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Foreword

The present EUROCONTROL Experimental Centre report was developed within the Air Transport Evolution research thread
as one of several exploratory studies that constitute the foundations of strategic research on air transport evolution. This
thread aims to provide material to support the EUROCONTROL strategy with an ambition to facilitate informed decisions by
policy makers within the Air Transport community.
The report is a companion document to the EUROCONTROL Challenges of Growth study 2008 (CG08) which provides a
long-term vision of air traffic capacity needs. The document reports on the results of a 2007-2008 survey of over 40 leading
experts, who were canvassed on their views on the future challenges faced by air transport in Europe as far ahead as the
2030 horizon.
By publishing this work, the aim is to widen understanding and increase awareness within the air transport community of the
political and industrial context in which decisions about air transport and its regulation are being made in Europe.
We would like to warmly thank all contributing experts from the European Commission (EC), the European Environment
Agency, IATA, ACI Europe, Air Traffic Alliance, Airbus, CANSO, IFATCA, as well as experts from airlines, air navigation service
providers, research establishments, and EUROCONTROL, for their willingness, time and fruitful collaboration.

Dave YOUNG, Nadine PILON and Lawrence BROM
EUROCONTROL CND Experimental Centre

EDITORS’ NOTE:
The present report is a synthesis of views expressed by the interviewees in the survey. The text does not purport to represent a verbatim
account; and, while the occasional colloquialism has been retained, remarks made have been paraphrased for clarity.
The views expressed in these pages are personal to the interviewees, and do not necessarily correspond with the views of EUROCONTROL
or indeed any other organization named in this report.
The Bibliography cited at the end of this report is provided as a context for the design of the survey or because certain publications have
been mentioned during the interviews.
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Executive Summary
Since the advent of commercial air transport, overall air traffic has shown continuous growth. Even the worldwide impact of
such conflicts as the Gulf War of 1991 and the events of 11 September 2001 have depressed air traffic growth for several
months only. As a result, future air traffic growth tends to be accepted as a certainty, especially inside the industry.
Future air traffic growth is difficult to predict, but a number of signs are already apparent - airport congestion and capacity
limitations, volatility of oil prices, concerns for the global climate, environmental legislation, etc. - which raise questions about
the idea of continuous growth. Is air transport reaching maturity in Europe? When and how will air transport experience traffic
stabilization? Which are the main drivers behind the evolution of air traffic? What are the risks and how can sustainability of
air transport be reinforced? From that which is perceptible today, which influences will prove critical in the future? These are
the questions that form the basis of the present survey, which aimed to collect views across the industry about the long-term
challenges in air transport to 2030 (as perceived in 2008).
The report is qualitative and collects the views expressed by over 40 leading experts. The views are unreconciled and, in
some cases, even contradictory. The report, however, provides a ‘snapshot’ of leading opinions about air transport long-term
evolution drivers. The visions and challenges expressed by the experts fall into three broad categories related to air transport:
demand, supply, and infrastructure.
The views indicate that, in an era when air transport growth is sometimes being challenged, there is evidence for a stable
trend in the long-term, even though the political and economic climate will affect its rate.
The expert views highlight the necessity of modernizing air transport infrastructure through SESAR. The successful implementation of SESAR requires: workable solutions for meeting the demands of European regulation; dealing with liability and
sovereignty issues in an industrial sector concerned with the safety and security of citizens; and solving the implicit financing
challenge of a large transport infrastructure serving multiple stakeholders.
The views also reflect that the air transport system must pursue ATM network defragmentation; and, because of the
increasing scarcity of its resources (e.g., slots, frequencies), should move toward a network congestion management
approach. The new ATM concepts will change the role of human operators in the system, requiring more research,
effort and innovative solutions during the transition phase to address safety and standardization issues.
An analysis of the views expressed in the survey identified 16 main challenges to growth. These are:











Fuel & ticket prices
Environmental awareness
Restrictions on using fossil fuel for aviation
Security issues
Planning and understanding future travel needs
Sovereignty and civil-military cooperation
Liability issues
The EC “market led” economic regulation model
Financing the air transport system infrastructure









Network de-fragmentation
Resource scarcity management
Changing role of the human operators in the ATM

system
Safety of complex ATM systems (safety culture,

legal risks, system of systems)
Lack of competent resources in the transition phase

Standardization issues
Innovation in ATM.

An understanding of these factors is vital for planning the future of air transport.
There is recognition of the significant degree of uncertainty inherent in future traffic growth. The whole system should become
more flexible to accommodate a range of possible futures in an efficient way. Airlines were at one time very rigid (as was
ATM). Airlines, on the whole, have now managed to make their operational costs much more variable, through leasing,
outsourcing of non-core services, more flexible employment conditions, and so on. As a result, airlines are more reactive to
variation in passengers and freight demand, and are therefore better positioned to add, reallocate or even cut flights. In the
same way, demand for air navigation services in the future could be much more variable in time and space than at present. In
response, air navigation services must also become more adaptable and efficient in handling a range of possible futures. This
balance should be one of the key design parameters of SESAR.
In conclusion, there is a real need for more research into the scale and nature of air transport evolution to refine projections of
demand. The refined forecast models are necessary to plan for, and better adapt, the ATM system of the future.
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Introduction
Since the advent of commercial air transport, overall air traffic has shown continuous
growth. Even the worldwide impact of such conflicts as the Gulf War of 1991 and the events
of 11 September 2001 have depressed air traffic for several months only. As a result, future
air traffic growth tends to be accepted as a certainty, especially inside the industry.

Future air traffic growth is difficult to predict, but a number of signs are already apparent, which question the idea of continuous growth:







Is air transport reaching maturity in Europe?
When and how will air transport experience a stabilisation of traffic?
Which are the main drivers behind the evolution of air traffic?
What are the risks and how can sustainability of air transport be reinforced?
From today’s perceptions, which influences will prove critical in the future?

These are the questions that form the basis of the present survey, which aimed to collect views across the industry about
the long-term challenges facing air transport to 2030 - as perceived in 2008. Over 40 leading experts from the air transport
sector stakeholder organisations were interviewed. The experts represented the European Commission (EC), European Environment Agency, EUROCONTROL, airlines, airports, the manufacturing industry, research establishments, and air navigation
service providers.
The views canvassed were then analysed to produce the present report.
The survey is a contribution to the EUROCONTROL Challenges of Growth 2008 Study (CG08). CG08 (the 3rd edition,
building on the CG01 and CG04 studies) provides a vision of the evolution of air traffic over the next 20 years. The study is a
foundation for long-term strategic planning in air traffic management (ATM), and - in particular - through SESAR. This foundation has been accepted and used by many stakeholders across the industry, including airports, airlines, as well as the EC.
CG08 includes a long-term forecast of capacity needs based on factors that can be quantified. Other factors exist that might
affect growth (positively or negatively), which are too uncertain to be explicitly included in the forecast, but which nevertheless need to be reported when considering risk assessment. Further, there are other possible factors to consider which
cannot be quantified today, but which may come to have an impact on air transport by 2030.
The present study aims to identify aspects of the industry that need to be better understood to improve the accuracy of
projections for air transport trends in the future.
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Methodology

The study is a qualitative survey of long-term visions and challenges facing air transport. The study was carried out between
November 2007 and April 2008 through interviewing over 40 experts and leaders from the air transport industry. The objective was to structure and report on experts’ views rather than attempt to formulate a fully consistent synthesis. The survey
does not purport to represent the views of EUROCONTROL or, for that matter, all of the interviewees.
The interviews were anonymous and conducted in a non-directive manner so as not to influence the expert views. The interviews were recorded and analysed to extract the main points from the responses. These main points were then organised
into clusters by themes. (These constitute the sections of the next chapters). In this way, the methodology allowed the origin
of the statements to be traced to a very late stage of the work.

The experts
The air transport experts and personalities selected for interview were representative of the various stakeholders in European air transport infrastructure, and included: airspace users, service providers, policy makers, manufacturing industry, and
regulators, as well as researchers. The interviewees were from the European Commission (EC), the European Environment
Agency, IATA, ACI Europe, Air Traffic Alliance, Airbus, CANSO, IFATCA, airlines, air navigation service providers, research
establishments, and EUROCONTROL.

The interview protocol
An interview protocol was established to identify the scope of the survey: “challenges to air transport long-term sustainable
growth: technical, operational, institutional, societal, any others”.
The non-directive framework included:
 knowledge of the challenges: how do you see the long-term challenges facing air transport?
 action regarding these challenges: which approaches could bring the organisation and/or the air transport industry to
understand and better manage those challenges?
 help or hindrance from institutional/political contexts: which external factors may have an influence on the application
of such approaches?
 help or hindrance from professional/cultural factors: which professional/cultural factors in air transport may have an
influence on the application of such approaches?
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The visions of long-term challenges have been clustered and organised in three themes:
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Demand for air travel
The main driver behind air traffic growth
will remain the overall demand for air travel, which will continue to increase regardless of any changes taking place in the
future. However, the Air Transport market
in Europe and throughout the world will
be affected by a number of factors in the
domains of the economy, environment,
security and safety. The impact of these
factors on demand remains uncertain.

Economy and air transport

Environment

Security

Safety
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Long-term
challenges
in air transport

2

Transport
Air
Supply

A Single European Air
Transport Infrastructure

Evolution of
business models

Governance & Liability

European
Air Transport vision

SESAR
implementation

Scarce resources in
Air Transport

To support the increase of traffic, building a single
European air transport infrastructure (SES & SESAR)
based on multiple interests will require those involved
to overcome the difficulties of establishing its governance, especially in the particular context of States’
liability. In addition, the successful implementation of
SESAR will depend on a number of concepts as well
as standardization and management issues.

In response to the increasing future demand, air transport
supply will need to be supported by a policy vision to:
 provide sufficient capacity
 optimise the use of air transport’s scarce resources
 incorporate the airspace users’ needs
 support the evolution of users’ business models.
As for research, this is an ongoing effort to continuously
prepare for the future.

9

1. Air Transport Demand

10

Challenges of Air Transport 2030: Survey of experts’ views

Demand for air travel

leisure air travel
professional mobility
freight

An increasing demand for air travel is the first challenge to the future of air transport. The instinct to explore new horizons
must be written in the human genes. This is revealed in the nature of the hunter-gatherer or l’homme nomade. Over the
ages, the average time spent travelling has not changed. Humankind simply travels farther with technological developments.
Demand for air transport is the driver for traffic growth. Demand is heavily influenced by the economy and demographic
evolution. Air traffic demand for passenger and freight, even if this is undesirable from an ecological perspective, is likely to
increase. 2007 was a record year in terms of aircraft sales, both for small business jets and large commercial jets. However,
some experts believe that worldwide economic and social uncertainties, associated with the inconvenience of flying, imply
that predictions for passenger growth are flawed.
The growth of air transport exhibits a strongly positive trend, even though this is inhibited to some extent by various factors,
such as environmental concerns, infrastructure, perceived inconvenience, and so on. In the presence of these constraints,
however, the evidence indicates that overall demand does not reduce, but instead adapts - and spreads. As constraints
influence demand, then so, in turn, demand influences supply. If air traffic growth is constrained (e.g., by capacity limits or
regulation and/or by price increases), then demand changes and supply adapts and restructures.
There is a need for more research into the scale and nature of air transport evolution to refine projections of future demand.
The refined forecast models are necessary to better adapt ATM for changes in demand, which is shaped by the evolution of
three economic sectors: leisure travel, professional mobility, and freight.

• leisure air travel
The development of competition between airlines, which followed air transport deregulation, coupled with more efficient and
less costly aircraft technologies, has brought about the democratisation of air transport. Tourism is an important contributor
to air transport growth. About 69% of air journeys made by Europeans are leisure trips. Demand for leisure-driven air transport will probably continue to grow.
Determining how leisure air travel demand will evolve in the future requires an understanding of how passengers make
their decisions to travel and how their behaviour and needs are likely to evolve. Regarding the characteristics of air travel
demand in 2025, a recent study has identified the following trends:
 increase in the level of air travel demand for the purpose of Visiting Friends and Relatives
 increase in the level of air travel demand for retired people.
 increase in the demand for individualised travel
 use of travel as a way to escape from the very fast rhythm imposed by society
 increases in air fares or regulatory measures limit supply levels and reduce demand for air travel.
There has been an increase in the week-end trip concept launched by low-fare airlines. This has led to the adoption of
such outings as the shopping week-end: from anywhere in Europe to New-York, for example.
In regard to the European demographic shift, the “baby boomer” generation is approaching retirement-age with a certain
level of disposable income and leisure time. This will increase demand for travel, as the older traveller has the desire, capability and resources to travel for extended periods and often over greater distances.
But where is society heading in respect to the environment if more and more people are taking to the skies? People look
for affordable, flexible air transport, which is clean (i.e., addresses their environmental concerns). Under “green” pressure,
politicians have come to regard air transport as a luxury. Air transport must support society’s demands, but without being
detrimental to society as a whole. There are many who question the necessity for people to own two homes across
Europe with cheap connections between them.
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Long-term demand analysis requires further exploration and monitoring of several societal indicators:
		total cost of travel, including the cost of living at destination
		household consumption of leisure air travel
		holiday departure rates according to socio-professional categories
		number of retired and emigrated people impacting the number of trips for the purpose of Visiting Friends and Relatives (VRF).
		opposition between environmental issues and the emergence of “the right to travel”.
There remains a lack of understanding of current demand features and of the expectations of potential travellers, information
which is essential to long-term demand analysis (and improved forecasting models for planning purposes.)

• professional mobility
Professional mobility, second to tourism and leading to migration flows, remains an important driver of air transport demand.
Moreover, professional mobility is supported by the EU as a channel for developing the future European economic model.
Emerging economies attract business activities, which act as a catalyst for more transport and travel movements until levels
of wealth begin to reach toward those in developed nations. In the future, there is likely to be very strong growth along
these lines, comparable with the doubling of air traffic every 20 years as observed in the West. The areas with outstanding
growth are Asia (especially China), Russia, and Latin America. These are emerging economies seeking access to the same
travel modes and behaviours as the developed countries. This may lead to significant growth in demand, that is, unless
environmental constraints impede this growth.
Although a view not shared by all, there is a significant body of opinion that business travel might decrease as an outcome
of the development and accessibility of communications technology.
Video-conferencing technology is becoming more effective. Some managers are even prepared to pay (privately) for equipment such that colleagues can access the technology outside of working hours (for global conferencing, for instance).
However, video-conferencing is not yet viewed as a serious alternative to travel. The technology is not yet sufficiently
developed and people usually prefer to travel with the experience of human interaction.
As virtual communication continues to develop and gain popularity, this will likely reduce demand for business-oriented air
travel (for meetings, etc.) in the long-term. Air travel might increasingly be used by senior management and high-level sales
executives only, on a point-to-point basis, from less constrained airports, resulting in the development of the business
model for Business Aviation in Europe. On the other hand, some people might opt for a remote residential location for
enhanced living conditions, while travelling to various workplaces several times per week.

• freight
Over the long-term, maritime and air transport continue to experience growth markets for freight. Both raise environmental
issues that must be addressed. Yet air transport allows for just-in-time delivery. The share of freight is therefore growing
in air transport. Lufthansa has built a huge freight hub in Central Asia, linking South East Asia, South Asia and Europe.
Freight has a huge potential for increased traffic, which will add stress to the system. Freight has not been looked at
sufficiently, and represents a small share of European traffic compared with passenger transport.
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Economy and air transport

European aviation in the global economy
fuel price
ticket price
sustainability

Air transport is seen by many in the industrial and the political arena as being of special importance for the European and
global economy. Economic growth and transport growth, and in particular air transport, are generally seen as inter-linked.
Macro-economic factors affecting air transport evolution are global GDP, fuel price, and ticket price.

• European aviation in the global economy
The main macro-economic trend is the exceptional growth over the past four years. Global GDP increased by 4% yearly.
This represented an annual 8% growth in global air transport demand. From 2008 onward, following the “sub-prime”
crisis, global GDP growth will slow slightly to stabilise at around 3% for the next five years (forecast made early 2008). This
equates to a 6% growth in global air transport demand. This figure has actually been the standard for the last 60 years.
Air transport growth over the long-term, then, has exhibited a stable trend, even through economic stagnation and recession. Although economic forces have exerted a negative impact on demand in special circumstances (for instance, the
1970s oil crisis) traffic is seen, historically, to rebound after negative events.
Forecast air traffic growth is the highest for any mode of transport. This is confirmed by the number of aircraft sales and
orders. In the past two years, Airbus sales were enormous. This trend is, of course, more visible in new Member States
than in the core area, where high-speed trains are being developed.
One of the main challenges for European air transport is the global economy. Although there are short-term fluctuations,
China and India will face the problem of major growth. These nations will become such big players in the global economy
that Europe might fall behind in 10 to 15 years with regard to air transport. For instance, the 2008 Olympic Games triggered an interest in China for Central Flow Management (CFM). Africa is unlikely to face any difficulties associated with
growth, but there are problems mostly related to safety.
Compared with Europe, emerging economies are less constrained, for example, with regard to airport expansion. The
aviation of emerging economies is therefore in competition with EU aviation. This is a serious problem for Europe’s economic
competitiveness in the world.
Some experts think that this situation is reinforced by the attitude of European governments, who do not act to promote
air transport. Air transport in Europe is one mode of mass transport. There are good alternative modes. Air travel is
perceived as a luxury, rather than a necessity. In some remote nations around the globe, aviation is vital to the economy.
Roads and high-speed trains are absent from these places. Air transport therefore becomes the sole connectivity, and
consequently governments invest heavily in facilitating aviation.
Air transport is one of the central arteries, through the transport of goods and citizens, of the global economy. Artificially
constrained by political decisions, this would damage the EU’s economy, which could initiate a vicious cycle of recession.

