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APACHE
ASSESSMENT OF PERFORMANCE IN CURRENT ATM OPERATIONS AND OF NEW
CONCEPTS OF OPERATIONS FOR ITS HOLISTIC ENHANCEMENT

This Report 1 is part of a project that has received funding from the SESAR Joint Undertaking under
grant agreement No 699338 under European Union’s Horizon 2020 research and innovation
programme.

Abstract
The main objective of this report is to review the current KPIs and PIs used by the SESAR, Performance
Review Body (PRB) and other relevant institutions and to propose new PIs which could be measured
using the new framework proposed by the APACHE project. For this purpose, past reports and
guidance material is reviewed in order to determine which KPAs are covered and specific KPIs/PIs used
in Europe. Apart from that, relevant ICAO and CANSO documents are also reviewed, among others.
Special attention is given to SESAR Performance Framework which is quite specific in its purpose and
perspective as it aims to estimate the performance benefits of SESAR solutions before the execution
phase of operations, which is in line with the APACHE project as it focuses mainly on Pre-OPS ATM
performance assessment. Based on current KPIs/PIs review and objectives of ATM performance
assessment framework from WP2, a set of novel PIs which could be measured using new framework
introduced by the APACHE project are proposed in collaboration with the SJU and the PRB considering
their valuable feedback. From this assessment, the APACHE System will implement a total of 42 new
(or enhanced) performance indicators (25 main indicators and 17 variants).

1

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

1.1 Overview
Air transport industry is nowadays the backbone of economic prosperity of any country and one of the
fastest growing branches of world economy. The development of other sectors of the economy, such
as tourism, is unimaginable without reliable and above all safe air traffic management (ATM) system,
which contributes to significantly faster and more efficient exchange of goods and services than ever
before, by connecting people and different markets.
However, due to the rapid growth of world economy and an increase of the general welfare of the
population in many parts of the world, demand often exceeds available capacity of the air transport
system, resulting in a series of negative consequences. On the other hand, the expectations of the ATM
community and the whole society are much bigger and primarily related to an increase in safety,
environmental protection, reduction in delays and ticket prices, etc. In such circumstances, the existing
ATM system has to undergo certain changes that will allow it to meet these often-contradictory
requirements in the future.
In the 1980s, ATM community has recognized this complex problem and a need to create a more
efficient, safer and ecologically sustainable system at the global, regional and national levels was
defined, which will make maximum use of numerous possibilities of modern technical and
technological achievements.
As a result of joint efforts of ATM community members, in 2005 the International Civil Aviation
Organization (ICAO) adopted Doc 9854 “Global Air Traffic Management Operational Concept” (ICAO
concept). According to the vision elaborated in this document, one of the main pillars of the future
ATM system should be an efficient Performance Management System, which will enable managers to
assess progress in various fields such as (in the context of air traffic) safety, capacity, accessibility, costefficiency, environment etc., with a significantly greater reliability.
Moreover, ICAO Doc 9750 “Global Air Navigation Plan” (GANP) offers a long-term vision that will assist
ICAO, States and industry to ensure continuity and harmonization among their modernization
programmes. For that purpose, it introduces the consensus-driven Aviation System Block Upgrade
(ASBU) systems engineering modernization strategy which explores the need for more integrated
aviation planning at both the regional and State level. The ASBUs are organized in non-overlapping sixyear time increments starting in 2013 and continuing through 2031 and beyond. ICAO Member States
are now mapping their planning to respective Block Upgrade Modules in order to ensure the near- and
longer-term global interoperability of their air navigation solutions.
In 1999, the European Commission launched the Single European Sky (SES) initiative whose primary
aim is to meet future capacity and safety needs through the creation of a legislative framework for
European aviation. With the second regulatory package of the Single European Sky (SES II), a step
© 2018 – APACHE consortium
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forward was made towards establishing targets in the key areas of safety, capacity, cost-efficiency and
environment. The SES programme defines EU-wide and local performance targets and a framework to
monitor them referred as the SES Performance Scheme. It was developed in line with the ICAO
Concept.
On the technology side, SES is supported by the Single European Sky ATM Research (SESAR)
Programme. The evolution of the ATM system in Europe is elaborated in the “SESAR Concept of
Operations” (CONOPS) document which was developed with reference to the ICAO Concept. The
former, however, details the concept to a level where it can be validated and implemented in European
operational environments. It represents the concrete application of the global concept, adapted and
interpreted for Europe with due regard to the need to be globally interoperable. In order to ensure
that the SESAR 2020 programme develops the operational concepts and technical enablers needed to
meet long term performance objectives, the SESAR 2020 Performance Framework has been recently
established (SESAR, 2016a).
Apart from Europe, there are other relevant organizations in the world (such as CANSO) that have
developed their own performance frameworks with the aim of monitoring global ATM performance.
However, achieving global consensus on the standardized set of performance indicators still remains
one of the biggest challenges for the ATM community. Large variety of indicators can be explained by
different interpretations of the ICAO high-level guidelines and desire for constant improvement of the
existing performance frameworks.
This report provides an overview of the different performance frameworks currently used worldwide
with the aim of improving the existing performance indicators and proposing the new ones.

1.2 Purpose and scope of the document
While safety is a common concern for all members of the ATM system, individual members will give
more or less attention to certain aspects of their business. Thus, for example, the most interesting
aspect for airlines will be the economic one, because they are the ones who offer transport services to
the customers and fight for their place in the market. On the other hand, in addition to cost-efficiency
and safety, airport operators will care about the environment, aiming to reduce noise and emissions
in the vicinity of airports. This Deliverable, however, will consider only the ATM system, whose main
role is to enable optimum use of airspace and create sufficient capacity that is required for safe, regular
and expeditious air traffic.
This Deliverable D3.1 – Review of current KPIs and proposal for new ones as part of the work package
(WP) 3: WP3 – KPI review and definition of novel KPIs, addresses the following specific objectives of
the APACHE Project:
•

•

to analyse current ATM performance frameworks and identify limitations and areas of
improvement that may impede to effectively capture the ATM performance under either the
current or future SESAR concept of operations;
to propose a new set of indicators capable of measuring the performance of the ATM for
planning/validation and monitoring purposes, not observing KPAs individually, but aiming to
capture interdependencies between KPAs.

A thorough review of the existing documentation related to ATM performance management is
presented in a systematic way in Section 2 and Section 3 of this deliverable, aiming to identify
8
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similarities, differences, possible inconsistencies, limitations etc. Based on these findings and the
notion of the current and future ATM system considered in the Project (provided in D2.1), the APACHE
Performance Framework is proposed in Section 4. It consists of improvements of selected indicators
currently in use and new indicators proposed by the APACHE team. The aim is to identify a broad set
of indicators that can be potentially measured within APACHE project.
The APACHE Project aims at proposing a new or enhanced Performance Indicators (PIs) mainly for ‘PreOPS’ ATM performance assessment (i.e. assessing ATM performance for planned operations), and
focusing on the initial evaluation of a small set of SESAR 2020 Solutions (identified in Deliverable D2.1).
Nevertheless, the APACHE System could also be used against real (historical) data for ‘Post-OPS’ ATM
monitoring purposes. Therefore, the set of PIs presented in Section 4 can be used for ‘Pre-OPS’
assessment, ‘Post-OPS’ assessment or both.
It is worth noting that this Deliverable D3.1 proposes some new (or enhanced) PIs that will not be
finally implemented and assessed within the scope of the APACHE Project, either because of some
extra data or models are required or because they cannot be implemented given the resources and
time scope of the Project. Yet, they are kept in this document for future consideration or for setting
the baseline for other ATM performance related projects or researches. Deliverable D3.2 will take this
smaller set of PIs, which focus primarily on ‘Pre-OPS’ performance assessment, and give more details
on their implementation with the APACHE System.
Figure 1-1 shows the relationship of this Deliverable in the context of the APACHE project. In WP4, the
APACHE framework will be developed and the selected PIs proposed in this Deliverable will be
implemented. WP5 will be then devoted to perform a wide set of simulations for Pre-Ops analysis
where the selected SESAR solutions in D2.1 will be assessed using the APACHE performance framework
and therefore the PIs proposed in this Deliverable.
It is worth noting that one of the major objectives of the APACHE Project is to provide a balanced
performance management approach, which relies on analysing the interdependencies between KPAs.
Such approach is seen as very valuable for both Pre-Ops (validation of future solutions) and Post-ops
(tracking achievements vs. goals). This Pareto-efficiency assessment will be done in WP5, by comparing
different scenarios and case studies. It is expected that the new PIs proposed here will also contribute
to assess these conflicting performance objectives present in current and future ATM systems.

Figure 1-1: Context of Deliverable D3.1

© 2018 – APACHE consortium
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1.3 Structure of the document
The document is structured as follows:
•
•
•
•
•

10

Section 1 provides a short introduction to performance management on a global and European
level and outlines the purpose and scope of the document.
Section 2 provides ICAO high level guidelines for performance management and introduces
key performance areas (KPAs) and key performance indicators (KPIs).
Section 3 describes current performance frameworks and KPIs used for ATM performance
management with a particular focus on the European ATM system.
Section 4 introduces the new performance framework and indicators that will be developed
within the APACHE project.
Section 5 provides a conclusion of this document.

©2018 – APACHE Consortium.
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2 ICAO high level guidlines

2.1 Background
On the 28th November 1983 ICAO established the Special Committee on Future Air Navigation Systems
(FANS), whose main task was to consider the technical, operational, institutional and economic issues
of the future air navigation systems and adopt recommendations for the further development of civil
aviation for a period of 25 years.
After a series of conferences and meetings of this body, in 1991 ICAO adopted FANS concept, in which
the primary attention was given to the broader use of satellite navigation. However, experts have
quickly come to the conclusion that the application of modern technologies is not the only factor to be
taken into account, but the problem is much more complex and involves a number of organizational,
economic, legal and institutional aspects, which were discussed in the new ICAO Doc 9854 - ICAO
concept (ICAO, 2005).
The ICAO concept represents a vision of the future ATM system. This document defines the basic
framework of the system which is independent of technology. In fact, as the document covers the
period of over 25 years, it is considered that the existing technology can suffer significant changes or
cease to exist during this time. For this reason, the ICAO concept gives only general principles of the
future ATM system, on the basis of which further detailed plans at regional and national level are
developed (ICAO, 2005). It also defines concrete expectations of the future ATM system, which are
grouped in 11 key performance areas, as listed in section 2.2.
Since the ICAO Doc 9854 is relatively short and written at high level, complementary and more detailed
information can be found in the following documents:
•
•
•
•

Manual on Global Performance of the Air Navigation System (Doc 9883) – provides a “getting
started” assistance and helps in converging towards a globally harmonised and agreed
approach;
Manual on Air Traffic Management System Requirements (Doc 9882) — identifies
requirements where a significant change to operating practices will be required to transition
to the Global ATM Operational Concept;
Global Air Navigation Plan for CNS/ATM Systems (Doc 9750) — focuses on implementation
planning guidance; and
Global Aviation Safety Plan (Doc 10004) - defines the means and targets by which ICAO, States
and aviation stakeholders can anticipate and efficiently manage air traffic growth while
proactively maintaining or increasing safety.

General information about the ATM system performance and Performance Based Approach (PBA) can
be found in Appendix 1.

© 2018 – APACHE consortium
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According to aforementioned ICAO reference documents, future ATM system is designed as a highly
integrated, harmonized and interoperable global system which can be divided into seven concept
components (ICAO, 2005):
1. Airspace organization and management;
2. Aerodrome operations;
3. Demand and capacity balancing;
4. Traffic synchronization;
5. Airspace user operations;
6. Conflict management; and
7. ATM service delivery management.
In each of the above-mentioned system components some progress has to be achieved in order to
meet the expectations of the society and the ATM community.
Since the word "progress" is quite broad and indefinite, first of all the areas in which the progress is
expected have to be defined more precisely.

