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Preface

This book intends to provide an overview and introduction into the physical and
operational mechanism of the air transportation system. To think about new aircraft
technologies or new airline business models, it is of paramount importance to
understand the major interdependencies and interactions between the main stake-
holders like airline, airport, air navigation services and aircraft manufacturer.

Compared to other publications on air transportation the focus is on the basic and
major technical and operational characteristics of different technologies and pro-
cedures to show the functional principles. The functional and process-oriented
perspective on air transportation seems to be a key for future developments and
progress.

Therefore, the book starts with an introduction to the definition of the air
transportation system and its main stakeholder.

A historical look back on the development of the air transportation system
highlighting the big steps forward is given in Chap. 2.

Methods to predict the future of aviation, such as scenario technique and market
forecasts of the various manufacturers, are presented in Chap. 3.

Chapter 4 gives an overview of governmental rules and organizations, which
directly affect air transportation. The safety philosophy of aviation is presented with
an introduction to the certification of aircraft and ATM-systems. Also, security as
an upcoming major issue is addressed.

Chapter 5 presents an introduction to the physics of flight and the principles of
aircraft design. Also, boundaries and limitations of aircraft operations are discussed.
A discussion of various aircraft configurations including an outlook to unconven-
tional future configurations closes this chapter.

Chapter 6 is dedicated to the aircraft manufacturer. A focus is put on the
organization and development process in international companies. The cashflow
and economical assessments of aircraft programmes are also part of this chapter.
Finally, the actual supply chain and the role of the engine manufacturer is
addressed.

Ways of how an aircraft is operated by an airline are discussed in Chap. 7. The
development of global operation strategies is discussed including the different
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concepts of low-cost carrier and flag carrier. The relevance of alliances, fleet
planning and network development is investigated as well. Also, pricing and
ticketing are part of this chapter as well as the role of aircraft maintenance.

Chapter 8 addresses the airport as a major stakeholder. Principal airport concepts
and layout are introduced and the various operations on an airport around the
aircraft, especially during turn around and taxiing are presented.

The airspace structure and the principal air traffic management processes are part
of Chap. 9. Also, the basics of navigation and guidance technologies including the
modern satellite-based systems Gallileo and GPS are presented. The safety issues of
aircraft separation and wake vortex are also part of this section.

Chapter 10 is dedicated to the environmental boundaries of air transportation.
The principles of climate impact and atmospheric implications are presented. Also
noise as one of the most significant environmental impacts is discussed. Within this
context, emission trading concepts and fees are also presented.

Air transport and its competitors are highlighted in Chap. 11 discussing future
challenges. The role of high-speed trains as automotives is investigated and also the
impact of new communication technologies on the air transport market is described.

The book closes with an outlook to future challenges and perspectives of air
transportation in Chap. 11.

To cover the deeper context of the entire air transportation system would not
have been possible without the support and fruitful discussions of many experts in
various areas and stakeholders. We cordially thank the following people for their
encouraging help:

Dipl.-Vw. Klaus Lütjens, Institute for Air Transportations Systems, Head of
Department Air Transport Operations, German Aerospace Center

Dr.-Ing. Alexander Koch, formerly Institute for Air Transportation Systems,
German Aerospace Center, Hamburg

Dr.-Ing. Karl Echtermeyer, Manager Aircraft Assessment and Airline Fleet
Planning, Lufthansa

Prof. Dr.-Ing. Jan Delfs, Head of Department Acoustics, DLR Institute for Aero-
and Fluid dynamics

Dipl.-Ing. Alexander Lau and Dipl.-Ing. Niclas Dzikus, Institute for Air
Transportation Systems, German Aerospace Center
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Chapter 1
The Air Transport System

Abstract This chapter provides a broad entrance to transportation and the high
level aspects of air transport. Starting with a description of the air transport system
and its surroundings, the passenger expectations concerning highly attractive air
transportation are explained. Further, the development of mobility and the principle
transport chain are presented. Based on the global economic development of
populations, the evolution of air transport and the general impact on climate are
given. An introduction to high level global challenges as given in ACARE Vision
2020 or NextGen follows. A systems-based view of air transport and definitions of
the roles of the most relevant stakeholders provide the way of thinking presented in
this book. The chapter ends with a description of how performances can be
described and measured to improve the air transport system.