• fuel price
Over the long-term, the biggest concern for the air transport industry is the cost of fuel. Profitability, reduced costs and
return on investment are the key factors that govern organisations like Airbus, Boeing, and the airlines. For the financial
well-being of a commercial air transport operator, fuel cost is the greatest issue, as this represents the main part of its
operating costs. This depends on fuel price and fuel burn. Ever since its beginning, air transport has been fuelled by oil
derivatives.
Unexpectedly, throughout 2007 and 2008, the oil price has gone over USD 140 per barrel and then down to USD 43. As
an interesting point of reference, the Single European Sky ATM Research Programme (SESAR) Business Case made in
2006 was based on an oil price of USD 50 per barrel. Oil price volatility makes business planning extremely difficult.
Aviation technological improvements to reduce oil consumption bring less and less benefits. Furthermore, no major technology breakthrough is expected within the next 20 years. After 2050, other solutions will appear. Alternatives to fossil fuel
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were known and tested some 20 to 30 years ago. There have been hydrogen- and natural gas-fuelled aircraft. None of
these innovations are remembered, despite being potentially more economical than the current aircraft operations.
Nonetheless, the search for alternative fuel will probably affect other modes of transport before air transport.
Demand and availability of oil will be important factors for air transport evolution as these drive fuel prices. The oil price
will increase as, in the long-term, oil demand is likely to increase faster than supply. Oil price is not yet driven by scarcity.
Global oil reserves for the next 80 years are probably greater than the estimations, and oil availability does not mean actual
physical limitations for air transport. After all, air transport accounts for 3% of global fuel consumption, and if doubled
would still only represent 6%.
Generally, the price of oil is not going to be a “show-stopper”. Without political intervention, a higher fuel price will only
reduce air traffic growth. Air transport is probably the only consumer of fuel that could afford fuel even at USD 500 per
barrel. Then air transport would become a luxury product once again.
In this case, demand for air transport might be affected, particularly for low cost leisure travel. Already in spring 2008,
London Heathrow saw a drop-off in demand, except for long-haul business where ground transport competition is low. In
addition, in a strategic move during summer 2008, some major and low-fare airlines reduced capacity.

• ticket price
Today, the cost of air travel may well be at its lowest ever. Competition between airlines is driving ticket prices down,
which, in turn, sustains air transport growth. The ATM community is creating an increasingly efficient system. Airlines are
becoming far more efficient in the way they operate their businesses; and they have reduced overhead costs significantly.
However, fuel price and tax increases may well drive prices up again. We are probably at the bottom of the curve of disposable air ticket prices, without knowing where air ticket prices will be 20 years from now. In Europe, the political signs
are that air travel is considered too cheap; this could potentially have a strong negative impact on demand.
In the long term, a quick economic analysis using the elasticity of demand to GDP and ticket-price (which will increase
because of oil) shows that even with very conservative assumptions, but taking into consideration the demography which
plays an important role in the growth of air transport, we can still expect a 2.5% growth per annum until 2025.
			elasticity of demand to ticket price is -0.5 (i.e., if the price reduces by 1% then demand increases by 0.5%). This is a
reasonable assumption, since, in general, such elasticity is deemed to be -0.4 in the long term.
			elasticity of demand to GDP is 0.8. This is an appropriate value for developed economies. In China, however, the
value would be nearer 2.0.
Let us consider a scenario where the oil price goes from USD 50 in 2005 to USD 200 in 2025 (USD in constant value).
This is seen as a realistic hypothesis because the oil price will remain driven by demand rather than by scarcity.
We can then make a projection of how much ticket prices could increase by 2050.
		 Take a ticket price of 100 in 2005, 25% of this covers fuel cost, i.e., 25.
			In 2025, fuel cost is multiplied by four. There is a slight decrease due to productivity gains (-0.5% per year). The
ticket price is then 167.5.
Let us assume that global GDP increases annually by 4% between 2005 and 2015, the annual increase between 2015
and 2025 is 3%, and global GDP is then multiplied by two in 2025. In this hypothesis, the growth in demand by 2025
would represent a 34% increase, i.e., 1.5% per year. If demography is included, this would go up to 2.5% per year. This
is far from the commonly accepted 4% per year. The hypotheses are therefore pessimistic, but still they indicate that
demand will grow.

• sustainability
How can sustainability be achieved in the future? Some people argue that flying will be an exceptional mode of transport.
As a comparison, however, in the past people believed that there would be a limit to car transport linked to the oil price.
In 2008, the oil price reached record highs, and yet and people drove more and more. This is due to the fact that the
general living standard of people has also increased - so they can afford to bear the extra costs for oil.
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At the same time, concerns are voiced over the lack of consideration for sustainable growth, when capacity is seen as the
major objective. Whatever the oil price, industry is still building more and more aircraft, which will remain in use for the next
20 to 30 years. Also, something seems to be wrong when considering how low travel prices are today.
The air transport industry is perceived as complacent: it seems to understand “sustainability” in terms of improving environmental performance of flights, while developing aviation both for short-haul - often in competition with other transport
modes - and for long-haul, while counting on the ETS to compensate for its emissions. For many, this represents a failure
to take appropriate transitory measures and assume social responsibility.

Environment

societal evolution & political considerations
noise versus emission - a technological
& political dilemma
technical & operational considerations
economic regulation

More and more people are becoming aware of the impact of human activities on the environment. The environment is probably the biggest challenge to air transport in the long term. There are many aspects to this challenge, but political attention
is driven by societal concerns about climate change, which focuses therefore on emissions. At the level of airports, noise
issues are also attracting close attention. Environmental impacts of aviation raise the question of social equity: those who
benefit are not those who suffer. Finding an acceptable balance in this regard is one of the challenges of sustainable air
transport. The environment shapes air transport, but does not block it. This is essentially a socio-political challenge.
In the future, environmental issues will probably bring stronger regulation of air transport, such as a cap on fossil fuel usage
or limitations on the free use of airspace. This will add to the issue of capacity. Green aircraft will appear by 2040-50. However, green engines are still a challenge as today no other energy source (apart from nuclear) can replace fuel. Environmental
issues will modify the supply industry. Certain business models will not be sustainable, and only the biggest carriers will
survive. Almost no new airports will be built.
Reducing emissions
Air transport plays a distinct role in total emissions as aviation is a fast-growing transport sector with the highest emissions
per passenger-km. Aviation is therefore the most polluting mode of transport (per passenger-km),even though the technology has undergone many developments. If air transport doubles in the next 30 years, then so emissions will double, too.
There will be costs to other sectors. Can the economy really bear this?
Air transport is unlikely to significantly reduce its emissions by 2030 in absolute terms. The amount of emissions from air
transport will grow if demand is to be satisfied. The rate of increase in emissions is the square of the increase in speed (and
aircraft are fast). Therefore, emissions cannot be reduced by 30% of what they are today to accommodate three times the
current traffic in the long term.
The US perception is that growth will come from point-to-point flights with smaller aircraft, thereby increasing the overall
quantity of emissions. However, this is a business model that the FAA has no control over. There won’t be regulations in the
US to cut emissions, where money is considered the best regulator. Legislation only comes in when money doesn’t work.
80% of FAA funding comes from airline ticket taxes. They are obviously not paid by general aviation or business aviation as
these do not produce tickets. This is very difficult to change because of the lobby power of general aviation.
In Europe, there will be a strong political drive, not only to stabilise, but to reduce overall emissions. Since 1995, the EU has
stabilised its total CO2 emissions (and even reduced them by 3%). But, at the same time, transport growth was 25% and
air transport growth was 90%. Cars can still do much better. In air transport, engine technology has achieved a great deal.
Aircraft weight can still be reduced, but there is a limit. Then the question is: what will politicians decide?
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Some experts are of the opinion that CO2 emissions must be limited as far as possible, otherwise growth cannot be accommodated. In addition to the technological improvements on the aircraft side (ACARE), which will not counterbalance the
increased production of CO2 (because of traffic growth), the Emissions Trading Scheme provides a good solution to compensate for the CO2 produced. In any case, the contribution of aviation to global CO2 emissions is relatively small.
Other experts consider that there is a need to get the priorities right. The most important issue is climate change and the
reduction of emissions. A combined solution is needed between the best possible technology and reasonable taxes on
emissions to achieve a general reduction of emissions.

• societal evolution and political considerations
Environmental issues will shape future societies, far beyond small measures such as the Kyoto Protocol and the Rio confe
rence. For some experts, the CO2 problem is a “joke” that will be solved within 50 years. By 2030, the real problem for humankind will probably be the difficulty of feeding a global population of 9 billion human beings. There is a need to be more
serious about the environment if we are to achieve the sustainability of our societies.
Environmental issues will have a constraining impact on air transport if these issues are to be tackled to provide high mobility with increasing demand for travel. Some experts consider that there is no understanding of the impact air transport has
on the environment, and how climate change may affect demand and traffic flows.
There is, of course, a political element in this “environment vs. aviation” question. Shaping the industry with respect of the
balance between transport needs and environmental action is a challenge not only for air transport actors but for society
as a whole. If society wants to have a dynamic air transport system with the capacity for growth, but without being able to
reduce emissions, society will have to reduce emissions in other areas. Emissions-trading is a way of accomplishing this
balance.
The environment is a growing public concern. The environment might dictate limits, but these depend on political, behavioural, and societal changes. The environment may become a significant constraint, which will manifest itself economically, and in terms of changes in values and consumer behaviour. The implications for both are not yet clear.
Society trade-off on reducing emissions
Industrial production in the economy is a major energy consumer, even more so than households. But everybody wants to
maintain economic growth. There is the potential to build very environmentally friendly houses. But the number of existing
houses constitutes an enormous legacy.
Governments confront a difficult trade-off between sustainability and economic development. In France, for instance, the
Transport ministry seeks to promote air transport for its role in boosting the economy and employment. The Sustainability
ministry seeks reductions in energy consumption, sometimes depicts air transport as an activity for the wealthy, and questions the need for speed, frequency and long-distance transport. Various interests are reconciled at local- level through
sustainable development charters.
Faced with the saturation of capacity at the major airport platforms, the UK Government launched a wide-ranging study
culminating in a White Paper (December 2003) on the future of air transport. Its stated objective was to provide an overall
strategy: balancing the economic benefits, the social advantages, and the environmental impacts. The debates sparked by
this White Paper were fuelled in the UK Houses of Parliament and, in the course of these discussions, the Government’s
plans were heavily criticised.
The British debate around the White Paper can be seen as an effort to overcome the fragmentation of interests regarding
air transport, by promoting a national debate potentially carrying political risks for the governments in charge. Confronted
with such political risks, governments sometimes prefer to wait for and follow European initiatives on the subject.
If European politicians decide to curb transport as a way to reduce emissions, the public reaction might be a trade-off in
favour of cars against aircraft. This would be supported by the concept of quotas such as the “Individual Carbon Footprint”. People would have to choose between several ways to use their emission entitlements. This idea of a quota per
inhabitant is probably the biggest danger for air transport.
Changes in values and consumer behaviour
There is no clear indication as yet if popular feelings about aviation and the environment will bring about regulation limiting
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capacity - or if society is yet ready for institutional restriction on growth. Economic interests still dominate any discussion of
environmental impacts. There is much lip-service in the environmental debate. Only massive protests of the general population are likely to change the situation. But people would have to change their habits - and travel less, for instance. This
does not seem likely to happen. There is increased awareness of the environmental consequences of aviation, but there is
not (yet) a noticeable change of behaviour in the population.
People are adaptable, but changing individual behaviour is difficult. If emissions are stabilised today, however, the effect will
not be noticed for a long time. Consequently, people do not see the need for drastic measures.
A general change in traveller behaviour should not be expected. Airline ticket sales are increasing. There seems to be a
discrepancy between what people say they will do (protect the environment, use more environmentally friendly means of
transport) and the reality, where both modes of transport by car and by air are steadily increasing. There is a change in
people’s expectations - they expect to do more and more travelling as their living standards rise.
People are voting more in favour of “green” parties, but the same people pollute more with increased travelling. There is a
big gap between what people say they want to do and what they actually do for the environment. So to really protect the
environment, political decisions must be made, and measures to reduce pollution must be imposed on people via ticket
prices, and so on. Politics will follow public opinion rather than take a visionary stand. For example, environmental legislation may not pre-empt, but rather follow, public opinion. Similarly, accident rates may lead to changes in the legislation.
The political objective of protecting the environment will lead to regulation limiting capacity. There is the example of cars
in Singapore, where it is now almost too expensive to drive. Travellers will change their habits only if capacity is limited
and prices increase. Regulation will stop investment in increasing capacity. The sole effect of the oil price increase will not
be sufficient. More regulations will become necessary (taxes, load factor, capacity cap at airports, etc.). There are already
curfews, since there is a limit to what can be done without destroying the quality of life for residents.
The image of Air Transport
Every transport sector will have to play its part in being environmentally responsible. But air transport is the fastest growing
sector, and this raises concerns. There are diverse sources of information in circulation about the air transport industry.
An informed debate in society (and within the industry) about the real impact of aviation on the environment and society is
therefore very difficult.
If air transport continues to grow, even with the efficiency improvements planned, emissions will also increase (IPPC
projections indicate a threefold increase between 1990 and 2050). Over the same period, the total EU C02 emissions
allowance will be decreased (by 2050, EU emissions allowance is expected to be 20% of the 1990 level). In this scenario,
at some point the future, all of the EU CO2 emissions allowance would be used by aviation alone.
Such a view of the contribution of aviation to emissions is not shared across the industry. There is a perception that too
often people go beyond the scientific ground into “beliefs”. For instance, the perception in European Institutions is strange
indeed. One speaks about a 6% contribution of air transport to global CO2 emissions, but in no way is this figure seen
as accurate. According to the ASD, in terms of CO2 emissions, aviation contributes 1.5% and, considering the growing
demand forecast, 2% is estimated in the near future.
Air transport is an easy target for the media and politicians, who look for an environmental villain. Aviation suffers from a
very bad image, being seen as luxury travel, and is plagued by doctrinaire attitudes. There is a comfort zone in being able
to finger-point air transport as the main cause of excessive CO2 emissions than to look into private car emissions. The
Industry considers that there is much anecdotal and press exaggeration related to the image of aviation. A major communications effort is required, with the real meaning of statistics explained, to correct any misperceptions of the air transport
industry.

• noise versus emissions - a technological and political dilemma
Airports, society and the environment
Environmental issues are of great concern to airports. About 15 years ago, the “green” parties were the only ones to care.
Today, these issues are high on everyone’s agenda, with an even wider focus.
Historically, noise has been the main concern. Traffic movement caps were, and often still are, a part of noise reduction
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programmes. This raises the delicate question of whether any gains are marginal or significant. There is a continuous debate about the possibility of pertinent annoyance indicators between the aviation industry and airport neighbours. Current
initiatives are exploring the potential for co-formulation of such indicators. In the future, there is an expectation that ACNUSA-like bodies will spread throughout Europe. Societal resistance to pollution from air transport should become more
constructive (working with, and not against, the air transport industry). Compensatory measures will probably become
more widespread.
However, emissions are becoming more prevalent. In addition to the debate on global emissions, local emissions can
prevent, restrict, or even stop infrastructure development. Much better air quality at airports will be a future requirement.
Hence, long taxi routes and long waiting times for take-off or taxi clearance will become unacceptable. The “American
model” where a great number of aircraft wait in line on the runway for take-off clearance for up to 45 minutes is unacceptable in Europe.
Airports have to do something, and be seen to be doing something, to counter the effects of pollution from air transport
in the operational surroundings. Airports have been involved in environmental management for a long time with water and
waste processes. Airports are now working to become carbon neutral. The definition of this concept is not yet clear. Apart
from the airport itself, this may come to include activities in commercial areas (shops, restaurants, etc.), landing and takeoff of aircraft, and the local traffic around the airport site.
However, the combination of all noise, local emissions and global emissions constraints will make it difficult for airports
to optimise operations. For instance, Paris CDG was capped because of environmental issues. For 15% of European
airports, environmental issues are limiting factors. As traffic increases, so do the environmental constraints. Although these
are of a socio-political rather than physical nature, airports will not be able easily to overcome these constraints.
Industrial trade-offs
Environmental issues (emissions and noise) are always of concern when building aircraft. However, the two factors have
different impacts. Gaseous emissions, such as CO2, are both local and global. These are cumulative and must be reduced.
Noise, on the contrary, is a local issue.
Fuel will always cost “too much” for airlines. The reduction of emissions is conducive to the reduction of fuel burn which, in
turn, helps with the economic operation of the aircraft.
The public is becoming more and more aware of noise. Over the years, the noise signature of aircraft has been greatly
reduced. The reduction of noise, on the other hand, can affect the economics of operating the aircraft. The problem for
engine design is balancing the reduction of emissions and noise, as they can conflict with each other. For example, reducing noise can be done in two ways: by using noise absorption material; and by reducing engine fan rotation speed. When
the fan rotation is reduced, fuel burn increases and, as a consequence, emissions increase.
Political trade-offs
The environment will come to dictate future limits, but political considerations should not be so short-sighted as to forsake
long-term global issues for short-term local ones.
When it comes to the environmental issues, the political system makes broad policy decisions on CO2 emissions to tackle
climate change. Governments appoint ministers in this area. However, around airports, strong noise lobbyists alter airline
operations to the detriment of policies aimed at reducing emissions. This is seen as short-sighted: local issues (noise) are
given higher priority than emissions which have an effect on current and future generations. In due time, better trade-offs
between noise and CO2 emissions should be made, e.g.:
			noise abatement procedures (as they are used today) are based on an earlier generation of aircraft with significantly
larger noise footprints (CARAVELLE, 707, 747-100). Flying along noise-sensitive routes often involves significant detours. Yet the noise footprints of newer generation aircraft are much smaller. With the same level of noise pollution,
the noise-abatement routes could probably be re-negotiated to take a better account of emissions.
			redistribution of noise from influential to less influential groups of people (as has often happened in the past) will no
longer be possible in the future if the result is increasing emissions.
In the trade-off between noise and emissions reduction, most experts agree that the preference should be given to emissions reduction.
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• technical and operational considerations
Economic and environmental factors are linked. Reducing environmental impact is economically interesting for airlines.
Somehow, it could be said that environmental awareness and the resulting pressures are helping airlines in getting things
done right! It is not a mere fashion. This question was already raised 20 to 30 years ago. There is a marketing aspect to
this, but also there are concrete effects. Air transport is committing to this balance. However, decreasing CO2 emissions
by more than a few percent per year is not possible. Yearly decreases are approximately compensated by the growth of
the industry. This is a big problem for air transport.
The aviation industry provides technological solutions for reducing emissions per flight, convinced that “although the environment is becoming one of the biggest constraints to growth, it will never be a show-stopper”.
Technological solutions
Airlines want to decrease pollution, and in particular by renewing the fleet of high-consumption aircraft. This is already the
case for Air France which, for instance, achieves 2 litres of fuel per 100 kilometres per passenger on a 777 flight to the
West Indies.
Manufacturers are producing cleaner aircraft to help reduce emissions, better navigation systems, better use of on-board
energy, and optimization systems for taxiing and descending, even though, of course, the impact of these technological
improvements is strongly dependant on the renewal rate of the flying fleet.
For the foreseeable future, kerosene will continue to be used - even into the next generation of aircraft. More R&D is being
carried out on fuel-efficient engines. There is also significant research into the use of alternative fuels, but there is still a
long way to go. The solution would be to use nuclear energy, which is “emissions-free” but produces nuclear waste, another type of pollution. In addition, the timescale for accomplishing a safe, nuclear-based operational concept is probably
about 100 years.
Operational solutions
In Europe and in the USA, airlines and ANSPs are waking up to environmental considerations, while taking significant operational initiatives such as the Continuous Descent Approach (CDA).
Operational solutions for reducing emissions per flight include:

