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Abstract  

This deliverable documents the results from INTUIT task T2.3, aiming to provide a detailed qualitative 
analysis of ATM performance drivers and trade-offs between performance areas. This analysis has 
been conducted through the combination of the analysis and comparison of the different performance 
frameworks in ATM, desk research focused on studying research papers on ATM performance 
interdependencies, and a consultation workshop with a variety of ATM stakeholders. The outcome of 
this research is a list of research questions gathering challenges and opportunities in the ATM domain 
which are potentially of interest for the upcoming work packages of the INTUIT project.  
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Executive summary 

The European Commission launched in 2000 the Single European Sky (SES) initiative, whose primary 
aim is to meet future capacity and safety needs through legislation. The SES initiative delivered a 
number of achievements, but it did not deliver the expected results in important areas. With the 
“Single European Sky second package” (SES II), a step forward was made towards establishing 
performance targets for the ATM system. One of the key features of SES II is the Performance Scheme, 
which seeks to enhance the performance of ANS in Europe through the adoption of EU-wide 
performance targets. Other ATM performance frameworks have been defined in the context of the 
SESAR Programme (e.g., Episode 3, SESAR 2020 transition), the technology pillar of SES. 

The SES and SESAR performance frameworks are based on the ICAO performance framework 
documented in Doc 9883, which describes 11 KPAs. The SES and SESAR performance frameworks are 
structured along these 11 KPAs, although there are some differences in the nomenclature as well as in 
the indicators. The SESAR performance frameworks define indicators for each KPA, adapted to SESAR 
objectives. The SES performance framework focuses on 4 KPAs for monitoring and targeting purposes: 
Capacity, Environmental flight efficiency, Cost-efficiency and Safety. Different KPIs and PIs are defined 
for each KPA and targets are set at different geographical levels.  

This document provides a detailed qualitative analysis of the ATM performance drivers and trade-offs 
between KPAs. The analysis has been conducted through a combination of desk research and 
consultation with ATM stakeholders and industry practitioners. The review of the literature on KPA/KPI 
interdependencies reveals that the most studied dependency is the one between capacity and cost-
efficiency, while safety and environment KPAs have been less explored. This can be explained by the 
interest generated by the first two KPAs during the past years in Europe, as well as by the lack of data 
to conduct research in the safety area. On the other hand, the 1st INTUIT stakeholder workshop allowed 
us to gather stakeholder views on the usefulness, shortcomings and room for improvement of the 
current performance frameworks, including the need for new or updated indicators, metrics and 
performance modelling approaches.   

The consultation process and the literature review have led to the identification of a set of research 
questions potentially interesting for the INTUIT project. Examples of these potential research threads 
are the relation between ATCO workload and complexity, and how this is impacted by uncertainty; the 
characterisation of the trade-off between economic and environmental cost-efficiency; the calculation 
of composite flight hours and the cost of delay; the improvement of the visualisation of performance 
results, through the disaggregation of data by sectors and time scales; the effects of local actions on 
global parameters; the evaluation of the delay distribution over airspace users; the development of 
new KPIs related with predictability, demand constraints, gate-to-gate trajectories and safety; and the 
impact of uncertainty in the different flight phases. 

After an initial exploration of the available data (currently ongoing in the frame of INTUIT WP3), in the 
subsequent stages of the INTUIT project a subset of the abovementioned research questions will be 
selected and investigated in depth.   
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1 Introduction 

1.1 Scope and objectives 

The goal of INTUIT is to explore the potential of visual analytics, machine learning and systems 
modelling techniques to improve our understanding of the trade-offs between ATM KPAs, identify 
cause-effect relationships between KPIs at different scales, and develop new decision support tools for 
ATM performance monitoring and management.  

This deliverable documents the results from INTUIT Task T2.3, aiming to provide a detailed qualitative 
analysis of ATM performance drivers and trade-offs between performance areas. The analysis has been 
conducted through a combination of desk research and consultation with ATM stakeholders and 
industry practitioners.  

Desk research was focused on studying research papers and policy studies related to SES Performance 
Scheme, definition and comparison of KPAs/KPIs, comparison with other performance frameworks and 
performance interdependencies in ATM. 

Additionally, the INTUIT consortium held a workshop with a variety of ATM stakeholders in order to 
collect their opinions and feedback on the topic as well as their ideas on interesting research questions. 
The outcome of this workshop is also documented in this deliverable. 

1.2 Reference and applicable documents 

Three key documents have served as a basis for the preparation of the present deliverable: 

 Grant Agreement No 699303 INTUIT – Annex 1 Description of the Action. 

 INTUIT D1.1 Project Plan, v00.02.00, June 2016. 

 INTUIT D2.1 Performance Data Inventory and Quality Assessment, September 2016. 

In addition, various documents have been used as references, mainly consisting of Commission 
Regulations and Decisions, Performance Review Body and Performance Review Unit documents, ICAO, 
EUROCONTROL and SESAR documents, and scientific papers. The list of references is included below: 

[1] Single European Sky background and regulatory package: 
http://ec.europa.eu/transport/modes/air/single_european_sky/index_en.htm 

[2] Commission Regulation EC No 549/2004 “laying down the framework for the creation of the 
single European sky”. 

[3] Single European Sky II regulatory package: 
http://ec.europa.eu/transport/modes/air/single_european_sky/ses_2_en.htm  

[4] Commission Regulation EC No 390/2013 “laying down a performance scheme for air 
navigation services and network functions”. 

http://ec.europa.eu/transport/modes/air/single_european_sky/index_en.htm
http://ec.europa.eu/transport/modes/air/single_european_sky/ses_2_en.htm
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[5] Commission Regulation EC No 691/2010 “laying down a performance scheme for air 
navigation services and network functions and amending Regulation (EC) No 2096/2005 laying 
down common requirements for the provision of air navigation services”. 

[6] Performance Review Body (PRB) of the Single European Sky, “Report on the preparation of the 
revision of the SES Performance Scheme addressing RP2 and beyond”, 17/07/2012. 

[7] Performance Review Body (PRB) of the Single European Sky, “PRB White paper – RP3 
Performance Objectives”, version 3.6, 06/06/2016. 

[8] Tobaruela, Schuster, Majumdar and Ochieng (2015). Framework to assess an area control 
centre’s operating cost-efficiency: a case study. The Journal of Navigation. 

[9] SESAR B.04.01, “SESAR 2020 Transition Performance Framework”, Edition 00.06.00, August 
2016. 

[10] ICAO Doc 9883, “Manual on Global Performance of the Air Navigation System”, First Edition, 
2009. 

[11] ICAO Doc 9854, “Global Air Traffic Management Operational Concept”, First Edition, 2005. 

[12] “European ATM Master Plan”, Edition 2, October 2012. 

[13] “European ATM Master Plan Edition 2015”, Draft Edition, October 2015.  

[14] EUROCONTROL, “ATM Safety Framework Maturity Survey”, ESP-2009-78, August 2009. 

[15] EUROCONTROL PRU Metadata:  
http://prudata.webfactional.com/wiki/index.php/RP2_(2015-2019).  

[16] EUROCONTROL, “Risk Analysis Tool Guidance Material”, Version 2.0, December 2015.  

[17] Performance Review Body (PRB) of the Single European Sky, “Proposed EU-wide 
Performance Targets for the period 2012-2014”, 27/09/2010. 

[18] Performance Review Body (PRB) of the Single European Sky, “Union Wide Targets for the 2nd 
Reference Period of the Single European Sky Performance Scheme”, 17/05/2013. 

[19] Commission Decision EC No 599/2016 “concerning the consistency of certain targets 
included in the revised national or functional airspace block plans submitted pursuant to 
Regulation (EC) No 549/2004 of the European Parliament and of the Council with the Union-
wide performance targets for the second reference period”. 

[20] Commission Decision of 11 March 2014 “setting the Union-wide performance targets for the 
air traffic management network and alert thresholds for the second reference period 2015-
19”. 

[21] SESAR WPB.4.1, “Updated Validation Targets S1 S2 - 20130214 V2_1”, 14/02/2013. 

[22] SESAR B.05, “Guidance on KPIs and Data Collection - Support SESAR 2020 transition”, Edition 
00.01.00, 31/03/2016. 

[23] ATM Performance Model – D1 Report on relevant experience (ALG, 2013). 

[24] Performance Review Body (PRB) of the Single European Sky, “Proposed regulatory approach 
for a revision of the SES Performance Scheme addressing RP2 and beyond”, 01/03/2012. 

http://prudata.webfactional.com/wiki/index.php/RP2_(2015-2019)
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[25] Bujor & Ranieri (2016). Assessing air traffic management performance interdependencies 
through Bayesian networks: Preliminary applications and results. Journal of Traffic and 
Transportation Engineering. 

[26] Negrete, Urech & Saez-Nieto (2003). ATM system status analysis methodology. 5th 
USA/Europe ATM Seminar, Budapest. 

[27] Delgado, Cook, Cristobal & Plets (2015). Controller time and delay costs - trade-off analysis. 
5th SESAR Innovation Days, Bologna. 

[28] Tobaruela, Majumdar, Ochieng, Schuster & Hendrickx (2013). Enhancing cost-efficiency and 
reducing capacity shortages: strategic planning and dynamic shift management. 10th 
USA/Europe ATM Seminar, Chicago. 

[29] Grebensek & Magister (2012a). Effect of seasonal traffic variability on the performance of air 
navigation service providers. Journal of Air Transport Management. 

[30] Grebensek & Magister (2012b). Traffic variability in benchmarking of air navigation service 
providers cost-effectiveness. International Journal for Traffic and Transport Engineering. 

[31] Grebensek & Magister (2013). Is European benchmarking methodology favouring a narrow 
segment of air navigation service providers? Journal of Air Transport Management.  

[32] Nero & Portet (2007). Five years’ experience in ATM cost benchmarking. 7th USA/Europe 
ATM Seminar, Barcelona. 

[33] Performance Review Unit (PRU), commissioned to Competition Economists Group (2011), 
“Econometric cost-efficiency benchmarking of air navigation service providers”, May 2011.  

[34] Howell, Bennett, Bonn & Knorr (2003). Estimating the en-route efficiency benefits pool. 5th 
USA/Europe ATM Seminar, Budapest.  

[35] Reynolds (2008). Analysis of lateral flight inefficiency in global air traffic management. 26th 
Congress of ICAS and 8th AIAA ATIO, Aviation Technology, Integration and Operations. 

[36] Reynolds (2009). Development of flight inefficiency metrics for environmental performance 
assessment of ATM. 8th USA/Europe ATM Seminar, Napa. 

[37] Reynolds (2014). Air traffic management performance assessment using flight inefficiency 
metrics. 8th USA/Europe ATM Seminar, Napa. 

[38] Performance Review Body (PRB) of the Single European Sky, “Complexity Metrics for ANSP 
Benchmarking Analysis”, Final Report, April 2006. 

[39] Kallus, Hoffmann, Winkler & Vormayr (2010). The taskload-efficiency-safety-buffer triangle - 
development and validation with air traffic management. Ergonomics. 

[40] L. Castelli, M. Labbé, A. Violin (2013). A Network Pricing Formulation for the Revenue 
Maximization of European Air Navigation Service Providers. Transportation Research Part C, 
33, 214-226. 

[41] Performance Review Unit (PRU), prepared by the Department of Transport Studies of the 
University of Westminster (2011), “European airline delay cost reference values”, Final 
Report, Version 3.2, 31/03/2011. 
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1.3 List of acronyms 

Acronym Definition 

ACC Area Control Centre 

A-CDM Airport Collaborative Decision Making 

ACE ATM Cost-Effectiveness Benchmarking Report 

AIM ATFM Notification Message 

AIRAC Aeronautical Information Regulation and Control 

AIS Aeronautical Information Service 

ANM ATFM Notification Message 

ANS Air Navigation Services 

ANSP Air Navigation Service Provider 

AO Aircraft Operator 

ARES Airspace REServation 

ASMA Arrival Sequencing and Metering Area 

ATC Air Traffic Control 

ATCO Air Traffic COntroler 

ATFCM Air Traffic Flow and Capacity Management 

ATFM Air Traffic Flow Management 

ATM Air Traffic Management 

ATM-S ATM Specific Technical Events 

AU Airspace User 

AUP Airspace Use Plan 

CDR Conditional Route 

CNS Communication, Navigation and Surveillance 

COCTA Coordinated capacity ordering and trajectory pricing for better-performing ATM 

CODA Central Office for Delay Analysis 

COM Aeronautical telecommunications service 

CONOPS Concept of Operations 

CRCO Central Route Charges Office 

CTOT Calculated Take-Off Time 

DDR Demand Data Repository 
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Acronym Definition 

DUC Determined Unit Costs 

DUR Determined Unit Rate 

EASA European Aviation Safety Agency 

EATMA European ATM Architecture 

EAUP European Airspace Use Plan 

EC European Commission 

ECR European Central Repository 

ECAC European Civil Aviation Conference 

EoSM Effectiveness of Safety Management 

ESRA EUROCONTROL Statistical Reference Area 

ETOT Estimated Take-Off Time 

EU European Union 

FAB Functional Airspace Block 

FL Flight Level 

FP Flight Plan 

FUA Flexible Use of Airspace 

GAT General Air Traffic 

ICAO International Civil Aviation Organisation 

IFPS Integrated Initial Flight Plan Processing System 

IFR Instrumental Flight Rules 

KEA Average horizontal en-route flight efficiency of the actual trajectory 

KEP Average horizontal en route flight efficiency of the last filed flight plan 

KPA Key Performance Area 

KPI Key Performance Indicator 

MET Meteorological services for air navigation 

MO Management Objectives 

MUAC Maastricht Upper Area Control Centre 

NEST NEtwork Strategic Tool 

NM Network Manager 

NMOC Network Manager Operations Centre 
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Acronym Definition 

NOP Network Operations Portal 

NOR Network Operations Report 

NPP National Performance Plan 

NPR National Performance Reports 

NSA National Supervisory Authority 

NSP Network Strategy Plan 

OFA Operational Focus Area 

OPS Operations 

PI Performance Indicator 

PRC Performance Review Commission 

PRB Performance Review Body 

PRR Performance Review Report 

PRU Performance Review Unit 

RAD Route Availability Document 

RAI Rate of Aircraft Interested 

RAT Risk Analysis Tool 

RAU Rate of Actual Use of CDR 

RBT Reference Business Trajectory 

RI Runway Incursions 

RP Reference Period 

RPAS Remotely-Piloted Aircraft Systems 

RSA Restricted Airspace 

RWY Runway 

SES Single European Sky 

SESAR Single European Sky ATM Research Programme 

STATFOR Statistics and Forecasts 

SFMS Safety Framework Maturity Surveys 

SMI Separation Minima Infringements 

SMS Safety Management Systems 

SJU SESAR Joint Undertaking 



EDITION 01.00.00 

 

 

14 © 2016 – INTUIT Consortium. All rights reserved.  
Licensed to the SESAR Joint Undertaking under conditions 

 

 

Acronym Definition 

STW Slot Tolerance Window 

TMA Terminal Manoeuvring Area 

UUP Updated Airspace Use Plan 

WP Work Package 

Table 1. List of acronyms 
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1.4 Structure of the document 

This document is structured as follows: 

 Section 2 provides an overview of the SES Performance Scheme as well as of the ICAO and the 
SESAR Performance Frameworks. 

 Section 3 describes and compares the KPAs and KPIs of the different performance schemes.  

 Section 4 presents a review of the state-of-the-art in the modelling of ATM performance trade-
offs and interdependencies. 

 Section 5 gathers the vision that different stakeholders have provided the 1st INTUIT 
Stakeholder Workshop, and provides an overview of the suggested improvements regarding 
the further development of the existing indicators and the study of new indicators and 
interdependencies. 

 Section 6 further develops the research challenges and opportunities detected as a result of 
the literature review and the stakeholder consultation, and maps each challenge with the 
available performance data sources. 

 Section 7 presents the main conclusions of the deliverable. 
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2 Overview of SES Performance Scheme and 
SESAR Performance Framework 

2.1 SES Performance Scheme 

2.1.1 Background: The Single European Sky 

Following the severe flight delays in Europe experienced in 1999, the European Commission launched 
in 2000 the Single European Sky (SES) initiative [1]. Its objective was to reform the architecture of 
European air traffic management (ATM), proposing a legislative approach to meet future capacity and 
safety needs at a European rather than at a local level. In other words, SES primary aim was to meet 
future capacity and safety needs through legislation. 

The Commission drafted a legislative package at the end of 2001, which was adopted by the European 
Parliament and Council in 2004, called First SES legislative package. It comprised four basic 
regulations, which reinforced safety and fostered the restructuring of European airspace and air 
navigation services. The regulations provided the framework for the creation of additional capacity 
and for improved efficiency and interoperability of ATM system in Europe. Regulation EC No 549/2004 
[2] of the package established a harmonised regulatory framework for the creation of the SES. 

The SES initiative delivered a number of achievements identified in the first report on the progress of 
Single European Sky implementation, published at the end of 2007: safety had been strengthened 
and the SESAR project had been launched at 2005 as the technological and industrial component of 
the SES. 

However, the SES did not deliver the expected results in important areas. Whilst safety and capacity 
were still major issues, a greater emphasis had to be put on environment and cost efficiency, due to 
the fuel price and economic crises. With the Single European Sky second package (SES II) [3], a step 
forward was made towards establishing targets in key areas of safety, network capacity, effectiveness 
and environmental impact by: 

 implementing a performance scheme to reinforce the performance-oriented approach to ANS 
for European ATM; 

 opening the door to new technologies within the SESAR programme; 

 improving management of airport capacity; and 

 creating a single safety framework to enable the effective implementation of safety 
regulations. 

SES II also tackled the creation of Functional Airspace Blocks (FABs) in terms of service provision, in 
addition to the airspace organisation issues. The SES II Regulatory Package was endorsed by the EU 
Transport Council in 2009. 
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Figure 1. SES I and SES II timeline 

2.1.2 The Performance Scheme 

One of the key features of SES II is the Performance Scheme, which seeks to enhance the performance 
of ANS in Europe through the adoption of EU-wide performance targets for fixed reference periods 
of 3-5 years. These targets are enforced by requiring States to adopt binding performance plans before 
each period, monitoring the achieved performance and taking corrective actions as required. 

Reference Periods (RP) are defined as periods of validity and application of the Union-wide 
performance targets and performance plans. The first reference period (RP1) runs for three years, from 
2012 to 2014. The second reference period (RP2) takes place from 2015 to 2019. And, as expressed in 
Regulation 390/2013 [4]: “Subsequent reference periods shall be of five calendar years, unless 
otherwise provided through the amendment of this Regulation”. 

