, to energy, logistics, real estate as well as mobility in more general. In many cases,
it is expected that drones can carry out their mission independently without the inter-
vention of a pilot, which makes the operation of drones very attractive from a techno-
logical and economic perspective. This automation of air mobility is expected to be
implemented first for early use-cases, such as search and rescue, transport of medical
goods or logistics, before even introduced in the passenger transport segment.

What drones clearly show is that the sub-trend of autonomous vehicles is
mainly dependent on digital solutions, technological development in the entire
mobility system and the provision of a network of intelligent infrastructures.
Sommer (2016), for example, says that “autonomous vehicles will not be possible
without digitalization.” Nevertheless, for many experts, the question is only when
and not whether this sub-trend will become a reality:

However, the smart vehicle of the future must increasingly be embedded in its
environment to increase safety, ecology and connectivity. Today, due to the lack of
implementation of these aspects, there is often speculation about public acceptance
of such vehicles. If the public does not trust these products due to safety or other
aspects, this sub-trend will only be observed as a selective phenomenon or utopia.
However, if acceptance can be guaranteed, this will have “fundamental effects on
the way people understand mobility” (Thomsen, 2016).

o Key Questions for Autonomous Vehicles
= What do autonomous vehicles really mean for the system of mobility?
= How do autonomous vehicles change customers’ perception?
= How do autonomous vehicles change the way the mobility industry will function?
= What are showstoppers for autonomous vehicles and what and when are tipping
points for them?
= What do new technologies, such as drones, mean for my business in the long-term?

1.2.9.2Sustainable Mobility
= e-Mobility

) The crisis in the automotive industry is putting on the agenda what has long been a
certainty: The departure from oil is drawing nearer and with it the need to further
develop our current form of mobility and make it fit for the future. (Brake, 2009)

The environmental discussions in politics and society are omnipresent and inevitable.
In current discussions, the electric car seems to be a promising way to reduce emissions
and allow environmentally friendly driving in the future. Although this sounds promis-



23 1

The Future of Mobility: Trends That Will Shape the Mobility...

ing and there is a lot of media interest in it, the handling and the high acquisition costs
prevent many people from seriously considering the purchase of an electric car. It still
frequently fails to be integrated into the existing mobility concept of many companies,
regions and mobility ecosystems. Furthermore, the negative energy balance of the
manufacturers as well as the need of and impact on natural resources. At present, cus-
tomers do not yet have sufficient confidence in the technology. They doubt that the
range is sufficient to meet their needs and think that not enough charging stations are
available yet (Henkel et al., 2015). However, fundamental issues of the automotive
industry, such as the VW exhaust gas scandal, clearly show the advantages of regen-
erative drives. Therefore, despite the relatively adverse developments in electric mobility
today, many researchers consider the trend towards post-fossil drives to be inevitable
(Augenstein, 2015; Monheim, 2012). At the latest when the internalization of external
costs (noise, congestion, emissions, etc.) (ARE, 2016a), which many experts have called
for becomes a reality, the price of non-electromobility mobility will increase signifi-
cantly and lead to an efficiency disadvantage (cost-benefit) compared to electromobil-
ity - also called green premium. Many of these external costs can be minimized and, in
some cases, even eliminated by electric vehicles. Many experts, therefore, conclude that
price parity will be achieved soon:

) Price parity will be achieved by 2022 at the latest. (Randall, 2016; Wenzel, 2016)

»» We will have almost exclusively electric mobility, with a few exceptions that will not
get away from fossil fuels until then (gravity, infrastructure). (Weiss, 2016)

Also, laws and regulations provide this sub-trend towards mobility with a critical frame-
work in which it can develop further. The state must inevitably promote post-fossil
transport to achieve its sustainability goals. E-bikes already demonstrate very well
today the enormous impact that an electric motor can have on mobility in general (see
also e-load wheel). The mindset of humans will inevitably adapt (Gebauer et al., 2016).

Very exciting is also the combination of different mobility sub-trends, such as a
combination of sustainable mobility and autonomous vehicles. A ground-breaking
field is, e.g. eVTOLSs (an acronym for electric vertical take-off and landing vehicles).
eVTOLSs highlight the incredible promise and progress of electric and hybrid-electric
powered vertical take-off and landing aircraft, focusing on non-helicopter VTOL air-
craft large enough to carry passengers without conventional helicopter flight controls.
They are said to change regional air mobility, inter-city travel, city-countryside as well
as countryside-countryside and, most importantly, urban air mobility. There are more
than 500 concepts worldwide working on a solution to integrate autonomous and
electric vehicles into airspace, mostly for urban centres with highly congested road
traffic and with rotor-lift or wing-lift technologies. The market for eVTOLs could
amount to $1.5 trillion by 2040 (Morgan Stanley Research, 2019).

However, the challenges of eVTOL companies are often not given adequate atten-
tion in the media. The VTOL pioneers act “in a largely and so-far unregulated and
non-certified space. It is unclear if there will ever be a product achieving economic via-
bility and social acceptance - despite billions of dollars being invested in this sphere
already and several SPAC-deals being concluded in 2021 alone. Air travel is highly
regulated, and aircraft are required to be authority-certified for passenger safety. Also,
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main issues to be solved are in the area of infrastructure, technological development,
safety, social acceptance, economic viability, and emissions of these aircraft. Even if a
concept could be technologically, ecologically, socially, and economically successful,
regulators might not allow its widespread use, due to regulatory and/or safety concerns.

Further, a main disclaimer for eVTOLSs needs to be made here. One needs to
highlight that there might be radical innovation from a technical development
standpoint; they might disrupt the helicopter market and they might be a valid
addition to the already existing transport modi, but they will always serve a small
niche in the broader mobility system.

0 Key Questions for e-Mobility
= What does e-Mobility really mean for the larger system of mobility?
= What is the real impact of e-Mobility on the system of mobility?
= How do autonomous vehicles change customers’ perception?
= How do autonomous vehicles change the way the mobility industry will operate?
= What are showstoppers for e-Mobility?

Case: Dufour Aerospace as an eVTOL Manufacturer

Dufour AerospaceisaneVTOL start-up, based in Visp, Switzerland. Thomas Pfammatter
and Dominique Steffen, both aerospace experts, started working on an electric aerobatic
aircraft, the aErol, in 2016 (Dufour Aerospace, 2016). Building on this experience, they
founded Dufour Aerospace in 2017 with Jasmine Kent to further explore the possibility
of electric aviation. So far, most work has been done remotely by the leadership team or
outsourced as project work. They have raised 2.2 million CHF in funding until March
2019 and raised another 10 million CHF to develop and produce the aEro 3.

The leadership team of Dufour Aerospace consists of Thomas Pfammatter, co-
founder and CEO, Dominique Steffen, co-founder, Jasmine Kent, co-founder and
CTO, and Damian Hischier, chief test pilot and head of certification. They are the core
team with the vision and the motivation to develop and market the aEro 3, a 7-seater
version of their tilt-wing eVTOL concept. The current goal is to first introduce the aEro
3 as an emergency medical service (EMS) aircraft, because such a use case will most
likely face the least resistance from the public and can provide a solid cost advantage,
compared to traditional helicopter emergency services. The company is cooperating
with academic institutes in Switzerland to refine their concepts. So far, Dufour
Aerospace has worked on three concepts. The aErol was their first electric acrobatic
aircraft that first flew in 2016 as proof of concept for electric aviation (Dufour
Aerospace, 2016). The aEro2 concept was designed as an eVTOL and was the original
concept Dufour Aerospace planned to bring to market, based on their understanding
of the certification requirements at the time. Due to the regulation “Special Condition
for Small Category VTOL Aircraft” (EASA, 2020), this focus shifted as all passenger-
carrying eVTOLSs up to the weight limit of 3175 kg are treated equally under the regula-
tion. Therefore, it makes sense to directly develop a passenger aircraft with more seats
instead of developing a two-seater with a much more limited scope of application.
Dufour Aerospace aims to develop the aEro3, while testing with a half-sized aEro2
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prototype, that could potentially become a cargo drone, and simultaneously looking to
develop the aErol into a standardized product to be manufactured on a small scale.

Dufour Aerospace is approaching the development of products with a strategi-
cally planned phased approach, hoping to stay as lean as possible and utilize their
time and products efficiently to develop the capabilities to be a successful eVTOL
manufacturer. This approach is a mirror of the eVTOL concept selection, trying to
reduce the risk and cost whilst positioning themselves as an early follower, hoping to
leave the majority of development and certification costs to the pioneers, entering
with a mature product in an already established market.

Nevertheless, success is uncertain as many factors are beyond Dufour Aerospace’s
control, and its assumptions might be faulty. The eVTOL market may develop
quicker, technologies might be more successful than anticipated, business models
might diverge and the willingness of the EMS market to adopt eVTOLs over heli-
copters may be lower than expected. Also, the acceptance of society and the public
of eVTOLs on an autonomous basis might be slower than expected. Additionally,
Dufour Aerospace might be outpaced by competitors, such as Joby, Lilium,
Volocopter and others, which have far-exceeded Dufours’ funding amounts and are
far-ahead in terms of certification and public sentiment.

1.2.9.3Sustainable Aviation

Climate change and increasing air pollution are among the most significant chal-
lenges facing humanity in the coming years and decades. One industry that is
increasingly appearing in the spotlight of public debate on reducing greenhouse gas
emissions is the mobility industry, with specific emphasis on the aviation industry
in recent months and years. Why is this so? Commercial aviation is responsible for
about 2% of global carbon emissions. Reducing these emissions is a serious global
challenge for the aviation system and every player involved. In 2009, IATA put in
place an ambitious and robust carbon emissions strategy, which targets a four-pil-
lar action plan: (1) improved technology, including the deployment of sustainable
low-carbon fuels, (2) more efficient aircraft operations, (3) infrastructure improve-
ments, including modernized air traffic management systems and (4) a single global
market-based measure, to fill the remaining emissions gap (IATA, 2020a).

Further, by establishing a multilateral approach to the “Carbon Offsetting and
Reduction Scheme for International Aviation” (short CORSIA) in 2016 at the
General Assembly of ICAO, the industry tries to stabilize and reduce emissions
from international aviation continuously. CORSIA’s obligations have already
started. As of 1 January 2019, all carriers are required to report their CO, emis-
sions on an annual basis, whereas they have to compensate for a part of their CO,
emissions by purchasing and cancelling CO, emission units as of 2021.

Today, the substantial societal and political call for more sustainable travel has
already resulted in the first movements, such as “flight shame,” which regard flying
as one of the top environmental sins and therefore call for renunciation. Despite
and maybe even because of the unprecedented industry crisis brought by
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COVID-19, aviation players reconfirmed their commitment to their global envi-
ronment strategy (IATA, 2020b). Thus, the commitment, also established through
CORSIA, is yet more critical than ever before. Combating climate change remains
a top priority. Cutting CO, emissions by half by 2050 with innovative technologies,
sustainable aviation fuel and improved operations and infrastructure will be a con-
siderable challenge, but also an immense opportunity for aviation players to posi-
tion themselves as leaders in this critical but relevant area for society and politics.

Since the social and political pressures on the industry will continue to grow in
the future, sustainability and the path to it are currently at the top of the strategic
agenda for all players of the aviation system. In addition to numerous measures
that can be implemented in the short term, a complete transformation is needed in
the long term in addition to pollutant-neutral and sustainable flight services. For
example, airlines need to rethink their business models (Rossy et al., 2019) and
look for opportunities to embrace sustainable aviation. One solution might be a
controversially discussed topic of eco-labels (Wittmer et al., 2019). Even if the nec-
essary technologies are not yet available, players of the aviation system are well-
advised to plan the transformation process as early as possible, to define a roadmap
and milestones, and to plan the required resources as well as the internal change
management.

o Key Questions for Sustainable Aviation

= What are the main concerns of society and politics when it comes to sustainable
aviation?

= What might be hidden agendas of stakeholders that demand sustainable aviation
and how do I cope with that?

= What is my long-term plan for sustainable aviation?

= How can I sense and use the strong societal and political call for sustainable avia-
tion to develop a long-term competitive advantage for my organization?

1.2.9.4Mobility Sharing
) Sharing is good, and with digital technology, sharing is easy. (Stallman, 2012)

Due to the emergence of “peak car use” in numerous countries, a trend toward less
ownership can be observed. This might be due to cars not being used 96% of the
time. They are one of the most expensive goods that private households own. This
makes cars incredibly inefficient, not to mention that in some cities up to 30% of
the area is dedicated to car infrastructure. Sharing could reduce this inefficiency to
a smaller extent. “Using instead of owning” is the motto of this sub-trend of
mobility. Through the trend of mobility sharing, it is possible to combine public
and private mobility offers even better. The development of membership figures for
such sharing offerings is rising by 600% in some cases (e.g. China), with a nation-
wide increase observable for years. Bike, ride and especially car sharing are the
characteristics of mobility sharing today (Laporte et al., 2015; Shaheen, 2016). The
sharing concept is clearly on the advance: 20% of all car routes worldwide today
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run via Uber. A study by Deloitte (2015) has shown that 55% of Swiss consumers
will purchase a sharing service in the next 12 months. Also, in aviation, many excit-
ing start-ups popped up in recent years, such as WeeShare, Wingly, Simplyfly, to
name only a few.

Travis Kalanick, the former CEO of Uber, even described sharing as “the future
of human-driven transportation.” If two or more people share a car, total mobility
costs are reduced. For example, there is one fewer car on the roads, which can
reduce emissions. An study by APTA of 2016 came to the same conclusion:

)» The more people use shared modes, the more likely they are to use public transit,
own fewer cars, and spend less on transportation overall. (APTA, 2016)

Today, mobility sharing fails going mainstream already passing the first hurdle:
actual testing and first-using vehicles. Mobility sharing is mainly used based on
recommendations from friends and acquaintances. However, since there are still
relatively few experiences and offers, many models fail already due to the lack of
awareness of these models. Though, the dynamics of the sub-trend and new offers
could increasingly accelerate it in the short term. The problem today is that the
sharing models are still too little integrated into the existing infrastructure and
receive little legal support. Despite this, there are some promising examples, also
in niches of the mobility industry, which serve as appetizers for more innovative
ways of sharing instead of owning in the future (see Case Fractional Aircraft
below).

Further, megatrends such as urbanization, digitization and ecology, but also
spatial boundaries, are making the partial trend of mobility sharing increasingly
dynamic (Gonzalez, 2015). It is, therefore, not only a trend with an urban impact
but also an essential basis for rural and suburban areas to participate in modern
life. For many experts and researchers, it is therefore already taken for granted. For
the future, however, the development of attitudes and values and, thus, the mobil-
ity behaviour of mobility customers will continue to be neccessary to boost its
acceleration.

0 Key Questions for Mobility Sharing
= What are main aspects that need to be introduced to enable mobility sharing?
= What are the pitfalls of a mobility sharing concept?
= How do mobility sharing concepts change the way the mobility industry will oper-
ate?

Case: Mobility as a Service and Maa$S Global with Its Whim-App

Mobility-as-a-Service (MaaS) describes a shift away from personally owned modes
of transportation towards mobility provided as a service. This is enabled by combin-
ing transportation services from public and private transportation providers through
a unified gateway that creates and manages the trip, which users can pay for with a
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single account. Users can pay per trip or a monthly fee for a limited distance. The
key concept behind MaaS is to offer travellers mobility solutions based on their
travel needs. Travel planning typically begins with a journey planner. For example, a
journey planner can show that the user can get from one destination to another by
using a train/bus combination. The user can then choose their preferred trip based
on cost, time and convenience. At that point, any necessary bookings (e.g. calling a
taxi, reserving a seat on a long-distance train) would be performed as a unit. It is
expected that this service should allow roaming, that is, the same end-user app
should work in different cities, without the user needing to become familiar with a
new app or to sign up to new services.

MaaS has many benefits that can improve ridership habits, transit network effi-
ciency and societies that adopt MaaS as a viable means of transportation. MaaS
could decrease costs to the user, improve utilization of MaaS transit providers,
reduce city congestion as more users adopt MaaS as a primary source of transit and
reduce emissions as more users rely on public transit component, autonomous vehi-
cles in a MaaS network. MaaS equally has many benefits for the business world —
understanding the total cost of business mobility could help travel decision-makers
in the corporate world save hundreds of thousands. By analysing data and costs
attributed to “business mobility” (e.g. vehicle rental costs, fuel costs, parking charges,
train ticket admin fees and even the time taken to book a journey), businesses can
make informed decisions about travel policy, fleet management and expense claims.
Business MaaS companies such as Mobilleo suggest that in journey planning alone,
it can take up to nine steps before a simple travel arrangement is booked.

Maas Global soft-launched its MaaS application Whim in Helsinki, Finland, in
late 2016, followed by a full launch in November 2017. The first-ever MaaS operator
interconnected many of the city’s mobility options under one subscription and
within a single app. With the Whim app, the user can combine, plan and pay for
public transport, taxi, car rental, car sharing and city bike trips. The data of a study
by Ramboll in 2018 on MaaS Global suggests that public transport is the backbone
of MaasS users’ travel habits, MaaS users excel in multi-modality and the MaaS plat-
form is potentially facilitating first/last mile choices that lead to greater access to
public transport. As MaaS lets users access alternative modes more quickly when
they need to, it may attract those users who are thinking of either buying a car or
give up a car. MaaS, therefore, allows a more holistic use of the existing transporta-
tion system. MaaS is, therefore, not changing the transport system itself; rather, it
facilitates more effective and inclusive use of the existing one.

Through MaaS platforms, such as Whim, users can access a variety of different
transport modes, which covers an individual’s mobility needs. Platforms not only
could combine the different modes but also could be the “distribution channel” for
new mobility services. This has been the case in other industries, such as new content
creators in social media, shopkeepers in internet retail and so on.
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Case: The Fractional Aircraft

Today, many business travellers are criticized for taking a private jet or leasing a jet
to travel for short business meetings. Most probably, you will never justify the cost of
a business jet by how much you save in airline tickets. It comes down to how much
the value of time and the opportunity to take trips that you could not otherwise is,
as well as how important it is to run on your own schedule. Further, business jets
reduce the lack of stress, being able to work or relax, meet with associates in privacy
and the feeling of freedom from the misery of mega hubs. What price is that worth?
Whether to acquire a business jet often comes down to an act of faith — an
entrepreneurial rather than a spreadsheet decision. Fractional aircraft is a novel
compromise, used by many managers, athletes or generally busy or luxury-seeking
people today.

Fractional aircraft is a collective term for fractional ownership of aircraft where
multiple owners share the costs of purchasing, leasing and operating an aircraft.
There are already several commercial programs for fractionally owning a large air-
craft, such as NetlJets, Flexjet, PlaneSense and AirSprint, to name only a few. With
fractional aircraft, customers (or “owners”) buy a share of an aircraft, rather than
an entire one. The price is pro-rated from the market price of a full aircraft. Owners
then have guaranteed access (the magnitude of usage depends on the model) to that
aircraft or a similar one in the operators’ fleet — with as little as 4 hours’ notice in
some models. Fractional owners pay a monthly maintenance fee and a pay-per-use
hourly operating fee. Usually, the latter is charged only when an owner or guest is on
board, not when the plane is flying to a pick-up point or returning to its home base
after completing a flight. Owners have access to the full fleet of aircraft and may
upgrade or downgrade for specific flights when they need to. At the end of the con-
tract, the owner can sell his or her share either back to the company or to another
owner waiting for a position, though most companies charge a re-marketing fee to
do this. In most cases, typically, after 5 years, you have a guaranteed buy-back of
your capital asset at “fair market value.”

After 20 years of fractional ownership, it is unclear if the model works in its cur-
rent form. The original fractional model anticipated selling planes in 1/4 fractions,
rather than the 1/16 or 1/32 fractions that have emerged recently. Each additional
partial owner creates more demand and scheduling complexity for each plane, par-
ticularly during peak periods, such as holiday seasons. Further, the theory that a
growing customer base will reduce empty-legs has proven limited. While there have
been some improvements, the best-case “floor” of empty traffic is still above 20% of
total traffic. The worst-case for new operators can approach 50%. One strategic
boost has been the introduction of efficiency incentives to align client behaviour with
operating efficiency better. Some companies have resisted these programs: if frac-
tional’s appeal is the simplification of flight, that appeal is reduced when accompa-
nied by a host of individual pricing adjustments and incentive programs. Despite
this marketing challenge, cost concerns have resulted in numerous efficiency-driven
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programs, while many models still struggle to offer cost-efficient ways of fractional
aircraft.

The case shows that such niche mobility sharing models are exciting but chal-
lenging. These models might offer customers innovative solutions that increase vari-
ability and options. At the same time, flexibility and individualism challenge such
models — true for many sharing models in the sector of mobility and especially in air
travel today.

1.3 Summary

In recent years, one can observe a hype in trend research. Many researchers and
scientists are addressing this topic and trying to analyse the effects of today’s trends
for the future. Megatrends should make the future more predictable due to their
long-term nature and overarching effects. In the course of the work at the Center
for Aviation Competence at the University of St. Gallen (CFAC-HSG), it was
found through empirical work that one central trend fundamentally influences all
megatrends, i.e. digitalization. This is why one can refer to digitalization as so-
called gigatrend.

In this chapter, we discussed the gigatrend and eight other megatrends, always
emphasising their relation and importance for the mobility and aviation industry.
Through our dedicated work on the matter and intense exchange with experts, we
found that the megatrends individualization, urbanization, ecology, globalization,
new life, new work and security, in turn, also have a substantial impact on mobility
and the aviation industry in specific. Also, we identified three central sub-trends for
the the megatrend mobility: autonomous vehicles, sustainable mobility and mobil-
ity sharing. We described the gigatrend and each of these mega- and sub-trends
briefly and highlighted their impact on mobility and the aviation industry.

This chapter is ought to ensure a discussion of the criteria for planning the
future of mobility and the aviation industry and, at the same time, to show the
dependence of mobility and aviation on various external factors of the environ-
ment, influenced by trends that are already possible to be sensed today. Further, it
is not to be seen as an extensive list of trends, nor as a scientific piece on these
trends. Hence, the chapter could be a first starting point for a strategic exercise or
planning process.

Hint

A transformation towards embracing these trends will not happen overnight.
Introduce a culture of openness towards dynamic change and introduce uncertainty
and curiosity as standard factors. This will take time. But be aware of the immense
power of being a role model as management team and introduce quick wins to
increase motivation and commitment to the topic.
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@ Key Questions Overall
= What do these specific mobility trends mean for my organization?
= How can I use these mobility trends to shape my own organization in the long run?
= How can I sense developments, like the ones described above, continuously to do
proper long-term planning?
= How can I personally and proactively shape the future that was described above?
= What role do we, as an aviation organization, play in the future described above?

9 Key Questions for Digitalization
= What does digitalization really mean? What does it not mean?
= How can I use digitalization for good?
= Do we need digitalization for the sake of digitalizing or rather because of increas-
ing efficiency or effectively?

6 Key Questions for Ecology

= What does ecology really mean? What does it not mean?

= How can I use the megatrend ecology for good in aviation without being criticized
for greenwashing?

= Do we need ecology for the sake of an external push for environmental sustainabil-
ity or instead because of increasing long-term competitive advantage?

= How can we use the megatrend of ecology to develop a culture of sustainability and
long-term thinking and acting?

@ Key Questions for Gender Shift
= What does gender shift really mean? What does it not mean?
= How can I use the megatrend gender shift for my aviation organization?
= What are the benefits of a more gender-diverse culture in aviation?
= How can I, as an organization, benefit from a more gender-diverse culture?

Q Key Questions for Knowledge Culture
= How can I use the megatrend knowledge culture for my aviation organization?
= What might be possible partners for my organizations to cooperate with to create a
knowledge culture?
= How can I create a learning organization that benefits my employees and the capa-
bilities of my organization in the long run?

Q Key Questions for Autonomous Vehicles
= What do autonomous vehicles really mean for the system of mobility?
= How do autonomous vehicles change how customers perceive mobility?
= How do autonomous vehicles change the way the mobility industry will function?
= What are showstoppers for autonomous vehicles?
= What do technologies, such as drones, mean for my business in the long term?
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0 Key Questions for e-Mobility
= What does e-Mobility really mean for the system of mobility?
= What is the real impact of e-Mobility on the system of mobility?
= How do autonomous vehicles change how customers perceive mobility?
= How do autonomous vehicles change the way the mobility industry will operate?
= What are showstoppers for e-Mobility?

@ Key Questions for Sustainable Aviation
= What are the main concerns of society and politics when it comes to sustainable
aviation?
= What might be hidden agendas of stakeholders that demand sustainable aviation
and how do I cope with that?

What is my long-term plan for sustainable aviation?
How can I sense and use the strong societal and political call for sustainable avia-
tion to develop a long-term competitive advantage for my organization?

0 Key Questions for Mobility Sharing
= What are main aspects that need to be introduced to enable mobility sharing?
= What are the pitfalls of a mobility sharing concept?
= How do mobility sharing concepts change the way the mobility industry will oper-
ate?
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Summary

== The history of aviation beginning with the first drawings and flying items goes
back to the fifteenth century.

== The aviation industry has grown to a remarkable size over the last century and is
one of the important industries of economic growth today.

== The aviation industry is structured along the aviation value chain.

== Air transport is characterised by high fixed costs, low profit margins in a growing
market and by its dependence on external factors.

== The stakeholders of aviation profit from the economies and drivers of aviation.

== The aviation system model includes different environments, such as the eco-
nomic, ecological, social, technological and political environments, which are
impacted by and influence the aviation market.

The history of aviation and the dream of flight dates back many centuries and
includes pioneers such as Leonardo da Vinci, Otto Lilienthal and the Wright
Brothers, who contributed to this quest. The last century brought along a remark-
able growth of the aviation sector and resulted in considerable economic impor-
tance of the industry. The aviation industry can be projected along the aviation
value chain and comes with its own special characteristics. Whilst aviation creates
a high value for customers and other stakeholders, the profit margins are typically
low due to high fixed costs and its dependence on external factors. The benefits of
aviation to the economy as well as other drivers create positive effects for many
stakeholders who are directly or indirectly involved in the system. The aviation
system is surrounded by different environments: the economic, ecological, social,
technological and political environments. Each environment exerts influence on the
aviation system and is simultaneously affected by it.

2.1 Introduction

The aviation industry is characterised by constant change. The ongoing liberalisa-
tion of markets, technological progress, environmental challenges and the estab-
lishment of new business models including intermodal transport options, but also
the increasing awareness of climate change and CO, are just a few examples that
illustrate the dynamic development of air transportation within the last years. The
fact that there are various fields of development indicates that the industry devel-
opment is not only influenced by the industry actors themselves, but also by its
institutional surroundings and the different spheres of its environment, economic,
social/political and natural environments. In turn, the development of the industry
shapes its actors and competition structures. It also has significant impact on its
environment as an economic and social factor, but also through its effects on the
natural environment, of which CO, is a significant issue today. The interdependen-
cies among the different stakeholders in aviation and the continuous industry
development thereby constantly raise new questions for both theory and practice.
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Due to the industry’s importance as a provider of employment and as an enabler
for social exchange and international trade, its ongoing development is of high
relevance for the society and economy. Air transport is a driver of international
trade, globalisation and global economic prosperity. The aviation industry as a
whole is worth over USD 1300 billion whereof USD 1000 billion are direct, indi-
rect and induced effects, employs about 65.5 million people whereof 10.2 million
people work directly in the aviation industry (ATAG, 2020), and transports and
services about 4.5 billion passengers a year (ATAG, 2020). In 2019, 915 million
tonnes of freight was transported by air (ATAG, 2020), being responsible for global
just in-time production chains. About 35 percent of the global trade (by value)
reaches their markets by air, whilst covering less than 1% in volume (Shepherd,
Shingal, & Raj, 2016), making air transportation an important part of interna-
tional trade. Today, air transportation is an essential component of leisure and
business-related travelling, and thus of human connectivity and worldwide eco-
nomic integration (Sterzenbach & Conrady, 2003). Aviation is also at the heart of
travel and tourism, the world’s largest industry, supporting 36.7 tourism jobs, to
equates to one in eight tourism jobs (ATAG, 2020).

