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COCTA
COORDINATED CAPACITY ORDERING AND TRAJECTORY PRICING FOR BETTERPERFORMING ATM

This deliverable is part of a project that has received funding from the SESAR Joint Undertaking under
grant agreement No 699326 under European Union’s Horizon 2020 research and innovation
programme.

Abstract
Building upon the framework described in COCTA D3.1 (Re-designed ATM value chain), this deliverable
elaborates further detail of the process and products involved. Having condensed some key
assumptions concerning the likely environment in which COCTA mechanisms would be applied, we
finally synthesise an initial COCTA mechanism, expected to yield improved network performance.

Acknowledgment
We would like to thank members of COCTA Advisory Board: Branka Subotić, Xavier Fron, Gerard
Boydell for their valuable feedback upon the general project concept and Deliverable D3.1, received
during the meeting in Madrid, on 8 March 2017. We have incorporated many of their suggestions into
this document. We also greatly appreciate the comments and suggestions kindly contributed by
Thomas Eschenhagen, Max Hoffmann, Žarko Sivčev, Flemming Nyrup and Robin Hickson. However, all
opinions expressed in this document are exclusively those of the authors.

4

The opinions expressed herein reflect the author’s view only. Under no
circumstances shall the SESAR Joint Undertaking be responsible for any
use that may be made of the information contained herein.

DELIVERABLE 4.1 - INITIAL MECHANISM DESIGN

Table of Contents
Abstract ................................................................................................................................... 4

1

Introduction ............................................................................................................... 6

2

Background ............................................................................................................... 7
2.1

Planning horizons .......................................................................................................... 7

2.2

AOs’ scheduling and route/trajectory planning ............................................................... 7

2.3

ANSPs’ capacity and staffing planning .......................................................................... 13

3

Scenarios for the COCTA framework ......................................................................... 20

4

COCTA mechanism initial design - capacity and demand management ..................... 24
4.1

Objectives ................................................................................................................... 24

4.2

COCTA mechanism....................................................................................................... 24

5

Next steps ................................................................................................................ 35

6

References ............................................................................................................... 36

© – 2017 – COCTA consortium.
All rights reserved. Licensed to the SESAR Joint Undertaking under conditions.

5

EDITION [01.00.00]

1 Introduction

Building upon the framework described in COCTA D3.1 (Re-designed ATM value chain) in this
deliverable we set a framework for COCTA modelling and further develop the COCTA process,
describing its elements and products in more detail. On a conceptual level, we discuss several options
for product pricing to be considered in the modelling stage.
First, we reflect upon the issue of divorced planning horizons of ANSPs and AOs. To that end, we
provide a qualitative analysis of Aircraft Operators’ schedule and route planning process, as well as of
Air Navigation Service Providers’ capacity and staff planning practices. On one hand, ANSPs plan their
capacities weeks and months in advance, with only very limited (and costly) possibilities to adjust those
(especially upwardly) on a short notice, i.e. days in advance of the day of operation (Massacci and
Nyrup, 2015). On the other hand, AOs attach great value to their flight planning flexibility and tend to
make their trajectory decisions (submit flight plans) typically only several hours before the time of
departure. Thus, there is a mismatch between predictability for ANSPs and flexibility for AOs, which
effectively results in substantial (and costly) capacity buffers built into ANSP planning decisions. One
intention of the COCTA project is to identify a potential set of different measures to incentivize more
cost-efficient outcomes.
To set a stage for COCTA modelling, we make several assumptions regarding the operational paradigm,
high-level policy goals and fuel price, among else. While we assume that some of the key COCTA
enablers are given and fixed, we consider and combine several organisational, economic and political
conditions as a framework for evaluation of COCTA mechanism.
Having analysed both demand and capacity side decision-making processes and having specified the
COCTA framework, we are able to identify objectives for COCTA demand and capacity side
management, i.e. the core COCTA initial mechanism. In line with those objectives, we discuss and
analyse different elements of the COCTA process to be modelled: timelines, transactions between
stakeholders, products and prices thereof and other relevant elements.

6

The opinions expressed herein reflect the author’s view only. Under no
circumstances shall the SESAR Joint Undertaking be responsible for any
use that may be made of the information contained herein.

DELIVERABLE 4.1 - INITIAL MECHANISM DESIGN

2 Background

2.1 Planning horizons
Strategic, pre-tactical and tactical phase are typical terms used by ATM value-chain stakeholders: the
Network Manager (NM), Air Navigation Service Providers (ANSPs) and Aircraft Operators (AOs), to
refer to subsequent planning horizons. Different stakeholders, however, have different time frames
which correspond to these planning horizons due to inherently different business and regulatory
environments. As a practical consequence, relevant information sharing and decision making on a
system level are not always perfectly aligned in time to establish balance between air traffic demand,
generated by AOs, and capacity provided by ANSPs. In this chapter, we outline AO and ANSP planning
horizons.

2.2 AOs’ scheduling and route/trajectory planning
In general, airline planning ultimately defines products offered to their customers and determines how
they will be produced and sold. This is a continuous process which begins five or more years before a
flight departs and lasts until the last passenger is boarded and the aircraft door is closed (Jacobs et al.
2002). This process can be viewed as a series of overlapping sequential steps, including fleet planning,
scheduling, marketing, distribution, etc (Jacobs et al. 2002).
In table 1, we outline a general timeline of an airline decision making process, with the aim to present
when the decisions important for the COCTA research scope, namely those on routes (city/airport
pairs), schedules, and trajectories, are usually made.
Table 1 - Airline decision making timeline

Indicative
Timeframe

Decision

18 months and Capacity planning
more before (fleet/aircraft &
departure
crew/manpower)
Route structure
Maintenance and crew
bases

Description
Airline capacity expansion, i.e. buying aircraft, is a long
term and strategic decision. In some cases, if airlines
train their own pilots, the training process may last
several years. Airlines rely on historical data and
demand forecasts to update/expand their routes and
aircraft bases (depending on their business model).

© – 2017 – COCTA consortium.
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Indicative
Timeframe

Decision

Description

18 months

Route, fleet and
manpower planning

The route selection decision is also strategic in nature,
but could also be made in a shorter term. It is an
essential component of an integrated network strategy
or “vision” for the airline, which must decide whether
to focus on short-haul or long-haul services, domestic
or international operations. At the same time, the
characteristics of the selected routes will affect the
types of “products” the airline offers to travellers.