1.1 Introduction

Transport defines all activities, which allow movement of people or goods from one
location to another. There are various modes of transport like road, rail, water and air.
But also pipelines, cables and space transport can be considered for special purposes.

A transport system is built on infrastructure, vehicles and operational procedures.
Transport and travel are elementary drivers to develop civilization bringing people
together and exchanging goods. As the air transport system is one of the major
pillars of modern transport Fig. 1.1 provides a first insight into this complex system.

Since air transport is intended to move passengers and cargo, these elements are
placed into the centre of the system.

Aircraft like fixed wing transport aircraft, rotorcraft, unmanned systems, etc.
developed and produced by the manufacturers are the vehicle platforms for air
transport. Aircraft are operated by airlines, which provide air transport as a service
product. In order to enable this service product safe and efficient Air Traffic
Management (ATM) performed by Air Navigation Services (ANS) has to ensure safe
and scheduled aircraft flow around the world. Airports are understood as the interface
between land and air transport, which provide the infrastructure for this interface.
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Beside these main stakeholders in civil air transport, travel agencies, ground
services or maintenance, as well as military and general aviation are further oper-
ators in the sky. In order to limit the focus of this book, these stakeholders are not
explicitly considered.

All aircraft operations, civil as well as military and general aviation are mainly
influenced by society’s expectations and developments. Politics in general, repre-
sented by authorities develops and sets the legal and regulatory framework to
enable air transport. Economy, as a key for people’s prosperity and welfare influ-
ences air transport. Other transport systems like rail, ship or automotive are
operated complementary in multi-modal operations with air transport, but they are
also competing. At last, environmental responsibility mainly in terms of climate and
noise impact has become a major influence on air transport today [1].

This brief overview gives a first impression of the main elements, which com-
pose and affect the air transport system.
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The purpose of this book is to introduce the different stakeholders and their ways
of acting in the system. Further, it is intended to provide some awareness and
understanding of the various interactions and interdependencies between the
stakeholders. For these reasons, the major relevant technical systems and their
principal characteristics are presented to provide the capability to assess new
technologies and the impact to the overall system. Also the main processes of air
transport, including the business models are described.

The readers, experienced professionals as well as students of mechanical and
aerospace engineering, also logistics and civil engineering, shall be able to get a
comprehensive technical and operational understanding and overview of the air
transport system.

1.2 Passenger Expectations

Since the beginning of the twentieth century, aviation has tremendously affected
mobility of people. During the last 100 years, the technical performance of the air
transport system reached a very high level of maturity till date, Chap. 2.

Every day, when people make use of the air transport system, they discover
some elements of discomfort and inefficiency. People complain, for example, about
delays, uncomfortable seats in the cabin, toxic air in the cabin, environmental
pollution, too long travelling times or too high ticket prices. It is not to be discussed
here, whether these complaints are actually entitled or not; they only give an
indication, that everybody has some aspects, which can be improved.

Engineers always tend to find solutions for problems or invent and develop new
things. Aerospace engineers also try to improve the air transport system
continuously.
Making it better will mean

• to advance quality and affordability
• to improve the technical performance
• to reduce cost and to increase profit
• to increase the environmental compatibility.

At the end, the air transport system shall be more attractive for people and be
more accepted. This is the basic motivation for all stakeholders to improve, because
the fulfilment of customer expectations provides market share, revenue and profit.

The users of the air transport system are able to use it in the most efficient way to
achieve their individual goals, like travelling or sending goods between two points.

Air transport, by nature is an abstract service, performed by various contributing
stakeholders, like the airline, the airport, the ANS and the aircraft and its manu-
facturer respectively.

The passenger or sender of freight as customer, cannot request for restitution or
conversion in case of deficiencies. He pays for a service in advance, hoping for an
orderly performance.