The aviation industry today also is in the focus because of its environmental
impacts. Most important factors to be mentioned are CO, emission, although there
are other gases and compounds with an impact on the environment. The aviation
industry in the last decades made significant progress regarding noise reduction
and fuel efficiency of engines. Whereas in the 1960s around 12 litres per 100 km per
seat were consumed today only around 2-3 litres are used per 100 km per seat
(loaded seats are assumed) (Pompl, 2007). But the tremendous growth of the
demand for air transport and the growth of the industry overcompensated these
gains. Today around 8% (Plan¢te Energies, 2019) of worldwide consumption of
fossil fuel and 2-3% of CO, emission (International Energy Agency, 2020) can be
attributed directly to flying. The use of alternative sources of energy is limited
because fuel still is the densest form of energy (Joule per Kg) (not taking into
account fuel for nuclear power). The aviation industry, therefore, must optimise the
maximum in the framework of the existing technologies and at the same time ven-
ture new frontiers like maybe in a first-stage renewable fuel and later on new flying
technologies based on new forms of engines. Environmental issues, therefore, on
the forefront of aviation management and long-term competitive advantages may
arise from this field. The importance of sustainable management will even grow as
financial markets define sustainability as a key investment quality (Eccles &
Klimenko, 2019).

From a theoretical point of view, there are two aspects that justify the selection
of the aviation industry as a research subject. First, the industry’s complexity and
its dynamism constantly raise new questions and open up fields that have hardly
been investigated by academia. It is a typical VUCA (volatile, uncertain, complex,
ambiguous) industry (Mack et al., 2015). Secondly, theoretical findings about the
aviation industry may be applied beyond this context to other industries. In regard
to various developments (e.g. dynamic pricing, global network development and
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alliance formation, customer value applications and today even sustainability man-
agement etc.), aviation serves as an industry precursor, making the research results
valuable for broader application, e.g. in other industries.

2.2 Historical Development of Air Transport

This section provides an overview about the history and development of the avia-
tion industry. It is split into different stages of development:

== 1783-1917 Technical development

1918-1928  Pioneer stage

1929-1944  Political development, bilateral flights and technical stage
1945-1970 Internationalisation, development of quality and cost
1971-1990  Networks, alliances and low-cost operations

1991-2005 Deregulation and customer value

2006-2018  Consolidation, new materials and technologies

2019 + Environment concerns and new technologies (fuels)

Aviation history deals with the development of mechanical flight. It ranges from
earliest attempts at flying kite-powered devices or gliders to person-controlled
and -powered flying.

Humanity’s desire to fly possibly first found expression in China, where flights
by humans tied to kites (as a punishment) are recorded from the sixth century AD
(Anno Domini, After Christ). Subsequently, the first hang-glider was demonstrated
by Abbas Ibn Firnas in Andalusia in the ninth century AD. Leonardo da Vinci’s
(fifteenth century) dream of flying found expression in several designs, but he did
not attempt to demonstrate that flying was possible. It was in post-industrial
Europe, from the late-eighteenth century onwards, that serious flight attempts were
made, with progression from lighter-than-air flight (hot-air balloons, 1783), to un-
powered heavier-than-air flight by Otto Lilienthal, 1891, and finally, to powered
sustained flight by the Wright Brothers 1903.

The dream of flying is fuelled by the observation of birds and is illustrated in
myths across the world (e.g. Daedalus and Icarus in Greek mythology, or the
Pushpaka Vimana of the Ramayana). The first attempts to fly often drew on the
idea of imitating birds, like Daedalus did building his wings out of feathers and
wax. Attempts to build wings of various materials and jump off high towers con-
tinued well into the seventeenth century.

Systematic attempts began with hot air balloons and kites in China. The
Kongming lantern (proto hot air balloon) was known in China from ancient times.
Its invention is usually attributed to General Zhuge Liang (180-234 AD, honorific
title Kongming), who is said to have used them to scare the enemy troops. The bal-
loon was made of a large paper bag, below which an oil lamp was installed. Due to
the lamp heating the air below the bag, the bag floated in the air. According to
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Joseph Needham,! hot-air balloons in China were known since the third century
BC (Before Christ). During the Yuan dynasty (thirteenth century), under rulers
like Kublai Khan, it became popular to use rectangular lamps at festivals where
they would attract huge crowds. In 559 AD, human flight using a kite was docu-
mented during a dispute over succession in the Northern Wei kingdom. In 852 AD,
first parachutes and gliders were flown in Spain and England. Some five centuries
later, Leonardo da Vinci came up with a hang-glider design in which the inner parts
of the wings are fixed, and some control surfaces are provided towards the tips.
While his drawings still exist and are deemed flight worthy in principle, Leonardo
da Vinci himself never flew such a hang-glider.

The first published paper on aviation was the “Sketch of a Machine for Flying
in the Air” by Emanuel Swedenborg published in his periodical 1716. This flying
machine consisted of a light frame covered with strong canvas and equipped with
two large oars or wings moving on a horizontal axis, arranged in such a way that
the upstroke met with no resistance, while the down stroke provided lifting power.
Swedenborg knew that the machine would not fly, but he thought of it as a good
starting point and was confident that the problem of flying would be solved. He
said, “It seems easier to talk of such a machine than to put it into actuality, for it
requires greater force and less weight than exists in a human body. The science of
mechanics might perhaps suggest a means, namely, a strong spiral spring. If these
advantages and requisites are observed, perhaps in time to come someone might
know how better to utilize our sketch and cause some addition to be made so as to
accomplish that which we can only suggest. Yet there are sufficient proofs and
examples from nature that such flights can take place without danger, although
when the first trials are made you may have to pay for the experience, and not mind
an arm or leg.” Swedenborg would prove prescient in his observation that power-
ing the aircraft through the air was the crux of flying.

2.2.1 Technical Development 1783-1917

The first generally acknowledged human flight took place in Paris in 1783. Jean-
Frangois Pilatre de Rozier and Frangois Laurent d’Arlandes went 5 miles (8 km) in
a hot air balloon invented by the Montgolfier brothers. The balloon was powered
by a wood fire. Ballooning became a major “rage” in Europe in the late-eighteenth
century, providing the first detailed understanding of the relationship between alti-
tude and the atmosphere. Work on developing a steerable (or dirigible) balloon
(today called an airship) continued sporadically throughout the 1800s. The first
powered, controlled, sustained lighter-than-air flight is commonly believed to have

1 Joseph Terence Montgomery Needham (9 December 1900-24 March 1995) was a British bio-
chemist, best known for his work on the history of Chinese science. He was elected a fellow of
both the Royal Society and the British Academy. In China, he is known mainly by his Chinese
name Li Yuese.
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taken place in 1852 when Henri Giffard flew 15 miles (24 km) with a steam engine
driven craft in France (“History of aviation,”, n.d.).

During the last years of the eighteenth century, Sir George Cayley started the
first rigorous study about the physics of flight. In 1799, he exhibited a plan for a
glider which, except for its form, was, from today’s perspective, already completely
modern. It showed a separate tail for control and provided for the pilot to be sus-
pended below the centre of gravity to ensure stability. Cayley flew it as a model in
1804. Over the next five decades he worked on the problem, inventing most of basic
aerodynamics and introducing such terms as “lift” and “drag.” He used both inter-
nal and external combustion engines, fuelled by gunpowder, but it was left to
Alphonse Penaud to make powering models simple, using rubber power. Later,
Cayley turned his research to building a full-scale version of his design. First, he
flew it unmanned in 1849; in 1853, his coachman made a short flight at Brompton
near Scarborough in Yorkshire.

First test flights with gliders began in the middle of the nineteenth century
when several pioneers made short flights or jumps. Scientists started to publish
more papers about aerodynamics and the subject of flying in general. In the 1880s,
first advancements were made in the construction of gliders which led to the first
truly practical gliders. Otto Lilienthal was one of the particularly active researchers
who flew with and controlled his glider. He produced a series of good gliders, and
in 1891, was able to make flights of 25 meters or more routinely. He rigorously
documented his work, including photographs, and therefore is one of the best
known of the early pioneers. He also promoted the idea of “jumping before you
fly,” suggesting that researchers should start with gliders and work their way up,
instead of simply designing a powered machine on paper and hoping it would
work. Lilienthal knew that once an engine was attached to the plane, it would be
difficult to further study the laws of aviation. Finding and describing many of
those laws was the greatest heritage he made to his successors. By the time of his
death in 1896, he had made 2500 flights on a number of different designs of gliders.
His death was caused by a gust of wind that broke the wing of his latest design. He
fell from a height of roughly 56 ft. (17 m) fracturing his spine. Lilienthal died the
next day, his last words being “sacrifices must be made..” Up to his death, Lilienthal
had been working on small engines suitable for powering his designs.

Picking up where Lilienthal had left off, Octave Chanute took up aircraft design
after an early retirement and funded the development of several gliders. In the
summer of 1896, his troop flew several of his designs a number of times at Miller
Beach, Indiana, eventually deciding that the best was a biplane design that, from
today’s point of view, looked surprisingly modern. Like Lilienthal, he documented
his work meticulously, using also photographs, and was busy corresponding with
like-minded hobbyists around the world.

Chanute was particularly interested in solving the problem of natural stability
of the aircraft in flight; birds did this by instinct, but humans would have to do it
manually. The most disconcerting problem was longitudinal stability because as
the angle of attack of a wing increased, the centre of pressure moved forward and
made the angle increase more. Without immediate correction, the craft would pitch
up and stall.
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On the basis of the research documented by Lilienthal and Chanute, several
other researchers worked on better controllable aircrafts with engines. At the same
time that non-rigid airships were starting to have some success, rigid airships were
also becoming more advanced. Indeed, rigid body dirigibles would be far more
capable than fixed-wing aircraft, in terms of pure cargo carrying capacity, for
decades. Dirigible design and advancement was brought about by the German
count Ferdinand von Zeppelin.

Between 1900 and 1902, the Wright brothers built and tested a series of kite and
glider designs before attempting to build a powered design. The gliders worked, but
not as well as the Wrights had expected, based on the experiments and writings of
their nineteenth-century predecessors. In 1903, the first sustained flight with a pow-
ered controlled aircraft took place successfully. Flyer I and II were used for several
test flights; a number of crashes happened. When rebuilding the flyer, calling it
Flyer I11, after a severe crash on 14 July 1905, the Wrights made radical changes to
the design. They almost doubled the size of the elevator and rudder and moved
them further away from the wings — about twice the distance than before. They also
added two fixed vertical vanes (called “blinkers”) between the elevators and gave
the wings a very slight dihedral. They disconnected the rudder of the rebuilt Flyer
IIT from the wing-warping control and, as in all future aircraft, placed it on a sepa-
rate control handle. When testing of Flyer III resumed in September, the results
were almost immediate. The bucking and veering that had hampered Flyers I and
IT were gone and the Wrights experienced no more minor crashes, which had hap-
pened frequently with the two previous models. The flights with the redesigned
Flyer III started to last over 20 minutes. Thus, Flyer III became a practicable as
well as dependable aircraft, flying solidly for a consistent duration, bringing back
its pilot to the starting point safely, and landing without causing damage to itself.
On 5 October 1905, Wilbur flew 24 miles (38.9 km) in about 40 minutes. In 1908,
the Wright brothers conducted the first passenger flight in the United States.

Several researchers built and tested powered planes within the following years.
On 25 July 1909, Louis Blériot flew the Blériot XI monoplane across the English
Channel, winning the Daily Mail aviation prize. His flight from Calais to Dover
lasted 37 minutes. On 22 October 1909, Raymonde de Laroche became the first
woman to pilot and solo a powered heavier-than-air craft. She was also the first
woman in the world to receive a pilot’s licence. The first seaplane was invented in
March 1910 by the French engineer Henri Fabre. Its name was Le Canard (“the
duck”). The plane took off from the water and flew 800 metres on its first flight on
March 28, 1910. His experiments were closely followed by the aircraft pioneers
Gabriel and Charles Voisin, who purchased several of the Fabre floats and fitted
them to their Canard Voisin airplane. In October 1910, the Canard Voisin became
the first seaplane to fly over the River Seine, and in March 1912, the first seaplane
to be used militarily from a seaplane carrier, La Foudre (“the lightning”).

2.2.2 Pioneer Stage 1918-1928

In World War I, planes were used for the first time for military purposes. During
that time the military supported the development of planes strongly. These were
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mostly double decker planes produces in wood and cloth. They were weather
dependent and could not fly in wet conditions.

Aircraft evolved from being constructed mostly of wood and canvas to being
constructed almost entirely of aluminium. Engine development proceeded apace,
with engines developing from in-line water cooled gasoline engines to rotary and
radial air-cooled engines, constituting a commensurate increase in propulsive
power. All of this development was pushed forward by prizes for distance and
speed records. Charles Lindbergh, for instance, took the Orteig Prize of $25,000
for his solo non-stop crossing of the Atlantic in 1927. He was the first person to
achieve this, although not the first to carry out a non-stop crossing. Latter was
achieved 8 years earlier when Captain John Alcock and Lieutenant Arthur Brown
co-piloted a Vickers Vimy non-stop from St. John’s, Newfoundland, to Clifden,
Ireland, on 14 June 1919, winning the Northcliffe prize worth GBP 10,000 (USD
50,000).

Mail and single-passenger transport became more popular, but it was an adven-
turous mode of transport, which was dependent on weather. The Warsaw
Convention for limitation of liability was reached in 1929.

2.2.3 Political Development 1929-1944

In the 1930s, development of the jet engine began in Germany and England. In
England, Frank Whittle patented a design for a jet engine in 1930 and started
building an engine towards the end of the decade. In Germany, Hans von Ohain
patented his version of a jet engine in 1936 and began developing a similar engine.
The two men were unaware of each other’s work, and both Germany and Britain
had developed jet aircraft by the end of World War II.

World War II saw a drastic increase in the pace of aircraft development and
production. All countries involved in the war stepped up the development and pro-
duction of aircraft and flight-based weapon delivery systems, such as the first long-
range bomber. Fighters were critical to the success of the heavy bombers, as they
ensured that the number of losses was lower than it would have been without
fighter protection. A number of technological advances that were remarkable for
its day are the following: The first functional jet plane was the Heinkel He 178
(Germany) flown by Erich Warsitz in 1939. The first cruise missile (V-1), the first
ballistic missile (V-2) and the first manned rocket Bachem Ba 349 were also devel-
oped by Germany; however, the small number of jet fighters did not have a signifi-
cant impact. The V-1 was not very effective, as it was slow and vulnerable, and the
V-2 could not hit targets precisely enough.

With the emergence of longer flights and the possibility to fly over other coun-
tries, some international regulation was needed. The central convention in the field
of international air law is the agreement concerning international civil aviation
reached on 7 December 1944 (Chicago Convention — CHI) (SR 0.748). Due to its
universal character the Chicago Convention is the fundamental policy for the post-
war development of international civil aviation. Following the agreement, the
International Civil Organisation (ICAO) was built.
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Art. 1 CHI states that “The contracting States recognize that every State has
complete and exclusive sovereignty over the airspace above its territory”. The claim
of every state having a sovereign power over the airspace above its territory contra-
dicts the nature of aviation, which is, by definition, international. To allow interna-
tional aviation, states need to negotiate for multilateral agreements and/or bilateral
aviation conventions. Therefore, the preamble of the CHI states that “the under-
signed governments [have] agreed on certain principles and arrangements in order
that international civil aviation may be developed in a safe and orderly manner and
that international air transport services may be established on the basis of equality
of opportunity and operated soundly and economically.”

The preparations for the conference of Chicago had started when the ending of
World War II was conceivable. On | September 1944, the United States invited to
a diplomatic roundtable in Chicago to discuss the future of the aviation industry.
Before the negotiations had started a multilateral system of traffic rights was
aspired (Wenglorz, 1992).

The United States disposed of an extraordinarily strong military aviation force
(300,000 aircrafts) after World War II — including countless transportation air-
crafts. Those, they could easily convert into a civil armada. With this in mind, the
US delegation argued in favour of open skies. Britain, in contrast, wanted an
orderly market development (Larsen et al., 2006), meaning a contract that regu-
lates all aircraft transport services. In bilateral aviation agreements, important fac-
tors in the competitive environment should be negotiated — the number of seats, the
type of aircraft, the frequency of flights, the routes, the rights to land, etc. In con-
trast to this British scheme was the idea of a worldwide opening of the aircraft
transportation market (open skies) (Larsen et al., 2006).

Due to the differing positions, long-lasting and difficult negotiations about the
“eight freedoms of the air” were necessary (refer to » Chap. 11 of this book)
(Wenglorz, 1992).

2.2.4 Development of Quality and Cost 1945-1971

Commercial aviation took hold after World War II, using mostly ex-military air-
craft in the business of transporting people and goods. Within a few years many
companies existed, and flight routes criss-crossed North America, Europe and
other parts of the world. This development was accelerated by the glut of heavy
and super-heavy bomber airframes, like the B-29 and Lancaster, which could easily
be converted into commercial aircraft. The DC-3 also permitted easier and longer
commercial flights. The first North American commercial jet airliner, the Avro
C102 Jetliner, flew in September 1949 shortly after the British Comet. By 1952, the
British state airline BOAC had introduced the De Havilland Comet into scheduled
service. While it represented a technical achievement, the plane suffered a series of
highly public failures. The shape of its windows led to cracks due to metal fatigue
which was caused by cycles of pressurisation and depressurisation of the cabin,
and eventually led to a catastrophic failure of the plane’s fuselage. By the time the
problems were overcome, other jet airliner designs had already taken to the skies.
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The USSR’s Aeroflot became the first airline in the world to operate sustained
regular jet services with the Tupolev Tu-104 on 15 September 1956. Boeing 707,
which established new levels of comfort, safety, and passenger expectations, ush-
ered in the age of mass commercial air travel as it is enjoyed today.

Even after the end of World War II there was still a need for advancement in
aircraft and rocket technology. Not long after the war had ended, in October 1947,
Chuck Yeager took the rocket-powered Bell X-1 past the speed of sound. Although
anecdotal evidence exists that some fighter pilots may have crossed the sound bar-
rier while dive-bombing ground targets during the war, this was the first controlled
level flight to achieve this. Further barriers of distance were overcome in 1948 and
1952 as the first jet crossing of the Atlantic was conducted.

In 1961, the sky was no longer the limit for manned flight, as Yuri Gagarin
orbited the planet within 108 minutes. His achievement heated up the space race,
which had started in 1957 with the launch of Sputnik 1 by the Soviet Union, even
further. The United States responded by launching Alan Shepard into space on a
suborbital flight in a Mercury space capsule. With the launch of the Alouette I in
1963 Canada became the third country to send a satellite into space. The space race
between the United States and the Soviet Union would ultimately lead to the cur-
rent pinnacle of human flight, the landing of men on the moon by Neil Armstrong
in 1969.

However, this historic achievement in space was not the only progress made in
aviation at this time. In 1967, the X-15 set the air speed record for an aircraft at
4534 mph or Mach 6.1 (7297 km/h). This record still stands as the air speed record
for powered flight, except for vehicles designed to fly in outer space.

An important driver of the future economic development of the industry was
the development of wide body aircraft like the Boeing 747 (first flight 1969) or DC
10 (1970) or the Lockheed Tristar (also 1970). These planes allowed to transport
up to 500 passengers instead of 150 which allowed significant economies and
reduced cost but also required new markets and business models to fill the planes.
In 1975, commercial aviation progressed even further when the Soviet Aeroflot
started regular service on Tu-144 — the first supersonic passenger plane. In 1976,
British Airways inaugurated supersonic service across the Atlantic, courtesy of the
Concorde. A few years earlier the SR-71 Blackbird had set the record for crossing
the Atlantic in less than 2 hours, and Concorde followed its footsteps with passen-
gers in tow.

At the same time commercial aviation became more reliable and the industry
grew. Airlines were established and route networks were set up. The following fig-
ures (B Figs. 2.1 and 2.2) show the development of Swissair as an example for a
flag carrier of a neutral state and its route networks from the 1930s to the 1970s.
The network evolved from a European point-to-point network to a hub-and-spoke
network with connections through the hub Zurich Airport. First, some European
destinations were served.

The following figure (B Fig. 2.1) illustrates the development from a point-to-
point network to a raster network. As the planes became bigger, they allowed for
more passengers to be transported. This development enabled the airlines to offer
several destinations on one route by “milk can flights” landing and (un)loading
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passengers, which meant that they could serve more passengers in a small market
and thus finance their operation.

@ Figure 2.2 shows the hub Zurich located in the centre and European domes-
tic connections going through the hub Zurich to long-haul destinations. With the
establishment of the long-haul market, it became important for airlines to have
enough passengers to fill the large long-haul planes. Therefore, short- and long-
haul flights were connected.



5 2

Fundamentals and Structure of Aviation Systems

The route development of Swissair, as illustrated in the following route network
figure (B Fig. 2.2), was a consequence of deregulation. The competitive environ-
ment changed and led to competitive prices and more efficient network manage-
ment in the airline business.

2.2.5 Deregulation, Networks, Alliances and Low-Cost
Operations 1974-1990

2.2.5.1Deregulation of American Air Transport

The regulation of aviation was questioned strongly in the 1970s and 1980s. On the
one hand, this was based on the general critique concerning the regulation policy
of the government stemming from new economic approaches like the “contestable
markets” approach (Baumol et al., 1982). On the other hand, the aviation industry
found itself in a serious crisis: the oil crises lead to higher fuel costs; simultancously
there was a low demand for flights due to the recession and airlines had consider-
able debts from investments in wide-bodied aircrafts.

At this time, countless government regulations existed which aimed at securing
an area-wide supply and avoiding too strong a competition that would ruin the
aviation market. However, these regulations led to a favouritism of large airlines
and a slackening of competition (Grundmann, 1998). Although flight prices were
high, airlines did not achieve returns. As a consequence, and to meet the rising
political pressure, the Airline Deregulation Act was signed in 1978 (Pompl, 2007).
This was the beginning of the deregulation of the inner-American air traffic
between 1979 and 1983 (Schéfer, 2003), in which the regulations concerned with
market access, capacities and prices were abandoned.

This was an important development because, from then on, the United States
actively aimed at deregulating the aviation market. The so-called Open-Sky policy
of the United States strived for the signing of agreements with other states which
then got the permission for the third, fourth and fifth freedom: opportunity of
code-sharing, capacity for free tariffs, freedom in the appointment of capacities
and frequencies (Schéfer, 2003).

The impacts of deregulation on the American market have been assessed in
countless studies and have been discussed controversially. In the following, the
decisive effects for the airlines (supply) as well as for the consumers (demand) are
presented.

2.2.5.2Supply

Especially the deregulation of prices in conjunction with the reduction of entry
barriers led to fierce price pressure through new market entries for existing airlines.
Therefore, in the first 8 years after the abolition of regulations, 200 new airlines
were founded. Many of those newly founded airline companies quickly became
victims of the strong competitive pressure. Approximately two thirds of the newly
founded airlines disappeared from the market because they ceased business, were
absorbed or involved in mergers (Pompl, 2007). Consequently, the concentration
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within the aviation industry rose. Prior to the deregulation, the eight biggest air-
lines possessed 81 percent of the domestic market, which shifted to 95 percent by
1991 (Dempsey & Goek, 1992). The rise in economic pressure from competition
and the high number of mergers during that period show that economies of scale,
scope and density had been idle and could be fully utilised after the deregulation of
the market.

Altogether the first 5 years of deregulation were characterised by bad revenues
in the airline industry. The American airlines lost USD 900 million and suffered
from the worst profit situation the aviation industry had ever experienced (Pompl,
2007). In this context, it is important to remember that the general economic cli-
mate was marked by a recession and the second oil crisis. Therefore, the situation
for the aviation industry was difficult worldwide.

The airlines confronted with competitive pressure reacted by massively cutting
costs, mainly labour costs. As a result, the real unit labour costs fell by more than
50 per cent in the period between 1978 and 1984. In contrast, the decline in Europe
only amounted to 15 percent (Card, 1996).

Besides introducing cost cuts, airlines also adapted their business models and
strategies towards the new competitive environment. In particular the new com-
petitors were forced to position themselves in niches. The “no frills” concept and
the introduction of low-cost carriers are supply strategies which have developed
into a widely spread concept among airlines.

The pressure, however, also opened up new opportunities for increased flexibil-
ity which led to an augmentation of productivity. The flight routes could be re-
structured and adjusted to better suit customer needs. Since price regulations had
been abolished, price differentiation became possible. The newly founded airlines
in particular profited from the fact that their employees were not unionised and
that they could, therefore, cut costs thanks to more flexible conditions of employ-
ment and lower wage levels (Baltagi et al., 1995). The emergence of hub-and-
spoke networks was also a development promoted by the deregulation. The
canalisation of routes through hub-and-spoke networks allowed for cost cuts,
while the mounting of hubs also led to a natural monopoly for certain airlines at
the different locations. These airlines could avoid the price pressure up to a certain
degree (Card, 1996). Except for three cases, all hubs were controlled by airlines
that generated at least 60 percent of all flights, gates and passengers (Dempsey &
Goek, 1992).

In the air passenger market, the competition among national airlines increased.
National airlines charged high amounts for tickets and were supported by their
governments. They operated in a controlled environment, where they had monopo-
lies in their countries. With the deregulation in the United States, prices started to
decrease and the first low-costs carrier (Southwest Airlines) was founded in the
United States in 1971. In Europe, the deregulation process took much longer. Price
competition started in Europe in the 1980s. Several low-cost carriers commenced
their operations in Europe following the start of the price competition and new
business models emerged with different cost allocations. New pricing schemes were
introduced which followed new booking behaviours using internet booking ser-
vices.
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The large airlines adopted computer-based reservation systems as an entry bar-
rier for new suppliers. They used these computer-based reservation systems as a
marketing instrument and paid commissions to travel agencies for using the sys-
tems prohibiting the use of competing systems. The travel agencies could request
price information and capacities, as well as carry out bookings in these systems.
These developments increased the concentration on only a few airlines (Kennet,
1993). Frequent flyer programs also emerged during that time — another measure
of customer loyalty which boosted big airlines.

In general, the supply developed positively with rising demand. Between 1978
and 1988 the number of passengers increased by 88 percent and the kilometres
flown by passengers rose by 62 percent. The supply, in the form of available seat
kilometres, rose by approximately 65 percent during the same period (Kennet,
1993).

2.2.5.3Demand

The consumers are often considered the real beneficiaries of deregulation because
it resulted in lower flight prices and flying as a former luxury good becoming a
commodity. In fact, the prices sank by 22 percent on average between 1978 and
1993 (Morrison & Winston, 1997). In addition, a large number of passengers was
able to benefit from lower prices. In the year 1989, for instance, 89 percent of all
passengers benefited from an average price reduction of 89 percent (Pompl, 2007).
Prior to the deregulation a decrease of flight prices would already have been pos-
sible through technical advances, i.e. the introduction of large capacity aircrafts,
but it was forwarded further by the deregulation.