Schedule generation
Pricing policies

6 months

Fleet assignment
(rotations and routings)
Aircraft assignment
(‘tail number’ per
rotation)
Initial crew rostering
and scheduling
Price

At this point (and earlier), airlines schedules for the next
season1 are usually made publicly available, requiring
also internal planning of resources.
Moreover, there may be options for changes in the
route structure. For example, the bankruptcy of
another airline, a withdrawal from a route by a
competitor, or a newly negotiated bilateral agreement
with another country can lead to new route
opportunities that must be acted upon within months
or even weeks.

3 months

Scheduling of airport
resources and facilities

Specific timetables of departure times and aircraft
rotation plans are developed up to one year in advance,
and finalized 2–6 months before departure. Final
revisions to the planned timetable and aircraft rotations
are made as necessary closer to departure, while
unexpected operational constraints can necessitate
schedule changes and “irregular operations” planning
until the flight departs.

1 month

Schedule (re) tuning

The initial planning and construction of airline
schedules are based on crude and rather uncertain
estimates of the passenger's demand for each of the
flights in the airline's network. During the booking
process, the quality of the passenger demand forecast
improves to the day of departure. In most airlines,
short-term forecasts of passenger demand are also
used for (re)optimizing utilization of the fleet.
“Refleeting” is used to re-allocate originally assigned
types of aircraft to alternative legs in the network, while

More detailed crew
rostering and
scheduling

1

Following IATA slot conference which takes place around six months before summer (starting in the last week
of March) and winter (starting in the last week of October) season (IATA, 2017).
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Indicative
Timeframe

Decision

Description
retiming involves minor changes in departure times. A
more detailed and precise roster describes a crew
member’s flight activity for some period (typically a
month), and consists of sequences of flight duty and
days off (e.g. three days on, two days off).

1 week

Aircraft swapping
Trajectory
considerations (major
ATM and airport
restrictions)

1 day and
several hours
before
departure

Final aircraft swapping
and crew scheduling
Initial flight plan
generation and filing
Flight plan updates
based on updated
information

Depending on route characteristics, airlines might plan
late aircraft swapping, either to accommodate more
demand (late bookings) by using larger aircraft, or to
adapt to lower than expected demand by using a
smaller aircraft. Depending on situation in the airspace
and airport network, airlines consider potential
trajectory options in case of disruptions2.
Last minute schedule/aircraft/crew changes. Airlines file
their initial flight plans and update them as necessary,
based on their business objectives and operational
needs. Currently, for all Instrumental Flight Rule (IFR)
flights, an Aircraft Operator is obliged to submit a Flight
Plan (FPL). ICAO Doc 4444 stipulates that flight plan
submissions shall not be more than 120 hours before
the estimated off-block time (EOBT) of a flight3.
Integrated Initial Flight Plan Processing System (IFPS) in
Eurocontrol follows this recommendation, so FPLs in
Europe cannot be sent more than five days in advance
currently. On the other side, FPLs should be filed at
latest three hours before EOBT, but later submissions
are allowed as well. We cover the flight planning and
flight plan filing matters in detail.

Sources: Jacobs et al. 2012, Belobaba et al. 2009, Holloway 2008, Warburg et al. 2008, ICAO Doc 4444,
Eurocontrol, 2016.

2

In Europe, information on potential disruptions in the network are available, among other sources, via Network
Operations Portal (NOP).
3
In Europe, Repetitive Flight Plans, which can be submitted for the entire summer or winter schedule season,
constitute very small fraction (6%) of FPL messages submitted (Lenti, 2014).

© – 2017 – COCTA consortium.
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In the scope of the COCTA research, the most relevant aspect of airline planning is the decision
regarding a flight’s 4D trajectory4, as well as timing of this decision. AOs usually employ Computer
Flight plan Software Providers (CFSPs) for flight planning purposes (either in house or outsource), as it
is no longer feasible to plan and file flight plans manually (Belzer and Sanz, 2017). There are many
aspects to consider in the process of planning a flight’s trajectory, to list a few most important ones:
•

Fuel required and fuel costs,

•

Airspace network structure, availability and restrictions,

•

Weather,

•

Airspace (user) charges.

A flight plan should reflect an AO’s intention to operate a specific flight in line with its business model
and we assume that Aircraft Operators aim at minimizing the overall costs for a given flight (see also
Deliverable 3.1). We present the main drivers of airlines’ costs in figure 1. Based on IATA surveys, fuel
generated on average 25% and 33% of airlines’ costs for 2014 and 2015 respectively (IATA, 2015; IATA,
2016). The decrease in the fuel price from 2014 to 2015 (see figure 9, Section 3) led to changes in
airline cost structure. For individual airlines, the share of fuel and oil costs varied between 20% and
45% of total costs (IATA, 2015). For instance, share of fuel costs for Ryanair was about 45% in 2014 and
2015, while for Lufthansa it was around 30% for 2014 (Ryanair 2015, Lufthansa 2014). Notably, the
share of costs for air navigation charges for Ryanair was 12%, higher than the average of 5% for 2014
and 2015 (Ryanair 2015).

Airline cost structure (2014 and 2015)
0
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30

35
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Fuel and Oil
Aircraft Ownership
Maintenance and Overhaul

Cost category

Reservation, Ticketing, Sales and Promotion
Station and Ground
Flight Deck Crew
General and Administrative
Cabin Attendants
Airport Charges
Passenger Service
Air Navigation Charges
Flight Equipment Insurnace
Other
2014 (59 airlines)

2015 (61 airlines)

Figure 1 - Airline cost structure (Sources: IATA 2015, 2016)

4

By 4D trajectory, we refer to horizontal part of trajectory (2D), often regarded as route, vertical flight profile
(3D) and associated timing along the trajectory (4D), usually called estimated time over point.
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We want to explore what are the potential cost savings (and estimate an upper bound thereof) for
Aircraft Operators if they plan their flights closer to the respective departure time. We thereby assume
normal circumstances, i.e. without major disruptions. We summarize our findings in table 2.
Table 2 - Flight planning factors and cost and revenue implications

Factor

Time before FPL filing

Cost/Revenue implications

Free Route Airspace
(FRA)

Independent on time of Up to 4% of flight cost (including fuel savings)
FPL filing
reduction and 5% fuel burn [(Bentrup and
Hoffman, 2016).

