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Summary

This report is part of the fourth Challenges of Growth 
study, which aims to deliver the best-achievable 
information to support long-term planning decisions for 
aviation in Europe. 

A companion report describes in detail the traffic 
forecast to 2035, and the challenges of that growth, in 
four forecast scenarios. Amongst the challenges are a 
widening capacity gap as we near 2035. Lack of airport 
capacity is not a new phenomenon. This means that 
there is plenty of evidence for how the air transport 
industry responds to lack of capacity. Some of those 
responses are already built into the forecasting model. 
But there are limits to what can be included in just four 
forecast scenarios.

It is the role of the mitigation task reported here to 
look beyond the confines of the forecast scenarios, and 
consider how the industry might mitigate the capacity 
challenges, learning from the views of the industry in the 
process.

In the 2008 mitigation study, there was a robust 
consultation with stakeholders. We continue to draw 
lessons from that consultation, since the comments still 
appear to us to be valid and relevant.  In a nutshell, the 
main area of debate comes down to a question of who, 
when an airport is congested, decides how to respond: 
airline, airport or regulator?

For Challenges of Growth 2013, we analysed seven 
different ways to mitigate the effects of airport constraints 
and two combinations of these individual methods. We 
assessed their effectiveness in terms of the percentage 
reduction in unaccommodated demand, which in the 
most-likely scenario reaches 1.9 million flights in 2035. 
Six mitigations are particularly promising:

n Larger Aircraft: Aircraft operators are limited in the 
short-and medium-term by their fleet decisions as to 
the size of aircraft they can use. Nevertheless the aver-
age size of aircraft has been increasing. We explore the 
effects of accelerating this increase on congested air-
port pairs, taking the size of aircraft operated by other 
airlines as a benchmark. The potential gain is a 15% 
reduction in unaccommodated demand, with less im-
provement in the Mediterranean region than in the 
rest of Europe.

n Additional High-Speed Train (HST): We hypothesise 
a what-if? HST network almost twice as large as 
the one that is actually planned. This would reduce 
unaccommodated demand by 11%. The effect is 
evenly spread across Europe.

n Local Alternatives: Particularly in North-West Europe 
there is no shortage of runways around major cities. 
They are not necessarily the right runways in the 
right place at the right price. Nevertheless, faced 
with capacity constraints aircraft operators tend 
to grow their business where capacity is available. 
In this mitigation we have modelled this tendency. 
The result is a 21% reduction in unaccommodated 
demand, in the most-likely scenario.

n Consensus benchmark capacity for smaller airports: 
Half of single-runway airports reported future 
capacities under 150,000 movements per year. 
These low values seem to be driven more by current 
traffic than by fundamental limits to capacity. As a 
mitigation what-if, we set the capacity of smaller 
airports to a minimum of 200,000. However, the 
challenge of airport capacity is mostly not at these 
smaller airports, so the effect of this mitigation is to 
reduce unaccommodated demand only by 10%. 

n SESAR: Airport and TMA capacity improvements 
identified by SESAR would increase total capacity 
of the 108 reporting airports by 11%. SESAR would 
then be responsible for a third of the combined 
30% increase over 2012. In the most-likely scenario 
C, the effect of this additional capacity is to reduce 
unaccommodated demand by 19%. There are 
significant gains in the North-West region, slightly 
less in the East and little effect in the Mediterranean.

n Schedule smoothing: At congested airports the 
quieter hours gradually fill up, even if airlines find 
that yields are worse for off-peak hours (off-peak 
in the day, week or year). At busy airports, traffic 
demand thus tends towards the annual profile of 
Heathrow or Frankfurt. We estimate the additional 
capacity that this brings and use this to model 
‘schedule smoothing’ as a mitigation. Although this is 
applicable only to a limited set of airports, the effect 
is to reduce unaccommodated demand by 20% in the 
most-likely scenario C.

The mitigation options are complementary in that they 
represent opportunities for different stakeholders to invest 
to reduce unaccommodated demand. We have explored 
that complementarity by analyzing two combinations: HST 
and local alternatives together with each of smaller airport 
benchmark and schedule smoothing. Gains from different 
types of mitigation can not simply be added up into 
combinations: for the HST, local alternative and schedule 
smoothing mitigations, their joint effect was a 42% 
reduction in unaccommodated demand, 10 percentage 
points lower than the sum of their individual effects.
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So the best solution analysed here, a combination of 
mitigations, reduces unaccommodated demand by 
42% in 2035. That enables up to 800,000 flights that 
otherwise would not be able to operate; that is perhaps 
50 million passengers able to make their there-and-
back journey.

This mitigation task has allowed us to look beyond the 
constraints of the four forecasting scenarios to what 
could be done to address the capacity gap at airports. 
Each of the mitigations explored is based on what the 
industry has already done when capacity is short. While 
passengers and shippers will gain from additional 
connectivity, there are also costs that mean none of the 
mitigations is likely to be achieved in full. 

The mitigation methods underestimate the imple-
mentation difficulties, environmental and otherwise. 
Even with this built-in optimism, none of them meets 
even half of the unaccommodated demand. So, new 
infrastructure will inevitably need to be part of the 
bridge over the capacity gap. Numerically, airport plans 
are at least nine runways short, impossibly spread over 
21 cities. There are evident difficulties in achieving 
infrastructure growth in Europe, at the locations where 
the capacity is needed. Even in regions where expansion 
is currently possible, the difficulty will increase as the 
population grows and becomes more prosperous.

Mitigation asks: if we cannot build new infrastructure, 
what can we do to squeeze more out of what already 
exists? The methods here are somewhat idealised to 
allow analysis that is data-driven, airport-specific and 
yet has a Europe-wide scope. A more detailed answer 
would have been possible, but that apparent precision 
would add little certainty. Uncertainty is inescapable in 
a 2035 forecast.

In reality we would expect the industry to use a little of 
each of the seven methods, and also resort to building 
new runways, just as it has in the past. So this ‘best’ 
combination of three is not a proposal of a best option 
that should be implemented, but instead an indication 
of what the priority actions might be, with an upper 
band on their likely effectiveness, if new runways are 
not achievable.
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The Challenges of Growth series of studies aims to deliver the best-achievable information to support long-term planning 
decisions for aviation in Europe. EUROCONTROL completed three studies, in 2001, 2004 and 2008. This report is part of the 
fourth study, Challenges of Growth 2013 (CG13), which overall addresses the following question: 

What are the challenges of growth for commercial aviation in Europe between now and both 
2035 and 2050?

The mainstream analysis of CG13 is in the traffic forecasts (tasks 4 Ref. 1 and 7 Ref. 2) and congestion modelling 
(task 6, Ref. 3). These tasks set out how aviation might look in 2035 and 2050 and what the challenges might be. The aim 
of the task here, task 5 mitigation, is to complement these forecast tasks by looking at a number of what-if? scenarios, 
or ‘mitigation methods’. Each what-if? scenario explores a way in which the impact of the challenges might be reduced, 
hence reducing unaccommodated demand.

For a summary of the traffic forecast see the 2035 forecast report (Ref 1).

1. Introduction
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2. Lessons from Challenges of Growth 2008

The mitigation study for Challenges of Growth 2008 
(CG08) drew closely on the views of stakeholders, by 
starting with a questionnaire and interview process, 
before designing and then modelling the mitigation 
methods. Nevertheless, there were lively differences of 
views between stakeholders; and for the 2013 update 
we continue to draw on the differing views that were 
expressed, since many of the comments appear to us to 
still be both valid (since stakeholders’ business models 
have not changed substantially since then) and also 
relevant (since the mitigation methods this time are 
sufficiently similar to 2008). 

This section briefly explains the methods used in 2008 
and the areas of debate. We will pick up again on 
stakeholder comments in the individual sections later 
in the report.

In the 2008 mitigation study, there was a robust consultation with stakeholders.
This time we continue to draw lessons from that consultation, since the comments still 
appear to us to be valid and relevant.  In a nutshell, the main area of debate comes 
down to a question of who, when an airport is congested, decides how to respond: 
airline, airport or regulator?
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Mitigation

2.1 Five mitigation methods   
  in 2008

The 2008 issue of Challenges of Growth investigated 5 
mitigation methods (Ref 4,5):

n Schedule smoothing: Moving flights to times of day 
when more capacity is available.

n Alternative airports: Moving excess traffic to 
secondary or regional airports.

n Larger aircraft: Capping frequencies and accelerating 
the introduction of larger aircraft on congested 
airport pairs.

n High-speed trains: Accelerated investment in the 
high-speed train network, beyond existing plans.

n Best-in-class and SESAR: Assume that if necessary 
airports can invest to benefit from SESAR 
technologies, and bring their capacities near to the 
highest for their runway configuration.

Of these, alternative airports 
and the best-in-class methods 
performed best, both reducing 
unaccommodated demand 
by 30%-40% in 2030 in the 
most-likely and high-growth 
scenarios (see Figure 1).

Figure 1. Mitigation 
summary from CG08 (for 
comparison with the new 
results presented later) 
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2.2 Discussion

For the first two methods, the main area of discussion 
might be considered as a difference of interpretation 
between stakeholders over who is doing the ‘moving’. 
As the CG08 report noted, to some extent these effects 
happen anyway:

n Airlines do add frequencies at times when slots are 
available, out of necessity. 

n They add flights at times when they have available 
aircraft, out of necessity. 

n More growth happens at airports where there is 
both demand and capacity, again, out of necessity. 

In recent years, as the short-haul offering in Europe 
continues to evolve, we have repeatedly seen airlines 
discussing how they will increase utilisation to maximise 
the use of their aircraft. This can mean pushing the 
length of the operating day, or re-basing aircraft to get 
a smoother or cheaper daily pattern. Airlines that have 
been growing more quickly have based their expansion 
plans around airports where there is capacity (as well 
as where they can opportunistically get slots at more 
constrained airports). Any of these can result in effects 
which are essentially indistinguishable from ‘schedule 
smoothing’ or ‘alternative airports’ as they were 
modelled in CG08.

In discussions with operational stakeholders, there was 
resistance to such methods if there was a possibility 
that it was not they, but some regulator who would 
decide on the ‘move’. This is an understandable 
position, but in the end Challenges of Growth does 
not need to know who made the decision, or what 
was the immediate cause: airline strategy, airport 
pricing policy, infrastructure policy, or anything else. 
The only requirement is to establish that these effects 
do happen, and hence to derive realistic what-if? 
mitigation scenarios.
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3. Introducing mitigation what-ifs?