2.2 Key performance areas
The principles defined in the ICAO concept are based on the expectations of the ATM community from
the future ATM system. These expectations are interrelated and cannot be considered in isolation.
They are the following (while safety is the highest priority, the expectations are shown in alphabetical
order) (ICAO, 2005):
1. Access and equity: All airspace users must have access to the ATM resources needed to
achieve operational objectives. Shared use of airspace by the different users must be
accomplished in a safe manner. Also, the global ATM system must ensure equity of all users
who require access to a particular part of the airspace or the particular service;
2. Capacity: The global ATM system should exploit its capacity to meet airspace user demands at
peak times and locations, while minimizing restrictions on traffic flow. To respond to future
growth, capacity must increase, along with corresponding increase in efficiency, flexibility and
predictability, while ensuring that there are no adverse impacts on safety and giving due
consideration to the environment. ATM system must be resistant to any potential service
disruptions and temporary capacity reductions;
3. Cost-effectiveness: The ATM system should be cost-effective, while balancing the different
interests of the ATM community. The cost of service to airspace users must always be taken
into account when considering proposals for improving the ATM performance and quality of
service. Also, ICAO policies and principles regarding user charges should be followed;
4. Efficiency: Efficiency addresses the operational and economic cost-effectiveness of flight
operations. In all phases of flight, airspace users want to depart and arrive at the times they
select and fly the trajectory they consider optimum;

12
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5. Environment: The ATM system should contribute to the protection of the environment by
reducing noise, emissions and other negative impacts;
6. Flexibility: Flexibility addresses the ability of all airspace users to modify flight trajectories
dynamically and adjust departure and arrival times, thereby permitting them to exploit
operational opportunities as they occur;
7. Global interoperability: The ATM system should be based on international standards and
uniform principles in order to achieve the technical and operational interoperability of ATM
systems and to ensure homogeneous and non-discriminatory global and regional traffic flows;
8. Participation by the ATM community: Aviation community should be involved in the planning,
implementation and operation of the ATM system to ensure that the evolution of the global
ATM system at all times fulfils its expectations;
9. Predictability: Predictability refers to the ability of airspace users and ATM service providers
to provide consistent and dependable levels of performance. Predictability is of crucial
importance for airspace users whose business is based on respect of the pre-defined
schedules;
10. Safety: Safety has the highest priority in aviation and the ATM system plays an important role
in ensuring overall safety of air traffic. Uniform safety standards and practices in the field of
safety management should be systematically applied within the ATM system. During the
implementation of the future global aviation system, safety should be assessed against
appropriate criteria and in accordance with appropriate and globally standardized safety
management processes and practices; and
11. Security: Security refers to the protection of aircraft, people, devices and systems on the
ground against threats arising from intentional acts (e.g. terrorism) or unintentional acts (e.g.
human error and natural disasters). Adequate security is a fundamental expectation of the
ATM community and of citizens. For this reason, the ATM system should contribute to security,
and the entire ATM system, as well as the information related to it, should be protected against
security threats. Security risk management should balance the needs of the members of the
ATM community that require access to the system, with the need to protect the ATM system.
In the event of threats to aircraft or threats using aircraft, the ATM system should provide the
competent authorities with appropriate assistance and information.
These are the so-called "Key Performance Areas" (KPAs) and in order to make progress in them it is
necessary to define clear and achievable objectives and daily follow the course of their achievement.
Additionally, focus areas may be identified in any given KPA. Focus areas are typically needed where
performance issues have been identified.

2.3 Key performance indicators proposed by ICAO
More and more attention is nowadays given to the quantification of the expected progress, with the
aim of avoiding the free interpretation of the set targets and increasing the responsibility of managers
when making decisions. Quantification provides greater opportunities for data processing and analysis
of the results, which plays an important role in making decisions aimed at increasing the efficiency of
the entire ATM system.
© 2018 – APACHE consortium
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Current/past performance, expected future performance (estimated as part of forecasting and
performance modelling), as well as actual progress in achieving performance objectives is
quantitatively expressed by the so-called "Key Performance Indicators" (KPIs) (ICAO, 2005). While this
is the universal ICAO definition, SESAR and SES Performance Schemes distinguish between KPIs (used
for target setting) and PIs (used for monitoring purposes only). Since the issues related to target setting
do not fall within the scope of APACHE project, the term PIs will be used when proposing the new
indicators in Section 4.
The indicators are usually not measured directly, but are calculated from supporting metrics according
to clearly defined formulas. Performance measurement is therefore done through the collection of
data for the supporting metrics (ICAO, 2005). Figure 2-1 shows a structured method for the
decomposition of KPAs into performance indicators and targets (ICAO, 2008b).

Figure 2-1: Measurement Taxonomy

In order to determine if a set of indicators in the 11 KPAs could be derived to provide an example set
to the ATM community, ICAO undertook an investigation covering two organizations dealing with ATM
performance management. No identical indicators were found, but a certain level of commonality was
identified in some indicators. Detailed results of the investigation are presented in the Table 2-1 below
(ICAO, 2008b).
Table 2-1: KPIs identified as a result of ICAO investigation

KPAs

KPIs identified

Access and equity
Capacity

•
unsatisfied demand versus overall demand
System-wide:
•
number of flights, flight hours and flight
distance that can be accommodated
•
number of flights, available plane miles etc
Airspace
•
number of IFR flights able to enter an
airspace volume
•
number of IFR flights able to be present in
sectors at any one time (airspace capacity
rates)
Airport

14
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Comments

Requires a modelling approach, or
subjective expert judgment
Don’t directly measure capacity, but
rather supply
The ability to objectively determine the
number of flights able to enter an
airspace volume is not a settled matter
Indicators depend on meteorological
conditions, fleet mix, configuration…
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KPAs

KPIs identified
•
•

•
•
Cost-effectiveness

•
•
•

Efficiency

•
•
•
•
•
•

Environment

•
•
•

Flexibility

•

•
Global
interoperability

•

Comments

Hourly number of IFR movements (departures
plus arrivals) as possible during low visibility
conditions (IMC)
Daily number of IFR movements (departures
plus arrivals) as possible during a 15-hour day
between 7:00 and 22:00 local time during low
visibility (IMC) conditions
Average daily airport capacity for a group of
35 airports measured as a 5-year moving
average
Average daily airport capacity for a group of
seven major metropolitan areas
Average cost per flight at a system wide
annual level
Total operating cost plus cost of capital
divided by IFR flights
Total labour obligations to deliver one
forecast IFR flight in the system, measured
monthly and year-to-date

Percent of flights departing on-time
Average departure delay of delayed flights
Percent of flights with normal flight duration
Average flight duration extension of flights
with an extended flight duration
Percent of flights with on-time arrival at a
predetermined set of airports
Total number of minutes actual gate arrival
time exceeding planned arrival time on a per
flight basis at the predetermined set of
airports
Amount of emissions (CO2, NOx, H2O and
particulate) which are attributable to
inefficiencies in ATM service provision
Number of people exposed to significant
noise as measured by a three-year moving
average
Fuel efficiency per revenue plane-mile as
measured by a three-year moving average

Number of rejected changes to the number of
proposed changes (during any and all phases
of flight) to the number of flight plans initially
filed each year.
Proportion of rejected changes for which an
alternative was offered and taken.
The number of filed differences with ICAO
Standards and Recommended Practices

Components of cost should be included
in the cost calculation.
Agreement on whether normalization
should be conducted per flight hour or
operation is necessary.
Furthermore, the types of operations
(e.g., IFR only) being considered for
normalization should be agreed upon.
A minimum level of reporting time
(monthly, annual) will help in
comparison.
Certain types of delays are excluded
based upon cause; this can be a
subjective assessment
The threshold for a delayed flight varies
by organization

Agreement on the above metrics would
necessitate common definitions and
methods for:
•
Attribution of emissions to ATM
service provision inefficiency,
and methods to compile the
emissions inventory
•
Definition of “significant” noise
and methods for determining
people exposed
•
Computation or measurement of
fuel efficiency and agreement on
normalization approach.

Agreement on an indicator would
require more specificity on the
measurement technique for the level
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KPAs

KPIs identified
•

Participation by the
ATM Community

Predictability

Level of compliance of ATM operations with
ICAO
CNS/ATM
plans
and
global
interoperability requirements
•
Number of yearly meetings covering planning,
implementation and operation, and covering
a significant estimated proportion (e.g. 90%)
of the whole of the regional aviation activity
•
Number of yearly meetings for planning
•
Number
of
yearly
meetings
for
Implementation
•
Number of year meetings for Operation
Some delay measures included in the efficiency KPA
are considered to be measures of predictability by
certain organizations.

Safety

•

count of accidents normalized through either
the number of operations or the total flight
hours

Security

•

Number of acts of unlawful interference
reported against air traffic service provider
fixed infrastructure
Number of incidents involving direct unlawful
interference to aircraft (bomb threat, hijack,
or imitative deception) that required air
traffic service provider response
Number of incidents due to unintentional
factors, such as human error, natural disasters
etc. that have led to an unacceptable
reduction in Air Navigation System capacity.

•

•

Comments
of compliance and the specific
definition of a global interoperability
requirement

Similar to efficiency KPA. The main
distinction – baseline times used. In the
case of efficiency, delay indicators
include all ATM sources of delay. For
predictability, only the components of
delay that are unknown by a certain
event (e.g. at OUT time) are
considered.
Only fatal accidents are considered in
certain metrics.
Specific measures consider fatal
accidents for general aviation and “Part
135” operations.
Geographical filtering also occurs.
Accident rates are monitored and
targeted individually for specific areas
within the purview of an Air Navigation
Service Provider.
Achieving commonality in safety
indicators requires agreement on
definition of terms, filtering criteria,
statistical derivations and
normalization.

Since the beginning of the Performance Based Approach (PBA) implementation, one of the biggest
issues was the variety of KPIs used by different organizations and the main challenge was to agree on
a standardized set of KPIs to be used by the ATM community in order to consolidate the data and
monitor ATM performance on a global level.
In the latest edition of the “Global Air Navigation Plan (2016-2030)” (ICAO, 2016), ICAO proposes a
phased development approach according to which an agreement on a simple set of KPIs has to be
reached by 2019, based on existing best practices in more mature regions that have already published
performance information and on ICAO publications.
16
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Furthermore, a set of potential KPIs on efficiency, capacity and predictability KPAs to be used by states
depending on their needs and maturity levels of performance monitoring is proposed (
Table 2-2) (ICAO, 2016).
Table 2-2: Potential KPIs proposed by ICAO

KPA

Efficiency

Focus
Area(s)

Additional flight
time & distance

Core KPIs

KPI02 Taxi-Out
Additional Time

Capacity
Additional
fuel burn

KPI13 Taxi-In
Additional Time

Additional
KPIs

KPI04 Filed Flight
Plan en-Route
Extension
KPI05 Actual enroute Extension

Capacity,
throughput &
utilization
KPI09 Airport
Peak Arrival
Capacity

Predictability
Capacity
shortfall &
associated delay

KPI10 Airport
Peak Arrival
Throughput
KPI16
Additional
fuel burn

Punctuality

Variability

KPI01
Departure
punctuality

KPI15 Flight
time
variability

KPI14
Arrival
Punctuality

KPI06 En-Route
Airspace Capacity

KPI07 En-Route
ATFM delay

KPI11 Airport
Arrival Capacity
Utilization

KPI12
Airport/Terminal
ATFM Delay

KPI03 ATFM
slot
adherence

KPI08 Additional
time in terminal
airspace

States are encouraged to start with a simple set of indicators (Core KPIs) matching their needs, and to
complete them later with more complex ones (Additional KPIs). States with a more mature
performance improvement and monitoring process are encouraged to work with the additional KPIs.
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3 Current performance frameworks and
monitoring in Europe

3.1 CANSO framework
There are very few organizations in the world which monitor the performance of the ATM system on
a global level. The most prominent of these is "CANSO - Civil Air Navigation Services Organization"
whose members are the Air Navigation Service Providers (ANSPs) which support over 85% of world air
traffic. The vision of CANSO is to be a recognized leader in transforming global ATM performance.
After a thorough review of current practices of its members as well as the various literature and
documents related to ATM performance and measurement, CANSO published a document called
“Recommended Key Performance Indicators for Measuring ANSP Operational Performance” (CANSO,
2015) which specifies 21 operational KPIs that allow ANSPs to track targeted areas of their systems.
These KPIs are listed in the Table 3-1 below.
Table 3-1: KPIs recommended by CANSO