The increased number of flights and air connections after deregulation also
meant that customers had a greater choice of offers to choose from (Pompl, 2007).
Additionally, the hub-and-spoke systems were established and increased connec-
tivity of travellers for lower prices. The hub-and-spoke system, however, also led to
higher prices at the hubs. In 1988, the average prices at the 15 most frequently
passed hubs were 27 percent higher than the prices at the 38 not-concentrated air-
ports (Dempsey & Goek, 1992). One reason for this is the market power of the
dominant airlines at different locations. As a consequence, prices for air travel
which ended at hubs became more expensive in comparison with prices for con-
necting flights towards hubs. The major competition and, consequently, the
decrease in prices happened on those routes that were direct connections with
much traffic (Button, 1996).

Overall, the service offering has increased because of the differentiation of per-
formance; however, a distinction has to be made between hubs and remote areas.
Although at large, the number of offered flights has increased, since the deregula-
tion, smaller towns are generally only serviced by one airline and, therefore, the
availability of flights is worse for those regions. However, the number of hubs has
increased and thus the number of non-stop connections has also risen.

Then again, the increase of the total number of flights has also led to a capacity
overload and consequently, the number of delayed flights and the noise exposure in
the area surrounding the hubs have increased. Furthermore, passengers have to
cope with having to spend more time on aircrafts and airports.
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In general, studies on deregulation conclude that, on average, consumers have
benefited distinctively from lower flight prices and higher service offerings. It is
estimated that consumers saved up to USD 11 billion in the year 1986 alone (Kahn,
1988).

2.2.5.4Deregulation of the European Air Transport

In Europe, the same development happened with a time lag of 15 years. Since 1993
freedom of services has existed in European aviation, and since 1997 full cabotage
has been allowed in the framework of the third liberalisation package. Since that
year there is an actual domestic market for aviation among the members of the
European Union (EU). The delay of the deregulation development in Europe is
due to the heterogeneous structure of the European Union which did not allow for
an implementation at the same pace as in the United States.

Besides the harmonisation of the law and the deregulation, accompanying mea-
sures were implemented. Therefore, in view of the higher number of flight delays
and cancellations, passenger rights were strengthened. Furthermore, a number of
regulations concerned with flight noise emissions were implemented and flight
security was further Europeanised (O’Reilly & Stone Sweet, 1998).

Still, the European market cannot be referred to as a liberalised market. There
are still countless regulations which have an impact on the aviation industry. In
particular, the following are significant (Heitmann, 2005):

== The regulation of extra-European routes and extra-European airlines.

== The regulation of the access to lean airport capacities.

== The hindrance of pan-European fusions.

== The payment of open and hidden subsidies.

Because of the structure of the European aviation, deregulation was implemented
over a longer period of time and has different impacts compare to the impacts
deregulation has had in the United States. Those differences are explained in the
following.

2.2.5.5Differences Between the European and American Markets

Unlike the US aviation industry, which was affected by private companies from its
very beginning (Grundmann, 1998), the European aviation industry was always
heavily influenced by governmental interventions and governmentally funded com-
panies.

The liberalisation of the European civil aviation industry was an evolutionary
process, whereas the Deregulation Act constituted an abrupt change in policy.
Incremental developments give advantages to small companies entering a market,
as they may provide a chance for consistent development (Martinez et al., 2001).

As mentioned before, the political process of deregulation is significantly differ-
ent to the one in the United States. The European Union is a collective of sovereign
states which makes deregulation to a process of negotiation. Due to differing inter-
ests of various states, deregulation was only slowly implemented. The majority of
states had a governmentally funded flag carrier and an infrastructure they wanted
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to protect. These national interests were reasons for the gaps in deregulation
pointed out earlier. These regulations lead to an inefficient deregulation process.

The structure of airlines in different nations and the state funding scheme of
those states differ significantly. The company culture, the terms of employment
and the claims of the environment differ between the US and EU regions. A fur-
ther difference may be noticed in the structure of customers. Customers in the US
market are relatively homogenous, whereas European airlines have to cope with
customers that have heterogeneous demands and differ in their cultural back-
grounds.

A significant difference also exists in the hub-and-spoke systems. In contrast to
the US system, in Europe these systems are nationally coined. Although since
1997, when cabotage has been permitted, the possibility exists to establish hubs at
optimal locations outlying the home market, this possibility is strongly limited by
the stringency of slots.

Strong network carriers with big home markets strengthened their hub-and-
spoke networks searching for economies of scale, scope and density by growing
organically or by mergers and acquisitions. Instead of merging with other airlines,
the national airlines in Europe in the 1990s went for alliance systems Lufthansa, for
example, decided to start loose alliance networks by founding the Star Alliance.
Wide-body planes, such as the Boeing 747, the DC 10 and the MD 11, were gener-
ating profits on long-haul routes.

At the same time the growing leisure market charter airlines became more pop-
ular and were more and more integrated into tour operators. The latter offered the
tourist the whole value chain, from the transportation to the holiday destination,
to the stay in the destination as well as the transportation back to his/her home.

2.2.6 New Perspectives - Customer Value 1991-2005

During the 1990s, especially in Europe further deregulation took place. Today,
online sales channels have become more efficient and are very popular. Under the
pressure of an increasing number of low-cost carriers on short-haul routes as well
as international threats such as wars, epidemics and terrorism, network carriers
had to become more efficient to be able to survive in a liberalised market which is
dominated by prices. Network management was intensified. Alliances grew inde-
pendently, while mergers started even across borders. The path through alliances
towards mergers seems to be a successful one. Best examples for this are the inte-
gration of Swiss International Airlines into Lufthansa in 2005 and KLM into Air
France in 2004. The trend moves towards continental hubs.

More and more the legacy carriers in the traditional western countries running
on a hub business model see competitors from new countries especially in the
Middle East. Emirates with Dubai or Qatar with Doha, but also Turkish with its
newly opened big airport in Istanbul operate intercontinental hub models drawing
on their excellent geographical location between Europe and Asia. Based on the
strong economies (economies of scale and networks) it can be expected that in
future the hub business model will see an even stronger consolidation into a system
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of so-called mega carriers like Emirates Airlines, Lufthansa, British Airways, Air
France/KLM with their “satellite” airlines. Or they become niche players with
smaller networks focusing on specific routes or a specific group of travellers (e.g.
La Compagnie, Peoples Airlines, Helvetic Airways).

Low-cost airlines developed an anti-network model, a so-called point to point
model, which has been successful on the domestic and continental markets around
the globe for several years and enticed away passengers from existing network
carriers. In addition, this business model managed to attract new target groups for
low-cost trips within continents, consisting partly of those persons who had never
flown before. Developments indicate that there even might be a market for long-
haul low-cost travel as Norwegian has launched low-cost long-haul routes from
Europe to North and South America and Asia. However, the sustainability of the
long-haul low-cost market is yet unclear, as Norwegian has repeatedly reported
losses, partly attributable to problems with their long-haul operations (Norwegian
2019). Long-haul low-cost operations seem to work fine with flight times up to
8 hours, so in the case of Norwegian for the routes between Europa and the eastern
part of North America. Longer flights to Asia and South America cannot achieve
the cost structure needed and passengers needed to be successful. Reasons for this
might be that up to 8 hrs passengers can cope with reduced board service and
smaller, cheaper aircrafts like the A321neo can be used, which have a limited fuel
capacity and range.

Due to high numbers of new low-cost airline entries in the market, consolida-
tion is becoming an issue among low-cost airlines. In recent years, takeovers have
occurred more frequently than they used to. Also mixed business models (between
point-to-point and hubbing) proved difficult as carriers such as Air Berlin have
failed.

2.2.7 New Materials and Technologies 2006-2018

In commercial aviation, the early-twenty-first century has seen the end of an era
with the retirement of the Concorde. Supersonic flights turned out not to be com-
mercially viable, as the planes had to fly over the oceans if they wanted to break the
sound barrier. Furthermore, the Concorde featured high fuel consumption and
could only carry a limited number of passengers due to its highly streamlined
design. New developments in the area of supersonic flight can be recognised; how-
ever, for an airline, they are not yet at a sustainable level for implementation. The
end of the supersonic period in commercial aviation might be considered a symbol
for a move to more sustainability and pragmatism in the industry.

After Open Skies Agreements had been relaxed in the United States, they also
have been further relaxed in Europe. This had an impact on connectivity and pric-
ing of airline tickets. In the future, new pricing schemes are likely to be evaluated
and implemented. As prices are increasing due to overfilled airspaces and airports
and also due to high fuel costs, a seamless customer service becomes a highly rele-
vant issue. A new level of quality is required in premium classes (business and
recently also premium economy) which are growing in their popularity and
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represent the business field of network carriers which is most profitable.
Consequently, some airlines introduced new aircraft, even all-business class air-
craft, to the market. Together with rising environmental awareness and for some
periods high fuel prices lead to a focus on fuel efficiency and environmental quality.

This was possible due to new technologies produced by Airbus and Boeing.
Airbus brought the A380 flagship on the market which can realise huge economies
of scale in a full economy-class configuration with over 800 seats on board. Boeing
produced the Boeing 787 Dreamliner, which is the first commercial airplane pro-
duced to a great extent with lightweight carbon material. Due to its lower weight
the rather small Dreamliner can operate new routes point to point in a long-haul
market to competitive prices and by this compete with better direct connections
also from secondary hub airports, whereas the A380 is the plane for the big mega
hubs and large transfer passenger numbers. Both concepts support different busi-
ness models and come along with significant fuel efficiency.

Mini Case: easyJet and the Implications of Brexit

By Andreas Wittmer

Since its inception in 1995, easyJet has grown to become one of Europe’s leading
low-cost airlines carrying over 96.1 million passengers p.a. using a fleet of 331 air-
craft throughout Europe. Initially launching operations in the United Kingdom,
easylJet rapidly expanded beyond its London Luton hub into the European market,
operating from 30 bases across Europe (easyJet, 2019).

The access to the European market was provided by the basis of the airline’s
ownership by EU nationals which afforded them the 9 freedoms agreement giving
them the allowance to fly anywhere within the EU without restrictions. This free
market access forms part of the European Common Aviation Area (ECAA) together
with standardised regulations, e.g. air crew licensing or air traffic management.
Furthermore, easyJet benefitted from the bilateral agreements signed between the
EU and third countries. All these privileges are currently at stake with the impending
Brexit, the United Kingdom’s departure from the EU (KPMG, 2016).

These are the primary problems that easylJet is facing, besides a recession in the
United Kingdom or other smaller aspects such as slot management (easylJet, 2019).
After Brexit, easyJet’s ownership would consist mainly of non-EU nationals, thus
eliminating these traffic rights. As such, easyJet would be dependent on the United
Kingdom government re-negotiating the United Kingdom’s access to the European
aviation market such as re-applying for an ECAA membership or signing bilateral
agreements. Another option for easylJet is transferring its European operations to
a separate entity with an EU operating license, thus granting them the traffic
rights with the EU as well as to other countries covered by agreements (KPMG,
2016).

For easylet, the latter option proves to be viable, with the airline opening a sub-
sidiary in Austria to secure traffic rights in the event of a “no-deal Brexit.” This
includes the transfer of aircraft, pilots and cabin crew to the new subsidiary.
Additionally, they created a second spare parts hub in the EU to prevent any supply
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chain issues (Kaminski-Morrow, 2019). Regarding the ownership issues, easylet is
prepared to use its right to force non-EU shareholders to sell their shares in order to
achieve the 50% plus one EU-national ownership requirements (easyJet, 2019). As
such, the company has implemented several measures to maintain the fundamental
aspects of their business model challenged by the impending Brexit.

2.2.8 2019 + Environment and New Fuels

Further development, in the beginning of the twenty-first century, until the Corona
Crisis in 2020 has been driven by a strong economic development with growing
demand and, also because of new entrants like the Gulf carriers, supply. There is
now a clear picture of the long-term consequences of the Corona Crisis. The short-
term lock down effects which lead to a quasi-complete stop in passenger traffic
(with the exception of repatriation flights) for several months already lead to bank-
ruptcies of mainly smaller airlines and a need for state support (with growing influ-
ence of governments on airline management) even for large and strong airlines like
Lufthansa. In the long-run most forecasters see a reduction of business traffic but
a close to complete come back of leisure traffic (IATA, 2019, own research, 2021).

Together with the Corona Crisis awareness of the climate crises grew. Many
governments introduced new environmental taxes to reduce carbon effects of avia-
tion (e.g. Swiss government CO, charges between CHF 30 and 120, Austrian gov-
ernment, minimum price) also in summer 2020. The combined effect of coping
with a transition stage until a new normal and a new normal with possibly less
business traffic and an increased environmental awareness will affect the business
models of airlines and the whole aviation industry. Important elements of this
change might be made possible by new technologies.

Aviation has focused on remotely operated or completely autonomous vehicles.
Several unmanned aerial vehicles or UAVs have been developed. In April 2001, the
unmanned aircraft Global Hawk flew from Edwards AFB in the United States to
Australia non-stop and without being refuelled. It took 23 hours and 23 minutes
and was the longest point-to-point flight ever undertaken by an unmanned aircraft.
In October 2003, the first completely autonomous flight of a computer-controlled
model aircraft occurred across the Atlantic. In Switzerland, post offices have
started using quadrocopters to transport blood samples between laboratories in
2019, hoping to eventually use the technology to deliver mail.

The Airbus A380 will not be produced anymore from 2021 as it has proven not
to be successful with its cost and emission perspectives. Markets are not big enough
to generate the needed load factors in line with the needed prices. Furthermore, the
plane technology and the engine technology are not up to date and too expensive
to beupgraded in a saturating market in the United States and Europe. Furthermore,
limited airspace, airport infrastructure and climate awareness and policies will have
an impact on demand of air travel. Whereas limited airspace and airport space are
arguments for bigger planes such as the A380, the market and environment aspects
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are countering strong and airlines moved to order more of the new technology
planes such as the Boeing 787 Dreamliner and the Airbus A350.

The main topic in society of this time period will be the climate impacts of
aviation. Aviation is a significant and growing contributor to the environment by
its emissions. It has become heavily under pressure by especially younger genera-
tions blaming aviation for climate change. In research there is a high pressure on
the development of new engine technologies using electricity (electric engines) and
new carbon-neutral fuel. Furthermore, the society less and less accepts short-haul
flights, which can be substituted by trains. Airlines start to cooperate with railway
companies to replace direct or feeder flights by railway options, e.g. Swiss and
Swiss Federal Railways operate the transport from Lugano to Zurich by train.
Emirates has gone into a partner agreement with the French TGV railway com-
pany to transfer its passengers by TGV from Paris to the different destinations in
France.

The more intramodality will become normal, the more challenged will be the
point-to-point airlines (low-cost Carriers). Their business case only works on
short-haul routes. In Europe many of these short-haul routes can be assessed by
rail and high-speed rail. Due to more and more airspace and airport congestion,
travel time by rail is not longer for rail travel of up to 4 hours. With state policies
increasing travelling cost by plane (e.g. Austria introduced a minimum price of
EUR 40 from Vienna, Switzerland introduces a CO, charge of min CHF 30 for
short haul flights), and subsidies for railways (e.g. Austria supports newly very
cheap rail travel passes) the competitive disadvantage of trains versus planes will
be reduced and as research shows that the most important decision factor for trav-
ellers is the price or total travel cost, it can be assumed that short-haul growth of
air travel in Europe will come to an end. Additionally, some governments and com-
panies have made new rules about minimum travel times by air for their employees
(e.g. Swiss government up to 6 hours travel time by train).

By the year 2050, one can expect to live in a world with carbon-neutral aviation
operation, but most likely not carbon neutral footprints including production and
recycling planes and airports.

2.3 Size of the Aviation Industry

This section provides an overview and some statistics of the aviation industry based
on different data sources. The largest airlines in the world can be found in the
Unites States. Operating over 330,577 million revenue passenger kilometres (RPK)
each year (IATA, 2019), American Airlines is the largest passenger airline in the
world. Federal Express (FedEx) is the largest scheduled freight transporter with
almost 17,499 million freight ton kilometres. The second and third largest passen-
ger airlines are also American airlines; Emirates ranks fourth. Southwest Airlines
ranks fifth, China Southern Airlines ranks sixth and Ryanair ranks seventh, being
the biggest European Airline with respect to RPK. The ranks and passengers car-
ried are presented in @ Table 2.1.
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B Table 2.1 Top 10 passenger and cargo airlines in 2018

Total revenue passenger kilometres flown Total freight tonne kilometres flown

Rank  Airline Millions Rank  Airline Millions
1 American Airlines 330,577 1 Federal Express 17,499
2 Delta Air Lines 330,034 2 Emirates 12,713
3 United Airlines 329,562 3 Qatar Airways 12,695
4 Emirates 302,298 4 United Parcel Service 12,459
5 Southwest Airlines 214,561 5 Cathay Pacific Airways 11,284
6 China Southern Airlines 200,239 6 Korean Air 7839
7 Ryanair 170,900 7 Lufthansa 7394
8 China Eastern Airlines 166,282 8 Cargolux 7322
9 Air China 161,199 9 Air China 7051
10 Lufthansa 158,986 10 China Southern Airlines 6597
IATA (2019)

When airlines are ranked according to the group revenues, a different picture
emerges. American Airlines is top of the ranking ahead of Delta Air Lines,
Lufthansa Group and United Continental. This emphasises the structure of the
airline industry around the world with revenue being considerably higher in the
American (because of an earlier consolidation) as opposed to the European and
Asian markets. In contrast, the growth in revenue is low for American airline
groups as opposed to their European or Asian counterparts. European airline
groups are currently going through a phase of consolidation, thus enhancing
growth. B Table 2.2 shows the revenue of the top 20 ranked airlines in the years
2017 and 2016.

However, airlines and freight forwarders are not the only important partners of
the aviation industry. Airports handle all passengers and represent the key infra-
structure for the industry. Atlanta, which is the largest airport in the world, handles
over 107 million passengers each year. Beijing, the second largest airport, handles
almost 101 million passengers and Dubai being the third largest airport, handles
more than 89 million passengers each year. 8 Table 2.3 provides an overview of
the 20 largest airports in the world. A new player in the European arena is Istanbul
with its new airport opened in 2019 capable of handling 90 million passengers and
up to 200 million passengers once all future phases are completed by the year 2028.

The size of airports can also be looked at from the perspective of total move-
ments per year. Ranking airports according to this perspective shows that Atlanta
handles almost one million movements, which represents the largest number of
departures and landings of all airports worldwide. Considering the perspective of
movements, Amsterdam, which ranks ninth on the world ranking list, is the largest
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B Table 2.2 Top 20 airline groups based on revenue 2017

Ranking  Airline group Revenue USSm % Change
2017 2016
1 American Airlines 42,207 40,180 5.0
2 Delta Air Lines 41,244 39,639 4.0
3 Lufthansa Group 40,449 34912 16.2
4 United Continental 37,736 36,556 3.2
5 FedEx 36,172 27,358 322
6 Air France-KLM Group 29,313 27,398 7.0
7 Emirates Group 27,882 25,779 8.1
8 International Airlines Group 26,116 24,885 4.9
9 Southwest Airlines 21,171 20,425 3.7
10 China Southern Airlines 18,987 17,272 9.9
11 Air China 18,425 17,297 6.5
12 ANA Holdings 17,805 16,298 9.2
13 China Eastern Airlines 16,335 15,679 4.2
14 Air Canada 12,534 11,094 13.0
15 Japan Airlines Group 12,490 11,900 5.0
16 Cathay Pacific Group 12,480 11,950 4.4
17 Qantas Group 12,103 11,777 2.8
18 Singapore Airlines 11,693 10,737 8.9
19 Qatar Airways Group 11,597 10,816 7.2
20 Turkish Airlines 11,185 9871 13.3

Table compiled by the author based on Flightglobal (2017, 2018)

European airport. American airports take seven of the first ten positions.
@ Table 2.4 shows the movement rankings of the largest airports worldwide.
These data all present the historical development of the airlines and airports
mentioned. However, for economists and managers an important question is “how
the future will develop.” Airbus, for example, has looked at the scheduled world air
traffic today and compared it to forecasts made in regard to the year 2038. In 2018,
the big air transport market has recently shifted from the United States to the Asia-
Pacific region. By 2038, it is expected to move even more towards other continents.
Throughout all of the continents, a general growth trend can be expected. Of all
these, the Asia-Pacific region is expected to experience the highest growth, where in
future over 50% of the world’s biggest traffic flows will be involved in. Other emerg-
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O Table 2.3 The largest airports in the world based on total number of pax handled 2018

Rank City Code Total passengers % Change
1 Atlanta GA ATL 107,394,029 3.3
2 Beijing PEK 100,983,290 5.4
3 Dubai DXB 89,149,387 1.0
4 Los Angeles CA LAX 87,534,384 3.5
5 Tokyo Haneda HND 87,131,973 2.0
6 Chicago O’Hare IL ORD 83,339,186 4.4
7 London Heathrow LHR 80,126,320 2.7
8 Hong Kong HKG 74,517,402 2.6
9 Shanghai Pudong PVG 74,006,331 5.7
10 Paris Charles De Gaulle CDG 72,229,723 4.0
11 Amsterdam AMS 71,053,147 3.7
12 New Delhi IDJEIL, 69,900,983 10.2
13 Guangzhou CAN 69,769,497 6.0
14 Frankfurt/Main FRAU 69,510,269 7.8
15 Dallas/Fort Worth TX DFW 69,112,607 3.0
16 Seoul Incheon ICN 68,350,784 10.0
17 Istanbul Atatiirk IST 68,192,683 6.4
18 Jakarta CGK 66,908,159 6.2
19 Singapore SIN 65,628,000 5.5
20 Denver CO DEN 64,494,613 5.1

Airports Council International (2019)

ing markets such as Latin America and Africa are also expected to experience
higher growth rates. In addition, the Middle Eastern area is expected to realise an
increase in the volume of passengers carried and movements in the next few years.
This is particularly evident in the growth forecasts for the world traffic flows, where
the highest growth rates are either within or between these highest growing mar-
kets. On the other hand, Europe, North America and CIS will be experiencing
slower growth. @ Figure 2.3 illustrates the compound annual growth rate per
region in regard to the number of revenue passenger kilometres (RPKs) between
2018 and 2038. @ Figure 2.4 illustrates the shares of RPK between different areas
of the world in the year 2000 and the year 2020. RPKs are the revenues per pas-
senger per kilometre.
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B Table 2.4 The largest airports worldwide according to the number of movements in 2017

Rank City Code Total movements % Change
1 Atlanta GA ATL 879,560 2.1
2 Chicago IL ORD 867,049 0.1)
3 Los Angeles CA LAX 700,362 0.5
4 Dallas/Fort Worth TX DFW 654,344 2.7)
5 Beijing PEK 597,259 (1.5)
6 Denver CO DEN 574,966 1.7
7 Charlotte NC CLT 553,817 1.5
8 Las Vegas NV LAS 542,994 0.3
Amsterdam AMS 514,625 3.6
10 Shanghai Pudong PVG 496,774 3.5
11 Paris Charles De Gaulle CDG 482,676 0.7
12 London Heathrow LHR 475,915 0.2
13 Frankfurt/Main FRA 475,537 2.7
14 Toronto Pearson ON YYZ 465,555 2.0
15 Guangzhou CAN 465,295 6.9
16 Istanbul Atatiirk IST 460,785 (1.2)
17 San Francisco CA SFO 460,343 2.2
18 Tokyo Haneda HND 453,126 1.0
19 Houston TX IAH 450,383 4.3)
20 Mexico City MEX 449,664 0.3

Airport Council International (2019)

Airports and airlines are not the only representatives of the aviation market.
Further suppliers play a significant role in the aviation industry along the supply
chain: manufacturers, e¢.g. Boeing and Airbus, which depend on orders of airlines,
maintenance, leasing, ground handling, reservation system providers, catering and
fuelling organisations and travel agents. All those suppliers generate their incomes
entirely or at least to some extent from the aviation industry. The Aviation
Ecosystem (Rencher, 2019) reaches far beyond with companies in the finance, con-
sulting, engineering, furniture and service sector influencing innovation and devel-
opment of the industry. The indirect, catalytic effects like enabling transport and
contribution to the attractiveness of places (Littorin, 2015) highlights the relevance
of the aviation industry for the whole economy.
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2.4 Structure of the Aviation Industry

The aviation industry is a service industry providing transport services. Air trans-
portation shows many characteristics which are typical for service industries, e.g.
the intangibility and perishability of the product and the high importance of per-
sonal contact to the customer (Benkenstein et al., 2017).

As mentioned before, airlines and airports are the two main actors in the indus-
try. Airlines offer the actual transport service; airports provide the ground infra-
structure to handle aircraft movements. The manufacturing industry and aviation
suppliers assemble aircrafts and provide spare products. As a provider of supple-
mentary processes, the industry relies on general service providers such as air traffic
control. B Figure 2.5 illustrates the core value chain in the aviation industry.

This section provides an overview about the overall supply chain and industry
competition structures. Each group of actors will be then be described in the
following chapters.

Concerning the general service providers, the airline industry is characterised by
monopolies for air traffic control services. The aircraft manufacturing industry
forms an oligopolistic structure regarding small- and mid-sized aircrafts and a
duopoly regarding the market for wide-body aircrafts. Manufacturers of smaller
aircraft like Embraer or Bombardier merge (or try to) with these big manufactur-
ers. New developers of medium haul planes have now come up in China (COMAC).

The airline industry is characterised by fierce competition. Airlines compete on
a polypolistic market. On the one hand, the latter is characterised by low entry bar-
riers and a variety of different business models. On the other hand, the airline
industry is extremely capital intensive and comprises specific investments in long-
term assets that create high exit barriers. While information technology (IT), main-
tenance, repair and overhaul (MRO) and catering providers are usually located
nearby the respective airlines (commonly large airlines), the airline leasing market
is dominated by two companies (duopoly). Oligopolistic structures occur in regard
to airports, usually one or a few of them dominating whole regions or nations. At
airports, often only limited competition exists concerning ground handling ser-
vices. Fuel companies are structured in an oligopoly.

General service providers

= Air traffic control LI

Manufacturing industry Airline industry Airports
and suppliers = Airlines

= Airport managers

= Aircraft Manufacturers = Leasing Companies »  Ground Handling
= Propulsion systems = |T Providers = Fuel suppliers

= Equipment manufacturers = MRO Providers .

=  Commaeodity suppliers = Catering

B Fig.2.5 The aviation industry value chain. (Author’s own figure)
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While airlines and airports are enclosed by the manufacturing and supplying
industry on the upstream side, the final customer is located at the downstream side
of the value chain. With the ascent of online booking and the decline of packaged
travels and the role of tour operators, demand for air transport is fragmented.

2.4.1 New Competitors

As the airline market is characterised by low entry barriers and increasing market
liberalisation, new competitors are a constant threat to existing airlines. However,
not all new entrants are successful in building a permanent market position and
thus may exit the market after some time (such as all-business carriers or long-haul
low-cost carriers). The most important market barrier today seems the establish-
ment of hubs and the limited slot capacities of the big airports. The allocation of
slots, therefore, is an important factor of competition policy in the aviation sector.
Finances today in the age of zero to negative interest rates are not a significant
hurdle anymore. Leasing companies enable the establishment of new airlines. The
establishment of “low-cost” airlines in the 1990s is an example for successful mar-
ket entries.