Route Availability
Document (RAD)

Updated every AIRAC
cycle (28 days)

On average, limitations published in the RAD
increase flight cost by up to 1%. In about 50% of
cases the additional route distance is below
10NM. In 80% of the cases the additional
distance is below 20NM. The statistical
maximum (95% of cases) is below 50 NM. The
analysis shows that in 60% of all cases less than
25kg additional fuel are needed to fulfil all
constraints from the Route Availability
Document. In 95% of all cases the additional trip
fuel consumption is below 225kg; e.g. this mass
of fuel is not enough to fly five minutes with the
aircraft. (Hantschke and Weißhaar, 2009)

Wind

One to several days
before departure

AOs tend to use the latest weather forecast to
plan their flights. A DLR study (Zillies et al. 2014)
which analysed wind-optimized trajectories
shows that the largest potential for savings is
observed in the class of long(er)-haul flights. The
average fuel savings reached up to 0.75%, while
the average travel time savings achieved were
up to 0.83%, for a rather windy day in Europe.

Air navigation
charges

Regardless of FPL filing
(in a static charging
regime)

Air navigation charges play a certain role in
deciding on horizontal routes (Delgado, 2015).
Approximately 80% of flights choose the
shortest route, while 20% choose a longer
route, with on average lower route charges.
There is also an observable trade-off between
burning more fuel (potentially flying longer) and
reducing route charges.

Aircraft mass (Pay
Load & Fuel)

Until P/L and fuel
required is known (one

Aircraft mass plays a role in deciding on vertical
flight profile and cruising flight level. Dalmau
and Prats (2014) simulate potential savings in

© – 2017 – COCTA consortium.
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Factor

Aircraft swapping
and schedule
retiming

Time before FPL filing

Cost/Revenue implications

day or several hours
before departure)

case of a perfect flight5, using an A320 and a
range of flight distances from 400 to 2400NM. In
no wind condition, simulations show that,
ideally, fuel saving ranges from several tens of
kilos up to 250 kilos of fuel, depending on range
and aircraft mass. When additional fuel is
carried above the legal amount required for a
flight, more fuel is burned due to the extra
weight of this additional fuel; as a rule of thumb,
every extra pound of weight burns
approximately three percent extra fuel per hour
(Sabre, 2010).

Up to 7 days before
departure

Profit can be increased up to some seven days
before departure by changing the aircraft type
for a flight, and the increase magnitude is
approximately 1%. This increase is either due to
higher revenue (Jacobs et al. 2012) or reduced
costs (Warburg et al. 2008).

There are certain benefits of late flight plan filing, mostly due to better passenger forecast (adapting
aircraft type) and wind forecast (optimized flight profile). Aircraft swapping is plannable up to one
week before departure, so for some routes where aircraft swapping can be expected, an Aircraft
Operator might not be able to decide on specific trajectory before that. For long-haul flights across the
Atlantic Ocean, so called North Atlantic Tracks are published one day in advance, so no earlier flight
planning is possible in the current system. For intra-European flights, wind optimal trajectories might
bring some savings for longer flights so postponing FPL submission (several hours before EOBT) might
be a preferable option for some Aircraft Operators. Not knowing payload and fuel required in advance
might lead to defining non-optimal vertical flight profile (based on forecasted aircraft mass and fuel
required).
In summary, early flight planning and trajectory filing can have a certain impact on a flight’s cost (and
thereby profit contribution), but the estimated cost savings depend mostly on the fuel price. On the
other hand, knowing trajectories in advance would increase predictability for the NM and ANSPs,
leading to better resource planning and potential cost savings on the capacity side.
For the COCTA modelling context, one important question is, what should be the order of magnitude
of potential discounts on air navigation charges to incentivize Aircraft Operators to reveal their

5

‘An optimal flight vertical profile in terms of minimising fuel consumption, is not composed by level segments
at constant altitudes. In fact, this optimal profile consists on a continuous climb, with a climb rate that reduces
progressively as long as the aircraft approaches the tropopause, followed by a continuous descent with the
engines at idle’(Dalmau and Prats, 2014)
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trajectory preferences earlier? On a related note, the question is also if a net (network-wide) benefit
could be expected for AOs. This is one of the trade-offs which will be accounted for in the COCTA
mechanism design and further explored in the modelling and evaluation project stage.

2.3 ANSPs’ capacity and staffing planning
2.3.1 ANSP planning process
Based on insights into practices of Deutsche Flugsicherung GmbH (DFS), EUROCONTROL Maastricht
Upper Area Control Centre (MUAC), United States Federal Aviation Administration (FAA) and Air
Services Australia (ASA), some general points concerning the ANSP staff planning process can be
synthesized.
Staffing needs at a given area control centre (ACC) are typically based on sector families, each of which
consists of several control sectors, figure 2.

Figure 2- Staff planning considerations in DFS (Source: Hoefel, 2013)

In DFS, the staff requirement is calculated for each month. The period with the highest need is taken
as the basis for the plan of that year. The staffing needs for each sector family are added up to figure
out the staffing needs for each control centre. The total sum of all centres represents the overall
staffing demand (Hoefel, 2013).
A more detailed overview of the staff planning process is available for Air Services Australia (ASA). It
however follows basically the same logic as in DFS: starting from the ‘Hours of Coverage’ notion, which
reflects the hours an ATC service has to provide and “exhibits a high correlation to air traffic
movements, air traffic events and flight minutes for the operational group or unit” (Harfield, 2013).

© – 2017 – COCTA consortium.
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Then the ‘core’ and ‘mature’ ATCO requirements are calculated, accounting for a number of legal and
practical (empirical) factors, figure 3.