KPAs

KPIs

Example KPIs from definitions

Capacity

Declared Capacity
Capacity Efficiency

Target acceptance rate for a facility or sector
Percentage of Demand Accommodated by Facility’s Capacity and
Actual Demand
Total or Average Delay by Airport
Total or Average Facility Attributable Delay
(Maximum facility service hours minus outage time) divided by
maximum facility service hours
Number of Gate Departure Delayed Aircraft
Average of Gate Departure Delay per Flight
Average Gate Departure Delay per Delayed Flight
Number of Taxi-Out Delayed Aircraft
Average of Taxi-Out Delay per Flight
Average Taxi-Out Delay per Delayed Flight
Calculated Take-Off Time Compliance
Number of Early Departures
Number of Late Departures
Number of Departing Aircraft Delayed in the Terminal Airspace
Average Departure Delay per Flight
Average Departure Delay per Delayed Flight
Actual level flight time/distance from take-off to 40/100 NM circle

Delay
Attributed
Capacity Limits
Capacity and
efficiency
Efficiency

to

Operational Availability
Gate Departure Delay

Taxi Out Delay

Calculated Take-Off Time
Compliance
Terminal Departure Flight
Distance/ Time Efficiency
Terminal Departure Level
Flight Efficiency
En Route Direct Route
Extension
18
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KPAs

KPIs

Example KPIs from definitions

Filed Flight Plan En Route
Extension
Arrival
Flight
Distance/Time Efficiency
Arrival
Level
Flight
Efficiency
Arrival Runway Occupancy
Time
Taxi In Delay

Average of Total Filed Distance/Time above that obtained from a great
circle benchmark
Total or Average Excess Minutes or Miles by Aircraft Group, Operating
Configuration, or Arrival Airport
Actual level flight time/distance from 100/40 NM circle landing

Gate Arrival Delay

ATM Attributable Delay
Average
Flight
Time
Between City Pairs
Predictability

Capacity Variation
Travel Time Variation
Flight Plan Variation

Average Runway Occupancy Time per Aircraft Category
Number of Taxi-In Delayed Aircraft
Average of Taxi-In Delay per Flight
Average Taxi-In Delay per Delayed Flight
Number of Gate Arrival Delayed Aircraft
Average Gate Arrival Delay per Flight
Average Gate Arrival Delay per Delayed Flight
Delay against a schedule or a filed time that can be attributed to ATM
Average Travel Time Between City Pairs
Difference between the 85th and 15th percentile declared capacity for a
facility
Difference between the 85th and 15th percentile travel time for a phase
of flight for a city pair
Difference between the 85th and 15th percentile flight plan distance or
time for a city pair.

Apart from the operational performance areas, CANSO also regularly publishes the “Global Air
Navigation Services Performance Report” which focuses only on Cost-effectiveness KPA. Table 3-2
below shows the basic KPIs used to assess the cost-effectiveness of ANSPs, air traffic controllers (ATCO)
productivity and ANS revenues (CANSO, 2015).
Table 3-2: Performance indicators for assessing the cost-effectiveness of ANSPs and ATCO productivity as well as ANS
Revenues (CANSO, 2015)

KPI

Numerator

Denominator

Cost per IFR flight hour

Total costs

IFR flight hours

ATCO employment cost per ATCO
hour

Employment costs for ATCO in
operations

ATCO in operations hours

ATCO hour productivity

IFR flight hours

ATCO in operations hours

Cost excluding ATCO employment
costs per IFR flight hour

Costs excluding ATCO employment
costs

IFR flight hours

Unit ATCO employment cost

Employment cost for ATCOs in
operations

ATCOs in operations

Annual Working hours per ATCO in
operations

ATCOs in operations

IFR hours per ATCOs in operations
Cost of capital and depreciation as a
percentage of costs
Employment cost of ATCOs as a
percentage of total costs

IFR flight hours

ATCOs in operations

Cost of capital and depreciation

Total Cost

Employment cost for ATCOs in
operations

Total Cost

ANS revenues per IFR flight hour

ANS revenues

IFR flight hours

Hours

ATCOs in operations
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Some of the KPIs are expressing cost while some other - working hours spent. On the other side, most
of the KPIs are ATCO-related while just a few of them are IFR flight-related. There is only one KPI which
is expressing revenues.

3.2 SES Performance Scheme
The management of SES operational performance is carried out in the frame of SES Performance
Scheme.
The Performance Scheme seeks to enhance the ANS performance in Europe by adopting EU-wide
performance targets for fixed reference periods, by requiring States to adopt binding Performance
Plans that are consistent with EU-wide targets before each reference period, monitoring achieved
performance against agreed targets and taking corrective actions as required. With the introduction
of the SES Performance Scheme, the European ATM now operates a formal and explicit performancedriven approach.
In September 2010, the European Commission designated EUROCONTROL as the "Performance
Review Body" (PRB) of the Single European Sky (SES) and mandated this organization for monitoring
and reviewing the performance of the European ATM system and advising the European Commission
in setting targets for the members of the European Union. The purpose of the PRB is to assist the
European Commission in the implementation of the performance scheme and to assist the National
Supervisory Authorities (NSAs) on request (EUROCONTROL, 2016b).
The Performance Framework proposed by regulation approaches the ATM Performance divided into
the following KPAs:
•
•
•
•

Safety (at FAB level);
Environment (at FAB level);
Capacity (at FAB level for “en route” and at national level for terminal services);
Cost-efficiency (at charging zones level in local currency).

The first reference period (RP1) ran for three years from 2012 to 2014. The second reference period
(RP2) runs from 2015-2019. Finally, the third reference period (RP3) of the Performance scheme is
scheduled to run from the 1st of January 2020 to 31st of December 2024.
Whilst the focus of the Performance Scheme is ANS, the regulations necessarily place requirements on
a number of additional actors across the ATM system: National Supervisory Authorities (NSAs), ANSPs,
Airlines and Airports.
The NSAs in fact 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.
The Network Performance Plan (NPP) is also required under EC regulation 677/2011. It is adopted by
the Network Management Board and addresses the contribution of Network Manager to the progress
in the same KPAs which are applicable to ANSPs: capacity, environment, cost-efficiency and safety.
A comprehensive summary of the PIs (used for monitoring purposes only) and KPIs (which have
associated performance targets) foreseen by the SES Performance Scheme can be found in the
20
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following table. The indicators below are defined according to the EU regulations 691/2010 and
390/2013. In the table, the term “Monitoring” indicates a PI (without targets), “Target” indicates a KPI
(subject to target setting) and “Monitoring” (italic text) refers to a second more granular level of local
PIs (breakdown for transparency reasons/monitoring purposes).
Table 3-3: Summary of the SES Performance Scheme PIs and KPIs

RP1

RP2

KPA

KPI/PI name

Safety

EU-wide &
national/
FAB

Effectiveness of safety management (EoSM)

Monitoring

EU target

Application of the severity classification based on
the RAT 2

Monitoring

EU target

Level of presence or absence of just culture

Monitoring

EU-wide

National/FAB
FAB target
National
monitoring
FAB target
National
monitoring
FAB target
National
monitoring
FAB monitoring
National
monitoring
FAB monitoring
National
monitoring
FAB monitoring
National
monitoring
FAB monitoring
National
monitoring

Application of automated safety data recording
for separation minima infringement monitoring
Application of automated safety data recording
for runway incursion monitoring
Level of occurrence reporting
Number of separation minima infringements,
runway incursions, airspace infringements and
ATM-specific occurrences
Environme
nt

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

EU target

Average horizontal en route flight efficiency of
the actual trajectory
Additional time in the taxi-out phase

See Capacity
KPA

Additional time in terminal airspace

See Capacity
KPA

Effective use of CDRs

EU
monitoring

Effectiveness of booking procedures for flexible
use of airspace (FUA)
Rate of planning of conditional routes (CDRs)

EU target
EU target

FAB target

EU
monitoring
EU
monitoring

National
monitoring Airport
monitoring
National
monitoring Airport
monitoring
National
monitoring
National
monitoring

EU
monitoring

National
monitoring

2

The Risk Analysis Tool (RAT) is a methodology used to classify safety related occurrences in the ATM domain. More info can
be found at http://www.skybrary.aero/index.php/Risk_Analysis_Tool_(RAT)
© 2018 – APACHE consortium

All rights reserved. Licensed to the SESAR Joint Undertaking under conditions.

21

EDITION 02.00.00

RP1
KPA

KPI/PI name

Costefficiency

DUC for en route ANS (called DUR in RP1)

EU-wide &
national/
FAB
EU Target
Nat/FAB
targets

DUC for terminal ANS
Terminal ANS costs
Terminal ANS unit rates
EUROCONTROL costs

Capacity

En route ATFM delay per flight attributable to
ANS

RP2
EU-wide

National/FAB

EU target

En-route
charging zone
target

EU target

Terminal charging
zone target

Monitoring
Monitoring

Target

EU
monitoring
EU target

Local (most
appropriate level)
monitoring
National target

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

EU
monitoring

FAB target

Airport monitoring

National
monitoring Airport
monitoring
National
monitoring Airport
monitoring

3.3 Performance monitoring at Eurocontrol
In 1998, EUROCONTROL founded the "Performance Review Commission" (PRC) with the aim of
establishing an independent and transparent performance management system within the European
ATM system. The Commission is supported in its work by the "Performance Review Unit" (PRU), which
is directly involved in collecting and analysing performance data in collaboration with airspace users,
ANSPs, airports, etc. (EUROCONTROL, 2016b).
Every year the PRC issues Performance Review Reports (PRR) which provide information on the air
traffic demand (expressed as a total number of IFR flights) and performance of the European ATM
system in the four main KPAs (safety, capacity, environment and cost-efficiency). In addition to the
Performance Review Reports, the PRU experts analyse and benchmark the cost-effectiveness and
productivity of Air Navigation Service Providers in the annual ATM cost-effectiveness (ACE)
Benchmarking reports.
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Additional PRC publications include ad-hoc reports on specific subjects such as the US/Europe
Comparison of ATM-Related Operational Performance which is done on behalf of the European
Commission.
Apart from PIs and KPIs established by the Performance Regulation of the SES Performance Scheme,
the publications of the PRC analyse a set of additional indicators to further examine performance at
European and Pan-European level. The next subsection focuses on these indicators.

3.3.1 EUROCONTROL Performance Indicators
According to their nature, the indicators monitored by EUROCONTROL which are not part of the SES
Performance Scheme can be divided into three groups: safety, operational and economic (costefficiency) ones.
Based on the analysis of the PRR 2015 (EUROCONTROL, 2016a), the following safety indicators not
included in the SES Performance Scheme were identified (Table 3-4):
Table 3-4: EUROCONTROL’s Safety performance indicators

KPA

Performance indicators

Safety

Total commercial air transport (CAT) accidents
ANS-related 3 accidents and accidents with ANS contribution 4
Serious incidents in commercial air transport (CAT)
ANS-related serious incidents and serious incidents with ANS contribution
ATM-related incidents

ANS-related accidents and serious incidents are given by the occurrence category. The data source
used for accidents and serious incidents is the European Aviation Safety Agency (EASA) database, while
the source for the incident data is EUROCONTROL’s Annual Summary Template (AST) reporting
mechanism. PRU also monitors the completeness of safety data provided.
The other group are the operational indicators used to assess capacity, efficiency, environment and
predictability KPAs. They are also investigated based on the PRR 2015 (EUROCONTROL, 2016a). The
results of the investigation are presented in Table 3-5.
It should be noted that EUROCONTROL analyses the causes of ATFM delays, apart from the indicators
produced for the SES Performance Scheme. Also, vertical flight efficiency indicator focuses only on the
climb and descent phases of flights rather than on the en-route phase. Horizontal flight efficiency data
is provided without the exclusion of 10 best/worst days, which is a methodology used in the SES
Performance Scheme.