3.1 The capacity challenge

The challenges of growth, including lack of airport capacity, are discussed in the summary (Ref. 12) report and the 20-year 
forecast report (Ref. 1). The forecast comprises four scenarios, each describing a separate possible future from 2019 (the 
end of the 7-year forecast “MTF”) to 2035. They are:

n A: Strong Global Growth with technology used to mitigate effects of sustainability challenges. 

n C: Moderate Growth Regulated to reconcile demand with sustainability issues. (considered the Most-Likely scenario)

n C’: Like C but with a fragile Europe adapting to Happy Localism, i.e. looking increasingly inwards.

n D: A Fragmenting World of increasing regional tensions and reduced globalisation. 

In the most-likely scenario C, demand for 1.9 million flights cannot be accommodated due to airport capacity in the 
ESRA08 geographical region. In scenarios A, C’ and D unaccommodated flights are 4.4, 1.0 and 0.2 million, respectively. 
Reducing these numbers is the focus of the present task.

For Challenges of Growth 2013, we have analysed seven different ways to mitigate the 
effects of airport constraints and two combinations of these individual methods. 
We assess their effectiveness in terms of the percentage reduction in unaccommodated 
demand.

Figure 2. The ESRA08 region has three sub-regions: North-West, East and Mediterranean
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3.2 Reducing the capacity   
  challenge

For this task we have analysed seven different mitigation 
what-ifs. Each what-if captures a different way in which the 
air transport industry and governments already respond 
when there is airport congestion. In each case, there are 
limits due to business constraints such as yield and aircraft 
availability. These limits will be discussed in the individual 
sections.

This is not an exhaustive list of methods for increasing 
airport capacity. For example, we do not discuss aligning 
airport and flow management slots, nor adding rapid-exit 
taxiways. Our mitigation options are at a more strategic 
level, and the assumption is that a range of techniques 
would need to be applied to make the mitigation methods 
work, amongst which would be taxiway design etc. 

In no particular order of priority, they methods are:

n Accelerated shift to larger aircraft;

n Additional investment in the high-speed train (HST) 
network;

n Use of alternative airports:

n By modelling the use of specific local alternatives 
to the main airports of Europe;

n By pooling the capacity of a city’s airports into a 
city-airport cluster;

n Consensus benchmark throughput applied to 
smaller airports only, to allow for the fact that some 
smaller airports have a relatively short planning horizon;

n SESAR improvements building on the most recent 
analysis from SESAR;

n Schedule smoothing using a template from congested 
airports that indicates how demand fills out across the 
days, weeks and seasons as an airport becomes more 
congested, but sticking to each airport’s own hourly 
capacity.

We also analyse two combinations of complementary 
methods.

We provide more detailed discussion of some parts of the 
what-if methodology in Annex B. 

3.3 Measuring what-ifs?

Each mitigation what-if? method is reported in the 
same way: as a percentage of the unaccommodated 
demand that can be accommodated if the mitigation 
is applied. This is the same format as in CG08. 

For speed and ease of analysis, the results are based 
on the aggregate of the effect at individual airports. 
In theory this leads to double counting both of the 
unaccommodated demand, and of the mitigation, 
since a flight may be unaccommodated at the 
departure airport or the destination airport or both. 
When the difference is reported in percentage terms, 
as here, the effect of this approximation is relatively 
small, and we do not believe it affects the ranking of 
options.
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4. New infrastructure and local limits

Mitigation asks: if we cannot build new infrastructure, what can we do to squeeze more 
out of what already exists? The methods here are somewhat idealised to allow analysis 
that is data-driven, airport-specific and yet has a Europe-wide scope. A more detailed 
answer would have been possible, but that apparent precision would add little certainty. 
Uncertainty is inescapable in a 2035 forecast.

The mitigation methods underestimate the implementation difficulties, environmental 
and otherwise. Even with this built-in optimism, none of them meets even half of the 
unaccommodated demand. So, new infrastructure will inevitably need to be part of the 
bridge over the capacity gap. Numerically, airport plans are at least nine runways short, 
impossibly spread over 21 cities. There are evident difficulties in achieving infrastructure 
growth in Europe, at the locations where the capacity is needed. Even in regions where 
expansion is currently possible, the difficulty will increase as the population grows and 
becomes more prosperous.

4.1 An incomplete solution

The mitigation methods analysed for this study and 
reported in sections 5 to 12 really address the question: 
if we cannot build new infrastructure, what can we do 
to squeeze more out of what already exists? 

As we will see, the methods are somewhat idealised to 
allow analysis that is data-driven, airport-specific and 
yet takes in a Europe-wide scope, within the time and 
resources that were available. A more precise analysis 
would have required discussions for individual airports 
with the airport, the local airlines and community. 
Even then, the difficulties of resolving the different 
perspectives on the future might not have led to 
a conclusive answer: a more detailed answer, but 
apparent precision that in reality adds little certainty. 
Uncertainty is inescapable in a 2035 forecast.

So the method chosen was fit for purpose even though, 
as we will discuss, it probably leads to a degree of 
optimism in the results. It is likely that we underestimate 
the local difficulties in implementing the method. 

In particular, there are environmental and other local 
limits which might be under-represented in the survey 
data: local air quality standards; noise restrictions; 
operating hour agreements; airspace constraints etc. 
In the airport data collection, only 3 of 108 airports 
reported environmental restrictions, which expert 
assessment suggests is a significantly under reported 

number. In the future, everything points to these 
becoming more prevalent, to give just four examples: 
local agreements to increase capacity at some times 
of the day in exchange for tighter curfew rules; 
indications that residents’ sensitivity to noise increases 
as noise levels decline (Ref. 1, Section 5); local air quality 
regulations that encompass ground transport as well 
as ground movement of aircraft; cities growing ever 
closer to the airport. As we mention elsewhere, several 
airports instructed us to assume 24/7 operation was 
possible – to convert an hourly capacity to an annual; 
the available operating hours certainly cannot be more 
than this, but fewer hours seems quite likely.

In section 13.2 we will return to this theme, but here we 
note that several of the mitigation methods hypothesise 
use of capacity elsewhere to compensate for lack of 
capacity at an airport. This expands the footprint of the 
environmental effects and is not a cost-free solution.

4.2 New infrastructure

So these mitigation methods are optimistic, and even 
then none of them even in combination meets half of 
the unaccommodated demand. New infrastructure will 
inevitably need to be part of the solution to bridging 
the capacity gap. We do not analyse this as a ‘mitigation’, 
but can here put some numbers to help provide a scale 
for the problem.
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Historically, new airports have either supplemented 
existing airports, or allowed existing airports to be 
adapted for other types of traffic, or sometimes 
replaced them entirely. Replacement is not always 
successful, when the old one continues to be more 
popular. Equally, a new airport in the wrong place will 
not have a happy future. Examples of this are evidence 
to counter the argument that there are already 2,000 
airports with IFR traffic in Europe so we can hardly 
need more. The right location is a necessary condition 
for success (but not sufficient on its own to guarantee 
success). 

Runway and airport construction is needed, but there 
are evident difficulties in achieving this in Europe, at the 
locations where the capacity is needed. Building may 
be easier currently in some parts of Europe than others; 
but this is also where demand growth is faster and 
population growth higher too. As the population grows 
and grows more prosperous, it will simultaneously 
drive demand for flying, compete for land with airport 
expansion and have growing expectations that 
increasingly act as environmental limits to growth. So 
the ease of construction will decline by 2035.

In the most-likely scenario C, demand for 1.9 million 
flights is unaccommodated. In some cases these flights 
are constrained at both arrival and departure airport, 
so the additional runway capacity needed would be 2.2 
million airport movements (arrivals and departures). 
2.2 million movements is nine runways operated as 
intensively as Gatwick. If built as additional runways at 
existing airports the gain in capacity would be less than 
this, so the infrastructure-intensive approach to solving 
the lack of capacity is to build at least nine runways.

However, the capacity gap is widely distributed across 
the region: at 24 different airports distributed across 21 
different cities in 2035 in scenario C. So nine runways 
is not the full solution. Even if 9 could be achieved, at 
least 12 cities would be short of runways.
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5. Larger Aircraft

Aircraft operators are limited in the short-and medium-term by their fleet decisions as 
to the size of aircraft they can use. Nevertheless the average size of aircraft has been 
increasing. We explore the effects of accelerating this increase on congested airport 
pairs, taking the size of aircraft operated by other airlines as a benchmark. 
The potential gain is a 15% reduction in unaccommodated demand, with less improve-
ment in the Mediterranean region than in the rest of Europe.

5.1 Business Context

An airline’s choices about the aircraft to use are 
constrained by long-term fleet decisions and the flight-
deck crew skills that go with it. Leases may add some 
flexibility, but changes to the plan still have a cost. 
Nevertheless, over periods of tens of years, the overall 
structure of the fleet can and does change substantially: 
think of the decline of the sub-50-seaters, the arrival of 
the regional jets, the up-gauging of low-cost carrier 
aircraft, reduction in seat pitch, exchange of business 
for economy seating, or the accelerated retirements 
that followed in the wake of higher fuel prices or 
noise stringencies. All of these have the potential 
to increase the number of passengers carried per 
flight (“up-gauging”), even without mentioning the 
continuing increase in load factors.

When an airport is congested, an airline may seek 
to increase throughput by up-gauging. This is 
likely to be reinforced by the airport itself, perhaps 
through landing charges that favour larger aircraft, 
and will be further reinforced by any economies of 
scale of operating larger aircraft. Figure 3 includes 
an example showing up-gauging at London/
Heathrow (EGLL, bottom left), from around 180 to 
200 seats per aircraft (estimated from average seats 
per aircraft type). On these data, however, it is not 
as constant a process as might be expected; there 
has been little net up-gauging at Heathrow since 
2005. In the figure, up-gauging is also obvious at 
Stansted (EGSS); the shift to B737-800s by Ryanair 
will be a major contributor to this, but this was 
more driven by economics than congestion – so 
congestion is not the only cause of a change in 
aircraft size.

Figure 3. Growth indicators at five London airports
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The long-term forecast already builds in some 
assumptions about how aircraft sizes will develop (Ref 
1). The mitigation method described here therefore 
involves looking at enhanced scenarios for up-gauging. 
Essentially, the mitigation assumes that, seeing a 
capacity challenge, airlines respond with faster or more 
extensive up-gauging on particular flows.