			reducing the speed, and in turn reducing emissions by up to 30%. For example, reducing speed from 900 km/h to
800 km/h would reduce emissions by 30% without too much negative impact on the aviation business. For a 1h
30m flight from Copenhagen to Brussels, the increase in journey time would be only about 8 minutes.
			choosing better flight levels. The impact of emissions depends on the altitude where the emissions are released.
This aspect could be studied further to see whether ways exist to reduce pollution.
			decreasing emissions from ground traffic by reducing waiting time for departure slot or for gate.
		 planning for more efficient flights, which would consume less energy (optimum routing, etc.).

The ATM community can reduce the environmental impact of aviation by cooperating with airlines to reduce flight inefficiencies, alongside what can be achieved by aircraft, systems, and engine manufacturers.
However, at present:

			airlines rely on ATM for environmental improvement (but without mention of empty flights, frequencies, etc.). Market

forces oblige operators to fill up the system - so they fly with small aircraft with higher frequency. Using larger aircraft
would create a lot of passenger capacity, which would also reduce the environmental load.
			Performance Review Commission conclusions indicated 6% ATM inefficiencies (6% route design and 1% airspace
users’ preferences compensated by 1% tactical ATC). This corresponds to approximately 50 km extra flown per
aircraft per year. Therefore, the impact of ATM on the environmental improvement of air transport is rather marginal.
In this envelope, TMA improvements could probably bring the most gains.
			doubts exist with regard to the compatibility between announced ATM capacity and environmental objectives.
Beyond what has been planned, much more has to be done as airspace systems and engine manufacturers cannot
be expected to make drastic improvements either. More than capacity, environment is probably the real challenge
for aviation.
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As the EC exerts political pressure for a reduction of the environmental impact of aviation, the EUROCONTROL Provisional
Council has adopted an ambitious objective of 4% reduction of inefficiencies per annum and a short-term plan to address
the 50 most penalising city-pair routes. This might not be sufficient, however, as the plan will produce only a few per cent
improvement. At present, 50% of inefficiencies are produced by 1,500 city-pairs rather than 50. But the plan is a first step
in the right direction.
Industry-wide initiatives
Industry relies on the most objective information to assess the impact of aeronautics, with the aim of developing the technology in the most appropriate way and minimising its impact. People dream about noise, CO2, and NOX reduction. In the
past, industry has achieved this with a 75% reduction for noise and a 70% reduction for CO2. Over time, it becomes more
and more difficult to make such reductions, and this is the reason for the implementation of large-scale undertakings such
as CLEANSKY and SESAR to reach the ambitious targets of the ACARE 2020 Vision. The main pillar for the environment
is CLEANSKY. This is a Joint Technology Initiative, which will develop breakthrough technologies to significantly reduce the
impact of air transport on the environment. CLEANSKY aims to cut emissions by half. In practice, although there remains a
long way to go, the Single European Sky ATM Research Programme (SESAR) is not really orientated toward environmental
issues. As seen above, the focus for ATM in terms of the environment is essentially a question of optimization.

• economic regulation
Even if technological improvements could reduce emissions by 50% (given the overall doubling of air transport), this reduction of emissions would probably be considered insufficient by society. Industry will not respond to this challenge easily.
Industry constantly improves technology, but the possibilities appear limited, and even more so because of the slow rate of
fleet and equipment renewal.
When under political pressure, regulatory authorities have to take measures. One may hope for a change in mentality. Experience shows that stringent decisions must be imposed on people and industry actors to achieve real results. Emissions
reduction will only come about through rising prices and taxes - or quotas and the related trading schemes. An increase in
the cost of travel should lead to a decrease in emissions. A willingness to change habits usually does not happen through
individual will.
Supply
On 4th March 2008 a Report entitled “Climate for Transport Change” was published by the European Commission. The
report identifies the necessary changes in air transport to reduce emissions. The global contours should become more
precise by the end of December 2009 after the 8th Climate Change Conference in Copenhagen.
Regulatory solutions concerning air transport supply include the participation of aviation in the Emissions Trading Scheme
(ETS). The European Commission expresses a willingness to do so. As a result, the air transport sector might end up with
a quota system. If this happens, the large impact on the cost of air travel will be passed from airlines by charges to passengers. The question is whether the EU will actually convert this expression of willingness into policy.
The participation of the aviation industry in the ETS is rather well accepted in the industry. The ETS is seen as a good
economic measure to compensate for emissions. The greener the political parties, the less inclined they are to support
aviation growth, regardless of its modest environmental footprint. Air transport appears as one of the easy targets for the
ETS. However, the industry understands the necessity for such a measure and supports the initiative, but expects its provisions to be evenly applied to all sectors.
However, the ETS receives some criticism. The ETS is sometimes viewed as a “right to pollute” more than a solution for
environmental issues. The ETS token will have a value in itself. If not expensive enough, the trading scheme will not be an
incentive to invest. Otherwise, the scheme would affect ticket prices and demand. For some, ETS is already becoming
comparable to a tax regime.
Demand
Reducing demand to cut emissions is possible via political measures. For instance, the EU is thinking of developing a
taxation system that would render short-distance air transport trips very unattractive where an alternative to air transport
exists.
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There is also the idea of individual quota or “personal emissions allowance”. Each individual would have limited emissions
rights per year, but would be allowed to buy rights from people not using their quota. This poses the question of social
equity. Well-off people would be able to afford to buy emissions rights and, thereby, easily continue to travel. But lowincome people would be strongly restricted in their travel opportunities. A fair and practical way to reduce emissions is
difficult to find.
Another approach would be to simply apply eco-taxes, e.g., on tickets, resulting in higher ticket prices.
These measures raise a number of questions:

		 what would be the impact of a price increase on ticket sales?
			what would be the impact on airlines charging emission taxes on passengers (environmental strategies, economic
health, transport market, etc.)?

			what would be the impact on the European market? Would there be delocalisation of business? How would economic
growth be affected?

Emissions tax versus trading system
The two main options of economic regulation for reducing emissions are: taxes and quotas, with some related trading
scheme. Politicians, regulators, and industry actors in no way share an opinion on the best solution.
Trading fans
Airlines and airports support the quotas and trading approach as an alternative to taxation. Taxes, unless enormous,
will not reduce fuel consumption. In addition, individual States across Europe would need a coherent approach. There
is no sense, on the one hand, in investing public money to stimulate the air transport business (which has been done at
regional level for low-cost carriers for instance) and, on the other hand, to tax air transport and thus hoping to reduce its
impact.
	There is a tendency to tax air transport when money is to be found somewhere: AIDS tax in France, eco-tax to insulate
houses in zones over-flown by aircraft, the European legal constraints about overbooking, and so on. These are elements
over which the airlines have very little impact.
	The eco-tax imposed by many governments is in effect a passenger tax. This tax goes to the government and is not necessarily used to tackle environmental issues - and so takes away the revenue for future development work on fighting
air transport pollution.
Tax fans
Some observers see more societal benefits to the taxation option. A system where you would use the income from
aviation taxes to improve other transport structures is not to be recommended. The money should be used for whatever
State project is beneficial for all. The most important aspect of this is that the taxes are being used where they matter
most. Ideally, of course, they should have an educative effect. People pay an emissions tax and they can immediately
see a direct benefit for themselves since it is being directed at something relevant and local that they can relate to. There
is an analogy to be made between the perception of taxes on cigarettes to finance (indirectly) hospitals. A more specific example: there was a project in Oslo, Norway, where road taxes had been directly used on a local road project to
convey vehicles around, and not through, the city. The local population could see the direct benefit of their taxes. So it is
politically important to gain acceptance of taxes from the population.
Global agreement on measures
Whichever system is adopted - taxes or the quota system - reaching a global agreement on the reduction of emissions is
important to avoid unfair competition. The stringency of such an agreement, however, would be internationally unacceptable. For instance, it would be difficult to imagine the ETS being implemented in the United States: it is already known
that the US would take the European Commission to court in the event of establishing emission taxes on air transport,
as this would be seen as a breach of the Chicago Convention. It looks as if there is still a long way to go before any clear
approach is adopted.
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dramatic events & effects on aviation
airport security measures
security R&D (research & development)

Security

Transport security is a source of general concern. Recent events have shown that it is particularly true for air transport. First,
dramatic events have a detrimental effect on air transport growth. Second, security checks reduce travelling convenience
and increase airport transit time. This goes against the efficiency target set by the air transport community in the ACARE
2020 vision document. This is the reason why security is considered one of the three main research topics in ACARE SRA2
addendum, along with environment and alternative fuels.

• dramatic events and effects on aviation
International crises or big sports events are capable of triggering institutional change. The crisis in Kosovo acted as a catalyst for the SES initiative. The 2008 Olympic Games focused Chinese attention on aviation flow management issues.
However, the events that have systematically had the greatest adverse effects are those that are unforeseen - and
dramatic. Let us remember that the SARS crisis, the first Gulf War, and the 9/11 attacks have dramatically depressed air
transport growth (for several months only).
Although terrorism might become “business as usual” in the future, the industry would probably take longer to recover
from another large-scale attack like 9/11 than it did then. The devastating effect of terrorism using an aircraft as a bomb
against targets has been demonstrated. Some people still avoid US airlines for fear of attacks.
This creates emotions impacting on travellers’ comfort. The ICAO has to react by taking protective measures. This is a
drawback. Industry does not see this as an opportunity. Air transport is hyper protected – over-protected. Because of this,
security itself is at risk: there is a high turnover of staff working in “hot” areas who know critical procedures.
At the global level, future challenges include global pandemics that could dramatically damage the global economy (e.g.,
avian flu). Present crisis plans envisage over 60 million deaths. In such a crisis, air transport would experience a strong
reduction in traffic. This remaining traffic would mainly consist of military and humanitarian flights. Afterwards, the economy
would probably start- up again with the need for a complete restoration of air transport.

• airport security measures
Security particularly affects air transport and reduces its competitiveness in the transport market. Airport security is key.
However, 100% secure airport transit is impossible to guarantee; and related costs and inconvenience are becoming
paramount.
Airport security checks affect the willingness of the passengers to travel. This was seen after 9/11 with increased restrictions and new, drastic procedures. This has caused inconvenience to the passenger, and has also increased airport
operating costs by USD 0.5 per passenger. This may not seem a great deal, but - when multiplied by a couple of million
passengers - turns into a substantial figure. Security amounts to a huge part of airport operating costs, usually around 35%.
Another problem in this domain is the lack of international harmonisation. This makes [security assessments] very difficult
for airports (especially small airports) with regard to implementation costs. Airports should be moving toward a one-stop
security check so that connecting passengers would not have to suffer the inconvenience of multiple queuing and check- in
procedures.
Airports believe that a paradigm shift is necessary, based on the following principles:

		 dealing with probable rather than all possible threats
		 deterring rather than detecting threats
		 making more use of “risk-based” analysis to define security measures.
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• security R&D
Further than the immediate security measures adopted by the authorities in reaction to dramatic events, other issues are
investigated at a national and European level. The European Commission tends to concentrate on procedures and technical
solutions, while national security organisations deal with counter-terrorism, intelligence, and so on...
Some observers say that security research is “useless” because terrorists will always change the way they operate to
contour elaborated security measures. But people want more security. They want to be protected, and politicians have to
show that everything possible is being done.
Access Control & Filtering
Security considerations focus on systemic illegal behaviours (terrorist attacks, organised crime, illegal immigration, etc.).
The first filter is the border including airports. Access control aims at meeting two main objectives:
		control the actual identity of a document’s holder
 assess the risk related to a particular individual.
The first objective is technically easy. The second objective is more complex, since this requires access to intelligence data.
Access control and filtering cover border control, security filters, etc. The public seems to increasingly accept the idea of security
screenings and resulting delays. However, the industry is looking for filtering solutions which overcome security delays for passengers.
A concept that might be considered at political level is the idea of the “trusted passenger” - that is, someone who is
willing to renounce a large part of his or her data protection rights to speed up passage through security checks. Freight
uses a similar principle, i.e., “the trusted freight” based on electronic tracking systems. If a passenger accepts to disclose
information about themselves, they gain the benefits of privileged access rights. In exchange, the passenger does not
have to queue or, for instance, remove belts and shoes. The passenger is easily checked and authorised in advance,
and the only issue at the level of the airport is to ensure proper identification. Of course, those who do not like to disclose
private information, which is fair enough, have to go through more systematic security checks. This concept, supported by
robust identification systems such as fingerprint and iris detection, might enable reduced airport transit times.
There were some issues of data protection between the USA and EU. Americans require detailed information about a traveller. However, with this concept of “trusted passenger”, the choice would rest with the passenger: to participate or not.
Probably 95% of people would follow this “quick way”. In reality, people are accustomed to disclosure. For example, they
already deliver their credit card numbers easily enough.
Direct attacks
Research continues to look for solutions against small ground-to-air missile attacks. Several approaches are possible
when protecting the airfield or protecting the aircraft. Airbus is very concerned that, should there be a successful terrorist
attack using these weapons, protection systems would be made mandatory by the USA (carried protection systems).
EADS wants to be prepared. Compliance would be very expensive. This could become a very big issue, and remains
unresolved.
Some European Commission projects are looking at this. The military are, of course, much more advanced in this area,
but the military secrecy requirement and culture makes technology crossover to civil operations difficult.
Security of CNS systems
ATC is highly dependent on the availability and integrity of its technical infrastructure, buildings, IT and communications
systems. In recent years, particular attention has been given to this topic.. But this remains an important area of concern
with regard to potential penetrations aimed at causing dramatic incidents (e.g., the SAIFIT project on IT security, SAFEE on
advanced aircraft security system).
Crisis Management
A crisis is a major, unpredictable event that threatens to harm an organization - airport, airline, ATC centres - and its stakeholders. Although crisis events are often unpredictable, they are not always unexpected (terrorism, pandemics, accidents,
extreme weather and geological events, etc.). Crises can affect all segments of society, and have a wide range of causes.
Although the definitions vary greatly, three elements are common to most definitions of a crisis: (a) threat to people/ organization/infrastructure, (b) element of surprise; and (c) short response/decision times.
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	The practice of crisis management involves attempts to eliminate technological failure as well as the development of formal
communication systems to avoid or manage crisis situations. Crisis management consists of skills and techniques required
to assess, understand, and cope with any serious situation (real or perceived), especially from the moment it first occurs to
the point that recovery procedures commence. Satellite technology and UAS could contribute in this area.
	Crisis management is mainly about situational awareness to protect first respondents. Search and rescue is in the framework of the security programme, for instance. Information and communications play a crucial role, including liaison with
the press, the relatives of victims, and so on…