Figure 3 - ASA resource planning methodology (Source: Harfield, 2013)

In the US, FAA follows similar considerations as the previous ones, which are summarised in figure 4.
The FAA stresses the issue of the credibility of traffic forecasts, which are one of the key inputs in
determining the staffing needs, especially when three additional aspects are considered: long lead
times to train new ATCOs, typically inflexible ATCO labour contracts and seasonality of traffic.
The latter one means that staffing is typically designed to match (near-)peak summer traffic, which,
combined with ATCO vacations during summer, leads to significant over-staffing, especially
pronounced during winter (low traffic season).
14
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Figure 4 - FAA planning process leading to generation of staffing standards, as inputs to the staffing range and hiring
plan. (Source: Transportation Research Board, 2014)

© – 2017 – COCTA consortium.
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Those planning challenges concerning “staffing to demand” are tellingly condensed by CANSO (2012,
10): “...ANSPs cannot quickly respond to changes in traffic as the development of new [controllers]
requires somewhere between two to three years of training often with high failure rates. ... While
traffic may suddenly dip (or drop) due to external factors – economic downturns, extreme weather
conditions, a terror event – the [controller] workforce cannot be right-sized accordingly. ANSPs cannot
quickly or easily reduce that workforce ... [controllers] are not particularly mobile as a move requires
learning new sectors or areas, another lengthy training process.”
Some further details concerning the capacity planning for a given day of operation is available for
EUROCONTROL Maastricht Upper Area Centre (MUAC), see figure 5. The MUAC planning process
makes use of a layered refinement process, accounting for high uncertainty levels of the traffic
scenario (traffic occupancy, military activity, weather) when the time horizon to execution day is large
(typically bigger than one day). Such a layered planning approach, as opposed to the rigid master
approach, enables the progressive refinement of the process as more information becomes available.
(Tobaruela, 2013)

Figure 5 - Capacity planning process in MUAC (Source: Massacci and Nyrup, 2015)

Given the relationship between the ATCO pair (operational position) and the airspace volumes, the
planning of ATCO minutes can be made in accordance with the prediction of the sector configuration
timeline (SCT). The SCT can, as Tobaruela (2013) argues, be more easily managed in terms of the Sector
Opening Time (SOT). For instance, if the plan is to open only one sector in a given day, there are 1
sector x 1440 mins/day =1440 SOT minutes which corresponds to 1440 minutes of an ATCO pair (2880
single ATCO minutes). (Tobaruela, 2013)
16
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In MUAC, even though the roster is “pre-published” three months before the day of operation, and
published several weeks before the day of operation, considerable adjustments concerning capacities
to be delivered are still possible throughout the Pre-Tactical stage, up to one day before the day of
operation. During the Pre-Tactical planning phase, the Master plan goes through a periodic update
making use of SOTExecuted of the corresponding day of the week e.g. Tuesday, one week and two weeks
before, see figure 6. The Pre-Tactical phase is crucial in optimising the use of the flexible shifts
according to the variations in Pre-Tactical demand up to the day before operations (Tobaruela, 2013).

Figure 6 - MUAC phased capacity planning approach (Source: Tobaruela, 2013)

One of the key improvements implemented in MUAC is the new roster, which introduced 24 different
shifts (compared to five shifts of the old roster). Particularly notable is the so-called “Flex-duty”. This
shift type enables the assignment of the exact shift period on the evening before the day of execution.
This provides greater flexibility in matching the workforce to the demand at very short time-scales.
The “stand-by” duties are back-up shifts created for ATCO replacement in case of ATCO sickness
leading to shortages in high demand scenarios. (Tobaruela, 2013)
In addition, MUAC introduced the TimeZone – an automation tool that “enables the optimised use of
staff based on a dynamic shift management that responds to the latest traffic predictions. It relocates
staff within shifts, by changing the time of the breaks as well as the start and end shift time. This
therefore contributes to avoiding the underuse of staff early in the shifts, which can later in the day
result in capacity shortages”. (Tobaruela, 2013)
Building upon the aforementioned, and some other improvements in the areas of capacity and
resource management, the newly established MUAC ATM Knowledge Centre (MAKC) now claim that

© – 2017 – COCTA consortium.
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they “can improve the productivity of any operational unit by 25% through deploying knowledge and
experience in the areas of performance, capacity and resource management”6.
The potential for highly flexible staffing is impaired by the very long recruiting and training process of
new ATCOs. In DFS, for instance, the recruiting process takes about one year, and the initial training
courses at the academy for tower and center controllers last up to 16 months. Depending on the tower
or center unit, another 20 months are needed for operational training at the unit until the controller
is fully licensed (Hoefel, 2013). All in all, four years have to be planned for recruiting and training
(Hoefel, 2013).
Figure 7 shows the length of time ANSPs train their student ATCOs before they become fully qualified.
It should be noted that the training time for some ANSPs is less than that of others as they do not
provide en-route services and so Area Control Surveillance initial training is not included.

Figure 7 - Duration of Training for a Student Controller at different ANSPs. (Source: CANSO, 2015)

Finally, it is worth mentioning that there have been several ideas to facilitate a more flexible ANS
provision:

6

•

“Increase the amount of working positions that each controller is able to work at the control
center units so that staff can be shifted around more easily.” (Hoefel, 2013) This means greater
cross-sector ATCO mobility (within-ANSP). It would yield an increased flexibility to deliver
capacities in line with the demand, reducing/postponing the need for recruiting new ATCOs.

•

“Provide new controllers with part-time instead of full-time contracts that can be increased
and reduced depending on traffic developments.” (Hoefel, 2013) More flexible ATCO contracts
are a longer-term instrument helping e.g. with seasonal demand fluctuations.

•

Flexible duty, as already implemented in MUAC (Tobaruela, 2013), yielding productivity gains.

http://www.eurocontrol.int/eurocontrol-world-atm-congress/nyrup-flemming [Accessed 27 February 2017]
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•

Generic ATCO validations, enabling easier cross-border ATCO mobility (between ANSPs). This
would be helpful especially with deviations from long-term capacity forecasts.

•

“Mobility of airspace”, i.e. portion of airspace moving from ANSP A to ANSP B for a specific
period of time. This is basically a sub-variant of point 4, with a difference that here the ATCO
stays in ANSP B premises physically, and controls sector in ANSP A in a remote mode.

© – 2017 – COCTA consortium.
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3 Scenarios for the COCTA framework

To model the COCTA process, several assumptions regarding the overall framework have to be made.
Some key elements are assumed to be given and stable, whereas for other elements we consider
different options for future developments or decisions. We combine those options, defining in total
six scenarios which also enable us to show potential changes in the COCTA results due to differing
organisational, economic or political framework conditions.
We assume that the operational paradigm - which is aligned with ATM Master Plan / CONOPS for the
target time horizon - and the overall design of the value chain are constant throughout the COCTA
modelling period. The operational paradigm includes elements such as 4D trajectory management,
collaborative decision-making and an information sharing environment, as specified below:
•

Legislative and institutional framework are in place for trajectory management (e.g.
trajectories are the subject of a contract between the AO and the NM);

•

Trajectory update process is introduced, i.e. interaction and negotiation process between the
AO and the NM regarding specification of the purchased trajectory;

•

Relevant network information sharing is adapted, such as closure of airspace, construction site
on the airport or any other information relevant for flight planning is widely available;

•

Collaborative decision making and negotiation processes are in place (e.g. for the NM to
negotiate extra capacity from ANSPs or trajectory updates with AOs);

•

Free Route Airspace is implemented en-route, figure 8;

•

E-AMAN is implemented across major European airports; although it is a tactical and real-time
operations tool by nature, we assume that it also takes account of airport slots7 and is not in
conflict with the NM demand management (as there is inherent airport-centric vs. network
centric perspectives conflict)8.