There are also regulatory approaches which would 
encourage up-gauging. At one extreme would be a 
cap on the number of times that particular airport-
pairs could be flown in a day. In the 2008 stakeholder 
consultation, no airlines were in favour of artificial 
capping of frequencies. Hub-and-spoke airlines saw 
scope for up-gauging, while low-cost in general did 
not. So here we aim to find a level of up-gauging which 
is consistent with what has been seen historically, and 
could be expected to be market-driven rather than 
reflecting some enforced cap on frequencies.
 

5.2 Analysis Method
For the analysis we explore three factors that drive 
aircraft size: traffic density, distance and competition. 
Other things being equal, higher traffic density and 
longer distances tend to mean larger aircraft, while the 
presence of competition can lead to smaller aircraft. We 

look at airport pairs where the opposite is occurring; 
we say that airport pair AB is locally better (in the sense 
of operating larger aircraft in congested circumstances) 
than airport pair CD if all of the following are true:

n both AB and CD have a monopoly service, or both 
see competition; 

n CD is further than AB in terms of great circle 
distance, the logic being that larger aircraft are 
normally more efficient at longer distances;

n CD involves more passengers than AB, since there 
is more opportunity to use larger aircraft on busier 
airport pairs;

n in spite of these three being true, CD uses smaller 
aircraft on average than AB.

We restrict the analysis to busy, short-haul airport pairs, 
defined here as less than 1500 km and more than 10 
flights per day (total of both directions). 

Examining current rather than forecast data, and with 
all of these criteria being true, Figure 4 illustrates the 
process. The figure shows that relatively large aircraft 
are used on the route between Alicante and Madrid, ie 
Alicante-Madrid is ‘better’ than 13 other airport-pairs in 
the manner just defined. If this size of aircraft were used 
on the 13 other airport pairs then the number of flights 
could be reduced by just over 7,000.

Figure 4. Example for this mitigation (based on current data)

                          Locally best airport pair  Number of other pairs Total Flights Maximum Percentage 
   it improves on Saved Saving

 ADANA-SAKIRPASA  ISTANBUL/SABIHA  10 11,065 21.5% 

 ALICANTE  MADRID BARAJAS  13   7,067 30.1% 

 ANTALYA  ISTANBUL/SABIHA    4   6,423 28.7% 

 ATHINAI E. VENIZELOS  KHANIA SOUDA    3   4,296 31.4% 

 BARCELONA  FRANKFURT MAIN    1       562 9.7% 

Several rows omitted for this example

 STUTTGART  DUESSELDORF    4   2,963 22.9% 

  MUENCHEN 2    3   3,058 37.1% 

 TEGEL-BERLIN  NUERNBERG    4   2,972 36.4% 

 TROMSO/LANGNES  BODO    6   6,914 38.7% 

 VENEZIA TESSERA  NAPOLI CAPODICHINO    2       723 10.5% 

 ZURICH  BARCELONA  34 29,953 26.2% 

  MILANO MALPENSA    1         97   2.2% 
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5.3 Results

Figure 5 shows some characteristics of the airport pairs 
selected as benchmarks. Each airport pair appears in 
the left-hand and in the right-hand diagram (at the 
same height). So the benchmark with the greatest 
number of seats, 196, is one which is around 1050km 
and has 1 million seats flown per year (at 2035 load 
factors). This particular benchmark value is one of 5 
having a significant impact on unaccommodated 
demand (reduction of more than 10,000 flights). The 
figure illustrates that number of passengers drives 
aircraft size more clearly than distance.

Overall, the effect of applying these benchmarks to 
other airports is to reduce unaccommodated demand 
by 15% in the most-likely scenario, C: Regulated 
Growth. Figure 6 illustrates this. The effect is very 
similar in percentage terms in both scenario A and 
scenario C’. In scenario D, where there is already an 
accelerated moved to larger aircraft, the gain is just 
10%.

Figure 5. Airport-pairs with best seats/flight 
(Scenario C, airport-pairs with competition, 2035)

The figure also illustrates that this approach is more 
effective in the North West and East of the ESRA 
region. In scenario C, all but one of the 11 constrained 
airports in ESRA North-West draw some benefit from 
this mitigation method. This contrasts with ESRA 
Mediterranean, where only one airport sees a reduction 
in unaccommodated demand. The implication is that 
in the Mediterranean region, there has already been 
more of the shift towards using larger aircraft.

These reductions in unaccommodated demand are 
being achieved while still reflecting the behaviours 
of existing aircraft operators. In particular it is 
noticeable in Figure 5 that a 200-seater threshold 
is being respected; crossing this threshold has cost 
and operational implications for an airline. In CG08, 
low-cost airlines observed that frequency capping 
could be detrimental to their business, since they 
operate single aircraft types. The evidence from Figure 
5 is that the benefits of this mitigation are not pushing 
towards aircraft sizes significantly beyond those 
typically operated by low-cost carriers.

We have not analysed fuel and emissions for these 
results. This mitigation may require some investment 
by airframe and engine manufacturers to improve the 
efficiency of larger aircraft at shorter distances.
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Figure 6. Results for Accelerated shift to Larger Aircraft
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6.1 Business Context

A reduction in rail travel time between two cities 
increases the share that rail has of the passenger 
market. There are caveats that limit the size of the 
eff ect – frequency of rail service, price, station location, 
fl ight frequency etc – but, other things being equal, 
improvements to the speed of high-speed train (HST) 
reduce the number of fl ights. 

The four scenarios used in the 2035 forecast already 
include assumptions about how the HST network will 
develop, based on published plans. In the STATFOR 
forecast method, these network improvements 
affect demand according to a model (Ref. 6) that is 
summarised in Figure 7. 

One way to mitigate congestion at airports is to 
accelerate or increase investment in HST. As the Task 3 
report (Ref. 7) discusses, this is unlikely to be justifi able 
purely on aviation grounds, nevertheless there is 

6. Additional High-Speed train Investment

A hypothetical HST network almost twice as large as the one that is actually planned 
would reduce unaccommodated demand by 11%. The eff ect is evenly spread across the 
region.

political momentum behind the continued expansion 
of the network. The target from the EU Transport White 
Paper (see Task 3 report, section 2.2) is for an HST 
network that is 3 times longer than the current one, 
which was 6830km in 2011 (Ref. 8). But with recent 
cuts to the Connecting Europe Facility as well as to 
national budgets, such an increase looks unlikely, even 
as a hypothetical what-if? Therefore, for this mitigation, 
we target around a doubling of the connections; rather 
less than might have been hoped a few years ago.

6.2 Analysis method
Likely length of rail infrastructure is time-consuming to 
estimate, so for simplicity of analysis we have targeted 
an approximate doubling of the number of connections 
and cities connected to the network. This has the added 
advantage that it is also applicable outside the EU. As in 
2008, we used the long-term forecast tool to model the 
impact of an extended HST network.
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Figure 7. Model of eff ects of rail travel time
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To obtain the new connections shown in Figure 8, we 
applied the following steps:

n Identify those city pairs with more than 20 fl ights/
day in 2035 (total in both directions) and a great 
circle distance under 500km.

n Eliminate those which are island-based and appear 
infeasible as HST links. Crossing for the Bosphorus, 
Baltic at Copenhagen, Calais-Dover have been 
built or discussed, so can be allowed, but other sea 
crossings are eliminated.

n Set aside those city pairs with existing HST links, or 
planned links that are already built into the forecast. 
The remaining city pairs are the new pairs for this 
what-if?

n Use the average achieved speed on known HST 
links as the speed for these new pairs. This is around 
140km/hour in the 2035 forecast. Although this 
sounds low compared to 250-300km/hour cruising 
speeds, it allows for delays for intermediate stops, 

and the fact that the true distance travelled is 
longer than the great circle distance shown on the 
map and against which this speed is calculated. 
(Those which are plotted across the sea in Figure 8 
are assigned longer times to allow for the detour to 
follow the land.)

n For the travel time before HST, use current times 
where available. Where they are not available, use 
an average of 80km/hour as an average speed for 
pre-HST long-haul rail links. This is the median of 
the observed speeds in a sample of data from the 
20-year and 7-year forecasts. 

n Use these speeds to calculate a before and after 
travel time.

n Feed these alternative HST travel times into the LTF 
and compare with the main results.

Figure 8. What-if? HST city-pairs 
used in CG13 mitigation study 
approximately doubles the scope of 
the planned network. (Dotted lines 
are those involved in the 2012-2019 
forecast.)
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6.3 Results

The outcome of the conditions just described is an 
additional 75 city pair links by 2035, and a network 
that connects 115 cities in total. In the baseline forecast 
2035, the HST network connects 61 cities with 97 
links. So, as in Challenges of Growth 2008, we have 
approximately doubled the scope of (i.e. number of 
cities in) the network.

In scenario C, the reduction in unaccommodated 
demand is 11%, with larger effects in the lower-growth 
scenarios C’ and D. Figure 9 illustrates these results. 
Scenario A already has an extended investment in HST, 
so the effect is somewhat smaller.

Figure 9. Mitigation from 
additional investment in HST
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In regional terms, the effect is evenly spread through 
the ESRA.

The effect of this mitigation action is considerably 
larger than that reported in CG08. One of the principal 
reasons for this is that this time the mitigation network 
in Turkey is more extensive; recent and forecast traffic 
growth brings considerably more city pairs in Turkey 
above the 20 flights per day threshold. This more-
extensive network complements the high level of 
unaccommodated demand at some Turkish airports; 
around half of the 11% that is recovered is within 
Turkey.

In each scenario and region, approximately half of 
constrained airports see some improvement of the 

situation as a result of this extended 
HST investment.

In summary, by hypothesising a what-
if? HST network with twice the scope 
of the one that is actually planned, 
our mitigation method reduces 
unaccommodated demand by 11%. 
The effect is evenly distributed across 
the region.



Challenges of Growth 2013   Task 5: Mitigation of the Challenges 21

7.1 Business Context

We have already seen in Figure 3 that in London much 
of the flight growth has been at other airports besides 
Heathrow: especially at Stansted and Luton (see 
Figure 32 in Annex A). This illustrates how the growth 
at alternative airports is not always by the carrier 
experiencing most congestion at the main airport. 
Other examples of alternative airports is the growth 
of Istanbul/Sabiha Gökcen (LTFJ) given the congestion 
at Istanbul/Ataturk (LTBA). See Figure 10. At longer 
distances, we could also give the example of Munich 
picking up some of the excess demand at Frankfurt.