1.1 Introduction 3
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The creation and consumption of the product travel coincide. An offered seat on
an aircraft, which is not used, is a loss for the airline. Therefore, an airline always
targets at a high load factor (LF), which describes the relation between the offered
and the occupied amount of seats.

Beside the pure travel service, supporting activities like check-in, security check,
refreshments, lounges, etc. are also part of the experience of flight.

These global expectations and challenges are addressed by international targets
as they are described for example in the ACARE Vision 2020 and further on
Flightpath 2050, which will be introduced in Sect. 1.4, and regarding the future
challenges in Chap. 11 [2, 3].

1.3 Transport and Mobility

From the beginning of human era, mobility was a fundamental prerequisite to
survive and evolve. During the centuries, human mobility also became an essential
pillar for prosperity and welfare (Fig. 1.2).

Mobility itself is the people’s ability to move from one location to another. It can be
performed by different transportation systems and measures. People can move indi-
vidually or in groups either by walking or for example taking bikes, cars or aircraft.

With the development of technical features people were able to travel longer
distances and reach locations much quicker. In the beginning, about 50 km could be
overcome within 9 h travelling time per day, today during the same time most of the
continents can be reached.

It is of paramount importance to distinguish between people´s mobility and
movements of transport vehicles.

Fig. 1.2 Development of human mobility
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A fixed amount of people as well as cargo can be transported, either by a large
number of transport vehicles with limited capacity of payload or using fewer
vehicles providing large storage capacity.

At this point, it is essential to understand, the capacity of the area where it is
addressed is an essential design parameter, to set up an efficient transport system.

If capacity is associated with the transport vehicle, the required energy effort as
well as fuel consumption and emissions could be shared by more people and cargo.
On the other hand, when capacity is an issue of the transport flow, the frequency of
vehicle movements and the capacity of the rail, road, air networks as well as air
spaces, airports and railway stations become the essential design parameters.

In order to reach another location, people today often use different transport
systems during a journey. This principle is called Multi Modal Transport (MMT).
Each transport mission from door to door can be described by five phases [4, 5].
Further, if in a trip different transport systems might be used, this is known as Inter
Modal Transport (IMT). It is possible to compare different multi-modal transport
chains, using a Five-Phase-Model (FPM) with different main track transport vehi-
cles in a transparent way as shown in Fig. 1.3.

The first phase, always beginning at home or in case of cargo transport at the
production plant or logistics centre, covers the distance from this point to the border
of the city. It is characterised by low speed and short distance up to 20 km
approximately. Various transport choices are available like walking, taking public
transport or automotive, which is a typical example of multi-modality. In case of
rail or air transport on the main track, the second phase addresses the transition from
those initial transport choices to trains or aircraft. Compared to all kind of auto-
motive transport there is no transport performance for rail and air transport in the
railway station or airport because no real distance is travelled! But in both cases,
significant time is consumed to change from one system to another. Taking auto-
motive transport as a reference, these systems overcome a distance of up to 100 km

Fig. 1.3 Five phases of multi-modal transport [4]
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approximately to reach the highway for the main cruise track. The cruising speed is
around 70–100 km/h until the highway is reached. Further, the third phase covers
the main track, which is intended to overcome the longest distance as quick as
possible. Here, all transport systems use their maximum speed. Phases four and five
are the reverse phase of phase two and one.

Aviation in this context provides the unique capabilities to be the fastest and
offers the largest range performance compared to the other transport systems.
Further, it is not limited to any continental border. Therefore, aviation can connect
cities on most continents directly without being hindered by oceans or mountains.
However, air transport requires normally a mode change before and after the air
phase (phase 3), which might last between 30 min and 2 h typically. This “loss” of
time is the reason why air transport is only efficient at distances longer than 500 km.
Here the geographic situation, i.e. the density of transport networks influences the
attraction of a transport system significantly. At last, the main transport systems rail,
aviation, automotive and ship are facing an increasing competitive situation, which
will be discussed in Chap. 11. For the design of future air transport concepts, it will
become more and more relevant to identify the individual advantages and disad-
vantages of all elements in order to integrate them in the most efficient way.

