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summary
EUROCONTROL has completed three studies in the
Challenges of Growth series. The fourth version is now
under way, for completion in mid 2013, and aims to
deliver the best-achievable information to support
long-term planning decisions for aviation in Europe.
This is the report from task 3 of Challenges of Growth
2013 (CG13). The report takes a broad look at a range
of material that helps to set the context for the longterm forecasting. It therefore does not aim to reach
conclusions but to provide material to inform the
discussions in other tasks of the study. This report
strives for balance and objectivity by being based on
objective data, but in the end it presents one set of
views; other views might prevail in the discussions that
will follow.

n

The hangover of State and personal debt
seems likely to lead to more, and more
centralised regulation of aviation; leaving
	States to focus on deriving revenue from the
Industry through taxation.
n

n

The link between migration and air traffic is
clear but variable. For the forecast the
challenge is to decide whether potential
future patterns of migration are as significant
as those of the 2000s and, if so, to capture
them in the scenarios.

n

The Boeing 787 is set to enable a new set
of city-pairs to be served. This creates
forecasting challenges, but which might
apply only to 300 flights/day by 2035 or 0.5%
of likely traffic. Prioritisation during the study
will be necessary.

n

Industry suggests Europe could have 600
unmanned air systems (UAS) in civil service
by 2020. There remain obstacles to these
operating in controlled airspace, but by 2035
the additional demand from UAS will be part
of the challenges of growth.

n

Within the scope of the long-term forecast,
load factors are likely to approach a practical
limit. This means that passenger growth will
lead increasingly to higher frequencies and
larger aircraft.

n

The most recent UN population forecasts
raise two different types of questions for the
2035 and 2050 traffic forecasts, concerning
the effects of different population growth
scenarios, and differing growth patterns of
European States.

The report reviews:

n

Strategies and targets such as those set out
by the European Commission, ACARE and
ICAO.

n

Other forecasts for growth: the Airbus and
Boeing forecasts are relatively consistent in
terms of overall volume. The recent forecast
from AAE presents a much lower growth
scenario, based on a different forecasting
approach.

n

n

n

Market maturity: A review of data on GDP
and passenger traffic suggests that most
European markets are not mature yet, and
that there is at least another 10% of growth
for Europe just in ‘catch-up’ by four major
eastern European States.
Traffic tends to jump when restrictions are
removed, as has been seen between Europe
and India or China, for example. Comparison
with other States suggests a further 50%
jump in traffic to China is not out of the
question, over and above the additional
demand due to economic growth.

High oil prices are driving an increase in oil
supply, throwing more fuel into the fire of
the ‘peak oil’ debate. For the forecast we
should question the added value of including
a ‘peak oil’ scenario in CG13, since the effect
was already modelled in 2010.

In competing with European carriers for
example on traffic to India, Middle Eastern
carriers have the geographic advantage that
they already have a large local market (ie from
the Middle East to India).
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1. INTRODUCTION
EUROCONTROL has completed three studies in the
Challenges of Growth series: in 2001, 2004 and 2008
(Ref. 1). The fourth version is now under way, for
completion in mid 2013. The aim of Challenges of
Growth 2013 (CG13) is to deliver the best-achievable
information to support long-term planning decisions
for aviation in Europe. The study overall will address the
following question:
“What are the challenges of growth for commercial
aviation in Europe between now and both 2035 and
2050?“
The aim of task 3 of the new study is to take a broad
look at a range of material that helps to set the context.
This task will produce a single report which will serve
as briefing material to be used in all the later tasks,
but especially in the development of scenarios for the
long-term forecast in task 4 and task 7.
This report is structured as follows:
n

		
		
		

Section 2 reviews a number of strategy
documents which typically outline some
vision of future air transport in Europe, and
describe goals or themes.

n
Section 3 briefly recaps some of the
		
environmental targets that have been
		 established.
n

		
		
n
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Section 4 compiles and compares recent
forecasts for European traffic from
manufacturers and other sources.
Section 5 reviews a number of important
issues of relevance to the scenario building,
such as peak oil and market maturity.

This is the final version, v1.0. Compared to draft v0.3
that was used at the Scenario Workshop in October
2012, it adds a single sub-section on population to
reflect information provided at the workshop.
This is a discussion document. Nothing in it represents
a final or official position on the content, assumptions
or results of CG13. This report strives for balance and
objectivity by being based on objective data, but
in the end it presents one set of views; other views
might prevail in the discussions that will follow. After
the scenario workshop, a scenario document will be
prepared that with more specific proposals on the
assumptions to be made in the forecasting process.

2. COMPLEMENTARY STRATEGIES
This section summarises a number of key strategy papers that have been published since
the previous Challenges study.

2.1

Flightpath 2050

Flightpath 2050 (Ref. 2 and 3) was prepared by the
High-Level Group on Aviation Research for DGMove
and DGResearch and published in 2011. The report
sees aviation as a “catalyst for growth” and a “vital
facilitator of European integration”. It declares a vision
that in 2050:
“The European aviation community leads the world in
sustainable aviation products and services meeting the
needs of EU citizens and society”. [page 6]
Features of that vision include:
n

		
		
n

		
n

		
n

		
		
		
n

		
n

		
		
n

aviation is “without negative effects on
the environment”, due to “disruptive, step
change” technology;
airlines are mainly grouped into a
few alliances;
Europe exercises global leadership
in regulation;
there is a larger diversity of air vehicles and
in particular non-transport missions for
these (including unmanned aircraft,
see section 5.8);
air remains “the only viable direct way of
connecting Europe’s regions”;
passengers (and presumably shippers)
“demand to plan … their journeys in
real time”;

n
90% of European trips are less than 4 hours,
		 door-to-door;
n

European ATM can handle 25 million flights;

n

75% fewer CO2 emissions per passenger km,
90% reduction in NOx.

		

It is clear that some of these will be a challenge, for
example 37% of flights were delayed by more than 5
minutes in 2011 (Ref. 4), so if this objective really means
that all flights arrive within 1 minute then the change
required is far beyond an evolutionary improvement.
Indeed, 1 minute of accuracy will challenge airline
scheduling and push the limits of delay recording.
Similarly, 10% of flight times for intra-EU27 flights this
Summer were over 150 minutes (weighted by seats).
This does not take into account those who change
flights. So the 240 minute door-to-door target will
mean a lot of work is needed on ground travel times,
not to mention moving people from the airport
entrance to their aircraft seat.
On the other hand, the 25M flight capacity target
(including unmanned air systems (UAS)) for 2050
seems a relatively modest level, compared to the 17M
or so of flight demand (assuming “airports are not a
bottleneck”) already forecast for the EU27 region in
2030 (Ref. 5), that does not include UAS. Perhaps this
reflects a lower-growth scenario such as that discussed
in section 4.3.
The recent Strategic Research and Innovation Agenda
from ACARE (Ref. 6) discusses some approaches to
achieving these goals.

2.2

EU Transport White Paper, 2011

airports are not a bottleneck.

Quantitative goals to focus this vision include:

		

n

flight arrival punctuality is better than 1
minute, regardless of weather;
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After a ten-year gap, the European Commission
published a white paper on transport in 2011 (Ref. 7).
For aviation, there are some key policy directions:
n
Users should pay the full costs – meaning
		
external costs too – and this includes airports
		
paying the costs of local noise and air quality
		 impacts;
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n

		
		
		

Capacity needs to be “optimised”. For airports
this may mean increased capacity when
“necessary” (ibid., p8) but certainly involves
revision to slot regulation (ibid., p19);

n
Passengers and goods should be
		
consolidated for most-efficient long-haul
		 transport;
n

		
		
n

		
		
n

		

Tackling shortages of skilled labour, and
social unrest that may result from changes to
employment patterns in transport;
Stronger focus on quality of service, coupled
with the provision of “seamless door-to-door”
mobility, including in crises;
That “new mobility concepts cannot be
imposed” (p13);

More specific goals related to aviation are:
n

40% of aviation fuel is sustainable by 2050;

n

60% target for reduction in CO2 across all
transport modes (understood that aviation
would be expected to cut less than 60%);

		
		
n

Here, tripling the length of the network means building
an additional 13,200km of network (assuming a 2010
baseline), of which 2,100km is under construction
(Ref. 9). On OECD/ITF figures, the cost of this is between
€170Bn and €550Bn (Ref. 10).