The main features of this initiative are defined in the ‘Performance Regulation’ (EU) No 691/2010 [5], 
which provides a comprehensive performance driven approach for operations focused on RP1 and was 
later updated with Regulation 390/2013 [4], focused on RP2. 

The Performance Framework proposed in this regulation approaches the ATM Performance divided 
into the following Key Performance Areas (KPAs): 

 Capacity 

 Environment Flight Efficiency 

 Cost Efficiency 

 Safety 

The framework proposes, for each of the Reference Periods, the indicators to be measured, either with 
an associated target (Key Performance Indicators, KPIs) or only for monitoring purposes (Performance 
Indicators, PIs). 
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The National Supervisory Authorities (NSAs) must develop performance plans containing targets 
consistent with the EU-wide performance targets and the assessment criteria shall be only one 
performance plan per Member State or per FAB. Performance plans are elaborated in consultation 
with ANSPs, airspace users and other stakeholders concerned and revised by the Performance Review 
Body. 

In 2011, the European Commission nominated EUROCONTROL as European Network Manager, to 
optimise the performance of the aviation network in Europe. One of the Network Manager's tasks is 
to develop, maintain and implement the Network Strategy Plan (NSP). The NSP defines those strategic 
operational objectives needed to achieve the required levels of ATM performance. It is a tool for 
managing the European ATM network. It responds to the SES performance ambitions and to the 
business requirements expressed by the different stakeholders. 

EUROCONTROL, acting through the Performance Review Commission (PRC) and supported by the 
Performance Review Unit (PRU), was designated as the Performance Review Body (PRB) until June 
2015, and this appointment was later extended to the end of 2016. The PRB advises the EC in setting 
EU-wide targets, assessing national/FAB performance plans, and monitoring the performance of the 
system in the four key performance areas. 

  

Figure 2. Performance Scheme timeline up to RP3 

Reference Period 3 (RP3) will develop the final stage of the SES Performance Scheme from 2020 until 
2024. As it is supposed to encompass the enhancements and lessons learned from RP1 and RP2, little 
information is currently available on the targets or objectives of RP3, which are scheduled for 2018 
according to the Industry Consultation Body (ICB). However, some remarks and comments have been 
already mentioned in various related publications regarding the potential contents that RP3 should 
include. For instance, a RP2 Preparation Report [6] published by the PRB suggests that RP3 includes an 
indicator addressing the issues of KPAs/KPIs interdependencies, as this subject has not been formally 
analysed in the previous Reference Periods. A first white paper [7] on the proposed performance 
strategy for RP3 has been developed and feedback from stakeholders has also been captured to 
develop the final set of indicators that will be monitored and targeted for RP3. 

Another proposal presented during the third SESAR Innovation Days [8] suggested the incorporation 
of passenger-centric metrics into the SES Performance Scheme for RP3, arguing that passenger-centric 
metrics, including appropriate network and cost considerations, are necessary complements to 

SES II
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existing flight-centric metrics in order to fully evaluate the ATM system performance. These furnish 
insights into such performance, in addition to oversight. 

Finally, the SESAR 2020 Transition Performance Framework [9] anticipated that new metrics could be 
introduced, for example: 

 additional KPIs to strengthen the gate to gate nature of the performance scheme – this may 
include a more ambitious KPI for environment covering the full 3D flight profile; or 

 introduction of safety targets for safety occurrences. 

2.2 Other Performance Frameworks 

Even though the project would be mainly focused on studying and improving the SES Performance 
Scheme (either by proposing modifications or additional KPIs or by increasing the understanding of 
current KPIs and their interdependencies), it is important to keep in mind that other performance 
frameworks dealing with ATM performance exist and are worth evaluating in order to avoid re-
inventing the wheel and acquiring all inputs already existing in the literature. The most relevant 
performance frameworks dealing with ATM that are worth considering for INTUIT are: 

 ICAO performance framework 

 SESAR and European ATM Master Plan 

The following subsections describe these two performance frameworks. It is worth mentioning that 
the different objectives of each performance framework force them to have differences among them, 
but it is a good approach to align at least definitions and nomenclature as much as possible so that 
confusion is avoided. This alignment exercise has not always been conducted while developing the 
performance frameworks. It is therefore important to clarify all terms used in each performance 
framework. 

2.2.1 ICAO 

The different performance frameworks applied in ATM (SES Performance Scheme, SESAR Performance 
Framework, etc.) have their origins in ICAO Doc 9883: Manual on Global performance of the air 
navigation system [10], which defines a framework for an approach to perform performance-based 
planning. A general idea about the methodology proposed by ICAO is presented in the following figure. 
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Figure 3. ICAO Performance terminology 

The framework is applicable both to the management of operational performance and development 
activity. It focuses on desired/required results and operational outcomes through the adoption of 
performance objectives and targets. 

The goal of ICAO’s performance-based approach is to better meet society’s aviation expectations, as 
well as to improve the business performance of involved stakeholders (airlines, service providers, etc.). 
To achieve this, one could identify ambitions and expectations with regard to the performance of flight 
operations, airspace/airport usage and air navigation services expressed in eleven Key Performance 
Areas (KPAs). According to ICAO, the use of KPAs is a way of categorising performance consistently 
with the expectations of ATM community, identified in the ICAO Doc 9854: Global Air Traffic 
Management Operational Concept [11]. The eleven KPAs are described in Section 3.2. 

2.2.2 SESAR and European ATM Master Plan 

Management of operational performance is carried out in the frame of SES Performance Scheme. On 
the technology side, SES is supported by the Single European Sky ATM Research (SESAR) Programme, 
which will provide advanced technologies and procedures with a view to modernising and optimising 
the future European ATM network. 

The implementation of SESAR was planned to be carried out in three phases: 

 Definition phase (2005-2008), in which the air traffic modernisation plan — the SESAR ATM 
Master Plan — was developed, establishing the different technological stages, priorities and 
timetables. 
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 Development phase (2008-2013), which made it possible to develop the basic technologies 
which will underpin the new generation of systems. In 2008, the transport ministers of the EU 
countries adopted a resolution officially approving the launch of the development phase. This 
phase was managed by the SESAR Joint Undertaking (SJU). 

 Deployment phase (2014-2020 and beyond), which is undertaking the large-scale deployment 
of the new systems and the widespread implementation of the related functions. SESAR 
Deployment Phase was launched in December 2014. The same year, the European Commission 
adopted a Regulation for the implementation of the Pilot Common Project, the first set of 
ATM functionalities identified for wide scale coordinated deployment, aiming to ensure that 
the ATM functionalities developed within SESAR Research and Innovation (R&I) are deployed 
in a timely, coordinated and synchronised manner. 

Within SESAR, the Master Plan represents the highest-level planning document for implementing the 
ATM target concept. The relationship between the SES high-level goals, SESAR, and the Performance 
Scheme are set out in the following figure, extracted from the European ATM Master Plan Edition 2 
(2012) [12]. 

 

Figure 4. SES, SESAR and Performance Scheme relationship between Targets and Performance 
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Since 2012, significant progress has been made in completing the R&D activities of the first SJU work 
programme (SESAR 1), leading to the delivery of SESAR Solutions, many of which are in the process of 
early implementation or are part of the PCP. In 2014, in recognition of the need for sustained R&D 
investment, the mandate of the SJU was extended and SESAR 2020 was launched. This latest 
programme addresses further several key areas of ATM, as well as new challenges, changing markets 
and the need for continuous and coordinated investment. 

The Master Plan is a maintained plan that must take into account the changing ATM landscape and 
needs of stakeholders. This has to be done without losing sight of the bigger picture, namely the need 
to increase the performance of aviation and ATM in Europe. The European ATM Master Plan 2015 
edition [13] represents an evolution of the 2nd edition (2012) [12] with significant updates. Specifically, 
this latest edition outlines the performance ambitions reflecting the evolution of European aviation as 
well as stakeholders needs; introduces a vision for the future European ATM system (incl. Common 
Support Services and cyber security); introduces new deployment scenarios; reflects the Pilot Common 
Project, identifies the new Essential Operational Changes and details the SESAR 2020 key features and 
R&D activities; explicitly introduces remotely-piloted aircraft systems (RPAS) and rotorcraft as airspace 
users; and incorporates results of more comprehensive military involvement. 

2.2.2.1 Episode 3 project 

The Episode 3 project (EP3) represents an intermediate step between SESAR Definition Phase and 
Development Phase, under the management of the SJU. Its main objective was to provide initial 
validation results for the SESAR Operational Concept, starting from the information available in its 
Definition Phase. EP3 allowed a better quantification of the benefits and performance variability within 
SESAR Operational Concept. 

The performance framework developed in EP3 consists in a set of key performance metrics and the 
links between performance indicators at three levels: 

 ECAC-wide; 

 Airport, TMA and En-route ATM operations; 

 Local Airport and ACC operation. 

The EP3 approach to model performance according to different levels could be an interesting input for 
INTUIT research methodology, as it provides the possibility to focus on different operational levels with 
different granularity. However, it has not been possible to obtain access to EP3 statistics. 

2.2.2.2 SESAR 2020 Transition Performance Framework 

The SESAR 2020 Transition Performance Framework supports the goal of ensuring that SESAR 2020 
develops the operational concepts and technical enablers needed to meet long-term performance 
ambitions. It comprises the SESAR 2020 Performance Driven Approach; the framework of metrics (Key 
Performance Areas, Key Performance Indicators, etc.); and how these contribute to the overall 
European performance context. The PF updates and extends the SESAR 1 PF, including new 
performance areas (security, human performance, etc.) and integrating performance into the 
European ATM Architecture (EATMA). 
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The SESAR PF and the SES Performance Scheme are different in scope and applicability and, therefore, 
they use different indicators and targets. The SESAR Performance Management Process is structured 
to steer SESAR Performance Ambitions set in the European ATM Master Plan [13]. At the Content 
Integration level (PJ19) these Performance Ambitions are reconciled and mapped with the set of 
operational improvements and related Performance Expectations, which are described in the SESAR 
2020 CONOPS. These high-level Performance Ambitions and Expectations at ECAC-level are then 
broken down into Validation Targets that are allocated to SESAR Solutions. 

This PF uses the framework concept from the ICAO Doc 9883 [10], where a step by step approach to 
performance-based planning is provided, on the basis of the eleven KPAs identified in the ICAO Global 
ATM Operational Concept (Doc 9854) [11]. ICAO’s concept has also one or more Focus Areas for each 
KPA and, similarly, one or more quantified performance indicators for each Focus Area. The SESAR 
2020 Performance Framework uses the same set of KPAs, apart from where this has not proved 
pragmatic (see Section 3.3), and uses Focus Areas and performance indicators in the same structure. 
Instead of ICAO’s Performance Objectives, SESAR 2020 uses Validation Targets. 

Section 3.3 includes, for each KPA, the SESAR 2020 KPIs. Section 3.4 presents a detailed comparison 
between SES Performance Scheme and SESAR 2020 KPAs/KPIs. 



EDITION 01.00.00 

 

 

24 © 2016 – INTUIT Consortium. All rights reserved.  
Licensed to the SESAR Joint Undertaking under conditions 

 

 

3 KPAs and KPIs definition and comparison 
across performance frameworks 

3.1 SES Performance Scheme 

3.1.1 KPAs and KPIs definition 

This section provides a more detailed insight into the Performance Scheme of the Single European Sky 
introduced in Section 2.1. The SES Performance Scheme establishes a performance framework divided 
into four Key Performance Areas (KPAs), and the adoption of performance targets for certain 
performance indicators. 

The list of KPAs and KPIs within the Performance Scheme is included in the following table. RP1 and 
RP2 KPIs are included, specifying whether they have an associated target (KPIs) or are only for 
monitoring purposes (PIs) and at which level. 

For the purpose of EU-wide target setting in the first period, one KPI was established for each of the 
following KPAs: Capacity, Environmental flight efficiency and Cost-efficiency. The safety KPA had no 
target assigned for RP1. Regarding RP2, further developments have been made by amending or 
defining additional KPIs and PIs for the four KPAs at EU-wide, regional (FAB) and local level. 

KPA KPI/PI name 

RP1 RP2 

EU-wide and 

national/FAB 
EU-wide National/FAB 

Sa
fe

ty
 

Effectiveness of safety 
management (EoSM) 

Monitoring EU target 
FAB target 

National monitoring 

Application of the severity 
classification based on the RAT 

Monitoring EU target 
FAB target 

National monitoring 

Level of presence and absence of 
just culture 

Monitoring   
FAB target 

National monitoring 

Application of automated safety 
data recording for separation 
minima infringement monitoring 

    
FAB monitoring 

National monitoring 
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KPA KPI/PI name 

RP1 RP2 

EU-wide and 

national/FAB 
EU-wide National/FAB 

Application of automated safety 
data recording for runway 
incursion monitoring 

    
FAB monitoring 

National monitoring 

Level of occurrence reporting     
FAB monitoring 

National monitoring 

Number of separation minima 
infringements, runway incursions, 
airspace infringements and ATM-
specific occurrences 

    
FAB monitoring 

National monitoring 

En
vi

ro
n

m
e

n
t 

Average horizontal en route flight 
efficiency of the last filled flight 
plan trajectory 

EU target EU target   

Average horizontal en route flight 
efficiency of the actual trajectory 

  EU target FAB target 

Additional time in the taxi-out 
phase 

See Capacity KPA   
National monitoring 

Airport monitoring 

Additional time in terminal 
airspace 

See Capacity KPA   
National monitoring 

Airport monitoring 

Effective use of CDRs EU monitoring 
EU 
monitoring 

National monitoring 

Effectiveness of booking 
procedures for flexible use of 
airspace (FUA) 

  
EU 
monitoring 

National monitoring 

Rate of planning of conditional 
routes (CDRs) 

  
EU 
monitoring 

National monitoring 

C
ap

ac
it

y 

En route ATFM delay per flight 
attributable to ANS 

Target EU target 

FAB target 

Local (most 
appropriate level) 
monitoring 
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KPA KPI/PI name 

RP1 RP2 

EU-wide and 

national/FAB 
EU-wide National/FAB 

Arrival ATFM delay per flight 
attributable to terminal and 
airport ANS and caused by landing 
restrictions at the destination 
airport 

Monitoring 
EU 
monitoring 

National target 

Airport monitoring 

Additional time in the taxi-out 
phase 

Monitoring Changed to Environment KPA 

Additional time in terminal 
airspace 

Monitoring Changed to Environment KPA 

ATFM slot adherence     
National monitoring 

Airport monitoring 

ATC pre-departure delay     
National monitoring 

Airport monitoring 

C
o

st
-e

ff
ic

ie
n

cy
 

DUC for en route ANS (called DUR 
in RP1) 

Target EU target 
Charging zone 
target 

DUC for terminal ANS   EU target 
Charging zone 
target 

Terminal ANS costs Monitoring     

Terminal ANS unit rates Monitoring     

EUROCONTROL costs   
EU 
monitoring 

  

Table 2. SES Performance Scheme KPAs and KPIs (source [4] and [5]) 
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3.1.1.1 Safety KPIs and PIs 

Safety plays an essential role in any ATM performance framework. Nevertheless, the development of 
safety performance indicators “a priori” (before the actual incident occurs) has proved to be 
challenging. Because of this reason, the SES Performance Scheme only included three monitoring 
indicators for RP1. These indicators are further described in this section. 

As per the initial discussion on RP3 [7], the Safety KPA will focus on the reduction of loss of separation 
incidents both horizontally and vertically at EU level and on the elimination of runway incursions at 
local level. Additionally, the need to keep on addressing just culture with a continued focus at local 
level is still patent. Also, the higher reliance on technology is expected to generate security threats 
(Cyber Security) that could affect safety or data integrity. For this reason, two security management 
objectives are being discussed: the first one deals with business continuity preparedness for loss of 
systems (incident reporting of security threats detected) at EU level; the second one deals, at local 
level, with threat management program effectiveness. Working groups are still discussing how to 
address these issues in detail and assessing measures to track and monitor safety performance and 
interdependencies. 

Effectiveness of safety management (EoSM) 

Effectiveness of safety management is measured by verified responses to questionnaires based on 
EUROCONTROL SFMS (Safety Framework Maturity Surveys) [14]. It aims to identify the level of safety 
management systems according to the level of implementation of the following Management 
Objectives: 

 Safety policy and objectives; 

 Safety risk management; 

 Safety assurance; 

 Safety promotion; 

 Safety Culture. 

For every question, the respondent is required to indicate the level of implementation, varying from 
‘Initiating’ (level 1) to ‘Continuous Improvement’ (level 5), characterising the level of performance of 
the respective organisation. The indicator is measured at both State and Service provision level. 

State level ANS provision level 

State safety policy and objectives: 

 State safety legislative framework 

 State safety responsibilities and 

 accountabilities 

 Accident and incident investigation 

 Enforcement policy 

 Management of related interfaces 

ANSP safety policy and objectives: 

 Management commitment and responsibility 

 Safety accountabilities – Safety responsibilities 

 Appointment of key safety personnel 

 Coordination of emergency response 
planning/contingency plan 

 SMS documentation 

 Management related interfaces 
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State level ANS provision level 

State safety risk management: 

 Safety requirements for the service 
provider’s SMS 

 Agreement on the service provider’s 
safety performance 

ANSP safety risk management: 

 Hazard identification 

 Risk assessment and mitigation 

State safety assurance 

 Safety oversight 

 Safety data collection, analysis and 
exchange 

 Safety-data-driven targeting of 
oversight of areas of greater 
concern or need 

ANSP safety assurance: 

 Safety performance monitoring and 
measurement 

 The management of change 

 Continuous improvement of the SMS 

 Occurrence reporting, investigation and 
improvement 

State safety promotion: 

 Internal training, communication 
and dissemination of safety 
information 

 External training, communication 
and dissemination of safety 
information 

ANSP safety promotion 

 Training and education 

 Safety communication 

State safety culture 

 Establishment and promotion 

 Measurement and improvement 

ANSP safety culture 

 Establishment and promotion 

 Measurement and improvement 

Table 3. Components of safety management and respective elements (source [15]) 

Application of the severity classification scheme 

Application of the severity classification is based on the Risk Analysis Tool (RAT) methodology [16], 
which is used to classify operational and technical safety related occurrences in the ATM domain. 
Reporting on the application of the method shall be done for individual occurrences. When reporting 
the above occurrences, Member States and ANSPs shall use the following severity classes: 

 Serious incident; 

 Major incident; 

 Significant incident; 

 No safety effect; 

 Not determined: for example, insufficient information available, or inconclusive or conflicting 
evidence precluded such determination. 
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The EUROCONTROL RAT is being maintained by EUROCONTROL and is available, free of charge, to 
States and Organisations. However, Member States could decide to use another mean of reporting as 
long as they are compatible with the European Central Repository, the central source of safety 
information in the EU. Additionally, Member States may decide not to apply the method at airports 
with less than 50,000 commercial air transport movements per year.  