Safety

The safety of travelling by air is an absolute pre-requisite for air transport. Air transport is recognised as a very safe mode of
transportation. Even with constant air traffic growth, the number of accidents has not risen significantly. However, society has
an increasing sensitivity to risk, which exerts more pressure on safety considerations.
In the current ATM system (as in SESAR), the role of human beings is central, and remains an important constituent of safety.
In this context, maintaining safety levels implies a number of challenges for ATM:
	Society will increasingly become less tolerant of risks and therefore could increasingly criminalise the deficiencies of
professionals. In Italy, following the Linate accident in 2001, harsh court verdicts affected all organisational levels in
ATM. One may wonder if this represents a significant trend. This could somehow evolve in a contradictory manner
with regard to the transparency required by the ATM safety culture.
	The ATM profession will have to accept that human error, instead of being the possible cause of incidents, is a direct
consequence of constantly operating the Ultra-Safe ATM system at its limits and is unavoidable. Such recognition will
take years.
	The economic climate affects safety. ANSPs require a robust safety culture to maintain high safety levels despite any
effect resulting from competition and downward trends in the economic cycle. Robust regulatory structures are needed to maintain safety levels in all climates. For instance, Railtrack [former UK infrastructure operator] is an example
of safety being compromised by commercial pressures: the safety culture was not robust enough to cope. These
same pressures will also be a challenge for EASA.
SESAR (and NextGen in the USA) will face safety-related challenges in system design, development, certification and regulation. As systems become more and more complex, equipment needs to be more and more reliable and safe. Assuring safety
for an automated system or systems, from the design phase and over its entire life cycle, is an issue. There is very little worldwide R&D. Standards do not exist; certification of such a system remains unexplored.
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Evolution of
business models

news trends
airlines
military users
news airspace users
airports
aviation manufacturers

• new trends in European short-haul transport
Long-haul air transport is not subject to competition from other modes of transport. Air transport is the only sensible way
to cross long distances.
For short-haul, Europe is very different from the USA. Competition in Europe takes place between aircraft and trains rather
than between aircraft and the car in the USA. Until recently, the usual mode of travel between, for instance, Paris and
destinations in Germany was by air. Nowadays, High Speed Train (HST, TGV, ICE, etc.) is more convenient. From Paris to
Germany, with a three-hour trip to Frankfurt and a two-hour trip to Stuttgart, train journeys are much more attractive. This
is particularly true when considering the hassle caused by security gates at airports. In addition, HST brings passengers
close to city centres. Travelling time is comparable but comfort is better.
High Speed Trains will spread throughout Europe where the distances between big cities are not too great. Rail competition has taken significant market shares on city pairs [with existing HST links]. The increase in the network of HST train
connections, which were taken for granted in the past, renders some of the airborne short-haul connections superfluous.
The Eastern European countries have a strong “rail culture”, but whether this same trend will be seen in certain emerging
nations is unclear. For some nations, air transport is easier to develop where there is a reduced need for surface infrastructure.
The goal of transport policy in Europe is not to promote aviation as such, but to deliver the transport infrastructure in the
service needs of citizens at the level of quality required - be this by train, aircraft, or whatever means of transport is available. Inter-modal transport will become a necessity.
Trains will not replace all airborne connections. However, connections such as the Channel Tunnel and the CopenhagenMalmo bridge linking Denmark with the rest of Scandinavia has locally shifted a significant number of passengers from air
travel to surface transport. Airborne freight costs are likely to increase, which could lead to more rail-based freight transport. This could be advantageous from an environmental perspective.
Under environmental pressure, airlines could start to position themselves as multimodal transport operators, and call
for the opening of the competition on the rail market, thus aiming to benefit from a highly subsidised infrastructure. For
instance, Air France will make the transition to the train. This is also the case for Lufthansa, which has agreements with
Deutsche-Bahn. Air carriers will continue to feed their hub, but will - as soon as is possible - operate High Speed Trains.

• airlines
Airlines have a business model for optimisation and efficiency. That is why airlines chase every kg of fuel, especially at high
prices, and cut back on administration costs by e-ticketing and using electronically supported cargo systems.
Future customers
The customers’ frame of reference for prices has changed. The image of luxury is likely to remain for long-haul flights only.
But short-distance transport, increasingly considered as a «commodity», should only be «low-fare». This is a stable trend.
With internet and e-technology, passengers want to do everything for themselves (register, book tickets, choose, etc.).
Intermediaries could be impacted. There will also be a cultural shift in the supply industry, which will bring about a change
of mindset - as well as the tools and instruments involved. The battle of tomorrow is innovation for the customer.

27

2. Air Transport Supply

Future aircraft for airline operations
We know which types of aircraft will be operating in 2020. There will be no major technological breakthrough until then. As an
example, for long-haul, the planes used 20 years from now will be the A380 and the B777, the A350 and the B787. Airbus
variants with 1000 passengers will be in operation. In addition, for short-haul, there will be the A320 and B737 replacements.
The A380 and the B777 are part of the logic of substantial flows between large airfields supported by the hub system. The
A350 and the B787 were conceived with the development logic of the long-haul point-to-point system as an alternative
to the hub system. This is based on the idea that 13 Chinese capitals will constitute marketplaces of more than 10 million
inhabitants. These capitals are bound to deal directly with European capitals independently of one another.
Flying farther and faster with a quick turn-around time is a factor that contributes to efficient aircraft operation. There are
two factors to consider when designing and building aircraft: size and speed. For the construction of large aircraft, like
the A380, a good case for the economic justification is needed. Contrary to the Hub and Spoke concept, the concept
of point-to-point, such as Lyon to Salt Lake City, emphasises speed and distance. The large market between hubs, e.g,
Paris and New York, emphasises size and distance. The two modes of operation will probably co-exist.
Business development might not be based on frequency anymore, but on a strategy of «productive» growth using larger
aircraft. However, the macro-economic trend of a 6% growth in the demand for worldwide air transport over the next five
years is a concern, because this implies that the majority of the large European hubs will be saturated by 2015.
Future airlines
Concentration of legacy airlines will continue. This will reduce competition, which is often detrimental to the environment
and to the economic performance of the operators: several departures at the same time for the same destination, small
modules, and high frequencies, more fuel usage, and more space utilised. The air transport model evolves toward a
trust of three worldwide alliances between three European and three American poles: American Airlines alongside British
Airways, United Airlines alongside Lufthansa, and Delta North West alongside Air France. At the moment, intra-American
flows, intra-European flows, and European-American flows represent 54% of worldwide flows. Airlines from other parts of
the world will probably enter some of these three alliances.
In parallel, low-fare carriers stimulate demand at regional airports by offering the lowest possible prices with or without
subsidies. This model works mainly for short-haul point-to-point operations from regional airports. But regional airport ATC
services are cross-subsidised by ATC revenues from hub airports. From that perspective, governments permit legacy airlines to subsidise their own competitors at regional airports. This is probably not economically sustainable. Small regional
airlines will have increasing difficulty in remaining profitable with the increase in fuel cost and other charges. If true costs
are charged, regional aviation may be unsuccessful in Europe in the long-term.
Today, business models are starting to converge. All airlines will be forced to diversify what they offer. This can be seen
through the mechanism of prices. Low-fare carriers will become middle-fare carriers. In order to grow, they will have to
operate on the fringes of legacy airlines by developing long-haul business. Majors, on the other hand, will have to reduce
their fares through cost reduction. Transatlantic flights will change airline operations. Within 20 years, new companies will
emerge on long-haul business where low-fare carriers can be 20% to 25% less expensive than majors.
Another view is determined by the increasing gap between rich and poor in the world. Until now, most travellers belonged
to middle-class and senior people in the developed economies. But the worldwide middle-class is not homogeneous
and is becoming poorer. Air transport might become too expensive for both the lower- and middle-class. At the same
time, wealthier people will be able to afford business aircraft benefiting from the latest technological progress and offering
more flexibility and comfort using secondary airports; e.g., at present Falcon enjoys a backlog of orders until 2012. In this
context, airlines will suffer the most. Business aviation will be the main driver for future aviation, whereas mass air transport
might become a public service again.

• military users
Military operations in European airspace are mainly for training operations and the transit of fleet to training zones.
European airspace is fragmented and every State has its own area for air-defence training.
Traditionally, military aircraft have used protected reserved areas. With the growth of civil traffic, however, European airspace
is increasingly shared between civil and military; e.g., through the Flexible Use of Airspace (FUA) concept. The objective
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for the future air transport system is to organise the optimum sharing of airspace between civil and military users. This
objective raises a number of institutional and financial challenges for the air transport infrastructure and ATM in the context
of pan-European projects such as SESAR.
Military aviation will have fewer aircraft to fly, since military budgets are being cut across Europe. For instance, in the last
10 years France has reduced its fleet from 600 combat aircraft to 340. France will continue to reduce its fleet to 300 in
2015 and to 200 by 2020. Training operations will require less airspace but for longer periods of time. These requirements
will have to be adaptive to future air combat rules and practices. Military training has to be adapted to any new type of
military threat.
In the future, the military might evolve toward adopting an airline-like business model. They will become much more costaware, financially constrained, and will start becoming more flexible and innovative to reduce costs. Provided that Europe
continues developing in a peaceful manner, the impact of military operations on capacity may reduce. As an example, the
British Royal Air Force conducts part of its flight training in Canada.

• new airspace users
In the years to come, an additional challenge will be the integration of new aircraft into the system. Smaller and smaller
aircraft holding between 30 and 40 passengers risk overloading the market. This is because of the reduced price of
aircraft and the emergence of Very Light Jets (VLJ). These may be used for air taxi purposes (flexibility) or to link big cities
to remote the locations (connectivity). VLJ might also be used as an alternative to airlines by wealthy people looking for
maximum flexibility and to avoid airport check-in procedures. Business aviation increased dramatically after 9/11 because
of security concerns and the extremely long queues for baggage check-ins at airports. In the USA, 25% of IFR traffic is
VLJ. In Europe, this is only 10%, but VLJ growth is twice that of conventional aircraft.
Also, Unmanned Aircraft Systems (UAS) may come to take a potentially high market share, with a wide range of applications such as delivery, search and rescue, and so on…
Consequences for the air transport system
UAS may be operated from very small airfields. UAS might be used for communication purposes, blocking parts of airspace for long timespans. A problem arises with their integration within non- segregated airspace and the transition between
different kinds of airspace calling for particular airspace design and operational procedures. UAS size and performance introduce safety issues: how to ensure separation (self mode versus mixed mode) with other traffic, either small or very large
vehicles, with huge differences in speed and reactivity. This will call for new safety rules to be developed. Air equipment
and ground station certification raise a particular concern for the degraded mode of operations. Then there is the security
issue: how to avoid UAS being transformed into a flying bomb, voluntarily or not?
With regard to VLJ, everything will depend on the volume of operations. If limited in number, the ATM system (even
SESAR-based) will be able to accommodate them. If high in number, they will add flights to the system; this will alter the
drafting of air traffic flows and routes, representing a serious strategic planning challenge, which is fundamental to today’s
ATM system, but even more so for SESAR - thus increasing the need for stronger regulation. Indeed, for the SESAR
concept of operations, traffic must be planned and anticipated. Integration of a high number of VLJ would not be easily
bearable. VLJ may also have a negative impact on aviation safety if pilot qualifications are “watered down”, with fewer
trained people having access to the pilot seat.
However, the overall effect of small aircraft on air transport is probably overestimated. These will not be used like airliners
from 6 a.m. to 11 p.m. Therefore, they should not represent a real constraint on the system. They could easily be absorbed
by adapting the technical system. This point of view is not shared by all experts, though.
VLJ and UAS will eventually add to the environmental problem. But as long as society remains money driven, owners will
be able to pay for their share of rights to emit. Moreover, they could very well bring about new technological improvements
in aviation in this regard. Prevention of accidents between UAS (sense-and-avoid rules) and manned vehicles (see-andavoid rules) could also push automation forward (a paradigm shift).
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• airports
Competition between airports
There is a lot of competition between airports as a result of differing growth rates serving different kinds of customers. The
airports compete for these different customers. Airports must be efficient in dealing with all their stakeholders, especially
with the airlines and passengers.
Small airports usually depend on one carrier, whereas larger airports (hubs) serve many. However, this is usually one
alliance. Airports are looking for the right mix of traffic, i.e., not necessarily based on one carrier. The large hubs are even
looking into operating more than one alliance to make better use of their capacity. Although hubs have only a small percentage of local traffic as part of their traffic mix, this is comparable in absolute terms to local traffic at small airports.
As there is competition between airports, big airports are also trying to attract low-fare passengers. The airports, especially
the large ones, are trying to achieve a good passenger mix, instead of the specific passengers of 10 to 15 years ago.
Financing airports
The airport sector is changing fast. Originally, airports supported one carrier and had public financing only. Now, they are
very much diversified with a wide customer base and complex financing schemes. Financing of airports is not 100% public
anymore, nor is it fully privatised. Airports are managed as companies rather than as public services.
All airports without physical problems (e.g., CDG) should be managed according to a private business approach: by reducing costs to increase performance, instead of a public administration approach as is the case with CDG. However, the
opening of airport management companies’ capital will bring about a change in mentality.
Airports have other revenue streams to finance their operations, such as:
			Airport operations are subsidised by commercial revenues to keep passenger costs low, Commercial revenues
(e.g., shops) account for a substantial proportion of airport income (anywhere between 40% to 70%). Without this
income, passenger charges would increase. Airlines prefer the subsidy method. This is seen in Spain where charges
are 70% less than the EU average.
			In some countries, such as Scandinavia, Greece and Portugal, strong public networks (groups of airports owned by
one organisation) have successful airports subsidising smaller ones.
			Airports could also fragment more with a change of ownership. Many UK airports are already owned by bus companies, for instance.
			Another form of revenue is real estate management with airport cities. These will have facilities such as hotels,
conference centres, leisure facilities, but no permanent residence.
The reason why airports have to look for alternative revenues is that there are a lot of false traffic movement caps imposed
on them, which restricts efficiency. The no-growth option already exists at some airports. This is a challenge in Europe as
this limits investment for infrastructure development.
Today, airport charges can be used to finance future infrastructure. This is a mechanism which makes airport expansion
easier. There is a debate around the EU directive on airport charges to remove this option. Private investors do not receive
this as a positive message. The problem is that airport investments take a very long time to break even. That is why regional airports receive regional support.
Airport market evolution
Hubs are in demand. The CG04 reported that 85% of air traffic was passing through only 130 airports. Carriers want to be
there (e.g., airlines prefer Heathrow to Gatwick). However, there will be a problem in the future because of hub congestion.
The London airport system could be the portrait of what Europe will look like in 20 years.
Even if large airports become saturated, traffic will spread to non-saturated regional airports. If airlines want to expand,
they will go wherever there is available room, unless economic and environmental regulations limit such development
(e.g., when there are capacity limitations that are too strict from the beginning). The business model will change by using
secondary airports and by establishing point-to-point connections. If demand keeps growing up to 2030, airports will become accustomed to the limitations and another solution will be found. This is not a real issue. People tend to find natural
solutions around bottlenecks.
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Moving capacity away from hubs to smaller airports will increase the distance for passengers connecting between regional
and international flights, and passengers want minimum connection time. But reduced transit time compensates longer
distances, and the general public is happier with small airports, which are much easier to use than the major hubs.
The restructuring of air transport supply will lead to the specialization of airports into a hierarchy between hubs and
regional airports, and airports being connected by rail instead of competing with each other. The advantages will be lower
costs, more punctual movements, etc. It is questionable whether, within 20 years, the hubs will still be as important as
today or whether there will be more long-haul point-to-point traffic.
In the future, with the 2008 Open Skies Agreement, long-haul demand will grow at the expense of short-haul. It is envisaged that the low-fare model will be used for point-to-point intercontinental flights. At London Heathrow, this means slot
substitution, and not growth. Increasingly, a shortage of EU runway capacity will encourage the substitution of slots from
short-haul to long-haul. Passenger numbers will increase but not the number of aircraft movements (higher load factors,
and bigger aircraft).