2.3

In the wake of the Transport White Paper, in December
2011 the European Commission launched a package of
initiatives aimed at improving performance at airports
(Ref. 11). Picking up a theme from the White Paper, the
communication emphasises the challenge of quality
alongside that of capacity. In doing so, it echoes a theme
that a number of individual States have picked up in
the last year, with France, Italy and the UK for example
increasingly focusing on quality of service issues.
The communication reiterates the capacity challenge and
supplements the CG08 results with those from a study by
Steer Davies Gleave (Ref. 12), noting that even after the
traffic downturn by 2025:
n
Five airports will have excess demand all day
		
(London/Heathrow, London/Gatwick, Paris/Orly,
		Milan/Linate and Düsseldorf );

deployment of SESAR by 2020;
n

completion of European common aviation
		
area by 2020 (58 countries and 1 billion
		 people);
n

		

n

		
		

		
n

		

the HST network should be 3 times longer by
2030 (than 2010?);
linking all “core network airports” to the HST
system (p9).

n

Paris/CDG will be in a similar situation if
capacity cannot be increased;
Five airports will have excess demand for some
of the day (Amsterdam/Schiphol, Madrid
Barajas, Munich, Rome/Fiumicino and Vienna).

The communication proposes a number of
themes for improvement:
n

There are relatively few of these goals, but it is
interesting to compare the last two of these with the
what-if? mitigation action described in CG08, in which
we looked at tripling the number of HST connections
in order to provide alternatives for all the major
sub-500km air links (Ref. 8, p25). We concluded that
from an aviation perspective there were diminishing
returns in that tripling the number of connections only
doubled the number of substituted flights.

		
		
		
		
		
n

		
n
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Airport package, 2011

It is reported that 30% of SESAR activities relate
to airports. The main areas are runway
occupancy, aircraft separations, surface
guidance and runway safety, though it is not
reported how much additional capacity these
activities are expected to bring.
Accelerating and expanding airport
collaborative decision-making (A-CDM).
Amendments to the slot regulation which,
it is argued, will increase capacity by 24M
passengers (i.e. about 3%).

n

		
		
		
		
		
		
		
		
		
		
n

		
n

		
		
		
		
		

Enhancements to the TEN-T funding framework
that will consider a ‘comprehensive’ network
(~340 airports) within which there is a ‘core’
network of around 80 (Ref. 11) and of these
there are 37 airports to which additional targets
apply (Ref. 13, Figure 1) These enhancements
would extend funding with the aim of
improving inter-modal activities. For example,
a target is to have 24 out of the 37 core airports
connected to the railway network, compared to
12 now (Ref. 14, specific objective 3, p60).
Such inter-modal connects should serve to
“increase catchment areas” (Ref. 11, p9).
The growing issue of noise-related constraints,
which means that local constraints lead to
network-wide deterioration in capacity. This is
an issue that will need to be followed up
through task 2 (airport capacity) and task 4
(long-term forecast) of CG13.

Figure 1: Indicative map of 37 EU airports for which additional intermodal targets apply under TEN-T
(does not cover whole EUROCONTROL area).
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2.4
		

Commission Communication on
External Relations

In September 2012, the European Commission
published a communication on external relations
(Ref. 15). This sets the tone for a development of
policy by emphasising the “strategic importance“ of
a “strong and competitive European-based aviation
industry“, and that “curbing mobility is not an option:
connectivity is key to competitiveness“, For CG13 there
are a number of relevant points:
n

		
		
		
		
		
n

		
		
		
		
		
		
		
n

		
		
		
		

It identifies airport capacity as a constraint to
such a development of a strong industry. As
a result, where there is demand, the
“development of hubs“ is crucial, for example
by using “scarce airport capacity more
efficiently”,
It targets air services achieving agreements
with Ukraine, Turkey, Tunisia, Azerbaijan,
Lebanon, Algeria, Armenia, Egypt, Libya
and Syria by 2015. These should gradually
lead to the opening of air transport markets
and regulatory convergence. The importance
of Turkey in this is emphasised, due to the
size of the Turkey-EU market.
As with Turkey, the benefits of achieving
agreement with Russia are highlighted,
although realistically the paper targets a road
map for an agreement, rather than an
agreement itself at this stage.

The long-term forecast process explicitly addresses EU
enlargement and air services agreements. We need to
ensure that the scenarios that are selected adequately
reflect the range of possibilities
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3. ENVIRONMENTAL TARGETS
This section summarises environmental targets for European aviation from a range of
sources, including recapping those already mentioned in section 2.

3.1

IATA and ATAG

IATA’s environmental goals (Ref. 16, 17) are:
n

		

Fuel efficiency to improve by 1.5%/year from
2009 to 2020;

3.3

Ahead of the Copenhagen Summit, ICAO in 2009
adopted a slightly different set of goals (Ref. 19):
n

		
n

Carbon-neutral growth from 2020;

n

50% lower CO2 emissions by 2050 compared
to 2005.

n

		

To achieve this, IATA lists a number of improvements
in aircraft technology, use of biofuels, operations (eg
weight reduction and APU use), infrastructure (route
efficiency, continuous descent approaches), and
offsetting.
Ref. 16 is not explicit, but it appears that at least the first
of these goals is in fuel use per revenue tonne km. The
other two goals appear to refer to total emissions for
commercial aviation, or perhaps IATA member airlines.
These goals were re-iterated by ATAG (Ref. 18) as
representing the views of a number of industry groups:
ACI, CANSO, IATA, ICCAIA and IBAC.

3.2

European Union

The White Paper (Ref. 7) has the following environmental
goals:
n

		
n

		
		

40% use of ‘sustainable low carbon fuel’ for
aviation by 2050;
60% target for reduction in CO2 across all
transport modes (understood that aviation
would be expected to cut less than 60%).

ICAO

		

2% annual improvement in fuel efficiency
to 2020;
followed by an ‘aspirational goal’ of this
continuing to 2050.

To achieve this ICAO is, amongst other initiatives,
working towards a CO 2 certification for aircraft
engines. ICAO is also working towards global marketbased measures (MBM) or a global MBM framework.
Discussions continue and nothing likely to be agreed in
near future, but one strong possibility is carbon neutral
growth by 2020 as the environmental target (which falls
far short of the EU ETS goal of -10% of 2005 emissions).

3.4

SESAR

Amongst the targets for SESAR were a 10% decrease
in ATM-related CO2 per flight by 2020 (against a 2005
baseline). After continuous review and based on early
results from the development phase, SESAR is now
targeting a 2.8% reduction per flight in environmental
impact compared to 2005 performance for its
deployment baseline and “Step 1” changes that focus
on time-based operations.

3.5

ACARE

ACARE’s goals include:
n
75% CO2 reduction per RPK by 2050;
n
90% reduction in NOx.

One goal of the European Union’s Emissions Trading
Scheme (ETS) was to reduce emission by 10% by 2020
against a 2005 baseline.

Challenges of Growth 2013 Task 3: Scope, Scenarios and Challenges
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4. OTHER FORECASTS
This section reviews five different forecasts for traffic growth in Europe. The Airbus and
Boeing forecasts are relatively consistent in terms of overall volume. The recent forecast
from AAE presents a much lower growth scenario, based on a different forecasting
approach. A multi-modal EU study focuses more on the GHG emissions.