Application of Just Culture 

Just Culture is the cornerstone of any incident reporting system, as such system should be designed to 
guarantee that safety relevant information is reported without fear of retribution. The KPI measures 
the level of presence and corresponding level of absence of Just Culture at State level and at ANSP 
level. This KPI is defined through three main areas: 

 Policy and its implementation: assessing the existence of a Just Culture policy within 
organisations. The policy is to be measured for effectiveness and not just for its mere 
existence; 

 Legal/Judiciary: assessing whether the national legal environment is supportive or not of Just 
Culture; 

 Occurrence Reporting: assessing policies and practices of occurrence reporting. 

As it has been mentioned, there is no target for Safety indicators in RP1. Regarding RP2, it was found 
necessary to develop targets within this KPA. The indicators associated with both EU and FAB targets 
are the EoSM and the Application of RAT methodology. The Just Culture KPI has only FAB targets 
associated. The others PIs from RP1 continue to be monitored at FAB and National level, adding some 
new ones. 

To guarantee that Safety PIs in RP2 ensure that the real risks in ANS/ATM are comprehensively 
identified and fully addressed, new performance indicators for performance monitoring at local level 
have been defined in the updated Performance Regulation: 

 Level of occurrence reporting: report of the Member States and ANSPs on an annual basis; 

 Airspace infringements: number of airspace infringements at all air traffic service units; 

 Application by the ANSPs of automated safety data recording systems: 
o Separation minima infringement monitoring; 
o Runway incursion monitoring. 

3.1.1.2 Environmental Flight Efficiency KPIs and PIs 

The main environmental flight efficiency indicators address the average horizontal en-route flight 
efficiency, which has associated targets. In addition, monitoring is provided for the effective use of 
civil/military airspace structures (RP1 and RP2) and terminal/airport environmental flight efficiency 
(RP2 only). 

As per the initial discussion on RP3 [7], the Environmental KPA will have four associated objectives, 
two of them at EU wide level dealing with: (i) contribution towards global emissions by maintaining or 
improving ATM contribution to fuel burn and (ii) improvement of the management of fragmentation 
through better standards management and facilitating competition in ATM. There is one objective at 



EDITION 01.00.00 

 

 

30 © 2016 – INTUIT Consortium. All rights reserved.  
Licensed to the SESAR Joint Undertaking under conditions 

 

 

Local TMA level which deals with improving the delay caused by holding and en route delay 
management to reduce CO2 and NOX effects at airports. The last objective is at local airport level, within 
TMA, and it tackles the improvement of the assessment of noise contribution and route design.  

Average horizontal en route flight-efficiency 

In the Performance Regulation [5], average horizontal en route flight-efficiency is defined as the 
difference between the length of the en route part of the actual trajectory and the optimum trajectory 
which, on average, is the great circle. Even if the definition mentions the actual trajectory, for RP1 the 
KPI is based on the last filed flight plan (KEP). This is due to the fact that the data quality and coverage 
of radar messages provided to the Network Manager were not yet good enough in RP1. ‘En route’ is 
defined as the distance flown outside a circle of 40 NM around the airport. 

Regarding this subject in RP2, the KPI was formulated as “Horizontal Flight efficiency of last filed flight 
plan (KEP)”. This indicator has an EU target assigned for each reference period. The new KPI for RP2 
was set as the “Horizontal flight efficiency of actual trajectory” (KEA) with targets at EU and FAB level. 
In consequence, the KPIs for RP2 are: 

 EU-wide target on Horizontal flight efficiency based on the actual trajectory (KEA): comparison 
between the length of the En-route part of the actual trajectory derived from surveillance data 
and the corresponding portion of the great circle distance, summed over all IFR flights within 
or traversing the European airspace; 

 FAB target on Horizontal flight efficiency based on the actual trajectory (KEA): comparison 
between the length of the En-route part of the actual trajectory derived from surveillance data 
and the corresponding portion of the great circle distance, summed over all IFR flights within 
or traversing the local airspace; 

 EU wide target on horizontal flight efficiency based on the last filed flight plan (KEP): difference 
between the length of the En-route part of the last filed flight plan trajectory and the 
corresponding portion of the great circle distance, summed over all IFR flights within or 
traversing the European airspace. 

Effective use of civil/military airspace structures PIs 

The Performance Indicators contained in this area consider the extent to which airspace is used when 
booked by military operations and the use of Conditional Routes (CDRs). During RP1, performance was 
monitored under the performance indicator “Effective use of civil/military airspace structures (CDR)”. 
In RP2 this PI was further developed for monitoring at EU, national or airport level: 

 Effectiveness of booking procedures for Flexible Use of Airspace (FUA), defined as: 
o Ratio of time that airspace was allocated for reservation of segregation from general 

air traffic and the time that the airspace was used for the activity requiring such 
segregation or reservation; 

o Indicator calculated separately for airspace allocations on a pre-tactical or tactical 
basis and including all allocations notified to the Network manager. 

 Rate of planning of conditional routes (CDRs): ratio of the aircraft filing flights plans via CDRs 
and the number of aircraft that could have planned them. 
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Terminal/Airport Environmental Flight Efficiency PIs 

In RP1 there were no specific environment indicators for terminal/airport, but there were two Capacity 
indicators relevant for Environment. These two PIs have been assigned to Environmental KPA in RP2 
for monitoring at national and airport level: 

 Additional time in taxi out phase: difference between the actual taxi-out time and the 
unimpeded time based on taxi-out times in low periods of traffic, expressed in minutes per 
departure for the whole calendar year; 

 Additional time in terminal airspace: difference between the ASMA (Arrival Sequencing and 
Metering Area) transit time and the unimpeded time based on ASMA transit times in low 
periods of traffic, expressed in minutes per arrival for the whole calendar year. 

3.1.1.3 Capacity KPIs and PIs 

The Capacity KPA addresses both en-route and airport/terminal flight phases. ATFM delay is 
considered the most representative form of measuring capacity performance. Hence, it has been used 
as the main Capacity KPI for both RP1 and RP2. 

As per the initial discussion on RP3 [7], three objectives are being discussed at EU wide level dealing 
with maintaining delay measures to facilitate 98% of aircraft on time performance, improving the use 
of special use airspace released to the community by special use airspace managers, and improving 
the resilience of the South-East Quadrant with particular focus on Balkan State inclusion and 
improvements of Greece and Cyprus performance. Finally, a local objective dealing with the 
improvement of capacity in the largest coordinated EU airports with an increase of airport slots at the 
same rate as the traffic increase is being discussed.  

ATFM Delay KPIs 

 En-route ATFM delay (KPI with target for RP1 and RP2 at EU-wide and FAB level) 
o Calculated by the central unit of ATFM and expressed as the difference between the ETOT 

(estimated take-off time) requested by the aircraft operator in the last submitted flight 
plan and the CTOT (calculated take-off time); 

o At Union-wide level, it includes all IFR flight within European airspace; 
o At FAB level, it includes all IFR flight traversing the FAB airspace; 
o It includes all the ATFM delay causes, excluding the exceptional events; 
o Calculated for the whole calendar year and for each year of the reference periods; 
o EU and FAB targets assigned (RP2); 
o For reasons of transparency, also local monitoring at the most appropriate level. 

 Airport/arrival ATFM delays (RP1/RP2 monitored and RP2 national target): it became KPI for RP2 
at national level to address specific airport ANS-related capacity issues 
o Average minutes of arrival ATFM delay per flight attributable to terminal and airport ANS 

and caused by landing restrictions at the destination airport; 
o Includes all IFR flights landing at the destination airport and covers all ATFM delay causes 

at the airport, excluding exceptional events; 
o Calculated for the whole calendar year and for each year of the reference periods; 
o Monitoring at EU and national level (RP2); 
o National targets assigned (RP2). 
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Terminal/Airport Environmental Flight Efficiency PIs 

The PIs defined for monitoring during RP1 regarding terminal and airport environmental flight 
efficiency are: 

 Additional time in taxi-out phase  

 Additional time in arrival sequencing and metering area (ASMA) 

These performance indicators are defined in the Environmental Flight Efficiency KPIs sections, since 
for RP2 they have been moved to the Environment KPA. 

ATFM and ATC capacity PIs 

The PIs defined for national and airport monitoring during RP2 are: 

 ATFM slot adherence: it measures the number of flights for which the difference between 
calculated (CTOT) and actual take-off time (ATOT) exceeds the Slot Tolerance Window (STW); 

 ATC pre-departure delay caused by take-off restrictions at the departure airport: 
o Average delay per outbound IFR flight; 
o Covers delays in start-up due to ATC constraints when the aircraft is ready to leave the 

departure stand; 
o Calculated for the whole calendar year and for each year of the reference periods. 

3.1.1.4 Cost efficiency KPIs and PIs 

Cost efficiency KPIs and PIs were structured based on the scope of applicability: en-route, terminal and 
EUROCONTROL (network level). 

As per the initial discussion on RP3 [7], four performance objectives are being discussed at EU wide 
level, dealing with (i) the incentives to deploy technology developments to improve cost efficiency 
targets, (ii) the effectiveness of the charging mechanisms, (iii) the improvement of communication and 
change management dialogues and (iv) the improvement of institutional arrangements to reduce 
duplication, improve harmonisation of common rule sets and reduce of red tape. Finally, at the level 
of terminal navigation charges, one objective is currently under discussion which aims to increase the 
view of gate to gate to match cost and operational performance. 

En-route ANS cost efficiency KPI 

 Determined Unit Cost (DUC) for En-route ANS: 
o For RP1, it was defined as Determined Unit Rate. 
o For RP2, DUC for En-route ANS represents a change in terminology, emphasising the cost 

concept through the term “unit costs” instead of “unit rate”, which is more a charging 
concept. 

o Ratio between the En-route determined costs and the En-route forecast traffic, expressed 
in En-route service units, expected during the period at EU-wide level; 

o Indicator expressed in Euros and in real terms, at EU-wide level; 
o Ratio between the En-route determined costs and the En-route forecast traffic, expressed 

in En-route service units, expected during the period at charging zone level; 
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o Indicator expressed in real terms and national currency, at local level; 
o Calculated for each year of the reference period. 

Terminal ANS cost efficiency KPI and PIs 

Regarding terminal ANS cost efficiency, in RP1 it was only monitored. A KPI was developed for RP2, 
providing EU and charging zone targets. 

 Determined Unit Cost (DUC) for terminal ANS (KPI in RP2) 
o Ratio between the determined costs and forecast traffic, expressed in terminal service 

units, expected during the period at Union level; 
o Indicator expressed in Euros and in real terms, at Union wide level; 
o Ratio between the determined costs and forecast traffic, expressed in terminal service 

units, expected during the period at charging zone level; 
o Indicator expressed in real terms and national currency, at local level; 
o Calculated for each year of the reference period; 
o The indicator applies from the beginning of the third year of RP2. 

 Terminal Unit Rates (RP1 monitored - PI). 

 Terminal Costs (RP1 monitored - PI). 

EUROCONTROL costs 

For RP2, only one PI is defined for EU monitoring: the costs of EUROCONTROL and their evolution 
compared to the evolution of the DUC for En-route ANS. The Member States shall ensure that 
EUROCONTROL communicates to the Commission its adopted budget and cost-base during the 
reference period and also the ratio between the adopted cost-base and foreseen traffic evolution. 

3.1.2  Targets 

The proposal from the PRB [17] for RP1, later ratified by the European Commission, includes targets 
for the KPIs proposed in RP1 set for the year 2014. Targets for RP2 were set following the process 
described in [18], and are specified in a Commission implementing decision [6]. 2009 baseline, RP1 and 
RP2 targets are gathered in the table below. 

KPA KPI 
2009 
Value 

RP1 Target 
(2014) 

RP2 Target  

(2019) 

Safety EoSM 

States/NSAs N/A 

Most but 
not all NSAs 
achieved 
EoSM level 3 

All NSAs achieved EoSM level 
C in all Management 
Objectives (MO) 

ANSPs N/A 
All ANSPs 
achieved 
EoSM level 3 

All ANSPs achieved EoSM level 
D in all MOs, and level C in 
‘safety culture’ 
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KPA KPI 
2009 
Value 

RP1 Target 
(2014) 

RP2 Target  

(2019) 

RAT N/A 
All ANSPs 
using RAT 

All NSAs and ANSPs using RAT 
at 100% of occurrences for 
categories A (or AA in ATM-
specific occurrences) to C 

Environment 
KEP 5.42% 4.67% 4.1% 

KEA N/A N/A 2.6% 

Capacity 
En route ATFM delay 
(min/flight) 

0.9 0.5 0.5 

Cost-Efficiency 
DUC for en route ANS 
(EUR2009) 

EUR 
63.80 

EUR 53.92 EUR 49.10 

Table 4. SES Performance Scheme EU-wide KPIs targets 

The local FAB targets set in the FAB Performance Plans and validated by the PRB are specified in the 
Commission implementing decision [19]. 

As an example, the local FAB targets for RP2 (2019) of two different FABs (NEFAB and UK-IR) are 
presented in the table below: 

KPA KPI NEFAB UK-IR 

Safety EoSM States/NSAs C C 

ANSPs C (for Safety Culture) – 

D (for other MO) 

C (for Safety Culture) – 

D (for other MO) 

RAT 100% 100% Ground level 

80% Separation minima & 
Runway Incursions 

100% ATM-specific 
occurrences 

Environment KEA 1.22% 2.99% 



INTUIT – D2.2 QUALITATIVE ANALYSIS OF PERFORMANCE  
DRIVERS AND TRADE-OFFS 

   

 

 

© 2016 – INTUIT Consortium. All rights reserved.  
Licensed to the SESAR Joint Undertaking under conditions 

35 

 

KPA KPI NEFAB UK-IR 

Capacity En route ATFM delay 
(min/flight) 

0.13 0.26 

Cost-Efficiency DUC for en route ANS 
(EUR2009) 

EUR 24.19 (Estonia) 

EUR 49.67 (Finland) 

EUR 25.79 (Latvia) 

EUR 28.45 (Ireland) 

GBP 56.68 (United Kingdom) 

Table 5. SES Performance Scheme RP2 (2019) KPI targets for NEFAB and UK-IR FAB (source [20]) 

3.2 ICAO 

ICAO Doc 9883 [10] defines the eleven ICAO KPAs which serve as the global, top-level categorisation 
framework for the performance measurement taxonomy. The eleven KPAs express ambitions and 
expectations with regard to the performance of flight operations, airspace/airport usage and air 
navigation services. 

KPA Definition Indicators’ main focus 

KPA 01 — 
Access and 
equity 

The capability to ensure that all airspace users have 
the right of access to ATM resources needed to meet 
their specific operational requirements and to ensure 
that the shared use of the airspace for different 
airspace users can be safely achieved 

Unsatisfied demand 
versus overall demand. 

KPA 02 — 
Capacity 

The inherent capacity to meet airspace user demand at 
peak times and locations while minimising restrictions 
on traffic flow 

System-wide: Number of 
flights/flight hours and 
flight km that can be 
accommodated or that 
were produced. 

Airspace: IFR 
movements/hour 

Airport: number of 
movements per unit of 
time (during different 
meteorological 
conditions). 

KPA 03 — 
Cost 
effectiveness 

The cost of ATM service to airspace users. It covers 2 
areas: 

·         Direct Cost of Gate-to-Gate ATM 

·         Indirect Costs (attributable to non-optimal gate-
to-gate ATM performance) 

Cost of ATM normalised 
per flight. 
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KPA Definition Indicators’ main focus 

KPA 04 — 
Efficiency 

Efficiency addresses the operational and economic 
cost-effectiveness of gate-to-gate flight operations 
from a single flight perspective 

Delay performance (all 
ATM sources of delay) 

KPA 05 — 
Environment 

The contribution of the ATM system to the protection 
of the environment by considering noise, gaseous 
emissions, and other environmental issues during the 
implementation and operation of the ATM system. 

Noise and emissions 
report 

KPA 06 — 
Flexibility 

Flexibility addresses the ability of all airspace users to 
modify the requirements they place on the ATM 
system in a dynamic manner 

Rejected changes to the 
number of proposed 
changes or alternatives 
offered 

KPA 07 — 
Global 
interoperabil
ity 

The compliance of the ATM System with global 
standards and uniform principles to ensure technical 
and operational interoperability with Global ATM 
Systems and to facilitate homogeneous and non-
discriminatory global and regional traffic flows. 

Level of compliance with 
international standards 

KPA 08 — 
Participation 
by the ATM 
community 

The grade of involvement of ATM community in the 
planning, implementation, and operation of the ATM 
system. 

Number of yearly 
meetings covering 
planning, implementation 
and operation 

KPA 09 — 
Predictability 

Predictability refers to the ability of the airspace users 
and ATM service providers to provide consistent and 
dependable levels of performance. 

Comparison of the actual 
flight time to the 
scheduled flight time 

KPA 10 — 
Safety 

The state in which the possibility of harm to persons or 
of property damage is reduced to, and maintained at 
or below, an acceptable level through a continuing 
process of hazard identification and safety risk 
management. 

Number of accidents 
normalised through 
number of operations or 
total flight hours 

KPA 11 — 
Security 

Security refers to the protection against threats that 
stem from intentional acts (e.g., terrorism) or 
unintentional acts (e.g., human error, natural disaster) 
affecting aircraft, people or installations on the 
ground. 

Unlawful interferences 

Table 6. ICAO KPAs 

The initial scope was to define global indicators for each KPA. However, due to the consistent 
differences between the indicators already applied in ATM sector, there are no global KPIs and metrics, 
only some examples. Therefore, even though the focus of each KPA is explained in the manual, a 
thorough performance framework including the performance indicators is not provided, leaving the 
door open to users to adapt the performance framework to their particular needs and objectives. 
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3.3 SESAR 

Within SESAR, WP B4.1 establishes the KPIs that have to be assessed and validated for Step 1. WP B4.1 
has to take into account validation results and use performance targets to identify current and 
anticipated performance gaps. There is a direct coordination between WP B4.1 [21] and WP B.05 [22], 
whose function is to assign strategic performance targets and cascade down the high-level validation 
target. It has to be mentioned that there are not KPIs for all the KPAs defined in SESAR. SESAR KPAs 
are defined in the following table: 

KPA Definition OFA 

Cost 
Effectiveness 

Cost of gate-to-gate ATM in relation to the 
volume of air traffic that is managed 

Direct cost of gate-to-gate 
ATM 

Direct cost of ATM providers 

Indirect costs 

Capacity 

Ability of the ATM system to cope with air 
traffic demand (in number and distribution 
through time and space). It relates to the 
throughput of that volume per unit of time, for 
a given safety level. 