7

See Centralised Services 1: Flight Plan and Airport Slot Consistency Service:
http://www.eurocontrol.int/services/cs1-flight-plan-and-airport-slot-consistency-service-fas
8
http://www.sesarju.eu/sesar-solutions/advanced-air-traffic-services/extended-arrival-management-amanhorizon or https://www.sesarju.eu/sites/default/files/documents/wac2015/E-aman_factsheet_FINAL.pdf
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Figure 8 - Free route implementation planned for end 2021 (Source: EUROCONTROL, 2016)

In COCTA D3.1 a new design of the ATM value chain, including a corresponding regulatory framework,
was developed as a foundation for the COCTA model. We assume this value chain to be given for all
scenarios. In particular, we do not consider a consolidation of ATM provision, e.g. cross-border mergers
of ANSPs, since we do not see political steps taken into this direction. However, there are also potential
changes in the overall value chain which would not alter the general functioning of the COCTA process,
e.g. a commercialisation or even privatization of individual ANSPs.
For three framework conditions which also have a significant impact on the outcome of the COCTA
process, we define different paths for future developments. In particular, we describe alternative
framework conditions regarding the flexibility of ANS service provision, the oil price, and the high-level
goals of European (air) transport policy.
First, we consider different degrees of flexibility in ANS capacity provision. As elaborated in Section
2.3 of this Deliverable (ANSP planning process), several assumptions can be made regarding this
specific aspect. Those impact, inter alia, the unit cost of capacity provision and associated trade-offs
with capacity and demand management instruments, as mentioned above, as well as the plausibility
of advance purchase discount idea, as described in D3.1. In a very simplified fashion, we can distinguish
between:
•

“Rigid” ANS capacity provision – assuming the present state of affairs, with limited (or
significantly impeded) mobility of ATCOs and/or of airspace, due to low cross-sector and crossANSP ATCO training, and typically rather inflexible ATCO contracts and staff management
practices.

© – 2017 – COCTA consortium.
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•

“Flexible” ANS capacity provision - with greater degree of flexibility inbuilt in: ATCO training
(e.g. generic ACC validation, as already the case in NEFAB, for instance), ATCO labour contracts,
staff management practices (e.g. alike MUAC flexible shifts) and inter-ANSP collaboration
(enabling e.g. airspace mobility if/when needed, in particular with neighbouring ANSPs during
strategic/pre-tactical phase, i.e. weeks and days before the day of operation).

Second, we use different assumptions for the oil and fuel price, respectively. The fuel price has a strong
influence on the overall cost effect of re-routings and to some degree also on the optimum 4D
trajectory. At low fuel prices it might be less expensive to reroute several flights in order to bypass a
busy sector, compared to delaying them at gate or to further split the sector in order to handle
additional traffic load. At high fuel prices, the relative attractiveness of re-routings significantly
decreases. To cover the range of possible scenarios, given the historical volatility of oil and fuel prices
respectively (see figure 9), we assume two possibilities for the fuel price. In the Base case we assume
the current jet fuel price of approx. 0.5 EUR/kg, in the High case, a doubling of the fuel price is assumed,
i.e. 1 EUR/kg jet, which is in line with previous periods of a rather high oil price9.

Figure 9 - Jet fuel and crude oil price development 2010-2017 (Source: IATA, 2017)

Finally, changes in the weighting of key high-level goals of European (air) transport policy may affect
the COCTA process. “The ultimate goals of the technological modernisation of ATM through the
deployment of SESAR are to enable a reduction of ATM costs, increased operational efficiency for
airspace users by reducing delays, fuel burn and flight time, an increase in capacity and a reduction of
CO2 emissions. All these elements will increase the environmental benefits of SESAR solutions, and are
fully linked to the overall ATM performance scheme.” (European Commission, 2015). However, there

9

See e.g. http://www.worldenergyoutlook.org/media/weowebsite/2015/WEO2015_Chapter01.pdf, or
https://ec.europa.eu/energy/sites/ener/files/documents/20160713%20draft_publication_REF2016_v13.pdf,
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may be trade-offs between three related SES Key Performance Areas: Capacity (desired reduction of
delays attributable to ANS), Environment (desired horizontal en-route flight efficiency – lowest
possible deviation of contracted/assigned trajectories from Great Circle trajectory…), and Costefficiency (desired lowering of unit cost of capacity provision for en-route ANS).
Moreover, the European Commission (EC) emphasizes the goal of “Sustainable mobility” (European
Commission, 2009). More specifically, reduction of greenhouse gas (GHG) emissions is among highest
European, as well as global priorities (European Commission, 2009). In particular, one rationale behind
the implementation of the European Emissions Trading Scheme (ETS) for CO2 emissions in the air
transport sector was to initiate further actions on the international level. In the meantime, ICAO has
decided on a concept to introduce Market Based Measures for limiting CO2 emissions from aviation.
Therefore, also changes to the European ETS might be expected. However, neither the European nor
the global scheme defines a maximum actual amount of CO2 emissions. In both schemes, additional
emissions lead to cost increases for Aircraft Operators, either through the purchase of additional
emission permits from other industries, the use of biofuels, or the implementation of additional offset
measures.
Against the background sketched above, we assume that air traffic management is expected to
minimize the total economic costs to Aircraft Operators, defined as the sum of the costs of capacity
provision (i.e. user charges paid by Aircraft Operators), the costs of delays, and the costs of flight
inefficiencies (defined as deviations from the shortest possible route). However, if a specific focus is
set on minimizing environmental impacts, costs of flight inefficiencies, which lead to additional CO2
emissions, are gaining importance. Since CO2 emissions are proportional to fuel burn, the impact of
differing climate change policies can be modelled as an additional fuel price increase. Therefore, as a
standard assumption we assume a given weighting of the three policy goals mentioned above and as
an alternative we include a political framework with a higher weighting of climate change policy. In
this case we assume the additional financial burden to be equivalent to an additional increase of the
oil price of 0.25 €/kg (based on the high scenario).
In total, we can distinguish six scenarios as shown below. In each case, the NM is supposed to minimize
the TEC for users. The different assumptions regarding the flexibility of ANS provision influence the
costs of capacity provisions whereas the different assumptions regarding the oil price (including
political measures for reducing CO2 emissions) affect the costs of demand management measures.
Table 3 - COCTA initial scenarios with indicative fuel prices