Market entrance barriers of airports are much higher than the ones of airlines,
due to extremely high initial infrastructure investments and even more the space
and rights needed. As a consequence, the number of newly established airports
remained rather low during the last years. In Europe, notable exceptions are the
conversions of former military airfields into low-cost airports, whereas in Asia and
the Middle East an exception is the emergence of all-new airports in the strongly
growing traffic regions.

2.4.2 Substitutes

High-speed trains offer transportation alternatives and have an impact on air-
lines — and consequently on airports. On the one hand, high-speed trains may pose
a threat to airlines, particularly on short-distance routes. On the other hand, how-
ever, they may also provide an opportunity for airlines and airports to alleviate
air- and landside airport congestion and gain new customer groups. Thus, rail
transport cannot be considered being a substitute for air transportation per se. A
further potential threat to air transportation is the increasing usage of telecommu-
nication technologies as a means for communication (such as videoconferencing).
This technology might reduce the volume of passenger movement which was made
possible by air transportation in the first place.

2.4.3 Customers

The demand side of the aviation industry can be distinguished between persons
who are flying for business purposes (those passengers, who demand frequent
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flights to a wide range of destinations, seek service quality and are willing to pay a
premium for these benefits) and leisure travellers (who seek the lowest prices and
are less concerned about the service being offered, frequency of flights or the num-
ber of destinations being served). However, the group of airline passengers is
becoming increasingly heterogeneous (Huse & Evangelho, 2007). The competition
in aviation results in a high customer persuasion as consumers have the choice
between different options for travelling and transportation providers.

In regard to the product, an extraordinary high transparency exists, as custom-
ers may compare prices and thanks to various internet platforms the quality of
almost all products is available (e.g. Seatguru, to check for leg room). Even though
the customer may choose from a large variety of sales channels (such as travel
agencies, internet, telephone), the air transportation market is characterised
increasingly by online distribution. The majority of sales will be direct sales, mostly
via the airlines’ digital channels such as websites and/or mobile apps. IATA’s new
distribution capability (NDC) is an example and shows the pressure the airline
industry puts on global distribution system providers (e.g. Amadeus, Sabre, etc.).

Air freight in general is booked over the forwarder, who in turn reserves cargo
capacity at an airline. Since key freight forwarders usually make the largest book-
ings, cargo airlines typically deal with a very small client base, which therefore
disposes of a high bargaining power (Becker & Dill, 2007).

As mentioned, the air transportation industry’s core value chain is part of the
aviation ecosystem which itself is encompassed by a number of stakeholders. As
the “outer-circle” shows, the air transportation industry as a whole is embedded in
its environment (stakeholders). Major linkages exist to its ecological environment,
to institutions and organisations, to its technological and economic environment as
well as to its social system (see » Chap. 2).

2.5 Special Characteristics of the Air Transport Market

The aviation industry features a number of characteristics which make it unique

and distinguish it from other industries. As these peculiarities are fundamental to

the industry and have implications on competition structures, the most important

characteristics are introduced briefly:

= Cyclicality of the industry development: The aviation industry is characterised
by a highly cyclical development of passenger and freight transportation. Years
of high profits and strong demand are regularly followed by years of substan-
tial losses. In general, the development of air transportation is coupled to the
overall economic situation. Nevertheless, the cyclical up- and downturns in
aviation appear to be amplified, i.e. more volatile than the overall economic
development. The development of air cargo thereby is often found to feature a
trend which is slightly ahead the development of the general economy. There-
fore, it can be used as an indicator for the overall development of the economy
(8 Fig. 2.6).
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On the one hand, the reasons for the high cyclicality in aviation lay in its external
surrounding, with air transportation only reacting and following the overall state
and development of the economy. On the other side, long supply chains and pro-
curement cycles often lead to over- and under capacities. The time between the
order of an airplane and the actual start of operations can take up to several years.
Thus, an aircraft which has been ordered in an economic upturn often arrives in a
recession and may even worsen this downturn. Inversely, intended capacity growth
due to increasing demand might not completely be met, as there is only little pos-
sibility to respond quickly to increasing demand if airplanes, which have been
ordered, are not delivered in time. Therefore, profit cycles are even more extreme
than revenue cycles and are forerunning.
= High fixed cost structure: When compared to other industries, air transporta-
tion is characterised by a high fixed cost structure and rather low variable costs.
Air transportation is an extremely capital-intensive industry with very specific
investments in long-term assets that create high exit barriers.
The reasons for this cost structure are high — and often very specific — invest-
ments at either manufacturers (development of new aircraft), at airlines (financ-
ing of new aircraft) or at airports (provision of ground infrastructure such as
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runways and terminals). Consequently, for airlines marginal costs are impor-
tant, regarding a possible implementation of lower price limits which may be
offered over a short period of time. This peculiar cost structure often leads to
fierce price competition, in which, e.g. airlines are selling their seats close to
variable costs (as a marginal return to the fixed costs) (see » Chap. 3). This
structure also can lead to a fast financial problem and the need for state support
in a severe downturn like the Corona Crisis.

== Strong growth coupled with low profit margins: The airline industry has always
been characterised by strong growth numbers. In the past 50 years, global avia-
tion has grown at an average rate of about 5% per annum. The reasons for this
strong growth are the on-going industry liberalisation and the resulting opening
up of new markets as well as the decreasing costs of flying. Nevertheless, grow-
ing passenger numbers are accompanied by ever decreasing margins. Doganis
(2005) describes the latter as the “paradoxon” of aviation. Historically, returns
in the airline business have been low and can be compared to those in commod-
ity industries. Airlines in particular are characterised by rather low profit mar-
gins that regularly fall short of those realised at airports, caterers, aircraft
manufacturers and ground service providers (Doganis, 2005). Overall, many
airlines do not earn their cost of capital. However, in terms of profitability,
there are high variances among airlines.

The reasons for the low margins, particularly at airlines, can partly be found
in the specific industry cost structure introduced before. A further reason is the
high competition within the airline industry. Moreover, airlines often claim that
their low profitability arises from a “hostile” environment in which airlines are
caught in a “sandwich position” in the value chain between monopolistic or
oligopolistic providers that are able to generate much higher profit margins at
the expense of the airlines.

= Dependency on external input factors and shocks: Aviation is highly dependent
on and, thus, vulnerable to external input factors. This is especially true in
regard to fuel prices. At airlines, kerosene bills alone regularly sum up to
approximately 25-50% depending on fuel prices of the overall costs. Sharply
decreasing or increasing prices for input factors can, therefore, either foster or
slow down industry growth.

Mini Case: The Impact of COVID-19

By Andreas Wittmer

COVID-19 hit the aviation industry, especially airlines, in the beginning of 2020.
Within 2 months, the virus spread rapidly across the globe. As a consequence, inter-
national transport came to a halt. Many airlines had to park their planes and went
through cost cutting programs and demanded financial aid from governments.

World trade decreased significantly and different organisations forecasted the
economic and international trade impacts of COVID-19 (B Fig. 2.7).

IATA forecasted that it may take until 2024 for the global air network recover to
a similar level as 2019. Eurocontrol produced air traffic scenarios for 2021 showing
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less than 50% of air traffic movements for the first half of 2021 compared to 2019
(8 Fig. 2.8).

Governments provided financial help to airlines all around the world. Still some
bankruptcies were inevitable. Especially global network airlines were struggling in
contrast to regional point-to-point airlines, which were less impacted as domestic
markets still had some demand for air travel.

Some governments demanded concessions from airlines in return for the finan-
cial support. It was interesting to recognise that deregulation and privatisation activ-
ities, which dominated the last decades, were suddenly overstepped by adding
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government control mechanisms. The German and Austrian governments, for exam-

ple, took action by defining some requirements for Lufthansa and Austrian Airlines:
Lufthansa:

== Cut short-haul flights <3 h (excl. Hub connectors).

== Reduce emissions of domestic flights (inner-German) by 50% until 2024.

== Reduce CO, per RPK by 50% by 2030, compared to 2005 levels.

== Source 2% of fuel from sustainable sources by 2025.

Austrian Airlines:

== Cut short-haul flights <2.5 h (including hub connectors).

== Reduce emissions from domestic flights by 50% until 2030.

== Reduce total CO, emissions by 30% until 2030, compared to 2005 levels.
== Minimum ticket price of EUR 40.

2.6 Stakeholders in Aviation

In the aviation industry, three main groups of actors can be distinguished: the air-
craft manufacturing industry, airlines and airports. These stakeholders are briefly
introduced in the subsequent paragraphs.

2.6.1 Manufacturing Industry and Suppliers

The aircraft manufacturing industry is characterised by two dominant manufac-
turers: Boeing and Airbus. These two companies represent the main manufacturers
of wide-body aircrafts. These two players as well as smaller manufacturers such as
Embraer play a role for small- to medium-sized aircrafts (up to about 150 seats).
Profit margins of aircraft manufacturers are commonly higher than those of air-
lines and airports; however, when compared to the total manufacturing industry,
they are below average.

The characteristic features of the aircraft manufacturing industry are extremely
high capital requirements, high entry and exit barriers, dynamic economies of
scale, a high research and development (R&D) intensity and relatively long periods
between initial investment and returning cash flows resulting from aircraft sales. As
a consequence, prices for aircrafts must be calculated long time before the sale the
aircraft on the basis of sales forecasts. Furthermore, due to dynamic economies of
scale, production costs vary greatly depending on the output. Thus, an exact pre-
diction of production levels is critical. Overall, the high investment needs, the long
planning horizon and the dependence on the cyclical demand for aircraft signifi-
cantly enhance the manufacturers’ business risks. Launch costs for new aircraft
such as the Airbus A380 or the Boeing 787 can amount to more than USD 25 bil-
lion (A380)/USD 32 billion (B787) (Wells & Wensveen, 2004). Mostly, a large part
of the construction is sourced out to a network of international suppliers. While



72 A. Wittmer and T. Bieger

this measure aims to reduce the business risk for aircraft manufacturers, today it is
considered as one of the main reasons for delays in the delivery schedule of new
aircrafts (Pritchard & MacPherson, 2004). Because of the long investment cycles
and the high amount of investment, the role of the state as co-owner (Airbus) or
core customer (Boeing) is crucial.

Suppliers to aircraft manufacturers mainly constitute of propulsion systems
manufacturers (a market dominated by General Electric, Rolls-Royce, Pratt &
Whitney), equipment manufacturers (e.g. avionics, cabin, electrical and hydraulic
systems) as well as commodity suppliers (e.g. metallic and composite assemblies).
Nowadays, up to 70 percent of the added value of aircrafts may stem from the sup-
plying industry (Pritchard & MacPherson, 2004).

2.6.2 Airlines

In the aviation industry, airlines represent the most visible group of actors. Even
though every airline offers the same core service (the transport of passengers or
cargo from one destination to another), by no means the group of airlines is a
homogeneous one. Between airlines, fundamental differences exist in regard to the
underlying business model, i.e. the service level offered, the regional reach and the
main functions.

The business model of the international full-service network carriers or flag car-
riers is largely based upon the operation of a hub-and-spoke network with a strong
focus on transfer traffic. By carefully synchronizing inbound and outbound flights,
passengers can optimally transfer and connect to different flights at an airport hub
and by this has the opportunity to reach a greater number of destinations. Direct
services between the major cities (mainly national) complement the network. In the
main international traffic regions, important international network carriers can be
found, for example, in North America (carriers such as Delta Airlines, American
Airlines or United Airlines), in Europe (e.g. Air France-KLM, Lufthansa and
British Airways), and in the Asia/Oceania region (e.g. Emirates, Singapore Airlines
and Qantas Airways). As the main source of revenues in this group of airlines is the
actual transport fare, the majority of traditional airlines still offer all-inclusive
prices (including return flights, luggage handling, etc.). However, traditional air-
lines have shifted towards one-way basic fares with less frills due to the advent of
low-cost carriers. They unbundled especially their short-haul flights and offer dif-
ferent price-based packages with more or less services included and by this offer a
basic transport option where services have to be extra paid for, like point-to-point
low-cost airlines do. On the long-haul flights full-service network carriers offer a
highly service-intensive product. On the one hand, this allows them to attract busi-
ness traffic and to realise a price premium. On the other hand, it leads to highly
complex and expensive network designs and operational structures.

Network niche carriers represent a modification of the traditional network car-
riers. Due to their smaller size, network niche carriers merely operate regional net-
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works with a few connections to major international hubs (e.g. SAS, Austrian
Airlines, SWISS). Often, niche carriers are a subsidiary of the so-called “mega-
carriers” such as Lufthansa or Air France/KLM and operate partly as wet lease
operations for them.

Smaller regional carriers (e.g. Helvetic) pursue a different business model. They
focus on linking remote areas with thin flows or on feeding into the hubs of net-
work carriers often in wet lease contracts.

Further relevant business models are the point-to-point low-cost carriers (e.g.
Southwest, Ryanair, easyJet, AirAsia) and charter airlines (e.g. TUIfly). In contrast
to traditional network carriers, low-cost carriers (LCC) concentrate on a high vol-
ume short- to medium-haul point-to-point traffic based on a minimum service
approach (“no frills”) and lean operations (no seat reservation; no frequent flyer
programs, narrow seating). The carriers either use smaller (and cheaper) secondary
airports (e.g. Ryanair) or fly into major airports and thus, directly compete with
established airlines (e.g. easyJet). LCCs heavily rely on ancillary revenues, which
are generated, for example, from offered catering as well as from luggage fees.
Ancillary revenues can make half of the carriers’ revenues (Financial Times
19.9.2017). LCCs usually pursue unbundled pricing strategies which are in contrast
to the ones pursued by traditional carriers.

Charter airlines service tourist markets. Their strategy is a combination of ser-
vice quality, low-cost structures and their integration of the passengers’ travel
chain. However, charter airlines are more and more substituted by low-cost carri-
ers on highly frequented traffic routes (e.g. from the United Kingdom to Southern
Spain).

Air cargo carriers are a special form of an airline business model. The network
carriers introduced above generally have their own cargo fleets (e.g. Korean Cargo,
Lufthansa Cargo) whereas in the field of air cargo carriers, some airfreight-only
carriers exist (e.g. FedEx, Polar Air, Cargolux). These companies ship cargo in
their freighters as well as in the cargo compartments of their passenger fleet (belly
freight).

2.6.3 Air Taxi Services

In the United States, air taxi services have been existing for many years and they are
growing remarkably in the European market. Operators like NetJets are at service
for individual travellers and companies who prefer to travel on business jets. They
operate partly as feeders to mega-carriers regarding first class passengers. The sav-
ing of travel time and the direct reachability of all regions in the world are some of
their main advantages. By means of significantly lower air fares, new very light jets
(VLJ) are supposed to change the air taxi business. In the business jet service, there
also exist network effects (e.g. NetJets). Bigger providers operating more jets can
offer more flexibility and, thanks to better average usage of their jets, lower rates.
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2.6.4 Airports

Airlines are dependent on airports, which are providers of ground infrastructure
(e.g. runways and terminals). Airports have an extremely high specificity of their
infrastructure investment. A large number of national and international airports
still are under public ownership; noteworthy privatisation trends have only recently
been observed and ownership and operation are often separated. In many cases the
concession to operate the airport does not belong to the owner of the airport, but
rather to the operator. There are different airport ownership structures such as
state-owned airports, public private partnerships, privately owned airports, inter-
national airport groups, etc.

Airports are not a homogeneous group. Among others they differ in their size,
function and regional reach. Airports like Chicago O’Hare, London Heathrow or
Singapore Changi are international hubs (“mega hubs”). They concentrate on intra-
regional and international transport and serve as starting and end point for inter-
continental long-haul services. Secondary airports focus on intra-regional services
(e.g. intra-European or intra-American air transportation). Regional airports, which
habitually are only served by smaller aircrafts, focus on feeder flights to interna-
tional or national hubs. Overall, there is a high degree of concentration among pas-
senger flows at airports, for example, in North America 72 percent of all passenger
enplanements are accounted for by 30 hubs (FAA, 2018). Furthermore, the highest
growth in traffic flows in the two upcoming decades will be between so-called avia-
tion mega-cities (AMC), where most aviation connectivity/international passengers
can be found, as well as between AMC and secondary airports (Airbus, 2019). In
numerical terms, small airfields represent the largest group of all airports. Small
airfields serve general aviation like private business aviation and leisure/sports flying.

Airports pursue different business models that depend on their sizes, functions
and locations. Particularly at major international airports, traditional revenue
sources, e.g. landing fees, merely represent a small part of all income sources. Non-
aviation income sources, such as parking and real estate, often represent more than
half of the total revenues. Usually, the service level provided at these airports (e.g.
infrastructure connections to other modes of transportation, lounges) is relatively
high. Airports that mainly serve low-cost airlines, however, only provide a mini-
mum of services. Due to their remote locations, ground infrastructure connections
are usually poor. In contrast to the group of airports introduced above, these air-
ports often generate losses and thus operate at the taxpayers’ expenses.

2.7 Main Drivers and Economies

The potential market of airlines depends on the extent of economic growth and the
internationalisation of economies. Furthermore, a country’s regulation and inter-
national global regulation create boundaries of the air transport market. Technical
developments have a great impact on cost structures of airlines and air transport
companies which, in turn, influence the air transport market. The most important
economies in the air transport market are presented in the following paragraphs.
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== Economies of Technology

New planes have lower costs per available seat/km (CASK) (e.g. Airbus A350).
Smaller planes are able to fly longer distances (e.g. Boeing 787).

New engines with lower fuel consumption and carbon-neutral fuel as perspec-
tive.

mm Economies of Scale
Bigger planes have lower costs of available seat/km (CASK) (e.g. Airbus A380).
Bigger airports are cheaper per passenger.

== Economies of Scope
== Bigger airlines provide more origin and destinations with comparably fewer
legs (e.g. alliances like Star Alliance).

== Economies of Density
== Airlines dominating hubs show comparably higher market shares.

mm Further Economies of Networks

== Airports have two sided markets (airline customers and passengers; aviation
and non-aviation market).

== Network effects of the hub business model (scale, scope and density effects).

2.8 Approach Towards an Integrated Aviation System

The aviation system can be seen in a framework where social, economic, techno-
logical, ecological and political factors create an integrated system, the aviation
system. The social and political systems profit from aviation. Moreover, they profit
from the opportunity to getting to know new cultures and, thus, to create a mutual
understanding between cultures. However, there are negative factors as well, such
as safety and security and noise emission, which are perceived by the society. The
economic system deals with demand and supply in the air transport market. A
demand growth contributes to the growth of direct economic factors like jobs and
revenues of air transport companies but also indirect and induced economic fac-
tors along the supply chain. Furthermore, catalytic effects such as accessibility (e.g.
for international companies or tourism) play an important role for a country’s
international attractivity compared to other countries. On the other side, factor
cost and the absorption of resources are compared to positive economic effects in
the economic system. The technological system focuses on a better performance of,
for example, engines and aerodynamics. New innovations that help the aviation
industry to perform more economically and ecologically are of great importance in
the technology system. Technology puts pressure on aviation operators to reinvest
in new innovation in order to become more efficient in the market. Safety and secu-
rity also play a very important role in the technology system. The environmental
system mainly deals with natural resources and the fact that resources are for free
(e.g. oxygen, CO, emissions, airspace, etc.). The natural environment is mainly
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impacted by gas emissions (to a great extent CO,), volatile organic compounds and
microparticles (dust) and noise. The development of sensitivity for natural beauty
and on the negative side pollution in high altitude and pollution at airports are
dealt with in the environmental system.

In summary, this system represents the framework in which the air transport
companies and organisations operate. The core system consists of a supply system
and a demand system. The supply system consists of all partners along the supply
chain that deliver to airlines and airports and the surrounding ecosystem. On the
demand side, there are consumers, like leisure and business customers, tour opera-
tors and travel sources that pay for an air service. Airlines generate their revenues
from the market. The whole supply system is being paid from these revenues, e.g.
airport taxes are collected by airlines. By this the airlines are the most important
factor in the supply system, in the aviation market and for whole aviation system.
O Figure 2.9 illustrates the aviation system.

In the following chapter, the aviation system will be looked at in detail.

Q Review Questions

== Who are the main players in the aviation industry value chain?
Who are the main stakeholders of the aviation industry?
What are the special characteristics of air transportation?
How are economic development and the aviation industry linked?
What is the problem of industries with high fixed costs?
What are the economies of technology of airlines?
What are the economies of scale of airlines?
What are the economies of scope of airlines?
What are the economies of density of airports?
What are the environments of the aviation system?
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Summary

== The political history in aviation has a great impact on the rather politically
dependent aviation industry.

== Major technological innovations have shaped developments in aviation.

== The airline industry is of high economic relevance with its direct, indirect,
induced and catalytic economic impacts.

== Aviation is especially important for social development.

== Ecological effects of air transportation have an impact on a global, regional and
local level.

Politics have a considerable impact on the aviation industry, which again depends
on politics itself. This ranges from conventions concerning air traffic rights to regu-
latory affairs that govern aspects such as safety or market conditions. Beyond the
political sphere, technology has provided a major boost to innovations and devel-
opments in the aviation industry, thus improving the economic and ecologic effi-
ciency of air travel. From an economic perspective, aviation creates considerable
economic effects, may it be directly at the airports or beyond the aviation system.
Aviation has also shaped our society by raising living standards and promoting
cultural understanding. Nevertheless, the environmental impacts of aviation, such
as pollution and noise, cannot be neglected and will provide an important topic for
the years to come.

3.1 Introduction

While the first chapter gave an overview on the basic industry structures and the
main drivers of air transportation, this chapter introduces in detail the five envi-
ronmental (political, technological, economic, social, ecological) perspectives of
the aviation system. Our goal is to give an overview on the importance of each of
these fields, its respective development in the course of time and the interdependen-
cies among the different perspectives.

Overall, the aviation industry is heavily dependent on technical developments,
such as aerodynamics or engine technology, which in turn strongly impact the eco-
nomic and ecological development of the industry. Furthermore, in aviation, the
political system through its regulations and recommendations is directly included
in the system, both on the national and on the global levels. This chapter covers
issues such as safety and liberalisation, which again, have a substantial influence on
the economic development of the air transport industry. While each of these per-
spectives may provide valuable insights in the field of air transportation, the com-
plexity and the interdependencies among the different aspects require a more
integrated view on the industry development. Therefore, for each of these aspects
cross-references to the other perspectives are given. Consequently, the term avia-
tion system includes all those perspectives, which — in the traditional framework —
are treated separately (B Fig. 3.1).
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Due to the multi-dimensionality in aviation, there is a close interconnection
among political, technological, economic, social and ecological issues. The next
section will introduce the political development of aviation.

Tour
Operators

y |9
i)
Ecological System

[ Political System &l

B Fig. 3.1 The aviation system. (Author’s own figure)

3.2 Political Development of Aviation

Besides airlines, airports and aircraft manufacturers, a number of institutions and
organisations, which together form the political environment in aviation, influence
air transportation. Since these institutions constitute the legal framework for air
transportation, they are particularly influential with respect to the economic and
the ecological industry development.

Aviation has developed from its early beginnings in a strongly regulated market
environment to a more liberalised market as we find it today. An important step for
the political development in aviation was taken at the Convention on International
Civil Aviation (Chicago Convention) in 1944. At this convention, a number of
regulations and recommended practices were agreed on that still shape the industry
today and, for the most part, have become universally accepted standards. Another
important step was the US Airline Deregulation Act in 1978. While the main pur-
pose of this act was to remove government control over fares, routes and market
entry of new airlines, it immediately spurred a more dynamic economic develop-
ment in air transportation (Joppien, 2006).

The political environment of aviation is shaped by different bodies, both on the
international/supranational and on the national level. Due to the nature of flights,
which often include trans-border traffic, the political development of aviation has
largely been a development that was shaped by international political decisions.
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The increase in the number of international co-operations (e.g. airline alliances)
and cross-border mergers (e.g. Air France/KLM) has added to the importance of
the international political bodies. Nevertheless, contrary to its international nature,
the industry is still building on many national regulations and bilateral agreements.
Overall, the political development in aviation covers a wide range of different areas
such safety, autonomy, liberalisation and aviation law (Maurer, 2006). While these
different aspects will be covered in detail in » Chaps. 11 and 12, the remainder of
this chapter will provide an overview on the political environment of aviation, with
a particular emphasis on the influence of political changes on the economic and
ecological developments in air transportation.

One common classification distinguishes between public and private institu-
tions on the one hand, as well as between national and international/supranational
institutions on the other hand. Within this classification institutions can further be
distinguished with regard to their primary functions. National public institutions
(e.g. Federal Aviation Administration) act primarily as norm-setting and monitor-
ing organisations. The main task of national weather service providers and air traf-
fic control is to offer services for an efficient and safe operation of air traffic. They
audit all providers in the supply chain of the aviation industry. Private institutions,
such as the International Air Transport Association (IATA) or the Airport Council
International (ACI), act as interest groups. Their main functions are member advo-
cacy and the creation of a platform for its members. Private institutions are not
allowed to set binding norms and rules.

Similarly, it can be distinguished between institutions at the international and
supranational levels. International public institutions (e.g. International Civil
Aviation Organization — ICAQO; European Aviation Safety Agency — EASA) focus
on norm-setting and regulation in air transportation. Air traffic providers, like
Eurocontrol, by contrast, are primarily service providers. International private
institutions (e.g. International Air Transport Association — IATA; Association of
European Airlines — AEA; Airport Council International - ACI) offer a forum for
exchange of information between its members. These institutions represent their
members and lobby for their interests towards stakeholders in the entire aviation
industry.

International political decision making often collides with national concerns,
particularly if aspects such as self-determination and national autonomy are
affected. International policies, however, in almost all cases shape the further devel-
opment of the industry, both economically and ecologically.

The so-called Single European Sky (SES) project is one example of a political
development affecting further developments in air transportation. It was proposed
by the European Union (EU) with the intention to harmonise and simplify air traf-
fic control within the EU (European Commission, 2009). In this case, a change
initiated at the political level is intended to lead to altered industry structures that
have both economic and ecological impacts. It is assumed that a redesigned air traf-
fic structure will lead to shorter and, thus, more efficient flight routes. This change
would not only lead to lower traffic management costs and lower costs for airlines,
but also reduce the environmental impact of aviation, since overall emissions would
be reduced by 10% according to IATA estimates (IATA, 2013).
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Political bodies can also have a direct effect on competition, sometimes even
specifying who is “allowed to take part in competition”. The “blacklists” for air-
lines published by IATA and the European Union, for example, suspend airlines
that fail to meet safety standards from landing at airports within member states’
territories. While this example illustrates how political decisions may enforce indus-
try safety, it also demonstrates well that political developments and political bodies
may pursue diverging approaches; IATA strongly opposes the blacklist published
by the European Union and instead recommends its own Operational Safety Audit
(IOSA) program (IATA, 2006). The resulting lists are not harmonised and the risk
assessment for certain airlines can be contradictory, however in the European
Union only the EU Air Safety List is binding.

The political developments in aviation often open up market opportunities, like
the introduction of an EU-US open skies agreement in 2008. In this case, a politi-
cal change immediately stimulated industry reactions, as a new airline called Open
Skies was founded. Further, several of the established carriers were partly recon-
sidering their network structure as well as their destination mix.

Contrarily, political developments may also close market opportunities.
German regulatory authorities, for example, continually refuse to give additional
landing rights to the Gulf States which would allow carriers, such as Emirates
Airlines or Etihad, to serve new destinations in Germany (Vespermann et al.,
2007).

