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DELIVERABLE 2.2 – DATA MANAGEMENT REPORT

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
In this deliverable, we summarize data requirements for COCTA modelling and model testing. We
present available data, that is, data sources and tools for data processing, as well as data limitations.
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1 Introduction

In this deliverable D2.2, we describe data requirements and availability for the initial modelling and
model testing, forthcoming in the COCTA deliverable D5.1.
We define the general data requirements for COCTA research, based on the initial COCTA modelling,
i.e. paper presented at SESAR Innovation Days 2016 (D6.1) and the paper published in the scientific
journal Transportation Research Part A: Policy and Practice.
The main data source - EUROCONTROL Demand Data Repository Service (DDR2) is briefly described.
Further, we present the EUROCONTROL Network Strategic Tool (NEST), which we use for demand
and capacity data collection and processing. We demonstrate how the data will be processed and
prepared for modelling on a few examples.

© – 2017 – COCTA consortium.
All rights reserved. Licensed to the SESAR Joint Undertaking under conditions.
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2 Data requirements for COCTA modelling

2.1 Background
The COCTA team has already developed two models within COCTA framework and used both
simulated and real-world data for model testing and evaluation.
The model developed early in the COCTA project is a more general Air Traffic Flow Management
(ATFM) model which minimises delay propagation and improves airport slot adherence for flights
subject to a single en-route ATFM regulation1. For model testing, we needed data such as:
•

ATFM regulation data – regulation (geographical) location, duration and regulation rate;

•

Demand data – trajectories (4D) of regulated flights;

•

Cost of tactical and strategic delay for different aircraft types;

•

Capacity data – sectorisation and sector opening scheme, sector capacities and sector loads
for unregulated sectors.

This was the first COCTA team joint modelling effort during which the Operations Research team
from University of Warwick had an opportunity to work on a variant of the ATFM problem at the very
beginning of the project. Based on a sketched conceptual model, the UW team developed an
optimisation model and tested it using the real-world data. We used EUROCONTROL Demand Data
Repository (DDR2) service as a primary source of data and Network Strategic Tool (NEST) for data
sourcing and processing. We used Cook & Tanner (2015) as a reference guide for the delay costs.
The first model which describes some of the main COCTA ideas was an optimization model which
jointly decides on sector charges and capacities2. We used simulated and hypothetical data for model
testing and evaluation:

1
2

6

•

Demand data - set of alternative routes for a flight in a horizontal plane (2D);

•

Capacity data - sector configuration and capacities;

•

Cost data - flight’s operating costs per aircraft type, cost of capacity provision.

Reference: Ivanov et al. (2017)
Reference: Strauss et al. (2016)
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2.2 Data requirements based on previous experience
Based on our previous modelling efforts and on the initial mechanism design, the COCTA team
hereunder defines data requirements for further COCTA modelling stages, namely for COCTA initial
model (Deliverable 5.1 – Prototype models and small academic examples).

2.2.1 Demand data
The following aspects of demand data will be necessary for the COCTA modelling:
•

4D trajectories for all flights under consideration, as well as several alternative 4D trajectory
options for selected flights. We foresee that a 4D trajectory will be represented as a
sequence of entry times into the elementary ATC sectors. Flights which have several
trajectory options will have additional feature to identify different trajectories feasible for
that flight (column Trajectory Option).

•

Cost of delay and cost of rerouting parameters per aircraft type. Total cost of delay and/or
re-routing is called displacement cost in the COCTA context. Displacement cost is estimated
by the NM, based on airlines delay cost reference values (Cook & Tanner 2015), for all
trajectory options; it is zero for ‘preferred’ trajectory.

•

Flight’s market segment for all flights. We assume that different market segments should
have different cost basis for specific flights and will choose different trajectory products.

Table 1 – Trajectory data structure

Flight
ID

Market
Segment

Flight_1 Low Cost

Trajectory representation

Trajectory
Option

Displacement cost

(Departure_Ap, Departure_Time),
(Elementary_Sector_1, Entry_Time_1),
(Elementary_Sector_2, Entry_Time_2)…
(Arrival_Ap, Arrival_Time)

Option_1

Displacement_cost_1

Count of all the flights, within a demand dataset for COCTA model(s), will be needed as well.