ANS provision

Rigid

Flexible

Base (0.5 €/kg)

A1

A2

High (1.0 €/kg)

B1

B2

High plus additional costs for CO2 emissions (1.25 €/kg)

C1

C2

Oil price

© – 2017 – COCTA consortium.
All rights reserved. Licensed to the SESAR Joint Undertaking under conditions.

23

EDITION [01.00.00]

4 COCTA mechanism initial design - capacity
and demand management

4.1 Objectives
Objectives which the COCTA mechanism, i.e. demand and capacity management process, should
achieve are aligned with the overall COCTA research objectives. We list the specific COCTA mechanism
goals:
•

Improve overall cost-efficiency of the ATM value-chain by means of
o

demand driven capacity management and

o

economic-based demand management measures;

•

Incentivise more direct routings (improve horizontal flight efficiency) by setting airport-pair
based trajectory charging;

•

Improving the vector of performance indicators in line with high-level policy goals, e.g.
prioritizing environment over cost-efficiency indicator (mechanism is adaptable to policy
changes);

and elaborate further in the text how we envision to achieve those objectives.

4.2 COCTA mechanism
Building upon a detailed analysis of planning processes and objectives of stakeholders involved (AOs
and ANSPs), as detailed in section 2 of this deliverable, we herein further elaborate in more detail
concepts of capacity ordering and trajectory pricing defined and developed in Deliverable D3.1 – ATM
value-chain redesign (figure 10). Namely, we focus on a more precise definition of the COCTA process
elements: timelines, transactions between stakeholders, products and prices thereof and other
relevant elements. In the reminder of the chapter, we present the COCTA element in detail; table 4
summarizes the most important elements.
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Figure 10 - COCTA process
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Table 4 - COCTA process elements

Timeline

Step(s)

Stakeholders

Transaction action

Product

5 years

(1)-(3)

NM, ANSPs

Initial capacity ordering

Nominal capacity profile

6 months

(4)-(5)

NM, ANSPs

Capacity (re)ordering

Capacity

6 months

(4)-(5)

NM, AOs

Trajectory offering

PST, FAT

7 days

(7)

NM, ANSP

Final capacity ordering

Sector opening scheme

7 days

(8)

NM, AOs

Trajectory choices/assignment

PST, FAT

4.2.1 Transactions and products
The NM first orders nominal capacity profile (NCP) from ANSPs for the next five years. NCP is defined
as an interval (point quantity plus/minus a margin) of capacity units, which should be provided by an
ANSP. The upper bound of the range cannot exceed structural capacity limits that can be achieved by
an ANSP in a 5-year period. Every year, the NM specifies a more precise NCP for the rest of the 5-year
period. To illustrate, at the start of the process (year 0) the NM might ‘order’:
•

100 capacity units ±5% for year 1,

•

105 capacity units ±10% for year 2,

•

110 capacity units ±15% for year 3 (and so on).

In year 1, with better information and an updated forecast, the NM may narrow down the range for
years 2-5, e.g.:
•

103 capacity units ±5% for year 2,

•

108 capacity units ±10% for year 3 (and so on).

The product of this transaction, i.e. NCP capacity units, can be defined in several ways, based on:

26

•

NCP option A: Annual IFR traffic (IFR movements), with assumed monthly traffic distribution
and peak traffic days. In this case, the NM asks an ANSP to provide ANS services for forecasted
yearly IFR traffic, and the price for such service. As already discussed in D3.1, due to traffic
variability and shifts in traffic flows, the NM asks for the price for several scenarios (e.g. Low,
Base, High).

•

NCP option B: A measure of capacity based on throughput. There are several ways to define
capacity based on throughput, with different assumptions, level of aggregation in time and
space, as well as units to define it. The current practice for capacity planning can serve as an
example, since the NM uses a measure of ACC capacity, based on theoretically maximum
throughput for a 3-hour period, which does not cause excessive workload in any of the sectors
(EUROCONTROL, 2013).

•

NCP option C: Annual sector-hours and maximum number of sectors simultaneously open.
Again, the NM would ask for yearly quota of sector hours (± range), with expected distribution
in time (e.g. per month), stressing the peak capacity load period(s).
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Using each of these products has its pros and cons. NCP-A is a straightforward option for the NM, but
might leave too much freedom to ANSPs. NCP-B is similar to the current practice and a step forward
from translating traffic demand/throughput to a measure of capacity. However, it is usually tailored
and measured for a peak period only and does not reveal the information on traffic distribution. NCPC assumes that the NM can ‘translate’ traffic demand figures into sector hours required to handle the
traffic (as discussed in D3.1). While this might be possible in the shorter run, in the longer run existing
airspace structure and sector configurations might change, therefore the need for ‘recalculation’ of
sector hours. As this product will serve as a basis for the cost of capacity calculation, it is more likely
that either NCP-A or NCP-C will be more practical to use.
Capacity order is refined and made more precise six months before the day of operation, once flight
schedules for the following season are known. The product of this transaction is capacity and we define
capacity units it in a similar manner as for the NCP-C: total sector hours for six months and distribution
thereof. In this case, such defined product does not have an issue with changing sectors’ structure and
configurations (due to shorter time horizon).
The product of the last transaction between the NM and ANSPs (D-7 till D-1) is the planned Sector
Opening Scheme. It is the NM, with a full network perspective, who decides on the plan of sector
openings and closing (as already described in D3.1 this might be subject to a consultation process
between the NM and ANSPs). Depending on the environment and the chosen scenario, the degree of
flexibility to make short-notice capacity changes will also vary.
On the other hand, the transaction between the NM and AOs involves two different concepts of
trajectory products. One concept offers a more specific trajectory product, while the other concept
introduces a more flexible trajectory option. The specific product leaves relatively narrow margins for
trajectory changes in space and time, compared to potential trajectory margins incorporated in the
flexible product. Both products are the subject of a contract between AOs and the NM, with mutually
agreed size of margins. We denote these products with working labels: Product Specific Trajectory
(PST) and Flexibly Assigned Trajectory (FAT), as defined in D3.1. To illustrate one of the potential
examples of PST and FAT:
•

PST with a margin of up to 5 minutes concerning the time of departure, or/and up to 10NM
(or e.g. 1%) deviation from shortest path in horizontal plane, or/and up to 2000ft deviation
from the optimal cruise flight level.