3

“ANS-related” means that the ANS system may not have had a contribution to a given occurrence, but it may
have a role in preventing similar occurrences in the future (EUROCONTROL, 2016a).
4

“ANS contribution” means that at least one ANS factor was in the causal chain of events leading to an
occurrence, or at least one ANS factor potentially increased the level of risk, or it played a role in the occurrence
encountered by the aircraft (EUROCONTROL, 2016a).
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Table 3-5: EUROCONTROL’s Operational performance indicators

KPA

Performance indicators

Capacity

Total en-route ATFM delay (min.)
Flights delayed > 15 min. en-route (%)
The share of regulated hours with overdeliveries (actual demand/capacity
>110%)
% of ATFM delays due to avoidable regulations (no excess demand)
Declared peak arrival capacity vs. actual throughput
The share of regulated flights
Horizontal Flight Efficiency

Efficiency
Environment

Vertical flight efficiency
Predictability

% of flights within 15min scheduled arrival or departure time

In the context of the cost-efficiency KPA, the annual PRR published by the PRC (EUROCONTROL, 2016a)
takes the data for the SES states and aggregates it with the data for the non-SES States to reach a PanEuropean view. However, both in the case of cost-efficiency and for operational statistics 5, some SES
States update their data since the PRB report - in such cases, this report uses the most up-to-date data
in order to provide the most up-to-date information on ATM performance.
Apart from the Performance Scheme indicators, 2015’s PRR (EUROCONTROL, 2016a) offers an analysis
on the following cost-efficiency PIs:
•
•
•

Real en-route unit costs – Total en-route ANS costs divided by the total en-route service units
for the EUROCONTROL area
Actual en-route unit cost for airspace users (true cost for users)
Gate-to-Gate unit economic costs

Under the determined costs method, applied by SES States as of 2012, the amounts ultimately paid by
airspace users differ from the actual costs due to the traffic risk sharing, cost-sharing, and other
adjustments provided in the Charging Regulation. PRR therefore monitors not only the actual costs
incurred by States/ANSPs, but also the amounts ultimately charged to the airspace users in respect of
the activities of that year (a concept also referred to as the “true cost for users”).
Additionally, the economic evaluation of ANS performance in the PRR (Gate-to-Gate unit economic
costs) combines ANS-related en-route and terminal performance. It shows direct ANS costs (en-route
and terminal) and attempts to monetarise also indirect costs due to ANS-related inefficiencies (ATFM
delays, additional taxi-out and ASMA time, horizontal en-route flight efficiency) which are both borne
by airspace users in Europe. The costs of ANS-related additional time are based on a study from the
University of Westminster (Westminster, 2011), which provides an estimated airline delay cost which
includes direct costs (fuel, maintenance, etc.), network effect (i.e. cost of reactionary delays) and
passenger related costs.

5

Usually, PRR reports are published annually in May/June and contain information relating to the previous year
(Y – 1) and the first quarter of year Y. PRB reports are launched in October/November and contain information
relating to Y-1.
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On the other hand, the annual ATM Cost-Effectiveness (ACE) Benchmarking Report presents a review
and comparison of ATM cost-effectiveness of ANSPs in Europe. It examines both individual ANSPs and
the European ATM/CNS system as a whole. In addition, ACE analyses forward-looking information,
inferring on future financial cost-effectiveness performance at both system and ANSP levels, and
displaying future capital expenditures and future capacity plans.
The main differences between the ACE financial cost-effectiveness indicator and the Single European
Sky (SES) en-route cost-efficiency KPI (as defined in Regulation (EU) N°390/2013) are essentially the
following:
•

•

The en-route cost-efficiency KPI (the Determined Unit Cost or DUC), which is defined in the
Performance Scheme regulation, is used as part of the SES cost-efficiency performance targetsetting and monitoring processes. This KPI is computed as the ratio of en-route ANS costs (in
real terms) to service units at charging zone level, and reflects the costs of several entities, not
only the ANSP. The en-route ANS costs (in nominal terms) and service units also form the basis
to calculate the unit rate that is billed to airspace users within a charging zone.
The purpose of ACE is to benchmark the cost-effectiveness performance of ANSPs in providing
gate-to-gate ATM/CNS services (where en-route and terminal ATM/CNS are considered
together). The ACE financial cost-effectiveness indicator is computed as the ratio of ATM/CNS
provision costs to composite flight-hours and it can be broken down into three components
(ATCO-hour productivity, ATCO employment costs per ATCO-hour and unit support costs).
These components allow interpreting the differences in cost-effectiveness performance
observed across Pan-European ANSPs.

ATCO-hour productivity is the efficiency with which an ANSP deploys and makes use of its ATCOs and
is measured by the number of composite flight-hours controlled per ATCO hour. Higher ATCO-hour
productivity (composite flight-hours per ATCO-hour) improves cost-effectiveness.
ATCO employment cost per ATCO-hour is the total ATCO employment cost divided by total ATCOhours.
Support cost ratio is the ratio between total ATM/CNS provision costs and support costs. All other
things being equal, a lower support cost ratio improves cost-effectiveness.
A comprehensive summary of the performance indicators monitored by EUROCONTROL apart from
those foreseen by the SES Performance Scheme can be found in Table 3-6.
Table 3-6: EUROCONTROL’s Economic performance indicators

Report

Performance indicators

Performance Review Reports

En route actual unit cost
Actual en-route unit cost for airspace users (true cost for users)
Gate-to-Gate unit economic costs
Financial cost-effectiveness indicator
ATCO-hour productivity
ATCO employment costs per ATCO-hour
Support cost ratio

ATM Cost-Effectiveness Benchmarking
Report
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3.4 SESAR performance framework
As the technological pillar of the Single European Sky (SES), SESAR is one of the key contributors to the
SES High Level Goals though the delivery and deployment of SESAR Solutions with demonstrated and
measurable performance gains. The SESAR 2020 performance framework (PF) updates and extends
the SESAR 1 PF. It supports the goal of ensuring that the programme develops the operational concepts
and technical enablers needed to meet the performance ambitions described in the 2015 edition of
the ATM Master Plan (SESAR Joint Undertaking, 2015).
This PF uses the framework concept from the ICAO Doc 9883 (ICAO, 2008b), where a step by step
approach to performance-based planning is provided using the eleven KPAs identified in the ICAO
Global ATM Operational Concept (ICAO, 2005). The ICAO concept also has one or more Focus Areas
for each KPA, and, similarly, one or more quantified performance indicators for each Focus Area.
Instead of ICAO Performance Objectives, SESAR 2020 uses Validation Targets.
The performance indicators of SESAR performance framework respond to the need of targeting and
assessment in SESAR and thus must be able to be measured or calculated reliably from validation
exercices. PIs are supporting metrics that help the calculation of KPIs or the expression of a Solution’s
impact and may be Solution- specific (SESAR, 2016a).

3.4.1 KPAs in the performance framework
The selection of KPAs is based on the ICAO framework with refinements to support SESAR
requirements. The selected KPAs are the following:
•
•
•
•
•
•
•
•

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

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

ICAO Efficiency KPA is re-titled as Cost-Efficiency in the SESAR 2020 PF in order to distinguish it from
fuel efficiency. Also, Punctuality has been grouped with Predictability. This is not defining new KPAs,
but just proposing a different organisation of elements already present within the existing ICAO KPAs
in a way that is more appropriate for the SESAR 2020 Performance Framework.
The Global Interoperability and Participation by ATM Community KPAs are not used in the PF but are
crucial to the success of SESAR.
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The following table shows the KPIs and mandatory PIs defined for the SESAR 2020 Performance
Framework. Apart from the indicators presented in Table 3-7, the PF presents non-mandatory PIs for
all the KPAs, including Access and Equity (SESAR, 2016a).
Table 3-7: KPIs of SESAR 2020 Performance Framework

KPAs

Focus Area

KPI/PI

Definition

Safety

Accidents/incidents with
ATM contribution

KPI

Accidents and incidents with ATM contribution per year

-

PI

Security
Environment

KPI
Fuel efficiency

Cost-Efficiency

PI

Personnel (safety) risk after mitigation
Capacity risk after mitigation
Average fuel burn per flight
CO2 Emissions
Reduction in Average Flight Duration
Relative noise scale

Noise

PI

Local Air Quality

PI

Geographic distribution of pollutant concentrations

KPI

Flights per ATCO hour on duty

KPI

Technology Cost per flight

ANS Cost efficiency
Airspace User Cost
efficiency

Capacity
Airspace capacity

Airport capacity

Size and location of noise contours

Direct operating costs for an airspace user
PI

Indirect costs for an airspace user
Overhead costs for an airspace user

KPI

TMA throughput, in challenging airspace, per unit time

KPI

En-route throughput, in challenging airspace, per unit time

PI

TMA Increased Throughput

PI

En-Route Increased Throughput

KPI

Peak Runway Throughput (Mixed mode)

PI

Peak Departure throughput per hour (Segregated mode)
Peak Arrival throughput per hour (Segregated mode)

KPI

% Loss of airport capacity avoided

KPI

% Loss of airspace capacity avoided
Airport time to recover from non-nominal to nominal
condition
Airspace time to recover from non-nominal to nominal
condition
Minutes of delay

Capacity Resilience
PI

Number of cancellations
-

Available training duration within ARES
Allocated ARES dimension

Predictability
(and Punctuality)

Civil-Military Cooperation
and Coordination

PI

Variance of actual and
reference business
trajectories

KPI

Distance to/from airbase to ARES
Offered fuel and distance saving (for GAT operations)
% GAT flights using ARES / GAT flights for which ARES is
available"
Variance of differences between actual and flight plan or
Reference Business Trajectory (RBT) durations
Time window of flights arriving at gate reduced from 5
mins to 2 mins (mins^2; 60% reduction)
© 2018 – APACHE consortium
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KPAs

Focus Area

KPI/PI

Departure punctuality

KPI

Human Performance

PI

-

Definition
% of Departures < +/- 3 minutes vs. schedule due to ATM
causes
Role consistency
User interface Usability
Supportive team structure
Transition feasibility

3.5 Overview of the current KPIs
A comprehensive list of all indicators used by different organizations worldwide is summarized in Table
3-8. Indicators which are in the scope of the APACHE project (only en-route, no military zones etc., as
it is defined in D2.1) are highlighted grey. These indicators are further considered and analysed in detail
in order to propose new set of KPA/PIs to be used in the APACHE project.

28
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Table 3-8: Overview of the current KPIs per each KPA

KPA

Focus Area

Indicators

Access and
equity
Capacity

/

Unsatisfied demand versus overall demand (measured in volume of airspace
times time)
Number of flights, flight hours and flight distance that can be accommodated
Number of flights, available plane miles etc
The share of regulated hours with overdeliveries (actual demand/capacity
>110%)
% of ATFM delays due to avoidable regulations (no excess demand)
Number of IFR flights able to enter an airspace volume
Number of IFR flights able to be present in sectors at any one time (airspace
capacity rates)
En-route airspace capacity
En-route ATFM delay per flight attributable to ANS
Total en-route ATFM delay (min.)
Flights delayed > 15 min. en-route (%)
Additional time in terminal airspace
TMA throughput, in challenging airspace, per unit time
En-route throughput, in challenging airspace, per unit time
TMA Increased Throughput
En-Route Increased Throughput

System-wide

Airspace

Airports

ICAO

Hourly number of IFR movements (departures plus arrivals) as possible during
low visibility conditions (IMC)
Daily number of IFR movements (departures plus arrivals) as possible during a
15-hour day between 7:00 and 22:00 local time during low visibility (IMC)
conditions
Average daily airport capacity for a group of 35 airports measured as a 5-year
moving average
Average daily airport capacity for a group of seven major metropolitan areas
Airport arrival capacity utilization
Airport peak arrival throughput
Airport peak departure throughput

CANSO

SES/PRU

SESAR2020

+
+
+

+
+
+
+

+
+
+
+
+
+
+
+

+
+
+
+
+
+

+
+
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KPA

Focus Area

Indicators
Airport peak arrival capacity
Declared peak arrival capacity vs. actual throughput
Total or average delay by airport
Arrival ATFM delay per flight attributable to terminal and airport ANS and
caused by landing restrictions at the destination airport

Resilience

Mixed

Costeffectiveness
(+Cost-efficiency)