• aviation manufacturers
Technological advances
The air transport market is also developing with the emergence of new engine and airframe manufacturers from China,
Canada, Russia and Brazil. This will bring many new dynamics to the air transport sector and to the aerospace industry. It
will complicate things, especially air traffic management, as there will be a greater variety of technologies to interoperate.
Technological development has had a significant impact on the economics of air travel. Each technological development
has enabled aircraft to travel faster and further with better fuel efficiency and comfort. New information technology has
automated many things, not only improving comfort and operational efficiency, but also contributing greatly to safety.
Other beneficial technological factors are improvements in communications technology for air-air, air-ground, and even
air-satellite links.
Industrial competition and USD/EURO exchange rate
The EU response to global financial turmoil is weak and a general competition approach is not adaptive to aeronautics.
Most of the European aeronautics supply chain acts on the world markets. Aviation involves only global players. Airbus
has only one serious competitor. Even in Europe, there are only two worldwide engine manufacturers - Airbus and Boeing
- and two helicopter giants. The European Commission may not favour either of them. In the aeronautics industry, general
rules of competition cannot work without customization.
There is also an institutional question. The Airbus Power8 restructuring plan, for instance, was established on the basis of
1.35 USD per EURO. This ratio is volatile. Since then, it went far beyond that. In order to face this situation, the message
that the European institutions should establish measures that will help industry needs greater attention (cut bureaucracy,
provide easier access to credits and grants, easier access to European programmes, incentives to adopt best practices).
The manufacturing industry is confronted with cycles of production which are heavily impacted by economic factors. The
exchange rate between the USD and the EURO is putting the manufacturing industry under enormous pressure. European
industry is forced to take corrective measures such as delocalisation in the dollar zone. To gain contracts in other parts of
the world, companies have to make attractive proposals, including local offsets.
This may have a dramatic effect on the supply chain down to SME. They are not able to take protective measures. European suppliers are often replaced by suppliers in the dollar zone.
Another negative effect of reduced margins is the difficulty of maintaining a high profile in research, which could undermine
the future. The point beyond which this will have irreversible effects is probably not far off.
Industry is sensitive to cycles. This is not only true for civil aeronautics but even more so for general aviation and helicopters.
People start cutting orders. The business is entering recession for a while. The present demand is still rising, but this does
not mean that companies will follow with investments. The portfolio of new sales might drop. For some, the deep recession starting now could last for 10 years. Low-fare carriers have had a big effect on the air transport landscape, but the
future is unclear.
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European
Air Transport vision

global vision & policy
orientation in Europe
R&D orientation

• global vision and policy orientation in Europe
The European Council Lisbon Strategy, also known as the Lisbon Agenda (March 2000), aims to make the EU «the most
dynamic and competitive knowledge-based economy in the world capable of sustainable economic growth with more
and better jobs and greater social cohesion, and respect for the environment by 2010». The Agenda emphasises the need
for mobility of goods and citizens. Air transport is one of the modes of transport which is particularly needed in Europe to
support the EU enlargement process.
Transport policy objectives are set out in the White Paper on Transport «European Transport Policy for 2010: Time to decide» - restoring the balance between modes of transport, developing inter-modality, combating congestion, and putting
safety and the quality of services at the heart of efforts, while maintaining the right to mobility. The 2006 mid-term review
brought new objectives:
			disconnecting mobility from its adverse effects, which means promoting technical innovation
			a shift towards the least polluting and most energy-efficient modes of transport; and
			above all, co-modality, i.e., optimally combining various modes of transport within the same transport chain.
In the 2007 Spring Council, the EU agreed on targets to cut greenhouse gas emissions by at least 20% by 2020, to
reduce energy consumption, and set binding targets for bio fuels.
The Single European Sky adopted by the European Parliament in 2004 is a European Commission initiative by which the
design, management and regulation of airspace is being harmonised throughout the European Union. The plan is that
airspace management will no longer be dominated by national boundaries. Within the airspace, air traffic management,
while continuing to have safety as its primary objective, will also be driven by the requirements of the airspace user and the
need to provide for increasing air traffic.
The Seventh Framework Programme (FP7) for research and technological development is the chief instrument of the European Union for funding research over the period 2007 to 2013. FP7 objectives are to develop integrated, safer, «greener», and «smarter» pan-European transport systems for the benefit of all citizens and society, to develop its climate policy
respecting the environment and natural resources, and to secure and further develop the competitiveness attained by the
European industries in the global market. The Transport Advisory Group (TAG) and the Advisory Council for Aeronautics
Research in Europe (ACARE) provide support to the European Commission in the form of advice and input into the annual
transport work programmes (including aeronautics).
The EU supports Joint Initiatives to address specific portions of FP7. These are created by the European Commission in
partnership with industry and Member States to bridge the gap between research and implementation in a highly integrated manner. The size and scale of Joint Initiatives require the mobilisation and management of substantial public and private investment and human resources. SESAR and CLEANSKY are two complementary programmes that aim to develop
a more efficient Air Traffic Management system (SESAR JU) and greener air transport (CLEANSKY JTI), respectively.
Practice is often distant from visions and policies, and air transport is no exception. For instance, the functioning of advisory bodies such as TAG and ACARE is not always understood, and members do not feel that they are being considered
enough to have a real impact on the EC’s decision-making process. Also, specific programmes are launched without
considering all aspects of the main policy:
			SESAR has not looked at air transport with a lateral view on its connections with other sectors. A dialogue should
be initiated involving many other parties (e.g., train, earth protection organisation, etc.) to learn from one another. In
some areas, this is already happening, e.g., airlines are cooperating with train operators.
			SESAR has taken a technology-driven approach rather than a problem-solving approach. The environment, for
example, emerges as a major challenge but is not high on the agenda. Changes in human values that would result
from an improved awareness of environmental considerations have not been discussed. SESAR targets are politically stretched ones. These will probably not be reached but adapted through learning.
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Although these opinions are not necessarily shared, the next steps for a long-term air transport vision could include:
			definition of a “SESAR II” programme (involving economists, environmentalists, philosophers - seeing which visions
they may develop).
			elaboration of an ACARE-like approach for transport as a whole involving different modes of transport. This could be
done at the European level. The Americans will do the same once they see that it works.
		 development of stronger relations between air transport organisations and beyond (not only Airbus-like and Air Francelike but also Greenpeace-like), e.g., on the basis of the secondment of staff to other organisations.

• R&D priorities in the air transport industry
Research and Development, according to the Organisation for Economic Cooperation and Development (OECD), refers
to «creative work undertaken on a systematic basis in order to increase the stock of knowledge, including knowledge of
humanity, culture and society, and the use of this stock of knowledge to devise new applications».
`
There are three main components to R&D: fundamental research, applied research, and experimental development. R&D
elaborates and investigates the feasibility of new concepts. R&D contributes to the elaboration of a strategic vision on
which political decisions can be based. R&D helps to validate new concepts before implementing and developing technical regulations.
Some actors in air transport share the opinion that too much money is spent on R&D and not enough on implementation. They question its effectiveness. They say that less than 30% of investments lead to real applications. There is also a
difficulty in measuring the benefits of proposals. There is not enough data available to do this. Airspace users are calling for
R&D that focuses more on better technologies and new engines.
Under this pressure, air transport R&D is somehow organised in a more top-down manner and has a tendency to care for
the short- and medium-term. In this way, SESAR and CLEANSKY focus mainly on downstream research. EU collaborative
research has a tendency to decrease, and upstream research is almost neglected. This is considered a problem by many,
as futuristic concepts will be needed, beyond the current foreseeable horizon, which requires «blue-sky» thinking as from
today. There is a consolidation of investments in ATM R&D through SESAR. This may be a good thing. But sources of
investment for free innovation are missing. Upstream research should be reactivated.
Partnerships must also be better thought out in view of the political objectives. Today’s privileged relationship with the
manufacturing industry covers the congestion issue. But this is probably not the best partnership when considering
co-modality issues. Implication of airports is of high importance there. Even further, another possibility is that space and
aeronautics research come closer to each other, with space technologies greatly contributing to the evolution of the latter.
In 2050 supersonic flights might be rediscovered. A lot of business would then move through the stratosphere.
Co-modality
Air transport will play an important role but it is only one mode of transport in Europe. Operators and infrastructure
managers must strive to make alternative modes and inter-modal transport more attractive to end-users. In part, this
means achieving a rebalancing of modal preference by promoting alternative and cleaner modes of transport, and
developing technologies for door-to-door inter-modal transport. Encouraging and increasing modal shift and decongesting
transport corridors are a major priority for transport research.
Specific areas of research include:

			development of sustainable, innovative, inter-modal and interoperable regional and national transport and logistics
		
		
		
		

networks, infrastructures and systems
cost internalization
information exchange between vehicle/vessel and transport infrastructure
optimization of infrastructure capacity
modal shift strategies to encourage energy efficient means of transport.

However, co-modality requires a level of cooperation between modes of transport that is difficult to imagine today. This
will hopefully be resolved by 2030. What is at stake is the growth of travel demand.
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Co-modality could be fostered through technology. For instance:
			multi-modal computer reservation systems to give users the opportunity to choose travel solutions that fit their
values: cheaper, greener, quicker
			multi-modal luggage transport facilitated by electronic devices to provide traceability and security checks (such as
for the transport of goods).
Air transport capacity requirements
We can expect a capacity crunch in air transport. Improvements to the European ATM concept are needed. Congestion
problems will be solved by technology, accuracy, and automation of systems. This is seen by many as the easiest issue to
solve.
How social evolution will affect air transport is difficult to predict. For instance, will remote working practices reduce or, on
the contrary, increase travel? Indeed, the arrangement allows people to work from a distance, from secondary residences,
for instance, which could therefore trigger more regular travel to exotic destinations. What will be the influence of videoconferencing? Will VLJ be used with any frequency or will this type of aircraft meet only a marginal need?
SESAR aims to solve the capacity crunch while making sure that safety levels are maintained. But new factors of mobility
will have to be considered, which also implies new research needs.
Alternative aircraft propulsion
There will be a restriction on the use of fossil fuels. As a consequence, it will be necessary to develop alternative fuels and
engines to use them. Other modes of transport (e.g., cars) are developing propulsion methods for alternative fuels such
as hybrid engines or hydrogen-based engines. In the air transport sector, only recently have these issues started to be
thought about and discussed. This may be related to the recent escalation in the cost of kerosene.
In aeronautics, a product can take 5-10 years to develop. This lead time is often underestimated. The product has a 30-50
year lifespan. Therefore, developing new technology for 2020 is no longer the horizon to watch. Industry is calling for a longer-term vision, that is, for the next 50 years. IATA challenges the industry to build a zero emission aircraft for that horizon.
An interesting comparison would be to assess the percentage of the annual budgets spent on alternative fuels and propulsion systems in aviation in relation to other transport sectors.
Foresight
Air transport is powerless in the face of future demand. There are forecasts and predictions, but there is a lack of detailed
understanding of the influencing factors. Understanding these factors through more systematic socio-economic monitoring would help us refine projections. The existence of ACARE implicitly recognises this priority. In a January 2001 report
«European Aeronautics: A Vision for 2020”, the Group of Personalities called by EU Commissioner Busquin stressed the
need for an Advisory Council for Aeronautics Research in Europe (ACARE), the aim of which would be to develop and
maintain a Strategic Research Agenda (SRA).

,
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Scarce resources in
Air Transport

Airport Capacity
TMA Capacity
frequencies spectrum

The aviation industry believes that it has a right to infinite capacity. This is a dream. Air transport is moving from the initial era
of unlimited resources (runway, airspace, slots, fuel, emissions, time, frequency spectrum, etc.) to an era of scarce resources. Because of the lack of regulation and control, resources are abused instead of being used more efficiently. For instance,
any additional capacity is almost immediately exploited. The role of air transport actors will no longer be to increase capacity
to cope with traffic demand, but more and more to manage scarce resources, i.e., to define, agree, and implement rules for
optimal allocation and exploitation.

• airport capacity
For air transport to meet future demand, it is important to make better use of the available infrastructure, in particular airports
and runways. What is being built today does not cover future needs but only aims at absorbing current problems. By 2030,
as a result of airport capacity limitation, air transport growth will probably reach its asymptote in the number of movements.
Paris-CDG will be saturated by 2015-2016. Decisions should be made quickly to pre-calculate the amount of land necessary for the construction of a fifth runway or to build a third airport around Paris (less in line with the hub logic). Unfortunately, even where there are no physical constraints, States can decide to limit airport operations. This is the case with CDG
and Orly close to Paris. Orly movements are limited by decree to 250,000, for instance. States can also determine the
window for airport operations, i.e., 17 hours for CDG.
In the case of Heathrow, the situation is more complex because of physical limitation. Heathrow could not build a third
runway because of 20 years of governmental opposition. Now the CAA has issued a White Paper which stipulates that
Heathrow is the economic lung of the city and that a third runway should be built so as not to strangle London.
From a system-wide perspective, hub operations and small aircraft are reducing capacity. Extra capacity could be built into
the system by moving away from hub operations. Hub operations are advantageous for big airlines, but from an efficiency
point of view, this is often seen as a bad solution since it requires one extra landing and one extra take-off per flight to go
via a hub.
By optimization of current airport operations, it is possible to achieve capacity increases of around 10 to 20%. But this is
not sufficient. Other solutions include building new runways and infrastructure at major existing airports, and using secondary airports, the capacity of which is presently not being exploited.
New runways in areas where population density justifies construction from an economical point of view is hardly an option
anymore in Europe. Plans already exist, but society, through environmental lobbying, will prevent new construction. In
addition, airports cannot exploit full capacity because of false caps. New projects will be extremely rare in the future. In any
case, with the political pressures and legal actions, building new runways would take 10 to 20 years.
However, the established idea of «no new airports or runways in Europe» might lose momentum considering the exploitation of existing infrastructure. Secondary airports are not much used. For instance, in the Paris area, only 6 runways are
used out of the 18 runways existing in the city contours. There is no runway capacity issue as such. In past years, traffic
increase mainly came from the development of low fare and business services. These businesses do not make use of the
most congested airspace and ground infrastructures. For example, Charleroi (Brussels South) brings business and employment to the region. Hahn (Frankfurt) was a noisy military base and is now relatively quiet with the addition of economic
value. Leipzig DHL (freight) also brings economic benefit to the region.
In addition to the progress made by airports in terms of Collaborative Decision Making (CDM) and System-Wide Information Management (SWIM), this is the reason why, despite traffic increase in the past few years, delays remain under
control. The probable evolution in using secondary airports will have an effect on ATM. The current peaks in traffic levels
might become the standard. This will add extra loading to the ATM system and will require modifications to the management of TMA.
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Runway capacity
In SESAR, runway capacity is not seen as a constraint for future air transport (see SESAR D4). New techniques like
Brake-to-vacate can bring a factor 2 capacity gain, according to Boeing and Airbus. But Brake-to-vacate does not seem
sufficient and wake vortex constraints will make schedules unreliable. Therefore, the question of whether airport capacity
will be a problem in 2020 needs to be addressed.
In addition, recent experiments provided two unexpected observations:
			tarmac space (enormous) is used for parking airplanes at night. When considering airport capacity, let us think
about all the aircraft flying during the day and consuming airport space at night. Parking will be further and further
away from the terminal. Therefore, taxi time will significantly increase. Taxiing might become an important limiting
factor for airport capacity.
		 weather conditions (e.g., fog, rain, cloud cover) induce large variations in airport operations. This cannot be predicted
and so the full use of airport capacity can never be planned. Weather is therefore also a limiting factor.
Terminals
Runways and terminals must be adapted to the type of operations required by airlines. When considering point-to-point
airports, aircraft do not necessarily require a physical contact at the gate, whereas in hubs, the contact rate must be high.
Delays as a result of infrastructure can be extremely costly to airlines.
Airport investments
For airports, the cost and timescale of new infrastructure planning is excessive. This can be seen in the following examples:
			Munich incurred EUR 800 million in planning costs alone
			Heathrow took 14 years to build Terminal 5 and the planning costs were up to EUR 500 million, which accounted
for 12% of the total investment.
Infrastructure development is needed, and EU TEN funding fails to meet this requirement. There is less and less funding
available for aviation. Politically, airspace capacity is managed at European and regional levels, whereas runway capacity
is a national issue. There will be an increasing mismatch between the capacities offered by the two sides. Airport capacity
should be the top priority for the EU. There should be incentives for investment at the level of Member States. Unfortunately, political preference for funding is given to surface transport. Both roads and rail have limited capacity and congestion
is politically acceptable. Hence, the expectation of the aviation industry for unlimited capacity is not socially understood.

• TMA capacity
A fundamental challenge for ATM is to manage the risks leading from the high density traffic in TMA. If ATM aims to
provide real, environmentally friendly operations, for instance, continuous descent approaches, TMA operations must be
geographically extended. For Amsterdam, the TMA would then cover the London area. TMA would be mixed. The core
area of Europe is becoming one big TMA with a number of very highly loaded airports. This can be organised, but there
is a need for another paradigm. The traffic picture will become more complex. Aircraft will fly different routes at different
altitudes to optimise descent. Wake vortices will be floating around over the entire area. That will probably lead to a sort of
airborne wake vortex safety net, which will be a constraining factor. TMA capacity, more than en-route capacity, is probably the most important constraint to be managed by ATM.
In SESAR, there is probably no magic solution for doubling TMA capacity. SESAR remains at quite a high level. However,
if significant capacity gains are unrealistic, efficiency gains can be made on time, fuel, emissions, and noise (e.g., trade-off
capacity versus delay). A PRC study in a big TMA reveals huge variations of transit times, from 20 to 40 minutes within 50
NM. Gains in the capacity versus transit time trade-off could be obtained by a more precise feeding of TMA with a more
constant flow of aircraft, thereby reducing the standard deviation in transit time. With a just-in-time feeding of TMA using
virtual queues, as done by the CFMU for en-route, stacks could be avoided.
Finally, it should be noted that TMA improvements would require EU regulation to harmonize airport procedures (an interoperability domain) to avoid competition on environmental matters, which would be detrimental to the interests of society.
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• frequencies spectrum
Contradictory opinions are expressed by experts on the need for frequency bandwidth for aviation.
			On the one hand, some think that much more bandwidth will be necessary in the future. Despite new satellite navigation
possibilities, there will still be as many VOR and DME and as many frequencies used. It will not be possible to liberate
navigation frequencies for voice communication. If more frequencies were available, these would soon be used up.
			On the other hand, others consider that the spectrum allocated to aviation today should be sufficient to accommodate at least twice today’s traffic. Therefore, the availability of frequencies is not seen as a limiting factor in the
			foreseeable future. The challenge will be mainly to react quickly enough to technological changes or to new demands, such as those that will arise from UAS and Data Link.
Interference may become an issue where frequencies are shared. In this context, it is desirable to protect aviation frequencies against commercial usage, i.e., protected frequency bandwidths, as is the case today. Air transport currently enjoys a
monopoly over the 108-137MHz band. This is an excellent bandwidth for aviation in terms of performance, which it could
not afford to pay for if it had to. This advantage is likely to be lost in the future, and other technological solutions will need
to be found.
Another challenge is aircraft equipment. The discussion about the extension of 8.33 beyond FL195 illustrates this challenge: small aircraft operators are strongly opposed to this, because it would require them to invest in new equipment
without having many benefits in return. Airlines have already invested in 8.33 transponders because they operate above
FL195 but most of the benefits would go to them. An example where equipment retrofit was solved successfully was the
introduction of TCAS in Australia where Mode A/C transponders became mandatory in certain portions of airspace. Mode
A/C transponders were given out for free but operators had to cover installation costs.
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A Single European Air
Transport Infrastructure

the Single European Sky
the challenge of de-fragmentation
the challenge of ATM

• the Single European Sky
The challenge is to create a single European infrastructure that is safe, interoperable, and environmentally friendly. Building
the Single European Sky (SES) through ATM de-fragmentation is fundamental from an economic point of view. This is a
huge undertaking vis-à-vis the organisation of ATM in Europe, but also the organisation of R&D and the development of
systems.
Air transport infrastructure investment costs are high and investment decisions are fragmented. Creating a single European infrastructure that serves European interests needs an integrated “blank sheet” approach. However, Europe is full of
vested interests and little entities looking for profit. The problem is not of a technical nature; it is political. Experts believe
EUROCONTROL has not mastered this political aspect (e.g., Europe has been working on ADS-B for 15 years whereas
Canada implemented it within six months).
At Member State level, it is perceived that national concerns are blocking factors preventing States from unanimously
agreeing to do the same thing at the same time. Local concerns take a higher priority than Europe-wide ones. There are
no decisions taken on implementation. Only non-binding agreements are concluded. Nations agree in the EUROCONTROL Stakeholders Consultation Group, but do not deliver. Then, implementation rules add several years of delay. All in all,
the lag between a promise to implement something and its actual implementation reaches about seven years.
On an international level (aircraft and ATM technologies have to be co-ordinated globally), the situation is the same. A
Memorandum of Understanding may exist between EUROCONTROL and the FAA, but on R&D only. Action plans do not
address implementation. Fixing an implementation date is the most important decision to be made. Manufacturers will not
start working on anything without such a decision.
SESAR is the technical pillar of the SES. Europe is being built via technical developments. The aim of SESAR is to achieve
clusters of interoperable European systems which will be developed by integrated R&D programmes. This uniform
approach would provide for increased economic and technological efficiency.
Additional initiatives, external to the scope of the SESAR Programme but within the framework of the Single European Sky,
are expected (and needed) to improve cost effectiveness. These initiatives will support the implementation of Functional
Airspace Blocks (FABs), which aim to reduce air traffic service provision de-fragmentation.