4.1

Airbus

4.2		

Airbus publishes a Global Market Forecast covering
aircraft of 100 seats or more (Ref. 20 for 2011 and
Ref. 21 for 2012). The latest extends to 2031 and is
summarised in growth terms in Figure 2. For Airbus,
in addition to economic growth that will increase
living standards and hence demand for aviation, the
continuing trend to concentration of population in
“mega-cities” will exaggerate this trend (though they
will not increase their share of long-haul traffic (ibid.
p27). For our purposes, relevant observations include:
n

		

Boeing’s Commercial Market Outlook (Ref. 22 and
updated in 2012, Ref. 23) provides a twenty-year
forecast for regional jets and larger aircraft. The
growth rates, from a European perspective, are also
summarised in Figure 2.
In building its forecast, Boeing observes (Ref. 23, p13)
that:
n
60%-80% of “growth can be attributed to
		
economic growth”, itself partly driven by
		 trade;

15% of long-haul growth to 2030 will be on
new city-pairs;

n
n

		
n

		
n

		

Boeing

liberalisation has and will continue to drive
growth [Ref. 20, p31];

		
		

domestic price elasticity is smaller
(ie nearer -1) than long-haul;

n

		
		

airport constraints – and their mitigation –
will be important [Ref. 20, p38].

n

		
Airbus forecasts 5700 passenger aircraft deliveries in
Europe, of which 75% will be single-aisle. The growth
rates (in terms of revenue passenger km (RPK)) are in
Figure 2.

and the remainder from “speed and
convenience”, in which deregulation plays a
significant part;
that the World market is not reaching
maturity, even if some regions are showing
signs of this;
that deregulation can increase demand by
up to 30%.

By 2031, 88% of Europe’s aircraft will have been
replaced. The fleet will have grown from 4440 to 8320
aircraft. 75% of the 7760 new aircraft delivered will be
single-aisle.

Figure 2: Summary of forecasts.
Europe overall

Europe to (Average annual growth in RPK)
Europe

Africa

Latin
America

Middle
East

North
America

Asia
Pacific

CIS

Airbus (to 2031)

4.1%

3.4%

4.5%

4.5%

5.4%

3.8%

4.5%

5.3%

Boeing (to 2031)

4.1%

3.5%

4.8%

4.5%

5.4%

3.8%

5.3%

-1

AAE (to 2050)

0.9%

-0.1%

2.7%

2.4%

2.4%

0.7%

2.6%

-

ACI (2030 v 2011)

3.0%

1
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(growth in passengers; figures provided by ACI-Europe)

The Boeing CMO includes CIS as a separate region, but does not quote the Europe-CIS growth rate.

4.3		

Académie de l’Air et de l’Espace

The French Académie de l’Air et de l’Espace (AAE) has
set up a Foresight Commission. This Commission has
been working on a view of the state of aeronautics
in 2050. A number of interim documents have been
published ahead of a seminar which took place at
the end of May 2012. This section is based on those
interim documents (Ref. 24, 25).
Elements of their vision and challenges for 2050
include:
n
Slower growth of demand than others
		 predict;
n

		
n

		
		
n

		

Incomplete replacement of oil-based jet fuel
by biofuels, meaning very high costs;
Difficulty in reaching emissions targets
(carbon-neutral growth) without currently
unplanned interventions;
Stronger business links between air
transport and other modes;

40 years; other figures are derived from the table in
section 4.3 of Ref. 25, and shown in Figure 2. These
flow forecasts are derived by comparing the modelled
value for 2050 with the modelled value for 2010, not
the actual, since in the case of Europe-internal there
is a difference of 37% in the baseline year of 2010
between model and actual2.
The growth rates are all substantially lower than the
manufacturer forecasts. This does not necessarily
imply they are inconsistent, since they are for
different time frames. However, consistency would
imply a very strong decline in traffic between 2030
and 2050, so it is probably easier to assume that this
forecast represents a qualitatively different scenario
from those in the manufacturer forecasts, which is
precisely why it is interesting in the context of this
note.
This is not the place to compare the relevant merits
of the forecasting methods of the manufacturers and
the AAE’s Foresight Commission, since after all the
aim of this document is to open the net wide to catch
many ideas to inspire a broad and representative
range of scenarios. Nevertheless, given the scale of
the differences a few observations are called for:
n

Need for clearer priority-setting in view of
		
the increasing congestion – a multi-modal,
		
pan-European transport planning agency by
		 2020;
n

n

		
		

Improved, enforced passenger rights and
communication with them, especially in the
case of disruption.

Underlying these, there is a forecast which is derived
unusually from the share that the revenues of airlines
will take of overall GDP:

		
		
		
		
		
		
		
		
		
		
		
		
n

RPK = GDP(Revenue/GDP)/(Ticket price per pax and km)
This factor (revenue/GDP) is assumed to climb
from 0.8% in 2010 to 0.855% in 2050, based on
a model fit to some long-term data. For Europe,
this leads to a growth of RPK from 1.517 to
2.140 GigaRPK (p3 of Ref. 25), or a multiple of
1.41. This is 0.9% average annual growth over

2

		
		
		
		
		
		
		

The report presents evidence to show that
the manufacturer forecasts have been
optimistic on several occasions in the
past (eg Figure 3 of Ref. 25). It may be true
that the manufacturer forecasts do not ‘build
in’ major downturns like that currently
experienced – few forecasters expected it
– but the difference that results is that
between 4% actual growth (including the
2009-2010 downturn) and approximately
5% from the forecasts. The world growth rate
of 2.9% (ibid. p3), represents a further marked
slow down.
The ‘share of world GDP’ model is interesting,
but it’s not a priori necessary that this should
remain so stable. The trend analysis implied
in Figure 14 of ref. seems quite strongly
influenced by the 1970-1975 data: there
might also be argument for more stability –
a lower figure than 0.85% implying even
lower traffic forecasts.

i.e. the disaggregation of the overall traffic to region-pair flows leaves something to be desired.

Challenges of Growth 2013 Task 3: Scope, Scenarios and Challenges
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4.4		
		

EU Transport Greenhouse
Gas Emissions 2050

The European Union has sponsored a programme
looking at greenhouse gas (GHG) emissions by 2050
from all modes of transport in the EU. The review of
projections and scenarios (Ref. 26) is mostly focused
on the policy-related results, but has some scenariobackground results relevant to this study:
n

		
		
		
n

		
		
n

		
		
		
n

		
		
n

		
		
n

		
		
		
n
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It quotes a 2008 JRC estimate that GHG
emissions from aviation within the EU will
increase by 45% between 2000 and 2050
(ibid. p2).
In business-as-usual scenarios demand for
aviation is expect to grow by 455% (ibid. p14)
and by 190% to 320% in other scenarios (p15).
Studies are quoted which see GHG emissions
per unit of demand as declining by 35% by
2030, or by 70%-80% by 2050 given further
policy steps (p19).
It identifies common themes from a range of
studies in which future scenarios seem to
agree on:
UN median population forecast of 9 billion
people in 2050, mostly urban and with an
aging population especially in the EU and US;
GDP will continue to grow, but decoupled
from energy consumption (and hence
emissions) and more strongly weighted to
China and India;
Oil will be more expensive than at the time of
publication, though the $30-$200/barrel does
not give much focus to discussions.

The accompanying paper on freight forecasts (Ref. 27)
takes a multimodal view of freight. Its discussion of
air freight, however, has a conclusion which comes
across as a non sequitur and therefore unreliable. As
a final remark in the conclusions air freight is said to
have the “fastest increase in volume” (ibid. p19). This
may be based on a global growth value that is given
in the text but which is at odds with European data
also quoted there: in Europe, air freight volumes and
value have decreased as a share of total between 2000
and 2007 (ibid. p16). If the share has decreased over a
long period, then it can only be that it is not the fastest
growing of the modes (seaborne is given as increasing
its share).