Total labour obligations to deliver one forecast IFR flight in the system,
measured monthly and year-to-date

/

30

Additional time in the taxi-out phase
ATC pre-departure delay
Peak Runway Throughput (Mixed mode)
Peak Departure throughput per hour (Segregated mode)
Busy hour throughput at best-in-class airport
% Loss of airport capacity avoided
% Loss of airspace capacity avoided
Airport time to recover from non-nominal to nominal condition
Airspace time to recover from non-nominal to nominal condition
Minutes of delay and number of cancellations
Target acceptance rate for a facility or sector (declared capacity)
Percentage of demand accommodated by facility’s capacity and actual demand
Total or Average Facility Attributable Delay
(Maximum facility service hours minus outage time) divided by maximum
facility service hours
Average cost per flight at a system wide annual level
Total operating cost plus cost of capital divided by IFR flights

Cost per IFR flight hour
ATCO employment cost per ATCO hour
ATCO hour productivity
Cost excluding ATCO employment costs per IFR flight hour
Unit ATCO employment cost
Annual Working hours per ATCO in operations
IFR hours per ATCOs in operations
Cost of capital and depreciation as a percentage of costs

©2018 – APACHE Consortium.
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ICAO

CANSO

SES/PRU

SESAR2020

+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+

+
+
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KPA

Focus Area

Indicators

ICAO

Employment cost of ATCOs as a percentage of total costs
ANS revenues per IFR flight hour
DUC for en route ANS (called DUR in RP1)
DUC for terminal ANS
Terminal ANS costs
Terminal ANS unit rates
EUROCONTROL costs
En-route actual unit cost
Actual en-route unit cost for airspace users (true cost for users)
Gate-to-Gate unit economic costs
Financial cost-effectiveness indicator
Support cost ratio
Flights per ATCO hour on duty
Technology cost per flight
Direct operating costs for an airspace user
Indirect costs for an airspace user

CANSO

SES/PRU

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Overhead costs for an airspace user
Efficiency

+

The share of regulated flights

/

+

Percent of flights departing on-time
Average departure delay of delayed flights
Percent of flights with normal flight duration
Average flight duration extension of flights with an extended flight duration
Percent of flights with on-time arrival at a predetermined set of airports

+
+
+
+
+

Total number of minutes actual gate arrival time exceeding planned arrival time
on a per flight basis at the predetermined set of airports

+

Number of Gate Departure Delayed Aircraft
Average of Gate Departure Delay per Flight
Average Gate Departure Delay per Delayed Flight
Number of Taxi-Out Delayed Aircraft
Average of Taxi-Out Delay per Flight

SESAR2020

+
+
+
+
+
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KPA

Environment

32

Focus Area

Fuel
efficiency and
emissions

Indicators

ICAO

CANSO

Average Taxi-Out Delay per Delayed Flight
Calculated Take-Off Time Compliance
Number of Early Departures
Number of Late Departures
Number of Departing Aircraft Delayed in the Terminal Airspace
Average Departure Delay per Flight
Average Departure Delay per Delayed Flight
Actual level flight time/distance from take-off to 40/100 NM circle
Average or Total Actual Flight Distance/Time above that obtained from a great
circle benchmark
Average of Total Filed Distance/Time above that obtained from a great circle
benchmark
Total or Average Excess Minutes or Miles by Aircraft Group, Operating
Configuration, or Arrival Airport

+
+
+
+
+
+
+
+

Actual level flight time/distance from 100/40 NM circle landing
Average Runway Occupancy Time per Aircraft Category
Number of Taxi-In Delayed Aircraft
Average of Taxi-In Delay per Flight
Average Taxi-In Delay per Delayed Flight
Number of Gate Arrival Delayed Aircraft
Average Gate Arrival Delay per Flight
Average Gate Arrival Delay per Delayed Flight
Delay against a schedule or a filed time that can be attributed to ATM

+
+
+
+
+
+
+
+
+

Average Travel Time Between City Pairs

+

Amount of emissions (CO2, NOx, H2O and particulate) which are attributable to
inefficiencies in ATM service provision
Fuel efficiency per revenue plane-mile as measured by a three-year moving
average
Average horizontal en route flight efficiency of the last filled flight plan
trajectory
Average horizontal en route flight efficiency of the actual trajectory
Effective use of CDRs
Effectiveness of booking procedures for flexible use of airspace (FUA)
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SES/PRU

+
+
+

+
+
+
+
+
+

SESAR2020
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KPA

Focus Area

Noise

Flexibility

Local air
quality
/

Indicators

ICAO

Rate of planning of conditional routes (CDRs)
Average fuel burn per flight (FEFF1)
CO2 Emissions (FEFF2)
Reduction in Average Flight Duration (FEFF3)
Number of people exposed to significant noise as measured by a three-year
moving average
Relative noise scale
Size and location of noise contours

CANSO

SES/PRU
+

+
+
+
+

+
+
+

Geographic distribution of pollutant concentrations

+

Number of rejected changes to the number of proposed changes (during any
and all phases of flight) to the number of flight plans initially filed each year

+

Proportion of rejected changes for which an alternative was offered and taken

+

Average delay for scheduled civil/military flights with change request and nonscheduled / late flight plan request
Global
interoperability

Participation by
the ATM
community

Predictability

/

/

Punctuality

Variability

SESAR2020

+

The number of filed differences with ICAO Standards and Recommended
Practices

+

Level of compliance of ATM operations with ICAO CNS/ATM plans and global
interoperability requirements

+

Number of yearly meetings covering planning, implementation and operation,
and covering a significant estimated proportion (e.g. 90%) of the whole of the
regional aviation activity
Number of yearly meetings for planning
Number of yearly meetings for Implementation

+
+
+

Number of year meetings for operation

+

Departure punctuality
Arrival punctuality
ATFM slot adherence
% of Departures < +/- 3 minutes vs. schedule due to ATM causes
% of flights within 15min scheduled arrival or departure time
Flight time variability

+
+
+

+
+
+

+
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KPA

Focus Area

Indicators

ICAO

Difference between the 85th and 15th percentile declared capacity for a facility
Difference between the 85th and 15th percentile travel time for a phase of
flight for a city pair
Difference between the 85th and 15th percentile flight plan distance or time for
a city pair.
Variance of differences between actual and flight plan or Reference Business
Trajectory (RBT) durations

Delays
Safety

/

SES/PRU

Knock-on effect (reactionary delays)
Count of accidents normalized through either the number of operations or the
total flight hours
Total commercial air transport (CAT) accidents

SESAR2020

+
+
+
+

Flight operation time variability
Time window of flights arriving at gate reduced from 5 mins to 2 mins (mins^2;
60% reduction)
Departure delays caused by ATM/weather

+

+
+

ANS-related accidents and serious incidents

+

Accidents and serious incidents with ATM contribution

+

Serious incidents in commercial air transport (CAT)

+

ATM-related incidents

+

+

Mid-air collisions (en-route/TMA)

+

RWY collision/excursion accidents

+

TWY collision accidents

+

CFIT accidents

+

Wake related accidents

+

Effectiveness of safety management (EoSM)
Application of the severity classification based on the RAT
Level of presence and absence of just culture
Application of automated safety data recording for separation minima
infringement monitoring
Application of automated safety data recording for runway incursion
monitoring
34
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KPA

Security

Focus Area

/

Indicators

ICAO

CANSO

SES/PRU

Level of occurrence reporting

+

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

+

Number of acts of unlawful interference reported against air traffic service
provider fixed infrastructure
Number of incidents involving direct unlawful interference to aircraft (bomb
threat, hijack, or imitative deception) that required air traffic service provider
response
Number of incidents due to unintentional factors, such as human error, natural
disasters etc. that have led to an unacceptable reduction in Air Navigation
System capacity.
Personnel (safety) risk after mitigation
Capacity risk after mitigation

SESAR2020

+
+
+
+
+
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4 APACHE performance framework

4.1 Introduction - main findings and the approach for Apache PF
definition
Since the beginning of the Performance Based Approach (PBA) implementation, one of the biggest
issues was the variety of performance indicators used by different organizations. The main challenge
was to agree on a standardized set of indicators to be used by the ATM community in order to
consolidate the data and monitor ATM performance on a global level in a harmonized way.
The overview of the performance indicators currently in use by different organizations for
performance management/monitoring, presented in Section 3, shows over 150 performance
indicators in 11 KPAs, summarized in Table 3-8. This could result from different understanding of the
ICAO’s high-level goals, but it is also highly related to specific characteristics of the systems observed.
It is likely that the same set of indicators cannot successfully catch the performances of different ATM
systems (e.g. US and European ATM system), due to differences in air traffic system organization,
airspace management, air traffic flow management, etc. US-Europe Comparison 6 of Air Traffic
Management-Related Operational Performance (EUROCONTROL and FAA, 2016) provides thorough
overview of the differences/similarities of the two systems and suggests harmonized indicators in
three KPAs that relate to operational efficiency: Capacity, Efficiency and Predictability.
ICAO itself recognized a lack of harmonization with KPIs used across different KPAs. Due to that, in the
last edition of the Global Air Navigation Plan (2016-2030) ICAO suggests a phased development
approach according to which an agreement on a simple set of KPIs has to be reached by 2019 (see
Table 2-2) (ICAO, 2016). Seven core KPIs (mostly related to airports) and nine additional KPIs are
proposed in three KPAs: Capacity, Efficiency and Predictability. As stated earlier, a set of potential KPIs
to be used by states should be decided based on their needs and maturity level of performance
monitoring system. They are encouraged to start with Core KPIs matching their needs, and to complete
them later on with Additional KPIs.
Two "high-level" groups of indicators can be differed: operational and economic ones. CANSO and
EUROCONTROL separate them in two different reports.

6

US CONUS airspace is represented by its 20 CONUS centers, and European airspace covered by 63 en route centers. The US
area is about 10% smaller and handles approximately 57% more flight activity as measured by operations or flight hours. US
airspace density is higher and airports tend to be larger and more complex. The US also operates with fewer airports applying
schedule limitations.
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SESAR adopts a wider performance framework (PF), with eight KPAs (Access and Equity, Capacity, CostEfficiency, Environment, Flexibility, Predictability, Safety and Security) and two additional Focus Areas:
Civil-Military Cooperation and Human Performance. Global interoperability and Participation of the
ATM community are stated as crucial for the success of SESAR, but difficult to quantify. Aiming not to
define new KPAs but to propose a different organisation of current ones in a way that are more
appropriate for the SESAR 2020 Performance Framework it is stated that „The ICAO Efficiency KPA is
retitled as Cost Efficiency in the SESAR 2020 PF in order to distinguish it from fuel efficiency“ (SESAR,
2016a). This could lead to conclusion that Cost-effectiveness is only one of 11 ICAO’s KPAs not
addressed in SESAR 2020 PF, but in fact the explanations provided seem missleading, because fuel
efficiency is in KPA Enviromnent in both SESAR 2020 and ICAO.
ICAO and CANSO distinguish between KPAs Efficiency 7 and Cost-Effectiveness 8, while SES and SESAR
use KPA Cost-efficiency. Here it is important to note that ICAO defines KPA Efficiency as operational
and economic cost-effectiveness 9. In (PRC, 2010) it is stated that Cost-efficiency is referred to what is
described in ICAO documents as ‘Cost-effectiveness’. For that reason, it rather seems that SESAR 2020
also uses Cost-Efficiency for Cost-Effectiveness, not for Efficiency as stated earlier.
Due to difficulties in quantifying some of the 11 ICAO KPAs (e.g. Global interoperability, Participation
of ATM community and Security), there is an imbalance in the number of indicators among different
KPAs. The vast majority of indicators identified in Section 3 are related to four major KPAs recognized
as the most relevant by SES PF and EUROCONTROL’s PRU – Safety, Capacity, Environment and CostEfficiency.
In the reminder of this Section some of the issues (drawbacks) of these performance indicators, from
the APACHE project point of view (identified during overview of KPAs/PIs), are listed and used as a
baseline for considering their enhancement and/or proposing new indicator(s) that would be more
suitable for the future European ATM system.
For the review of the PIs the following considerations were accounted:
•
•
•
•
•