• the challenge of de-fragmentation
Clarifying roles
One of the major challenges of de-fragmentation is to clarify roles between ANSPs, industry, institutions, and EUROCONTROL.
In a European landscape, on the basis of common standards and system architecture, it is important to know who is in
charge of regulation, specification, system construction and certification, and who is in charge of operations and operators.
We will probably observe ANSPs specifying systems, because they are the clients, instead of creating and integrating systems (as is done today). This was seen in defence and in railways. It is a market modification. The manufacturing industry
has also changed; it now offers complete systems and not only components. This is an unavoidable trend in European ATM.
De-fragmenting ANSP and FAB
Today, the European sky is controlled by some 27 ANSPs. Some experts think that five or six service providers would
be sufficient. The trend is going towards mergers through FAB. However, the institutional situation five years from now is
unclear. Ultimately, there will be a reasonable number of FABs in Europe with a minimum critical size required. ATM cost
reduction will be achieved through technical elements like systems harmonisation, maintenance, and supervision with
economies of scale rather than through service unit and personnel cost reduction. In 2030 there will be the same number
of ATCO and service units, even if based on a different organisation. ATM will need five to ten years to achieve its de-fragmentation objective. A third SES package will become necessary.
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However, by focusing on de-fragmentation, which is mostly an ideal goal, some people wonder if the EC is still going
through a learning process or if it is engaged in a quest for power. Some years ago, the EC motto was «Separation» and,
consequently, a number of new corporate entities are today looking for profit. Now it is «De-fragmentation». De-fragmentation will again create new players with their own interests rather than European infrastructure priorities. The risk is of a
“Frankenstein” effect, i.e., a loss of control over the system.
De-fragmenting civil and military infrastructure
There will always be military aviation and for the need to integrate with civil traffic. There seems to be better cooperation
between the military and civil controllers in the US than in the EU (e.g., France).
From a military point of view, there are three main challenges:
			compatibility rules (exemptions) will be needed for military aircraft to fly in civil airspace (e.g., for military UAS)
			sharing military resources and costs through partnerships could bring win-win solutions (such as military airports for
the tactical traffic - that is, if airports specialise as suggested in SESAR D2)
			de-fragmentation of CNS infrastructure requires a common certification process to certify military systems in a civil
environment. This is a challenge, since military certification has not been addressed by standardization bodies

• the challenge of ATM investment costs for airspace users
Flying vehicles will increase in numbers and types (e.g., new airline services, VLJ, UAS). This diverse range of aircraft will
have to be accommodated by SESAR. The technology of 2020 will hopefully allow these aircraft to share airspace through
the development of new concepts integrating sense-and-avoid and automation, with a requirement for new airborne and
ground equipment. This implies additional investment costs to be shared by all airspace users since, whatever the ATM
system, the ATC effort is roughly the same for each flying vehicle.
In the AR concept of operations, improvement will come from equipping a small subset of privileged users, but more might
be needed. In terminal areas, almost all aircraft will have to be equipped.
Many operators, especially general aviation and the military, will not agree to pay large sums of money for new avionics. In
addition, some of the legacy systems on the ground are extremely expensive to replace. It will be very difficult to persuade
the industry that this change and its related expenses are necessary. Will airlines stay committed to ATM improvements?
Airlines
“How much ATM will be on board?” still needs definition. This may in turn impact on pilot workload. The relationship
between Flight Management Systems (FMS) and Flight Data Processing (FDP), which is paramount for air-ground integration, is technically complex for aircraft builders and suppliers. In addition, this requires a secured communication protocol.
Airlines need ATM evolution to reduce costs and accommodate growth, since they are the ones who will finance investments via route charges and/or through their own budgets.
Airlines will also have things to say on the operational aspects of SESAR. They took part in the SESAR Definition Phase.
They will not be SESAR-JU members, but will sit on its Administrative Board. They play the client’s role, an extremely important one, but they have no active investment policy with which to engage. In addition, it is extremely difficult to separate
SESAR from natural cost evolution. Airlines might not perceive a big change with SESAR (no breakthrough in their economic model). They will raise the question of return on investment (ROI).
A lack of equipment would lead to constraints for both equipped and non-equipped airspace users. For instance, the fleet
retrofit for ATM capability level 4 could be too expensive for the airlines and difficult to achieve. In addition, manufacturers
need advance notice of what will be required. It may not be effective until 2030-40, i.e., not in time for SESAR and NextGen
implementation.
There is a disconnection between air transport business needs and political decisions. Politicians liberalised the air transport market economically, but did not follow-up with any institutional changes and airlines are suffering as a result. For
example, they have to incorporate ANSP costs but, if inefficient and unregulated (as shown by the Performance Review
Unit reports), no system exists to compensate. The same is true for the «rights of the air passenger» regulation. Methods
of charging for ATC Services will need to change to reflect more closely the type of service provided.
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Military and other users
Proposals for financial mechanisms are imperative, such as those envisaged in the SES II package (incentives, compensation for making equipment compliant, etc.). Those who do not benefit from improvements should not bear the costs
associated with them; it is only fair that costs should be incurred according to the benefits received.
Civil-military coordination and the possibility of civil traffic using military resources is crucial for future ATM operations.
Otherwise, there is a risk of congestion, with a high cost to airlines. As an example, a 6-minute delay is higher in cost than
the military upgrade. The cost of SESAR to the EU military has been estimated at EUR 12 000 million until 2025-30.
In the USA, the aeronautics industry is a clear, spelt-out priority, primarily because of Homeland Security. In Europe, the
priority is confined to Transport. Access to R&D funds through dual technologies as practised on a large scale in the US is
not an option. With the general reduction of military budgets in the EU, air forces cannot bear that cost alone. Public money should contribute, in particular for R&D (examples of EC financing include the Galileo project). A repartition is needed,
for which the military proposes:
				R&D: public 80% + air force 20%
				Implementation: according to Cost Benefit Analysis (CBA).

Governance & Liability

European Parliament
European Commission
EUROCONTROL
SESAR

• European Parliament
In 2007, a study was performed to better understand the sensitivity of the political actors in respect of the problems
associated with air transport growth. The main findings relate to the specificities of air transport as a niche in European
politics. The report shows that air transport is a relatively low-profile topic in most political arenas, and is addressed by a
population of non-specialist political personnel. The findings also indicate that the air transport political niche functions as a
“hollow-core”, meaning that it is almost impossible for anyone to be aware of developments in the subject matter.
Politicians simply want to be elected. Hence, issues enter into politics only when people start to take a societal position
about them. Citizens do not care so much about the way they are transported as long as they can go from A to B in an
acceptable manner (whether this is surface transport, air transport, inter-modality, etc.). In such a complex and uncertain
situation, discussing and elaborating consensus solutions is not easy.
Of course, from the point of view of the air transport industry, this is seen as more of a threat than an opportunity, because
industry partners are focused on short-term goals and benefits. Since most of the power is concentrated at EC level, it is
worthwhile for trade actors in the market to invest in lobbying. Lobbyists therefore have a major influence.
Confronted with such political risks, governments often prefer to wait for, and then follow, European initiatives on the
subject. The European Institutions and, in particular, the European Parliament have extended their competence in air transport. While this increasingly involves interest groups (there is a whole range of negotiations and tensions), the European
Institutions are progressively reshaping the evolution of this industrial sector.
The European Parliament should increasingly become a driving force to influence the development of European air transport. But European citizens do not take the Parliament seriously enough as yet. Citizens continue to perceive the Parliament as remote, without much interest in issues of direct impact (which undermines its legitimacy). In future, the European
Parliament might gain more influence through a reinforced democratic credibility at the European level.
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• European Commission
One regulator for Europe
The Commission sees itself as having control over air transport matters while leaving developmental and operational
responsibilities to the industry. The Commission must be empowered to implement regulation with credibility throughout
Europe. This must be extended to all ECAC members, including non-EU member states, and which must cover civil-military coordination issues.
Means for the EC to be the regulator for non-EU states include:

			ECAA agreements
			EUROCONTROL moving into the Community
			Extending the acquis communautaires [body of EU law] to non-EU member states.
Today, the EC has no legal competence over military issues. Some people believe that, however, that within five years,
defence and security powers - in the context of air transport - will be in the hands of the EC. From an operational perspective, there is currently total cooperation between the EC and the military. The military implements most of the EC’s
suggestions. So, military needs are not big constraints for air transport.
Sovereignty
The sovereignty of States is seen as an external challenge for air transport, since national borders are becoming a limiting
factor for seamless operations.
The EC has initiated the Single Sky initiative and SESAR to modernise European ATM around Functional Airspace Blocks
(FABs). However, ATM is half-civil and half-military, and the EC has no mandate for military ATM. The EC’s competency is
recognised for civil ATM regulation and for civil-military coordination (as demonstrated with the 8.33 regulation exemptions
for State aircraft). However, the EC has no competency over civil-military airspace design. The proposal in the NPA EASA
to extend EASA competencies to ATM would overcome national competencies and contradict States’ sovereignty as
foreseen by the Chicago Convention. This will probably not be easily accepted by the States. This contention between the
States and the EC could go as far as the Court of Justice to force States to implement SES.
Analysing the PRU report, the opportunities for improving the airspace capacities required by airlines are political: it is up to
governments to take the decisions required to implement SES, introduce FABs, and solve related sovereignty issues.
However, based on national plebiscites, the population is not (yet) ready to leave sovereignty to Europe. The performance
of EU ATM is relatively good: only a small percentage of overall delays are as a result of airspace and ATC issues. Where is
the political motivator to take painful decisions? Where is the financial benefit when the investments are huge? Ticket prices are low, possibly even too low. Why should aviation be made more efficient? Today, there is no public outcry over the
non-performance of ATC in the EU (only an airline outcry). There are no votes to be won by politicians by giving up national
airspace. Therefore, governments are not keen. Politicians need a public crisis to take difficult decisions on the sovereignty
aspects brought in to SES by FABs.
SES implementation might therefore be delayed. Fragmentation is maintained because ANSPs are small businesses that
want to stay alive. They are supported by the drive for autonomy and sovereignty, which will exist for as long as Europe
does not have an integrated defence. In the 2030-2040 timeframe, there is no reason to think that such a European
Defence will emerge. In the longer term, the hope is for an integrated EU defence. In the very long term, only a political
decision such as an EU «Constitution» that would abolish the three EU pillars could solve the issue of EC competence
over military matters.
However, sovereignty is not a blocking factor for operating FABs. Even if States must remain able to close their airspace
regardless of which ANSP is in charge (as happened during the London attacks in 2006), delegation of service for operating FABs can be addressed through bi-lateral State agreements. In 2020-2025, multiple bi-lateral State agreements will
probably be replaced by a general agreement.
Liability of States
Delegation of airspace involves human responsibility and legal liability issues. Liability will have to change along two axes
because of technological evolutions. First, liability will become more global instead of national. Second, it will change with
regard to operator responsibility.
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Satellite navigation will drive the first change. Today, procedures and liability are based on a terrestrial navigation infrastructure, yet navigation is increasingly based on satellite navigation. States are liable for the ground infrastructure which will
one day disappear. Therefore a global approach to liability is required.
An example of the second change is airborne separation applications (e.g., ASAS over the Atlantic) where separation
between aircraft is delegated to the pilot, with on-board equipment for self-separation.
In the very long-term (30 to 40 years from now), States will have freed themselves from their safety liability. Article 28 of the
Chicago Convention should be changed.
Models of regulation
Aimed at improving performance, the EC’s model of regulation is «market-led standardization» which relies on the companies involved. The model can work when there is a competitive market and when the actors need the regulation; e.g.,
interoperability standards, such as the GSM norm for mobile phones, which is a good example that has worked well for
the telecoms sector. This does, however, leave room for lobbying because the technical expertise is not with the regulator.
This may not be sufficient to protect the interests of society.
Now this model is imposed on ATM, where safety is much more critical than in other sectors. Applying economic efficiency
rules to safety does not work. Regulated economies need strong (i.e., competent) States with legal and technical powers,
which are able to resist powerful companies. Pure liberalism evolves toward recession, not growth.
In ATM and air transport, regulation cannot be of an economic nature only. Regulation needs to be technical as well, through norms and standards. Private infrastructure operators aim to earn money and survive. Service providers are subject to
unions, delays, and safety pressure. There is no incentive to innovate.
The ATM market is a monopolistic market. Policy decisions are needed to define orientations. ATM requires a strong regulator, with strong technical expertise to define the vision and orientations and to «create» the market by standardization
and certification (e.g., SESAR). ATM will evolve by regulation and obligation.
But regulation takes time. The regulation of the telecoms industry took a long time to be implemented. In the air transport
sector, the timescale will be considerably longer and the change will be harder to implement. Regulation must be highly
credible and acceptable.
Technical regulation
Technical regulation requires detail. Systems are more and more complex. Increasingly, ICAO only defines high-level regulation and relies on industry to produce technical regulation. This model can only work if a high-level decision-making body
is still able to resist converging economic interests when they potentially contradict societal interests.
A strong regulator needs strong technical support to be able to:

			develop a global vision
			produce detailed technical regulations (e.g., ICAO could not develop any more detailed specifications such as Doc.
4444 or Annex 10)

			validate solutions
			resist the lobbies.
• EUROCONTROL
ATM is a European rather than a national area of competence. There is a need for an independent and neutral (not privatised) airspace manager. In European ATM, the regulator is the EC and the role of EUROCONTROL is to support regulation
in a technical context. EUROCONTROL is on the regulator side.
ATM requires strong technical expertise. Politicians are usually not technical experts. EASA has not retained all JAA technical
expertise. The SESAR-JU has a governance structure that carries the risk of being sensitive to its stakeholder interests. In
this context, experts consider that EUROCONTROL has a role to play.

43

3. Air Transport Infrastructure

Technical expertise
Mandates and economic regulation are policy implementation tools. Mandate achievement is the result of long and
detailed technical work by a large technical infrastructure, and covers more than the drafting task (Regulatory Unit).
EUROCONTROL constitutes a collection of expertise, experience and know-how in operational, technical, legal, and
institutional fields.
The synergy between functions such as Network Development, Safety Regulation, Flow Management, and tactical services
constitutes a valuable asset for European air transport.
EUROCONTROL, an inter-governmental Organisation, is also well placed to perform technical civil-military coordination
with consultation bodies, involving the ministries of defence and transport.
Institutional change
Institutional and legal issues are linked: which law governs which body. EUROCONTROL acts within the framework of its
Convention.
EUROCONTROL has a role to play in its cooperation with the EC as a technical body to foster the EU standardisation
process. In this new context, EUROCONTROL must move towards greater synergy with the EC. It has been suggested
that EUROCONTROL should:
			adopt the EC working method when working on EC mandates (comitology)
			act as the EU representative to strengthen the EU position in international standardization bodies
			prepare for long-term challenges in addition to the SESAR ATM research Master Plan.
Some consider that the mechanism of mandates is not sufficient for EUROCONTROL to support the EC. Institutional
changes are needed for EUROCONTROL - and its Cooperative Network Design (CND) directorate - to act as a Community Agency, which would depend only on the EC and not on national governments. The alternative could be to move from
a classical sovereign inter-governmental Organisation, as EUROCONTROL is today, to a new EUROCONTROL Organisation whereby:
			service providers and industry are part of the governance structure, with the decision-making power out of EURO
CONTROL hands.
			the sovereign function is transferred to, or shared with, the EC, which is a truly supra-national organisation, and
which exercises power comparable to sovereign power, i.e., enforcement, legislation, and perhaps in the future
defence and security.
Such an arrangement would allow EUROCONTROL to be focused and empowered, in line with the High-level Group
report suggestions. For instance, it could propose top-down solutions for FABs.