Airspace Capacity 

Airport Capacity 

Network Capacity 

Efficiency 
Actually, flown 4D trajectories of aircraft in 
relationship to their Shared Business 
Trajectory. 

Temporal efficiency 

Fuel efficiency 

Mission Effectiveness 

Flexibility 

Ability of the ATM system and airports to 
respond to “sudden” changes in demand and 
capacity: rapid changes in traffic patterns, last 
minute notifications or cancellations of flights, 
changes to the Reference Business Trajectory 
(pre-departure changes as well as in-flight 
changes, with or without diversion), late 
aircraft substitutions, sudden airport capacity 
changes, late airspace segregation requests, 
weather, crisis situations, etc. 

Business Trajectory update 
flexibility for scheduled and 
non-scheduled flights 

Flexible access-on-demand for 
non-scheduled flights 

Service location flexibility 

Suitability for military 
requirements 

Predictability 

Ability of the ATM system to ensure a reliable 
and consistent level of 4D trajectory 
performance. In other words: across many 
flights, the ability to control the variability of 
the deviation between the actually flown 4D 

On-time operation 

Service Disruption Effect 

Knock-on effect 
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KPA Definition OFA 

trajectories of aircraft in relationship to the 
Reference Business Trajectory. 

Safety 
It addresses the risk, the prevention and the 
occurrence and mitigation of air traffic 
accidents. 

ATM-related safety outcome 

Security 

It addresses the risk, the prevention, the 
occurrence and mitigation of unlawful 
interference with flight operations of civil 
aircraft and other critical performance aspects 
of the ATM system. This includes attempts to 
use aircraft as weapons and to degrade air 
transport services. Unlawful interference can 
occur via direct interference with aircraft, or 
indirectly through interference with ATM 
service provision (e.g., via attacks 
compromising the integrity of ATM data or 
services). ATM security also includes the 
prevention of unauthorised access to and 
disclosure of ATM information. 

Interference with aircraft 
trajectories 

Direct interferences with 
aircraft trajectories 

Indirect interferences with 
aircraft trajectories 

ATM information security 

Environment 
Sustainability 

Role of ATM in the management and control of 
environmental impacts, aiming to reduce 
adverse environmental impacts (average per 
flight) and to ensure that air traffic related 
environmental considerations are respected. 
This focus on environment must take place 
within a wider “sustainability” scope that takes 
account of socio-economic effects and the 
synergies and trade-offs between different 
sustainability impacts. 

Environmental constraints and 
management 

Best ATM Practice in 
Environmental Management 

Compliance with 
environmental rules 

Atmospheric impacts 

Noise impacts 

Access and 
equity 

Management of airspace usage (and usage of 
other ATM resources such as airports and ATM 
services) into two distinct issues: 
access/segregation and equity/prioritisation. 

Access 

Equity 

Participation 
Participation and involvement of ATM 
community through the level of participation 

- 
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KPA Definition OFA 

in meetings and level of responses to planning 
activities. 

Interoperability 
Facilitate homogeneous and non-
discriminatory global and regional traffic flow. 

Homogeneous traffic flows 

Non-discriminatory traffic 
flows 

Application of global 
standards and uniform 
principles 

Technical and operational 
interoperability of aircraft and 
ATM systems 

Table 7. SESAR Step 1 KPAs 

From the point of view of the Validation targets, WP B.05 has updated the contribution of SESAR to 
the SES High-level goals [21]. It also addresses the contribution for Step 2 (SESAR 2020), updating the 
influence factors and the breakdown of each KPI. For instance, a new KPI has been defined within 
Punctuality KPA, the Departure Punctuality. 

Among the changes derived from the evolution towards SESAR 2020, it is worth highlighting: 

● A dedicated SESAR 2020 performance management process, including activities at Master 
Planning Level, Content Integration Level and the Solution Development and Validation Level, 
within a performance-driven approach. 

● An updated performance target setting methodology, including Performance Ambitions and 
Expectations at ECAC-level and Validation Targets for the various SESAR solutions. 

● Integration of “performance” into the European ATM Architecture, in order to enhance 
consistency, traceability and visibility. 

● Establishment of a refined KPA framework, covering relevant performance focus areas beyond 
those in SESAR 1, putting special focus on the distinction between KPIs and PIs, and including 
a wider range of PIs. 

Table 8 shows, for each KPA, the SESAR 2020 KPIs (i.e., those having associated targets set for SESAR 
solutions) and the mandatory PIs (i.e., those that must, where relevant, be measured for each 
solution). The subsequent sections describe each KPA in more detail. The selection of KPAs is based on 
the ICAO framework with refinements to support SESAR requirements. The selected KPAs are: 

● Access and Equity 
● Capacity 
● Cost-Efficiency 
● Environment 
● Flexibility 
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● Predictability - extended to include Punctuality 
● Safety 
● Security 
● CBA 

Two cross-cutting Focus Areas are also defined, which influence and relate to multiple KPAs and cannot 
be assigned to simply one: 

● Civil Military Cooperation, added as Focus Area to ensure visibility of the military dimension of 
SES deployment. 

● Human Performance, added as a Focus Area to ensure visibility of the importance of the 
human dimension of SES deployment. 

 

 KPA Focus Area 

KPI / PI  

(when is PI 
mandatory) 

KPI definition 

Capacity 

Airspace capacity 

KPI 
TMA throughput, in challenging airspace, per 
unit time (CAP1) 

KPI  
En-route throughput, in challenging airspace, 
per unit time (CAP2) 

PI (Always) 
TMA Increased Throughput En-Route 
Increased Throughput 

Airport capacity 

KPI  
Peak Runway Throughput (Mixed Mode) 
(CAP3) 

PI (Always) 

Peak Departure throughput per hour 
(Segregated mode) (CAP3.1) 

Peak Arrival throughput per hour (Segregated 
mode) (CAP3.2) 

Resilience 

KPI % Loss of airport capacity avoided (RES1) 

KPI  % Loss of airspace capacity avoided (RES2) 

PI (Always) 

Airport time to recover from non-nominal to 
nominal condition (RES3.1) 

Airspace time to recover from non-nominal to 
nominal condition (RES3.2) 

Minutes of delay & Number of cancellations 
(RES4) 
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 KPA Focus Area 

KPI / PI  

(when is PI 
mandatory) 

KPI definition 

Cost 
efficiency 

ANS Cost efficiency 
KPI  Flights per ATCO hour on duty (CEF2) 

KPI  Technology Cost per flight (CEF3) 

Airspace User Cost 
efficiency 

PI (Where an 
impact is 
foreseen on 
AU cost 
efficiency) 

Direct operating costs for an airspace user 
(AUC3) 

Indirect costs for an airspace user (AUC4) 

Overhead costs for an airspace user (AUC5) 

Environment 

Fuel efficiency 

KPI Average fuel burn per flight (FEFF1) 

PI (Always) 
CO2 Emissions (FEFF2) 

Reduction in Average Flight Duration (FEFF3) 

Noise 
PI (Airport 
OE Solutions 
only) 

Relative noise scale (NOI1) 

Size and location of noise contours (NOI2) 

Number of people exposed to noise level 
exceeding a given threshold (NOI4) 

Local Air Quality 
PI (Airport 
OE Solutions 
only) 

Geographic distribution of pollutant 
concentrations (LAQ1) 

Predictability 
and 

punctuality 

Variance of actual 
and 

Reference business 
trajectories 

KPI  
Variance of differences between actual and 
flight plan or Reference Business Trajectory 
(RBT) durations (PRD1) 

Departure 
punctuality 

KPI  

% of Flights departing (Actual Off Block Time) 
within +/- 3 minutes of Scheduled Off-Block 
Time after accounting for ATM and weather 
related delay causes (PUN1) 

Safety 
Accidents/incidents 
with ATM 
contribution 

KPI  
Accidents and incidents with ATM 
contribution per year (SAF1) 

- 
Human 
Performance 

PI (Always) 

Role consistency (HP1) 

User interface Usability (HP2) 

Supportive team structure (HP3) 

Transition feasibility (HP4) 
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 KPA Focus Area 

KPI / PI  

(when is PI 
mandatory) 

KPI definition 

Security - PI (Always) 
Personnel (safety) risk after mitigation (SEC1) 

Capacity risk after mitigation (SEC2) 

- 
Civil-Military 
Cooperation and 
Coordination 

PI (Only 
where 
relevant (see 
[21]) 

Available training duration within ARES 
(CMC1.1) 

Allocated ARES dimension (CMC1.2) 

Distance to/from airbase to ARES (CMC1.3) 

Offered fuel and distance saving (for GAT 
operations) (CMC2.1) 

% GAT flights using ARES / GAT flights for 
which ARES is available (CMC2.2) 

Flexibility 

ATM System & 
Airport ability to 
respond to changes 
in planned flights 
and mission 

PI (Always) 
Average delay for scheduled civil/military 
flights with change request and non-
scheduled/late flight plan request (FLX1) 

CBA CBA PI (Always) 

Un-accommodated traffic reduction (flights 
per year) (CBA1) 

Flight cancellation reduction (CBA2) 

Table 8. SESAR 2020 KPAs, Focus Areas, KPIs and PIs (source [9]) 

3.4 Comparison of KPAs and KPIs 

Every performance framework presented in the previous sections is structured around the eleven ICAO 
KPAs. Most of them maintain the naming, but in more than one, there is a difference in the selected 
indicators. 

The following figure represents a first approximation of the relationships between the KPAs identified 
in different performance frameworks. The initial KPAs are defined in the ICAO Doc 9854 [11]. Starting 
from these performance areas, SESAR (both Step 1 and SESAR 2020) adopts their definitions and 
adapts them to its context. The main differences appear at a lower level, when the indicators and 
targets are set for each KPA. There are different views of how a KPA can be quantified, establishing 
indicators and setting targets within each performance framework. 

The objective of the Performance Scheme is not to define the Key Performance Areas, but to set which 
ones should be included in the Regulation. These KPAs are selected from the ones defined by ICAO and 
consistent with those identified in the ATM Master Plan. They are adapted where necessary in order 
to meet the specific needs of the Single European Sky. 
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Figure 5. Relationship between performance frameworks KPAs 

The nomenclature used in the frameworks is almost identical, but the indicators defined for each KPA 
are slightly different. These differences have been grouped in three categories, depending on their 
approach to the KPIs set in the SES Performance Scheme [5]. The correspondence between the KPAs 
has been considered: 

 High, when, independently of the KPA, at least one KPI follows the definition established in the 
Performance Scheme. 

 Medium, when the KPAs have the same nomenclature, but they are measured through 
different KPIs. 

 Low, when the KPAs have different nomenclature and are measured through different KPIs. 

The KPAs that do not have any type of correspondence are the ones without any KPIs associated and 
those that do not have any similarity to the KPIs present in the SES Performance Scheme. The following 
table presents a comparison of the KPA definitions of the three studied performance frameworks. 

  

ICAO KPAs

Safety

Security

Capacity

(Airport & Airspace)

Environmental

Sustainability

Predictability

Flexibility

Ef f iciency

Cost ef fectiveness

Access & Equity

Participation

Interoperability

SESAR KPAs

SESAR 

Step 1

SESAR 

2020

Safety

Security

Capacity

Environment

Predictability (+ Punctuality)

Flexibility

Cost ef f iciency / ef fectiveness

Access & Equity

Ef f iciency

Participation

Interoperability

Civil-military 

cooperation

Human 

Performance

SES II KPAs

Safety

Capacity

Environment –

Flight 
Efficiency

Cost-

efficiency

High correspondence:
Similar KPIs, independently of the KPAs;

Medium correspondence:
Similar nomenclature, but different KPIs;

Low correspondence:
Different nomenclature and also different

KPIs.

SESAR 2020 Focus Areas
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  KPAs definition and EU-wide indicators focus 

KPAs 
SES II Performance 
Scheme in RP2 

SESAR 2020 Performance 
Framework 

ICAO 

Capacity 

Definition: No formal KPA 
definition provided in the 
Regulation. 

Focus: The scope covers en-
route and airport/ terminal 
flight phases and the focus 
is ATFM and ANS related 
delay. 

Definition: Ability of the ATM 
system to cope with air traffic 
demand (in number and 
distribution through time and 
space). It relates to the throughput 
of that volume per unit of time, for 
a given safety level. 

Focus: Airspace Capacity, Airport 
Capacity and Resilience. 

The inherent capacity to meet 
airspace user demand at peak times 
and locations while minimising 
restrictions on traffic flow. 

Cost-
efficiency 

Definition: No formal KPA 
definition provided in the 
Regulation. 

Focus: ANS costs per flight. 

Definition: Cost of gate-to-gate 
ATM in relation to the volume of air 
traffic that is managed. 

Focus: Increased ATCO productivity 
and reduced technology cost per 
flight. 

Cost-effectiveness 

The cost of ATM service to airspace 
users. It covers 2 areas: 

·   Direct Cost of Gate-to-Gate ATM 

·   Indirect Costs (attributable to 
non-optimal gate-to-gate ATM 
performance). 

Environment 

Environmental flight 
efficiency 

Definition: No formal KPA 
definition provided in the 
Regulation. 

Focus: Horizontal flight 
efficiency (comparison of 
trajectories to great circle 
distances) and conditional 
routes usage. 

Definition: It measures expected 
improvements in fuel efficiency, 
incorporating efficiency in 
aerodrome operations as well as 
both horizontal and vertical flight 
profile efficiency. 

Focus: Reduced fuel burn per flight 
and gate to gate flight efficiency. 

The contribution of the ATM 
system to the protection of the 
environment by considering noise, 
gaseous emissions, and other 
environmental issues during the 
implementation and operation of 
the ATM system. 

Safety 

Definition: No formal KPA 
definition provided in the 
Regulation. 

Focus: level of 
implementation of certain 
safety management 
objectives; the risk severity 
and probability of 
occurrences; and the 
responsibility politics 
applied to deliberate unsafe 
acts. 

Definition: It addresses the safety 
outcome of the ATM system 
(occurrence of accidents and 
incidents). 

Focus: Reduced risk of accident 
with ATM contribution. 

Safety is the highest priority in 
aviation, and ATM plays an 
important part in ensuring overall 
aviation safety. 

Table 9. Comparison between KPA definitions and EU-wide indicators (both KPI and PI) focus 
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As it can be seen, there are commonalities as well as significant differences in the indicators and the 
focus areas of the three performance frameworks.  

The SES Performance Scheme performance indicators and targets constitute the basis for some very 
specific binding targets on stakeholders. The notion of accountability for performance outcomes is 
much stronger in the SES Performance Scheme. The SESAR validation targets do not need to be 
concerned about accountability to the same extent, as they relate to overall “ATM system” 
performance, which encompasses all stakeholders in a much more integrated manner. Either way, all 
these performance frameworks are pointing towards the same objective: contributing to the 
achievement of the SES high-level goals. 

The SES Performance Scheme makes use of targets (KPIs) and monitoring PIs to drive performance 
improvement in the deployed ATM system; whereas SESAR 2020 PF aims at measuring the expected 
improvements from deploying SESAR Solutions. 

Furthermore, the SES Performance Scheme includes real world issues (such as indirect ANS costs) with 
measurements made in the real world, while the SESAR 2020 PF excludes real world issues, making 
measurements in validation exercises of SESAR Solutions. 

Regarding concrete KPAs, the Capacity KPA of the SES Performance Scheme establishes the target 
“ATFM delay”. This reflects that delays are the consequences of imbalances between demand and 
capacity and also that ATFM is a well-established mechanism for capturing delay data. Delays are the 
consequences of how capacity is deployed and used, which relates much more to shorter-term 
stakeholder specific decisions. The throughput measured in SESAR has a direct link to the generation 
of delay. 

SESAR validation targets for the Environment KPA are based on fuel efficiency because the overall goal 
is to improve fuel efficiency (emissions). The SES Performance Scheme targets are set on the basis of 
flight efficiency as this is a major contributor to fuel efficiency that is more directly controllable by ANS 
providers. 

The High Level objective of an overall reduction of ANS cost per flight is closely aligned with the SESAR 
2020 KPI and also well reflected in the SES Performance Scheme KPI, although the expression of the 
latter is in terms of the unit price that airspace users pay. 

In order to complete a detailed comparison of KPAs and KPIs, the mapping between SES Performance 
Scheme and SESAR 2020 PF KPIs is presented in the following table. 
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SES II Performance Scheme SESAR 2020 Performance Framework 
Similarities 

KPA KPI/PIs KPA KPIs 

Safety 

Runway incursions 

Safety 
SAF 1 – Accidents and 
incidents with ATM 
contribution per year 

The view in SESAR is 
focused on accidents 
measurements, 
whilst in SES more 
on their prevention 
(safety 
management). The 
only related SES PIs 
have been included 
in this table. 

Separation minima 
infringements 

Environmental 
flight 
efficiency 

Horizontal flight 
efficiency of last 
filed flight plan 
(KEP) 
& 
Horizontal flight 
efficiency of actual 
trajectory (KEA) 

Environment 
FEFF1 – Average fuel 
burn per flight 

Direct link between 
route extension 
(flight plan 
adherence) and fuel 
burn, given the 
characteristics of the 
aircraft. 

Predictability 

PRD1 – Variance of 
differences between 
actual and flight plan 
or Reference Business 
Trajectory (RBT) 
durations 

Extra time in en 
route will be partly 
due to a trajectory 
deviation due to 
tactical ATC 
intervention. 

Additional time in 
taxi-out phase  
(actual time –
unimpeded time in 
low traffic, in 
min/departure) 

Environment 
FEFF1 – Average fuel 
burn per flight 

Direct link between 
time and fuel burn, 
given the 
characteristics of the 
aircraft. 