2.2.2 Capacity data
The following aspects of capacity side relevant data will be considered for the COCTA modelling:
•

Elementary sectors (ES) and their capacities for the airspace under consideration.

•

Collapsed sectors (CS) and their capacities, as well as which ES (list) constitute a CS.

•

Sector configuration (SeConf), that is, list of ES and CS which constitute the airspace volume
under an ANSP’s jurisdiction.
© – 2017 – COCTA consortium.
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•

Sector opening scheme (SOSC) which precise SeConf used during the day.

•

Capacity cost data, per ANSP:
o

Cost of capacity provision. We will use cost of capacity provision per year to estimate
average cost of activating one sector for one hour. Also, we would need estimated
cost of capacity provision for several capacity ordering variants. For instance, cost of
ordering additional capacity several weeks or several days in advance. This issue is
further discussed in section 3.3 of this deliverable.

o

Airport-pair base trajectory charge, which will be used as a basis for cost (of capacity
provision) recovery from AOs.

The relationship between ES, CS, SeConf and SOCS for an ANSP is given in figure 1.
Elementary
sector

Elementary
sector capacity

ES_1

40

ES_2

35

Collapsed
sector

Made of
elementary
sectors

Collapsed
sector
capacity

CS_1

ES_1, ES_2

35

CS_2

ES_1, ES_3

30

Sector
configuration

List of elementary and
collapsed sectors

Se_Conf_1

ES_1, ES_2, ES_3, CS_7

Se_Conf_2

CS_1, CS_3, CS_5

Time start

Active sector
configuration

Time_start_1

Se_Conf_1

Time_start_2

Se_Conf_3

Figure 1 – Capacity data format and related tables
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Cost of capacity provision is used as a starting point for calculation of cost of sector-hour and airportpair base trajectory charge. As detailed in the deliverable D4.1, the NM orders capacity in several
stages, involving different capacity products. The NM asks an ANSP for the binding price of a baseline
(nominal) capacity needed, as well as prices for lower and higher (than baseline) capacity provision.
𝑝𝑟𝑖𝑐𝑒_𝑙,
𝐶𝑜𝑠𝑡_𝑜𝑓_𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦_𝑝𝑟𝑜𝑑𝑢𝑐𝑡 = { 𝑝𝑟𝑖𝑐𝑒_𝑏,
𝑝𝑟𝑖𝑐𝑒_ℎ,

𝑙𝑜𝑤𝑒𝑟 𝑡ℎ𝑎𝑛 𝑛𝑜𝑚𝑖𝑛𝑎𝑙 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦
𝑛𝑜𝑚𝑖𝑛𝑎𝑙 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑜𝑟𝑑𝑒𝑟𝑒𝑑
ℎ𝑖𝑔ℎ𝑒𝑟 𝑡ℎ𝑎𝑛 𝑛𝑜𝑚𝑖𝑛𝑎𝑙 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦

As a basis for modelling purposes, we will use the cost of activating one sector for one hour (one
sector-hour). Price for sector-hour depends on timing of the order; the latter capacity is ordered in
the COCTA process, the more expensive it is.
𝑝𝑟𝑖𝑐𝑒_1, 𝑖𝑓 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑖𝑠 𝑜𝑟𝑑𝑒𝑟𝑒𝑑 𝑏𝑒𝑓𝑜𝑟𝑒 𝑡1
𝑝𝑟𝑖𝑐𝑒_2, 𝑖𝑓 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑖𝑠 𝑜𝑟𝑑𝑒𝑟𝑒𝑑 𝑏𝑒𝑓𝑜𝑟𝑒 𝑡2
𝑆𝑒𝑐𝑡𝑜𝑟_ℎ𝑜𝑢𝑟_𝑝𝑟𝑖𝑐𝑒 = {
…
𝑝𝑟𝑖𝑐𝑒_𝑛, 𝑖𝑓 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑖𝑠 𝑜𝑟𝑑𝑒𝑟𝑒𝑑 𝑎𝑡 𝑙𝑎𝑡𝑒𝑠𝑡

© – 2017 – COCTA consortium.
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3 Demand and capacity data

3.1 The main data source - EUROCONTROL DDR2
DDR2 is the main source of demand and capacity data for the COCTA research. EUROCONTROL uses
data from its own services and collects data from airlines (flight plans), ANSPs (Sector configuration,
opening schemes and capacities) and airports (capacities), see figure 2. Data is prepared by
EUROCONTROL and is available for download to registered users.