•

FAT could e.g. incorporate a margin of up to 20 minutes concerning the time of departure,
or/and up to 50NM (or e.g. 5%) deviation from shortest path in horizontal plane, or/and up to
4000ft deviation from the optimal cruise flight level. Practically, FAT can also represent a set
of specific PSTs within the given FAT margins, so that an AO knows that it will eventually be
assigned one out of several possible options, listed in advance.

The width of the trajectory margins should mainly depend on the NM’s expectation to improve
network performance by offering different products at different prices (discussed further below).
Some relevant aspects to be considered when determining these margins are:
1) Anticipated level of congestion in a portion of airspace and/or at an airport;
© – 2017 – COCTA consortium.
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2) Level of airspace fragmentation in a vertical sense (how “fine” is the sectorisation in a given
volume of airspace);
3) Flying from/to airport slot coordinated airport;
4) Environment (mostly depends on fuel price and policy goals);
In the COCTA context, demand management is carried out through trajectory management by means
of product (trajectory) differentiation and inbuilt flexibility. There are two important aspects to be
considered for the COCTA model development and evaluation stage.
The first aspect is about the scope of inbuilt trajectory flexibility, i.e. the NM’s ability to manage
network performance, be it in a congested or less crowded airspace. Trajectory margins could be either
assumed and results evaluated or the margins could also be the subject of optimization, i.e. dynamics
of the network (demand and capacity levels in time). In each case, it is unrealistic to expect that COCTA
mechanism could efficiently deal with large scale disruptions, such as Volcanic ash crisis, which require
special procedures. Rather, the COCTA mechanism should aim to cover most normal situations in the
network.
The second relevant aspect concerns the trajectory choice/assignment process. Although the NM has
to approve any trajectory ultimately, the decision regarding inbuilt PST trajectory flexibility could be
with AOs and the NM. There are associated trade-offs with both options. Leaving the flexibility with
AOs could mean a lower level of predictability regarding necessary capacity levels, which could
effectively decrease the NM’s options for capacity cost savings. If, oppositely, the NM decides on the
exact trajectory within the PST margins to achieve overall cost savings, some AOs might not end up
with trajectories which fully suit their individual goals, given the information they have available. Initial
modelling results should give more insights for further mechanism development.

4.2.2 Timeline
Based on a 5-year traffic forecast (e.g. STATFOR Medium-term forecast), the NM orders a nominal
capacity profile from ANSPs. A period of five years is suitable for ANSPs to plan their resources (see
Section 2.3), and is the same as the current capacity planning process, i.e. ACC Capacity Requirement
Profiles published in the European Network Operations Plan (Eurocontrol, 2016). Also, SES
Performance Scheme Reference Periods are five years long.
As soon as flight schedules for the next season (six months) are published, the NM has better
information on O-D pairs for scheduled flights, which represent more than 80% of total IFR flights
(EUROCONTROL PRC, 2016). With such information six months in advance, the NM is in a better
position to refine its initial order of capacity from ANSPs, within pre-agreed nominal capacity profile.
This capacity order by the NM is now an input for ANSPs to plan their rostering for the following season.
ANSPs also set a price for this capacity order, which represents an input for the NM to calculate
baseline trajectory charges per airport-pair to recover the cost of capacity provision. Based on
historical experience and anticipated “bottlenecks” in the network, the NM can define (trajectory)
products to suit AOs needs, also having in mind the network perspective and performance goals.
Final refinements of capacity plans occur one week to one day before the day of operations. In this
period, the NM is still able to balance capacity ordering and trajectory assignments. Depending on the
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scenario, we can expect different trade-offs between capacity quantities ordered and volume of
demand management measures taken.

4.2.3 Pricing
The price of capacity units purchased by the NM will depend on the assumed environment and
flexibility of ANS provision. For instance, having a relatively ‘rigid’ ANS provision, the price per capacity
unit should be lower than in a more ‘flexible’ ANS provision case. On the other hand, there is a higher
potential for capacity cost savings (re. number of capacity units needed) with a more flexible ANS
provision. Moreover, the regulation of ANSPs has to be adapted to the type of contract between the
NM and the ANSPs. If, for instance, the NM purchases sector hours (NCP option C), regulation would
have to be adapted, e.g. a price-cap/sliding scale on the costs per sector hours. If the NM purchases
capacity defined as the number of movements (NCP option A), regulation would be more like today’s
practice.
COCTA proposes trajectory charges per airport-pair, which are route (2D) independent. The distance
factor accounted for charging is the shortest route between two airports, however considering
different average costs of different ANSPs. By setting such charging regime, AOs will no longer have a
(cost) incentive to opt for a longer, yet cheaper route [see Delgado, 2015]. This will a priori improve
horizontal flight efficiency, measured in terms of trajectory deviation from the shortest route. Another
factor which could be considered for the calculation of trajectory charges is aircraft mass, i.e.
Maximum Take-Off Weight (MTOW), as recommended by the ICAO [ICAO, 2012]. Inclusion of MTOW
makes a calculation of trajectory charges to recover ANS provision cost slightly more difficult, as one
needs to know the distribution of different aircraft types across the network. However, it might work
in favour of the environmental KPI, since a potential re-routing from the shortest path will be ‘biased’
towards smaller aircraft, which pollute less per unit of distance in principle.
Regarding pricing, there are several levels of price differentiation which will be considered in the
forthcoming WP5 deliverables (D5.1 and D5.2) and discussed with the Advisory Board members:
1) Time related, i.e. price differentiation in time, such as an early product purchase discount. The
rationale behind is that increased traffic predictability will potentially reduce costs of capacity
provision (higher cost savings are expected in ‘flexible ANS provision’ environment). The
question remains if the net outcome, in terms of overall cost savings, will be positive.
2) By market and time of day (essentially peak-load pricing). The rationale behind is that there is
a willingness to pay for a premium product, for instance a PST. Also, we assume that some AOs
are willing to trade-off their flexibility in terms of precise route choice for a compensation.
3) By product, i.e. by combining the options listed above.
The pricing policies can be broadly separated in two groups. One is a structured pricing policy like
today, with predefined rules for pricing, while the other works in a more liberal context where the NM
dynamically sets prices to optimize network performance. For instance, the dynamic pricing could take
place within a pre-specified price corridor.
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Finally, decisions on calculation of base trajectory charges, as well which price differentiation levels
will be included, depend on the COCTA environment. For instance, in an environment with a high fuel
price and ‘rigid’ ANSP staffing, offering discounts for early trajectory purchase might not lead to any
overall cost savings. Also, the NM’s decision which measure to take, i.e. to delay an aircraft or to reroute it, also depends on the fuel price; the higher the fuel price, the lower are the incentive to reroute
the aircraft, and vice versa (figures 11 and 12, with an assumed fuel price of 0.49 EUR/kg10). We expect
to analyse demand management actions vs. capacity ordering in the forthcoming WP5 deliverables.