7. Local Alternative Airports

Particularly in North-West Europe there is no shortage of runways around major 
cities. They are not necessarily the right runways in the right place at the right price. 
Nevertheless, faced with capacity constraints aircraft operators tend to grow their 
business where capacity is available. In this mitigation we have modelled this tendency. 
The result is a 21% reduction in unaccommodated demand, in the most-likely scenario.

So, there is no shortage of evidence that congestion 
at one airport can drive growth to other airports. That 
growth might be by the same airline or a different one. 
The challenge is to come up with a mitigation scenario 
that describes what might happen at a particular 
constrained airport, and that is likely to depend on the 
airport. 

In the 2008 study, we explored with stakeholders the 
business realities of the use of alternative airports. The 
mitigation report (Ref. 9) discusses in detail the issues 
that stakeholders raised. From an airline perspective 
these issues are all linked to the pivotal question: would 
passengers be prepared to go to (willing to pay the 

Figure 10. Relative growth at Istanbul airports
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price at) these alternative airports? There are additional 
questions linked to environmental or other capacity 
issues at the alternative airports or in their TMA. Some 
of the diff erences of opinion (summarised in Figure 11) 
include:

n Hub carriers stress the diffi  culty of operating split 
hubs;

n Business aviation operators note the importance of 
ground access times to fi nal destination;

n Some low-cost carriers already exploit alternative 
airports, but noted the importance of ground 
access.

Cargo, it was assumed at the time, was more open 
to the use of alternative airports. All-cargo flights 
are a relatively small segment, around 4% of flights 
in Europe (Ref. 10). However, there is some value to 
express carriers from having belly-hold capacity on 
other airlines available (eg FedEx at LFPG), so their 
views are not likely to be entirely neutral in the matter 
of choosing alternative airports.

One hidden cost of this option is complexity in the air, 
especially in the TMA. TMA capacity can already be the 
limiting factor for an airport. Spreading traffi  c around 
a number of close neighbours could exaggerate this, 
and could in practice limit the gains available from 
alternative airports.

Figure 11. Summary 
of Stakeholder
comments on 
alternative airports
for 2008 study (Ref. 5).

The mitigation options for Challenges of Growth 2008, 
were based on these results, and used alternative 
airports for some types of fl ight, subject to a distance 
threshold.

In the intervening years, we have seen considerable 
evolution of the air transport market. The new forecast 
is also looking even further ahead, to 2035, which raises 
questions about how far the market will have changed 
further by then. Particular changes include:

n Further consolidation for the hub carriers, with 
AF/KLM, IAG and Lufthansa in particular exploring 
multi-airline, multi-hub strategies.

n The continuing growth of the Gulf-based carriers.

n The growth of the alliances and an apparent 
rapprochement between some European flag 
carriers and Gulf-based carriers.

n The continuing growth of the low-cost carriers, 
coupled with a decline in leisure charter.

n Out-sourcing of short-haul activities to lower-cost 
operators by fl ag carriers, of which there are many 
current examples: eg Finnair with FlyBe, Iberia with 
Vueling or Iberia Express, Transavia for Air France, or 
Germanwings for Lufthansa.
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7.2 Analysis Method

The fundamental needs of stakeholders expressed last 
time have not have changed. However, with trends like 
these emerging on relatively short timescales, we might 
question how realistic it is to project current business 
models directly into 2035 when designing mitigation 
actions. For example:

n Identifying ‘low-cost’ short-haul traffic based on 
current traffic statistics is unlikely to be reliable. 
Short-haul traffic might be expected predominantly 
to follow a low-cost model by 2035, though the 
extent to which this is achievable for hub feeder 
services and (other) regional links is certainly open 
for debate. We might more neutrally identify a 
portion of short-haul traffic that might be expected 
to relocate.

n The idea that only local airports are suitable 
‘alternatives’ may be too narrow; this certainly 
would exclude the Munich-Frankfurt pairing, let 
alone Paris-Amsterdam or London-Madrid that are 
current strategic options.

Responding to these concerns, in CG13 we design 
the mitigation as follows. For the busiest European 

airports, we consider how traffic might develop as 
they become more congested. We list specific what-
if? changes, for example supposing that cargo grows 
instead at an alternative airport, or that growth to 
short-haul destinations (ie in the ESRA, or in the North-
West, Mediterranean or Eastern parts of the ESRA1) is 
displaced to specific neighbouring airports. Figure 12 
gives the details and Annex A shows maps of the cities 
discussed.

Named alternative airports are, of course, hypothetical, 
since this is a what-if?. Nevertheless, some controversy 
is to be expected by naming even hypothetical airports 
that might get extra traffic. In some sense, this is more 
realistic than the anonymous redistribution in CG08, 
which might have led to the same result but, by not 
mentioning specific alternative airports, was not explicit 
about some of the potential areas for debate.

During preparation of this task, the role of airports 
outside Europe as alternatives was discussed in some 
detail. Modelling an extended role for the Gulf airports, 
for example, was considered as a further mitigation 
action. In the end, it was decided that this was a 
“mainstream” factor which needed to be included in 
the main 20-year forecast, rather than  as ‘just’ a 
mitigation. The results are therefore embedded in the 
main forecast (Ref. 1). 

From Type of traffic to Regions Amount Observation

LFPG All-Cargo All 50% LFOB/Beauvais About 10% of total flights at LFPG; 
    but given timing of cargo does it 
    really save capacity?

  Scheduled/ ESRA/ 20% LFOB/Beauvais;  
 Charter Other Europe 10% LFPT/Pontoise 

EDDF All-Cargo All 45% EDDK/Koln,  
   45% EDDP/Leipzig Though only about 5% of total

  Business Aviation All 90% EDFE/Egelsbach 

  Scheduled/ Charter ESRA/ 10% EDFH/Hahn, 
  Other Europe 20% EDDB/Berlin (Not so ‘local’)

EGLL Scheduled/ ESRA/ 20% EGKK/Gatwick, Issue of EGKK capacity? All-Cargo, 
 Charter Other Europe 15% EGSS/Stansted,  Business ~1% so not worth 
   15% EGMC/Southend modelling.

EHAM All-Cargo All 80% EHRD/Rotterdam EHAM is 5% All-Cargo 
    (2% business)

  Scheduled/ ESRA/ 10% EHLE/Lelystad 
 Charter Other Europe 20% EHEH/Eindhoven,  (EHEH and EHRD are 
   20% EHRD/Rotterdam rank 2 and 4 in NL) 

Figure 12. Hypothetical ‘local alternatives’

1   For a map of the ESRA region, see the FAQ page of www.eurocontrol.int/statfor or Figure 2.
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7.3 Results

The results are summarised in Figure 13. In the most-
likely scenario C, the effect of this mitigation is to 
reduce unaccommodated demand by 21%. In the 
lower-growth scenarios, the effectiveness of this 
mitigation is decidedly less; this difference is probably 
due to regional differences.

At some of these cities, the mitigation what-if assumes 
that growth occurs at an alternative airport for which 
we do not have a reported capacity. We checked 
future demand at each of these airports, and in no 
case did it exceed the 150,000 movements that is the 
average reported by single-runway airports to CG13. 
We conclude that we are not hitting airport capacity 

limits at these airports, although there are airports in 
that list that receive a substantial amount of additional 
traffic which would imply significant infrastructure 
investment. 

The majority of the airports to which this mitigation is 
applied (listed in Figure 12) are in the ESRA North West 
region, and this shows very clearly in the mitigation 
results since all of the improvement is in this region. 
The mitigation is also applied to four airports in the 
Mediterranean region. The reason for the lack of 
effectiveness here is either because the alternative 
airports are not sufficient, or there is only limited 
congestion anyway.
  

   

From Type of traffic to Regions Amount Observation

LEBL Scheduled/  ESRA/ 15% LEGE/Girona 
 Charter Other Europe 15% LERS/Reus

EKCH Scheduled/  ESRA/ 20% ESMS/Malmo 
 Charter Other Europe

  Business Aviation All 90% EKRK/Roskilde 

LTBA All ESRA 30% LTFJ/Sabiha Gokcen (LTBA includes the new Airport) 
  Mediterranean

LEMD Scheduled/  ESRA/ 20% LEGT/Getafe (Recent switch of BA from Torrejon 
 Charter  Other Europe  to Barajas in any case is not   
    included in forecast baseline.)

LIMC Scheduled/  ESRA/ 20% LIML/Linate 
 Charter Other Europe 15% LIME/Bergamo 

EDDM Scheduled/ Charter ESRA/ 20% EDMA/Augsburg 
  Other Europe 20% EDJA/Memmingen 

ENGM Scheduled/ ESRA/ 15% ENRY/Moss 
 Charter Other Europe 15% ENTO/Torp 

LIRF Scheduled/ ESRA/ 
 Charter Other Europe 20% LIRA/Ciampino 

LOWW Scheduled/ ESRA/ 
 Charter Other Europe 20% LZIB/Bratislava 

LSZH Scheduled/ ESRA/ 20% LFSB/Basel 
 Charter Other Europe 15% LSZB/Bern 

Figure 12. Hypothetical ‘local alternatives’ (cont’d)
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The maps of Annex A illustrate clearly the preponderance 
of airports around the major cities particularly of North 
and North-West Europe. That is not the same thing as 
saying that there are a large number of airports able 
to take significant IFR traffic, for example they may 
not have a suitable runway. Nor does it mean that all 
of these airports are attractive to all aircraft operators; 
hub-and-spoke operators in particular suffer rapidly 
from inefficiencies if the hub were to be split. Nor does 
it mean that the passengers necessarily will be eager to 
travel from these airports. That is likely to depend on 
the ground- and air-connectivity, frequency of service 
and on price. 

Figure 13. Results 
of exploiting local 
alternative airports
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On the other hand, even if a secondary airport at 
a particular city is convenient for aircraft operators 
and passengers or shippers, it may also be subject to 
its own capacity constraints. That is one of the main 
reasons why the gains from this mitigation method are 
not larger than we have reported here.

In summary, particularly in North-West Europe there 
is not a shortage of runways around the major cities. 
The catch is that those additional runways are not 
necessarily the right runways in the right place at 
the right price. In this mitigation we have modelled 
the tendency of aircraft operators to grow where 
capacity is available. The result is a 21% reduction in 
unaccommodated demand.