5.	REVIEW OF ISSUES RELEVANT TO
SCENARIO-BUILDING
Bringing together the themes raised in the previous sections, we highlight the following
issues which will need to be taken into account when developing the scenarios and the
forecasts.
5.1

Market Maturity

A review of data on GDP and passenger traffic
suggests that most European markets are not
mature yet, and that there is at least another
10% of growth for Europe just in ‘catch-up’ by
four major eastern European States.
Is the European market mature? Or more precisely, are
there parts of the European market that are mature,
since it is clear that some areas have plenty of scope for
growth? Both Boeing and AAE forecasts may be read as
suggesting that this is the case.
Undoubtedly, some internal3 flows show signs of
maturity. Given the current economic downturn,
the fact that there are a number of traffic zones4 (TZ)
which have not passed their 2006 or 2007 peak is not
surprising. However, Figure 3 shows, for example, that
all four of the Scandinavian traffic zones peaked more
than 10 years ago, for traffic within each individual zone.
Figure 3: Some traffic zones passed their peak internal flight movements in the 1990s

3
4

“Internal” means within the traffic zone. It is not quite the same as “Domestic” which must be by an aircraft operator from the State.
“Traffic zone” is typically a State, but depends on how the airspace is organised, so that Portugal, for example, splits into Lisbon FIR and
Santa Maria FIR.
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The underlying reason for this is that internal traffic is
being replaced by improving road and rail connections.
Over longer distances, the situation is less clear.
One way to measure maturity is to look at the elasticity
of demand as a function of GDP. Simplistically, this can
be seen by plotting these two measurements on log
scale and looking for a linear relationship. Traditionally
in air traffic forecasting, an elasticity of 1.5-2.5 is
expected (see for example Ref. 28, p102). Values of
1.0-1.5 would be considered rather low, though only
a value near zero would really mean maturity: demand
for flights does not grow any more as the economy
grows.
Figure 4 provides these data for European traffic zones,
excluding overflights, since these are unlikely to be
related to national GDP. Data points are for individual
years, going back to 1990 if the data are available. Lines
with a slope of more than 1 (ie more than 45º if the axes
are similarly scaled) have elasticity greater than 1. The
cases with elasticity more than 1 are in the main figure,
the other cases in the smaller inset. Only Denmark and
Sweden are really near 0, so that a strong case could
be made for maturity. The other cases below 1 appear
to be marginal or in some cases the regression line is
influenced by early values, which serves as a reminder
that such linear fits are a coarse analysis, and may overstate the quality of fit, particularly since the log-log
axes tends to compress the data and thus conceal
the variability from a visual inspection. In particular, if
the elasticity has changed with time (which is almost
certainly the case) such a graph will not show it.
Nevertheless, if we were looking for evidence that
major markets such as Germany, France and UK are
mature, in the sense of seeing much reduced tendency
for demand to grow as the economy grows, then this is
not obvious from the data. If there were maturity, then
recent years of data would be expected to be below
the regression line. In Figure 5, which zooms into the
largest four markets and labels each year, it can be
seen that it is only in the UK that 2009, 2010 and 2011
are consistently below the line, and even there 2011
suggests a return to the longer-term trend. This is a
simplified analysis, for example omitting other factors
such as ticket price, but on these 20 years of data,
then, there is little sign that the slow growth of recent
years is due to markets suddenly reaching saturation or
maturity; instead, it is due to weak economic growth.
Therefore, when economic growth returns, we would
expect flights again to grow.
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One interesting coincidence in the figure is how the
growth of Turkey aligns roughly with the growth of
Spain, though some years behind and with a slight
shift that means that Turkey has more passengers for
the same volume of GDP. This is suggestive of a means
to look ahead to where some of the less-developed
but large States might reach, using also the relative
figures shown in Figure 6:
n
Turkey has a population far larger than
		
that of Spain so there’s no reason why it should
		
not reach a similar volume of GDP (€0.75
		
trillion) and flight departures, which would
		
mean around 500,000 flight departures.
		
Indeed, recent announcements by Turkish
		Airlines, for example targeting growth in
		Africa, certainly suggest an ambition to be a
		
global hub.
n

		
		
		
		
n

		
		
		
		
		
		
		
		
		
		
		
n

		
		

Ukraine has a similar population to Spain,
but Figure 4 suggests a weaker relation
with GDP. Using the Netherlands as a
conservative analogue would indicate
around 150,000 further departures.
Romania has a stronger relationship
between GDP and passenger numbers. Here
the comparison with the Netherlands is
stronger in terms of population. The hub
status of Amsterdam/Schiphol might
exaggerate the elasticity, but the evidence
of Figure 4 is that Romania gets more
passengers per unit of GDP. It seems therefore
conservative to estimate that Romania
could achieve at least the 250,000 flight
departures of the Netherlands, bringing an
additional 150,000.
Poland too seems to be on a similar track to
the Netherlands in Figure 4, implying around
another 100,000 departures.

This argument by analogy, therefore has quickly
identified another 900,000 departures of ‘catch-up’
growth, using busier markets as analogies, which is a
further 10% for European traffic.

Figure 4:
Relation between GDP
and local passengers
(natural logs)

Figure 5:
Same data, for the
largest four markets,
shows little evidence
of recent declines in
elasticity.
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Figure 6:
Comparison of traffic zones (2011 data).
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5.2

Future agreements
It matters here what sort of traffic is on the flow, for
example Dominican Republic and Cuba have very high
values as tourist destinations. China, Japan and India, by
contrast, probably have tourist flows in both directions,
plus substantial business traffic and some visiting friends
and family (VFF). At Heathrow, for example, in 2010 (Ref.
35) the outbound traffic to India was roughly evenly split
three ways between business, VFF and leisure, inbound
was half business and 37% VFF, 14% leisure.

Traffic tends to jump when restrictions are
removed, as has been seen between Europe
and India or China, for example. Comparison
with other States suggests a further 50%
jump in traffic to China is not out of the
question, over and above the additional
demand due to economic growth.
Over previous forecasting periods, we have seen sudden
jumps in traffic between Europe and other States going
beyond the scale of change that would be expected
due simply to economic growth. These were a result of
changes, for example, to air services agreements or to
local legislation. The jump between 2003 and 2011 from
22 to 49 flights/day for India to Europe was a case of the
first (see section 5.3), for China from 16 to 56 flights/day
was largely due to much of Europe receiving ‘authorised
destination’ status. Some of the jump for Russia from 66
to 143 was due to relaxed visa requirements for entry
to Turkey. We also saw in 4.2 that Boeing identifies 30%
growth as a possible effect of deregulation.

Contrast three of the larger States in Figure 8: India and
China on 4-5 seats/1000 population, and Japan5 on 28
(these are traffic to Europe, not total traffic). Details of
these numbers as a multiple of the Chinese value are in
Figure 7. Is there an argument, by analogy, that Chinese
traffic is still below the underlying demand?
n

		
		
		
		
		
		
		
		
		

In order to be able to anticipate such step changes
in future traffic we need some measurement of the
potential for traffic. Clearly in the short- and mediumterm the size of the economy is a deciding factor. In the
longer term, the population may be more relevant. For
this reason, Figure 8 summarises traffic from Europe (in
available seats) to all States with more than 5 million
population (except Egypt, Libya and Tunisia). Distance
is also likely to be relevant, so the figures are plotted
against typical flown distances from Europe to these
States.

n

		
		
		
		
		
		
		
		
		
		

Figure 7:
Summary of data for Japan, China, India
(Source: Wolfram Alpha).

6
7

Comparing China with India, and bearing in
mind that it’s likely that a larger proportion
of Indian traffic is routed indirectly, via the Gulf6
(see section 5.3), the Chinese seat departure
figures look too low. China has around 4 times
the GDP7 (per capita or total) of India, but only
the same number of departures. A reduction
by a factor of 4 seems very large to result
solely from distances that are a third longer, or
from a lower proportion of VFF (if that were
the case).

Population
(M)

Seat Departures /
1000 people
(China=1.0)

GDP/capita
(China = 1.0)

GDP
(China = 1.0)

Japan

127

6.6

10.5

1.0

CHINA

1,354

1.0

1.0

1.0

INDIA

1,214

1.0

0.3

0.2

Country

5

Comparing the Chinese and Japanese seat
departure and GDP/capita figure suggests
China has already reached a level of traffic
comparable to Japan; indeed a little ahead,
which might be explained by the 1000km
extra to get to Japan. On overall GDP, China
is not generating as many departures as the
Japanese analogy would suggest, indicating
a future potential catch-up in departures
rather than a current suppressed demand.