Capacity 

CAP3 – Peak Runway 
Throughput (Mixed 
mode) (Airport 
capacity) 
  
RES1 – % Loss of 
airport capacity 
avoided (Resilience) 

Direct link between 
additional taxi-out 
time and applicable 
airport capacity 
(airport capacity and 
resilience). 
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SES II Performance Scheme SESAR 2020 Performance Framework 
Similarities 

KPA KPI/PIs KPA KPIs 

Additional time in 
arrival sequencing 
and metering area - 
ASMA (ASMA 
transit time – ASMA 
transit time in low 
traffic periods, 
minutes/arrival) 

Environment 
FEFF1 – Average fuel 
burn per flight 

Direct link between 
time and fuel burn, 
given the 
characteristics of the 
aircraft. ASMA 
however is defined 
as a virtual cylinder 
of 40NM around the 
airport: no exact 
correspondence 
with TMA. 

Capacity 

CAP1 – TMA 
throughput, in 
challenging airspace, 
per unit time (Airspace 
capacity) 

Direct link between 
additional ASMA 
time and TMA 
throughput. ASMA 
however is defined 
as a virtual cylinder 
of 40NM around the 
airport: no exact 
correspondence 
with TMA. 

Effectiveness of 
booking procedures 
for FUA (ratio of 
time that airspace 
was allocated and 
the airspace that 
was used) 

Capacity 

CAP2 – En-route 
throughput, in 
challenging airspace, 
per unit time (Airspace 
capacity) 
  
RES2 – % Loss of 
airspace capacity 
avoided (Resilience) 

Direct link between 
movements-in and 
usage-of a restricted 
area. 
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SES II Performance Scheme SESAR 2020 Performance Framework 
Similarities 

KPA KPI/PIs KPA KPIs 

Capacity 

En-route ATFM 
delay 
(CTOT – ETOT, min) 

Predictability 
/ Punctuality 

PRD1 – Variance of 
differences between 
actual and flight plan 
or Reference Business 
Trajectory (RBT) 
durations 

Partial consistency 
between ATFM 
delays and flight 
plan adherence. 

ANS related local 
delay at gate (pre-
departure delay 
(min)/ outbound 
IFR flight) 

PUN1 – % of Flights 
departing (Actual Off 
Block Time) within +/- 
3 minutes of 
Scheduled Off-Block 
Time after accounting 
for ATM and weather 
related delay causes 

Partial consistency 
between gate delays 
caused by ATM and 
departure delays 
caused by ATM. 

Cost efficiency 

Determined unit 
cost (DUC) for en 
route air navigation 
services 
(Determined unit 
rate DUR in RP1) 
(En route 
determined 
costs/forecast 
traffic expressed in 
En route service 
units) 

Cost efficiency 

CEF2 – Flights per 
ATCO hour on duty 
  
CEF3 – Technology 
Cost per flight 

Partial consistency 
between DUC and 
Technology Cost 
per flight and ATCO 
productivity (ANS 
Cost efficiency). 

Table 10. SES II Performance Scheme and SESAR 2020 PF KPI comparison 

The SES Performance Scheme has been defined focusing on the performance of the operational ATM 
system as a whole. Within SESAR 2020, there is a different approach to performance, due to the 
definition of targets for the development of an appropriate operational concept to be measured in a 
validation environment. This leads to the use of different KPIs, but without losing the alignment as far 
as practicable and desirable in light of the specific objectives of the SES II Performance Scheme. In the 
following subsections, a deeper analysis of this alignment is provided by KPA, based on the analyses of 
[9] and [23]. ICAO high level classification is also taken into account in the comparison. 
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Safety 

 The different treatment of the Safety KPA in the SESAR Programme makes it impossible to have 
a direct relation between the KPIs defined by the SES Performance Scheme and the calculation 
of the Safety levels in SESAR. However, two PIs from the SES regulation can be linked to the 
Risk model used in SESAR: the number of Runway incursions and the Separation infringements. 
Accidents, the focus in SESAR framework, could the product of these monitored situations. 

 The strategic intent of the SES HLGs is to maintain and, if possible, reduce the level of risk 
associated with ATM, irrespective of traffic growth. In SESAR, design targets are set to ensure 
that overall safety risk reduces in line with the Performance Ambition. 

 SESAR does not measure nor directly impact safety maturity (as EoSM). The key for SESAR is 
that solutions with safety improvements are deployed such that safety risk is maintained or 
reduced as traffic grows. The SES Performance Scheme will measure success in this regard 
through lagging indicators (PIs such as ATM-specific occurrences, runway incursions or 
separation minima infringements). 

 ICAO also focuses on the number of accidents for IFR flights. 

Environment Flight Efficiency 

 From the point of view of SESAR 2020 KPIs, the environmental KPA is basically the fuel burn 
per flight, so the main measurement of this KPA is through Fuel efficiency. This vision is similar 
to the one in SES II, even if the Environment KPA is represented by the Flight efficiency. 

 The KPIs corresponding to the Predictability and Punctuality KPAs in SESAR treat aspects 
related to temporal efficiency, analysing the deviations from the planned time. This represents 
a link to the Environmental Flight Efficiency defined in SES II Performance Scheme. 

 In the context of ICAO, the focus is on measuring the emissions and noise generated by the 
aircraft in its phases of flight. 

 Even if SESAR does not have a clear target on Local Air Quality and Noise performance, it also 
defines indicators at a low level for the assessments to be undertaken in the development 
phase projects. In general, SESAR 2020 focuses on gate to gate flight efficiency and fuel burn. 

Capacity 

 SES II is the only case in which Capacity is measured through the indication of delay, which is 
the consequence of a lack of capacity. The other frameworks have indicators which measure 
the number of flights per hour either in airport and airspace capacity (throughput). The delay 
dimension is rather included within the Efficiency and Predictability KPAs by ICAO. 

 SESAR measures the effective throughput for new operational concepts. The increase in 
throughput indicates a potential capacity gain. Delays are the consequences of how, where 
and when those Solutions are deployed and utilised. 

 The volume of airspace available depends on the restrictions imposed by the reservation of 
airspace. The effectiveness of booking procedures is monitored in SES framework, so a 
relationship could be established with the volume of airspace that determines the capacity. 
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Cost efficiency 

 The scope of Cost efficiency in the SES Performance Scheme is much wider than for SESAR 
2020 Performance Framework. For SESAR 2020, the contribution to this KPA is expected from 
improvements in controllers’ productivity associated with operating concept development 
and more cost-effective technology. 

 The direct ANS cost per service unit is taken as a KPI by SES, measuring it through the unit cost 
per service unit which is ultimately charged by ANSPs to Airspace Users. This indicator reflects 
that it is “fairer” to charge more for larger aircraft because of their high revenue potential and 
has very little to do with the ANSP costs for providing the service. The cost per flight used 
within SESAR, which provides a direct link between determined unit costs (DUC) and ANS costs 
could reflects better the cost effectiveness in place of DUC in a strategic “ATM system” sense. 

 Both SESAR and SES measure the ANS cost, the difference consisting in the denominator: the 
number of flights and the Service Unit for SESAR and SES, respectively. 

 In conclusion, the key for SESAR is that ATCO productivity and technology costs enable a 
reduction of direct ANS gate-to-gate costs. The SES Performance Scheme will measure success 
in this regard through DUR achieved. 
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4 ATM performance trade-offs and 
interdependencies 

The four KPAs of the SES Performance Scheme are interdependent if a structural driver of ATM 
performance affects two or more different indicators belonging to different KPAs at the same time. 
The interdependencies may represent cause-effect relationships or merely correlations. The 
interdependencies may be: (i) positive (win-win). This is the case for example if a more efficient flight 
trajectory provides environmental benefits and in addition also an improvement in cost-efficiency; or 
(ii) negative (win-lose). This is the case, for instance, if an ATM provider invests in improvement of 
capacity, which comes at a cost and therefore lower cost-efficiency. A similar negative relationship 
often holds between safety and cost-efficiency. In general, we expect negative interdependencies to 
be more common than positive interdependencies.  

The review described in this section aims to characterise what is already known today on the trade-
offs between KPAs and the underlying performance drivers, as identified in the literature. The text is 
mainly based on a thorough literature review of research papers and policy reports in the ATM domain. 
We first provide the big picture of the interdependencies between KPAs and then we analyse in more 
detail each specific trade off. 

4.1 Overview of interdependencies between KPAs 

Two main research approaches can be distinguished in the study of the interdependencies between 
ATM KPAs: approaches taking a macro-focus and approached taking a micro-focus. Macroscopic 
studies typically consider performance trade-offs at a broad geographical scale and take into account 
multiple interdependencies between performance areas. These studies usually rely on simplifying 
assumptions on certain relationships to be able to include multiple interdependencies. On the other 
hand, microscopic studies typically focus on a single, or maximum two, performance 
interdependencies, by means of a case-study in a single (or a small number of) airspace sectors. This 
more targeted research focus allows a more detailed representation of structural performance drivers 
in the analysis. 

The following figure shows a selection of the most relevant papers from the literature review and 
places the interrelationships on a canvas with the four main performance areas of the SES performance 
framework. We observe that most of the research focuses on the performance areas of capacity and 
cost-efficiency, and their interrelationship. Interdependencies with environment are less common in 
the research literature, although there are some studies which focus on the relationship between 
capacity and flight-efficiency. Safety performance and its interdependencies have so far received less 
attention by researchers. The few attempts which have looked at performance interdependencies with 
safety have looked mainly at the indicator of sector overdeliveries.  
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Figure 6. Interdependencies among KPAs as identified in literature review 

The Performance Review Body (2012) has proposed a new regulatory approach for a revision of the 
SES Performance Scheme addressing Reference Period 2 (2015-2019) and beyond [24]. It thereby 
addresses all performance areas and their interrelationships. With respect to safety, it established the 
basic principle that no performance gains can be made at the expense of safety. It is thus in principle 
not possible to explicitly trade off safety performance with performance in another area. The key goal 
for ANSPs is rather to minimise the total ANS-related costs while ensuring safety improvement. The 
approach to trade off performance in various areas is through the proposed concept of the “total 
economic value”. This is a concept taking into account performance with respect to capacity, cost-
efficiency and environment. It should not be considered as a single KPI, but rather as an agreed 
methodology to trade-off performance between various indicators. The “total economic value” also 
depends on values of exogenous parameters, which may vary out of ANSPs’ control (e.g., price of fuel). 
The PRB also considers important “a full description and evaluation of interdependencies”; this 
“includes the interaction with safety”. 

In the following subsections, we discuss in more detail the performance drivers and trade-offs for those 
focus areas that have received more attention in the ATM literature. 
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4.2 Cost-efficiency and capacity trade-off 

The interdependency between cost-efficiency and capacity is the trade-off that has been most widely 
studied by researchers.  

Among the research papers taking a macro approach, Bujor and Ranieri [25] develop a performance 
assessment methodology based on Bayesian networks. They gain a number of insights on ATM 
performance trade-offs, in particular in relation to the capacity vs. cost-efficiency trade-off: 

 Economies of density at an ANSP are most important at low traffic levels. This follows from the 
fact that ANSPs with spare capacity may accommodate additional traffic without changing the 
network structure (i.e., keeping the same number of sectors), whereas at higher traffic levels 
new sectors need to be opened, putting more ATCOs on duty and increasing coordination 
costs. 

 Complexity is an important factor affecting delays. Complexity is not always linked to the 
number of flight hours but structural complexity is also important. 

 The authors are able to compute probabilities that individual ANSPs comply with ATM 
Reference Period (RP) performance targets. 

 The specificities of each national charging zone suggest that national models would deliver 
more accurate results than EU-wide models. 

In another macro-oriented research paper, Negrete, Urech & Saez-Nieto [26] develop a methodology 
to evaluate the status of a given ATC scenario. They focus on the relationship between offered capacity 
and air traffic demand, to identify weakness areas and to determine solutions. They focus on the trade-
off between “sector criticality”, which compares the traffic demand and the capacity of a sector 
quantifying different indicators, and “sector efficiency” (i.e., making efficient use of the capacity 
available), taking into account network effects and providing diagnostics by means of a system status 
diagram. 

Within the group of micro-oriented research approaches, Delgado, Cook, Cristóbal & Plets [27] study 
the topic of Area Control Centre (ACC) regulations and the cost-effectiveness of adding controller hours 
to avoid them. Adding controller hours results in higher capacity and reduction of ATFM delays, but 
this comes, of course, at a cost. The cost-benefit balance depends on distributions of delay duration 
and aircraft weight, which are drivers for the cost of a regulation. They make a number of simplifying 
assumptions on the way in which more ATCO hours are able to avert ATFM regulations, making 
abstraction of issues related to airspace management (e.g., sectorisation). 

Tobaruela, Majumdar, Ochieng, Schuster & Hendrickx [28] analyse the cost-efficiency vs. capacity 
trade-off. They calculate to which extent dynamic shift management and staff planning tools (such as 
flexible rostering of ATCOs) can enable simultaneous improvements in capacity and cost-efficiency 
indicators. They also map these improvements to the SESAR context and assess the feasibility of the 
programme to achieve the expected improvement targets.  

Overall, elements such as dynamic sectorisation and flexible rostering are important drivers for the 
cost-efficiency vs. capacity trade-off. At the macro level, airspace complexity and network effects are 
also mentioned as important determinants for performance. 
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4.3 Cost-efficiency and external drivers 

Grebensek & Magister ([29] and [30]) have shown in a number of papers that seasonal variation in air 
traffic is an important driver for ANSP cost-effectiveness performance. The reasoning is based on the 
fact that the number of ATCOs employed at an ANSP is relatively fixed, whereas air traffic may be very 
volatile between seasons. Therefore, ANSPs who have to deal with higher seasonal variation (typically 
situated rather in the south of Europe) are put at a disadvantage in comparison to other ANSPs where 
air traffic demand is less variable.  

In addition, Grebensek & Magister [31] also point to the fact that the presence of larger airports leads 
to additional composite flight hours, and therefore also potentially rewards the ANSPs controlling that 
airspace.  

ATM cost benchmarking studies (Nero & Portet, [32]; Competition Economists Group, [33]) have 
attempted to explain observed differences in cost-efficiency by linking them to a number of observable 
explanatory variables (ATM demand, airspace complexity, factor input prices such as wages, cost of 
capital, etc.) and an unobservable inefficiency component. Results are somewhat inconclusive since 
measured inefficiencies vary widely with the assumptions made regarding the structure of the error 
term.  

4.4 Capacity and environment trade-off 

Howell, Bennett, Bonn & Knorr [34] studied the causes of current en-route ATM (in)efficiencies and 
the extent to which they contribute to route inefficiency experiences in the US national airspace, 
before the introduction of Free Flight programs (the situation in Europe is probably similar). The goal 
is to get an insight into the size of the “benefits pool” for Free Flight programs. The study includes an 
analysis of how route inefficiency changes for different traffic levels, thereby exploring the trade-off 
between capacity and environment. Three regimes can be distinguished, depending on the sector 
traffic as a percentage of maximum traffic level: the opportunity regime is characterised by low sector 
traffic (< 30%), the route structure regime exhibits intermediate sector traffic (30% to 70%) and the 
congestion regime has high sector traffic (> 70%). In the opportunity regime, some flights are able to 
leave the airspace structure and fly more direct routes, thereby reducing the excess distances flown. 
Inefficiency increases gradually with air traffic, up to the route structure regime level. In this regime, 
excess distances flown are fairly constant and the dominant contributor to inefficiency is the airspace 
route structure. In the congestion regime, inefficiencies again rise gradually with air traffic. They are 
mainly linked to TMA capacity constraints, sector capacity constraints and conflict avoidance 
procedures.  

Reynolds ([35], [36] & [37]) conducted in-depth analyses of ATM-related flight inefficiencies. He 
quantified the importance of various sources of flight inefficiencies, at global scale. The existence of a 
standard route structure and restricted airspace are the most important sources of inefficiency in the 
US and the EU. This shows that the main contributor to inefficiency is only modestly related to capacity. 
Other important contributing factors are, in order of importance, arrival holding and vectoring, 
existence of arrival procedures, congested airspace, and adverse weather and departure procedures. 
Only some of those factors are linked to capacity constraints. 
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4.5 Performance interdependences with safety  

Trade-offs in ATM performance involving safety are explored relatively seldom in the ATM literature. 
This is because the provision of safety is the main goal of ATM: it is the reason of its existence. Trading 
off safety to boost performance in another performance area is therefore by definition unacceptable. 
However, in practice, minor safety deficiencies are sometimes considered acceptable, as noticed by 
Tobaruela, Majumdar, Ochieng & Schuster [28]. This takes the form of temporary over deliveries of 
aircraft to a specific sector. So, we take this indicator as a proxy indicator for safety in en-route ATM.  

Tobaruela, Schuster, Majumdar & Ochieng [8] explore the operational effectiveness of an ACC trading 
off cost-effectiveness with capacity and safety (avoiding over deliveries). The optimisation tools 
available to improve performance can be referred to as ‘dynamic demand & capacity balancing’ and 
include flexible rostering and dynamic sectorisation. The research involves a case study of operational 
efficiency at MUAC (Maastricht Upper Area Control Centre). The research shows that operational 
efficiency is currently only at around 50%. Whereas planning efficiency is relatively high (at 82%), 
sector utilisation rates are much lower (around 58%). Occurrences of sector over deliveries further 
lead to a reduction in the overall airspace management efficiency performance. The conclusion is that 
multi-sector traffic management initiatives could have a strong potential to improve overall airspace 
management efficiency performance.  

Kallus, Hoffman, Winkler & Vormayr [39] have developed a computerised scaling tool (TEST) for 
visualising changes in and trade-offs between three critical factors that determine the work situation 
of ATM: taskload, efficiency and safety buffers. This tool can make ATM safety surveys more efficient 
and help supervisors to decide about optimal times for opening or closing additional sectors.  

In conclusion, only limited research has been done in the domain of safety and in particular in its 
interrelationships with other performance areas.  
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5 Stakeholder vision and potential 
improvements 

5.1 INTUIT Stakeholder Workshop 

The 1st INTUIT Stakeholder Workshop was held in Barcelona in June 2016. The workshop was 
conceived as a hands-on working session with a threefold purpose: 

 Present the project in detail to the members of the INTUIT Advisory Board and collect their 
feedback on the proposed approach. 

 Present the qualitative analysis of ATM performance drivers and trade-offs described in 
Section 4 and collect feedback and suggestions on the research questions to be investigated, 
in order to ensure their relevance and their alignment with the interests and concerns of the 
different stakeholders. 

 Present the review and analysis of ATM performance data sources included in INTUIT 
deliverable D2.1 and collect feedback and suggestions on possible gaps, strengths and 
deficiencies of each data source, other databases potentially interesting for the project, etc. 