26

8. CIty-AIrport CLuSterS

8.1 Business context

This mitigation what-if shares its business context with 
the “local alternative” mitigation that has just been 
discussed. In brief, flight growth will tend to happen 
where there is capacity. The major cities do tend to 
have a range of airports (see annex A for city maps), 
and some aircraft operators will be able to make a 
business by exploiting the capacity that does exist 
to meet the needs of passengers and shippers. Some 
low-cost carriers do this, as was made clear in the CG08 
stakeholder consultation.

The city-airport cluster mitigation may be interpreted 
as a more flexible version of the “local alternatives” 
mitigation. In this cluster mitigation, we ignore the 
airport at which the growth happens, and simply 
associate it with the city. As in the case of local 
alternatives, this mitigation assumes that an airline 
wishing to expand will find the capacity necessary by 
looking at an alternative airport. We group the airports 
listed, and combine their capacities; we do not specify 
how many or which type of flights are at each airport.
This is a “generous” approach to mitigating the lack of 
airport capacity. In practice airlines will be limited as 
to where they can offer flights. The natural limits will 
include:

n the availability of slots;
n the willingness of passengers to go to alternative 

airports and thus the ticket price that can be 
supported at alternative airports;

n the difficulty of running a hubbing operation at 
anything other than a single hub airport;

n the costs of having staff at multiple airports in the 
same city, and lack of economies of scale;

n the willingness of local communities to support an 
airport transitioning from having limited flights to 
being a significant part of the city’s air transport 
network.

We explore the limits of using local alternatives by clustering the airports of a city into a 
single unit for capacity purposes. In reality, it is hard to imagine a level of infrastructure 
investment that would make airlines, passengers and shippers entirely indifferent as to 
which airports around the city were used, so this mitigation is more about looking for 
theoretical limits to savings in unaccommodated demand than proposing a way ahead 
to solve a lack of airport capacity.

For these reasons, this “city cluster” mitigation must be 
seen as providing some sort of upper bound, that is 
the maximum that could be achieved in an ideal world, 
and is higher than could reasonably be expected to be 
achievable in real life with these airports. On the other 
had, include other airports into the cluster, and the 
benefits are likely to increase further. 

8.2 Analysis Method
The clusters are described in Figure 14. They follow 
closely the groupings listed in the previous mitigation, 
although we have not included the airports that are very 
distant from Frankfurt, since they don’t match the “city 
cluster” concept.

8.3 Results
The “city cluster” mitigation what-if produces the largest 
individual reductions in unaccommodated demand, so is 
the most successful of the single (not combined) methods 
presented here. In the most-likely scenario C, this 
mitigation what-if reduces unaccommodated demand by 
31%. Figure 15 illustrates these results. In the low-growth 
scenario D, there is very little unaccommodated demand 
and pooling the capacity of airports around the city is 
sufficient to meet nearly all of the capacity need; the 
reduction in unaccommodated demand is 90%.

For this mitigation it is also possible to run an evaluation 
at 2030. It is noticeable that there is a reduction in the 
effectiveness of the mitigation with time; by 2035 more 
of the airports in the cluster around the city have reached 
capacity, so the overall gain is reduced.

As with the “local alternative” mitigation, the 
improvements are concentrated in the North-West 
region – where there is both a significant capacity issue 
to mitigate, and cities with additional airports.
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In reality, it is hard to imagine a level 
of infrastructure investment that 
would make airlines, passengers and 
shippers entirely indifferent as to 
which airports around the city were 
used. The saving in unaccommodated 
demand from this mitigation option 
could therefore be considered as an 
upper bound on the saving that might 
be available by exploiting runways 
near a city. For realism, then, we do 
not include this mitigation in the final 
summary.
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Figure 15. Mitigation gains from 
the ‘city cluster’ analysis

City Clustered Airports

Amsterdam EHAM/Schiphol, EHRD/Rotterdam, EHLE/Lelystad

Barcelona LEBL/Barcelona, LEGE/Girona, LERS/Reus

Copenhagen EKCH/Kastrup, ESMS/Malmo, EKRK/Roskilde

Frankfurt EDDF/Frankfurt, EDFE/Egelsbach, EDFH/Hahn

Istanbul LTBA/Ataturk, New Airport, LTFJ/Sabiha Gokcen

London EGLL/Heathrow, EGKK/Gatwick, EGLC/City, EGSS/Stansted, EGGW/Luton, EGMC/Southend, 
 EGLF/Farnborough

Madrid LEMD/Barajas, LETO/Torrejon, LEGT/Getafe

Milan LIMC/Malpensa, LIML/Linate, LIME/Bergamo

Munich EDDM/Munich, EDMO/Oberpfaffenhofen, EDMA/Augsburg, EDJA/Memmingen

Oslo ENGM/Gardermoen, ENTO/Torp, ENRY/Moss

Paris LFPG/CDG, LFPO/Orly, LFPB/Le Bourget, LFOB/Beauvais

Rome LIRF/Fiumicino, LIRA/Ciampino

Vienna LOWW/Wien, LZIB/Bratislava

Zurich LSZH/Zurich, LFSB/Basel, LSZB/Bern

Figure 14. City Airport Clusters
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9. Consensus Benchmark throughput
 for Smaller Airports

Half of single-runway airports reported future airport capacities under 150,000 move-
ments per year. These low values seem to be driven more by current traffi  c than by 
fundamental limits to capacity. As a mitigation what-if, we set the capacity of smaller 
airports to a minimum of 200,000. However, the challenge of airport capacity is mostly 
not at these smaller airports, so the eff ect of this mitigation is to reduce unaccommo-
dated demand only by 10%. This small potential gain is not cost-free, but could at least 
be available without the building of a new runway.

9.1 Business Context

Evidence from Challenges of Growth 2013 task 2, 
collecting airport data, is that it can be difficult for 
airports to provide data out to 2035. This can be for 
reasons of commercial confi dentiality, but a signifi cant 
reason especially for smaller airports is that there might 
not be quantitative plans out at that horizon. The 
main results that are reported by CG13 are based on 
the capacity plans that airports provide. We saw that 
relatively few have plans out as far as 2035.

This ‘benchmark throughput’ mitigation task allows us 
to ask what capacities the smaller airports might in 
future plan if they were to be faced with the demand 
that is forecast 20 years from now.

Figure 16 illustrates the issue that this mitigation is 
designed to solve by comparing current traffic and 
reported future capacities. It shows airports which 
currently have a single runway and their reported future 
capacities, compared to recent traffi  c2. Some appear 
to be expecting additional runways (well above the 
dotted line). Within the box there is a group of airports 

Figure 16. Reported future capacity at single-runway airports
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that cluster around 200,000 annual movements; that is 
not far from the Gatwick ‘maximum’. 

The maximum throughput will depend on the mix of 
traffic (eg the mix of aircraft in the heavy and medium 
wake turbulence categories), so the maximum achieved 
throughput at one airport is not necessarily achievable 
at other airports where that particular optimum mix 
of flights is not present, even if in theory they have 
equivalent infrastructure. 

The figure also shows that half of reported future 
capacities are below 150,000, clustered in the ellipse 
along a trend line suggesting an approximate link 
to current traffic. Some of these could be driven by 
local curfews or geographical or physical constraints. 
However, the fact that the lower the current traffic, 
the lower the future declaration suggests that current 
demand is strongly influencing reported future 
capacity.

Clearly, current demand is likely to influence capacity. 
Future capacity will also be based on future demand 
forecasts; what the airport expects to need to 
accommodate. Future demand forecasts themselves 
start from current demand, and therefore will often be 
lower at airports which are currently smaller. The catch 
is that there is a difference between an airport saying:

a) This is the capacity we plan on having, based on 
the volume of demand that we expect to see at the 
furthest horizon we have considered;

b) We could not provide more capacity than this, were 
traffic to exceed the forecast in some future year 
that may be beyond our current planning horizon. 

The capacities that were reported to CG13 are probably 
(a) and might be (b) only in exceptional cases, such 
as where there is an environmental cap on flight 
movements. The survey of data from CG13 (Ref. 1) 
shows there are relatively few such caps.

9.2  Analysis method

Putting together these observations leads to a 
mitigation approach based on a consensus benchmark 
for smaller airports: ‘consensus’ in that it is not 
necessarily the maximum planned by any airport; ‘for 
smaller airports’ because these are more likely to report 

future plans that are low compared to their peers. We 
took a benchmark of 200,000, around the average of 
those in the group highlighted in Figure 16 as being 
independent of current traffic.

For airports with more than one runway, a number of 
other classes of configuration are usually identified: 
two-converging, two-crossing, two dependent parallel, 
two independent parallel, plus various more complex 
combinations. This benchmark methodology does not 
as easily extend to these other classes, largely because 
there are fewer airports in these groups: there are around 
50 single runway airports in the figure above, but fewer 
than 40 two-runway airports, and the latter are divided 
into four categories. Thus identifying a ‘benchmark’ 
directly from these is more difficult. Nevertheless, 13 
of them report future capacities lower than 200,000 
movements, so a benchmark is needed for consistency 
with the single-runway case. Three-quarters of the 
two-runway airports reported maximum future capacity 
below 330,000 movements, so this 75th percentile was 
used as an optimistic benchmark (‘optimistic’ in the 
sense that some crossing or converging configurations 
may not be able to achieve this). 

9.3 Results

The consensus benchmark approach has the least effect 
of the mitigation methods that we have applied, in the 
most-likely scenario C, it reduces unaccommodated 
demand by 10% in 2035. The effects are similar in other 
scenarios, and indeed in 2030 as well. 

Its main effect is the ESRA East region, highlighting this 
as the region where are to be found most of the single-
runway airports that are reporting low capacities. 
Implicitly, it also indicates that in other regions there 
are few airports reporting low future capacities and 
where there will be unaccommodated demand.

Overall, the results of this mitigation indicate that 
benchmark performance of smaller airports is far 
from being the main issue constraining growth. It is 
the larger airports which have the lion’s share of the 
unaccommodated demand.

To explore the sensitivity of this result, we instead tried 
a benchmark of 150,000, at the low end for the single-
runway airports and rather too low for two-runway 
airports. The saving in unaccommodated demand fell 
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to 5%. We conclude that the results are not sensitive 
to the benchmark, in the sense that the ranking of 
mitigation options is unchanged, and the difference is 
less than 5 percentage points.

This is not a cost-free solution: an airport cannot simply 
double its planned capacity without some significant 
investment. The nature of that investment will vary 
from airport to airport. It may mean new stands, new 
taxiways, new terminal buildings, de-icing facilities, 
ground access improvements etc; the whole gamut 
of infrastructure investment. At some particular 
airports, noise and other regulations may prevent the 
benchmark being achieved.