Figure 2 – DDR data sources

The DDR2 web application supports the generation and the download of (EUROCONTROL 2017a):
•

Historical 4D Trajectory traffic files;

•

Forecasted 4D Trajectory traffic files;

•

Environment and Forecast (STATFOR) dataset;

•

The download of the NEST and SAAM associated software tools;

There are various formats of traffic data available for download; we will use NEST dataset file, see
figure 3. NEST files contain data for 28 days, that is, for one AIRAC cycle (Aeronautical Information
Regulation And Control, as defined in ICAO Annex 15). NEST dataset includes both traffic and
network/airspace data.
10
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The traffic data is generated from flight plans filed by AOs. There are three “types” of traffic data,
that is, trajectories (EUROCONTROL 2017b):
•

Initial trajectory (FTFM or M1 in NEST terminology) is based on the last filed flight plan. NEST
term Initial flight plan should not be confused with the first filed flight plan from an AO. In
reality, an AO could file a FPL and then update/change it several times. Such FPL change log is
not available for download, but only the last filed FPL.

•

Regulated trajectory (RTFM or M2 in NEST terminology) is the same as the Initial for nonregulated flights. For flights subject to regulation(s), most penalizing ATFM delay is added,
thus changing time component of their trajectories.

•

Actual trajectory (CTFM or M3 in NEST terminology) is Initial trajectory updated with
available radar information whenever the flight deviates from its last filed flight plan by more
than any of the pre-determined NMOC thresholds (5 minutes, 7FL or 20NM). This trajectory
represents the closest estimate available in official NEST data files of the flight trajectories
handled by controllers on the day of operations.

NEST network dataset contains files in relation to the network, like RADs, SIDs, STARs, etc. The
airspace dataset contains coordinates and the lower and upper FL of airspace volumes, and
association links thereof, definition of elementary sectors, how elementary sectors can be collapsed,
different sector configurations and opening schemes used by ACCs, and so on.

Figure 3 – NEST data file
© – 2017 – COCTA consortium.
All rights reserved. Licensed to the SESAR Joint Undertaking under conditions.
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We will use additional data sources as well. For estimation of relevant demand and capacity cost
parameters, we will rely on several publications:
•

Cook & Tanner (2015) provide reference values for the cost of delay to European airlines.
They provide cost of strategic and tactical delay for three different scenarios and several
different aircraft types.

•

Performance Review Commission publications and Performance Review Unit website: ATM
Cost-effectiveness (ACE) Benchmarking and Performance Review Reports, which provide
ANSPs’ cost-efficiency/effectiveness data on annual level.

The COCTA team have collected traffic and capacity data for period from 2014 until 2017.

3.2 NEST features – selected examples
NEST is a stand-alone desktop application used by the Network Manager (EUROCONTROL) and ANSPs
(Air Navigation Service Providers) for airspace structure design and development, for capacity
planning and post operations analysis, for strategic traffic flow organization, for scenario preparation
for fast and real-time simulations and for ad-hoc studies at the local and network level
(EUROCONTROL 2017b). It is a scenario-based modelling engine, capable of running a broad range of
complex, operationally-relevant analysis and optimization functionalities (EUROCONTROL 2017b).
NEST can be used locally, for instance at the level of Area Control Centres (ACC) or airports, and also
globally for strategic planning at the network level (EUROCONTROL 2017b). NEST can process and
consolidate data spanning multiple months or even years, and also allows the user to drill down into
the detail and analyse and observe 1-minute periods of data (EUROCONTROL 2017b).
In the following sections, we demonstrate some of the NEST options and how we will extract the
data for further analysis. While NEST will be used for data preparation for model testing, the of
optimisation model will be implemented using other software.