The following general remarks were discussed during the meetings: 

 The main goal of SESAR is to support the improvement of ATM performance. The SESAR 
performance framework was defined before the SES Performance Scheme, and this is one of 
the reasons why both performance frameworks are different, but the SJU is doing an effort to 
converge with the SES Performance Scheme. 

 It was suggested to take a step back and look at ICAO performance framework (Doc 9883 
[10]), which addresses areas that have so far been overlooked by SES II and SESAR. 

 Performance monitoring and performance management are very different issues: trying to 
address both could be too ambitious; after the first phase of data analysis, it may be good to 
narrow the scope and focus on only one of the two dimensions. 

The potential improvements and the inputs from the Advisory Board regarding the usefulness and 
relevance of the future research questions have been gathered in the following section.  

5.2 Potential improvements 

The aim of this subsection is to discuss the need for new or updated indicators, metrics and 
performance modelling approaches suggested by the participants of the 1st INTUIT Stakeholder 
Workshop. The proposed enhancements can be classified into two big groups:  

 development of existing indicators, tools and concepts, and  

 creation of new indicators and analysis of interdependencies that have not been previously 
investigated. 
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Development of existing indicators, tools and concepts 

One of the topics discussed with the stakeholders was ATCO workload, as it is a central element to 
many key issues. For instance, it would be interesting to understand the impact on performance of the 
SESAR solutions aiming to reduce ATCO workload. Moreover, controller workload is highly linked to 
other areas such as productivity, flexibility and complexity. 

Another topic of discussion was the improvement of the PRU dashboard. According to different 
stakeholders, there is room for new ideas of visualisation and visual analytics tools to be implemented 
in the dashboard. Some of the stakeholders pointed out the necessity of indicator values disaggregated 
to the sector level (higher granularity data). In addition, it was suggested to develop tools able to 
visualise the evolution of indicators in different time scales.  

There is an interest in the influence of the criteria used for (real-time) operational decisions on high-
level KPIs. There is a lack of understanding of how certain actions contribute to different KPIs; high-
level visualisations are often misleading. A valuable outcome would be a decision-making what-if tool 
estimating the impact of adding extra ATCOs and subdividing sectors on cost-efficiency and capacity 
indicators.  

The study of complexity in lower airspace would be an interesting subject and it should be linked with 
two existing metrics: ATCO workload and capacity-demand imbalance. It would be of the utmost 
importance to develop explanatory models of complexity, considering that complexity measurement 
is a descriptive metric. This approach would help find the influence factors determining complexity. 
There is a complexity metric computed by the PRU, shown in PRR, that can be used to explore this 
question before thinking of developing new metrics. Regarding how these complexity factors are 
computed, they can be derived from real trajectories and they could be linked to configuration 
parameters (number of routes, route crossings…), using a dedicated software for this purpose. As a 
starting point for this research question, the NEST tool provides an add-on for complexity calculation, 
requiring sector division data, which could be difficult to obtain. 

As previously mentioned in this document, safety indicators are the least mature indicators within the 
Performance Framework. There is no current agreement on how to measure safety at the macro level. 
RP3 safety indicators are currently under development and EASA is running a working group for this. 
In the end, what matters is the number of accidents, but a proper combination of leading (like the ones 
defined for RP2) and lagging (like the number of incidents and accidents) indicators is needed. 

An interesting research question is the development of interdependencies between safety and other 
KPAs, trying to identify the resilience of the safety system when targets on other areas are set. 
Stakeholders suggested checking the ATM accident/incident model developed by SESAR to identify 
factors that are correlated to indicators of other KPAs. They also pointed out that the purpose of the 
Network Manager is to avoid overdeliveries, which may be an interesting indicator of safety to study 
trade-offs against other KPAs such as delays. 

Finally, a review of the calculation of the “composite flight hours” output indicator was suggested by 
the project team during the workshop meeting, in order to improve its scope, adequacy and accuracy. 
Stakeholders claimed that any change in composite flight hours would change incentives. Therefore, 
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several research questions were also proposed regarding the way the indicators and metrics used for 
target setting drive incentives: 

 An analysis of how RP3 metrics should be designed to provide the right incentives. 

 A study of the willingness of airlines to pay more to take-off earlier and avoid delay. 

 A study of the effects of unit rates and incentives if unit rates could be set to avoid congestion, 
analysing the possibilities of unit rate competition or cooperation. 

This type of topics was also suggested as areas of further study in one of the reports reviewed: Castelli, 
Labbé and Violin [40]. 

New indicators and interdependencies not previously researched 

Several new metrics, KPAs interdependencies and trade-offs have been identified as areas for further 
study. One of these areas is flexibility and its impact on performance. According to the workshop 
participants, it would be interesting to understand how planning inaccuracies lead to higher workload. 
Other relevant topics would be the cost of the buffering due to uncertainty and the cost of the 
“inertias” of the system (e.g., re-training ATCOs). 

Uncertainty is an area that may impact many other KPAs and that has not been thoroughly researched 
in the past. Uncertainty must be understood at different temporal scales, from flight planning to actual 
traffic demand. ANSPs are very interested in the impact of uncertainty in these different phases. One 
of the main advantages of developing uncertainty metrics would be the ability to measure the benefits 
of making the system more deterministic, as this is one of the aims of SESAR. 

Within this subject, it was mentioned that there is a difference between predictability indicators 
computed at the end of the day and the indicators used for decision making in real time. Confidence 
indexes on traffic demand for different time-scales could be an important explanatory variable. It 
would also be interesting to look at the effect of predictability of airport operations and on-ground 
times on en-route sectors, i.e., the link between indicators of airport operations predictability and 
capacity KPIs. Interdependencies between predictability for airports feeding a certain sector and the 
congestion in that sector could also be a subject of study. 

There is a need for more accurate metrics of route efficiency, taking into account the entire 
turnaround. It is relevant to consider that the great circle route is not always the most efficient route. 
In addition, it would also be interesting to develop new accurate metrics for ATCO productivity, 
considering the real factors affecting controllers’ productivity. 

The Equity and access KPA has usually been forgotten by ATM performance research, even though 
some PIs have been defined. Evaluating the access of other Airspace Users (apart from airlines) would 
be another interesting research question. 

Furthermore, there is a performance area that has not been considered so far and that could be 
included in the upcoming stages of the Performance Framework: Quality of Service (QoS). It would be 
especially interesting to understand the interdependencies between the quality of service and ANSP 
inefficiencies. This topic was identified during the literature review in the study “Econometric cost-
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efficiency benchmarking of air navigation service providers” [33], which included QoS as an open 
question to be further developed. 

Finally, another relevant area of research is the relationship between local decisions and global 
network performance. The development of indicators and metrics capturing the impact of the 
constraints imposed by ATM to the system would be an interesting research question. The cost of 
delay depends on the individual aircraft, so it would be interesting to know how performance could be 
improved if the aircraft to be delayed by the Network Manager could be negotiated with the airlines. 
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6 Research challenges and opportunities 

6.1 Research questions 

This section provides a set of research questions identified as potentially interesting for the upcoming 
INTUIT work packages. The identification of these research questions is based on the review of the 
state-of-the-art described in Section 4 and the inputs from the INTUIT Advisory Board gathered during 
the INTUIT Stakeholder Workshop described in Section 5. 

A - ATCO workload and sector complexity 

ATCO workload has been a highly researched topic within ATM performance in the latest years (e.g. 
Delgado 2015, Grebensek 2012). However, there are still some areas or questions within ATCO 
workload that could be further developed or studied, in order to better understand its dependencies 
with other Performance Areas such as Capacity or Uncertainty.  

 A-1: Traffic demand-capacity imbalance as a proxy of complexity and ATCO workload 

The purpose of this research question would be to study how overdeliveries or too high occupation 
(traffic demand-capacity imbalance) leads to an increase of sector complexity. The potential 
effectiveness of dealing with traffic demand-capacity imbalance at strategic level will be assessed by 
studying the difference between planned and actual traffic within a sector. This is expected to provide 
insights on predictability and, therefore, on the quality of current inputs used for strategic decision 
making. Hence, this would study the interdependencies between capacity and complexity. Complexity 
here could in principle be measured as in ACE reports [38]. The formulation of the research question 
could be the following: What is the relationship between sector occupancy (demand) and complexity? 

An initial approach would be to correlate the complexity computed by NEST and the demand or the 
overdeliveries. The potentially required data would include information such as ANSP staffing and 
sector configurations, ATCO sector assignation, computed sector complexity, theoretical sector 
throughput, number of flights in a sector and number of ATCO instructions (deviations from flight 
plan). 

Regarding the applicable data sources, ANSP data would be essential to obtain sector and staff 
configurations, NEST would be the source for sector complexity computation, and DDR2 would provide 
flight trajectories and times. It is also important to mention that the PRR defines a metric for 
complexity (computed after operations, considering interactions between aircraft). 

As complexity and overdeliveries have relevant tactical implications, the temporal and geographical 
scope requires high granularity. Therefore, this research question would have at least hourly 
granularity even though higher granularity would be desirable. Regarding geographical granularity, it 
would be analysed per individual airspace sector. 
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 A-2: Impact of uncertainty 

There are many relevant sources of uncertainty in the ATM system. If the system could somehow be 
made more deterministic, or more predictable, this would be a great benefit for coping with ATM 
demand, leading to potentially large efficiency increases. However, a certain level of flexibility is 
beneficial for airspace users in order to adapt in real time to the changing scenarios that evolve during 
the flight. There is uncertainty in ATM demand, linked to feeding airports (take-off time) and 
throughput in the actual ACC (route times). Then there is uncertainty in workload and traffic 
complexity: ATCO number, over deliveries, trajectory efficiency and trajectory delay under congestion, 
etc. The goal of this research question would be to uncover a number of systematic relationships in 
the uncertain and volatile demand and complexity patterns. Uncertainty could be measured by 
airspace demand simulations from the traffic situation known a certain time before the operation and 
comparison with actual demand, the so-called replays. 

Potential synergies between this research question and SESAR2020 PJ09 should be studied before 
developing any concept. 

 A-3: Complexity in lower airspace and how it affects upper airspace 

The rationale for this research question is the fact that TMA and airport configuration are not fully 
integrated into network management, which may lead to higher complexity in the en-route sectors. 
Therefore, the research question would aim at identifying the potential relationships between en-
route sector complexity and lower airspace complexity. 

Clarifying this relationship could be interesting to explain a number of observed performance 
differences. Lower airspace complexity has been addressed in a few statistical studies on ATM 
performance (Grebensek, 2013; EUROCONTROL - PRU, 2011). However, there has not been any 
research on the structural characteristics of the underlying relationship. Exploring the ATCO workload 
differences between lower and upper airspace could also help improve the accuracy of performance 
metrics which are used for incentive setting (e.g., calculation of composite flight hours indicator). 

This research question could be especially relevant to Belgocontrol - MUAC type of agreements, as 
Belgocontrol is managing lower airspace and MUAC upper airspace. It could also provide insights on 
the appropriate relationship between terminal movements and en-route flight hours for performance 
benchmarking. 

An initial approach to develop this research question would be to compare and identify the 
interdependencies between the complexity in lower airspace of feeding airports and its associated en-
route sector complexity. Lower airspace complexity would take into account the take-off time 
uncertainty, delays and deviations from flight plan. En-route sector complexity considers the number 
of instructions (deviations from flight plan), the complexity computed from NEST, the trajectory 
efficiency (a proxy of saturation) and the trajectory delay (a proxy of saturation). 

Among the required data for this research question, it would be needed to consider flight 
departures/arrivals (O&D routes), flight plans, taxi and take-off times, sector configurations and 
complexities, as well as flight trajectories. Sector configurations could be obtained from ANSPs and the 
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DDR2 database could be employed to obtain flight plans, trajectories and take-off and taxi times, as 
well as to compute complexity metrics.  

The required temporal granularity would be daily or even higher (hourly). Regarding geographical 
granularity, each individual airspace sector would be analysed in order to be highly precise regarding 
the conclusions derived. 

B - Cost-efficiency 

Considering that cost-efficiency has been the most researched topic in ATM performance, the research 
questions should focus deeper on specific areas or on new interdependencies. Moreover, it is 
important to mention that the newest literature on the subject must be taken into consideration for 
the development of the research questions. 

 B-1: Unit rate variation - Trade-off between economic and environmental cost-efficiency 

Airlines usually prefer to fly the most direct route as it will lead to minimisation of fuel costs. However, 
they may sometimes prefer to make a detour if ATM unit rates are lower on that route than in the 
direct route. Thus, there is a trade-off between fuel cost and ATM navigation costs. This research 
question would focus on the ANSP cost-efficiency and environmental efficiency (direct flight paths) 
interdependency, in the presence of unit rate variability between ANSPs. 

 B-2: Defining the right ATM output metric - definition of composite flight hours 

Performance indicators are often directly used for setting performance incentives towards ANSPs. 
However, in certain cases and under new operational paradigms, certain indicators may still be 
interesting to measure performance, but are less appropriate for use as incentive targets.  

An example of this is the ATFM delay indicator. It may still be interesting to measure delays. However, 
due to the presence of nonlinearities in the cost of delay and the possibility to cope with small ATFM 
delays through adaptations in trajectories under time-based operations, minor ATFM delays may not 
imply significant extra costs for airlines, except when a certain threshold of minutes of delay is 
surpassed, increasing delay costs significantly. So the use of a single indicator per minute of delay may 
provide ANSPs with biased incentives (see also research question B-3). 

Similarly, the use of a simple indicator to aggregate flight-hours (en-route ATM output) and airport 
movements (terminal ATM output), may lead to a biased perspective on actual ATM output per ANSP 
(Grebensek & Magister, 2013).  

A more elaborate analysis of what indicators to use for target-setting, and what incentives they provide 
for ATM performance, would be highly useful. 
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 B-3: Calculate exact delay cost for airline 

Delay costs (caused by ATFM regulations) are not only highly nonlinear, but also depend on contextual 
(fuel costs, unit rates, etc.) and flight (type of carrier, aircraft size, etc.) characteristics. The LIDO 
program1 allows airlines to compute optimal trajectories (including optimum take-off times), as a 
function of a variety of flight information parameters (flight, weather, ATM-related). 

An interesting research question would be to compute actual delay cost to airlines depending on 
individual flight characteristics and duration of the delay, thus measuring the cost impact of each ATFM 
delay. This could improve the delay targets used for incentive setting towards ANSPs. 

C - Dashboard improvement/decision-making tool 

As mentioned in the previous sections of this document, participating stakeholders would be 
interested in the development of a decision-making tool, which could be implemented as an 
enhancement of the PRU Dashboard. Moreover, stakeholders are interested in segregating the data 
into sectors, which would require an improvement of the PRU Dashboard as well.  

 C-1: Visualisations with data disaggregated by sectors and by time scales 

The project team will explore various visualisation tools for representing relationships in ATM 
operational performance. This may lead to the identification of network effects between airspace 
sectors and of geographical spillovers in ATM flows. The visual analytics will employ data that are 
disaggregated by sectors and also show evolutions over different time-scales. An example of 
visualisation tools that will be investigated is the exploration of the gradient between unit rates in 
adjacent ACCs to explain traffic flows. 

 C-2: Explore effects of local actions on global parameters 

Another question that is worth investigating is how local actions affect global parameters, e.g., how 
the opening of an additional sector influences global performance. Related to this, it is also interesting 
to analyse how this further translates into ATM performance metrics. This evaluation would be highly 
valuable for ATM actors as it would provide insights into the relationship between local decisions made 
in real-time operations and global performance indicators, which are calculated ex-post.  

D - Equity and access 

 D-1: Evaluate delay distribution over airspace users 

The proposed Equity and Access research question deals with the ATFM delay distribution among the 
different airspace users. This research question would focus on how ATM operational decisions and 
operational frameworks determine ATM delay distributions over different airspace users, taking into 

                                                           

 

1 https://www.lhsystems.com/solutions-services/operations-solutions/lidoflight 

https://www.lhsystems.com/solutions-services/operations-solutions/lidoflight
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account that delay costs could have different impact among airlines. Measurements of equity in this 
regard must take into consideration several factors such as the preference of certain airspace users to 
fly or not through more congested zones. Therefore, considering only ATFM delay may provide 
misleading results on equity which need to be fine-tuned considering users’ behaviour. 

E - New KPIs 

This thread of research questions encompasses diverse new KPIs that could be included in future 
stages of the Performance Scheme or become a part of the upcoming decision-making tool.  

 E-1: Predictability (demand forecast vs. actual demand) 

A new predictability KPI would compare the forecasted demand with the actual demand. Furthermore, 
it would be interesting to monitor traffic values in different temporal and geographical scales in order 
to better understand when and where the demand is being well forecasted. This could also help 
enhance or refine demand forecasting methodologies. It is relevant to mention that the NM has 
already developed some metrics for predictability, which may be aligned with the goal of this research 
question. 

This KPI would aim at decreasing demand uncertainty, which is a major driver for overall uncertainties 
and congestion. In addition, this uncertainty is the cause of ATCO buffering, which entails significant 
cost inefficiencies. The challenge for this research question would be to develop a representative and 
explanatory way for measuring predictability.  

The initial approach for this new KPI would be to compare the planned throughput with the actual 
throughput. Three types of visualisation are also proposed for an initial exploratory stage:  

 Planned traffic vs. time to operation (simulated from actual trajectories or flight plans) 

 Planned buffering vs. real buffering (considering buffering the comparison between maximum 
capacity and occupancy) 

 Cost per composite flight hour vs. days to operation 

This approach could lead to an additional understanding of which sectors are more or less difficult to 
predict. Therefore, the structural underlying factors determining the accuracy of predictions could be 
derived. 

This new KPI would have daily granularity and would be computed at sector level. Potential synergies 
with SESAR 2020 PJ09 need to be evaluated. 

Regarding the data required for the computation of the KPI, initial and final planning data would be 
needed. This would encompass actual trajectories, estimated and actual departure and arrival times, 
taxi times, O&D routes, sector configurations, estimated and actual pass-through times per sector, 
delays (including variability) and staff figures. This set of initial and filed flight plan information and 
flight data could be obtained from the DDR2 database. ANSP databases would be needed for staff 
allocation and capacity figures. 

The use of data analytics methodologies can provide benefits to improve ATM predictability, as 
demonstrated in SESAR P06.03.01 for the improvement of Off-Block predictability. These 
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methodologies may be applicable to other ATM milestones which currently depend on the good faith 
of stakeholders in exchanging their updated flight information.    