Nevertheless, this mitigation has one distinct 
advantage: it should not require the building of a new 
runway.

Figure 17. Effects of applying 
consensus benchmark to 
smaller airports
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10. SeSAr Improvements

Airport and TMA capacity improvements identified by SESAR would increase total 
capacity of the reporting 108 airports by 11%. SESAR would be responsible for a third 
of the combined 30% increase over 2012. In the most-likely scenario C, the effect of this 
additional capacity is to reduce unaccommodated demand by 19%. 
There are significant gains in the North-West region, slightly less in the East and little 
effect in the Mediterranean.

10.1 Business context
In the 2008 Challenges of Growth mitigation study, one 
of the mitigation options that showed the most promise 
for reducing unaccommodated demand was based on 
the combination of bringing airports to a ‘best in class’ 
performance and introducing SESAR improvements 
(see section 2.1). The mitigation what-if reported here 
brings this up-to-date.

In the coming years, the deployment of technologies 
and concepts developed under SESAR will bring 
operational benefits, including effective increases 
in capacity at airports. Specifically at airports, those 
improvements include: exploiting improved weather 
forecasting in a more advanced airport collaborative 
decision-making context (A-CDM); reductions in 
required spacing due to wake vortex research; and 
arrival, surface and departure management.

Amongst the 108 airports reporting future capacities 
to CG13, it is probable that some have not taken into 
account these potential benefits. This mitigation option 
is designed to test the extent to which this is true, 
and to evaluate what the results would look like if the 
SESAR benefits had been fully planned and reported 
by airports. 

Since 2009, the analysis of the impact of SESAR at 
airports and TMAs has continued, in particular through 
SESAR internal deliverable M2. This mitigation what-if? 
for CG13 bases itself on the most recent analysis from 
SESAR, in particular using their assessment of potential 
capacity. We understand that the analysis has moved 
away from “best-in-class” benchmarking towards 
individual analysis of the likely hourly capacity at 
airports and with a nominal 20% improvement where 
applicable, from SESAR. The analysis will move ahead 
again in the second half of 2013, but for CG13 we will 
align with the data of the 2011 SESAR report, since this 
is the best currently available.

10.2  Analysis Method 
The long-term forecast tool is well adapted to modelling 
the effects of improving the capacities at a number of 
airports. When those capacities are given in movements 
per hour, some initial analysis is needed before running 
the LTF, but this methodology is already established 
from support provided by STATFOR to SESAR Work 
Package C (WPC). The technique is described in Annex 
B. The same technique is used in the next section.

One constraint will be that the SESAR WPC analysis 
looked only to 2030, so the hourly capacities are only 
available to 2030. This mitigation task will therefore 
measure the recovery of unaccommodated demand 
– in percentage terms – at the 2030 horizon. As a 
sensitivity test, it will also apply these figures in 2035, 
scaled up by any difference between 2035 and 2030 
reported by the airport. 

The analysis steps are therefore:

n Obtain the SESAR WPC hourly capacities (with and 
without SESAR).

n Convert these to annual totals: using the current 
annual profile (as in Annex B), or another value if 
that is supplied by the airport3.

n Cross check against the new capacities provided by 
airports for CG13. Summarise qualitatively the areas 
of agreement and the differences.

n Use the higher of the SESAR WPC-derived annual 
capacities and the values reported by airports to 
CG13 as alternative capacities in the LTF.

n Calculate, in percentage terms, the reduction in 
unaccommodated demand at 2030 and 2035.

1 Some airports have indicated that we should assume they are able to handle their full capacity 24/7 if required, 
so we use this when converting from hourly rate to annual.
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The cross-check of the capacities derived from SESAR 
with the capacities provided by airports to Challenges 
Of Growth 2013 is shown in Figure 18. Around one 
third of airports have higher capacity under SESAR 
assumptions, and two thirds are higher under CG13. 
There are several reasons why the values for CG13 
might be higher, including: these generally concern 
2035 rather than the SESAR horizon which was 2030; 
and they were collected up to 2 years later than the 
SESAR data, so airports’ plans may have moved on.

It is for this reason that the method described above 
for this mitigation uses the higher of the SESAR and the 
CG13 capacity.

Figure 18. SESAR and CG13 capacities (scale hidden for confidentiality reasons)

10.3 Results

The SESAR-driven capacities increase total capacity of 
the 108 airports by 11% on top of what was already 
planned. Since the airports are only reporting a 17% 
increase from 2012 anyway, this means that SESAR is 
responsible for a third of the combined 30% increase.

In the most-likely scenario C, the effect of this additional 
capacity from SESAR is to reduce unaccommodated 
demand by 19%. See Figure 19. There are significant 
gains in the North-West region, slightly less in the East 
and little effect in the Mediterranean, where the majority 
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Figure 19. Mitigation 
gains from SESAR 
deployment

of airports see no reduction in unaccommodated 
demand. Part of the reason for this is that at the 2035 
horizon, the capacities that SESAR have identified as 
achievable are surpassed at the new Istanbul airport, 
and as a result SESAR is not reducing unaccommodated 
demand at any Turkish airports.

Comparing the 2030 and 2035 horizons in Figure 19 
shows that the gains from SESAR decline with time, 
as demand at some airports surpasses the enhanced 
capacity.

In the lower-growth scenarios C’ and D, the SESAR 
improvements are able to make a bigger impact. High-
growth scenario A is little different from scenario C.
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11. Schedule Smoothing

At congested airports, the quieter hours gradually fill up even if airlines find that yields 
are worse for off-peak hours (off-peak in the day, week or year). At busy airports, traffic 
demand thus tends towards the annual profile of Heathrow or Frankfurt. We estimate 
the additional capacity that this brings and use this to model ‘schedule smoothing’ as 
a mitigation. Although this is applicable only to a limited set of airports, the effect is to 
reduce unaccommodated demand by 20% in the most-likely scenario C.

11.1 Business context

‘Schedule smoothing’ is an abbreviation for a wide 
range of decisions made by airlines to adapt the timing 
of their offer, or to focus changes to their schedules in 
a way that suits the capacity at airports. Normally this 
refers to hour of the day, but it could also refer to day of 
the week, or week of the year. As discussed earlier, it is 
not just airport capacity that can drive this, but also the 
need to maximise aircraft utilisation, and the airline’s 
ability to manage the delicate trade-off between 
demand, ticket price, the timing of the flights on offer, 
and the competition. 

In the 2008 consultation with stakeholders, the 
consensus of airlines was clearly against the concept 
of schedule smoothing. Individual airlines see the idea 
of moving existing flights away from peak times as 
being not what their customers want. Many passengers 
indeed have strongly preferred times to fly, and off-peak 
yields as a result are lower. 

So the arguments in individual cases of flights are 
against smoothing. However, in aggregate over all 
flights and carriers at an airport, the evidence is that 
demand profiles at congested airports do become 
smoother as traffic increases. Figure 20 shows two 
examples in which the middle-of-the-day hours 
gradually filled in at two relatively-congested airports, 
Gatwick (EGKK) and Frankfurt (EDDF) over a 5-year 
period of growth. 

Figure 21 shows a different view of the hourly traffic at 
an airport, this time putting all the hours in order from 
busiest to least busy. To reduce the volume of data, we 
group the hours into 100 ‘percentile’ groups and plot 
the mean value in each group. Schedule smoothing 
can be seen in the more rapid growth from year to year 
around the 60th percentile, than at busier hours in the 
year. This type of plot does not indicate whether those 
hours in the 60th group are a particular time of day, 

a particular day of the week, or period of the year. In 
practice they are likely to be a mix of all three.

The plot also shows that growth did not come in the 
quietest hours. They are quiet for a reason: either 
operating restrictions, or lack of demand (eg the night 
hours for passenger flights). The plot highlights that 
traffic growth was stronger at busy, but not congested 
times.

Cost also comes into an airline’s decisions (as well as 
yield mentioned earlier), in the sense of the cost of 
using a slot at a particular time, though this is mostly 
in the form of opportunity cost – the relative value 
of using a slot at a particular time for a flight to A 
rather than to B, or leaving the aircraft idle. The cost 
of flying at a particular time is subject to less variation, 
though at times of rationing (such as when only few 
night flights are allowed) this could be significant. The 
value of a slot to an airline varies by time of day for 
the reasons mentioned, but if secondary slot trading is 
institutionalised then the value of slots should become 
clearer and their use overall more efficient. That would 
act as an enabler of the process described here.

11.2 Analysis Method 

Firstly, we rule out a method which involves building a 
schedule. For near-term modelling and simulation, it is 
normal to build a hypothetical set of flight plans for a 
particular day (a “traffic sample”). Typically this involves 
‘cloning’ existing flights to build up to the forecast 
amount of traffic. Even for 2035, it would in theory be 
possible to do this. Then schedule smoothing would 
involve adapting the times of day for the flights in 
the traffic sample at particular airports. The approach 
creates an apparently precise set of data (aircraft 
operators, aircraft types, times of day etc) which in 
practice is full of assumptions. For example who is to 
say that it is existing carriers that will add flights, or 
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that they will be added within the day rather than at 
other times of week or year? As a result, the longer the 
forecast horizon the more extreme this method feels.

Our preferred method is based on adapting the annual 
traffic profile. We saw that the annual traffic profile such 
as Figure 21 focuses on traffic during the year compared 
to hourly capacity rather than identifying particular 
times of day or days of the week. So by working directly 
on the annual profile we can simultaneously simulate 
what could happen throughout the year. This then 
works for airports which have strongly-peaked summer 
days, or night curfews, or busy weekdays, etc.

If aircraft operators between them aim to make best 
use of the available capacity throughout the year there 
will still be limits to what makes operating and business 
sense. This is reflected in the fact that even at Heathrow, 
the hourly throughput does not match the maximum 
capacity for the whole year. In fact, the shapes of the 
annual profile at Heathrow and at Frankfurt are quite 
similar, once you factor out their different hourly 
capacities. 

So we use the annual demand profile of Heathrow 
(Figure 21) as a benchmark for other airports to tend 
towards as they get busier, since that is what they 
appear to do. We exclude the tail of the demand, the 
final 35% of hours, since these seem to be driven more 
by local operating constraints, such as opening hours. 