The value for Japan in 2011 will be somewhat reduced to the effects of the tsunami.
In September 2010, Dubai alone had nearly as many non-stop seats to India as the whole of Europe (77,000 to 81,000).
It would also be interesting to look at disposable income, but this is beyond the scope of this report.
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The evidence then is mixed: the Japanese analogy
does not suggest Chinese traffic will jump again; but
the comparison with India makes Chinese traffic seem
on the low side.

the same GDP/capita at the destination. The data make
clear this is only an approximation, but it suggests that
the difference between India and China is more than
one of distance.

It is necessary to explore the distance factor more
closely. Figure 9 shows three groups of destinations,
with per capita GDP (in US$, on World Bank data)
within about 20% of Russia, India and China respectively. Treating the Maldives and Barbados as tourism
outliers which are not relevant to this discussion,
there is a clear tailing off of traffic with distance which
appears to be very approximately in proportion to
the increase in distance: ie a 50% increase in distance
roughly corresponds to a 50% reduction in traffic, at

Figure 9 also shows China compared to other destinations of similar GDP/capita. This figure also makes
Chinese traffic look relatively low, even if traffic to
Hong Kong (which adds 50%, for a total of 6.7 annual
seats/100 people) is included.
On these limited data, it would not be unreasonable for
the Chinese traffic (including Hong Kong) to be nearer
10 seats/1000 people, or 50% higher still, though this is
at best a rough order of magnitude.

Figure 8:
Traffic from Europe8
8
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Population data are from an issue of the UN population forecast which did not separate Sudan and South Sudan.

Figure 9:
Compared to other
destinations with
similar GDP/capita,
Chinese traffic is still
low for its distance.

5.3

The Middle-East Effect

In competing with European carriers for
traffic to India, Middle Eastern carriers have
the geographic advantage that they already
have a large local market (Mid East-India).
To illustrate some of the issues of growth of hubbing in
the Middle East, we present some analysis from 2011
that looked first at Emirates and then at the Indian
market9.

Emirates:
n

			
n

		
		
n

		
		
		
		

9

flew 21% more passengers in 2009/10
compared to the year before;
had more than 150 aircraft in its all wide
body fleet (cf 230 for BA excluding
subsidiaries) in 2011;
has more wide-body seats on order than all
the AEA carriers put together (Sep 2010 data:
80,000 v 70,000) – that is more than 200
more aircraft, though the planned number of
aircraft is still ‘small’;

This brief analysis is based on our own data, but also draws heavily on The Middle East Air Transport Market, Cranfield University, F
O’Connell, Nov 2010, which in turn draws on IATA’s PaxIS data.
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n

		
		
n

		
		
		
n

		
		
n

		

had net profits of $963M in 2009/10, an
operating margin of 8%, one of the best in
the business;
had costs per available tonne km 40%
smaller than BA (2007/8 figures); as a result
it can for example continuously under-cut BA
on the Manchester-Mumbai route;
has around 50% of its passengers connecting
in Dubai, down from 70% in the 1990s
(2008 figures);
paid €2k per landing at Dubai, compared to
nearly €15k at Heathrow.

India is a major part of Emirates’s business. The figure
shows the number of non-stop seats to India from
Europe and from the Middle East, in September 2004
and 201010. The figure illustrates:
n

		
		
		

The geographical advantage: in this case
the non-stop Middle East-India market was
already twice as big as the Europe-India
market in 2004 in part because of the

		
shorter distances involved. This allows
		Middle East carriers to offer more frequencies
		
and destinations, with economies of scale. If
		
they can bring in transfer passengers from
		
Europe to this flow, using these advantages,
		
so much the better for them.
n

		
		
		
		
n

		
		
		
		
		
		
		
		
		
		
		

The scale of growth is such that Dubai alone
now has almost as many weekly non-stop
seats to India as the whole of Europe, having
been half the size of Europe in 2004. Most of
that growth has come from Emirates.
The importance of deregulation, not only
to allow the 6th freedom activities of
Emirates and others, but also within Europe.
The number of direct seats from Europe
to India has grown by 84% in 6 years,
in particular with the loosening of regulation
on the UK-India accounting for half of that
change. Deregulation could be a threat to
Emirates, too, if the Europe-India market is
further deregulated, or Indian airlines
become strong enough to exploit the market
opportunities more fully.

Figure 10: Non-stop seats to India, a comparison
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This uses schedule data, since our flight data does not cover flights from Middle East to India.

5.4

Peak oil

High oil prices are driving an increase in oil
supply, throwing more fuel into the fire of the
‘peak oil’ debate. For the forecast we should
question the added value of including a ‘peak
oil’ scenario in CG13, since the effect was
already modelled in 2010.
Challenges of Growth 2008 was produced during a
sharp, but short, spike in the price of oil, after which
it fell significantly (Figure 11). Since the 2010 20-year
forecast was published, the price of oil has again been
almost continuously at or above €80/barrel (Brent
benchmark), in spite of weakness in early Summer
2012.

We looked at peak oil and its implications for traffic
in 2010 because the issue of peak oil was becoming
more mainstream, in part due to the impression that
tight supply was pushing prices higher. It is precisely
the role of a scenario forecast to consider such highimpact developments, even if they are not seen as the
single most-likely future.
The resulting scenario (Scenario E in Figure 12) shows
what, for an air-traffic forecast, is a highly unusual
pattern of growth, with a peak and then a dip before
growth returns. This is driven by the assumption of a
late discovery that oil supply has peaked, with broad
and deep impact on the World economy.

The 2010 20-year forecast was also the first in which
we had taken a detailed look at the ‘peak oil’ debate;
the idea that World production had or would in the
coming years reach a peak and begin to decline.
Originally inspired by data on production in the USA,
the peak oil argument can be caricatured as being
between:
n

			

The geology view: that supplies are not just
finite, but already getting harder to find;

n
The economics view: that if supplies dwindle,
		
the price will increase, bringing more sources
		
on-stream that are not profitable at low
		 prices.

Challenges of Growth 2013 Task 3: Scope, Scenarios and Challenges

Figure 11:
In spite of recent
weakness, high fuel
and oil prices are
sustained
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Figure 11:
The ‘peak oil’ scenario E has an unusual dip in traffic

Recent years have seen a change in tone of the debate
on oil supply, essentially because continuing high prices
have driven the exploitation of non-conventional oil
sources and of alternative fuels. The report by Maugeri
at Harvard (Ref. 29) is a recent example of this new
tone. His main conclusion is that if prices are sustained
above $70/barrel then new production capacity is
likely to be significantly larger than the depletion of
existing reserves, with the net result that production
capacity by 2020 could be over 110mbd compared to
93 in 2011. This conclusion excludes biofuels.
For scenario-building, there are four other relevant
observations from Maugeri. The first two, in particular
may have significant effects on the stability of the
geo-political situation.
n

		
		
		
n

		
n
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Of the 4 States with the greatest potential to
increase supply, only one is in the Persian
Gulf (Iraq), the others being US, Canada
and Brazil.
The US will again approach self-sufficiency
in oil.
He does not forecast a return to the cheap
oil of $20-$30/barrel; higher prices are
necessary to maintain growing investment
in new sources.

n

		
		
		

Until the non-conventional sources come on
stream, there will remain a likelihood of
supply and price instability. This risk element
is highlighted by Morton (Ref. 30, p98).

Some in the environmental lobby have acknowledged
(Ref. 31) that they had been banking on peak oil as
part of the solution to excess emissions, and that the
current outlook means that a change of approach is
necessary.
The debate about peak oil is highly partisan. Maugeri,
for example, certainly has his detractors (Ref. 32),
which just goes to illustrate the difficulty someone
from outside the debate has in finding a robust and
impartial answer. After 18 months of high oil prices
it seems at least that the economics view has now a
stronger hand in the debate.
For the purposes of the forecast we do not need to
declare a winner on one side or the other. We should
simply question whether it is necessary or high priority
to have a ‘peak oil’ scenario in the Challenges of Growth
2013 study: the results might be expected to be similar
(depending on the assumptions about the timing of
the peak, of course). In that case the existing result of
40% growth over 20 years might be considered to be
a useful template, without the need to re-evaluate in
great detail.