 E-2: Constraints to demand  

A new potential KPI could be developed in order to reflect the effect of the ATM system in constraining 
air traffic and measure the value of adding controllers to decrease delay costs. Direct cost considered 
for this KPI would be ATM charges, which account for about 5% of airline costs. Indirect costs here 
mean delay costs. 

The research question to be developed would be: What is the amount of cost added/demand 
constrained by a certain ANSP? Hence, the main objective of this KPI would be to assess the potential 
cost/time savings. The initial approach for its development would entail the following analyses: 

 Demand analysis considering zero ATM cost 

 Analysis of the overall loss of unsatisfied demand, including delay and ANSP costs 

 Analysis of air traffic avoiding certain airspace (flown km vs. most-efficient route km) 

For its computation, the following figures would be essential: cost distribution of airlines, actual delays, 
cost of delay, costs of ATM and passenger-km per origin-destination. 

Regarding the data sources to be employed, CODA (declared delays) and DDR2 databases could be 
useful to obtain delay information. ACE report would be a relevant data source regarding ATM 
information. Cost of delay could be estimated based on EUROCONTROL report on airline delay cost 
reference values [41]. 

This new KPI would have monthly granularity and would be calculated and monitored for each specific 
ACC. 

Nevertheless, it would be preferable to know RP3 metrics prior to the initiation of the research. 

 E-3: Gate-to-gate trajectory 

These KPIs would aim at integrating the turnaround process in the previously studied ATM 
performance metrics. This way, airport performance could also be considered within the performance 
scheme. Furthermore, ANSPs should not have a negative effect on airport performance. The research 
question in this regard could be formulated as follows: how could KPIs be modified to include airport 
operations performance? 

The proposed initial approach to develop these KPIs would be to analyse the delay of a specific route 
without reactionary delay and to study the distribution of the delay responsibility among the different 
stakeholders. As an initial reference, the confidence index on traffic demand could be a relevant 
explanatory variable. 

Flight information would be key for the computation of these KPIs, such as trajectories, attitude, wind, 
flight plan information and fuel burn. This set of data could be obtained from various data sources: 
DDR2 (flight plan, trajectories), FlightRadar24 (attitude, wind), BADA and LIDO (fuel information). 

These gate-to-gate trajectory KPIs should have monthly granularity and to be computed per ACC. 
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 E-4: New safety KPIs 

The PRU and EASA are defining new metrics for RP3. However, no agreement on how to measure 
safety at the macro level has been reached so far. It would be advisable to develop a combination of 
leading and lagging KPIs. The project team could start the definition of some metrics in this regard. 
This research question could be formulated as:  How can safety be measured in a significant way? 

An initial approach for this research question would be to monitor the procedures non-compliances 
and the maximum deviations (in time and distance) from procedures. In order to do so, the current 
ATC procedures and actual flight trajectories (with high granularity) would be needed. The ATC 
procedures can be obtained from the national AIPs, while the trajectories could be extracted from the 
DDR2 database, FlightRadar24 or ECR database.  

Monthly granularity is expected for these analyses, which would be performed for each specific ACC 
within the selected scope. 

F - Uncertainty 

Uncertainty has been the most addressed topic by the stakeholders during the workshop. Therefore, 
a strong interest has been detected in the development of research questions within this topic. Several 
projects are currently studying uncertainty so they should be checked prior to the selection of the 
research questions to be further developed. 

As it is one of the most demanded areas for analysis, up to five research questions have been proposed 
within the field of uncertainty. Being uncertainty a transversal issue, some of the research question 
interact with other areas previously mentioned. 

All research questions dedicated to uncertainties would require have daily granularity (temporal scale) 
and would be developed for specific ACCs (geographical scale). 

 F-1: Impact of departure uncertainty on ATC capacity, fuel burn and congestion 

Uncertainty is a key factor which affects actual performance with respect to planned performance. 
Congestion, longer routes and flight level changes are results from unplanned overdeliveries. This 
research question aims at identifying the relationship between departure uncertainty and 
inefficiencies (delay, fuel, distance...). 

As part of the state-of-the-art analysis of the ATM performance, an additional EC-financed project has 
been identified, which could have a similar research focus. This project is called COCTA: “Coordinated 
capacity ordering and trajectory pricing for better-performing ATM” and it recognises the mismatch 
between the departure predictability for ANSPs and departure flexibility for AOs (Air Operators) as a 
major issue, as it results in substantial and costly capacity buffers built into ANSP planning decisions. 
COCTA aims to design mechanisms acting on both sides, having a stronger focus on cost-efficient 
outcomes. 

An initial exploratory visualisation could include the monitoring of the effects of departure uncertainty: 
number of deviations from flight plan, trajectory efficiency, fuel efficiency and trajectory delays. These 
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would be compared with the departure uncertainty drivers, such as the number of overdeliveries, 
actual entry times vs. planned entry times to the sector, difference between actual and filled departure 
time and wind speed variability. 

Flight plan information, trajectories, O&D routes, delays (including their variability), fuel burn values, 
sector capacities and wind values (including variability) would be the required data to start working on 
this research question. 

Several databases could be useful to find values for the abovementioned variables. For instance, CODA 
and DDR2 databases would provide delay figures. Furthermore, DDR2 also includes flight intentions, 
initial flight plans, final flight plans and trajectories. ANSP data would be needed regarding sector 
capacities; and fuel burn values could be obtained from BADA or LIDO databases. 

 F-2: Effects of departure uncertainty (take-off time) in airspace capacity and planning 
efficiency 

Uncertainty in airports (early and late departures) may affect en-route sectors and create congestion. 
Hence, a research question has been proposed in this regard with the following formulation: What is 
the effect of airport uncertainty on en-route sectors efficiency? 

As for the previous research question (F-1), it would be relevant to take into consideration the 
development of the COCTA project, as it could have a similar research focus (effects of departure 
uncertainties). 

Our proposed initial approach would be to analyse the effects of this uncertainty, which could be 
identified as number of instructions (deviations from flight plan), trajectory efficiency, fuel efficiency, 
trajectory delays, actual vs. planned entry times to the sector and overdeliveries (demand - declared 
capacity). Afterwards, these effects could be compared to the applicable feeding airports departure 
time weighted uncertainty. 

This approach would require specific data. The most relevant data would be flight departures/arrivals 
(O&D routes), flight plans, trajectories, take-off and taxi times, sector capacities, delays (including their 
variability) and fuel burn values. Several databases could be useful to find values for these variables. 
For instance, CODA and DDR2 databases would provide delay figures. DDR2 also includes flight 
intentions, initial flight plans, final flight plans, trajectories and take-off and taxi times. ANSP data 
would be needed regarding sector capacities; and fuel burn values could be obtained from BADA or 
LIDO databases. 

 F-3: Effects of en-route uncertainty on arrival capacity and planning efficiency 

Uncertainty in en-route sectors (due to wind, weather, ATM instructions...) may affect arrival 
punctuality. This research question aims at identifying the impact of en-route sectors uncertainty on 
airport efficiency. 

An initial approach would be assessing the effect of this uncertainty on the following variables: 
trajectory efficiency (holding patterns), actual vs. planned landing times and overdeliveries to the 
airport (demand - runway capacity). This could be then compared to the feeding en-route sectors entry 
time uncertainty. 
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The required data would include figures such as flight departures/arrivals, flight plans, trajectories, 
delays and sector configuration. 

The set of data sources to be used would comprehend databases such as CODA or DDR2 (delays), DDR2 
(flight intentions, initial flight plans, final flight plans, trajectories) or even ANSP data (sector 
configurations). 

 F-4: Impact of predictability on ground to gate-to-gate predictability 

The lack of predictability in airports, mainly regarding early departures, may affect gate-to-gate 
punctuality. As uncertainty can be understood as lack of predictability, this research question could be 
formulated as: What is the effect of airport uncertainty on the overall gate-to-gate efficiency? 

The initial approach for this research would be to compare the airport departure time uncertainty with 
the gate-to-gate delay and trajectory efficiency. In order to complete this approach, it would be 
essential to have the flight departures/arrivals (O&D routes), flight plans, trajectories, take-off and taxi 
times, delays (including variability) and fuel burn values. 

Several databases could be useful to find values for the abovementioned variables. CODA and DDR2 
databases would provide delay figures. DDR2 also includes flight intentions, initial flight plans, final 
flight plans, trajectories and take-off and taxi times. Fuel burn values could be obtained from BADA or 
LIDO databases. 

 F-5: KPI limitations to assess performance due to uncertainty 

Variability may play a major role in performance. Two ACC with the same KPI value may have significant 
different behaviour throughout the year. Sometimes the KPI value alone may not provide enough 
information, as also low variability may be desirable. In that case, resilience is the key factor to 
improve. Therefore, this research question could be stated as: How can KPIs variability be measured? 
Is there an optimal seasonal variation of KPI (constant)? Due to the lack of previous research on the 
subject, this research question would be one of the most interesting questions for the participating 
stakeholders. 

The proposed initial approach to face this research question would be to compare ANSPs with the 
same or highly similar KPI values (within a specific KPA) and different daily/sector distributions. The 
research would try to identify daily KPI contributions and links to unpredictable events. 

This approach would need actual KPI data with daily granularity, as well as sector KPI data. Most of 
these data could be obtained from the PRU or from the ANSP data sources (information per sector). In 
addition, the DDR2 database could be the data source for trajectories, if required. 
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G - Safety trade-offs 

 G-1: Safety trade-offs 

Safety trade-offs or safety interdependencies with other KPAs have not recently been a major topic of 
research in ATM performance as previously discussed in this document. Therefore, there is still 
potential in the development of this research question. In addition, safety trade-offs are linked with 
the KPIs definition and could be a part of the decision-making tool design.  

The optimisation of the KPAs defined in the Performance Scheme may lead to safety being reduced at 
some point, if this optimisation is achieved by reducing security or safety buffers. 

The corresponding research question on this topic could be formulated as follows: what is the trade-
off between optimising ATM performance and safety buffers? 

The initial approach would be to focus on the following indicators and interdependencies: 

 Number of incidents 

 Number of ATC non-compliances 

 Number of runway incursions 

vs. 

 Capacity improvements 

 KEA reductions 

 Cost reductions 

The development of this research question would require a significant amount of KPI data, as well as 
ATC procedures, actual trajectories (high granularity), safety events, sector configurations, sector 
theoretical capacities and sector complexities. 

As the amount and type of data to be used is highly diverse, various databases and sources would be 
required. The PRU dashboard would be useful for KPI data, national AIPs could be the source for 
ATC/ATM procedures, and high granularity trajectories could be extracted from DDR2, FlightRadar24 
or ECR. Regarding safety events, EASA or NM could provide the required information. ANSP data would 
be applicable regarding sectors and staff configurations. Finally, NEST data would be needed to 
integrate sector complexity. 

As for previous research questions, monthly granularity would be expected. The analyses would be 
performed per ACC. 

Additional areas for further study have been identified in order to develop this research question: 

 Resilience of the system when other areas (KPA) set their objectives 

 SESAR ATM accident/incident model to identify which factors are correlated 

 Use of overdeliveries to a sector as a safety driver 
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6.2 Mapping research questions to performance data 

After the presentation of the proposed research questions, a preliminary mapping analysis has been 
performed in order to establish the link between the ATM performance data sources described and 
analysed in D2.1 and the research questions outlined in Section 6.1. This section aims to identify which 
data sources are useful for each research question. 

In addition, as the availability, the quality or the granularity of some data sources may not be adequate, 
the scope of some research questions may be limited by the available data. 

The data requirements regarding availability, quality and granularity are presented in this section, as 
well as potential solutions that may resolve upcoming issues in this regard. 

A general overview of the threads of research questions and their link with performance data is 
summarised in the following figure and detailed in the successive subsections. 
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A. ATCO 
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           X 
Hourly  
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Sector 

B. Cost-
efficiency 

X  X X   X X    X Daily ACC 

C. Decision-
making tool 

  X  X   X   X X 
Daily 

Monthly 
Sector 

ACC 

D. Equity and 
Access 

  X      X   X Daily ACC 

E. New KPIs X  X X    X X X  X 
Daily 

Monthly 
ACC 

F. Uncertainty  X    X  X X   X Daily ACC 

G. Safety 
trade-offs 

     X  X    X Monthly ACC 

Table 11. Research questions and performance data sources (INTUIT D2.1) relationship 
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A - ATCO workload and sector complexity 

Data on this subject are not easily accessible, as it may be considered as sensitive information by the 
ANSPs, who are the only stakeholders that could provide workload related data such as measured 
workload and planned sector configuration information. The study is twofold: study the effectiveness 
of the configuration selection and study the effectiveness of the configuration design. Furthermore, it 
is likely that only limited subsets of historical data can be gathered. This means that the temporal and 
geographical scope of the research would be limited. 

Regarding complexity, three data sources are proposed: ANSPs would provide the adequate sector and 
staff configuration, which are useful for sector complexity analyses. Secondly, the NEST tool could be 
used to compute sector complexity values together with flight data obtained from DDR2 database. 
Another source to obtain these sector complexity values would be the Network Manager (NM). The 
DDR2 database could also be needed to obtain information regarding trajectories, taxi times and take-
off times. Further information about the DDR2 database can be found in INTUIT D2.1 deliverable. 

Finally, flight data information (flight plans) would be essential to analyse the impact on uncertainty 
on ATCO workload (research question A-2). These flight plans could be obtained from DDR2 database.  

The highest possible granularity would be required for the ATCO workload research questions. Ideally, 
research questions A-1 and A-2 would need hourly granularity, while daily granularity would be 
sufficient for A-3. Regarding geographical granularity, data by airspace sector would be required.  

Even if the required data is only available for some ANSPs, the potential solution could be developed 
as a model for a limited geographical scope in order to extrapolate it afterwards to other subsets. 

B - Cost-efficiency 

Cost-efficiency has been the most researched Performance Area according to the literature reviewed 
performed. In addition, the required data seems easier to obtain with the adequate temporal and 
geographical scope. 

Flight plans and actual trajectories could be obtained from the DDR2 database. Airline costs 
distribution can be gathered from IATA, ICAO or ACE Reports (public data). These two types of data 
would be required for all the research questions within the cost-efficiency thread.  

Furthermore, the EUROCONTROL Unit Rate would be essential for most of the research questions 
(except for B-2) and it could be obtained from EUROCONTROL website. Fuel burn data and route 
options/distances would be relevant figures to consider when addressing cost-efficiency research 
questions. They have been set as required data for research question B-1. Fuel burn values could be 
obtained from the BADA or LIDO databases, while RSO distance tool would provide the required data 
in terms of route options/distances.  

KPIs data, which can be obtained from the PRU dashboard, are needed for research question B-2, 
which is focused on the effect of changing metrics (performance) to incentives (cost-efficiency related).  
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Regarding the databases studied in INTUIT D2.1, there are several data sources that could be used for 
the cost-efficiency related research questions such as the ACE reports, the NM ATFCM statistics, the 
NPPs, the RAD, the ANS Performance Monitoring Dashboard and the DDR2 database.  

The required data granularity is not as strict as for the ATCO workload research questions. It would be 
sufficient to have daily granularity in the temporal scale and data per ACC regarding the geographical 
scope. 

C - Dashboard improvement / Decision-making tool 

In order to start improving the dashboard, it would be essential to gather the KPIs data used by the 
PRU to compute the results presented in the dashboard. It is relevant to mention that the raw data is 
not accessible yet. These data would be especially relevant for research question C-2, which studies 
the effect of local actions to global parameters. 

Due to the wide scope of this research question, several additional databases would be required for 
its development. For instance, ANSP data would be needed in terms of sector configuration, sector 
occupancy, throughput, staff data and ANSP costs. This type of data, disaggregated by sector, may 
only be available for certain collaborating ANSPs, which could limit the scope of the research question. 
These data would be highly important for research questions C-1 and C-2. 

In addition, if various temporal scopes are to be shown, flight planning data and trajectories should 
be requested, which may not be available for all sectors. This information could be gathered from the 
DDR2 database and would be essential for the first four research questions within this thread.  

Other required information such as the applicable ATFM delay, could be obtained from the daily 
briefings. These delay data would be needed for research question C-1. 

The NM ATFCM statistics, the ATFCM events, the ANS Performance Monitoring Dashboard, the Public 
Airport Corner and the DDR2 database are the data sources reviewed in INTUIT D2.1 that could have 
an influence on the research questions related to Dashboard improvement / Decision-making tool. 

Granularity depends on the extent of the research; ideally the dashboard should show data per sector 
on a daily basis. Nevertheless, data per ACC or on a monthly basis could be sufficient.  

In the end, the objective of these research questions would be to create a decision-making tool for 
ANSPs, which provides the highest quality and granularity. 

D - Equity and Access 

Even though this research question is the most immature of all threads, there are some required 
databases that can be already identified: ATFM delay can be obtained from the daily briefings, ANSP 
data would be needed regarding sector configuration; delay data and flight plans could be extracted 
from DDR2 database, ATM costs can be obtained from the ACE reports and finally, the cost of delay 
could be computed based on EUROCONTROL airline delay cost reference values [41]. 
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As studied in INTUIT D2.1, the NM ATFCM statistics, the CODA database and the DDR2 databases may 
be relevant for the development of these research questions.  

E - New KPIs 

Given the nature of this thread, a large number of databases or data sources would be needed for the 
development of the associated research questions.  

One of these databases, the DDR2, would be required for all the research questions within this thread. 
It includes information such as flight plans, trajectories, taxi times and delays.  

In addition, research question E-1 (predictability) would require staff and sector configurations, which 
can be obtained from the ANSPs. On the other hand, E-2 (KPIs understood as constraints to demand) 
would make use of the CODA database, to gather declared delays, of the ACE Reports, to obtain ATM 
costs and of the EUROCONTROL airline delay cost reference values [41] to compute the costs of delay. 

Research question E-3 (gate-to-gate trajectory metrics) includes only the use of two other databases: 
BADA/LIDO for fuel consumption values and FlightRadar24 in order to obtain flight attitude and wind 
figures. Finally, E-4 (Safety KPIs) would make use of the national AIPs to consider the ATC/ATM 
procedures, as well as the ECR database to obtain additional trajectory data. 

Further information on useful databases can be found in INTUIT D2.1 deliverable. In particular, the 
following reviewed databases could be of interest: ACE reports, NM ATFCM statistics, NPPs, ANS 
Performance Monitoring Dashboard, CODA, STATFOR and DDR2 database. 

Regarding the granularity of these research questions, data per ACC would be sufficient for the four 
research questions. For the temporal scale, monthly data would be adequate for E-2, E-3 and E-4; while 
E-1 (predictability) would require daily granularity, as it may lead to a more continuous monitoring. 