A further limitation is that the method seems more 
appropriate for a hub airport than a seasonal holiday 
destination; it seems unreasonable to assume that an 

Figure 21. An annual view of 
the same process at Heathrow

Figure 20. Traffic changes which can be 
interpreted as ‘schedule smoothing’
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airport which is very busy on two days each week 
during the summer season and has very little of a 
home market would ever fill all of the quiet hours and 
days to the same extent that a large hub airport can. 
So the method should be applied to specific airports 
rather than a blanket application to all airports. 

This method does not affect the busy hour used as the 
indicator of hourly capacity, so we are not saying that 
one airport can match the hourly capacity of another. 
Instead we are saying that, given a smoother mix of 
traffic, congested airports should be able to use their 
capacity to a similar extent as Frankfurt or Heathrow.

The effect of applying a EGLL-like annual profile at 
other airports can be converted into capacity increases 
which can then be modelled directly in the long-term 
forecast tool. Annex B gives details.

Figure 22 illustrates the likely smoothing effect at the 
30 airports that appear in the top-25 airport list for 
2035 in at least one of the four scenarios.

The additional area under the light blue line shows the 
gain, but we limited the overall gain to 25%, on the 
assumption that airports gaining more than this were the 
subject of significant seasonal variation that restricted 
the ability to smooth demand for the whole year. We 
then excluded a number of airports from these 30: 

n if an airport reported an external constraint such as 
an environmental cap;

n if an airport had already based its capacity estimate 
on 24/7 operation, so the 2012 profile was not a 
good starting point for modelling;

n where the result was an implied hourly capacity 
that was higher than that reported by the airport;

n the two Moscow airports (UUDD and UUEE) for 
which we did not model capacity.

The result was that smoothing gains were applied to 11 
out of the 30 airports. 

Figure 22. Smoothing effect in 2012 for 30 airports in the top 25 in 2035 in at least one scenario
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11.3 Results

The outcome of this method was that smoothing gains were applied to 11 
out of the 30 large airports, increasing total capacity for the 108 reporting 
airports by 3.4%. In scenario C, this reduced unaccommodated demand by 
20%, indicating that the additional capacity is often just where it is needed. 
The pattern of improvement is quite similar in scenarios A and C’, but there 
is no effect in scenario D, since the 11 affected airports are not amongst the 
few that are constrained in the low-growth scenario.

In scenario C, the mitigation method is marginally more effective in the 
North-West region than in the Mediterranean. Around half of congested 
North-West airports see some improvement in scenario C, under this 
mitigation.
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12. Combined Mitigation

The mitigation options are complementary in that they represent opportunities for 
different stakeholders to invest to reduce unaccommodated demand. We have explored 
that complementarity by analyzing two combinations: HST and local alternatives 
together with each of smaller airport benchmark and schedule smoothing. 
Gains from different types of mitigation can not simply be added up into combinations: 
for the HST, local alternative and schedule smoothing mitigations, their joint effect was a 
42% reduction in unaccommodated demand, 10 percentage points lower than the 
sum of their individual effects.

12.1 Business context

In developing the mitigation options, we have 
deliberately looked from a number of different 
perspectives at solving the capacity problem at an 
airport: improvement of the airport itself, enhanced 
exploitation of neighbouring airports, and enhanced 
investment in complementary modes of transport. 
These differing perspectives can be thought of as 
belonging to different stakeholders in the air transport 
industry:

n improvements at the airport itself are likely to be 
driven by the airport operating company, with the 
support of local ATC, major carriers and local or 
national government;

n improvements at a group of airports around the city 
are more likely to be pushed by aircraft operators 
who want to fly from those airports and by local or 
national government policy. The airport has to be 
involved, of course, and when there is a local airport 
holding company with one or more airports around 
the city, it may be the airport which is in prime 
position to take the lead on this group policy;

n intermodal solutions will require local investment 
by the airport, but the impetus may come from 
government or Europe.

We have also seen that the different mitigations are 
effective in different regions of Europe. This gives us 
two ways – business and geography – in which the 
mitigation options may complement one another, and 
points to the possibility of combining the mitigation 
options to explore their joint effect. 

To maximise the complementarity we combine three 
mitigation methods, one from each of the bullet 

points above. We explore two different combinations, 
although others would be possible:

n Smoothing-LocalAlt-HST: schedule smoothing, 
exploitation of local alternative airports and 
additional investment in HST;

n Benchmark-LocalAlt-HST: benchmark capacity 
for smaller airports, exploitation of local alternative 
airports and additional investment in HST.

12.2 Analysis method
For this mitigation we simply re-ran the forecast 
including the new inputs:

n for the additional investment in HST network, 

n for the switching of traffic between airports to 
implement the “local alternative” mitigation,

n set the minimum airport capacity to 200,000, 
to implement the smaller airports benchmark 
mitigation; or applied the airport capacities with 
the benefits of scheduled smoothing.
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12.3 Results

I n  Smoothing-LocalAlt-HST 
we combine three of the best 
mitigation options, respectively 
reducing unaccommodated 
demand by 20%, 21% and 11% 
in scenario C. Their combination 
is the best overall mitigation 
method that we have explored 
for this analysis. It reduces 
unaccommodated demand by 
42% in scenario C. This means that 
the combination is 10 percentage 
points less effective than the sum 
of the individual ones. This is due 
to overlaps where either one or 
two mitigations solve a problem 
at a given airport so all three are 
not needed. The results are shown 
in Figure 25.

Regionally, Smoothing-LocalAlt-HST is significantly more effective at 
the airports of the North-West than elsewhere. So the geographic 
complementarity of these mitigations is not as great as was expected.

The result of Benchmark-LocalAlt-HST was a 39% reduction in 
unaccommodated demand in the most-likely scenario C. In this 
scenario, simply adding the individual effects of the three mitigation 
what-ifs would have indicated a 42% reduction, so the combination 
is around 3 points less effective due to overlaps.

Geographically, we have seen that the local alternative method is 
principally effective in the North-West, smaller airports benchmark 
in the East and high-speed train (in scenario C at least) is effective 
across the three main regions. So it is no surprise that the combined 
mitigation Benchmark-LocalAlt-HST has some effect across each of 
the three main regions, reducing unaccommodated demand by at 
least 15% in all three.
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combined mitigation: HST, 
Local Alternatives and Schedule 
smoothing
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13. Discussion

13.1 Looking beyond the   
  forecast scenarios

The 2035 traffic forecast (Ref. 1) is constrained by future 
capacities reported by airports. Amongst the challenges 
that the forecast discusses are a widening capacity gap 
as we near 2035, leading to unaccommodated demand. 
Lack of airport capacity is not a new phenomenon. This 
means that there is plenty of evidence for how the air 
transport industry responds to lack of capacity. Some 
of those responses are already built into the forecasting 
model. But there are limits to what can be included in 
just four future scenarios. It is the role of this mitigation 
task to look beyond the confines of the scenarios, and 
consider how the industry might mitigate the capacity 
challenges.

The capacity challenge is certainly worth mitigating, 
with 1.9Million unaccommodated flights in scenario 
C in 2035 in the ESRA08 region, each 5% saving from 
mitigation is around 100,000 flights with perhaps 12 
million passengers. Mitigations that require passengers 
to travel further, or at less convenient times, might 
stretch the concept of the ‘passenger-centric’ air 
transport network built around passenger needs, but 
that appears to be the price of mobility.

13.2 Business benefits 
  and costs

The different participants in air transport – airlines, 
airports, ANSPs, government, etc – have different 
perspectives on the industry. Even within a group there 
are different business models or political outlooks. 
From a mitigation perspective, this allows us to 
identify a number of different mitigation options, often 
complementary. They are based on evidence that such 
solutions have been applied in the past, but some 
mitigations will be more attractive to some participants, 
and some to others. 

The evidence of prior use means that such mitigation 
has satisfied a business need in the past, but that is not 
a guarantee that it will also have a strong business case 
in the future. 

Airlines in particular have a history of providing socially- 
and economically-desirable connectivity, but for a very 
low return on capital. As a result it is clear, for example 
in their responses to the consultation of CG08 (Section 
2) that their over-riding concern is for any mitigation to 
be business driven. We have therefore considered the 
business background for each mitigation. Nevertheless, 
the evidence presented here is far from being a business 
case for each action; it is more evidence to point to 
what might be investigated further, and to support the 
prioritisation of options. 

Each mitigation has both hard-to-measure and 
non-monetary costs and benefits. So a cost-benefit 
analysis will not give the whole picture. It is clear that 
each what-if produces benefits for some (additional 
flights for passengers and shippers, regional 
connectivity) but costs for others (eg increased noise at 
a currently-quiet secondary airport). So each mitigation 
would face resistance from those on the wrong side of 
the value equation. The path to solving the capacity 
challenge is not a straight one. 

13.3 Ranking of individual   
  mitigations

We said the principal target was prioritisation of 
methods. The most relevant result is therefore the 
relative ranking of mitigation what-ifs. 

Figure 26 brings together the benefits of the what-ifs 
in a single figure. They are ordered, with those giving 
the greatest benefit in Scenario C in 2035 on the left. 
Although the benefits are quoted to the nearest 1%, 
the modelling is more approximate and probably any 
difference under 5% is not significant. 

This mitigation task has allowed us to look beyond the constraints of the four forecas-
ting scenarios to what could be done to address the capacity gap at airports. Each of the 
mitigations explored is based on what the industry has already done when capacity is 
short. While passengers and shippers will gain from additional connectivity, there are 
also costs that mean none of the mitigations is likely to be achieved in full. The best solu-
tion, a combination of mitigations, reduces unaccommodated demand by 42% in 2035, 
but in practice we would expect the industry to implement a bit of everything.
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‘City cluster’ has the largest effect, reducing unaccom-
modated demand by 31%. However, as we have 
discussed (section 8.1) it is unlikely to be achievable in 
full. Therefore we do not leave it in the final ranking. 

The ranking of the remaining individual mitigation 
what-ifs is:

n Three other mitigations are of similar effectiveness: 
‘local alternatives’, ‘Schedule smoothing’ and SESAR. 
They reduce unaccommodated demand by around 
20%.

n Accelerating the increase in aircraft size could save 
15% of unaccommodated demand.

n And finally, two come in near 10%: a hypothetical 
doubling of the HST network (11%) and targeting a 
benchmark capacity for small airports (10%).

13.4 Comparison with 2008

Comparison with the results from the mitigation study 
of Challenges of Growth 2008 (Ref. 5) gives some insight 
into the sensitivity of the results to the definitions of 
the mitigation.