A particular issue concerning the further political development in aviation are
ownership rules. These rules specify cross-border mergers and equity holding and
may be fundamental for the further industry consolidation. Today, international
mergers are still widely forbidden and international equity holding is often limited
(e.g. to 49 percent or less). This is again another example where political structures
in the air transport industry have been shaping its economic structures and its fur-
ther development.

The high relevance and interdependence of policy measures demand for
national aviation strategies. In Switzerland, the Federal Council analysed the situ-
ation in the Swiss civil aviation as part of the Luftfahrtpolitik (Lupo) 2016 report
on aviation policy and defined the following political priorities: Switzerland’s con-
nection to global air traffic, infrastructure, safety and security, organisation of air
navigation services, education and research and new technologies. Within the
framework of the analyses, the Swiss government comes to four conclusions, which
deserve special attention.

1. Safety

For the Swiss government, the existence of effective safety management systems in
aviation companies is key to a high safety level. In the Swiss approach, the intensity
of state supervision should depend on the safety performance of the respective
companies. Nowadays, national governments have only little regulatory flexibility,
as in civil aviation an international set of rules and regulations is almost entirely
authoritative for the safety requirements.

Aviation can only take place safely and under the same competitive conditions
if international regulations exist. The International Civil Aviation Organization
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(ICAO) and the European Aviation Safety Agency (EASA) are responsible for the
said regulations. Switzerland is involved in this international regulatory framework
and is actively engaged in its development. The task of the Federal Office of Civil
Aviation is essentially limited to enforcement and supervision. The Federal Council
brings the specific interests of the Swiss aviation industry to bear at the interna-
tional level.

The report recognises several challenges that will arise for the safety of Swiss
civil aviation. On the one hand, the operation of the national airports of Zurich
and Geneva is becoming more and more demanding, namely because of the high
capacity utilisation and dense traffic. Flight routes have become more complex,
also because of efforts to protect airport regions from noise. The system of inter-
secting runways in Zurich is a particular source of danger.

On the other hand, the overall use of Swiss airspace is very dense and intensive.
The heterogeneity of users — scheduled and charter traffic, the Swiss Air Force,
general aviation, non-powered aircraft such as hang gliders and gliders, and
increasingly drones — places the highest demands on the organisation and manage-
ment of airspace.

Finally, new technologies (e.g. drones) and new air traffic control and naviga-
tion procedures require new regulatory approaches and additional know-how on
the part of air traffic control and the supervisory authorities (e.g. Swiss U-Space,
Flight Information Management System for Drones — FIMS).

2. Access of a Country to Global Air Traffic

As a landlocked country, for example, the Swiss economy is heavily dependent on
international air traffic connections for passenger and freight transports. Today,
these connections are ensured by private airlines, since Switzerland has adopted
European law, which largely rules out the support and control of airlines by states.
Nevertheless, Swiss International Airlines is of special importance for Switzer-
land’s access to the world as it maintains a network of feeder and long-haul routes,
which creates direct connections to important global centres.

An important political question is whether the international connections should
be direct or indirect and whether a national airline is required to maintain the
access to the global air network. For the Swiss government this means a trade-off
between keeping the independence of other airlines and countries by protecting the
home carrier and being an open economy with a liberal traffic law policy which is
discussed in the next paragraph.

3. Fair Markets (Competition vs. Monopolies, Basic Conditions)

The liberalisation of global aviation has led to an intense competition. With the
emergence of new airlines from the Middle East and (Southeast) Asia, markets
have changed. While Swiss customers can take advantage of cheaper prices, Swiss
and European Airlines were confronted with a different competitive environment.
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Several Ricardian competitive advantages of the Gulf region led to the perception
of an “unlevel playing field” by European airlines (also see Mini Case).

In the report, the government assumes that under the existing market condi-
tions, Swiss and European Airlines will continue to lose market share. The Federal
Council believes that without Swiss International Airlines serving Zurich as a hub
carrier, the network of air traffic connections from Switzerland would be thinned
out and, particularly, the number of intercontinental direct connections would be
significantly reduced.

To counter this trend, Switzerland is taking various measures — in compliance
with EU regulations — to improve the basic conditions for airlines based in
Switzerland. Examples include efficient airports with competitive operating hours,
low fees for the use of airports, the examination of a partial coverage of security
fees by the state and lean administrative procedures. Also, the government wants to
prevent non-EU companies from exercising de facto control over Swiss companies
and thus gaining access to the liberalised European internal market. A general
abandonment of the liberal traffic law policy would have negative consequences for
companies operating from Switzerland as well as for the economy as a whole and
is, therefore, not an option.

4. Negative Effects

The federal council recognises two major categories of negative effects of aviation:
noise and greenhouse gas emissions. Noise is a very emotionally discussed topic,
especially in the vicinity of national airports. The government wants to continu-
ously reduce the noise emissions from flight operations. Various measures are taken
to ensure this, namely the consideration of noise protection in the definition of
flight procedures and approach and departure routes, the establishment of immis-
sion limits and the implementation of steering measures which contribute to the
use of the quietest possible flight material. The noise charges implemented in
Zurich contain a mechanism that reduces the financial burden on Swiss Interna-
tional Airlines in order not to jeopardise its international competitiveness, while
still being effective overall.

The federal council also acknowledges that aviation must make an appropriate
contribution to climate protection. The emissions of harmful pollutants caused by
aviation, specifically nitrogen oxides (NOx) and particulate matter (PM), must be
further reduced. International developments in the implementation of the
Framework Convention on Climate Change and the development of aviation-
specific measures by ICAO must be taken into account.

There are two main examples. One is the Carbon Offsetting and Reduction
Scheme for International Aviation (CORSIA) which includes market-based mech-
anisms to monitor and compensate CO, emissions, which have to be adopted by
Swiss aviation companies from 2020. The other is the inclusion of Swiss aviation
into the Swiss emissions trading system, which since 2020 is linked to the EU emis-
sions trading system (ETS).
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Mini Case: Unlevel Playing Field?

(De Wit, J. G. (2014). Unlevel playing field? Ah yes, you mean protectionism. Journal
of Air Transport Management, 41, 22-29.)

The fact that the German government is resorting to protectionist measures and
restricting the landing rights of Gulf airlines is presumably attributed to the lobby-
ing efforts of German airlines, especially Lufthansa. It is a popular argument by
European carriers to accuse the gulf carriers of market distortions and to criticise an
“unlevel playing field.” The following six alleged market distortions are highlighted
in this context: cheap oil, low airport charges, capacity dumping, financial state aid,
favourable fiscal regime and low labour costs.

A level playing field means having the same rules for everyone. However, even
then there might be comparative advantages on a global scale, which have an impact
on the playing field and mainly result out of the geographical pre-conditions. In
general, four significant comparative advantages exist:

1. Concentration of population around the home base of a national carrier
2. Location of the hub

(a) Within the continental market

(b) In relation to important intercontinental passenger flows
3. Long-haul flights to and from an “hourglass hub” (8 Fig. 3.2)

Distance advantages and technological economies of scale of aircraft for long

haul flights

All the comparative advantages above can be observed with the Middle Eastern car-
riers.

It is, however, not only the geographical pre-conditions that tilt the playing field,
but also market distortions caused by the EU and its member states. European home
carriers are competing under the five following disadvantages: green taxes, restric-

O Fig.3.2 Emirates (green) and Qantas (red) joint-venture route map. (Cyan routes are oper-
ated by both airlines). (Great Circle Mapper, n.d.; Emirates, n.d.)
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tions for aircraft financing, capacity constraints, ATC costs and passenger
compensation laws.

It becomes obvious that the alleged unlevel playing field is mainly caused by
Ricardian comparative advantages of states in the Gulf region. The playing field is
further tilted by EU policy measures to the disadvantage of the European network
carriers. Any calls for protectionist measures thus become even more problematic
and raise the questions whether the industry lobbying should focus on different pol-
icy topics.

Mini Case: B737 Max 8

by Adrian Miiller and Andreas Wittmer

Policy measures have to account for the various interdependencies within the
aviation system. Failures in supervision and enforcement of regulatory matters can
lead to a failure of the entire safety system and have catastrophic consequences. This
can be illustrated with the case of the Boeing 737 Max 8.

Background

The Boeing 737 had its maiden flight in 1967 and is - after several modifications over
the years - the best-selling passenger jet in the world. Its direct competitor is the
Airbus A320. Since 2016, the European aircraft manufacturer has delivered this type
with new and more efficient engines as A320NEO (new engine option). Financial
and environmental considerations have led many airlines to choose the more efficient
engines. The aircraft was so successful that Boeing lost market share. Although
Boeing had originally planned to design a completely new aircraft, the group opted
for a faster upgrade of the existing 737 model with more efficient engines to respond
to the immediate competitive pressure. However, the new engines were larger and
could not be mounted in the same place as the old ones due to the small distance
between wings and ground. They had to be moved forward and upwards, which
changed the centre of gravity and the flight characteristics of the aircraft, as it was
not designed for the larger engines. The new configuration, combined with the
greater thrust of the engines, gives the jet too much lift during climb, so that a dan-
gerous stall may occur because the flight position is more difficult to control. To
minimise the risk, Boeing engineers have developed the MCAS (manoeuvring char-
acteristics augmentation system), which presses the nose of the aircraft downwards
in critical situations. The system should then automatically intervene in the attitude
control if the sensors determine that the aircraft is in an elevated angle of attack
(AOA) state. The fact that Boeing managed to convince the FAA and other regula-
tors not to describe MCAS in the pilot’s manual and that therefore no re-qualification
to attain a new type rating from the old B737 to the new B737 MAX was necessary
provided a key selling point for the company. The 737 MAX became the fastest-
selling airplane in Boeing history with about 5000 orders from more than 100 cus-
tomers worldwide. The airlines with the most orders were Southwest Airlines with
280 orders, Flydubai with 251 orders, and Lion Air with 201 orders. It looked like
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Boeing had managed a turnaround with their decision to only slightly modify the
existing aircraft.

Accidents

On October 29, 2018, a brand-new Lion Air Boeing 737 Max 8 crashed near Jakarta,
Indonesia, killing all 189 passengers. On March 10, 2019, a recently delivered Boeing
737 Max 8 from Ethiopian Airlines hit the ground shortly after departure. There
were 157 fatalities. In response to the accidents, a worldwide grounding order was
issued in March 2019 for all aircraft of this type already delivered.

Cause

The accident reports show that unquestionably MCAS was the cause of both acci-
dents. Flight-data recordings unveiled that the immediate reason for the Lion Air
accident was a sensor failure caused by insufficiently performed maintenance work.
The dependence of MCAS on a single AOA (angle of attack) sensor was considered
appropriate by Boeing, thereby ignoring the redundancy principle. This decision
made it vulnerable to false sensor inputs. Furthermore, the lack of MCAS guidance
in the pilot’s manual and training material made it impossible for the inexperienced
and underqualified crew to respond appropriately to uncontrolled trimming by
MCAS. Initial results of the Ethiopian accident investigation indicate that their crew
followed the procedures set by FAA and Boeing in the Airworthiness Directive which
was released in the aftermath the Lion Air crash and still were unable to solve the
issues fast enough to prevent the accident (B Fig. 3.3).

Analysis

The 737 Max 8 accidents are a prime example for a failure of the entire system, as
explained in the “Swiss Cheese Model” of accident causation by Reason (1990,
2016). The model compares safety systems with several slices of Swiss cheese stacked
next to each other, where the risk of a threat becoming a reality is reduced by the
different layers and defence systems that are “layered” one behind the other. Thus,
gaps and weaknesses in a protection measure do not theoretically allow the occur-
rence of a risk, as there are other protection measures to prevent a single point of
failure. In this specific case multiple aspects of the system failed (B Fig. 3.4).

Society’s demand for unlimited mobility and cheap prices causes overall aviation
demand growth and a fierce price competition among airlines, especially in the low-
cost point-to-point segment, and drives down margins for the companies. Conse-
quently, airlines demand for efficient planes and low prices in their supply chain.
Cost savings may also include training of flight personnel and maintenance. New
technologies are not sufficiently scrutinised.

Externally, the de-facto duopolistic market structure put immense pressure on
Boeing to meet customer requirements (cost-efficient technology) and to fulfil the
expectation of investors. Internally, the alleged lack of a safety culture and poor
corporate governance due to the personal union of CEO and Chairman of the
Board of Directors created a fertile soil for undesirable outcomes like the rushed and
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Possible issues with 737 upgrade

Boeing adopted larger, more fuel-efficient engines that
were mounted farther forward and higher.
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O Fig. 3.3 Possible issues that could have facilitated the accidents (Elebee, 2019)

deficient technology development. This resulted in a market entry with an unsafe
product as well as the presumed deliberate exploitation of systematic errors in the
approval process.

The most severe failures happened in the political/regulatory system where the
FAA allegedly failed to fulfil its supervisory obligations. The lack of public funding
caused the design and implementation of a flawed approval process, where a large
part of the tasks is delegated to the manufacturer on a trust basis. Due to the duop-
olistic OEM market, Boeing is considered too big to fail and likely received favour-
able treatment by the US government. The political system could have prevented this
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B Fig.3.4 The Swiss Cheese Model (Reason, 1990, 1997)

catastrophic outcome if the regulatory authorities had diligently fulfilled their
intended duties and acted as a final safety layer, thus preventing the system failure.

Responsibility

Boeing was charged with 737 Max 8 fraud conspiracy and agrees to pay over $ 2.5
billion composed of a criminal monetary penalty of $243.6 million, compensation
payments to Boeing’s 737 MAX airline customers of $1.77 billion, and the establish-
ment of a $500 million crash-victim beneficiaries fund to compensate the heirs, rela-
tives and legal beneficiaries of the 346 passengers who died in the Boeing 737 MAX
crashes of Lion Air Flight 610 and Ethiopian Airlines Flight 302. The tragic crashes
exposed fraudulent and deceptive conduct by employees of one of the world’s lead-
ing commercial airplane manufacturers Boeing’s employees chose the path of profit
over candour by concealing material information from the FAA concerning the
operation of its 737 Max airplane and engaging in an effort to cover up their decep-
tion. The misleading statements, half-truths and omissions communicated by Boeing
employees to the FAA impeded the government’s ability to ensure the safety of the
flying public (» www.atn.aero 2021).

Sources: Boeing, n.d.; KNKT, 2019; Reason, 1990, 1997; Schiirpf, 2021.

3.3 Technological Development in the Aviation Industry

Nowadays, most passengers board an aircraft without even realising the progress
that has been made in aircraft technology and the technological sophistication that
surrounds them. Yet, from the first attempts of launching hot air balloons in China
in the third century AD and successful balloon rides by the French Montgolfier
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brothers in the eighteenth century, the aviation industry has gone a long way. Major
steps in the early development of aviation were the gliding flights by Otto Lilienthal
1891 and the first successful manned airplane flights by the Wright brothers near
Kitty Hawk in 1903.

It was not until the end of World War II, though, that the development of civil
aviation started to accelerate. Up to that point, civil flights were mainly national or
cross-border mail flights that only carried a limited number of passengers.
Furthermore, in the 1930s and 1940s, developments in aviation were largely driven
by military usage.

The late 1940s mark the beginning of the development of large-scale commer-
cial aviation. While the first flights connected major continental routes, particularly
within North America and Europe, bigger aircraft with longer ranges allowed for
a successful and faster development of the industry. Passenger numbers were con-
stantly increasing, and new destinations were continuously added to the route
maps of the airlines. The introduction of innovative airplanes, like the Lockheed
Constellation as the first aircraft that was widely equipped with cabin pressurisa-
tion (maiden flight: 1943), the Boeing 707 as the first long-haul aircraft (1958), and
the Boeing 747 as the first wide-body aircraft (1969), have left a lasting footprint on
the development of aviation. Thus, it was technological changes that allowed for a
successful development of aviation. In turn, the fast industry development required
bigger and safer aircraft, and hence promoted technological progress. The begin-
ning of the jet aircraft century with cruising at higher altitudes allowed for a com-
fortable travel among continents at prices that were affordable for an increasing
number of people.

As a consequence, more aircraft were entering the market, representing the
whole range from large aircraft used for intercontinental routes to smaller aircraft
mainly used for regional traffic. The first supersonic aircraft, such as the Concorde
or the Russian Tupolev TU-144, was introduced to the market in the mid-1970s.
Although the planes were later taken off the market for commercial reasons, they
have shown that the current techniques allow travelling at speeds faster than sound.
One of the latest major innovation on the aircraft market is the Airbus A380, a
plane that seats about 550 passengers in its standard configuration. Further recent
innovative aircraft developments are the Boeing 787 (Dreamliner) and the Airbus
A350. These aircraft are lighter, feature new design elements and are, therefore,
more efficient than previous aircraft.

In the course of time, aircraft have undergone a lot of technological changes,
which can be categorised into visible to the passenger as well as “hidden” innova-
tions. This has had effects on the economic as well as on the ecological develop-
ment in air transportation. Today’s commercial airliners use far less kerosene than
older aircraft thanks to technological progress (e.g. more efficient fans, changes in
aircraft design such as the installation of winglets) and operational changes (more
passengers). It could be observed that the efficiency of an airplane increases with
increasing size due to reduced fuel consumption per passenger (“specific fuel con-
sumption”). Also, today’s aircraft produce far less noise than older aircraft. While
this progress has had its positive effect on the ecological development of aviation,
the economic success of the aviation industry and its growth has largely cancelled
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out these environmental benefits. The following paragraphs highlight three exam-

ples of technological development with impacts on the economy and ecology of

airlines.

== Noise of planes has been reduced in the past years. According to technical
research, noise waves appear in front and behind the engine. The noise waves
move away from the airplane like a funnel. This means that the further away the
noise waves are from the airplane, the bigger the geographical area which is
impacted. But the level of noise decreases significantly, if the distance to the
plane is more than 600 meters (B Fig. 3.5).

== Ageing aircraft lead to higher maintenance costs for airlines. For example,
20-year-old aircraft cause 50%-60% higher maintenance costs than new air-
craft. There are often problems with the supply of spare parts for older aircraft
which decreases their reliability and increases the maintenance time. Old planes
must be checked more often than new planes and spend more time in mainte-
nance. Therefore, they have lesser availability for the airline. Some maintenance
companies do not even want to work on aircraft older than 18 years for liability
reasons. Furthermore, older aircraft need more fuel due to older, less efficient
engines and hence have a significant impact on the cost structure due to higher
fuel costs.

== Fuel is one of the highest cost factors for airlines. The following B Fig. 3.6
shows the development of a plane’s fuel consumption from 1950 to 2010. In the
1950s, an aircraft used 12 litres per 100 km per passenger. In the end of the
1990s the Airbus A340 used less than 4 litres per 100 km per passenger. The
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newest planes, such as the Airbus A380 or the Airbus A350 and Boeing 787
Dreamliner, consume less than 3 litres per 100 km per passenger. Behind this
decrease of fuel consumption are technological improvement of engines, lighter
construction materials, such as carbon fibre, the greater size of aircraft and
improved aerodynamics, for example, through new winglets that reduce the tur-
bulence at the wing tips.

The industry will continue to develop technologically. Concerning the outer air-
craft appearance, more fuel-efficient aircraft designs could be imagined. A possible
development is the single wing design and a slide delta shape with canard for
planes. Wing sizes of 100 meters and aircraft that seat up to 1500 passengers are
seen as a possibility. The integration of passenger cabins and cargo room in the
wing is another possible development. Also, fly-by-wire technologies and electronic
CG (centre of gravity) control are potential changes that could shape the future of
the air transport industry. As the aviation industry is still highly dependent on
kerosene and thus on fossil fuels, a further focus is on using substitutes for power-
ing the aircraft. In this context, the use of thermoelectric power and hydrogen can
be a future development. Furthermore, purely synthetic fuel, which is obtained
from carbon dioxide in the air, has been developed and can be scaled up as a solu-
tion. One could also imagine several large fan blowers generating the power to lift
the aircraft. Also, hybrid systems where electric propulsion and combustion engines
are combined are being tested.
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The development of fully electric aircraft is also being pursued. While long-
haul use currently seems rather unlikely, application in the area of urban air mobil-
ity in particular is already realistic, at least from a technological point of view.
Numerous companies are currently developing fully autonomous aircraft for the
urban air mobility use case. Boeing and Airbus are designing self-flying air taxis,
which would be used for flights of about 30 minutes and have a passenger capacity
between two and four people (Rice & Winter, 2019). Generally, air taxi concepts
rely on vertical take-off and landing (VTOL) and resemble existing public trans-
port options such as metros, trains or buses with pre-determined routes, schedules
and stops in high traffic areas throughout the cities. Globally, NASA (2018)
estimates 740 million passenger trips annually by the year of 2030, with a total of
23,000 vehicles and an average price of $30 per trip. Many of the projects being
discussed are in their initial stages and still have to prove themselves in a real soci-
etal environment, but there is a clear willingness on the part of aerospace manufac-
turers to take society into the next era of aviation.

Mini Case A380 - Size Does Matter

by Adrian Miiller and Andreas Wittmer

Background

The Airbus A380 Superjumbo project is considered one of the most ambitious in
aviation history. When the aircraft’s development was initiated, the market of wide-
body aircraft was dominated by Boeing with its incredibly successful “Jumbo Jet”,
the Boeing 747. Airbus was under strong pressure to introduce an ultra-high-capacity
airliner (UHCA) itself to complete its fleet offering and, therefore, reduce the
supremacy of Boeing. Airbus launched the €9.5 billion A380 program on 19
December 2000. The first superjumbo with 471 seats was delivered to Singapore
Airlines in October 2007. The plane was very well received by the customers, espe-
cially by business class passengers.

Failure

Despite being loved by the airlines’ customers, demand for the A380 never picked up.

In 2019 Airbus announced that the production would end by 2021 after the most

important customer Emirates reduced its remaining 39 orders in favor of the

A330neo and the A350. Considering that Airbus had delivered only 234 out of the

predicted 1200 airframes and thus had never made a profit, this decision was no

surprise to experts.

The failure of the A380 can be pinned down to three major reasons:

== Airbus overestimated the demand for very large aircraft (VLA). Retrospectively,
the Airbus A380 was developed for a market which was going to be a niche.
There are essentially only two business models in which superjumbos strive: use
in mega-hubs and on high-density routes.
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== The global aviation market shifted from hub-and-spoke networks to point-to-
point connections. Passengers prefer higher flexibility and more flights per route
per day; in consequence, an increase in direct flights and ultra-long-haul routes
can be observed. This shift away from network models leads to the requirement
of higher frequency instead of higher average seat capacity.

== High upfront, operating and maintenance costs make it difficult for the A380 to
be commercially successful. Globally there is only a limited number of routes on
which the plane can operate efficiently. Compared to other two engine wide-body
airplanes there is an efficiency disadvantage, as pointed out by Dr Tony Weber,
Qantas’ former chief economist:

» You can fly two Boeing 787s between Sydney and Los Angeles with the same
fuel consumption as the A380. Qantas has tried to justify its fuel consumption
by saying its aircraft can allow more passengers on board. But the jet fuel price
hovers above $80 to $90, so it just becomes uneconomic and unsustainable.

Dr Tony Weber — Former Qantas chief economist

The B Table 3.1 below shows the cost comparison between the A380 and two of its
the major two engine competitors.

Implications and Future Developments

The end of the A380 will have numerous consequences for a myriad of stakeholders.
Not only the supply chain with OEMs, airlines and airports, but also the social and
political systems will be affected. Airbus itself will not suffer a major financial loss
but with the company’s announcement that as many as 3500 jobs might be at risk,
the impact on the production countries Germany, France, Spain and UK is signifi-
cant. The governments could also be left with more than 600 million Euros of out-
standing credits (Roubanis, 2019).

Despite the initial economic failure of the Airbus Superjumbo, a new case for the
plane could arise in the future. According to IATA estimates, the global demand for
air travel will grow significantly. By 2037 they forecast 8.2 billion air travellers, that
is, a compound annual growth of 3.5% which doubles the passenger numbers com-
pared to 2018 levels (IATA, 2018). Increasing global urbanisation will further impact

B Table 3.1 Cost Comparison (Table compiled by author)

Airbus A380-800 Airbus A350-1000 Boeing 787-9

List price per unit:465m List price per unit:366.5m List price per unit:292.5m
USD USD USD

Cost per flight hour:26,000  Cost per flight hour:11,000  Cost per flight hour:11,000
to 29,000 USD to 15,000 USD to 15,000 USD

Typical number of Typical number of Typical number of seats:

seats:510 seats:384 330
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aviation traffic flows. While today there are 58 megacities with more than 50,000
daily long-haul passengers, Airbus expects 98 such centres in 2036 (Halsey 111, 2018).
The global increase in demand clashes with an infrastructure whose growth cannot
keep pace with these trends. Airports around the world continue to be under pres-
sure to create more capacity. Particularly in Europe, restrictive political environ-
ments and a lack of space are barriers to growth. The increasing congestion of
airports, coupled with global demand growth, could one day again be an argument
in favour of superjumbos. Lastly, also the global sustainability discussion is relevant
for the A380, which — when operated at full capacity — is already one of the most
efficient airplanes. Technological advancements could also help an A380neo to make
its comeback.
Sources: Roubanis, 2019; IATA, 2018; Halsey III, 2018

Mini Case VTOL - Lilium

by Adrian Miiller and Andreas Wittmer

“We believe in making urban air travel affordable and accessible.” The vision of
the Bavarian air-taxi start-up “Lilium” is a promise that it shared by many compa-
nies who are working on developing innovative mobility concepts.

Manufacturers promise fast, fully electric VTOLSs for point-to-point connections
without the need for additional infrastructure, with zero operating emissions and
potentially fully autonomous that thus have the potential to revolutionise aviation
and urban mobility in general.

By 2020, Lilium has raised more than $100m in funding and 300+ employees
work for the company which was founded in 2015 by the young German engineer
Daniel Wiegand.

Unlike other concepts, such as Volocopter, Lilium is a tilt jet aircraft with 36
engines mounted on its flaps. The company promises a range of 300 km — signifi-
cantly more than its competitors — thus suggesting that “the Lilium Jet would be able
to connect not just urban and suburban areas, but also cities to each other” (Lilium,
n.d.-b).

To this date it remains unclear, however, whether the Lilium engineers can deliver
what their marketing department has promised. In 2020, several independent engi-
neers sought the public to cast doubt on Lilium’s claims with their own calculations.
Their concerns can be pinned down to the following three problems:
== The low energy density of lithium-ion batteries
== Hovering efficiency losses of propeller, motor, power electronics and power lines
== Distinctive noise from the electric motors

While efficiency losses and battery issues cause the experts to doubt the maximum
range of the aircraft, the noise raises concerns about the acceptance of VTOLS in
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O Fig.3.7 The Lilium jet (Lilium, n.d.-a)

inhabited areas. Both aspects are not only decisive for customer acceptance, but ulti-
mately also for the approval of such concepts by the regulator.

The vision of VTOLs, to be autonomous and pilotless, further reinforces these
concerns. It is not yet clear whether the visions of resourceful engineers can actually
become reality. In addition to technical aspects, legal and social questions must first
be addressed (B Fig. 3.7).