1.4 The Air Transport System Today

Mobility as a whole and air transport in particular have grown dramatically during
the last decades. This development is driven by man’s wish to move quicker and
further away. Mobility around the world is state-of-the-art today.

Air transport as a whole has a significant economic relevance. Almost 15 million
jobs globally are associated directly or indirectly with the aviation industry [6].
7,80,000 people are directly working in the aerospace industry, while 2 million are
associated with airlines around the world. At the airports, about 2.7 million
employees are engaged, which in summary lead to 5.5 million jobs, which are
directly created by the aviation industry. These figures indicate strongly the welfare
impact of aviation. More the countries are developing, the more people's mobility
increases and the economic power grows.

As shown in Fig. 1.4 from a certain level of Gross Domestic Product (GDP) of
about 25,000 no further increase of mobility is observed. Consequently in these
regions only marginal increase in passenger movements and aircraft movements are
to be expected.

This growth will be heavily driven by the growing economies in Asia, especially
India and China, while the highly developed countries like USA and Europe will
face certain saturation in air traffic mobility, Chap. 3.

For those markets, the competitive situation for air transport is becoming stronger,
especially since high speed trains with cruise speeds up to 400 km/h strengthened their
advantage to link cities at their heart. Compared to this situation airports are mostly
located in the surrounding of cities, which requires more travelling time.

6 1 The Air Transport System
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For growing and developing countries, where passenger mobility is lower by a
factor of roughly ten, there is a strong demand for more aircraft payload capacity as
well as for aircraft movements. Here also airspace and airport capacity becomes
essential.

From the 70s of the last century until 2000, air transport grew up to 3 billion
passenger kilometre (Pkm), Fig. 1.5. In the decade 2000–2010, passenger air
transport increased again from 3.5 Billion passenger kilometre to approximately 5.7
Billion passenger kilometre globally. Also for the next decade a global increase
from 5.7 to 9 Billion passenger kilometre is expected.

Detailed analysis has shown that most of the world's aircraft and engine man-
ufacturers came to the same perspectives [9]. However, this development is heavily
depending on future global economic and political development. As shown in the
Fig. 1.5 global events like the gulf crisis in 1990 or the 9/11 tragedy did not
significantly affect the global trend. However, they shifted the progressive increase

Fig. 1.4 Global mobility development depending on GDP [7]

Gulf Crisis 9/11 Attack 

Pkm [billion] 

Future 
Trend 

Long Term Trend 

About 4.6% annual 
increase in passenger 
movements 

Fig. 1.5 Expected global
passenger air mobility trend
1970–2020 [8]
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to later maxima. Nevertheless, this development leads to an average global pas-
senger air transport growth of about 5.2 %.

A further aspect to be analysed refers to the development of the aircraft LF. As
mentioned before, the LF of a transport vehicle describes the share how much
available seat capacity is used on a trip.

In the last step, considering the aircraft movements under Instrumental Flight
Rules (IFR), which are typical for civil passenger aviation, an increase from
8,500,000 to 9,500,000 movements per year, at least in Europe is observed between
2000 and 2010. Under the impression of the financial crisis in 2008, a lower
increase up to 1,000,000–1,200,000 movements per year is prospected [10].

Comparing both trends, passenger movements are growing faster than aircraft
movements, which is in line with the observation that the LF of the world fleet as
well as the seat capacity are increasing. Therefore, with the same amount of aircraft
more transport performance is provided to serve people mobility.

When this trend of growth of air transport will go on, the demand for fossil
kerosene and the emission of CO2 will increase proportionally.

The first is conflicting with the limits of crude oil causing high prices, the latter is
threatening our environment and health leading to climate changes, see Chap. 10.

Normally one would assume that this development would be visible in the global
air transport energy effort. Looking at Fig. 1.6 there is a significant increase of
energy effort due to an effect, which is called “Rebound Effect” [11], meaning that
on global level all individual effects like reduced engine fuel consumption are
overcompensated by an increase in aircraft movements. On individual aircraft level,
such improvements like structural weight saving are overcompensated by additional
equipment for comfort, e.g. cabin entertainment systems.