The catch is that an increase in supply of oil could
provoke new regulation designed to discourage the
use of fossil fuels by other means. This is considered in
the next section.

reactive: both airlines and regulators are responding to
external conditions, to each other’s behaviour and to
the success of their own previous actions in a set of
slow feedback loops (Figure 13). For example:
n

5.5

Regulation and taxes

The hangover of State and personal debt
seems likely to lead to more, and morecentralised regulation of aviation; leaving
States to focus on deriving revenue from the
Industry through taxation.

		
		
		
		
		
		
		
n

The most-likely scenario from the LTF2010 (Ref. 5) was
Scenario C, titled ‘Regulated Growth’, reflecting the
view that regulation is both influential in determining
the rate of traffic growth and is expected to remain
an important feature of the air transport market for
the foreseeable future (see Figure 12). ‘Regulation’ is
taken to include both national regulation, such as the
general trend to de-regulation around 1990 in Europe
which enabled the emergence of the low-cost carriers,
and international regulation such as air services
agreements which in some cases constrain supply, and
therefore their removal leads to a significant jump in
traffic (see section 5.2).
Aviation was not the only industry that saw the tide
of regulation going out over the last thirty years.
However, recent experience in the financial industry
in particular has led to the growing popularity of
the view that it is time for the tide to turn again, for
that industry at least. For aviation, the picture is more
mixed: de-regulation started more that 20 years ago in
the European Union, but Turkey (1982 and then more
successfully for its domestic market in 2003, Ref. 33)
and the Ukraine (temporarily in 2002, Ref. 34) have
experimented more recently. If there is a suggestion
of a return to regulation in Europe, it is neither about
airline ownership, nor about which States they can fly
in, nor which routes nor at which price. Instead there
have been moves to regulate on quality of service and
on emissions, while more locally there seems to be an
increasing tendency to restrict operations, particularly
at night.
Just because a reduction has been the trend for the last
30 years, it clearly is an over-simplification to think that
in the long-term the amount of regulatory control can
only reduce. In practice the effects are more subtle and
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Airlines respond to new opportunities
created by changes in regulation, and then
adapt to the profitability of such opportunities
as that becomes more evident. The expansion
of air traffic after EU enlargement in 2004
is an example of that followed by, on some
routes, retrenchment where the market was
not as large as expected.
Regulators pick up on perceptions of
imbalances or imperfections in the market
and regulate to address these, such as in
transparency of pricing or rights in case of
cancellations. Where regulation turns out to
have unintended consequences, revisions
might be proposed. They also respond to
the accumulation of scientific evidence in less
well-understood areas; regulation on local
air quality is an example of this, and in future,
better understanding of non-CO2 impacts of
aviation, such as contrails and en route NOx
might or might not trigger new regulation.

External
effects

Airlines Adapt
Business Models

Regulators Adapt
Regulation

Figure 13: A slow feedback loop of regulation
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Strictly speaking, the 20-year forecast starts from
the end of the 7-year forecast, so the principal
interest in designing forecast scenarios is from 2020
onwards. Nevertheless, the hangover of personal and
government debt from the recent economic crisis
cannot be ignored. In particular, within the European
Union high levels of government debt are likely to
lead to more, centralised regulation for three parallel
reasons:
n

		
		
		
		
n

		
		
		
		
		

Firstly, States have less money for infrastructure
projects, so an increasing proportion of
such funds will be centralised, through the
European Commission, even if the overall
amount may not increase.
Secondly, States will be less able to support
restructuring of national airlines, leading
to more mergers and failures. Concentration
of the market will in turn encourage further
regulation to counter-balance the increased
market power of larger airline groups.

n
Thirdly, as civil services contract, individual
		States will be less able to staff an aviation
		
regulator which in any case will have a
		
dwindling set of powers. Residual functions
		
are likely to be shared between States, with
		
sovereignty becoming less of a constraint
		
at least for civil aviation. The experience of
		
building functional airspace blocks, however,
		
suggests that this could be a slow process.

Put together, these three effects point both to a likely
increase in regulation, and in the EU to it becoming
more centralised. Such effects will eventually reach
beyond the EU into neighbouring States of the
European Common Aviation Area (ECAA) under the
principle by which they adopt the acquis of EU law.
There still remains a role for States, and we have already
seen plenty of recent examples of this. Besides the
Emissions Trading Scheme (ETS), individual States have
made significant changes to the taxation of aviation
in recent years to give a few examples: from small
‘solidarity’ taxes in France; to much larger departure
taxes in Austria, Germany and the UK; to taxes that
were tried and abandoned in the Netherlands; to
discussed but never implemented in Belgium. Aviation
is increasingly seen as a source of revenue, and that
seems unlikely to change before 2020 as the debt
mountains prove slow to pay off. The difficulty this
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creates for aviation is the rapidity of potential change:
a tax may come or, more rarely, go within a matter
of months, even within the seasonal planning cycle.
Airlines have little choice but to pass these taxes moreor-less in full to passengers who, with a lag, respond by
flying less and adding yet another twist to the curve of
traffic growth.

5.6

Migration

The link between migration and air traffic
is clear but variable. For the forecast the
challenge is to decide whether potential
future patterns of migration are as significant
as those of the 2000s and, if so, to capture
them in the scenarios.
Few would dispute that there have been significant
migrations within Europe, or that these have influenced
the growth of air traffic. That Germany in 2003 had five
times more flights to Turkey than did the UK must owe
something to the Gastarbeiter who arrived in Germany
from South-East Europe in earlier decades to support
the Wirtschaftswunder. Meanwhile in the UK, after the
migration following the 2004 expansion of the EU,
visiting friends and family (VFF) has become a more
important reason for flying than is business (37% VFF
versus 29% for business even at Heathrow, Ref. 35,
p119).
To quantify the relationship between migration and air
traffic is more difficult. Within the EU data on migration
are incomplete, since different States have different
processes for logging immigration or the status of
their residents. Figure 14 shows data from two States
selected because they have fairly complete data on the
country of birth of their residents: Spain and Sweden.
Spain has almost 5 times the population of Sweden.
The horizontal scales are selected in rough proportion
to this so that the length of bar indicates roughly the
same percentage of the total residents.
Over the same period, for Spain, the number of flights
to Bulgaria increased by a factor of 5, to Poland by 3
and Romania by a factor of 9, while the change for
Germany and the UK was around 5%. Sweden saw a
doubling of the number of Polish flights, though the
number of flights to Romania remains very small (and
fell). Figure 15 shows a range of comparisons between

change of resident numbers between 2003 and 2009
and change in seats flown over the same period. The
figure is cropped to exclude some extreme outlying
cases such as Sweden-Slovakia where the aircraft flown
in 2003 typically had under 20 seats and now have
around 130 seats.

the diagonal line of equality on the figure, there are
plenty of cases where significant migration brings little
in extra flights. In this sample it seems to be more
often that the increase in residence is larger than that
of seats flown. These data show a link, but suggest it
would be difficult to build a predictive model: each
extra resident is linked to a median 3 seats/year for
Spain and 6 for Sweden, but with very wide variation.

So, while the changes in flight counts are in some
cases of the same order as the net migration, ie near

Figure 14: Some evidence of migration (horizontal scales in proportion to total population)
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Figure 15: Comparison of changes in residency and seats flown (figure is cropped)

Looking ahead to future migrations, as in the past these
are likely to be driven by economic reasons. Bearing
in mind the population data in Figure 6, it’s clear that
Turkey and the Ukraine are the most populous local
States where there is not already full freedom to move
and work within Europe. In that sense, they represent
the greatest potential for further migrations of the sort
seen during the 2000s as a result of EU expansion. In
the current economic climate there appears to be little
appetite within the EU for that sort of expansion, and
perhaps cooling enthusiasm in Turkey too. However,
the 20-year span of the forecast provides space for
the situation to change. Two scenario storylines
could encourage such an effect: firstly, the ageing
population in some parts of Europe needing to draw
on more youthful populations elsewhere to provide
support in old age; secondly, as labour costs rise in
Asia and the fuel price increases, there is the potential
for some on-shoring of manufacturing, which could
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require additional employees. Given the population
of these States, the size of the potential impact is
sufficient that this migration effect must be a good
candidate for inclusion in one or more scenarios.
That case of migration is more pull than push: migrants
attracted by better opportunities in other economies.
We should also consider the alternative, where a
worsening economic situation pushes people to
find work elsewhere. One mechanism for this could
be climate change as a result of which, in which
in one example case study (Ref. 36, case 1), rising
temperatures cause displacement of tourist traffic.
This implies economic disruption and changes in
availability of employment which could drive migrants
to seek similar work elsewhere.