Sources: Lilium, n.d.-b; Evers & Seidler, 2020; Schelling, 2020

3.4 Economic Impacts

The aviation industry has grown at enormous rates of about 5 percent per annum
over the past 60 years. Today, the world’s airlines carry about 60 million tons of
freight and more than 4 billion people each year (World Bank, 2020; TATA, 2020).
While some air transportation markets in Africa and the Asia Pacific region are
expected to continue to grow strongly, at annual rates of above 5 percent respec-
tively, other, more saturated markets, particularly in North America and Europe,
are expected to develop only at reduced rates between 2.0 and 4.0 percent a year.
The growth in international aviation, however, is estimated to remain a global phe-
nomenon, despite the climate challenges, with an average projected growth rate of
4.6 percent annually until 2038 (Boeing, 2019). By size, the Asia-Pacific market will
be the world’s largest aviation market (44.8 percent of world traffic) followed by
Europe (21.3 percent) and North America (13.8 percent) (8 Table 3.2).

Overall, the economic development of aviation shows very close connections to
its political development. Liberalisation and deregulation developments have initi-
ated the strong growth of the air transport industry. These developments allowed,
in particular, for new and better air services and the emergence of new business
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B Table 3.2 Forecast of traffic numbers and airplane fleet (Boeing, 2019)*

Revenue passenger kilometre (bn) Airline  Total airplane fleet ECO-.

2008 2018 2028 2038  fraffic 5018 2038 caGr Momic
growth growth
rate rate
(RPK) (GDP)
CAGR

Asia-  ngh 2857 5232 138 OO 7880 19420 467 3.9%
Pacific

North 1406 11900 20680 2503  32%  7s50 10930 9% 1.9%
Amer-

ica

Europe 157 11898 2814 3880 6% 5260 9340 29% 16%

Middle 213 552 999 1564 5.1% 1’550 4030 49%  3.2%
East

Latin 290 530 922 17523 5.9% 17580 37380 39%  2.9%
Amer-

ica

Africa 117 189 338 576 5.9% 740 17620 4.0%  3.4%

Total 4543 7925 12,985 18,183 4.6% 24,560 48,720 3.4% 2.7%

“Numbers are rounded; the data may contain small deviations of about 3% due to rounding
and allocation of the traffic flow data to consolidated regions

models and airline alliances. These new business and network models led to a
growth in air traffic, which resulted in economic growth and consequently in
increased employment.

Aviation contributes significantly to the welfare of nations and is of high impor-
tance for the economic development around the world. Economic benefits of avia-
tion can be split into direct, indirect, induced and catalytic effects which can, to a
great part, be defined by income and employment generated by the aviation system
(Whitelegg & Cambridge, 2004).

A systematic comparison of the methodological approaches used to evaluate
the economic effects of airports shows that a methodologically similar approach is
increasingly being used. In the majority of studies (Bauer et al., 2019; Aéroports de
Paris, 2017; Bertschmann et al., 2017; Baker et al., 2015; Wittmer & Bieger, 2011;
Sellner & Nagl, 2010), the economic effects of airports are calculated on the basis
of the methodology of the Airports Council International (ACI, 2000; ACI, 2004).
With this methodology the employment and income effects resulting from the
operation of a regional airfield are divided into direct, indirect, induced and cata-
lytic effects (Klophaus, 2006; Maibach et al., 2006) (B Fig. 3.8).

The following B Fig. 3.9 illustrates these impacts:
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m Direct Effects

All institutions directly involved in air traffic operations — such as airlines, airports,
service providers and manufacturers — have a direct impact on economic activities.
Together they form the most obvious impact of aviation (Button, 2004). The group
of airlines comprises various different business models, such as passenger airlines
and all-cargo carriers. The three broad areas of employment generated by airports
are airline-related employment (catering, fuel services and maintenance), airport-
related employment (police, immigration and customs) and retail/commercial
related employment (shops, restaurants and car park companies) (ATAG, 2020).
Service providers that contribute to national economic growth are air navigation or
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weather forecast providers. Manufacturers comprise the whole range from airframe
and engine to the flight equipment production.

Because not all these activities take place directly at the airports, one can fur-
ther distinguish between on-site and off-site generated employment, with on-site
employment generated directly at the airport and off-site employment generated,
for example, at office building locations in city centres (ATAG, 2020).

Direct effects are estimated to represent almost 11.3 million direct jobs and
contribute about USD 961.3 billion to global gross domestic product (GDP)
(ATAG, 2020).

= Indirect Effects

Services closely related to air transportation, like aviation fuel suppliers, travel
agencies or IT providers, have an indirect economic effect (Intervistas, 2015). They
generate revenues and employment because they supply the air transport industry.
The indirect effect is estimated to generate overall another estimated 13.5 million
jobs worldwide and contribute about USD 816.4 billion to the global GDP (ATAG,
2020).

= Induced Impacts

As illustrated in the figure above, the buying power of direct or indirect air trans-
port employees is defined as the induced impact (Graham, 2018). This includes
consumption expenditures and investments on local goods and services, such as
retail, food, transport and housing (Graham, 2018). Induced impacts may result in
the settlement of businesses and enhanced personal mobility, and in a higher qual-
ity of life (see catalytic effects) (Intervistas, 2015). Thus, there is also a social effect
to the economic impacts. Induced impacts are estimated to support another 13.5
million jobs around the globe, accounting for about USD 692.8 billion of the
global GDP (ATAG, 2020).

m Catalytic Effects

An additional industry impact is generated through catalytic or spin-off benefits,
which refer to economic activities of other industries whose development and
growth depends on air transport operations. The catalytic impact is described as
the employment and income resulting from the settlement of businesses of various
industries due to the attractiveness of an airport and its surroundings. These effects
are location effects which do have an impact whether a location is an interesting
location for a business or not. High-tech businesses and corporate headquarters
are regularly influenced by air transportation opportunities in their choice of loca-
tions (Pompl, 2006). An increase in productivity and generated revenues is a result-
ing benefit for the businesses within the catchment areas of the airport (Peter et al.,
2006). Catalytic effects also impact the development of tourism. The presence of
an efficient air transport system encourages people to travel. In turn, air transport
itself also derives demand from an increasing international tourism market. Air
traffic provides accessibility to islands and other long-distance destinations. Hotels,
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restaurants, exhibitions and recreation centres are those facilities that may benefit
from international aviation. Tourism may even generate interlinks to other indus-
tries, such as agriculture, fishing or craft production. Tourism is the major supplier
of economic growth and development in developing countries (ATAG, 2005).

Starting with a resource-based approach, catalytic effects can be divided into
tangible and intangible effects (Bieger and Frey, 1999). Intangible effects are those
effects that cannot simply be explained by number of workplaces or income cre-
ated, but that can still have an impact on how attractive a region’s location is. This
practical approach is implicitly being used by airport representatives and politi-
cians when they talk about image, accessibility of regions, travel time savings for
top managers, the possibility to hold premium events, the social understanding for
aviation, leisure- and meeting opportunities for societies, aviation education, a
relieving function for national airports, etc. Intangible effects can be classified as
structural, competence and network effects. Knowledge and targeted use of these
effects hold great potential, and thus have the possibility of positively and sustain-
ably shaping the economic effects of a public activity. The intangible effects in
particular, however, do not necessarily make only positive contributions to the eco-
nomic development of a region; they can also be restrictive, hindering economic
developments in the direction of economic growth by assuming, for instance, an
infrastructure that makes other development impossible.

Catalytic effects are estimated to generate another 36.7 million jobs worldwide.
The following B Fig. 3.10 illustrates the effects introduced above:

In total, aviation is estimated to account for around 65.5 million jobs worldwide
and contribute to around 3.6 per cent of global gross domestic product. As a
capital-intensive business, the productivity per worker in the air transport industry
is very high. It is estimated to be 4.4 times the average of other sectors.

87.7 million $3.5 trillion
44.8 milion $1 trittion

TOURISM
CATALYTIC

AVIATION DIRECT

JOBS GDP

@ Fig.3.10 The global employment and GDP effects of aviation (ATAG, 2020)
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Determining the Economic Significance of Aviation
By Adrian Miiller and Andreas Wittmer
There are various methods of analysis to determine the economic benefits of
aviation. Three of these approaches will be presented below.
1. Input-Output Model

Input-output analysis (I-O) assumes that there are mutual interdependencies
between different industries or sectors. This macroeconomic analysis method is
often used to analyse the impact of positive or negative shocks on the economy. The
I-O analysis was developed by Nobel Prize winner Wassily Leontief (1905-1999).

In the resulting so-called inter-industry matrix, the column entries usually repre-
sent inputs for an industry sector, while the row entries represent outputs from a
specific sector. This matrix, therefore, shows how dependent a specific sector is on all
other sectors, both as a purchaser of outputs from other sectors and as a provider of
inputs. Each column of the input-output matrix displays the monetary value of the
inputs for each sector, and each row represents the value of the outputs of each sec-
tor. The sum of all values in a row must equal the sum of the values in the corre-
sponding column.

The input-output analysis models three types of impacts: direct impacts, indirect
impacts and induced impacts. These economic impacts are determined by changing
certain input levels.

2. General Equilibrium Model

Instead of presenting a collection of individual market phenomena, the general
equilibrium theory (or Walrasian General Equilibrium) attempts to explain the
functioning of the macroeconomy as a whole. The theory was developed by Leon
Walras in the late nineteenth century. It contrasts with the theory of partial equilib-
rium (or Marshall’s partial equilibrium), which only looks at selected markets or
sectors.

The general equilibrium theory views the economy as a network of interdepen-
dent markets and attempts to prove that all free markets ultimately move towards a
general equilibrium. The general equilibrium shows how supply and demand inter-
act and tend towards a balanced state in an economy with several markets function-
ing simultaneously. The balance of competing levels of supply and demand in
different markets will ultimately lead to a price equilibrium. Walras’ law says that
each individual market is in equilibrium if all other markets are also in equilibrium.

In aviation, the general equilibrium theory is, for example, applied for regulatory
purposes such as climate policy or airport pricing, where it views aviation as an
industry consisting of different subsystems. The analysis can also be used to quan-
tify the economic consequences of disruptions (natural hazards, pandemics, terror-
ism, etc.) in the aviation system. This will show the impact of a change in the
equilibrium of the aviation industry on the equilibria in other industries.
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3. Cost-Benefit Analysis

A cost-benefit analysis (CBA) is the procedure used to measure the benefits of a deci-
sion or action minus the costs associated with that action. The concept of the CBA
goes back to Jules Dupuit (1848) and was formalised in later works by Alfred
Marshall.

A CBA includes measurable financial indicators such as revenue generated, or
costs saved as a result of the decision to pursue a project. A CBA can also include
intangible benefits (e.g. image or reputation) and costs (e.g. environmental impacts
or externalities) or effects of a decision.

CBA is often applied in public policy making, such as transportation investment.
The guiding principle of benefit assessment is to list all stakeholders affected by an
intervention and add the positive or negative (usually monetary) value they attribute
to the effect of an intervention on their well-being. The cost-benefit analysis always
includes a number of forecasts, and if one of these forecasts is inaccurate, the results
may be questioned.

3.5 Effects on Society

Next to its economic relevance, air transportation leads to social benefits (Brueckner
& Girvin, 2008). Employment opportunities contribute to social welfare on local
and regional levels, improving living standards and lifestyles (Janic, 2007). Mobility
is seen here as a factor that increases the quality of life and opens different coun-
tries. Thus, as a means of mass transportation, the industry supports the connec-
tion of different countries and cultures. In doing so, it also supports cultural
understanding and increases multicultural cooperation. Air transport often pro-
vides access to otherwise inaccessible places, delivering necessary goods and ser-
vices. On the negative side, noise related impacts on the well-being of people living
near airports should be mentioned. Noise can have different medical and psycho-
logical impacts on the health of individuals. Yet, since people have the choice to
move away from or not move to noisy regions around airports, these negative
effects can be overcome more easily than the loss of positive social effects can be
compensated. While both economic and social effects of air transportation con-
tribute significantly to global prosperity and social welfare, these benefits come at
the cost of negative ecological impacts (Janic, 2007). The next section will intro-
duce these effects.

3.6 Impact on the Environment

Besides its economic and social impacts, aviation also has ecological effects. While
the previous sections have illustrated that technological progress has improved the
overall efficiency of the industry, the strong growth in aviation has largely cancelled
out these developments. Today, aviation is a minor contributor to worldwide emis-
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sions, particularly when compared to other industries. It is believed that aviation
contributes 2-3 percent to the global CO, emissions, if all anthropogenic emissions
are taken into consideration (Sims et al., 2014). Looking at the emissions of air
transportation within the transport sector, international aviation accounts for
about 6.5 percent and domestic aviation for about 4.1 percent of all emissions.
Road based transport accounts for 72 percent, international and coastal shipping
for 9.2 percent, domestic waterborne for 1.9 percent, rail transport for 1.6 percent
and all others for about 5 percent. The indirect emissions from electricity generation
account for an additional 2.11 percent.

With the continuing growth in aviation, however, the main question for the
future will be how to tackle the climate change impact of the air transport industry
and allow for a more sustainable industry development.

When analysing the ecological impacts of the aviation industry, the main oper-
ators in air transportation, particularly airlines, airports and airspace control, need
to be considered. We, therefore, organise this section as follows: First we introduce
the concept of sustainability, followed by an in-depth analysis of environmental
effects of the aviation industry, both on a global and a regional/local level. We
conclude by giving an overview on potential solutions to decrease the negative
effects of aviation.

The term sustainability was first used by the mining engineer Hans Carl von
Carlowitz for the thoughtful usage of resources.! A generally accepted definition
of sustainability defines sustainability as “Sustainable development is development
that meets the needs of current generations without compromising the ability of
future generations to meet theirs” (European Commission, 2019). For non-
renewable resources this term implies the efficient use of resources and the ability
to replace them for renewable resources. Renewable resources, in turn, should be
used in a pace that allows a natural regeneration (European Environment Agency,
2020). Conveying the term sustainability to the transportation industry, there is a
lot of discussion concerning the definition of sustainable mobility. Berger, Feindt,
Holden and Rubik (2014) point out that it is important to focus on the main dimen-
sions of sustainability, such as the triple-bottom-line, and implement these in a
transport context.

Since it is believed that the internalisation of all external costs is a prerequisite
for a sustainable industry development, the (long-term) sustainability of aviation
can only be achieved, if improvements to the environmental performance of air
transport operations outweigh the external effects of growth. While external effects
(both negative and positive) are generally considered to be “economically relevant
impacts that one agent imposes on another agent without recognising or account-
ing for them” (Wit et al., 2005), in aviation, negative external effects mainly com-
prise the costs of noise pollution and climate change introduced above.? Even

1 Von Carlowitz tried to ensure that the forest remained a reliable provider of lumber by not felling
more trees than could re-grow, and thus he shaped the term “sustainability.”

2 For a detailed overview of environmental externalities in air transport markets, see Fahey et al.
(2016) and Lee et al. (2009).
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though these costs are difficult to quantify, most studies agree that the environmen-
tal impacts of aviation are largely uncompensated, concluding that the costs of air
transportation are not reflected by current prices (Pentelow & Scott, 2011;
Chapman, 2007). While this represents a market failure and leads to sub-optimal
activity levels, it would also result in low investments in new technologies and more
efficient operational procedures (Wit et al., 2005).

The global ecologic impacts of aviation comprise impacts on the atmosphere,
and consequently on the entire world. Regional and local impacts relate to environ-
mental effects at specific airports and the surrounding communities (Graham,
2018; Jani¢, 2017). While scientific research has made significant progress in exam-
ining the impacts of emissions, reliable figures and forecasts — particularly with
respect to the global ecologic impact of aviation — are still rare and difficult to
make (Olsen et al., 2013). This is partly because aircraft emissions occur directly in
upper spheres where they act differently than on the ground. Nevertheless, it is
widely recognised that the impact of emissions depends on the altitude and on
climate conditions (Brasseur et al., 2016).

Emissions are generally generated through the combustion process of the air-
craft engine in which a mixture of many different hydrocarbons is burned. The
most well-known pollutant stemming from this combustion process is carbon diox-
ide (CO,), which is created by the reaction of carbon oxide (CO) and atmospheric
oxygen (O,). CO, is a trace gas with a long residence time in the atmosphere (about
100 years), thus becoming relatively evenly distributed over the atmosphere after
emitted by aircraft.

Nitric oxide (NO) and nitrogen dioxide (NO,) (which form together NO ) are
emitted to a lower degree (Schumann, 2000). NO_is a greenhouse gas which simul-
taneously triggers the production of ozone (O,) and the reduction of methane
(CH,) in the atmosphere. The latter implies a cooling effect in the atmosphere
(Fahey et al., 2016), but ozone is a greenhouse gas which has positive as well as
negative implications. On the one hand, its appearance in the stratosphere helps to
filter out harmful ultraviolet (UV) radiation from the sun, thereby protecting life
on Earth. On the other hand, an increased concentration of ozone in the tropo-
sphere fosters the greenhouse effect.

Water vapour (H,O) is another relatively short-lived greenhouse gas, usually
disappearing within one to one and a half weeks, although this is found to be
increasing (Hodnebrog et al., 2019). Emitted in the stratosphere it may support the
reduction of ozone, and therefore contribute to global warming. Condensation
trails, also called contrails, are line-shaped icy clouds that form from water emitted
by aircraft preferentially in cold and humid air in the upper troposphere (Lee et al.,
2009). Contrails contribute to the warming of the earth’s surface. NO_, water
vapours and other emitted particles have the highest concentration close to their
source of release (Chapman, 2007).

The combustion of 1 kg of kerosene and 3.4 kg of oxygen generally results in
3.15 kg carbon dioxide (CO,) and 1.24 kg of water vapour (H,0). Depending on
the construction and condition of the engine, it further emits 6-20 g nitrogen
oxides (NO ), 0.7-2.5 g carbon monoxide (CO), 0.1-0.7 g unburned hydrocarbons
(C.H)), and 0.01-0.03 g of soot.
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To identify the exhaust emissions induced by aircraft at the regional and local
levels, the International Civil Aviation Organization (ICAO) defined the so-called
landing and take-off cycle (LTO) embracing landing, alighting, taxiing, take-off
and climb of 3000 feet. Aircrafts enter this cycle about 20 km in advance to landing
and exit it approximately 7 km after take-off.

On a regional and local scale, smoke may play a role. Smoke originates from
particles emitted by the engines’ operations during take-off and climb of the air-
craft. Unburned hydrocarbons (UHC) are a mixture of hydrocarbons remaining
from partial combustion. Close to the surface UHC in combination with NO , CO
and smoke may even contribute to smog by reducing air quality through the pro-
duction of secondary organic aerosols (Miake-Lye et al., 2016; Pompl, 2006). UHC
and carbon monoxide (CO) emissions occur primarily during the aircraft’s lower
power engine phase. The aircraft’s surroundings are also often affected by airborne
dust, containing toxic heavy metals and soot aerosols, as well as suspended
sediments able to evoke allergies. The local impact of emissions influences local
political decision making, and therefore should not be underestimated.

However, only a small share of all emissions in airport proximity stems from
aircraft operations; the majority is generally caused by automobile feeder traffic,
machines and engines on the ground.

Another local impact of aviation is its land use, often causing conflict between
aviation stakeholders, neighbouring communities and their respective population
who try to hinder expansion plans.

Another major concern of communities in the airports’ proximity is noise.
Generally, noise originates from air transport operations and occurs particularly at
airports and within their vicinity, thereby representing a local problem. According
to ATAG (2020), more than 4.2 million people of the European population is
exposed to aviation induced noise levels exceeding 55 dB. One reason for this is the
location of airports in densely populated areas. Noise is defined as unwanted sound
that interferes with intended activities and encompasses an objective and subjective
component, with the latter being more difficult to assess (Basner et al., 2016; Janic,
1999). Besides the direct impacts of noise, such as disturbance and annoyance of
the population, there is also a monetary consequence — the decline in value of
properties, houses and apartments, at least in the direct airport proximity
(Mahashabde et al., 2011). Although this cannot be generalised as around some
airports property prices even increase due to positive connectivity, entertainment
and shopping effects.

The area affected by noise can be defined and visually expressed with help of
the so-called noise footprint, which are areas encountering the same noise level
emitted by aircraft (Filippone, 2014). This area has been reduced with newer air-
craft types such as the Boeing 737 MAX having up to 40% lower noise footprints
than current comparable aircraft (Boeing, 2017). Aircraft currently entering into
service are estimated to be about 20 dB quieter than those aircraft that entered into
service about 30 years ago (Airbus, 2020). The strong growth in aviation, neverthe-
less, has partly offset these noise reductions.

A number of different solution approaches, namely policy options and mea-
sures, could serve to limit or reduce greenhouse gas emissions, and these have been
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discussed both by practitioners and in academia. These solution approaches
include operational practices to raise the efficiency of the air traffic system, such as
improving descent planning (Jopson, 2016), lowering cruise altitudes (Schumann,
2011), reducing cruise speeds (Lovegren & Hansman, 2011), using alternative fuels
and altered aircraft design (Richter et al., 2018; Okonkwo & Smith, 2016) or chang-
ing air traffic management (SESAR, 2015). Additionally, regulatory approaches
can be considered, including measures to restrict the usage of auxiliary aircraft
engines for electricity and air conditioning at airports (Padhra, 2018). For example,
some airports have implemented noise surcharges depending on noise levels of
individual planes and time of the day. The noise fee model of Zurich Airport is an
example of a levy system that determines the noise fee based on the noise class of
the aircraft and time of day. In addition, the concept includes a relief mechanism
for so-called hub-relevant flights, i.e. those flights of particular economic impor-
tance for the airport (Wittmer, 2018).

Explanation of Decibel Levels
By Adrian Miiller and Andreas Wittmer

Noise is disturbing sound. The physical measure of sound is the decibel (dB).
The decibel is a logarithmic measure. In concrete terms this means:
== An increase of 10 dB corresponds almost to a doubling of the perceived volume.
= [f two equally loud noise sources come together, the level increases by 3 dB.

In Switzerland, the legislator distinguishes between immission limits (exposure limit
values) and emission limits. The exposure limit values define how high the sound
level at the place of impact (e.g. in an apartment) may be. The emission limit values
define the maximum amount of sound that e.g. a vehicle may emit into the environ-
ment.

The immission limit values (exposure limit values) can only be compared with
the sound levels of the individual noises to a limited extent, since the corrected, so-
called assessment level is decisive for the assessment of a noise situation.

The subjective evaluation of the sound as an undesirable disturbance depends on
the volume, frequency, tonality, impulse content, time of occurrence and duration of
the sound. The perception of noise also depends on personal factors such as indi-
vidual and social attitudes and value judgements about the noise source or the psy-
chological situation as well as current activity of the person affected.

Sensitivity level Immission limit value Alarm value
In dB(A) In dB(A)
Day Night Day Night
I Relaxation 55 45 65 60
11 Residential 60 50 70 65
111 Residential/commercial 65 55 70 65

I\% Industrial 70 60 75 70
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Normal Hearing Suburban Area at Military Aircraft at
Threshold Night Restaurant Busy Street Chainsaw Take-off

Background noise
onTV Conversation Vacuum Cleaner | Pneumatic Drill ‘ Pain Begins

O Fig.3.11 Decibel scale. (Author’s own figure based on ScienceDirect, n.d. and decibel-level com-
parison chart, n.d.)

Immission limits define the threshold above which noise significantly disturbs the
well-being of the population. They apply to existing noise-generating installations
and to building permits for noise-sensitive buildings (apartments).

Alarm values are a criterion for the urgency of renovations and the installation
of sound-proof windows (B Fig. 3.11).

Source: BAFU, 2019

Market-based regulatory options, such as environmental levies or emissions trad-
ing schemes, are a third possibility to mitigate the climate impacts of aviation.
These options in particular have the potential to provide economic incentives for
technological innovation and encourage efficiency improvements (Larsson et al.,
2019). Since 2012, for example, all flights departing from or arriving at airports
within the territory of the European Union (EU) are covered under an emissions
trading scheme which is intended to reduce emissions.

Furthermore, a reduction of emissions can be achieved by implementing new
technologies (e.g. new fuels, new engine technologies, acrodynamic improvements,
etc.). In order to develop new technologies, it is important to increase budgets for
research and development. By implementing a cost on emissions, the financial
pressure on airlines and the aviation supply chain as a whole is increased. This
might have a positive effect on new developments, since countries that are operat-
ing under a scheme, in which emissions have to be paid for, might improve their
research and development more than others. This could create a competitive
advantage for these countries in the future (Andreoni & Miola, 2016).

In addition to introducing tools related to pricing of emissions, there is the idea
to reduce growth of aviation and so to reduce emissions of the industry. In order to
reduce growth consumer behaviour has to be changed and new technologies (e.g.
video conferencing), which reduce the need for travelling, need to be enhanced
(Denstadli et al., 2013).

Mini Case: Sustainable Aviation Fuel (SAF)

By Adrian Miiller and Andreas Wittmer

Aviation is coming under increasing social pressure due to the use of fossil fuels
and the associated emissions. Renewable fuel for aviation has been identified by the
International Civil Aviation Organization (ICAO) to play a critical role in decarbon-
ising the industry and cutting CO, emissions. The industry is, therefore, conducting
intensive research into alternative fuels.
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Approximately 300 Mt of kerosene was consumed by civil aviation in 2019.
Despite other revolutionary aircraft technologies, such as propellers electrically
powered by photovoltaic cells, fuel cells or ultracapacitors, large commercial aircraft
to date have little to no alternatives to liquid fuel for the near- to mid-term. In the
following, we will briefly introduce various potential alternative energy sources for
aviation and their potential advantages and drawbacks.

Electric Propulsion

Similar to the automotive industry, electrification of aviation could also largely elim-
inate GHG emissions. However, despite various successful applications of smaller
electric aircraft, it is hardly foreseeable in the near future that passenger aircraft will
be completely electrically powered. The main unsolved problem lies in the storage of
the required energy and the associated weight. A sample calculation? is used to illus-
trate the problem.

Assumptions:

» Jet A fuel contains... ...100x the specific energy of today’s Tesla Model
S batteries
...>20x the specific energy of the best predicted
future batteries

» Aircraft engine thermodynamic  ca. 50% (today’s best aircraft engines)

efficiency
» Electrical systems efficiency up to 95%
» Example Aircraft: A320neo Fuel Capacity: 24 t

Max. Take-off mass: 78 t
Range. 4800-6150 km

Based on the above assumptions, we calculate the impact on the weight of a short-
range aircraft if the amount of energy contained in paraffin is to be completely
replaced by electrical energy.

Calculation:

Stored energy in fuel: 24,000 kg * 43.1 MJ/

kg = 1,034,400 MJ
Battery would need to provide 1/2 of the energy (— 50% 1,034,400 MJ * 0.5 = 517,200 MJ
efficiency of aircraft engine)

Today’s Tesla Model S batteries: 517,200 M1J at 0.4 MJ/
kg =1293t (>78 t)

Tomorrows projected best batteries: 517,200 MJ at 1.8 MJ/kg = 287 t
(>78 1)

3 Calculation conducted by Dr Philipp Furler, Synhelion AG. 2020.
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The same amount of stored energy would exceed the maximum take-off weight
many times over, even assuming more advanced batteries. The main reason is that
kerosene stores much more energy per kilogram as well as per litre and, therefore,
needs less space and weight than batteries. Therefore, while hybrid concepts are con-
ceivable; a complete electrification of commercial aviation in the coming years is
considered unrealistic by many experts.

Hydrogen

A similar problem occurs with hydrogen: even if it can be produced directly from
electricity and water, the storage volume required per kWh of energy is much larger
and, therefore, the main problem for carrying large amounts of energy in an aircraft.
Due to the low volumetric energy density cryogenic H, would have to be stored in
cylindrical tanks. For aerodynamic reasons, current airframes provide no space for
bulky tanks.