This brief look at the development and status of the air transport system today
has shown its social relevance to provide mobility and economic growth. On the
other hand, due to its high level of maturity the ATS is facing technical limits and
new breakthroughs are needed to evolve into the future. Going a step further, the
established way of quantitative growth with more and more aircraft might shift to a
new paradigm requesting for qualitative growth in air transport as raised by the
Club of Rome in 1972 [13]. This way ahead will be discussed in Chap. 11, which is
about the future challenges.

Fig. 1.6 Trend of decoupling
air traffic growth and CO2

emissions due to technologies
[12]
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1.5 Current Challenges of the Air Transport System

Summarising the global developments, previously described air transport grew
tremendously in terms of passenger and aircraft movements. The latter is based on a
significant increase in the amount of aircraft. The amount of aircraft causes limi-
tations in airport and airspace capacities, especially in Europe and Northern
America [7–9]. In the growing regions, those capacity limits are not yet reached, but
need to be considered for future developments.

Responding to these challenges in 2001, the Advisory Council of Aeronautical
Research in Europe (ACARE) has defined high level targets for future improve-
ments, to make the global air transport system competitive and attractive for the
twenty-first century. These high level targets are listed in Chap. 11 Table 11.1,
known as the ACARE Vision 2020 [2]. Also in the United States targets for the
future air transport have been formulated. Here on the operational field the NextGen
programme especially defines objectives for more efficiency in air transport flow.
The American N+3 project driven by NASA additionally sets requirements on
improved aircraft performance. Comparing both approaches the European Vision
2020 can be understood as more holistic, while the American NextGen ATS
addresses more technologies to increase the throughput of aircraft in the airspace
and at the airport. These goals are set to be achieved until 2020 and refer to the ATS
performance of 2000 as the reference. It is essential to notice, that all these targets
are related to a single aircraft performance of newly developed aircraft. Since there
are thousands of older aircraft also in service in 2020, the entire world fleet will not
be capable to come close to these targets.

A mid-term resume, however, indicated in 2011 that not all of these goals could
be achieved until 2020 [14]. While the environmental goals concerning CO2 and
NOx emissions are achievable by more than 50 %, an extension of the airport and
airspace capacity as well as the improvement of punctuality are hard to reach until
2020. Further, actual research on climate impact of aviation has raised the question
whether the percentage requirements on reduction of emissions are the right one,
because the impact on global warming in terms of contribution to ΔT seems to be
more appropriate. This metric covers interdepending effects in a better way and will
be discussed in Chap. 10.

Therefore, only an integrated approach merging incremental contributions
allows achieving the global goals for new air transport systems.

Following the ACARE vision, a new European revision on the future goals has
been developed in Flightpath2050 [3].
The potential reductions, which various technologies are considered to contribute,
are understood as single disciplinary contributions [15–17]. It is therefore manda-
tory to understand the air transport system and its complexity as a whole and to

• analyse and identify weaknesses in the entire system as well as on substructure
and subsystem level

• develop future integrated concepts as proposals for new solutions rather than
single technology solutions
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• improve air transport processes on global chain level and also on subsystem
level.

For this purpose, the next section provides a system engineering approach for a
holistic air transport system description.

1.6 A Systematic Description of Air Transport

There are different approaches to define and structure the air transport system. One
proposed by Wensveen is driven by a management view [18]. Wensveen uses an
economical view to address the organisational elements of air transport like regu-
lators and associations. But he also addresses the different markets and economical
influences. Further on, he describes the air transport system from airline perspective
and its different business models.

Mensen provides a more organisational vision on the air transport system,
focussing very much on the ATM/control and the regulatory organisations [19].
From his point of view, all institutions and procedures, which contribute to run the
ATS define it. Also Mason and the MIT built the ATS description on organisational
aspects.

To approach such a complex system, Systems Engineering (SE) is an appropriate
method to define and structure the various elements.

A system generally consists of elements, which are related to each other,
Fig. 1.7. Major characteristics of a system are its boundaries, which separate a
system from its environment or other systems.