5.7

New aircraft, New markets

The Boeing 787 is set to enable a new
set of city-pairs to be served. This creates
forecasting challenges, but these might apply
only to 300 flights/day by 2035 or 0.5% of
likely traffic. Prioritisation will be necessary
within the forecast process.
For forecasting purposes there are perhaps four main
trends in the development of aircraft in the coming
years. These exclude the growth of unmanned aerial
systems (UAS) which will increasingly use normal civil
airspace (section 5.8) and very-light jets and personal
flying vehicles which are discussed at the end of this
section.
n

		
		
		
		
		
n

		
		

More fuel-efficient aircraft (eg see section 3.1)
such as the A320Neo and B737Max which,
as well as supporting environmental goals,
will help airlines to control fuel costs and,
by changing the cost structure, should enable
new regional connections.
Larger aircraft, both in the sense that larger
aircraft are increasingly available, and that
there is an increasing proportion of larger

aircraft in the fleet, in particular as the A380
production climbs. Using larger aircraft on
high-volume routes both drives down costs,
and means that flight growth is on average
slower than passenger growth.

n

Smaller, longer-haul aircraft become available,
to open thinner long-haul routes, as the B787
and later the A35011 come into service.

		
		
n

		
		
		

Aircraft with lower emissions, especially noise
footprint. The fact that ICAO is currently
evaluating a noise stringency beyond Chapter
4 reflects this.

The impact of these four trends is addressed in different
parts of the forecast; the one of particular interest
here is the third, which has the potential to generate
completely new routes (Ref. 37, 38). Manchester-San
Francisco, Boston-Athens, Tel Aviv-Montreal, MunichNairobi, Geneva-Singapore, Madrid-Manila are amongst
the pairings that Boeing originally mentioned (Ref.
39) though, perhaps for commercial reasons as the
in-service dates loom, airlines can be reticent about
which routes they will actually fly. Europe should either
be on the receiving end of these links, or it will be
European carriers deploying their aircraft.

Customer name

COUNTRY

orders

Air Berlin

Germany

15

Air Europa

Spain

Air France-KLM Group

France

25

British Airways

United Kingdom

24

Icelandair

Iceland

1

LOT Polish Airlines

Poland

8

Norwegian

Norway

3

PrivatAir

Switzerland

2

Travel Service

Czech Republic

1

TUI Travel

United Kingdom

13

Virgin Atlantic Airways

United Kingdom

16

Grand Total

11

		
		
		
		
		

8

116

Figure 16:
European orders of B787
(Source: Boeing)

For thinner routes the A350-800 is the more natural competitor to the B787 than its larger cousins. We focus here on the B787 for which
there seems to have been more public discussion on new route options.
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In practice, though, the initial deployment of the B787
by European carriers (Figure 16, which excludes leasing
deals) will be onto existing routes as much as onto
entirely new ones:
n

		
		
		
		
n

		
		
		
		

Norwegian has 3 ordered (all order numbers
are from Ref. 40, and exclude leasing), with
routes from Oslo/Stockholm to New York and
Oslo-Bangkok discussed (Ref. 41), which are
not exactly new routes;
Virgin Atlantic has 16 ordered. It originally
discussed London to Honolulu and Perth as
possibilities, as well as Rio, Toronto and
Vancouver. These may be new for Virgin, but
not new city pairs.

n
LOT will put its 8 787s to serve Warsaw to
		
Tokyo, Beijing, Shanghai and Chicago. Beijing
		
and Chicago are already served with 767s by
		 LOT.

Nevertheless, it would be surprising if some at least
of these 116 Europe-based aircraft did not end up
serving new routes. Typically, aircraft of 210 seats or
more on long-haul fly around 1.5 flights/day (Ref. 42)
for about 180 flights/day or about 0.6% of the 31,000
flights/day forecast for 2018 (Ref. 43), or about 1% of
the daily passenger numbers. This volume is not large.
It will grow further. Boeing’s own forecast is for 1,440
new twin aisles over 20 years in Europe, so a simple
split amongst twin-aisle types (in Boeing’s case, 747,
777 and 787 weighted to the last of these) suggests
the 787 total might reach 300 by 2035 which would
be 450 flights/day. If non-European carriers contribute
an equal amount, that takes the total to some 900/day.
This creates forecasting issues, since it implies a need
to add routes which are not in the baseline traffic
sample and at the same time consider how much of
this passenger traffic is new (stimulated because a new
service is available) and how much is re-routed from
other routes which currently involve changing flights.
One question is whether these changes are sufficiently
high priority to merit the effort: if a third of those flights
are on new routes it would only be 300 flights/day or
0.5% of likely traffic.
This is a good illustration of the inertia in the
composition of the aircraft fleet in the sense that it
takes a considerable number of years for new aircraft to
arrive in service in sufficient numbers to influence the
overall traffic volumes; though locally – at individual
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airports, say - they can have an effect more rapidly.
Over the long-term, technological “rupture” is of course
possible, but the global, coordinated and regulated
nature of aviation is that even rupture will take time;
probably time enough to reconsider the forecast and
re-plan some sort of response.
Before the 2008 economic downturn and Eclipse’s
coincident filing for Chapter 11 bankruptcy, the
prospects for accelerated growth of flights based on
a new generation of cheaper, very-light jets (VLJs)
seemed good; though forecasters varied in the extent
of growth they saw as sustainable for VLJs. Four years
on VLJs have arrived, not in the numbers that some
predicted but enough for the nominal 6-seater group
of aircraft (in which many VLJs fall) to contribute
substantially to business aviation growth in 2011 (Ref.
44, Fig 7). So far, it is the C510 Cessna Citation Mustang
rather than the resurrected Eclipse which leads the
VLJ flight counts. The focus of marketing may have
moved towards much heavier, long-range business
jets recently, but the VLJs have not gone away. Instead
VLJs have just become a regular part of the market for
business aviation, and we plan to forecast their growth
with the rest of this market segment.
Personal air vehicles (PAV) exist in a variety of forms,
but so far have fallen far short of the large numbers
that science fiction writers have been leading us to
expect for much of the last 100 years. Recent examples,
showing how the technology is maturing, are the
PAL-V from the Netherlands (Ref. 45) and the Terrafugia
(Ref. 46). For the updated long-term forecast, we
propose to take a neutral view, remaining indifferent
to this technology on the grounds that, even if the
many legal, technical, cost and licensing issues can be
overcome, these vehicles are unlikely to be competing
for controlled airspace or for slots at congested airports.
There is a clear risk here. In communications aviation
finds its needs for spectrum now squeezed by new
mass-market communication technologies, with
mobile telephony in particular barely recognisable
compared to 20 years ago. As a more mass-market
option than VLJs (or larger passenger jets), the PAV could
yet provide serious competition in low-level airspace.
A 20-year (or even 35-year, for the 2050 horizon) forecast
gives time for that to develop. However, at a time when
road driving is on the decline (Ref. 47), and given the
relative cost of PAVs and mobile telephony, it seems
a long stretch to use one as an analogy for the other.
Hence our proposal to leave this as an unquantified
risk that we do not aim to model explicitly.