Total cost of rerouting by aircraft type
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Figure 11 - Total cost of rerouting by aircraft type
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See Cook and Tanner (2015) for more details.
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4.2.4 Other relevant aspects for the COCTA mechanism for modelling
Although scheduled flights represent the vast majority of IFR flights, there is still a portion of aircraft
movements for which flight information is not necessarily known six months in advance, but rather at
a shorter time horizon. This group of flights represented 17.1% of IFR flights in 2015, and a major
portion of those flights were business aviation (6.7%) and charter flights (3.4%) (Skyway, 2017). These
operations are important, since we also foresee a process for trajectory requests from these AOs, since
the NM is not a priori able to offer them trajectories. Hereinafter, we briefly discuss major
characteristics of business aviation and charter flights, and in short explain implications upon COCTA
process and modelling.
Figure 13 shows the main bi-directional flow of flights generated at European airports per market
segment (EUROCONTROL STATFOR, 2016). It suggests strong flows of non-scheduled flights in the east
of the continent, in particular between Russia and Turkey/North Africa.

Figure 13: Busiest 15 airport pairs in ECAC per market segment in 2015 (bi-directional)
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Table 5 shows the five busiest European airports for the charter market segment in 2016. A noticeable
drop in the number of charter operations to/from Antalya in 2016 illustrates possible volatilities of
traffic flows in this market segment due to, e.g. political tensions. Therefore, regarding charter flights,
at least one of the ends of traffic flows is usually fairly predictable, which to a certain extent facilitates
the capacity planning process. Also, the requests for trajectory bookings for these flights will in most
cases appear within the COCTA time horizon (D-1).
Table 5 - Top 5 European airports by the number of charter operations

Airport

Arrivals & Departures in 2016

Percentage growth on 2015
on average daily terms

Antalya

24,000

-52.7%

Palma de Mallorca

12,000

10.2%

Burgas

10,500

13.3%

Tel-Aviv Ben Gurion

10,200

2.9%

Iraklion Nikos Kazantzakis

9,700

19.0%

Source: Skyway, 2017
A detailed study of business aviation (BA) flights was performed by STATFOR (EUROCONTROL, 2009).
In 2009, only 29% of BA departures were from busy airports with 100 or more departures per day.
Moreover, 51% of flights departed from airports with less than 50 flights/day on average. Therefore,
BA could be considered to have a rather small impact on major airports.
The peak for business aviation is normally June with about 50% more flights than during winter
months. Figure 14 shows the hourly pattern of departures for the busiest state (France). The busy
hours for business aviation begin later and end earlier than for the rest of traffic. Business aviation also
has a stronger tendency towards two peaks per day, in morning and afternoon, than is apparent for
other traffic. Being essentially an on-demand service, this must reflect the preferences of the
customers. Business aviation has occasional very-busy days, which was noted in earlier reports. This
trend continues. In figure 14, the X’s mark the hourly departures in the busiest hour of the year. These
busy hours have up to three times as much traffic as the average hour.
Half of all BA flights are shorter than 500NM, with around 75% shorter than 1000NM. The analysis
showed that BA is concentrated in six European countries, which between them account for two-thirds
of all business aviation movements, figure 15.
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Figure 14 - Hourly pattern of departures, France, 2009 (Source: EUROCONTROL, 2009)

Figure 15 - Business aviation per state in Europe, 2009 (Source: EUROCONTROL, 2009)
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More than 70% of BA flights in 2009 were performed by jet aircraft and about 21% by turbo-props.
Figure 16 shows the aircraft types used most frequently by BA in 2009. The BA fleet structure naturally
impacts airspace capacity requirements, given the significantly different performance and flight
profiles of jets vs. turbo-props.

Figure 16 - Main aircraft types for business aviation in 2009 (Source: EUROCONTROL, 2009)

Although BA flights represent less than 7% of total IFR movements in Europe, they may still exert a
tangible impact on en-route capacity requirements. More specifically, since these flights typically
‘appear’ only several hours before departure, this means that the capacity ordering and trajectory
choices/assignments for scheduled traffic has already been carried out. The tactical period is out of
the scope of the current COCTA project, yet the BA traffic will appear eventually. Therefore, a decision
must be made for the COCTA process, and especially for modelling, whether to order additional
airspace capacity for BA flights and if yes, how much. There are several caveats associated with this
decision. Ordering more capacity for a small portion of flights would increase the cost of capacity, and
one of the questions is who should bear this (marginal) cost? Also relevant is a trade-off between
ordering more capacity and applying demand management measures (trajectories incorporating atgate delay or longer routes, bypassing capacity bottlenecks).
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5 Next steps

The initial mechanism which has been presented in this deliverable will be discussed with the members
of the COCTA Advisory Board as well as with others stakeholders.
As a next step, taking into account data availability considerations too (to be addressed in D2.2, due
14 April 2017), we will develop an initial mathematical model, which is to enable the quantification of
potential effects on performance within the COCTA framework. The initial model, including a numerical
example, will form the core of the D5.1 (due 14 May 2017). Subsequently, final mechanism design
(D4.2, due 14 August 2017) will rely on feedback from the initial modelling deliverable results and
conclusions.
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