Fig. 1.7 Principle of system definition
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The definition of these boundaries allows a separated analysis of a system and
only the direct cross references to the outside world need to be considered. Such a
system, considering also the outside impacts through interfaces or boundary con-
ditions is understood as an open system, which is the Air Transport System. The
global impacts as addressed in Fig. 1.1 need to be taken into account in further
discussions. In order to provide an understanding of this approach, the societal
environmental awareness should be considered in terms of CO2 emissions. The
reduction of these is a requirement for the overall aircraft and also for the engine. In
this way, the aircraft and also the engine have to be considered as open systems.
However, if the power supply of the electronic engine control system (EECS) is in
the focus of research and development, this element is neither directly nor indirectly
related to CO2 emissions from operational perspective. Therefore the EECS can be
considered as a closed system without these outer influences.

This approach simplifies the analysis and design. A system itself can also contain
various substructures, which commonly affect the higher system level.

From this perspective, the air transport system is understood as a system of
systems, which covers for example the aircraft, the airport and ATM as
substructures.
Following the system engineering philosophy, the air transport system is hierar-
chically structured into the system, substructures, subsystems and components:

• the overall air transport system as the system is composed of
• aircraft, airlines, air traffic infrastructures, airports as substructures, Chaps. 5,

7–9 while
• e.g. wing, avionics, etc. of an aircraft, or e.g. surveillance radar, air space

structures of the air traffic infrastructure, or the terminal, the APRON of the
airport are subsystems of one substructure and

• e.g. flaps and slats are components of the flight control subsystem of the aircraft,
while antennas and receivers are parts of the radar subsystem of ATM, check-in
areas, gates are components of the airport terminal subsystem, etc.

Such an approach is suitable to develop balanced optimisations among the main
substructures of the air transport system, in order to achieve multidisciplinary or
global goals like those of ACARE.

Generally every stakeholder in the ATS provides some infrastructures and holds
some processes to make the system run.
While this view is mainly technically driven, the stakeholder’s perspective on the
air transport is a different one:

• here the aircraft manufacturer is in charge of developing the aircraft based on
various system and stakeholder requirements;

• the airline provides the core product air travel by operating the aircraft;
• military and general aviation which are also parts of the ATS occupy resources

of air traffic control, airspace and airport capacities.
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In addition,

• general public which is on the one hand the customer of the ATS and on the
other hand requesting for social compliance;

• governmental and non-governmental organisations;
• customer as a passenger or one who is shipping goods

are stakeholders of the ATS representing needs, expectations and requirements,
which should be fulfilled as described in Fig. 1.1.

Further on there are surrounding influences, which interfere with the air transport
system. These are physical environments like natural laws, geographic conditions
as well as meteorological and climatic conditions. Also, social implications like
public employment and purchase power, travel demand, medial opinions or fear
about terrorist attacks affect the air transport system.

At last, economical influences, e.g. world economic growth, raw material and oil
market development or regional transport, economical and business situation drive
the ATS.

According to other authors, there might be further stakeholders, e.g. like ground
service provider, meteorological services, travelling agencies, research organisa-
tions [18–20].

Most of the stakeholders, except the general public, provide some sort of product
or service like aircraft, regulations, ensuring safety, navigation performances, etc. to
make ATS operational. The general public, as customer and affected community in
contrast is using the ATS and raising expectations. The customer’s view on air
transport is quite individual. He wants to move between two points at the moment,
which is very specific. He wants to move quick and comfortable, because he wants
to be active at the final destination to spend his holidays, to do his business, or just
to enjoy his leisure. Therefore, the passenger as a customer is always looking at air
transport as a process. Typically he is not looking at a certain technology itself, but
at seamless integrated performance of elements along his travel. The same is also
true for air cargo transport. Also in this case the dispatcher and receiver of goods
expect a seamless service and do not care about deficiencies in any technology
being used, where the customer does not care about nor has any preferences.