• SESAR
The successful implementation of the Single European Sky in the complex European environment requires a comprehensive and integrated programme of accompanying technical activities covering the entire cycle from research through to
development, implementation and finally into operation, assembling competences from all major actors of the air transport
sector.
The SESAR programme has been developed to support these objectives. SESAR federates the competences and capabilities of the supply industry and air transport users and operators in a well-focused approach and receives political support
at the highest levels.
Consequently, SESAR is recognised today as the technological branch of the Single European Sky, aiming to achieve by
2020 a modernized, high-performance European air traffic management infrastructure that will enable the safe and environmentally sustainable development of air transport.
The vehicle for this modernisation process is the ATM Master Plan, which addresses the future of ATM in Europe over the
next few decades. The ATM Master Plan forms the basis for the work programme of SESAR, including the implementation
actions during the period 2008-2013. This will become a «rolling» plan that will be regularly updated in accordance with
the results from the R&D activities starting under the responsibility of the SESAR Joint Undertaking.
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SESAR is therefore a technological solution to trigger institutional change. Clearly, because of the complex nature of the
problem, it is important that the core components of the ATM Target Concept are implemented in a timely and consistent
manner throughout the European ATM network to ensure the realization of the identified benefits. The ATM Master Plan
establishes the R&D and deployment roadmaps for operational evolutions, the development of their technological «enablers» and their deployment, including the necessary changes to regulations and standards.
SESAR is an industrial solution to the fragmentation problem of technical ATM systems in Europe. SESAR is needed
because of Europe’s special environment and the amazing effort put in to create the momentum for buy-in. SESAR fosters
rationalised ANSP infrastructure investment policies in the Member States to build a European regional approach. SESAR
develops a standardized European system description. EASA will develop a «stamp» for SESAR-compliant systems. Then,
beyond the SESAR-JU remit, industrial competition will be organised through calls for tender. Cost recovery for ANSP will
be allowed if they procure SESAR-compliant systems.

SESAR
implementation

SESAR
the ATM target concept
standardisation
SESAR management

• SESAR - a Performance-driven approach to European ATM development
The SESAR project is composed of three phases: definition, development and deployment.

			The Definition Phase (2005-2007) defined the various technological steps to be taken, the priorities in the moderniza-

tion programmes, and the operational implementation plans. The main deliverable of this phase was the SESAR ATM
Master Plan. The associated budget was EUR 60 million (jointly funded by the EC and EUROCONTROL). The contract
was managed by EUROCONTROL together with a 30-party consortium (including airspace users, ANSPs, the manufacturing industry, and airports). The project was successfully terminated in June 2008 with wide acknowledgement of
the value of the work and a high degree of industry commitment to the shared implementation plan.
		 The Development Phase (2008-2013) will handle the development of the new equipments, systems or standards (ensuring convergence towards a fully interoperable ATM system in Europe) and prepare for the deployment phase. For
its governance, a Joint Undertaking (JU) - the SESAR Joint Undertaking - has been established under Article 171 of
the Treaty, with a total budget of EUR 2,100 million. The main task of the Joint Undertaking is to manage the research,
development and validation activities of the SESAR project by combining public and private sector funding provided
by its members and using external technical resources and in particular by using EUROCONTROL experience.
			The Deployment Phase (2014-2020) is envisaged as the large-scale production and implementation of the new ATM
infrastructure. The infrastructure should be composed of fully harmonised and interoperable components which
guarantee high-performance air transport activities in Europe.
The performance objectives of the SESAR programme were fixed in November 2005. These are to:
			allow a 3-fold increase in capacity, which will also reduce delays, both on the ground and in the air
			improve the safety performance by a factor of 10
			allow a 10% reduction in the effects flights have on the environment
			provide ATM services at a cost to the airspace user that is at least 50% lower than at present.
In addressing these design goals, the SESAR Performance Framework has been developed, structured around the 11
ICAO Key Performance Areas (KPA). The strategic performance objectives and targets represent the performance to be
achieved by 2020. In a number of cases, intermediate (pre-2020) and long-term (post-2020) goals have also been defined.
It is important to note that the ATM system will further evolve after 2020.
The ATM Master Plan links and aligns the individual stakeholder programmes to ensure that the agreed performance requirements of the European ATM network are met. Continuous performance-monitoring will be undertaken to ensure that
future ATM activities are conducted with a view to delivering the agreed benefits defined within an agreed performance
framework.
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The objective of the Master Plan is to ensure that the performance targets are met and that the expected benefits are delivered to the ATM stakeholders. Many of the technological challenges are themselves quite minor, because SESAR for the
most part builds on the results of successful or promising research, while maximizing the use of existing technologies.

• the ATM Target Concept
The SESAR ATM Target Concept as presented in the third deliverable of the definition phase (D3) follows a service-oriented approach based on a performance partnership among stakeholders. The stakeholders agree that, to strengthen the air
transport value chain, the airspace users’ requirements need to be better accommodated. For this to happen, each single
flight needs to be executed as close as possible to the intention of its owner. This is the main driving principle for the ATM
Target Concept, which is centred on the characteristics of the business trajectory (“mission trajectory” for the military),
representing an airspace user’s intention with respect to a given flight. The main aspects of the concept are as follows:
			air traffic management services will ensure the execution of the trajectory, safely and cost-efficiently, within the
infrastructure and environmental constraints
			any changes will ideally be made through a collaborative decision-making mechanism
			business trajectories will be expressed in 4 dimensions (position and time) and be flown with much greater precision
than today.
Fundamental to the entire ATM Target Concept is a “net-centric” operation based on:
			a powerful information-handling network for sharing data
			new air-air, ground-ground and air-ground data communications systems
			an increased reliance on airborne and ground-based automated support tools.
The ATM Concept of Operations for 2020 represents a paradigm shift from an airspace-based environment to a trajectorybased environment. The concept is based on:
			trajectory management, which introduces a new approach to airspace design and management
			collaborative planning, to be continuously reflected in the Network Operations Plan
			integrated airport operations, contributing to capacity gains
			new separation modes, to allow for increased capacity
			system-wide information management, integrating all ATM business-related data
			humans central as managers and decision-makers in the future European ATM system.
While the SESAR ATM concept addresses airspace users’ needs, the recipients of the SESAR programme deliverables are
the aircraft manufacturers. The system is built around the aircraft, no longer around the controller. The new ATC concept
addresses the integrated air-ground “ATC cockpit”, surveillance, data link, and training. As airline operations are humancentred, and will remain so with automated support, SESAR is moving the same way.
This is viewed positively, as anything which can improve the productivity of aircraft operations is good for all concerned
- the airlines, the stakeholders, and the consumers. SESAR is a first step towards a paradigm shift. However, SESAR
targets are mainly viewed as being political in nature, which may not be possible to achieve in the given timeframe.
Focus on capacity
The achievement of the SESAR programme has been to bring ATM actors together around the same table, who will now
continue to work together. Even if the existence of solutions is not yet demonstrated, the SESAR has the merit of having
highlighted many of the problems.
Among the four performance objectives of the SESAR programme, capacity appears to be the highest priority. Any failure
to improve air transport capacity would lead to major delays in the near future. People across Europe would be sitting in
airports waiting longer for flights. SESAR therefore aims to absorb the increase in traffic demand, and is already under
pressure for early implementation.
However, SESAR may not deliver the necessary capacity increments before the capacity wall is hit in some core, high density European areas. In Maastricht, for instance, with the best efficiency in Europe and a traffic increase of only 4 percent
per annum, the capacity will very soon be exhausted, probably in the 2009/2010 timeframe.
In any case, this focus on capacity is questioned by some people, who are calling for a more holistic approach on performance.
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SESAR has adopted the trajectory-based concept, without demonstrating that this can satisfy the objectives, and without
exploring other concepts. For example, although the SESAR concept is trajectory-based, separation control will remain
sector-based. Why cannot separation be trajectory-based as well? For instance, an ATCO would be responsible for 4
aircraft from TMA to TMA. This would have many advantages, such as:
			productivity gains (cost-effectiveness): potentially a factor of 5 gain, from 0.7 today (PRC figures) to 4 aircraft per
ATCO
			market evolution: users choose their ANSP partner, which could potentially operate over the whole of Europe
			capacity gains: this could be more easily be adapted to demand, and some centres could even close at night,
which would reduce costs overall
			flexibility gains: if both ATCO and pilots could separate aircraft, then pilots could self-separate in areas without
dense traffic and ATC could be specialised for TMA and areas with dense traffic. UAS could be easily integrated as
they would be similar to autonomous aircraft
			safety gains: if ATCO can control aircraft in the event of problems or hijackings, then they could back-up pilots and
vice versa. Such a concept would bring about a major evolution in air transport organisation. It could potentially
bring a factor of 10 gain in safety as required in SESAR (to be calculated in a proper safety case)
			economic gains: such a concept would allow a factor of 2 gain in costs (salaries), not only in ATM but also for airlines.
This example shows that SESAR could have explored other concepts. It also shows that en-route capacity should not be
a problem; the challenge is rather to satisfy the objectives of economic, operational and environmental efficiency.
In economic terms, airline competition is detrimental. It tends to increase the number of available seats above the level
of demand. The current pricing policy is such that redundant flights are not cancelled. Some solutions could be found in
a more cooperative approach. Avoiding redundancy requires proposals from a neutral body. In the short term, a pricing
system could be more useful than any technological development. SESAR will not address this because it is driven by
airspace users, who want technological solutions but not limitations imposed by society.
Operationally, SESAR will have to allow for common military training airspace and for transits of military aircraft squadrons.
In 2030, military transits will be controlled by civil ATC. If SESAR provides full civil-military interoperability, there will no longer
be any need for exemptions, since military aircraft will be flying CAG IFR. The only military ATC missions remaining will be
for surveillance of protected areas and air security. A challenge for the next 5 to 10 years is for civil air traffic to make use
of the airspace made available by the military. It is not yet doing so, as is pointed out in the PRC reports on inefficiencies.
The environment is probably the real challenge. Focusing on capacity is therefore the wrong thing to do. As has been seen
in the last 50 years, capacity will be provided when required, for example, by aligning with the “best in class” in terms of
route, TMA, and airport capacity where possible.
From an environmental perspective, one way could be to give maximum freedom for aircraft to better manage climb,
cruise, and descent profiles. For instance, providing more direct routes helps reduce fuel burn and emissions. This is good
economically and environmentally. However, giving more freedom is not possible in an area of high-density operation,
where there are precise constraints on the speed and altitude of an aircraft.
SESAR is not really oriented towards environmental issues. The goal for improvement is about 10%, which is small. A time
will come when achieving real environmental progress through ATM will require a paradigm shift in ATM.
In addition, en-route capacity should not be a constraint. The en-route limitation is the ATCO, not the airspace. For
en-route ATM, free-flight with more on-board automation makes sense, but not so much in TMA phases (take the Zurich
TCAS accident, for example). The real constraint is probably at TMA level. It is possible to design denser TMA with more
operations than today, but this calls for a paradigm shift towards a conflict-free concept. This will create other problems,
such as the role and freedom of the human being in the system.
Automation needed for three-fold traffic increase
Present ATM is based on the cognitive capability of controllers. A three-fold traffic increase cannot be accommodated
without major changes.
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For instance, with automated, high-precision approaches, the deviation from the assigned route is within a wing span;
as soon as the pilot or controller steps in, the deviation increases to the magnitude of miles. In RVSM environments, the
pilot is no longer allowed to fly manually, because the human operator is not able to fly the aircraft with sufficient accuracy.
For road transport, studies have compared automatic and human steering, breaking and acceleration. With automation,
capacity could easily be doubled in this two-dimensional network. Modern metro lines are also automated. Will this not
also become possible for ATM?
In ATM, safety and conservative attitudes are commonly invoked as an excuse to prevent change and evolution. The same
argument was used for UAS, even though it will be a few more years before UAS are managed by ATM. SESAR aims at
progressively automating the system while maintaining the human at the centre of the operations; it can be expected that
changes will be welcomed by all the actors as soon as proven solutions emerge for dealing with increasing traffic, which
could, anyway, no longer be accommodated with present means.
A deeper analysis shows that full ATC automation is not possible today. Computer involvement is required, however, in
SESAR to cope with increasing traffic. Co-existence of manual and automated control procedures would require realtime cooperation between the controller and the computer. Up to now, such cooperation has hardly been achieved, e.g.,
no decision-making support tools have proven to provide significant assistance to the controllers. Current research is
exploring other solutions based on independence between the controller and the computer using automated minor speed
control. For instance, subliminal control, a new and innovative separation mode is experimental; and results show that,
even with the 2020 traffic, some 85% of the “en route” conflicts could be automatically “dissolved” in a manner not directly
perceivable by the controllers, and therefore not conflicting with their own actions, responsibility and cognitive processes
(FP6 ERASMUS project).
In the longer term, the SESAR concept envisages that the controller’s role will mostly command traffic flows respecting
as much as possible the very accurate 3D “business trajectories” as filed by the airlines and aiming at optimal feeding
of airport capacities. The role of controllers will be a strategic one as “flow managers” instead of separation controllers.
Controllers will be supported by a fully automated system dealing with a bigger and more complex picture of the traffic.
Such a big strategic picture cannot be maintained by humans, only computers can do it. With regard to system reliability,
safety cases and certification processes will have to be re-thought.
This does not mean that the role of humans will become less interesting. It will simply be different.
Remote-controlled towers will emerge, which will allow the centralised operation of various small airports (with very few
movements). Greater automation might be the only viable long-term solution.
Considering the ultimate part of the SESAR vision, which is aimed at full airborne self-separation, based on satellite System-Wide Information Management (SWIM), ACC may become unnecessary and be replaced by more organised strategic
flow control.
Route charges would be reduced, which, as a knock-on effect, would reduce the business of service providers. They
would focus only on TMA. Of course, automation also has to be paid for, but who will receive the money? In the case of
self-separation, this might be the airlines or the avionics companies who developed the system. Perhaps even airports
could take over ATM.
Air-ground system view with human-centred automation
There will continue to be significant human involvement in the ATM system. Most ATM stakeholders are more and more
convinced of the benefits and the need of a comprehensive human factors integration process, i.e., making human
performance characteristics and limitations one of the starting points for the design of automated systems. Some stakeholders, however, are still following the “traditional automation philosophy” which automates the routine tasks and leaves
the complex tasks to the controllers; but this is not a guarantee for optimized total system performance - as several
studies have shown.
There are human factors certification requirements and standards for the flight deck, but this is still missing for the ATM
systems. Recently, a Human Factors Case approach has been developed to identify and manage human performance
issues from the start. Its application in some of the EATM programmes is a promising achievement. However, experience
has shown that hardly any of the recent new ATM systems could be delivered in time, and in many cases the late consideration
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of human performance aspects was a major contributory factor for these delays.
The consideration of human performance aspects goes beyond what has been traditionally associated with human factors,
such as workload and HMI design. Additional areas, such as staffing, training, social aspects, and job motivation are also
considered.

• standardization
Europe is a very special environment, but air transport is a global business. SESAR products will have to be interoperable at
the global level. NextGen and SESAR will have to work together. Interoperability, i.e., seamless operations, will be essential
- but challenging. There are also emerging markets such as China, Russia and India. If these countries develop different
systems, then Europe and USA will encounter problems.
Standardization of ground systems
The ground infrastructure needs to be standardized and optimized as has been done for aircraft. Standardisation is often
seen as hindering technological progress. However, competition is not a good idea for aviation. For safety reasons, standardization must be considered as a specific tool of the trade. Of course, this is also a constraint, and there is therefore a
need to find incentives for industry to participate. More regulation, comparable with what has happened on the flight deck,
is desirable and necessary to achieve high implementation rates for new concepts and systems.
At present, individual problems are considered in isolation instead of in a holistic manner. Even in SESAR, where the numerous partners have established a schedule for innovation, standardization questions were considered at a late stage, and
only after the definition of the SESAR concept. ICAO standardization procedures mean that 10 to 15 years are required to
implement a new system.
ICAO procedures are indispensable, but there is a risk for timely implementation: the timespan between innovation and
implementation is very long. Nobody knows if SESAR will be able to change this. Following the implementation of SESAR,
Europe cannot simply assume that it will become a worldwide standard, or that foreign aircraft will be SESAR-compatible
in the near future.
Global standards for simple on-board equipment
Airlines need simple global systems on board and on the ground. Ground systems are not harmonized or optimized as
they are in the cockpit, especially with respect to standardization of equipment. This is a major constraint for airlines, since
they have to cater for many additional systems related to the ground, and these add weight to the aircraft. With worldwide
agreements, simplification and standardization, weight and fuel consumption could be reduced and operations optimized.
We should strive for global harmonization and simplification of:
			rules
			certification
			operations.
International standardization
The US organizations for standardization are stronger than the European scattered model. This can favour US manufacturers.
Standards can be used as protective measures as evidenced in the past by the Japanese model. If European aviation
standardization goals are for Europe only, they are not suitable.
Several worldwide successes for EU aerospace standards show that there is room for voluntary action and international
cooperation on an agreed footing.
There is a dilemma: ICAO exerts pressure for there to be as few standards as possible, that these should be understood
by a majority of companies, and are not too expensive to maintain. On the other hand, the systems requiring certification
are becoming more and more complex. The certification bodies are subject to a dual constraint. The system needs to be
modernized, but nobody as yet seems to be thinking about how this should be done.
The development of standards was a hobby-horse of industry. It was something they did for free. Now they are leaner. In
order to obtain the necessary resources, standardization will probably have to be financed externally. This also stems from
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the fact that ANSPs when privatized are not prepared to devote resources to standardization. Increasingly, EUROCONTROL
is called on to represent individual States and service providers in standardization bodies, because they no longer have
enough money or the requisite expertise. It is not clear whether the current way in which the standardization process is
organized and financed is effective enough to cover future needs.