Perspective of the performance analysis: “a priori” (Pre-OPS) or “a posteriori” (Post-OPS) for
both the currently deployed ATM system and for the future ATM system;
PIs relation to KPAs: direct or indirect (e.g. throughput vs. delay in KPA Capacity); and related
to that: is the indirect measure a good proxy for a given KPA?;
The formulae for calculating PIs; and related to that, the denominator used to normalize the
values; and
The availability/quality of data to calculate the PIs.
Obviously the same PI could be classified in different KPAs, based on its interpretation, e.g.
flight efficiency is used in KPA Environment SES PF, while CANSO and ICAO use it for KPA
Efficiency. Based on previous considerations, issues can be categorized as: general drawbacks

7

The ratio of the cost of ideal flight to the cost of a procedurally constrained flight (inputs/output) (PRC, 2010)
The monetary cost of an input required to produce an output (inputs/outcome) (PRC, 2010)
9
“If ICAO definition of ‘efficiency’ is used, this is broader than ‘cost-effectiveness’, as there is a notion of added
value for the customer, which could be measured in terms of the wider economic costs of the ANS system – for
example, indirect routings and delays. However, these are defined in the Regulation as separate key performance
areas.” (PRC, 2010)
8
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related to different interpretation/understanding of the high-level guidelines (e.g. the
indicator does not reflect adequately certain KPA); and methodological drawbacks due to
measurability and data collection/availability issues (e.g. the indicator itself is appropriate, but
the metrics used to calculate its value or the data collection methodology could be an issue).
Some examples are listed below:
•

Average en-route ATFM delay per flight attributable to air navigation services (Capacity KPA in
SES PF). The first issue with this indicator is whether delay should be used as a proxy for
capacity. For example, in the US there are less ATC capacity restrictions and the vast majority
of airspace problems are caused by the weather conditions. Due to dynamic nature, only shortrange weather forecasts are reliable (accurate enough) and tactical measures such as speed
control and path stretching are used more often. Thus, ATFM delay does not reflect capacity
in the US airspace since it is not applied. On the other hand, in European airspace, there is
structural lack of the ATC capacity and demand is mainly managed in pre-tactical phase
applying ATFM regulations and that could be an argument for using the en-route ATFM delay
to reflect capacity.
In order to establish a uniform PI that is independent on level of demand (setting a unique
target) it is necessary to average the delay. By considering only the average delay, we lose
crucial information about the distribution of delays, as well as existing capacity problems. In
that sense, we cannot compare between different cases, e.g. is it better to have 10 regulated
flights with 10 min of delay each, or 2 flights with 30 min of delay and 8 flights with only 5 min
of delay? A uniform distribution of delay among flights with moderate average or total delay,
signifies small capacity problems (imbalances) or inefficient use of system capacity, while a
small number of highly delayed flights, regardless if total (average) delay is lower, greater or
equal, indicates serious capacity problems (or disruptions) in some control centres along their
routes. However, the distribution of delays is considered in PRR - in detailed analysis of ATFM
delay per ACC, but no PI measuring delay distribution is yet developed.
Furthermore, some methodological drawbacks related to this indicator are identified: not
taking into account intended flights withdrown from the ATM demand due to direct or indirect
ATM causes; and dependence on denominator (number of flights) and thus the reference time
and geographical scope. Related to the latter, increase of demand in the zone with excess of
capacity won’t have effect on total delay but will consequently decrease average delay and,
thus, perceived as a system performance improvement, although nothing was change except
denominator.

•

38

Number of accidents with ANS contribution (KPA Safety in PRU and SESAR). Figures depend on
final accident investigation reports which for some accidents might be delayed by few years,
particularly when the investigation is complex. For this reason, it may be possible that some
accident occurs in certain year, but cannot be classified as “with” or “without” ANS
contribution before the investigation is officially finished. This indicator sounds reasonable for
Post-OPS analysis (as done by PRU), but is seems rather „unreliable“ when it comes to Pre-OPS
analysis (SESAR PS). In SESAR, a probabilistic Air Incident Model (16.06.01) is used to measure
this PI. This indicator should be at least combined with some other measures that are not
connected to rare events, but some more frequent events that in a way reflect complexity of
the traffic (e.g. TCAS TAs/RAs warnings).
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•

•

The average horizontal en route flight efficiency of the actual trajectory/of the last filed flight
plan trajectory (KEA/KEP) 10 are indicators used in KPA Environment. Some of the
methodological issues related to those KPIs, which could be considered for improvement are:
•

Horizontal en-route flight efficiency measures the length of flight trajectories as
additional distance with respect to the Great Circle Distance (GCD) between the airports
which might not be the optimal one from the environment point of view;

•

vertical component of trajectories is not considered, i.e. the horizontal component of
flight is considered to be of higher economic and environmental importance than the
vertical component across Europe as a whole;

•

the impact of external factors (strikes, weather, military activity, etc.) complicates the
assessment of the benefits of airspace changes (such as Free Route Airspace);

•

ten worst and ten best days are excluded from the computation. What if there is more
than 10 “abnormal” days?; and

•

interdependencies with other indicators (high ATFM delays in one state may decrease
flight efficiency in others, which is an issue for target setting).

KPA Cost-Efficiency uses the following KPI - Unit cost per service unit. Methodological issues
related to this KPI are: dependence on ANSP provided data and availability of the financial data
(e.g. data for year 2015 relate to the financial data for calendar year 2014). ANS-related
inefficiencies in operations impact on airspace users in terms of cost of time and fuel.
Estimating the costs of such inefficiencies is a complex task requiring expert judgement and
assumptions based on published statistics and the most accurate data available.

A very important aspect in ATM system performance management is balancing between various KPAs
by including their interdependencies into analysis. By now, all relevant organizations, measuring and
reporting past, current or expected future ATM system performance observe KPAs independently one
of another. There is no performance scorecard to track achievements vs. goals such that also captures
effects of promoting one PI vs. other PIs (belonging to different KPAs of even the same KPA).
Following SESAR PF, the APACHE project observes all KPAs as suggested by ICAO 11, not necessarily
aiming to measure all, but to select the most appropriate ones (not limited to Capacity, Safety,
Environment, Cost-efficiency as in the SES Performance Scheme). New APACHE Performance Scheme
aims in capturing the performance of the future (and current) ATM system, including the analysis of
the interdependencies between the different KPAs at the Pareto-frontier of the ATM performance, by
finding the theoretical optimal limits for each KPA and assessing how the promotion of one KPA
actually changes the performance of the other KPAs.
In that context, the interdependency between four major KPAs can be observed directly, using
appropriate PIs, but they could also be connected in an indirect way, through some other KPAs. For
example:

10

KEA: Key performance Environment indicator based on Actual trajectory
KEP: Key performance Environment indicator based on last filed flight Plan
11
While renaming Cost-effectiveness to Cost-efficiency
© 2018 – APACHE consortium39

All rights reserved. Licensed to the SESAR Joint Undertaking under conditions.

EDITION 02.00.00

•

Predictability - recognized as one of three areas that ICAO suggest to focus in standardization
process of performance measurement. It could be used as a connection between KPAs
Capacity and Cost-efficiency;

•

Traffic complexity indicators are used in KPA Safety by some organizations, but it is worth
considering introducing new Focus area, rather than new KPA, aiming to provide meaningful
link between KPAs Safety and Capacity;

•

Flexibility - in SESAR it primarily focuses on civil-military cooperation and neglects very
meaningful measures identified by ICAO and/or used by other organizations (e.g. FAA) to show
the ability of the system to accept changes. Flexibility indicators could be connected to the
KPA Capacity (focus area Resilience), but also to the KPA Safety (related to traffic complexity).

In the remainder of this Section a new/updated list of PIs in 11 KPAs is proposed 12. The aim is to
propose a set of KPA/PIs such that:
•

they are capable of measuring the performance of the current and future ATM for the purpose
of planning (solution validation) and monitoring;

•

they could be measured by the APACHE System i.e., if the data for calculation of PIs can be
obtained from the (existing, somewhat modified) tools that will integrate the APACHE System;
and

•

a meaningful relationship between KPAs can be established based on the selected PIs.

The following approach is applied (Figure 4-1):
•

The four major KPAs (the most frequently assessed ones and covered by both SESAR and SES
Performance Schemes) and associated PIs are considered first. Existing PIs are adopted as they
are or certain enhancements are suggested. Also, new indicators are possibly proposed;

•

In line with SESAR2020 PF, which addresses a wider range of KPAs, seven additional KPAs are
also considered, where the same apporach as above is applied: some of existing performance
indicators are found appropriate as they are or with certain enhencement, or new indicators
are proposed;

•

In line with APACHE goals, possible introduction of new KPAs (out of those 11 previously
mentioned) and their corresponding indicators are also considered.

Since the PRB already initiated some discussions on the next Reference Period (RP3), APACHE tried to
address some of the issues and performance objectives stated in PRB’s “White paper on RP3
performance objectives” (PRB, 2016).

12

The given list of KPAs/KPIs is a product of refinement process in which initial list of APACHE KPAs/KPIs are
commented with the APACHE External Expert Advisory Board (EEAB) as well as participants in the APACHE
Workshop (organized during SID 2016 in Delft, The Netherlands) who filled the questionnaire developed for this
occasion (see Appendix 2).
40

©2018 – APACHE Consortium.
All rights reserved. Licensed to the SESAR Joint Undertaking under conditions

REVIEW OF CURRENT KPIS AND PROPOSAL FOR NEW ONES

Current Performance
Frameworks
Safety

Set of PIs

Capacity

Set of PIs

Environment

Set of PIs

Cost-efficiency

Set of PIs

Access and
Equity

Set of PIs

Efficiency

Set of PIs

APACHE Performance
Framework

Selected Existing PIs
(as currently in use)
+
Selected Existing PIs
(modified/enhanced)

+

Flexibility

Set of PIs

Interoperability

Set of PIs

Predictability

Set of PIs

Security

Set of PIs

ATM Community

Set of PIs

NEW PIs

New KPA
Figure 4-1: Approach to define APACHE Performance Framework

In the Safety KPA, APACHE proposed some new indicators compliant with the Performance Objective
One stated in (PRB, 2016) (Reduction of loss of separation incidents both horizontally and vertically by
focusing on system risk) which can be estimated in pre-tactical phase in order to identify hotspots on
the network and take measures to increase safety.
In the Environment KPA, Performance Objective Four stated in (PRB, 2016) (Maintenance of
contribution towards global emission by maintaining, or improving ATM contribution to fuel burn (CO2
emissions)) is addressed by proposing a set of fuel burnt (or CO2 emissions) indicators, in line with FEFF
indicators already proposed by the SESAR 2020 PF, that capture different layers of the ATM
inefficiencies both in vertical and lateral trajectories.
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Regarding the Capacity KPA, APACHE proposes both direct and indirect indicators in order to obtain a
better insight into capacity situation across the network and avoid delay averaging issues. This is in line
with the Performance Objective Eight stated in (PRB, 2016) (Maintaining delay measures to facilitate
98% of aircraft on time performance).
Cost-efficiency KPA is also covered by proposing a set of new indicators with the aim of monetarising
direct and indirect costs due to ANS-related inefficiencies in the en-route phase of the flight. This is
compliant with the Performance Objectives Thirteen (Improving the effectiveness of the charging
mechanisms to improve cost efficiency) and Fourteen (Increasing the view of Gate to Gate to match
cost and operational performance) stated in (PRB, 2016).
The reminder of this section is organized in the following way. The eight KPAs addressed in SESAR PF
are discussed first (sorted in alphabetical order), followed by Global Interoperability and Participation
by ATM Community KPAs, not used in the SESAR PF, but stated as crucial to the success of SESAR. Last
but not least, Efficiency KPA (focusing on Flight efficiency) is also discussed - to complete all 11 KPAs
as recognized by ICAO.
It should be noted here that a new set of indicators, initially proposed by APACHE team, was reviewed
by the APACHE External Experts Advisory Board members, and presented to a wider audience at the
first APACHE open workshop 13. A large number of participants of the workshop provided their
feedback in round table discussion, as well as answering a written questionnaire (see Appendix 2). All
the feedback collected from the EEAB members and workshop participants were very valuable in
defining the final set of indicators presented in the reminder of this Section 4. The APACHE team is
grateful for all the comments and suggestions received, which have been taken into account to refine
this document and improve its quality.