There are two conclusions to be drawn from this observation. First, the customer
does not care about who is responsible for a deficiency during the travel chain. The
second issue is related to the technologies being used.
Here a technology is defined either as

• a physical principle being used in a sensor or machine, etc. like a laminar flow
on an aircraft or a radar-based scan at a security check-in a terminal or

• a rule-based standardised procedure, which describes a certain sequence, like an
approach and landing manoeuvre of an aircraft, or

• a process, which describes the chain of activities, like a production sequence
during aircraft assembly, or a cargo moving process, comprising customs
activities, transport activities, security checks, etc.
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Especially since a lot of physical principles are known well and have reached a
high level of maturity improvements in efficiency are expected to be made by
investigating and developing new procedures and processes, where given physical
principles are put together in a new and better way.

The development of new solutions for the ATS follows the roadmap of a
V-model like it is well known from software systems development, e.g. Mil-Std
2197, IEEE 1220 (Fig. 1.8).

The system is decomposed to the relevant level of detail. On the lower level,
(substructure, subsystem, component) the decomposition stops if all relevant in-
terdependencies between the other system elements are addressed. On this level, a
new solution is to be developed [21].
This leads to the aspect of integration, which is a key characteristic of a system.
Integration of technologies in the aforementioned way can be done in different
ways to create systems:

• intellectual or descriptive integration, merging physical principles and/or pro-
cedures to processes in a theoretical, functional way;

• IT-based integration, where different models for calculation and simulation are
put together in order to set up a virtual system, which allows calculation, layout
and simulation;

• physical integration, where the real hardware, operational software and proce-
dures are put together to setup the real system;
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Fig. 1.8 V-Model for
analysis and integration of the
air transport system
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All three stages of integration appear during the development and analysis of the
air transport system. While the first provides a first insight to interdependencies of
newly defined system architecture, the second brings out interactions between the
systems elements, which have not been considered before, for example due to the
huge amount of potential solutions. The physical integration at the end provides the
ultimate way to merge different physical principles like hardware and software,
mechanical and electrical solutions.

However it must be emphasised that currently all stakeholders follow individual
interest and strategies to maximise their business instead of collaboratively con-
tributing to an overall seamless air transport system.

1.7 Air Transport System Performances

Any kind of modification of the various air transport systems is intended to improve
the entire system leading to more efficiency.

On a Meta-level, efficiency itself describes the relation between a requested
benefit or target, like the movement of a certain amount of passengers and the effort
and potential disadvantages which are associated with this target. Such an effort can
be described as the amount of energy or fuel, which is needed to perform the
transport task between A and B. Associated cost, for e.g. staff, fees or supporting
services are understood as effort to be spent. Related emissions and noise, also
required land use can be described as potential disadvantages, because these effects
are not wanted.

In this context, it is necessary to discuss efficiency and effectiveness [22].
A popular distinction between these two performances, describes efficiency as
doing things right, while effectiveness is understood as doing the right things [23].
In the context of air transport this definition means, that for example the manual
assembly of an aircraft is less effective than the assembly using automation, which
allows much quicker and higher quality assembly.

On the other hand, efficient air transport can be seen as the movement of pas-
sengers with as less fuel and time as possible.

As a basis for these considerations air transport work (ATW) is defined as the
amount of passenger or goods being carried over a given distance, i.e.:

ATW ¼ pax or goods � distance Pkm½ � or tkm½ � ð1:1Þ

Referring to the goals of the Vision 2020 efficiency determines the resulting
transport performance in passenger kilometre or tonnes kilometre related to the
effort to be spent in terms of overall travelling time, energy effort, cost and envi-
ronmental impact.

The requested air transport work is related to the time and effort necessary to be
spent, i.e. energy, cost and associated environmental impact.
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Transport efficiency therefore is characterised by balancing the requested
transport work and the required efforts in terms of cost, energy, emissions, noise,
and land use.
Although these global parameters are applicable to all stakeholders in air transport,
the detailed impact and characteristics differ. Eurocontrol, in 2006 first published an
approach to describe efficiency and effectiveness in air transport [24]. Here, Key
Performance Areas (KPA) and Key Performance Indicator (KPI) have been defined
to describe and quantify the performance of air traffic, especially. Key Performance
Areas in this context have been defined, like

• Capacity and delays
• Cost effectiveness
• Environment
• Airports
• …

These KPA are extended to those agreed by the 11th ICAO conference adding:

• Access and Equity
• Global interoperability
• Predictability
• Security

To determine these KPAs, it is not sufficient to use one parameter each only.
This is the reason why different KPIs have been defined to characterise the KPA.
Moreover, each KPI needs to be defined in particular for its individual environment
of application.