3.2.1 Assignment and profile calculation processes
The following section relies on the NEST reference guide EUROCONTROL (2017b); for the sake of
easier reading, we will omit the reference hereinafter in the body text.
The Assignment process in NEST is used to find routes on a given network for a given traffic demand.
By default, the routes found by NEST are ones with the shortest length. Note that one could choose
cheapest route, in terms or estimated route costs, from a set of routes.
Traffic demand is found in a traffic demand file (*.exp or *.exp2), which contains number of flights
between each city-pair and can be obtained through DDR2. Route network is represented with:

12

•

a set of structural network description *.ase file or *.frp for automatic Free route segments
generation,

•

associated conditions of use:
o

turn angle exceptions (*.tax file),

o

segment management rules (*.awk file),

The opinions expressed herein reflect the author’s view only. Under no
circumstances shall the SESAR Joint Undertaking be responsible for any
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•

o

SID/STAR network connection points (*.sid, *.star files),

o

level and time conditions (*.are, *.sls, *.mot files),

penalisations (*.pnl file).

Additionally, airport coordinates (*.arp), area definitions (*.soa) and route length extension
exception file (*.rlex) files could be added.
Profile calculation process is necessary for a complete 4D aircraft trajectory processing. It generates a
4D trajectory file (*.so6), adding time and flight level to each 2D route point.
Alternatively, in case of using default NEST parameters and for the sake of simplicity, assignment and
profile calculation processes can be replaced by the trajectory simulation process which is used for
simulating new 4D trajectories for a selection of flights by assigning them on the constrained route
network and calculating a new flight profile.
Regardless of the process used, the output is the *.so6 file which represents the main input for
queries, airspace load and other functions, including the Airspace/Traffic intersection process which
forms the basis for COCTA data preparation process.
Assignment and profile calculation processes are schematically shown in figure 4.

© – 2017 – COCTA consortium.
All rights reserved. Licensed to the SESAR Joint Undertaking under conditions.
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Figure 4 – Assignment and profile calculation processes

3.2.2 Airspace/Traffic intersection process
The basic input data necessary for COCTA modeling process are the 4D intersections of traffic with
airspace volumes. Figure 5 shows the vertical profile of a flight, as well as the trajectory intersections
with elementary sectors along the route.

14
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Figure 5 – Vertical flight profile of a flight and the intersections with elementary sectors

An intersection is expressed with coordinates, flight level and time for all entry and exit points, as
well as the duration and distance flown within each airspace volume. This information is contained in
Traffic Intersection files (*.t5), whose structure is shown in figure 6.

Figure 6 – NEST .t5 file format

© – 2017 – COCTA consortium.
All rights reserved. Licensed to the SESAR Joint Undertaking under conditions.
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Traffic Intersection files are obtained using the NEST option for data processing called
Airspace/Traffic intersection, which is accessible through Menu Bar>Processing Menu, as shown in
figure 7.

Figure 7 – NEST interface

Figure 8 shows the Airspace/Traffic Intersection Dialog Box for specifying the input/output data,
parameters and initiating the process.

16
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Figure 8 – Airspace/Traffic Intersection dialog box

The general procedure for Airspace/Traffic Intersection includes five steps (the process is
summarized in figure 9):
•

Select one or several traffic files (*.so6) which are generated by NEST through the
Assignment and Profile processes discussed above;

•

Select airspace input files (sectors) in the Airspace Specification frame. These files can be
extracted through File>Export Data either in SAAM (*.are and *.sls) or in Gasel (*.gar and
*.gls) format;

•

Select a T5 Cleaning Rules file (*.tcr). This field is optional and is used to suppress flights from
an airspace;

•

Specify a scenario name for the output files (optional). By default, the output file has the
same name as the traffic input file (*.so6). If it is necessary to give the output file a different
name, a suffix to the output name should be added. The output file will be
‘nameso6_suffix.t5’;

•

Click Run to start the process.