Production and supply are further challenges, as the H, supply chain infrastruc-
ture is quasi non-existent and aviation certification for pressurised or cryogenic H,
will likely pose a great challenge. It will, therefore, take a long time for the newly
required aircraft to enter service, which means that the impact on emissions reduc-
tion will come late.

Sustainable Aviation Fuels

Based on a brief overview of the two most frequently mentioned alternatives to con-
ventional fuels, it seems clear that chemical fuels can hardly be replaced in the near
future. They have a high gravimetric and volumetric energy density, can be stored
easily thanks to their long-term stability and the supply and fuel infrastructure exist.
These are the three most important arguments in favour of sustainable aviation fuels
(SAF) which as so-called drop-in fuels can be used as a direct replacement for the
existing fossil fuels. Compared to fossil fuels, sustainably produced, non-conventional
aviation jet fuel leads to a reduction in carbon dioxide (CO,) emissions over its entire
life cycle. SAF contains fewer pollutants (such as sulphur), which means that sul-
phur dioxide and particulate emissions can be reduced even more than is possible
with current technology.

Biofuels

Biofuels usually refers to fuels manufactured from biological resources (plant or ani-
mal material). Current technology, however, allows the production of fuels from
other alternative sources, including non-biological resources. Various raw materials
can be used to produce SAF: municipal solid waste, recycled oils (used cooking oil),
animal fats, algae, sugar crops, cereals, plant waste and cellulosic or oil-producing
plants.

The carbon dioxide absorbed by the plants during the biomass growth corre-
sponds approximately to the amount of carbon dioxide that is produced during the
combustion of the fuel in a combustion engine and is simply returned to the atmo-
sphere. This means that SAF would be nearly carbon neutral over its life cycle. How-
ever, the production of SAF generates emissions that are caused by the equipment
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required to grow the plants, transport the raw materials, refine the fuel, etc. If these
elements are considered, it has been shown that the use of sustainable aviation fuel
leads to a significant reduction in total lifecycle CO, emissions compared to fossil
fuels, which in some cases can be as much as 80%.

Biofuels have some disadvantages. In particular, the “food vs. fuel” debate, which
deals with the risk of using agricultural land for fuel production at the expense of the
global food supply. Similarly, the planting of crops for biofuels can have negative
effects such as deforestation and soil erosion, as well as increasing pressure on water
resources through agriculture and refineries. There are also some technical chal-
lenges that have not yet been fully resolved. One major problem that needs to be
solved also relates to SAF’s economic viability; currently, sustainable fuels are sig-
nificantly more expensive than fossil fuels. Also, within biofuels there are significant
differences between the different types.

Power-to-Liquid/Sun-to-Liquid fuels

The term power-to-liquid refers to various technical processes, all of which aim to
produce liquid fuels. Starting materials for the entire process are water, carbon diox-
ide and electrical energy. A promising further development is the so-called
sun-to-liquid process, which uses solar energy instead of standard electrical energy
from potentially non-renewable sources. Unlike biofuels, solar energy is scalable to
meet any future demand and is already used on a large scale to generate heat and
electricity. Solar energy can also be used to produce hydrogen, but the transport sec-
tor cannot easily replace hydrocarbon fuels as discussed earlier.

Concentrated solar energy is used in the sun-to-liquid approach to synthesise
liquid hydrocarbon fuels from H,O and CO,. Such a reversal of combustion is
achieved by a high-temperature thermochemical cycle based on reactions that con-
vert H O and CO, into high-energy synthesis gas (syngas), a mixture of mainly H,
and CO which is subsequently processed to so-called Fischer-Tropsch hydrocarbon
fuels.

Solar conversion efficiency and the cost of a sustainable CO, supply are key fac-
tors in the competition with fossil and biomass-based fuels. The supply of carbon
dioxide (CO,) for the synthesis process can potentially be achieved by CO, extraction
from the air, but some technological challenges remain.

Mini Case: Sustainability in Air Transportation

By Adrian Miiller and Andreas Wittmer

The case of sustainability exemplifies the multi-dimensional impacts of issues in
air transportation. Sustainability, in particular, not only covers the five perspectives
introduced above, but also illustrates that these different aspects may interact on
several impact layers, namely on a global, national and local level.

There is, overall, a global and an ecological perspective of aviation sustainability
with respect to worldwide anthropogenic climate change, which is the greatest global
challenge of our time. Since the Paris Agreement 2015 and the 1.5°Celsius target,
there is a broad global consensus on this issue. With the climate strikes of 2019 initi-
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ated by the so-called climate youth, the issue has reached civil society worldwide and
thus finally arrived on the agendas of policy makers and executives. This develop-
ment has also influenced customer needs and especially in Northern Europe “flight
shame” became a new phenomenon.

These environment-driven changes are causing increasing conflict with the other
two dimensions of sustainability. Economically, the competitiveness of nations and
international companies is a major factor and governments are reluctant to imple-
ment environmental regulations that could weaken their own position in interna-
tional competition. From a social perspective, mobility needs and impacts on the
quality of life are of relevance. It is, therefore, difficult for a large part of the popula-
tion in Western countries to imagine doing without or with less international mobil-
ity, and regulation faces resistance. At the same time, it is problematic to demand
that less developed regions abstain from growth in mobility, which goes hand in
hand with greater prosperity and increased quality of life.

On a national level, air transportation provides trade opportunities and increases
the attractiveness of a nation. However, CO, emissions and noise are important neg-
ative factors in the airport proximity and under flight paths. The opportunity to meet
people, to travel, and to create personal networks are factors which, from a social
perspective, increase the quality of life of inhabitants in a country.

On a local level around airports, economies profit from increased employment
opportunities and attractive living locations with good public transport networks.
Ecologically, challenges concerning noise pollution and bad smell due to emission
may arise around airports. From a social point of view, air transport connections
create high living standards, reflected, for example, by increasing land prices and
construction activities around international airport hubs (8 Fig. 3.12).

Economy
(economic utility,
market potential air traffic from,
an airport)

Sustainable air traffic
development in airport region
(ecological damage < economic
and social utility)

Environment
(Potential of air pollution and
noise emissions)

Society

social utility > ecologic
(Potential of social contacts)

damage

O Fig.3.12 Sustainability framework. (Author’s own figure)
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0 Review Questions

== What are major influencing factors and milestones in the political development
of the aviation industry? What is the Chicago Convention about?

== What are major technological impacts and inventions that have shaped the air
transport industry? How does technological progress impact the economic and
ecological development of the aviation industry?

== Explain the economic relevance of the air transportation industry. What do
direct, indirect, induced and catalysed effects stand for?

== What is meant by the “social impact” of aviation?

== What are the ecological impacts of aviation and what effects can be distinguished
on a global and a local level? Quantify these impacts!
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Summary

== The aviation value chain consists of sub-industries, most importantly, aircraft
manufacturers, leasing companies, airports, ground services, technical support,
reservation systems and airlines.

== Within this value chain there are pull and push effects at work, e.g. technical
push effects from aircraft manufacturers or demand-pull effects in form of cus-
tomer requirements.

== Because of these interdependencies, but also due to the interrelations of the
whole aviation value system with its different environmental spheres (economic
environment, political environment, technical environment, social environment
and ecologic environment) and the market structure, the aviation sector can be
ideally modelled with a system approach.

== The profitability of the different sub-industries varies and depends on entry bar-
riers and on natural market power. Therefore, reservation systems, airports and
leasing companies are more profitable.

The aviation value chain is made up of different sub-industries that range from
aircraft manufacturers over technical support to airlines. Each of these sub-
industries face different pull and push effects which are interdependent and influ-
ence their decisions and actions. Coupled with the interrelations of the different
spheres within the aviation value system, and the market environment, a system
approach is useful to map the aviation industry. Each sub-industry faces different
degrees of profitability which depend on the entry barriers and the natural market
power. This explains why airlines see narrower profit margins while airports or
leasing companies face higher profits.

4.1 Introduction

This chapter gives an overview on the different sub-industries in aviation, e.g. air-
ports, airlines and aircraft manufacturers. Based on historical development, strate-
gic success factors of different sub-industries are derived. The profitability of the
different sub-industries in the aviation value system is discussed, and thereby, the
chapter provides a deeper understanding of the aviation system model introduced
in the previous chapter.

Mini Case: Zurich Airport

By Andreas Wittmer and Christopher Siegrist

Zurich Airport is a publicly traded company. The majority of the shares, how-
ever, are still owned by the Canton of Zurich. The airport has three terminal con-
courses and three runways which allow for simultaneous movements on two runways
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(two of three runways intersect). The airport can currently handle a maximum of 66
movements per hour (Zurich Airport, 2019). This is due to politically motivated
approach and departure procedures, as well as unilaterally imposed regulations by
Germany, which needs to be flown over in order to get to the airport. Furthermore,
noise abatement procedures cause complex routings, further reducing capacity. This
poses a problem, as newest forecasts require a capacity of up to 70 movements per
hour to meet future growth (BAZL, 2017). As the government is forced to take
action to reduce impacts as soon as a certain level of noise is measured, the maxi-
mum number of aircraft movements permitted by law depends on the noise that
aircraft produce and on how many people reside in the immediate vicinity of the
airport. Zurich Airport may, in the future, be able to accept a higher number of
flights, if technical progress leads to quieter aircraft. However, the airport may also
lose capacity, if more people move into the vicinity of the airport (AfV, 2008).

Zurich Airport serves the business hub and economic capital of Switzerland (a
large number of international company headquarters are located in Zurich). In addi-
tion, it is also the main Swiss airport, and thus the gateway to Switzerland, especially
to the northern part of the country. Together with Southern Germany and Western
Austria the airport serves a market of roughly 10 million people in one of the most
prosperous regions of Europe.

Zurich Airport is served by 77 airlines from 5 continents and it is also the hub
of Swiss International Airlines (Zurich Airport, 2020, p. 14). Swiss International
Airlines runs a comprehensive international and intercontinental hub out of Zurich
based on a wave structure, which dominates the operation of the whole airport. As
a subsidiary of Lufthansa, Swiss International Airlines operates the third major
hub of the Lufthansa multi-hub system. “Hubbing” provides growth opportunities
for the airport beyond the local market. Additionally, a number of suppliers and
service companies depend on the airport, such as Swissport as an airport handler,
SR Technics in the airplane maintenance business or LSG Sky Chefs in the catering
sector.

Zurich Airport is one of the most expensive airports in Europe, but also one of
the most efficient and qualitatively outstanding ones. Politicians and businesspeople
from the region care about the development of the international connectivity of
Zurich Airport, since they want Zurich to remain an important hub. Easy accessibil-
ity by air from all over the world is considered to be a major ingredient of the attrac-
tiveness of Zurich as an international business centre.

Questions for Discussion:

Which are the most important elements of the aviation system in Switzerland,
and which factors determine the competitiveness of Switzerland as an aviation hub?

Would you personally rather invest in the Zurich hub by buying shares of Zurich
Airport or by buying shares of Lufthansa or Swiss Airlines? Why?

How can the interdependence between the Zurich Airport and its major cus-
tomer, Swiss International Airlines, and respectively between Swiss International
Airlines and its most important infrastructure, Zurich Airport, be organised? What
type of market structure is this relation based on?
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4.2 The Aviation Value Chain

Like in any other industry the value chain in the aviation sector can be structured
into different industries. Typically, the aviation value chain consists of the follow-
ing industries (B Fig. 4.1):

== Manufacturers which produce aircraft

Lessors which buy aircraft and lease them to the airlines

Airports

Airport ground services, such as catering, baggage handling services, etc.
Computer reservation systems which organise distribution within the industry
Travel agents representing the face of the aviation industry to the customers in
the distribution system

Freight forwarders to the customers in the airfreight sector

Airlines which provide air flight services

This value chain can be illustrated in different forms (for example from the
perspective of an airline as shown in 8 Fig. 4.2). It seems clear that the central
element of the value chain are the airlines, which provide, in form of passenger or
freight services, the core product to the final customers.

The airline is the most important of the various actors in the aviation value
chain because it functions as the integrator of all the products in the system. The

Return on capital across

air transport supply chain
=2010-2018 = 1999-2009
GDS
Manufacturers
Catering
Forwarders
Ground
MRO
Airports
Alrlines
ANSPs

0% 5% 10% 15% 20% 25% 30% 35%

O Fig.4.1 Return on invested capital (ROIC) excluding goodwill in the period 2004-2011, by sector
(McKinsey & Company (n.d.) as cited in IATA, 2020)

O Fig.4.2 The aviation service chain. (Author’s own figure)
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airline buys all the other products in the supply chain and delivers them to the
aviation industry customers.

The picture is quite different, however, if the return on capital investments in
each sub-industry of the aviation systems value chain is analysed. In the long run,
airlines always seem to be losing money — there are some exceptions like Southwest
Airlines or Singapore Airlines, which can look back at a long history of profitabil-
ity. However, service providers, such as computer reservation system providers or
lessors, have much higher profit margins. Even some airports and service providers
at the airports show a respectable profit which is due to their (regional) monopoly
power. In the airport sector, there are pronounced barriers to new entrants.
Especially in well developed markets, today, it is practically impossible to develop
a new airport. The profitability of the aircraft manufacturers depends very much
on the technology cycle. In times when new investments are undertaken profit rates
tend to be smaller. This applies, for instance, to recent developments like the launch
of new aircraft such as the Airbus A350, Boeing 747-8 or Boeing 787 Dreamliner.

For countries like Singapore or Dubai, in which aviation is strategically devel-
oped as an important element of the economy, an integrated view on the whole
aviation value chain is taken. The aviation system is treated as an integrated entity.
The local airport is very often developed according to the needs of the home car-
rier, e.g. the new airport in Dubai. Also, aviation clusters are developed. A cluster
(or industrial district) (Scherer & Bieger, 2003) is a theoretical concept in regional
economics. It describes a network of suppliers and institutions within value sys-
tems. Within a cluster, supplier-buyer-relations can be organised optimally and,
even more importantly, mutual learning and competence development can take
place (Scherer & Bieger, 2003). A similar concept in management science is the
“business ecosystem” (Rencher, 2019) that describes the far-reaching ecosystem
into different business areas and the supply or customer value chain in connection
to aviation. If a cluster provides optimal conditions for mutual learning, a so-called
learning region can develop (Florida, 1995). Singapore implements this strategy. It
aims to provide a good development perspective for airline suppliers, maintenance
companies and aviation service companies, e.g. by expanding the runway and ter-
minal area for its maintenance- and service-orientated airport (Urban
Redevelopment Authority, n.d.).

Mini Case: Singapore Changi’s “The Jewel” and Terminal 5

By Andreas Wittmer and Christopher Siegrist

To further develop the country’s aviation sector, Singapore’s Changi Airport
designed a new complex within the airport perimeter called “The Jewel.” This exten-
sion provides an upgrade to convert the airport and Singapore itself into a lifestyle
destination, featuring a wide range of shops, a cinema or even a jungle for passen-
gers to discover during their layover in Singapore. The aim of this project is to mix
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industrial design with natural elements to create a tourist attraction in its own right
for travellers flying in and out as well as through Singapore (Changi Airport, n.d.).

Furthermore, additional capacity needs to be built to strengthen the location and
make it future proof. As such, the airport authorities are seeking to extend the air-
port with the world’s largest terminal, the new Terminal 5, by 2030. This will involve
building one main terminal and two satellite terminals to provide for more passenger
capacity and aircraft parking. Furthermore, the military runway will be converted to
civilian use, whilst being extended simultaneously. This would up the total number
of runways to three and would facilitate the increase in aircraft movements.

Both projects demonstrate how countries like Singapore continuously develop
their infrastructure to maintain a strategic advantage. The Jewel improves passenger
experience for passengers travelling through the hub, whilst the planned terminal
and runway extension act as an infrastructure upgrade to maintain the required
capacity for the future.

4.3 The Development of the Most Important Elements
in the Aviation Value Chain

4.3.1 Airlines - Swiss International Airlines as an Example

Taking a look at the development of Swiss International Airlines helps to under-
stand how airlines in general often develop. It shows that the combination of tech-
nological advances and airline regulation combined with economic development
provides an excellent explanatory pattern for the development of airlines like other
network infrastructures. Understanding airline development is also the first step
towards a deeper understanding of the development and dynamics of the whole
aviation system.

Based on the Swiss Airline development case and its history of aviation in
Switzerland and the example of Swissair some important success factors for air-
lines can be derived:
== Early adoption of new technologies. New technologies seem even more impor-

tant in today’s business environment considering ever rising fuel prices and

emission, increasing noise sensitivity and fees and airspace and airport space
limitations.

== Early adaptation to changes of the business model to the regulative environ-
ment. It is necessary to observe and forecast these changes, to develop scenarios
for different regulatory regimes and to design strategies and adaptation pro-
cesses even if they involve totally redesigning a company’s business model. This
is especially challenging in a dynamic industry which operates under regular
impacts of external shocks.

== An operational basis of business, operational reliability and successful service
and marketing are key to successfully develop an airline business. A solid base
for business means also an appropriate anchor airport and home market.
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4.3.2 Airports - Zurich Airport as an Example

Based on the case study of Zurich airport the following main success factors for the

development of an airport can be derived:

== Early adaptation of the infrastructure to the needs of airlines and modern air-
craft (e.g. the construction of a new gate to accommodate the A380 or provide
infrastructures for new alternative fuels, etc.).

== A combined business model which takes maximum advantage of the traffic
generated and the people attracted through retailing, but also through enter-
tainment and service companies/activities.

== Strategic outsourcing of services. Airports are infrastructure providers and as
such “landlords.” In such a set-up it is important to ensure certain services in
house to have the necessary impact on quality perception by business partners
and air passengers.

== Safe and sound financing which allows to navigate through the cycle and to
survive even difficult economic times.

== The proactive corporate affairs assure the acceptance and legitimacy of the
airport in its environment and to avoid severe restrictions of its operation.

== A balanced business model with commercial revenues (in Zurich accounting for
about 40% of total revenues).

== A good mix of carriers (with a strong home carrier but also a diversified struc-
ture of other carriers serving the airport).

4.3.3 Aircraft Manufacturers

Generally, aircraft manufactures rely heavily on suppliers, particularly regarding

technological sensitive parts. This is for instance true with respect to airline engines

(produced and supplied for example by General Electric, Rolls Royce or Pratt &

Whitney), or aviation electronics, so called avionics, and cockpit equipment, like

Honeywell (Rockwell Collins etc.). The previous paragraphs have illustrated that

the main success factors for aircraft manufactures are:

== Reasonable and sustainable development which, on the one hand, involves the
constant adaptation and implementation of new technologies, but on the other
hand, avoids premature investments in new fields that are commercially not
viable (many new aircraft developments were never economically successfully,
like, in 1920 — in the early days of aviation — the big water plane Do X).

== Adoption of platform and family concepts which allow for efficient production
and operation within the airline companies. Pilots can be used for several differ-
ent aircrafts of the same family, which increases flexibility of airline operational
planning and the number of staff needed.

== Good cooperation with the suppliers of technologically intensive components
(Ecosystem). Supply chain management is centrally important also with respect
to ensuring a constant production flow. Hence, oversight over suppliers’ finan-
cial situation, business models and compliance is key for success and demanded
by regulation.
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Mini Case: Development of Swiss National Airline

By Andreas Wittmer and Christopher Siegrist

Like many other airlines, Swissair was the result of a merger of two start-up
mini-airlines in the first years of aviation history. Ad Astra Aero, founded in 1919,
and Balair Airlines, founded in 1925, merged to form a new company called Swissair
in 1931 (von Schroeder, 2002). At that time, the company operated a fleet of two
planes with piston-driven propeller engines. Later, regulations required for passenger
aircrafts to have at least two engines which meant that a major investment in the fleet
became necessary. Typical “milk-can flights” were operated during that time, e.g.
from Zurich via Basel and Frankfurt to Amsterdam and later even to London.
Aviation was still quite unreliable. The propeller airplanes departed from grass-strip
airports and in most cases, airports did not even have designated runways, since the
airplanes had to lift off straight into the wind because of their weak engines. Very
often there was just a circular area at the airport to be used for landing and take-off.
If there was fog, for landing the pilots opened the windows and listened to the bells
of the airport. For a long time after passenger cabins had become enclosed pilots
would continue their work in open cockpits.

The introduction of modern aircraft, which allowed winter operations and the
operation of flights under reduced visibility, was a crucial development for airlines.
As one of the first airlines Swissair bought US aircraft for this purpose and was one
of the first to introduce the Douglas DC-2 and Douglas DC-3. Due to this
technological supremacy the airline was able to gain market share and to operate
relatively profitable.

After World War II, which almost completely stopped civil airline operation in
Europe, the two drivers of aviation development, regulation and technical develop-
ment, worked their magic. As a result of the preparation of post-war economic
development in the Chicago Conference in 1944 the scheme for airline regulation
with the eight traffic rights emerged (International Civil Aviation Organization
Chicago Conference [ICAO]) (see also » Chap. 11). Due to World War II, high
investments in the development of aviation technology took place. Radar, night and
instrumental flight systems, as well as land-based long-haul planes were developed.
After World War II, many planes formerly used in the military were bought by air-
lines for use in civil aviation.

Swissair had a relatively good starting position after World War II. First of all,
the airline could rely on an intact infrastructure with aircraft that were in serviceable
condition. Second, thanks to the neutral position of Switzerland, it was very easy for
Swissair to get traffic rights. For a long time, Swissair was one of the only European
airlines flying to certain destinations. The first long-haul operation to New York
took place on 2 May 1947.

After a short period of recovery, the countries affected by the war, especially the
ones with an own aircraft industry, invested heavily in the development of their air-
lines. As a result, Swissair, being a relatively small company, had to compete with
international airlines who profited from considerably larger financial backing. These
companies introduced new generations of propeller-driven long-haul planes with
advanced pressurised cabins, such as the Douglas DC-6 or the Lockheed
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Constellation. For the first time Swissair had to ask for government aid. The Swiss
government bought two Douglas DC-6B for use by the airline in 1951. Thanks to
this technological boost, and the fact that Switzerland has been a neutral country,
which made traffic rights very easy to come by, Swissair started to thrive by develop-
ing a unique and — for a relatively small country — quite extensive intercontinental
network.

Towards the end of the 1950s, relatively large and advanced long-haul planes,
like the Boeing 707 and the Douglas DC-8, were launched. Swissair ordered the
Douglas DC-8 and introduced commercial jet services in 1960. Different factors sup-
ported the development of Swissair into one of the leading European airlines,
including the company’s sound financial situation, the good market position based
on superior service, the fast adoption of new technology as well as the swift change
from propeller to an all-jet fleet. In the early 1970s, the next major technological
developments followed. The first wide-body airplane, the Boeing 747, was intro-
duced and, as always, Swissair tried to take advantage of a “first-mover strategy.” It
bought two of these large airplanes and started wide-body services in 1971.

However, these latest technological developments had a major impact on the
economics of aviation and consequently also on the regulative environment of the
airline industry: The huge increase in seats offered — the previous generation of long-
haul aircraft like the 707s had roughly 140 seats, the Boeing 747 now suddenly
offered 400 seats — led to a rapid decrease in airfares. In order to fill their planes,
airlines had to accept customers paying lower fares. Unfortunately, IATA regulation
dictated the price for each route, and the airlines were unable to freely adjust their
fares. Price regulation, on the one hand, provided the advantage that airline tickets
were exchangeable between different companies because on a given route every air-
line offered the same price. It was, therefore, easy to transfer passengers between
airlines. On the other hand, price regulation limited the possibility to use the price as
a marketing instrument. Airlines became creative in order to circumvent this indus-
try regulation. “Grey-market tickets” were introduced — tickets were sold in other
markets at lower prices and were then re-imported in order to offer more competitive
prices to customers (Yenckel, 1987). Due to this practice, prices fell slowly and
steadily, and price regulations were eventually abolished. As a consequence of the
increasing range of prices within a certain service category, there was a need for
product differentiation. In the economy class there were passengers paying 800 or
900 US dollars for a transatlantic flight sitting right next to passengers paying 4000
and more US dollars. An innovation in the class system was needed. As a result,
business class service, positioned between economy and traditional first class service,
was introduced throughout more and more airlines. As a result of the introduction
of wide-bodied aircraft, airlines had to rethink their marketing practices. They had
to consider service, pricing and distribution again.

In the face of increasing globalisation, internationalisation and the need for
cheap air transport, initiatives were launched to deregulate the sector. In 1978, the
airline industry was fully deregulated in the United States. The European Union fol-
lowed in 1983. Consequently, more and more intercontinental open sky agreements
were signed, e.g. between the European Union and United States. These agreements
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led to increased competition between airlines. Airlines were no longer protected by
air traffic rights. Also, new forms of airlines and business models, like the low-cost
model, were introduced. Eventually, another transformation and consolidation hap-
pened: alliances were formed, later on mergers of whole airline systems took place
and the differentiation of business models was introduced.

In the process of competing in an increasingly deregulated environment Swissair
also had to redefine its strategy. As one of the first airlines it headed for a major
breakthrough, a mega merger with KLM, SAS and Austrian Airlines in 1993. Due
to political pressure in Switzerland and due to unresolved issues between the part-
ners, the merger had to be abandoned (Ernst & Young, 2002). Swissair knew that a
carrier of its size could not survive in a more loosely regulated market in which big-
ger carriers profit significantly from network effects. It decided therefore to embark
on a “hunter strategy,” which consisted of buying minority shares of other airlines
and developing an own airline group through part-ownership and alliance mecha-
nisms. This strategy, however, drained the financial and management resources of
the company (Ernst & Young 2002). In the aftermath of 9/11/2001, the airline went
bankrupt and operated under government protection and finances until end 31
March 2002.

Based on the legal structure of its former daughter Crossair a new airline was
founded financed by the Swiss government, the canton and the Swiss Business world,
Swiss International Airlines. The newly founded company was not able to survive in
the very competitive environment in the post-regulation era. After severe losses,
Swiss International Airlines was sold to Lufthansa in 2005; and it is now operated as
a wholly owned subsidiary and as a member of Star Alliance. Lufthansa committed
to maintaining Swiss as an independent brand with a hub in Zurich within the
Lufthansa system and to taking advantage of access to Star Alliance traffic streams.
This arrangement was among other instruments safeguarded by a special foundation
with representatives of the government and the canton of Zurich.

Thanks to the flexibility of a newly founded airline, the access to a strong alli-
ance, the operational synergies with a strong mother company and the strong busi-
ness market of Switzerland, Swiss International Airlines flourished and was even
able to be profitable in the economically very difficult years of 2008 and 2009. This
growth and profit trend continued thereafter and Swiss has positioned itself as the
premium carrier within the Lufthansa Group, as well as becoming “The Airline of
Switzerland” (Swiss, n.d.). Through cabin refits, new aircraft types such as the Airbus
A220 or the Boeing 777-300ER, Swiss has strived to maintain its competitiveness
and premium product proposition (Lufthansa Group, 2019, pp. 45-46). With over
18m passengers a year and a fleet of 90 aircraft, the company posted a total operat-
ing revenue of over CHF S5bn in 2018, thus making it Switzerland’s largest airline
(Swiss, n.d.). However, the expansion also poses new challenges as cost reduction or
capacity constraints at their main hub in Zurich (Voigt, 2019, p. 21).
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Mini Case: Development of Zurich Airport over Time

By Andreas Wittmer and Christopher Siegrist

Zurich airport was opened in 1946 as the future national airport to enable easy
access to Switzerland from all over the world. Its location was selected based on in-
depth topographical studies. A relatively flat and remote area outside the town of
Zurich was eventually chosen. At the time, it was very important to provide a runway
system which allowed take-off and landing according to the prevailing wind directions.