Taking the KPI for capacity as an example, those characteristics have been
chosen which influence the capacity of the air space in terms of IFR flights handled
by the European ANS.

Increasing amount of take-off and landings depending on the available runway
capacities are characterising airport performance, as another example.

If one tries to apply this philosophy of performance areas and indicators to other
air transport stakeholders like the aircraft, the following indicator can be used.
Aircraft capacity is described by seat capacity on an aircraft. Distinguishing
between long and short range aircraft, more seats at the same aircraft size can be
used as a KPI. Cost effectiveness as a further performance area might be described
as the amount of cockpit and cabin crew cost as well as maintenance and fuel cost.
The latter should be related either to a single flight and to the entire life cycle.
Aircraft efficiency can be defined in two ways. First, the design efficiency in terms
of the maximum payload capacity related to the operating empty mass can be used
to characterise the efficiency of the design. Second, the fuel burn is a further
economic characteristic of the aircraft. At last, environmental performance of air-
craft is characterised by the amount of emissions and the noise carpet developing
during take-off, cruise and landing. At this point, one may wonder about the
missing physical aircraft performance in terms of range and speed. These param-
eters seem to be not really useful for performance indication, since their value is
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depending on the individual real mission. Cruise speed and range itself provide the
capabilities of an aircraft for flexible operations on various missions.

For airlines, those performance areas may address the fleet’s wide amount of
emissions as an emission indicator as well as the relation of the amount of aircraft to
the annual flown kilometres, which indicates the efficiency of the operated fleet.
Also, aircraft availability is a useful indicator for airline effectiveness and flex-
ibility. The amount of accidents and incidents related to an airline fleet and flown
kilometres will indicate the level of airline safety.

At last it has to be noted, that airport specific performance indicators are still
addressed within the ATM performance areas.

Reflecting this discussion about performance areas and indicators, there are
various measures to characterise the performance of the different main stakeholders
in air transport. It has been shown, that the definition of these indicators is
depending on the individual stakeholder’s interest and perspective. In order to make
such an assessment comparable, at least the performance areas should be defined in
the same way, while the indicators should be set up in a similar physical
description.
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Chapter 2
Historical Development of Air Transport

Abstract The historical development of air transport starts with a short review of
myths and legends, the Dream of flying, which is as old as mankind. The next part
covers the physically based approach of flying, starting from Da Vinci and his
drawings of flying vehicles, via the Montgolfier’s hot air balloon, Sir George
Cayley and his principles of flying. The part about the technically based approach
covers briefly the different attempts from Clement Ader, Otto Lilienthal up to the
Wright brothers, who finally in 1903 managed to fly with a vehicle heavier than air.
It follows the beginning of commercial air transport in Europe and US between the
two World Wars. In the 1950s, the jet age in civil air transport started with a disaster
of Comet, but all lessons learned from these air accidents helped other companies to
start successfully these new jet engine types of civil transport aircraft, which are still
flying today. The aircraft design parameters of speed, range, size and fuel efficiency
and their development of the last century are shortly addressed to extract the
standards and the maturity of today’s air transport system. A brief review of the
airline development follows with the example of KLM. It follows a short airport
review, where the airport development of Atlanta—the biggest airport today—is
taken as example.

2.1 The Dream of Flying

The dream of flying is as old as mankind. In all civilizations (old and new like
Greek, Chinese, Roman, Inca, Celt et alii.) Gods have certain capabilities to fly and
pass easily between earth and heaven. Some courageous people tried to copy this
capability by intensively watching the flight of birds and adapting certain mecha-
nisms from them. The Greek mythology tells about the genius Daedalus, who was
at his time an excellent artist and innovator. As the king of Crete named Minos
wanted to keep his capabilities as architect just for his personal and own profit,
Daedalus decided to escape by constructing and building a flying vehicle, which
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