4.2 Access and Equity
As stated in ICAO Doc 9854 (ICAO, 2005), Access and Equity ensures that all airspace users have equal
right of access to the ATM resources. All types of airspace user missions and all types of vehicles and
associated characteristics must be accommodated, while minimising restriction of access to airspace
(ICAO, 2008a). The KPI defined at ICAO level is “unsatisfied demand versus overall demand“.
On the other hand, SESAR 2020 performance framework is concerned only with Equity at two levels:
as a constraint on SESAR Solutions such that they must not result in inequitable impacts between
individual or groups of airspace users; and as there must be no significant overall detrimental impact
on the ATM system as a whole from a SESAR Solution, even if some individual or groups of airspace
users are benefitting. The non-mandatory PIs defined in SESAR 2020 Performance Framework quantify
Equity at these two levels and are the following:
1.
2.
3.
4.

Net difference in AU’s delay or cost compared with other AUs;
Relative advantage gained by one AU over the others weighted by impacted fleet size;
Total ATM delay relative to baseline ATM delay;
Number of flights advantaged and/or disadvantaged;

13

1st APACHE Workshop “Novel metrics to analyze the ATM performance –Evolving from current paradigm to
performance based operations”, Delft, the Netherlands, November 10, 2016
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5. AU delay per flight compared to baseline;
6. AU cost per flight compared to baseline (cost per flight of AU concerned in the solution
scenario divided by cost per flight of AU concerned in the reference scenario);
7. ATM delay (total minutes of delay due to ATM causes).
As VFR traffic nor RPAS/UAS operations are not considered within the APACHE scope, Equity among
airspace users can only be measured in terms of different airlines. Equity could be measured among
different groups of airspace users according to other indicators, not only delay. Nevertheless, costbased indicators could be difficult to measure because it is not expected that AUs would provide their
business models. Thus, cost-based PIs shall be always put in relative figures, compared with a baseline
or reference scenario. The same principle could be applied to flight-efficiency, cost-efficiency, etc.
The SESAR 2020 performance framework states that within the Access and Equity KPA, “SESAR is
concerned only with Equity because SESAR Solutions are not expected to impact on Access, which is an
institutional issue“. As such, indicators concerning strategic access to the network (e.g. airport slots)
are not investigated in APACHE. Nonetheless new Access and Equity indicators proposed for APACHE
upon research and discussion aim to reflect the ability of the ATM system to evenly accept
modifications/adjustments requested by the different AUs and the corresponding impact distribution.
The following indicators are proposed (detailed in Table 4-1):
•

AEQ-1: Percentage of RBTs which are equal to the first SBTs submitted (per AU); and

•

AEQ-2: Worst penalty cost

AEQ-1 tries to capture the ability of the ATM system to accept modifications/adjustments requested
by the different AUs in an even way throughout the system. As envisaged by the SESAR Operational
Concept, in the future Shared Business Trajectories (SBT) filed by the airspace users will be a product
of collaborative decision making process with airports/ANSPs/Network Manager, resulting in
Reference Business Trajectories (RBT) intended to change as less as possible during the flight. AEQ-1
aims to evaluate how evenly the AUs requests are being accepted by the system, by comparing the
percentage of RBTs that are equal to the SBTs firstly submitted by the AUs across the network (assuning
that this first SBT will be the AU’s most desired trajectory). Thus, this PI will assess if an airline is capable
to fly its preferred trajectory more or less than the rest of the AUs. This indicator could be expressed,
in fact, in different forms: directly as the percentage of RBTs equal to the first SBTs per AU; considering
the variance of this percentage across the network; or by the difference between the maximum and
minimum percentages identified per AU. For current CONOPS this metric could be computed in a
similar fashion but considering the percentage of delays, re-routing and level-cappings per AU, thus
comparing the first filed flight plan with the regulated flight plan (for this case, see the applicability
implications in section 4.2.1).
AEQ-2 represents the difference between maximum penalty cost among all AUs and average penalty
costs for all AUs, i.e. the difference between the maximum/average value of the vector of Penalty
Costs. The vector of Penalty Costs contains (for each AU) the average of the penalty costs due to
differences between the first SBT submitted and the RBT for all the trajectories corresponding to that
AU. If the first SBT and RBT are equal, then the penalty cost is zero. Regarding AEQ-2 and according to
Rawls principle (Rawls, 2005), a "fair" distribution is the one minimising this indicator (i.e. minimising
the maximum penalty cost).
Apart from comparing RBTs with SBTs, in order to capture strategic and pre-tactical equity issues, AEQ1 and AEQ-2 could also compare RBTs with "executed RBTs" (the actual final trajectory) to capture
tactical equity issues.
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Furthermore, Table 4-1 below summarises the existing PIs included in the SESAR 2020 PF (AEQ3-AEQ5)
that could be measured by APACHE and are not currently included in the SES Performance Scheme.
AEQ-3 and AEQ-5 are relative PIs which compare between Solution and Reference Scenario, or in the
present case, current and future ATM business model assessed (i.e. when turning ON and OFF different
SESAR 2020 solutions in the different scenarios). Thus, these two indicators are only used in “Pre-OPS”
(planning purposes). AEQ-3 is not measured per AU as they aim to assess the performance of the whole
system as to represent SESAR 2020 PF’s second definition of equity (SESAR, 2016a), i.e. that there must
be no significant overall detrimental impact on the ATM system as a whole from a SESAR Solution,
even if some individual or groups of airspace users are benefitting.
AEQ-4 refers to percentage of impacted (advantaged or disadvantaged) flights. This relative indicator
is defined in the SESAR Transition Performance Framework (SESAR, 2016a) as “…the number of flights
impacted (+ or -) by the change”. In the context of APACHE, it is suggested to measure this impact per
AU, in line with AEQ-1, AEQ-2 and AEQ-5, to represent inequitable impacts between AUs.
Table 4-1: New Access and Equity PIs proposed

Indicator

Unit

Description

AEQ-1: Percentage of RBTs
which are equal to the first
submitted SBTs per AU

%

AEQ-2: Worst penalty cost

EUR

(Total number of RBTs equal to first SBTs submitted) / (Total number of SBTs
submitted)
Remark: calculated per AU
OR
The variance of these percentages:
(Variance of total number of RBTs equal to first SBTs submitted) / (Total
number of first SBTs submitted per AU),
OR
maximum (Total number of RBTs equal to the first SBTs submitted) / (Total
number of first SBTs submitted)) – average (Total number of RBTs equal to
first SBTs submitted) / (Total number of the first SBTs submitted))) calculated
per AU
(Maximum penalty cost among all AUs) – (Average penalty cost for all AUs)

AEQ-3: Total ATM Delay
relative to Reference ATM
delay
AEQ-4: Percentage of
Flights Advantaged or
Disadvantaged

Min

AEQ-5: AU cost per Flight
relative to Reference AU
cost

EUR

%

(Total Delay in the Solution Scenario) / (Total Delay in the Reference
Scenario)
Remark: Only for “Pre-Ops” performance assessment.
(Number of Flights impacted by the change) / (Total number of flights)
Remark: Flights can be advantaged or disadvantaged. In the future ConOps
“impacted flights” are those where the RBT is different from the first SBT
submitted.
(Cost per Flight of AU concerned in the Solution Scenario) / (Cost per Flight
of AU concerned in the Reference Scenario)
Remark: Only for “Pre-Ops” performance assessment.

4.2.1 Implementation considerations of the new Access and Equity indicators
The new AEQ indicators proposed mainly compare the AU’s initial interest (i.e. most preferred
trajectory) with the trajectory that has been finally agreed after the negotiation process of the SBT (i.e.
the RBT). An important assumption for these PIs is that the first SBT that is submitted to the network
manager is indeed the AU’s most preferred trajectory. This is expected in the future, under the SESAR
2020 paradigm, since the SBT life-cycle will be performed in a collaborative fashion with ANSPs, other
AUs and the NM.
Yet, at present SBT/RBT are not available and first filed flight plans are not always representative of
the preferred intentions of the AUs. In fact, it is well known that some AUs send repetitive flight plans
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days or weeks in advance with a generic trajectory and cruise altitude. Then, they refine this flight plan
several times as the day of the actual flight approaches. Moreover, since current ATFM regulations are
only implemented in form of ground delays, it is also commonly seen that some flight plans are
sometimes updated with routes (or cruise altitudes) avoiding a particular airspace likely to become
congested. This indicates that the AU is preferring a less efficient route than being subject to a
regulation with the original route. It is also frequent, however, that these flight plans are updated few
hours before departure, with more direct routes (or efficient flight levels) if the AU considers that the
probability of big delays due to regulations has decreased. All these changes and updates in the flight
plan are not negotiated nor coordinated with the network manager, from an ATFM perspective, and
AUs base their decisions on previous experience and heuristics. Therefore, with current ATFM
paradigm and current CFMU implementation in Europe it is very difficult to know the most preferred
trajectory for the AU, since either the first submitted flight plan, the last filed flight plan, or any update
in between, are representative of these AU “real” intentions.
Consequently, the proposed AEQ indicators have some limitations in current operations, since they
might not really capture the AU’s real intents. In APACHE, the last filed flight plan will be used as
reference for the AU’s most preferred trajectory 14, since at present, this is the best information
available for performance monitoring. Yet, for the reasons explained above it should be noted that the
AEQ indicators proposed here will not capture changes in trajectory that under the SESAR 2020
paradigm will be part of the SBT negotiation (and therefore changes in the trajectory due to demand
and capacity measures).

4.3 Capacity
The term “capacity” has a multitude of different meanings and application in the aviation industry.
Therefore, before discussing PIs used to measure capacity performance of the ATM system, it is more
important to clearly define what APACHE is attempting to evaluate, i.e. what is the meaning of capacity
as KPA.
Following general definition of the capacity, it might represent maximum traffic demand that may be
served within ATM system at a given time. This way a theoretical demand is measured not considering
current needs. Since ATM is a system of systems it is questionable whether one single value may
represent system-wide capacity, or the PI has to be defined at a medium level (FAB/national/ACC
level). Furthermore, capacity is difficult to determine due to existence of alternative routes,
heterogeneous spatial distribution of demand, etc.
Another extreme is to strictly measure whether system capacity is in accordance with current needs,
i.e. if the current demand may be served without imposing restrictions on traffic flow. This is in line
with EUROCONTROL strategic ATM objective “to provide sufficient capacity to accommodate the
demand in typical busy hour periods without imposing significant operational, economic or
environmental penalties under normal circumstances” (EUROCONTROL, 2003). However, it remains

14

EUROCONTROL’s Data Demand Repository 2 (DDR2) data, where Current Tactical Flight Model (CTFM)
trajectories are given in form of ETFMS (enhanced tactical flow management system) Model 1 information (M1
files).
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unclear whether it is a good measurement, since it shows effectiveness of the system based on current
needs, but it says little about actual capacity of the system and/or whether system changes have
positive or negative effect on system capacity. Therefore, such PIs may hardly be used to compare
different operational scenarios (scenarios benchmarking), especially in the situations when there is an
excess of capacity, which is one of the goals of the APACHE project. Furthermore, it doesn't capture
latent capacity which represents “ATM system resistance to any potential service disruptions and
temporary capacity reductions” (bad weather, union activities, etc.), that is another strategic ATM
objective.
Based on different interpretations of the term “capacity”, newly proposed capacity PIs may be
classified into two different categories based on how they express system capacity. The first group
consists of indicators that indirectly measure system capacity (like current SES KPI) by measuring
negative impact of capacity shortfalls. The second group contains indicators that directly measure
system capacity. There is also additional category which deals with the aspect of capacity resilience.