The original runway system of Zurich airport comprised three runways, all lead-
ing in different directions. During the post-war era an airport was considered as a
public infrastructure providing services necessary for aviation. Therefore Zurich
Airport was owned and operated based on a federal concession by the canton of
Zurich.

In 1960, a major expansion took place to prepare the airport for the jet age. The
main runway was renewed and expanded to a length which allowed for safe landing
and take-off of intercontinental jet planes. Operation of the airport still remained
the same as did the capacity of its infrastructure. Another significant expansion took
place in 1970. In that year, a third runway, which did not intersect with any other
runway, was built. The expansion allowed for a considerable increase in aircraft
movements, which was important, since the introduction of long-haul planes led to
a substantial rise in traffic and “hubbing” became necessary. Consequently, the ter-
minal structure needed to be enlarged as well. In short succession two terminal
buildings were constructed.

Loop Mini Case: Runway Concept at Zurich Airport

Being a commercial airport, Zurich Airport operates on a concession by the Federal
Department of Environment, Transport, Energy and Communications (DETEC).
Based on the sectoral aviation infrastructure plan (SAIP) and the operations regula-
tion, this concession outlines the goals and responsibilities that Zurich Airport and
its operational concept have got to meet. It specifies that the airport has got to serve
the needs of the Swiss business hub by meeting the demand for air travel and meeting
the resulting operational requirements. These requirements are expressed in more
detail, covering several aspects such as the number of aircraft movements per hour
or the obligation to implement environmental protection measures (e.g. noise).
Accordingly, the airport authorities have created operational concepts in accor-
dance with the conditions outlined in the SAIP and the concession. These opera-
tional concepts define the use the airport’s three runways, which are allocated to
take-offs and landings depending on several factors. Each runway possesses two run-
way designators which are assigned according to their heading on the magnetic com-
pass in degrees, whilst omitting the last digit. Using all the runways and their
respective directions, the airport has derived three operational concepts: the North
concept, the East concept and the South concept. Each of them is used according to
several variables such as time of the day, wind or public holidays in Switzerland and
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Southern Germany. Whilst each concept allows take-offs and landings, the aircraft
movement capacity varies considerably between each one of them due to available
runway length, intersecting runways and/or political reasons. An overview of each
concept can be found in @ Table 4.1.

Looking at the illustrations of each concept, the take-offs (red) and landings
(blue) rotate between the concepts. The dashed line arrows show potential flight
paths such as occasional take-offs or aborted landings; often leading to so-called
“hot spots,” which are shown using red dashed circles. Such hot spots can greatly
affect the aircraft movements per hour by creating a bottleneck for traffic. As an
example, in the North concept hot spots can be found at the intersection of runway
28 and runway 16, preventing simultaneous take-offs from both runways. Further-
more, due to noise abatement procedures, take-offs from runway 16 need to perform
a left turn right after take-off which can cause a collision, should a landing aircraft
on runway 14 abort their landing and continue straight ahead. This means that a

O Table 4.1 The runway usage concept at Zurich Airport (Zurich Airport, 2019)
North concept East concept South concept
Description Description Description
Landings from the Landings from the Landings from the South
North East Take-offs direction North
Take-offs direction Take-offs direction and West
West North

Take-offs direction

South with a turn to the

East
During bise: Ttake-offs
direction East

Runway usage
Landing: Runways 14
and 16
Take-off: Runways 28
and 16
Runway 10 (only
during bise)

Operational hours
07.00-21.00: Mon to
Fri09.00-20.00: Sat, Sun
and public holidays in
Baden-Wiirttemberg

Runway usage

Landing: Runway 28
Take-off: Runway 32
(and occasionally 34)

Operational hours
21.00-23.30: Mon to Fri
20.00-23.30: Sat, Sun
and public holidays in
Baden-Wiirttemberg
Also used during
westerly winds

Runway usage

Landing: Runway 34
Take-off: Runways 32 and
34, occasionally runway 28

Operational hours
06.00-07.00: Mon to Fri
06.00-09.00: Sat, Sun and
public holidays in Baden-
Wiirttemberg

Also used if the East concept
cannot be used in the
evenings due to weather (bise,
bad visibility etc.) or if
neither the North or East
concept can be used during
the daytime.
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B Table 4.1 (continued)

North concept East concept South concept

Current capacity Current capacity Current capacity
Approx. 66 movements Approx. 60 movements Approx. 50 movements per
per hour per hour hour

During bise approx. 44
movements per hour
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take-off from runway 16 cannot be performed whilst a landing on runway 14 is
imminent. The demonstration of these concepts illustrates how the current political
environment creates a challenging situation for Zurich Airport to operate in. Whilst
they need to meet the demand for air travel (70 movements per hour according to the
SAIP), their concession imposes noise regulations that prohibit them from meeting
their movements target. This leads to a reduced capacity when the East or South
concepts are in use or the bise (northeastern) wind is blowing, thus causing consider-
able delays. This severely limits the future growth potential of Switzerland’s main
hub; therefore, the airport needs to engage with politicians to find a solution, which
improves the concept and increases the total amount of aircraft movements per
hour. (Source: Zurich Airport, 2019)

Due to the growth of traffic and the increasing importance of “hubbing” and
transfer passengers, terminal space had to be expanded continuously (B Figs. 4.3 and
4.4). Runway capacity could be expanded thanks to new electronic navigation equip-
ment and increased efficiency of air traffic control. In the year 2000, another terminal
building — Dock E — was opened and the runway capacity was increased through a
new taxiway system. At that time, a major source of income for the airport was
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already retail trade (i.e. parking fees and ancillary revenues from conference services,
etc.). The financing of the new terminal infrastructure was mainly based on predicted
revenues from non-flight-related income sources like revenues from retailing.
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Due to the impacts on the aviation industry caused by the terrorist attack in
New York on September 11, 2001 and due to the bankruptcy of the home carrier
Swissair, Zurich Airport suffered a significant decline in the total number of its pas-
sengers as well as traffic movements. This development hit the airport right at the
time when it was financially very vulnerable because it had made major investments
during the latest expansion step.

The airport was privatised on 1 April 2000 as a listed company with majority
shareholders Canton of Zurich and City of Zurich.

Today, witnessing the excellent development of Swiss International Airlines as
the new home carrier within the Lufthansa system, the airport faces capacity limita-
tions again. The main approach route to the airport leads over German territory. As
the German and the Swiss governments could not agree on a treaty regulating traffic
procedures, Germany unilaterally imposed restrictions on the times when aircraft
may approach from the main corridor over its territory. All other approach routes
lead over densely populated areas where, according to noise abatement laws, signifi-
cant restrictions apply. Based on the current scheme the noise emission is evaluated
by use of the “ZFI” (Ziircher Fluglirm-Index) instrument, an index which considers
the total number of people suffering from a certain level of noise (AfV, 2008). The
maximum level of politically accepted impact will soon be reached. For the future
expansion of the airport, it will be crucial to solve the noise issue or to define the
politically acceptable and sustainable noise level based on an efficient approach and
departure system for the planes. At the moment, the planes of home carrier Swiss
International Airlines burn a vast amount of unnecessary flight hours because the
flight path regulations are so complex (see mini case). Despite the complex regula-
tory frames and the restrained capacity, Zurich Airport has heavily invested in its
infrastructure, to meet growing passenger numbers. This included certifying and re-
adapting the airport for Airbus A380 operations, thus allowing Singapore Airlines
and later Emirates to launch A380 operations, bringing more passengers to Zurich
Airport. Furthermore, the renovation and re-opening of Dock B took place, thus
allowing the airport to handle Schengen and non-Schengen traffic within the same
terminal. This was closely followed by various projects to improve the connectivity
in terms of public transport, which accounts for 44% of all passengers, employees
and visitors arriving at the airport. But also, outside the airfield operations “The
Circle,” a new real-estate project at Zurich Airport, has started construction offering
office spaces, hotels, restaurants, etc. to increase the airport’s attractiveness. Whilst
the airport is still growing in terms of passenger numbers, the Flughafen Ziirich AG
has also started investing and running several airports in South America to diversify
their portfolio (Zurich Airport, n.d.). Evidently, Zurich Airport is continually striv-
ing to improve the airport’s capacity and proposition. However, it is only a matter of
time before the regulatory framework will have to be changed to accommodate fur-
ther growth at Switzerland’s main hub.
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Case: Aircraft Manufacturers

By Andreas Wittmer and Christopher Siegrist

Aircraft manufacturing is dominated by two main suppliers, Airbus and Boeing.
In addition, there are successful producers catering for the regional segment, such as
Embraer and Bombardier. New suppliers have emerged in China (COMAC —
Commercial Aircraft Corporation of China) and Russia (Sukhoi, also catering for
the regional market).

Taking a look at the history of aircraft manufacturing it seems clear that every
time a new technology generation is introduced, consolidation of the industry takes
place. With the emergence of reliable short-haul airliners and navigation systems,
Douglas, with its aircrafts DC-2 and DC-3, as well as Junkers, with the Ju 52,
achieved a leading position (Fecker, 2005). After World War II, the US market was
dominated by Douglas Aircraft Company and Lockheed with its successful model —
the Constellation. The launch of new turboprop and jet aircraft opened up opportu-
nities for new companies, for instance, Convair in the United States or Yakovlev in
the Soviet Union.

The introduction of wide-bodied aircraft changed the market pattern again and
led to further consolidation of the industry. Lockheed, producing the L-1011 Tristar,
overestimated the market for wide bodies and eventually had to exit the market for
civilian aircraft. McDonnell Douglas, producing the DC-10 and later the MD-11,
also reached its limits leaving Boeing as the sole US producer for commercial air-
craft.

In Europe, aircraft production was for a long time quite nationalised and heavily
supported by governments. Especially in France and in Great Britain, innovative
aircraft producers launched new categories of planes. De Havilland introduced the
first commercial jet plane, the Comet. Aerospatiale launched the Caravelle, one of
the first commercially successful short to medium range jet planes. Together the
British and French industries developed the only commercially operated supersonic
aircraft — the Concorde — which operated until 2003. In 1970, Airbus Industries, a
consortium of two countries, was founded. It produced its first commercial aircraft,
the A300, in 1972. Thanks to superior flight management technology, which allowed
a two-man cockpit, and a consequent “family concept” of airplanes, Airbus man-
aged to become a formidable competitor to Boeing (B Table 4.2). It was strategically
important for Europe to be able to produce their own commercial aircrafts in a more
and more global society, where global business become important for local economic
development around the world. A dependency on US air plane producers would
have been an issue of dependency in a global competitive environment. The same
happens in China with Comac Aviation, which needs to ensure that China as a pow-
erful region in the world keeps its independence with global connectivity.

Airbus continued to challenge Boeing even in its last dominion — the market for
very large wide-bodied aircraft — with the introduction of the A380, which is the big-
gest aircraft in regular passenger service to date. As discussed, technological devel-
opment, especially the introduction of new generations of aircraft, strongly affects
the economic and regulative environments of the aviation system. Cheap and effi-
cient regional airplanes have changed the industry. The introduction of the wide
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B Table 4.2 Commercial aircraft manufacturers

Rank Company Revenue Revenue($Sm)  Deliveries Deliveries
($m) 2018 2017 (units) 2018 (units) 2017

1 Boeing 60,715 58,014 808 763

2 Airbus (excl. 47,970 43,486 800 718
ATR)

3 Gulfstream 8455 8129 121 120

4 Bombardier 67502 7250 185 194
(incl. business
jets)

5 Textron 4971 4686 374 335
Aviation

6 Embraer (incl. 3489 4055 181 210
business jets)

7 Dassault 2600° 3000° 41 49
Falcon

8 ATR 1498 1600 76 78

Table compiled by author, based on data from: Airbus (2019), Boeing (2019), General
Dynamics (2019), Bombardier (2019), Textron (2019), Embraer (2019), Dassault Avia-
tion (2019)

aThe C-Series programme was transferred to Airbus on 1 July 2018

PNet sales in $m due to different accounting standards

bodies prompted the foundation of new business models based on “hubbing,” and
besides affecting airlines it also influenced the development of airports, since new
infrastructure was required.

4.4 The Link to the Aviation System

The value chain can be seen as the core of the aviation system (» Chaps. 2 and 3).
It is often also referred to as the value system as it is partly rather organised as a
network of connected suppliers or supply network which meets a demand system.
In the following paragraphs, important aspects of the interdependencies in within
this system are going to be discussed:

Co-contribution, co-research and development as well as co-production are
enabled by the aviation ecosystem. This is of special importance in the field of
aircraft manufacturing. So-called OEMs (original equipment manufacturer) are
providers to, e.g. Airbus, producing equipment Airbus uses when assembling their
planes (B Fig. 4.5).
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Aircraft manufacturers drive the development of airlines by providing them
with new technologies; They have got to fulfil the needs of the airlines. Additionally,
aircraft manufacturers also shape the development of airports, since the introduc-
tion of a new generation of aircrafts necessitates new standards of operation. The
aircraft manufacturers are heavily influenced by technological development and in
this context also by the cooperation with their suppliers for engines, avionics, etc.

The development of airlines is enabled or restricted by airport infrastructure.
For their part, airports respond to the needs of airlines and live off the traffic gen-
erated. Airports are typically facing a two-sided market (airlines and passengers)
(for the concept of two-sided markets see Roth & Oliveria Sotomayor, 1995).

Furthermore, airports are rooted in the local environment. One of their key
success factors and core competences is to manage the regional network success-
fully and to gain legitimacy for their operation. It is, therefore, questionable whether
it makes sense for an airport to expand to other locations by buying subsidiaries in
form of other airports. It can be expected that an airport, when expanding to other
locations, gains bargaining power with respect to service providers, such as ground
services, through cross-site synergies. Also, operational know-how might be trans-
ferred from one location to the other. However, such know-how could also be
bought from consultants and service providers and bargaining power could be
achieved through cooperation. It is uncertain whether knowledge about managing
a local system, corporate affairs or political lobbying can seamlessly be transferred
to other places, since it is very unlikely for airport management to encounter a
similar culture and political system in another place.

As mentioned in » Chaps. 1 and 2, the inner part of the aviation system con-
sists of three main elements: airlines, airports and aircraft manufacturers which are
all closely linked to technology providers, customers and the local environment.
This inner system is surrounded by and connected with the political/legal, social,
economic, technical and ecological environments (B Fig. 4.6).

Aviation, in turn, has a great impact on politics in areas with high numbers of
flights. In many regions around airports, issues about noise emissions or flight reg-
ulations are important political topics. As a result, aviation regulation has two
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main priorities in many places: first, to assure the highest possible level of safety for
commercial aviation and second, to protect the community from the negative
externalities of aviation. However, policymakers should not neglect aviation as it
can be an important driver of development for a particular location.

0 Review Questions

== Which are the most profitable sub-industries within the aviation value chain?

== Why are these sub-industries more profitable than airlines? What was the role of
air traffic regulations in the development of airlines’ profitability?

== What are the most important strategic success factors of airports, airlines and
aircraft manufacturers?

== What are the most important interrelations within the aviation system between
the different sub-industries?
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Airline Strategy — From Network Management to Business Models

Summary

== The only protectable strategic resources of an airline are the brand, the customer
basis and the position at a hub.

== The core of airline operations is networks and therefore network management.

== Different strategies rely on a different extent of network effects.

== The use of network effects also differentiates business models.

== Different types of planes lead to different concepts of airlines.

The core product of all airlines is rather homogenous as in selling a seat on a flight
between two airports. Therefore, the only protectable strategic resources of an air-
line are its brand, the customer basis and its position at a hub airport. The core of
its operations is shaped by its network meaning that network management is cru-
cial. This chapter shows the different strategies as well as their typologies including
point-to-point or hub-and-and-spoke. The different strategies mainly rely on net-
work effects and are shaped by many variables. These can also be complemented by
cooperation such as alliances or codeshares. Furthermore, the application of net-
work effects creates additional value for customers which helps differentiate busi-
ness models and in turn shapes the different airlines’ concepts.

5.1 Introduction

The airline sector has a reputation of not being very profitable and vulnerable
towards external impacts. Over time, some years with profits followed years of
losses due to a strong dependency of airlines on economic development and
impacts of technological progress. Since the airline sector is a commodity market,
where margins are small, this is still the case. Therefore, airline managers need to
look for strategies, which allow them to become more efficient, mostly by applying
economies of scale either through the size of their own company or by cooperating
with other airlines in networks or alliances. Networks allow to operate more effi-
ciently and to realise net effects in bigger entities. They have an impact on the
choice of airline business models which influence the profit margin and the air-
plane concept of an airline.

Firstly, this chapter briefly highlights the developments in aviation strategy and
shows some airline strategy approaches. Secondly, it introduces the reader to net-
work management of airline operations by defining airline net economies, the main
variables of airline network design and network management processes. Thirdly,
airline business models and the different concepts behind them are described.
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Introductory Case: Austrian Airlines

By Andreas Wittmer and Christopher Siegrist

Austrian Airlines was founded in 1957 (“Osterreichische Luftverkehrs AG”).
After many years of cooperation with SAS and Swissair, which even led to a first
strategic alliance — the so-called Qualiflyer group in the 1990s — Austrian Airlines
joined the Star Alliance in 2000. At first it did well as an independent Airline and
member of the Star Alliance. But after 2004 it turned bad. After years of losses,
including a record loss of EUR 430 million in 2008, Austrian Airlines were taken
over by the Lufthansa Group in 2009. The takeover posed the beginning of a suc-
cessful restructuring process with a restructuring assistance of EUR 500 million
granted by the European Commission. This led to product improvements and lower-
ing the cost base, e.g. by reducing the variety of aircraft in their fleet.

Austrian Airlines operates a limited number of intercontinental connections
with a comparably high share of tourist traffic which it inherited with the acquisition
of the former charter carrier Lauda Air in 2004. The network focuses on links to
Central and Eastern European countries. Today, the airline offers services to an
impressive variety of destinations in Eastern Europe and Central Europe (B Fig. 5.1).
At its Vienna hub, Austrian Airlines operates with a fleet of 83 aircraft to over 130
destinations, with over 35 destinations in Central and Eastern Europe providing a
dense network.

Austrian Airlines has made substantial investments in its product. The Business
Class is known for its top cuisine. Austrian outlines in its mission statement that their
focus lies in connecting East and West through their centrally located hub in Vienna.
This implies a short-haul hub between Eastern and Western Europe, which from a
network strategy perspective is questionable. From a customer perspective, the air-
line states following credo:
== Technical reliability, punctuality and an orientation to service
= “We carry Austria in our hearts, and ever more customers into the world”
= Huge personal commitment every day by its employees

The network faced several difficulties in the past decade. With the restructuring pro-
gramme taking place, Austrian Airlines’ network was cut down to a handful of des-
tinations in Asia and North America. Furthermore, with Austrian Airlines being
part of the Lufthansa Group, Zurich was developed as the third intercontinental
hub within the group, thus weakening Vienna’s position. The long-time challenge
facing Austrian Airlines’ East-West network strategy in combination with the rapid
expansion of low-cost carriers at Vienna airport and nearby Bratislava airport.
Especially the market entry of Wizzair is challenging Austrian Airlines. Being an
Eastern European low-cost carrier, Wizzair offers cheap flights between Western,
Central and Eastern Europe, a strategy that Austrian Airlines has been pursuing.
But also, the entry of RyanAir by taking over FlyNicki and especially the European
base of Easy Jet in Vienna, made Vienna to become an airport dominated by low-
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cost carriers, although the airport provides a high level of service in a modern envi-
ronment enabling fast connection times for the hub carrier.

The new competition is going to create a three-fold increase in seats offered from
Vienna of seven million by 2020. Furthermore, Austrian Airlines is going to face
low-cost competition on 60% of its routes. This has prompted Austrian to through a
further phase of streamlining its operations, with staff numbers being reduced and
the fleet further streamlined to remain competitive against the new threat.

Austrian Airlines business model focusing on being a connector between West
and East has not worked, as Austrian early on focused on connection West and East
Europe, instead of focusing on becoming a leading connector of Europe to Far East.
The above-mentioned aggressive low-cost carriers took their core business, which
could not have a very profitable one in any case, as stop-overs on the short-haul
market are expensive and under high price pressure.

(Austrian Airlines, n.d.; Benz, 2019)

Questions:

Why did Austrian run into troubles in the mid-2000s, while Swiss recovered from
the grounding?

How do you evaluate the network of Austrian Airlines?

What is the challenge with the East-West connecting model?

O Fig.5.1 Route map of Austrian Airlines (routes covered by Austrian Airlines: grey connec-
tion; code share routes: white connections) (Source: » www.austrian.com)


http://www.austrian.com
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5.2 Foundation of Aviation Strategies

Due to the strong regulation of the air transport industry, carriers, for a long time,
rarely had the need to be concerned with competitive strategy. As barriers to entry
and exit were high and competitors relatively weak, until the late 1970s, the level of
airline competition was relatively low or non-existent. It was not until the US air-
line deregulation act in 1978, that new entrants entered the market, challenged the
status quo and gave rise to “competitive structures” in aviation. Immediately after
deregulation, new airlines with significantly lower costs — largely driven by low-cost
non-union labour and the wide availability of inexpensive second-hand aircraft —
entered the formerly regulated high volume point-to-point markets of the estab-
lished carriers. However, the established airlines were largely able to capitalise on
their size and responded with a full range of innovative strategies. They set up fre-
quent flyer programmes (FFP) and exploited computer reservation systems (CRS).
The most important strategic development was the adoption of the hub-and-spoke
network which allowed the airlines to dramatically reduce the number of flights
required whilst still being able to provide universal coverage throughout their net-
works. This in turn reduced airline costs, which were passed on to the consumers in
the form of lower fares.

20 years after the industry deregulation began in the USA, deregulation of air-
line markets has been replicated in Europe and another 10 years later in many
regions around the world. The airline industry has become increasingly global in
its orientation and scope and much more competitive. As a consequence, all players
in the industry are increasingly searching for answers on how to maintain their
position in competition. Apart from the approaches introduced before (frequent
flyer programmes, customer reservation system and network management), other
fields of strategic orientation that have recently gained importance are the develop-
ment of strategic alliances and customer relationship management.

Since the air transportation industry still is not fully deregulated, strategic man-
agement issues — including the range of strategic choices — are subject to a number
of limitations which prevent the industry from developing like other industries.
Mergers & Acquisitions (M&A), for example, remain a politically sensitive matter.
Contrary to other markets such as telecommunication, car manufacturing or ship-
ping, in which internationally organised enterprises develop, cross-border or global
mergers and acquisitions are still limited in the aviation industry. Furthermore, the
industry is often not able to act completely independently from its respective gov-
ernments. While on the one hand this leads to a certain protection of individual
actors, on the other hand it may limit the independence of the industry players and
the range of strategic choices and ultimately harm other airlines. For instance,
agreements on the number and destinations of cross-border flights can still be
defined by governments in bilateral air agreements. Very often governments take
positions contrary to free market beliefs whenever these are deemed to be against
their national interests, thus strongly limiting competition.
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5.3 Airline Strategy Approaches

Today, the airline industry is highly competitive and the various industry players
constantly strive to build up and maintain a competitive advantage. Strategies can
be static or dynamic. Static strategies focus on protecting existing market positions
in which the brand and hub dominance play important roles. Dynamic strategies
focus on market development and move forward through learning and building up
of a knowledge database (e.g. about customers, markets, etc.).

Porter (1996) states that airline “strategy involves a whole system of activities,
not a collection of parts. Its [the airlines’] competitive advantage comes from the
way its activities fit and reinforce one another”. While this quotation illustrates
that airline strategy cannot be reduced to single elements but is rather a combina-
tion of three fields with several factors. They can be built on the basis of market
advantages, advantages in networks and advantages with regard to resources
(B Fig. 5.2).

* Pricing

= Revenue
management

= Distribution
channels

Market

Resources

Customer loyalty
Brand

Hub dominance
(slot ownership)
Service levels and
Innovation

» Network structure
» Partnerships and
alliances

B Fig. 5.2 Fields of strategic advantages (author’s own figure)
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= Network

Network structure: A network can be defined as a collection of nodes and edges
(Wojahn, 2008). Airline networks generally consist of air traffic connections (edges)
from one airport to another (nodes). Major characteristics that specify air traffic
networks are parameters such as size, frequency and connectivity. Airline network
management has important links to service attributes such as punctuality and geo-
graphical coverage. There are two basic strategies concerning the outlay of a net-
work in air transportation: a hub-and-spoke system (single-hub or multi-hub) and
a point-to-point network. Airlines that operate the former try to offer a high con-
nectivity and many different O&D (Origin & Destination) connections. Carriers
thereby build on economies of scale, scope and density that are inherent to large
networks. The hub-and-spoke strategy builds on the concentration of air traffic
through the hub. In general, it is possible to pursue both a multi-hub network strat-
egy and a single-hub strategy. In any case, the concentration of airlines on hub
operations leads to a situation in which individual airports often are dominated by
a single airline. As a consequence, these airlines frequently control a high number
of slots at individual airports. With these valuable resources they are able to build
up strong hub entrance barriers. At many airports, big international flag carriers
control most slots, and by not selling the latter, these flag carriers are able to main-
tain control over the access to the hub. In contrast, point-to-point traffic relies on
strong and stable individual markets which allow for filling up the planes without
feeding traffic. These networks can be operated with a much lower degree of com-
plexity. The opening or closure of point-to-point traffic does not affect the overall
network structure.

Partnerships and alliances: Given the strong limitations to M&A activities in the
international airline industry, Stoll (2004) states that “the formation of alliances
fundamentally reflects the airline industry’s efforts to develop its global network-
based structure within the limits imposed by government regulations”. In recent
years, with the trend moving towards an increasing globalisation of the airline
industry, the formation of airline alliances has gathered momentum as a means to
remain competitive and to gain access to a global market which is too large to be
dominated by any existing airline. Today, most major airlines are involved in alli-
ance. The three big alliances — Star Alliance, oneworld and SkyTeam — contain
almost three-quarters of the worldwide scheduled air traffic (73.1 per cent as of
December 2008). Besides the revenue-generating functions of alliances such as
code-sharing and selling seats on each other’s flights, many alliances include service
elements like mutual access to airport lounges, pooling of frequent flyer pro-
grammes and joint marketing and thus share costs.

Mini Case: Pan Am

By Andreas Wittmer and Christopher Siegrist

Pan American World Airways (short: Pan Am) was once the USA’s largest inter-
national airline, operating international flights across the globe. Initially, it was
founded in 1927 and started its first flights between Key West, Florida and Cuba.
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Throughout the years, it gradually expanded its international services to include
South America and first transatlantic services to Europe. Later, transpacific flights to
Japan, and beyond South East Asia, complemented its intercontinental route port-
folio.

Whilst the airline had built an extensive intercontinental network, it hadn’t built
its own domestic network in the USA. As such, it sought to build its own network or
acquire domestic US carriers like American Airlines. However, such undertakings
were blocked by the authorities which were approached by other airlines expressing
their fears over Pan Am using its monopoly to dominate the domestic market.

To cater to their transcontinental network, Pan Am had accumulated a sizeable
fleet of Boeing 747s. When the oil crisis in 1973 unrolled, the demand for air travel
sank internationally. Resultingly, Pan Am suffered from overcapacity with their fleet
of Boeing 747s. Due to the lack of a domestic network, Pan Am were unable to real-
locate the overcapacity on domestic routes. The following losses were further exacer-
bated by the 