5.8

Unmanned Air Systems

Industry discussion papers suggest Europe
could have some 600 unmanned air systems
in civil service by 2020. There remain
obstacles to these operating in controlled
airspace and competing with current
commercial traffic for capacity. But by 2035
these obstacles are unlikely to remain and
the additional demand from UAS will be part
of the challenge, though it seems that this
is more likely to be in the airspace than at
congested airports.
The US FAA forecasts that some 10,000 unmanned
aircraft systems (UAS) will be in commercial service in
US airspace within five years (Ref. 48, p57), following
recent regulatory push for their development
(eg Ref. 49). While the US is seen as by far the largest
market in financial terms (Ref. 50, p2), in the EU more
than 350 different applications for UAS have been
identified (Ref. 51). The number of systems in civil
service in Europe could be around 300 by 2017 (Ref. 50,
Fig 1), but with high growth rates from that low base,
adding 80-100 per year over the following few years
(Ref. 52, Fig 2), to give nearly 60012 in service by 2020.
That compares with around 12,000 aircraft in regular
commercial service in Europe.
The over-arching principle under which UAS will
operate outside of their own segregated airspace is
that they will need to fit to the air traffic system, rather
than vice versa. The main challenge this creates is the
need to have sense-and-avoid capability, either in-built
or on the ground (or both). Within Europe, then, the
two principal factors that create uncertainty on the
rate at which civil UAS will come into European service
are:
n

		
n
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Achieving sense-and-avoid, which remains a
technological challenge;
Agreement of a regulatory framework,
for example because heavier UAS are under
EASA’s regulatory remit, while lighter ones are
the responsibility of individual States.

These factors make the forecasts for UASs up to 2020
open to fairly substantial revision, but it seems unlikely
that they will still be constraints by 2030-2035.
Once in service in controlled airspace, UAS will be
competing for capacity with existing civil traffic.
Particular issues will include: traffic complexity, as
operating modes are different to most existing traffic;
the need for additional radio frequency spectrum for
communication between UAS and ground operators;
and the impact on airport operations when operating
from airports with traditional manned aircraft (Ref. 53).
Few, if any, of the applications of UASs require
connections with passenger flights. So it seems unlikely
that future operators of UAS would aim to build a
business based on competing for slots at the most
congested European airports. The exceptions could be
cargo applications (we might speculate about shorthaul cargo feeder services by UAS, for example), but
even for these there might be some flexibility in timing
– since as we know cargo operates on a different
diurnal rhythm (Ref. 54).
As a result, the main challenge is likely to be in the form
of increased competition for airspace. This does not
just mean en route or low-level, uncontrolled airspace;
UAS could still affect airports by operating in the TMA.
Several of the suggested applications – road traffic
surveillance, support to police and other emergency
services, monitoring of urban pollution, architectural
surveys and acting as a communications relay – are
relevant to large cities; so the potential for use of TMA
airspace over the city is real.
The term ‘unmanned air system’ covers a very wide
range of aircraft types, from the lightest, hand-launched
drone operating within line-of-sight and up to a few
hundred metres altitude, to a high-altitude, long
endurance system operating at very long range and
even above normal commercial flight levels. Ultimately,
the distribution of UAS amongst these types will have
a significant influence on the type of airspace capacity
that is demanded. Price will undoubtedly be an
influence, and as a result it is likely that the smaller UAS
will be more common. But given the uncertainty in the
forecasts already, disaggregating the likely demand by
type would take us beyond the useful scope of this
report.

We assume that this is still the right order of magnitude for UAS in service in ‘Europe’ in the wider sense of the STATFOR forecasts.
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Charging regimes are one way in which airspace users
are made aware of their use of limited, shared capacity,
be that en route, terminal unit charging, or airport costs
(see first bullet of section 2.2). The current charging
schemes may not work well in this respect for UASs: for
example circular flights, where UASs depart and return
to the same airport in a single charging zone would
have zero chargeable distance for en route, even for
a UAS which patrolled for several hours in en route
airspace.
This additional demand on existing capacity makes the
growth of UASs into a significant future challenge.

5.9

An end to absorbent load factors

It seems unlikely that airlines will be able to
relax their continuing efforts to increase load
factors. But within the scope of the long-term
forecast, load factors are likely to approach
a practical limit. This means that passenger
growth will lead increasingly to higher
frequencies and larger aircraft.
We have repeatedly reported in recent years that
load factors have continued to touch historic highs.
Amongst other reasons, this is a response to the high

Figure 17:
Load factor history for
Europe and forecast
(from Ref. 43 Source:
AEA, EUROCONTROL)

Load Factor

price of fuel, but Association of European Airlines (AEA)
data show that load factors have been climbing for
much longer than the oil price peak of the last two
years (Figure 17 and Ref. 55), so in the long term this
has more to do with the gradual drive of airlines to
increase efficiency.
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From the point of view of air traffic management,
where the flight is the main unit of interest (followed
by aircraft weight), in effect climbing load factors act
to absorb growth in underlying demand. For example
the AEA figures (Ref. 55 and Ref. 56) for 2004 and 2011
show that a 16% increase in passengers translated into
a 5% decline in flights, due to a 9% increase in load
factors and a 12% increase in aircraft size13 over the
period (using statistics for total European traffic). Some
of this change will be due to changing membership
of the AEA, but the conclusion is still that some
1%/year of passenger growth has not been translated
into flight growth due to increasing load factors.
Looking forward to the forecast, the question is not
what growth has been absorbed in the past, but for
how long load factors can continue to absorb this
growth. The European average of 71.2% for 2011 is
already high14, especially since it implies a Summer
peak of nearer 80%; meanwhile other flows such as the
North Atlantic already have Summer peaks near 90%.
There are then two issues for the discussion to consider:

n

		
		
		
		
		
		
		
		
		
		
		

Population changes

The most recent UN Population forecasts
raise two different types of questions for the
2035 and 2050 traffic forecasts, concerning
population growth scenarios, and differing
growth patterns of European States.
In its 2010 projections (Ref. 57), the UN recognises a
number of uncertain factors that will significantly
influence the growth of World population this century.
To allow for these factors, it provides low, medium
and high projections that differ significantly. Figure
18 shows that at 2035 the high and low are about
7% different from the medium, rising to about 14%
by 2050. Previously, in long-term forecasts, we have
taken the medium projection; and the focus in the
forecast is in any case on the age distribution rather
than absolute population. However, the qualitative
differences between population scenarios are now
sufficiently large that the scenario-development task
will need to consider whether using the medium in
every scenario continues to be appropriate

How much higher load factors can reach;
If, say, 80% feels like an upper limit, that caps
at around 12% the additional passenger
growth that can be absorbed.
As load factors’ ability to absorb growth in
passenger demand is exhausted, whether
the balance will be taken up more in flight
frequency or more in aircraft size Over a
long-term forecast, there is clearly more
scope for the structure of the fleet to change
than in the short term. The argument about
size versus frequency has been continuing for
some years, so in that sense is not new.
The difference is that as load factors approach
their asymptote, there will be more passenger
growth for the size and frequency to share.

Figure 18: UN population projections 2010
Millions of people
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In some circumstances, this increase in aircraft size might be due to the faster growth of long-haul relative to short-haul. However, by
focusing on traffic within Europe we have to some extent controlled for this. Indeed the average stage length fell from 821km to 735km
over the period.
Some low-cost carriers tend to report even higher values, but these are calculated on an ‘as sold’ not ‘as flown’ basis, since this suits the
non-refundability of their tickets.
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The second question concerns the differing patterns of
population growth in differing European States. Figure
19 shows example data from the medium projection
for some of the larger States. In the figure:
n

Germany’s population declines;

n

Turkey’s population continues to grow rapidly
to 2035, but then slows down in the remainder
of the period;

		
		

France and the UK grow in parallel to 2035,
but then also show much slower growth for
the remaining 15 years.

n

		
		

These changes will affect the economic and social
situation in the States: substantial changes to the age
pyramid directly affecting travel demand, and pension
and medical costs affecting it more indirectly. They
will also inevitably affect the relationships between
States, in parallel with the changes in economic power.
Such factors should be explored through the forecast
scenarios.

Population (Millions)

UN Population Projections (Medium)
Figure 19:
Example of differences in
population growth
between European States.
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