F - Uncertainty 

These research questions interact with other areas, requiring data availability from various data 
sources. Among the databases to be employed, DDR2 would be the most essential one, as it would be 
required for all research questions. This database encompasses information such as flight intentions, 
initial and actual flight plans, take-off and taxi times and trajectories.   

Other data sources that would be highly relevant for these research questions would be CODA and the 
ANSPs own data. CODA is a database providing delay data. On the other hand, the ANSPs could provide 
data regarding sector configuration and sector capacity. These two data sources would be used for up 
to four research questions within this thread. 

Finally, the BADA or LIDO databases would be needed for fuel consumption values, which would be a 
relevant variable for research questions F-1, F-2 and F-4. PRU Dashboard information would be 
required for F-5: “Limits of KPIs to assess performance due to uncertainties”, for which KPI data is 
essential. It is relevant to mention that raw data of the PRU Dashboard has not been obtained yet. 
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From INTUIT D2.1, some of the reviewed data sources could be employed for uncertainty research 
questions. Among these data sources, the following could be relevant: NOP data sources, PRRs, ANS 
Performance Monitoring Dashboard, CODA and DDR2 database.  

Temporal granularity for the research questions within this thread should at least be daily and 
geographical at least by ACC. Nevertheless, it is likely that sector data would not be accessible for all 
ANSPs. This fact should be taken into consideration for the development of these research questions. 

G - Safety trade-offs 

Research on trade-offs between safety indicators, such as ATM procedures compliance, and other 
KPAs would need a deep analysis of flight data (trajectories) with very high level of granularity. 

Due to the fact that this research question deals with interdependencies between safety and other 
areas, data from these different areas would be required. Therefore, various data sources would be 
used. Among them, the PRU Dashboard would provide KPI data, which would be especially relevant 
for the areas of capacity or cost-efficiency. Another important variable would be the trajectory 
information, which can be obtained from the DDR2, ECR or FlightRadar24 databases. 

ANSP data (sectors and staff configuration) would be required for this research question, similarly as 
for other threads described above. Sector complexity could be obtained from the NEST tool. Lastly, 
safety events information would be needed and could be provided by EASA or Network Manager (NM). 
The accessibility to these data would be the most critical challenge to be faced by the project team 
developing this research question. 

Also for safety trade-offs research questions, the databases studied in INTUIT D2.1 deliverable could 
be useful. In this case, the applicable data sources would be the PRRs, the ANS Performance Monitoring 
Dashboard and the DDR2 database. 

Regarding the required granularity, it would highly depend on the indicators used for the trade-off 
analysis. However, temporal granularity should be at least monthly, while the geographical analysis 
should be performed at least at ACC level. 
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7 Conclusions 

The desk research performed by the INTUIT team, together with the consultation with ATM 
stakeholders and industry practitioners, have allowed us to identify a set of research questions of 
interest for the upcoming INTUIT work packages. The assessment of ATM performance data sources 
conducted in parallel and documented in INTUIT deliverable D2.1 has been used to identify the 
relevant data sources that would be required to address the proposed research questions. The main 
conclusions regarding the relevance and feasibility of the different research questions for INTUIT are 
summarised below. 

 Cost-efficiency is the performance area that has received more attention from researchers. 
However, there is room for improvement by focusing deeper on specific areas, such as the 
proper definition of composite flight hours, the calculation of the exact delay cost for airlines 
and interdependencies between economic and environmental cost-efficiency. One advantage 
of cost-efficiency studies is that required data seems easier to obtain with the adequate 
temporal and geographical scope. 

 Another research topic is the development of a decision-making tool for representing 
relationships in ATM operational performance, which could be implemented as an 
enhancement of the PRU Dashboard. This tool would provide insights into the relationship 
between local decisions made in real-time operations and global performance indicators, 
which are calculated ex-post. Due to the wide scope of this research question, several 
additional databases would be required for its development. Sector segregated data may only 
be available for certain collaborating ANSPs, which could limit the scope of the work. 

 The implementation of new KPIs has also been proposed. A new predictability KPI could 
compare the forecasted demand with the actual demand, using analytics and big data 
methodologies to improve ATM predictability. Another potential KPI could be developed in 
order to reflect the effect of the ATM system in constraining air traffic, assessing the potential 
cost/time savings for ANSPs. Modified KPIs to include airport operations performance or new 
metrics to measure safety in a significant way could also be considered. Linked with the KPIs 
definition, the safety trade-off with other performance areas should also be further 
developed. Nevertheless, it would be desirable to know the RP3 metrics prior to the initiation 
of the research. 

 There is also room for improvement regarding the study of ATCO workload, in order to better 
understand its dependencies with performance areas such as Capacity as well as with 
Uncertainty. Nevertheless, data on this subject is not easily accessible, as it may be considered 
as sensitive information by the ANSPs. Furthermore, it is likely that only limited subsets of 
historical data can be gathered. This means that the temporal and geographical scope of the 
research would be limited. 

 A strong interest has been detected in the development of research questions related with 
uncertainty. Up to five research questions have been proposed within this field (e.g., regarding 
the effect of departure and en-route uncertainties, or the impact of on ground processes on 
gate-to-gate predictability). These research questions interact with other areas, requiring data 
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availability from various data sources. For instance, flight planning data in several temporal-
scopes would be needed. 

 Sector complexity is significantly linked to other threads of research questions, such as ATCO 
workload and Uncertainty. However, its main drawback would be the required high 
granularity, which would reduce the scope of the project as it would not be accessible for all 
ANSPs.  

 Finally, equity and access could be assessed in terms of ATM delay distributions over the 
different airspace users. 

After an initial exploration of the available data (currently ongoing in the frame of INTUIT WP3), in the 
subsequent stages of the INTUIT project a subset of the abovementioned research questions will be 
selected and investigated in depth. The selection of these research questions will be based on a 
combination of factors, including the relevance of the research question, the expected impact of the 
results, the availability of sufficient data, and the potential of visual analytics and machine learning 
techniques to advance the state-of-the-art in that particular field.  
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Appendix A Summary of 1st INTUIT Stakeholder Workshop 
 

Meeting 1st INTUIT Stakeholder Workshop 

Date 10th June 2016 

Venue ALG facilities, Tànger 98, 08018 Barcelona 

Attendees INTUIT project team:  

 Ignacio Agüí (ALG)  

 Núria Alsina (ALG) 

 Gennady Andrienko (Fraunhofer)  

 Thomas Blondiau (TML)  

 Laia Garrigó (ALG)  

 Ricardo Herranz (Nommon)  

 Rodrigo Marcos (Nommon)  

 Luca Piovano (UPM) 

SJU:  

 Andrea Ranieri (ATM Performance Analysis Expert)  

INTUIT Advisory Board:  

 José Luis García-Chico (EASA)  

 Rainer Koelle (EUROCONTROL, PRU)  

 Juan Francisco Moya (LevelCo)  

 Etienne de Muelenaere (EUROCONTROL, DATM/RDS/NET unit)  

 Tony Vaudrey (UK NATS)  

 Sebastian Wangnick (EUROCONTROL, MUAC) 

Agenda 1. Welcome and introduction of participants  
2. Introduction to INTUIT 
3. Qualitative analysis of ATM performance drivers and trade-offs  
4. Review of data sources on ATM performance 
5. Wrap-up and next steps 

 

Introduction to INTUIT 

Ricardo Herranz (Project Coordinator) introduced the scope, objectives and approach of the INTUIT 
project, as well as the objectives of the Stakeholder Workshop  

INTUIT (www.intuit-sesar.eu) is a research project funded under Horizon 2020 call H2020-SESAR- 2015-
1 Exploratory Research’, within the topic ‘ATM Performance’, which aims to explore the potential of a 
variety of visual analytics and machine learning techniques to improve our understanding of the trade-
offs between ATM KPAs/KPIs, identify cause-effect relationships between performance drivers and 
performance indicators, and develop new decision support tools for the monitoring and management 
of the ATM system. The project was launched on 1st March 2016 and will run for 24 months.  

http://www.intuit-sesar.eu/
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During the first three months of the project, the project team has conducted two main tasks: 

 A review of the available sources of ATM performance data at different scales. The identified 
datasets have been assessed on quantity, validity, integrity, quality, and spatial and temporal 
resolution, in order to identify the information that can be extracted from each dataset (or 
each combination of datasets), as well as the associated limitations.  

 A review of research papers and policy studies on ATM performance, which has led to the 
definition of a preliminary set of research questions to be tackled in INTUIT’s data analysis and 
modelling stage, which will start during summer 2016.  

The Stakeholder Workshop was conceived as a hands-on working session with a threefold purpose: 

 Present the project in detail to the members of the INTUIT Advisory Board and collect their 
feedback on the proposed approach. 

 Present the qualitative analysis of ATM performance drivers and trade-offs conducted by the 
project team and collect feedback and suggestions on the research questions to be 
investigated, in order to ensure their relevance and their alignment with the interests and 
concerns of the different stakeholders.  

 Present the review of ATM performance data sources conducted during the first three months 
of the project and collect feedback and suggestions on possible gaps, strengths and 
deficiencies of each data source, other databases potentially interesting for the project, etc. 

Qualitative analysis of ATM performance drivers and trade-offs 

The INTUIT project team presented an overview of ICAO, SES II and SESAR performance frameworks, 
as well as of the literature review conducted during the first three months of the project, and proposed 
a preliminary list of research questions to be discussed with the Advisory Board.  The main comments 
and suggestions of the Advisory Board and the SJU are summarised below. 

 General remarks: 

 The main goal of SESAR is to support the improvement of ATM performance. The SESAR 
performance framework was defined before the SES Performance Scheme, and this is one of 
the reasons why both performance frameworks are different, but the SJU is doing an effort to 
converge with the SES Performance Scheme.  

 It was suggested to take a step back and look at ICAO performance framework (Doc 9883), 
which addresses areas that have so far been overlooked by SES II and SESAR. 

 Performance monitoring and performance management are very different issues: trying to 
address both could be too ambitious; after the first phase of data analysis, it may be good to 
narrow the scope and focus on only one of the two dimensions.  

Research questions:  

 The PRU dashboard can be improved; there is room for new forms of visualisation and visual 
analytics tools. 

o Some stakeholders pointed out the need for indicators disaggregated at sector level.  
o In addition, it was suggested to develop tools able to visualise the evolution of 

indicators in different time scales.  
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 Controller workload is a central element to many key issues. Different research questions 
related to controller workload were proposed: 

o How will SESAR solutions aiming to reduce controller workload impact performance?  
o New metrics of controllers’ productivity.  
o How does flexibility impact performance? How do planning inaccuracies lead to higher 

workload? What is the cost of the buffering due to uncertainty? What is the cost of 
the “inertias” of the system (e.g., re-training ATCOs)?  

o Study of complexity in lower airspace. This metric should be linked with ATCO 
workload and capacity-demand imbalance.  

o Explanatory models of complexity. Complexity measurement is a descriptive metric. 
There is an interest in developing explanatory models of complexity, i.e. finding the 
influence factors that determine complexity. There is a complexity metric computed 
by the PRU that is shown in PRR that can be used to explore this question before 
thinking of developing new metrics. 

o Complexity factors are computed from real trajectories, they could be linked to 
configuration parameters (number of routes, route crossings…). There is software that 
computes this.  

o NEST provides an add-on for complexity calculation; this add-on requires sector 
division data, which could be difficult to obtain.  

There is previous work in the application of data science to this research area, e.g. on capacity 
vs safety trade-off. In a data mining project carried out by MUAC, the distribution of occupancy 
in a sector was modelled as a Poisson distribution. The number of ATCOs is chosen to cater for 
the worst case, ensuring that certain limit is not exceeded.  
Research in this area should not only consider short-term vs long-term trade-offs. Sectors’ 
partitioning in the third layer in Brussels is an example: a higher number of sectors increases 
capacity with a reduction of productivity, because the relationship between the number of 
ATCOs and capacity is not linear due to coordination costs.  

 Uncertainty must be understood at different temporal scales, from flight planning to actual 
traffic demand. 

o  ANSPs are very interested in the impact of uncertainty in these different phases.  
o It would be interesting to measure the benefits of making the system more 

deterministic, as this is one of the aims of SESAR.  
o There is a difference between predictability indicators computed at the end of the day 

and the indicators used for decision making in real time. Confidence indexes on traffic 
demand for different time-scales could be an important explanatory variable. The 
Network Manager may provide data and indicators developed for these purposes, e.g. 
average predictability for en-route sectors.  

o Another interesting question is the effect of predictability of airport operations and 
on-ground times on en-route sectors, i.e. the link between indicators of airport 
operations predictability and capacity KPIs. We could study the relationship between 
airports predictability for airports feeding a certain sector and the congestion in that 
sector. ALG is currently involved in some projects developing predictability metrics and 
predictive algorithms for airport operations.  

o Studying the uncertainty of dependent variables can help better understand the 
limitations of the existing KPIs and how to use them to inform decision making.  
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 There is an interest in the influence of the criteria used for (real-time) operational decisions 
on high-level KPIs. There is a lack of understanding of how certain actions contribute to 
different KPIs; high-level visualisations are often misleading. A valuable outcome would be a 
what-if tool estimating the impact of adding extra ATCOs and subdividing sectors on cost-
efficiency and capacity indicators. An ANSP pointed out that they have done some research on 
this topic and in general they found no straightforward relationships 

 Another relevant area of research is the relationship between local decisions and global 
network performance. The development of indicators and metrics capturing the impact of the 
constraints imposed by ATM to the system would be a good research question. The cost of 
delay depends on the individual aircraft, so it would be interesting to know how performance 
could be improved if the aircraft to be delayed by the Network Manager could be negotiated 
with the airlines.  

 There is a need for more accurate metrics of route efficiency, taking into account the entire 
turnaround. The great circle route is not the most efficient.  

 Regarding the research question suggested by the project team on the adequacy and accuracy 
of the “composite flight hours” output indicator, it was pointed out that any change in 
composite flight hours would change incentives. In relation with this comment, several 
research questions were also proposed regarding the way the indicators and metrics used for 
target setting drive incentives:  

o How should RP3 metrics be designed to provide the right incentives?  
o Study if airlines would pay more to take-off earlier. To better understand this, it was 

suggested to take a look into the LIDO system to calculate cost of delay.  
o Study the effects of unit rates and what they would incentivise if unit rates could be 

set to avoid congestion. Look at the example of the shift from German to Belgian 
airspace. Does this self-regulate? How to provide the right incentives?  

 Regarding safety indicators, there is no agreement on how to measure safety at the macro 
level. RP3 safety indicators are currently under development and EASA is running a working 
group for this. In the end, what matters is the number of accidents, but we need a proper 
combination of leading (like the ones defined for RP2) and lagging (like the number of incidents 
and accidents) indicators. 

o  An interesting research question are the interdependencies between other KPAs and 
safety. What is the resilience of the system safety when targets on other areas are set?  

o It was suggested to check the ATM accident/incident model developed by SESAR to 
identify factors that are correlated to indicators of other KPAs. 

o  It was pointed out that the purpose of the Network Manager is to avoid 
overdeliveries; the number of overdeliveries may be an interesting indicator of safety 
to study trade-offs against other KPAs such as delays.  

 The Equity and access KPA is usually forgotten, some PIs have been defined but there is no 
research in that topic. Evaluating the access of other Airspace Users (apart from airlines) would 
be another interesting research question. 
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Review of data sources on ATM performance 

The INTUIT project team presented an overview the data sources that have been identified as 
potentially useful for the project, the analysis of the different datasets regarding quality, granularity, 
etc., and the kind of research questions that can be addressed with each dataset. 

The main comments and suggestions of the Advisory Board and the SJU are summarised below. 

 In addition to the data available from the ANS dashboard, it was suggested to get data from 
the PRR, as the temporal scope of the PRR is larger. Raw data can be requested to the PRU.  

 DDR2 data has some quality issues; besides, it has to be taken into account that the purpose 
of DDR2 is medium and long term planning. Regarding data quality, we could benefit from the 
work of Istanbul University, which conducted a cleansing of DDR2 data in the frame of the 
Resilience2050 project. 

 There are other data stored by the Network Manager that can be of use for the project. David 
Marsh is the contact for this information.  

o The Network Manager has disaggregated data of KPI statistics. We can ask for a 
catalogue of available metrics from the Network Manager Data Warehouse, which is 
updated with CPR data. 

o  The CPR database stores position reports every 30 seconds but is only kept for 30 days 
by the Network Manager. This database should have the finest granularity available 
through standard channels.  

o Additionally, the Network Manager could directly compute metrics from position 
reports if we specify the calculation of the metrics. For that purpose, we could ask 
some days of data to design the metrics to be computed or to study some interesting 
events. However, computations from trajectories may be heavy so they would only 
provide a few days. 

 In general, if high granularity of data is needed, it may be better to ask ANSPs directly. For 
example, MUAC has 4 years of archives with trajectory data (EFD) built from data provided by 
the Network Manager. The Network Manager is probably not storing this data. 

 Other possible databases with position reports would be Flight Radar and Flight Aware. Flight 
Radar should have better quality in Europe. There are also projects setting up a network with 
ADS-B data collected for research.  

 Sectors and staffing data might be difficult to obtain depending on the ANSP; some would 
collaborate, though. Maybe some datasets could be provided for research, but they will 
probably be limited in temporal scope.  

 Safety data:  
o In general, there are not many public safety data repositories.  
o The data from the ANS dashboard is limited.  
o At European level, there is the European Central Repository (ECR-ECCAIRS), managed 

by the JRC, which has been running for a few years, but access is limited (see 
http://www.aviationreporting.eu/). Not all incidents were loaded to the system until 
it became mandatory a few months ago, and reports have some quality issues. 

o  A safety report is issued yearly by EASA with aggregated data.  
o NRL has stored 20-year time series of safety-related data in the Netherlands.  
o There are also non-official safety repositories that can be checked on the Internet.  
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 Other general remarks:  
o PwC is currently involved in a project for EUROCONTROL about requirements for 

future Business Intelligence projects.  
o We should ask for the data we need for the project and justify this need. 

Next steps  

The inputs collected at the workshop will feed into project deliverables D2.1 Performance Data 
Inventory and Quality Assessment and D2.2 Qualitative Analysis of Performance Drivers and Trade-
offs, due by the end of August. In parallel, the data analysis work will be kick started during summer 
2016.  

The project team may contact some of the EEAB members individually to pursue the discussions 
initiated in Barcelona and discuss the opportunities for further collaboration. 