In CG08 scenario C, ‘alternative airports’ was one of the 
top-ranking mitigations, reducing unaccommodated 

demand by 40%. In CG13 both ‘city cluster’ and ‘local 
alternatives’ are similar types of mitigation, they are still 
top-ranking, but they have a more limited effect. This 
is likely to be for two reasons: the CG13 mitigations are 
limited to major cities (eg see Figure 12) rather than 
being defined for any airport that has congestion; and 
these alternative airports with time are themselves 
becoming more congested, especially as we are 
looking at 2035, not 2030 as in CG08. This latter point 
is consistent with the decline in effectiveness between 
the first challenges studies and CG08 as the reference 
horizon moves into the future (Ref. 5, figure 7).

‘Schedule smoothing’ was evaluated in a rather 
different way in CG13, focusing on times when capacity 
is unused rather than creating an explicit schedule for 
2035 (section 11), leaving it to future airlines to define 
how they will exploit those times of low use, as they 
have done in the past. Although it was applied at 
relatively few airports, the potential gains are larger, 
and this mitigation is now a first-rank option, rather 
than in the tail.

SESAR analysis has moved away from ‘best-in-class’ 
performance as a target since 2008, towards capacities 
discussed in detail with airports. The gains from SESAR 
have not really changed, so it is the loss of best-in-class 
that has reduced the effectiveness, and moved this 

Figure 26. Summary of mitigation benefits. (ordered left-to-right)
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Mitigation methods ordered by decreasing effectiveness in 2035 in ScC
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mitigation from best to the tail of the first-rank. En 
route capacity may continue to benefit more from 
SESAR than airport capacity.

For high-speed train, the main difference compared 
to CG08 appears to be that the network happens 
to be better aligned with the congested airports, 
increasing the gain from a few percent to 11%. 
The results are clearly sensitive to the geographical 
overlap of the mitigation and the capacity 
challenge.

The ‘aircraft size’ mitigation in CG13 is not directly 
comparable with that in CG08, which considered a 
frequency cap and adjusted aircraft size in response. 
Similarly, ‘small benchmark’ is not really comparable 
with the ‘best-in-class’ mitigation in CG08 since 
it applies a different benchmark capacity to a 
different set of airports.

13.5 Combinations 
  of Mitigation
These mitigations are complementary: using one 
of them by no means excludes using another and 
it is to be expected that in practice the industry 
will use a mix. We evaluated two combinations to 
see what happens when they are combined. Other 
combinations would be possible, but we chose 
two combinations that span a range of different 
perspectives to maximise their complementarity.

The conclusion was that there is some overlap; some 
airports where the capacity challenge is met by one 
or perhaps two mitigations in the set, making the 
third unnecessary. As a result, the combined gain is 
less than the sum of the individual results. The best 
mitigation that we evaluated was a combination, of 
additional investment in HST, use of local secondary 
airports and schedule smoothing to exploit more 
fully the quiet hours, even without increasing the 
hourly capacity. This reduced unaccommodated 
demand by 42%, around 800,000 flights; that is 
perhaps 50 million passengers able to make their 
there-and-back journey. 

Thus, we have identified a mitigation that is similar 
in performance to the best mitigation from 2008 
(40%, see Figure 1). But as the horizon pushes into 
the future, this becomes harder to do, and we need 
to combine several methods for 2035 to achieve 
what previously we could achieve with one in 2030.

14. Conclusion

For this task of Challenges of Growth we have evaluated 
seven different ways to mitigate the capacity constraints 
identified by the 2035 forecast. Each is based on a different 
way in which the air transport industry and governments 
already respond when there is airport congestion. 

For each mitigation method, there are limits due to 
business constraints such as yield and aircraft availability. 
There are benefits to passengers and shippers from the 
connectivity and quality of service that is improved. But 
there are also costs, from easily measurable ones such as 
the cost of building HST track, to the non-monetary costs 
such as the impact on neighbours from expanding quiet or 
dormant airports. As a result, none of these mitigations will 
be easy to achieve.

In the most-likely forecast scenario C, the most effective 
mitigation analysed here has the potential to reduce 
unaccommodated demand by 42%. It is a combination of 
three methods: additional investment in high-speed train; 
using local alternatives to the main airports of Europe; and 
schedule smoothing using a template from congested 
airports that indicates how demand fills out across the days, 
weeks and seasons as an airport becomes more congested, 
but sticking to each airport’s own hourly capacity.

In reality not all of these gains will be achievable. We would 
also expect the industry to use a little of each of the seven 
methods as well as building new runways, just as it has in 
the past. So this combination of three is not a proposal of 
a best option that should be implemented, but instead an 
indication of what the priority actions might be, with an 
upper band on their likely effectiveness, if new runways 
are not achievable.
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A. Cities and their airports

As background to some of the discussion of cities and their airports in the mitigation tasks, this annex provides maps of 
some of the major cities of Europe and indicates the airports which are nearby which currently take IFR flights. Airports 
are identified by their 4-letter ICAO codes.

All of the maps use the same scale, but in some cases we have put the main city off-centre in order to be able to show 
more-distant airports which are nevertheless associated with the city for some flights.

Figure 27. Airports around Amsterdam
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Figure 28. Airports around Barcelona

Figure 29. Airports around Copenhagen
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Figure 30. Airports around Frankfurt

Figure 31. Airports around Istanbul
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Figure 32. Airports around London

Figure 33. Airports around Madrid
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Figure 34. Airports around Milan

Figure 35. Airports around Munich
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Figure 36. Airports around Oslo



50

Figure 37. Airports around Paris

Figure 38. Airports around Rome



Challenges of Growth 2013   Task 5: Mitigation of the Challenges 51

Figure 39. Airports around Vienna

Figure 40. Airports around Zurich
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B.  Converting from hourly to annual capacity

Two of the mitigation methods involve converting between hourly and annual capacities for some airports. This annex 
explains the method used for this.

In section 11, we showed an annual view of the hourly demand at Heathrow that grouped the hours into 100 percentiles 
(each containing around 87 hours) and ordered them from the most busy (percentile 1) to least busy (percentile 100). The 
graph is repeated in Figure 41. 

Figure 41. An annual view of the same process at Heathrow.

Defining the “busy hour” to be the average of the percentile group 2 (that is hours ranked between 88th and 176th 
busiest), we now express every hour as a fraction of this busy hour. Percentile group 1 is above 1.0, the rest below. For six 
busy airports, the results are shown in Figure 42. 

Relative to their respective busy hours, Heathrow and Frankfurt have a similar pattern, with the 50th percentile 20% 
quieter and the 60th percentile between 20% and 30% quieter than the busy hour. Their patterns have also been rather 
consistent over a number of years, although 2012 was an unusual year Frankfurt due to the opening of new runway.

Beyond the 65th or 70th percentile, the different opening hours result in wider differences. 

Figure 42. Traffic relative to busy hour (percentile 2)
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It is the area underneath the curves shown in Figure 42 that provide a conversion factor between hourly and annual 
throughput. If an airport operated 24/7 with movements equal to the hourly capacity given by the busy hour, Figure 42 
would show a rectangle with area 1, filling the graph. In reality all the areas are less than one. Figure 43 shows the busy 
hour values and areas for 30 busy airports in 2035.

The conversion formula is hourly_capacity * area * 8760, since there are 8,760 hours in a year (not a leap year). 

For the 2012 data shown in Figure 43, the busy hour movements are actual traffic, not a capacity. So applying the formula 
gives the actual annual traffic, eg at EBBR 56.6*0.439*8760=218,000 which was the annual traffic at Brussels (Ref.11).

Figure 43. Hour-to-year conversion values for busy airports in 2012.

For the benchmarking by Heathrow referred to in section 11.2, we evaluated the sensitivity to some parameters of the 
method:

n For EGLL there is little difference between the area under the curve in 2011 and 2012. So we use 2012 for its recency.

n We choose to use the 2nd percentile as the reference. The SESAR work referred to in section 10 used the same reference 
percentile after discussions with airports. 

n There is relatively little difference between choosing a cut-off at the 65 or 70th percentile, to separate the hours that 
might ‘fill up like Heathrow’ from the airport-specific quiet hours. The 65th is used.

n Use of EDDF would also have been possible but EDDF changed significantly in 2012, so we use EGLL (in 2011 the 
difference in area was only about 3%). 

Airport Busy hour movements Area under the curve
EBBR 56.6 0.439
EDDB 19.0 0.416
EDDF 96.1 0.571
EDDL 51.6 0.478
EDDM 87.5 0.514
EGCC 43.7 0.439
EGKK 52.4 0.536
EGLL 89.6 0.604
EHAM 93.8 0.526
EIDW 36.7 0.503
EKCH 58.7 0.471
ENGM 64.4 0.417
EPWA 33.6 0.469
ESSA 61.1 0.391
LEBL 64.2 0.514
LEMD 76.6 0.554
LFPG 108.0 0.525
LFPO 59.5 0.448
LIRF 76.6 0.466
LOWW 62.4 0.477
LSGG 42.6 0.483
LSZH 62.3 0.478
LTAC 21.3 0.436
LTAI 48.9 0.362
LTBA 60.5 0.664
LTBJ 16.6 0.467
LTFJ 29.3 0.473
UKBB 26.3 0.432
UUDD 25.1 0.410
UUEE 28.7 0.507
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C.  Glossary

A-CDM advanced airport collaborative decision-making

AF/KLM Air France/KLM

ATC air traffic control

Benchmark-LocalAlt-HST benchmark capacity for smaller airports, exploitation of local alternative airports and   
 additional investment in HST (combined mitigation)

CG08, CG13 Challenges of Growth 2008, 2013

EGLL London/Heathrow

EGSS London/Stansted

ESRA, ESRA08 EUROCONTROL Statistical Reference Area (2008)

EU European Union

HST high-speed train

IAG International Airline Group

ICAO International Civil Aviation Organisation

LFPG Paris/Charles de Gaulle

LTBA Istanbul/Ataturk

LTF long-term forecast (20 years)

LTFJ Istanbul/Sabiha Gökcen

MTF medium-term forecast (7 years)

ScA scenario A (similarly C, C’, D)

SESAR Single European Sky ATM Research

Smoothing-LocalAlt-HST schedule smoothing, exploitation of local alternative airports and additional 
 investment in HST (combined mitigation)

STATFOR Statistics and Forecast Service of EUROCONTROL

TMA terminal manoeuvring area or terminal control area

Unaccommodated demand the forecast flights that exceed an airport’s reported capacity.

WPC SESAR work package C

For other 4-letter airport codes, see ICAO Doc 7910.
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