• SESAR management
Innovation in ATM
Certification of ground and airborne automation needs to be addressed in SESAR (2020 concept to be certified). Certification is a slow process, and must be accelerated. Some experts were disappointed (considering it to be not ambitious
enough) with the rate of evolution in the SESAR Definition Phase. It is technically possible to advance faster, but in Europe
the involvement of all actors considerably slows things down. For example, in 1993 a special task force looked at 8.33-kHz
channel spacing, and its implementation was recommended in 1995, but this has still not been implemented 13 years
later. The ATM community cannot be satisfied with the past rate of evolution.
ATM is characterized by high technology but also by slow developments. This is justified by the need for interoperability
and safety cases, but ATM therefore lags behind other domains. ATM has a very slow innovation rate (15 years compared
with 3-7 years for the flight deck). Apart from the obvious problems of old technology and slow innovation, this also means
that the technology available on the flight deck cannot be exploited by the ground infrastructure.
The ATM system architecture does not facilitate evolution, especially on the ground. Air transport has very long development cycles (15-20 years), and SESAR is based on products which are currently being developed and were under development before SESAR was conceived.
Development of automation on the flight deck (e.g., UAS) is based on the assumption that there will still be a human operator on the ground, and development of automation on the ground assumes that there will still be pilots. The challenge
rests with combining these approaches and adopting an overall systemic view. A systemic approach is not easy in cultural
terms, and is not often adopted.
For instance, controller decision tools may be appropriate for the controller but are not always best for the system. For this
reason, the US central flow unit has tried to ban some controller tools.
Organizational maturity in European ATM
The success of SESAR will depend on many things, including human factors. If SESAR focuses only on technology,
SESAR will not deliver. Europe faces differences in maturity among air transport actors. There is also a potential shortage
of human factors expertise. Change may be a lot slower than originally expected.
Small ANSPs may be overwhelmed by the complexity and size of the SESAR deliverables and hence the gap may widen
further. Awful 500-page SESAR Definition Phase documents are not seen as a good omen. A challenge is knowledge
management within SESAR. SESAR has and will create a lot of documentation, and it will be difficult for the practitioners
to extract and apply relevant information.
There are great cultural and operational maturity differences within Europe. If the maturity is low, e.g., an ANSP that does
not have a proper human resources process (such as recruitment and training) in place, some basic problems will have to
be solved before significant advancement in the human performance, safety, and security areas is possible.
One view is that a consolidation between ANSPs might solve the problem by spreading high standards and maturity
levels. In that view, the most likely scenario is to have five or six big organizations or alliances, not a single large body. The
absence of competition is not seen as desirable, because competition drives efficiency improvements.
A major problem is that there are not enough competent and experienced people in the EU for SES and SESAR implementation in the following domains:
			safety regulation
			certification
			increasing day-to-day operations in parallel with SESAR development and deployment [20% more ATCO required
for the next 15 years (R&D + training), than the same level as today for twice the volume of traffic].
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Stakeholder buy-in
Collaboration with industry is very important. SESAR is doing the right thing by having industry as a partner. NextGen is
different: it was run by the JPDO where “J” meant “Joint” (industry and government), but it is a government-led project.
SESAR is structured in the right manner.
It is interesting to observe how the views of the various actors have changed. At the beginning, the EC was the engine.
EUROCONTROL saw this as competition, but then joined the flow. Member States were not happy about the EC gaining
more power, but later accepted this because it was a good way to get R&D financed by the EU in this domain. Industry
saw the market potential, and ANSPs, industry, and the DGCA regard SESAR as a structuring factor for their R&D programmes, roadmaps and strategies.
SESAR has involved a wide range of stakeholders, right from the start of the Definition Phase, and this was crucial for
gaining buy-in, and in particular from the social partners (e.g., IFATCA, ETF and ATCEUC). However, even if the buy-in of
the stakeholders that have been involved in the SESAR Definition Phase is rather high, a challenge lies in gaining the buyin from stakeholders that have not been involved in the definition phase.
SESAR concerns large-scale transport aviation. SESAR needs, however, to look at all modes of air transport: general
aviation, regional aircraft, helicopters, military traffic, and unmanned aircraft, which will probably be the driver for integrated skies from a technological viewpoint. Airspace is currently segregated. SESAR must find acceptable solutions for this
challenge.
ATM costs in Europe represent 7 billion euros. One of the four SESAR objectives is to halve the costs (everything else
remaining equal) for the benefit of users. If trying to accomplish this with constant traffic levels, there are bound to be
industrial relations problems. If trying to accomplish this along with growth, however, better productivity and organization
is achieved, and costs may be reduced without important industrial relations consequences. A doubling of traffic accompanied by a halving of costs by 2020 will entail extensive modification of operational concepts and systems, and of the
operator’s role (a crucial challenge). This affects notions such as safety, responsibility, system certification, new recruitment, and training of active controllers.
There are, however, two main risks associated with the above developments:

			union power: if the system moves toward automation, unions will see this as a danger for jobs. It could, however,

be seen the other way around; in other words, if the system is not automated, there will be a shortage of controllers
and the current system would not be sustainable
			nature of decision-making by service providers: decision-makers are not dynamic enough. They are afraid of
change, afraid of unions, and afraid of investment (which, incidentally, is not always beneficial to them).
SESAR will bring benefits, but at a cost. Some people question whether or not SESAR will actually be implemented if
partners are not equally committed to its deployment.
The credibility of SESAR is therefore a challenge in terms of stakeholder commitment, for:
			airlines: it might be too costly to invest in aircraft equipment to comply with ATM capacity level 4 in 2030. Airlines
are in a cost-reduction period. It is questionable whether they will want to invest in retrofitting their fleets. There is
already resistance to ADS-B investment.
			manufacturing industry: the new features needed for SESAR are not ready, and a priori there is not a sufficient
market to invest in (e.g., trajectory prediction and CDTI).
However, when industrial partners do take part in SESAR out of personal interest, then this gives them a platform for
lobbying. This was the same in FP5 and FP6. SESAR will not produce an overall ATM system. For industry, ATM is not a
competitive market, but SESAR aims to capture the market, not to develop new concepts. It is a vehicle for negotiations
with the USA at ICAO level. SESAR therefore shapes the global market.
The SESAR-JU constitutes a pot of money for building products. However, some stakeholders find it regrettable that
money is being spent on R&D and that no money is foreseen for implementation. SESAR is a case in point: EU and
EUROCONTROL money will be spent on SESAR-JU (R&D), but industry will be responsible for implementation (as was
the case with Galileo). The SESAR-JU will not make it any easier to ensure implementation.
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Another challenge is to convince the ATM stakeholders that more regulation in the human performance area will become
necessary; this relates less to enforcing existing regulation but more to providing new standards and regulation.
The ECIP [now ESSIP] is so far the main mechanism to ensure implementation, but this is mainly based on the goodwill
of ATM stakeholders. The Implementation rate for tools developed in the human performance area, for example, is often
less than 50 percent (using the ECIP self-commitment approach). Therefore, new regulations are a means to increase the
implementation rate. SESAR will provide a very good opportunity in this direction, because the early involvement of all stakeholders will ensure buy-in and commitment, and hence will facilitate implementation. However, even regulation cannot
guarantee implementation, and enforcement is a challenge.
Lastly, there is also the question of information sharing. The ATM system will need predictability. For instance, there is no
point giving a direct routing if an aircraft then has to spend extra time in a stack or on the ground waiting for a gate. The
more data shared, the better for everyone. SWIM will be very important in this respect. Stakeholder willingness to deploy
information is crucial. There needs to be huge change in the availability of information and in collaborative decision-making.
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An analysis of the views expressed during the survey on the long-term challenges in air transport identified 16 principle
challenges facing the European air transport infrastructure.
These are internal and external challenges.
Internal challenges involve planning actions for infrastructure development.
External challenges involve anticipation of, and preparation for, risks or opportunities.
These principal challenges are:

 fuel & ticket prices
 environmental awareness
 restrictions on fossil fuel for aviation
 security issues
 planning and understanding future travel needs
 sovereignty and civil-military cooperation
 liability issues
 the EC “market led” economic regulation model
 financing the air transport system infrastructure

 network de-fragmentation
 scarcity management
 changing role of the human operators in the
ATM system
 safety of complex ATM systems (safety culture,
legal risks, system of systems)

 lack of competent resources in the transition
phase
 standardization issue
 innovation in ATM.

LONG-TERM CHALLENGES IN AIR TRANSPORT 2030
 fuel & ticket prices
Fuel price increase is a long-term trend that will profoundly restructure the air transport market. Higher fuel prices reduce
profit margins and can affect the economic sustainability of the industry. However, there is confidence across the expert
views that oil prices will not be a show-stopper: air transport can probably afford expensive fuel and technological solutions will appear timely based on alternative fuels. Ticket price is probably at the bottom of the curve. Long-term forecast
shows a 2.5% growth per annum until 2025. However, the impressive growth of less constrained emerging economic
regions is a challenge for the European air transport industry.

 environment
Politically, there is a shared awareness that climate change will dramatically modify our societies in the longer term. The
image of Air transport in the public mind has been tarnished by its perceived impact on the environment. The main levy
to reduce aviation emissions will be to reduce travel demand through taxes and/or individual emissions quotas. Aviation
environmental impacts include gaseous emissions and noise issues. Hardly any technical solution is able to reduce both
types of impact. Trade-off decisions have to be made by all industry actors. The potentially negative impact of any drastic
“green” approach on the supply industry is a concern. There is a need for global agreements on such measures to maintain fair competition.

 restrictions using fossil fuel
There will probably be a political or financial restriction on the use of fossil fuels. Society will be in need of alternative fuels
and engines to use them. In aeronautics, it takes five to ten years to develop a product. This lead time is often underestimated. The product has a 30 to 50 year lifespan. Therefore, developing new technology for 2020 is no longer the horizon
to view. Industry is calling for a longer-term vision, i.e,. in the next 50 years. IATA challenges the industry to build a zero
emission aircraft in that horizon.

 security issues
On the one hand, dramatic events have a detrimental effect on the growth of air transport. On the other hand, security
checks add an additional burden on travelling. Security issues for research and development include crisis management,
filtering (with solutions such as “the trusted passenger”) and attack-prevention through airport and aircraft protection
technologies.
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 planning and understanding future travel needs
The air transport world makes forecasts and predictions but fails to understand the influencing factors. A in-depth understanding of these factors would help refine projections so as to improve orientation and arbitration of the whole development life cycle from research to implementation.

 sovereignty and civil-military cooperation
National borders are limiting seamless operations in European air transport. The Single European Sky initiative aims to
modernize European ATM. However, the EC has no competency over military matters. The population is not ready to
delegate sovereignty to Europe. There is no public outcry over the non-performance of ATC. There are no votes to be won
by giving up the airspace. Politicians need a crisis before they can take difficult decisions about the sovereignty aspects
raised in SES by FABs.

 liability issues
In 2020-2025, multiple bilateral State agreements to address sovereignty in FABs will probably be replaced by a General
Agreement. Delegation of airspace involves human responsibility and legal liability issues. Today, procedures and liability
are based on terrestrial navigation infrastructure, yet navigation will increasingly be based on satellite navigation. Operationally, the separation responsibility will increasingly rest with the pilot (e.g., ASAS). In the very long-term, States will have
freed themselves from their safety liability. Article 28 of the Chicago Convention should be changed.

 the EC “market led” economic regulation model
Aimed at improving performance, the EC’s model of regulation is “market-led standardization” and relies on the companies
involved. This model is imposed on ATM, where safety is much more critical than in other sectors. Applying economic efficiency rules to safety does not work. Regulated economies need strong States, i.e., competent, with legal and technical
powers, and able to resist powerful companies and lobbies. ATM requires a strong regulator with strong technical expertise, which defines the vision and guidelines and “creates” the market by standardization and certification (e.g., SESAR).

 financing the air transport system infrastructure
On the airspace users’ side, the costs of the infrastructure investment (including SESAR) needs to be shared between the
users with equity (e.g., the payers should be the beneficiaries). The military will incur enormous costs to achieve compliance with SESAR. Airlines will have to equip their fleet to fly in the SESAR airspace. Even for ANSPs and States, the legacy
systems will be very expensive to upgrade. The new small aircraft, with no legacy, might be the ‘vehicles’ to bring about
new technology into the system.

 network de-fragmentation
Europe is full of vested interests. Therefore, fragmentation is difficult to overcome. For instance, ANSPs are small businesses that want to stay alive. They are supported by the drive for autonomy and sovereignty, which will exist as long as
Europe does not have an integrated defence - and this will probably not emerge in the 2030-2040 timeframe. One of the
major challenges of de-fragmentation is to clarify the roles between ANSPs, industry, institutions, and EUROCONTROL.
In a European landscape, on the basis of common standards and system architecture, it is important to know who is in
charge of regulation, specification, system construction, and certification, and, of course, who is in charge of operations
and operators.

 scarcity management
Air transport is moving from unlimited resources (runway, airspace, fuel, emissions, time, etc.) to scarcity. The issues will no
longer be to increase capacity to cope with demand, but more and more to manage scarce resources. Airports, runways,
TMA, and the frequency spectrum will be scarce resources for air transport.

 changing role of the human operators in the 2050 air traffic management system
To meet the target objective of a three-fold increase in traffic in the very long-term (2050), more automation is required,
and the role of human beings in the system is being questioned. A number of examples illustrate the benefits of automation for significantly increasing capacity. The operating roles will be subject to radical changes. This will trigger resistance
aimed at maintaining the status quo, using safety as a pretext.
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 safety of complex ATM systems (safety culture, legal risks, system of systems)
Safety is a pre-requisite for air transport. Society is increasingly less tolerant of risk. In the context of the modernization
of the ATM system based on human-centred automation, where the role of human beings is being redefined, maintaining
safety levels implies a number of challenges (risk of criminalization of professionals, resistance to economic pressure, and
the difficulty of assuring safety for an automated system or systems).

 lack of competent resources in the transition phase
Change will be slower than expected. There are significant cultural and operational maturity differences within Europe.
Where maturity is low, basic problems will have to be solved before significant advancement in the human performance,
safety, and security areas becomes possible. Controller working practices might constitute a problem for system development. In the human performance area, there is a shortage of personnel to apply elaborated tools and processes. In
particular, there are not enough human resources in the EU available for the SES implementation in the transition phase
(day-to-day operations, R&D, training, certification, regulation).

 standardization issues
In the USA, organizations for standardization are stronger than in European scattered model. This can favour US manufacturers. Standards can be used as protective measures as evidenced in the past by the Japanese model. If European
aviation standardization goals are for Europe only, they are not suitable. Several worldwide successes for EU aerospace
standards show that there is room for voluntary action and international cooperation on an agreed footing. The certification
bodies are under a double constraint. ICAO applies pressure to make as few standards as possible to facilitate applicability and reduce maintenance costs. But systems to be certified are more and more complex. The development of standards was the hobby horse of industry. They did it for free. Now, they are becoming leaner and are not prepared to devote
resources to it anymore. It is not clear whether the current ways the standardization processes are organized and financed
are effective enough to cover future needs.

 innovation in ATM
ATM has a very slow innovation rate (15 years as compared with 3-7 years on the flight deck). Apart from the obvious
problem of ageing technology, this means also that available technology on the flight deck cannot be exploited by the
ground infrastructure. Certification is a slow process and must be accelerated. Some experts are disappointed with the
rate of development in the SESAR Definition Phase (not ambitious enough). SESAR has adopted the trajectory-based
concept without exploring other concepts. For instance, separation remains based on sectors. The challenge is to satisfy
the objectives of economic, operational and environmental efficiency.

CONCLUDING REMARKS
In conclusion, there is a significant range of uncertainty in the future traffic growth. The whole system should become more
flexible to handle a range of possible futures efficiently. Airlines used to be very rigid, as was ATM. Many airlines have now
managed to make their costs much more variable, through leasing, outsourcing of non-core services, more flexible employment conditions, and so on. Airlines are therefore more reactive to variation in passenger and freight demand, and will not
hesitate to add, move or even cut flights. Demand for ANS could therefore be much more varied in time and space than is
evident today. ANS, in turn, must become more flexible to handle a range of possible futures efficiently. This should be one of
the key design parameters of SESAR.
The survey, being constructed from the views of more than 40 leading experts, does not provide a consistent vision of the
future air transport, and contradictions may appear from one section to the other. The survey is a “snapshot” of individual
views. Explicit quotations have been eliminated from the report, even if some interviewees may incidentally recognise their
own voices. The added value is to highlight some of the contradictory opinions or trends that form the framework of future air
transport.
The aim of this study is to raise some fundamental questions in the debate on the future evolution of aviation.
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