© – 2017 – COCTA consortium.
All rights reserved. Licensed to the SESAR Joint Undertaking under conditions.
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Figure 9 – Airspace/Traffic Intersection process

After processing a .t5 file, the resulting file for modelling looks like in figure 10.

18
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Figure 10 - Airspace/Traffic Intersection data file

3.3 Data requirements discussion
While the DDR and NEST are suitable, in terms of data quality and quantity, for the general COCTA
modelling, there is a data limitation for appropriate route-choice modelling. Namely, there is no data
available to estimate a sound route-choice model. Only the last filed FPL data is available, but not the
FPL change log (if any). Therefore, it is not possible to track the evolution of a FPL, nor to relate the
change in the FPL to an observable event (e.g. an AO re-routes a flight to avoid a long ATFM delay).
Also, it is difficult to obtain a set of routes which were considered by an AO for a certain flight. This
information might be available to flight dispatchers only.
This issue has already been addressed in the COCTA deliverable D2.1 – State of the art report and it
remains valid. For the sake of easier reading, we quote the related conclusion and proposed
workaround.
“Literature on airlines’ route choices is rather sparse and has been partially addressed only recently
in Delgado (2015), whose findings are used in Jovanović et al. (2015). However, Delgado (2015) only
analyses last filed flight plan data, i.e. outcome of AOs’ internal choice process. The route choice
© – 2017 – COCTA consortium.
All rights reserved. Licensed to the SESAR Joint Undertaking under conditions.
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process is unobserved in Delgado’s study, or elsewhere for that matter. It is also not possible to track
the evolution of a flight plan from initially submitted to the last one filed, and potentially relate the
flight plan changes to some observable external event (e.g. ATFM regulation). Moreover, to the best
of our knowledge, there are no available studies on empirical (cross-)route price elasticities so far,
but these will generally depend on the share of navigation charges in AOs’ operating costs (IATA,
2015; Ryanair, 2015).
However, some general AOs behaviour per market segment seems to be captured by empirical
research in Jetzki (2009). For instance, AOs aim to maintain schedules early in the morning to prevent
potential delay propagation to subsequent flights (AhmadBeygi et al., 2008; Jetzki, 2009), but also to
transfer all the passengers to their final destinations in the evening hours (due to high compensation
costs for passengers based on EU Regulation 261/2004 on passenger rights). Also, based on airline
delay costs references (Cook & Tanner, 2015) and methodology to calculate flight costs, based upon
(Swan & Adler, 2006), we should be in a position to evaluate trade-offs between re-routing and delay
(in the cost domain) AOs would potentially be faced with. Knowing that neither AOs are necessarily
willing to disclose their own costs (Vlachou & Lovell, 2016; Cook & Tanner, 2015; Castelli et al., 2011),
and based on observed behaviour in Delgado (2015) we aim to come up with probability distribution
(in a stochastic model) for route choices. Therefore, the final product choice model should be a rulebased model with route-choice probability distribution.”
Lastly, we will have to estimate costs of capacity provision, e.g. (re)ordering sector-hours from
ANSPs, along the COCTA time horizon. Therefore, we have to differentiate between fixed and
variable costs based on the number of sector hours provided and take into account that the
distinction between fixed and variable costs depends on the time horizon. The Performance Review
Commission publishes annual reports with information on ANSPs’ costs of capacity provision on an
annual basis (EUROCONTROL PRC 2016). We will use these costs as a starting point to calculate
average sector-hour cost per ANSP for initial capacity ordering. Also, we will consult the Advisory
Board regarding the assumptions we will make for the costs of capacity provision, and also liaise with
other SESAR H2020 projects (e.g. COMPAIR) to further discuss this matter.

20
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4 Next steps

The next step is to formalize demand and capacity data requirements for the initial model, as well as
to prepare the data into suitable format. This will depend on the initial model coding, which is
currently being carried out by the UW team. Data analysis will be presented at ATRS World
Conference (Antwerp, July 2017; paper abstract accepted for presentation) and included in data
management report update.

© – 2017 – COCTA consortium.
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