4.3.1 Indirect measures
As an indirect measure of system capacity, CAP-1: robust maximum en-route ATFM delay and CAP-2:
average flow management arrival delay can be used (see Table 4-2). The purpose of CAP-1 is to
replace the information loss due to en-route ATFM delay averaging. It may be used as an independent
indicator or better in conjunction with the existing KPI – “average en-route ATFM delay”. A reduction
on both indicators, existing average and robust maximum en-route ATFM delay, signifies an
improvement of system performance. A reduction of average delay not followed by reduction of
robust maximum delay, implies an increase of the demand in the zone (spatial or temporal) with excess
of capacity and not improved performance.
Related to CAP-2, since arrival delay is calculated as difference between planed and regulated arrival
time, reflecting all changes in initial flight plan (departure delay/ longer route/ suboptimal FL = late
arrival), it appears, intuitively, that it may account for other ATFM measures beside departure delay,
caused by the ATFM slots, and might be used to measure their effects. For the future ATM, flow
management arrival delay may be defined (calculated) as difference between the first SBT submitted
(assuming that this first SBT will be the AU’s most preferred trajectory) and the RBT 15 arrival time.
Another indicator that indirectly quantifies capacity shortfalls is CAP-3: capacity shortfall (see Table
4-2), measured in number (or percentage) of flights that received a change of their initial flight plan
due to lack of capacity. Although this indicator does not account for disruption magnitude (since total
delay time and total additional flight distance are not measured), it captures all demand management
measures, as well as airline operator business decisions (rerouting, flight cancellation, etc.).
The proposed PI represents a high-level indicator and a target value may be established for the
percentage of “changed” flights. Since percentage computation involves division by the total number
of flights, a decrease of the indicator may be misinterpreted if caused by an increase in the demand
(especially in the zones with excess capacity). This misinterpretation may be partly avoided if the

15

Planed (agreed) RBT since final (executed) RBT will be influenced, as nowadays actual trajectories, by weather,
pilot and ATCO actions, etc.
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percentage of changed flights is computed for the busiest sectors representing system bottlenecks, or
during busiest (peak) hour per sectors.

4.3.2 Direct measures
Several indicators capturing actual and maximum potential operations at different levels can be used.
Actual throughput measured for short period of time (e.g. 15 minutes up to 1 hour) may serve as a
proxy for the capacity of airspace as a whole and for individual airspace sectors. Time interval for which
throughput is measured is very important aspect, since capacity may be characterized with peak
throughputs of saturated airspace which typically occur in short time intervals.
On the other hand, maximum throughput capability can be only determined for individual airspace
sectors/FAB. Since capacity may be defined as a state of the system or sub-system when performance
degrades sufficiently compared to increase in demand, instead of limiting ATCO workload, an
alternative way of measuring capacity is by looking at system performance. Therefore, CAP-4:
Maximum throughput capacity per sector/FAB, defined as the number of aircraft that may be served
without degrading system performance, could be used as a target indicator for measuring airspace
capacity (Table 4-2). As a difference to existing methods, ATCO is not considered as a main bottleneck
of the system and therefore system capacity is limited by system performance (not only by ATCO
workload). This indicator, however, falls out of the scope of the APACHE Project, since an ATCO
workload model is not available to the APACHE Consortium members and will not be embedded into
the APACHE System.
Table 4-2: New Capacity PIs proposed

Indicator

Unit

Description

CAP-1: Robust maximum
en-route ATFM delay

Min

CAP-2: Average flow
management arrival delay

Min

CAP-3: Capacity shortfalls

%

(Average (en-route ATFM delay greater than mean value + Standard
deviation of en-route ATFM delay))
This indicator is depicting “critical en-route ATFM delays” that characterize
system capacity shortfalls.
In current ATM system, it is calculated as:
Average ((Regulated trajectory arrival time) – (Planned arrival time))
For the future ATM system, it is calculated as:
Average ((RBT arrival time) – (first SBT submitted arrival time))
On a system level:
(Number of flights that received a change of their initial flight plan for busy
sectors / (Total number of flights for busy sectors)
Remark: Per day or per year.
OR
On FAB level:
(Number of flights that received a change of their initial flight plan for all
sectors) / (Total number of flights for all sectors)
Remark: Per day or per year.

CAP-4: Maximum
throughput capacity per
sector/FAB

No. Acft

The maximum number of aircraft that may be served without degrading
system performance.
Remark: It is computed using simulation loading system until its performance
collapse using demand forecasts. That requires new ATCO workload modelling
adapted to future highly automated ATM system.
Remark: This indicator will not be implemented in the APACHE System.

© 2018 – APACHE consortium47

All rights reserved. Licensed to the SESAR Joint Undertaking under conditions.

EDITION 02.00.00

4.3.3 Capacity Resilience 16
Resilience is a Focus Area within SESAR 2020 PF, which measures the percentage of airspace capacity
loss avoided in the occurrence of exceptional events such as weather and technical failures. Resilience
is the ability to withstand and recover from planned and unplanned events and conditions which cause
a loss of nominal capacity (SESAR, 2016a).
The Resilience PIs for airspace solutions included in the SESAR 2020 Performance Framework are the
following:
1. Loss of airspace capacity avoided (percentage and movements per hour): loss of airspace
capacity with the concept divided by the loss of airspace capacity without the concept;
2. Airspace time to recover from non-nominal to nominal condition (minutes): duration of
airspace lost capacity from non-nominal to nominal condition;
3. Minutes of delays and number of cancellations: impact on AUs measured through delays and
cancellations resulting from capacity degradation. It may need to be measured on a conditionby-condition basis (e.g. fog, wind, system outage).
The second indicator, which measures the time until the system gets back to previous capacity, could
be measured by the APACHE system. A proposed new indicator for APACHE is RES-1: Airspace recovery
period (Table 4-3), the time until the system is not suffering any more effects due to the unexpected
events (in minutes). It differs from the SESAR 2020 PF indicator as it refers to the absorption of all
demand (time until no more delays are suffered) and RES-2: Airspace time to recover from nonnominal to nominal condition refers to the time for the system to return to nominal capacity.
Impact on AUs can be measured through delays and cancellations resulting from capacity degradation.
From that perspective, RES-3 and RES-3.1 indicators are proposed: Minutes of delays (or as variant,
Number of cancellations), caused by disruptive event. These indicators will only be applicable within
airspace sectors and should be normalised.
Assessing Resilience, however, is out of the scope of the simulations that will be done in the APACHE
Project, because these indicators require for additional network modelling and data (such as recovery
periods, flight cancelations models, etc.). Thus, all proposed Resilience indicators are given here as
idea for the future (as “Post-OPS” indicators), but will not be finally implemented into the APACHE
System.
Table 4-3: New Capacity Resilience PIs Proposed

Indicator

Unit

Description

RES-1: Airspace recovery
period

Min

RES-2: Airspace time to
recover from non-nominal
to nominal condition

Min

The time until the system is not suffering any more effects due to the
unexpected events, i.e. time until no more delays are suffered or all demand
is absorbed after disruption.
Remark: Only for “Post-Ops” performance assessment.
Remark: This indicator will not be implemented in the APACHE System.
The time needed to recover airspace lost capacity from non-nominal to
nominal condition, i.e. duration of disruption.
Remark: Only for “Post-Ops” performance assessment.
Remark: This indicator will not be implemented in the APACHE System.
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RES-3: Minutes of delays

Min

RES-3.1: Number of
cancellations

No. Acft

Total minutes of delays occurred caused by disruptive event
Remark: Only for “Post-Ops” performance assessment.
Remark: This indicator will not be implemented in the APACHE System.
Total number of cancellations caused by disruptive event
Remark: Only for “Post-Ops” performance assessment.
Remark: This indicator will not be implemented in the APACHE System.

4.3.4 Implementation considerations of the new Capacity and Resilience
indicators
CAP-2 and CAP-3 indicators need for the first submitted SBT. At present, the business trajectory lifecycle is not yet implemented and the last filed flight plan could be used instead of the first submitted
SBT. As commented in section 4.2.1, however, this is an important limitation for the indicators, since
last submitted flight plan not always express AUs real intentions but takes into accounts possible ATFM
restrictions if preferred route is taken instead. An additional difficulty for CAP-3 indicator may be data
availability, since the information necessary to compute it goes beyond classic delay computations and
requires airline reporting as well.
The extent to which the airspace is able to recover from unplanned events and conditions is captured
by the proposed resilience PIs, described in Table 4-3 above. As the capacity can be affected by multiple
unplanned events propagated throughout the network, RES-1 and RES-2 should also identify the
events affecting a specific sector/airspace to capture the magnitude of the disruption. In addition, the
definition of the nominal situation is needed in order to be able to identify the beginning and the end
of the non-nominal situation.
On the other hand, RES-3.1 measures the number of cancellations caused by disruptive event, which
requires the availability of information related to the causes of cancellation. This information may not
be available due to limited reporting, specially mentioning the cause of the decision taken by the AOs.
Moreover, many flight plans are cancelled, not because flight is cancelled but because AOs field several
flight plans for the same flight taking into account different weather realizations, probable
congestions, etc., abusing, to some extent the first come first served principle of the CFMU CASA
algorithm. In the future ATM paradigm, it is expected to easily determine the actual number of flight
cancelations.

4.4 Cost – efficiency
As stated by ICAO, the ATM system should be cost-effective while balancing the different interests of
the ATM community. The cost of service to airspace users must always be taken into account when
considering proposals for improving the ATM performance and quality of service.
Three different KPIs and PIs are foreseen within the Performance Scheme for the Cost-efficiency KPA:
•
•
•

determined unit cost for en-route-ANS;
determined unit cost for terminal ANS; and
costs of EUROCONTROL.

The yearly values of the determined costs are fixed in advance for the corresponding reference period.
Together with the costs of EUROCONTROL, the above-mentioned indicators are therefore not easily
measured within the APACHE framework.
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On the other hand, SESAR 2020 Performance Framework addresses two different PIs in the ANS Cost
Efficiency Focus Area: Flights per ATCO hour on duty and technology cost per flight. The first indicator
is similar to the indicator ATCO-hour productivity addressed in Annual ACE reports by the PRU – while
the SESAR PI is measured as the count of flights handled divided by the number of ATCO hours applied
by ATCOs on duty, the ACE indicator measures number of composite flight hours controlled per ATCO
hour. Both indicators provide relevant information on cost-efficiency performance, and both could
potentially be measured by the APACHE system. It should be noted that these PIs sometimes prove
difficult to use, as current rules/options for controllers on position/off position are very different. For
a determined number of controllers, if ATCO's are on position one PI could be positive, while others
could be negative. On the other hand, the technology cost per flight is not easily measured by the
APACHE performance analyser.
Additionally, the SESAR 2020 Performance Framework addresses the following PIs in the Airspace User
Cost-efficiency Focus Area:
1. Strategic delay: Minutes of strategic delay saved with the solution;
2. Sequence Optimization Benefit: Direct benefit obtained by swapping a slot;
3. Direct operating cost for an airspace user: direct costs related to the airplane and passengers
(e.g. fuel, staff expenses, passenger service costs, maintenance and repairs, navigation
charges, strategic delay, landing fees, catering);
4. Indirect operating cost for an airspace user: impact on operating costs that don’t relate to a
specific flight (e.g. parking charges, crew and cabin salary, handling prices at Base Stations);
5. Overhead costs for an airspace user: e.g. dispatchers, IT infrastructures, sales.
Strategic delay (costs associated with avoiding/reducing possible ATFM delays by introducing buffer
times in flight planning) is not easily measured within the APACHE system. Direct and indirect operating
costs and the overhead costs for an airspace user are new PIs defined in the SESAR 2020 Transition
Performance Framework and are very generic, but similarly to the “Gate-to-Gate unit economic costs”
addressed in the PRC’s Performance Review Reports, they tackle cost from the Airspace User (AU)
point of view - an interesting factor to consider within the APACHE framework. One new PI, based on
the ones mentioned before, are therefore proposed for APACHE, CE-1: En-route unit economic cost
for the AU.
Similar to the “Gate-to-Gate unit economic costs” PI of the currently published PRR, CE-1 would aim
to monetarise the total impact of trajectory changes incurred – how much would the changes in
trajectory (preferred vs. actual) cost to the AU. Unlike the PRR indicator, this new indicator would only
account for en-route costs (the PRR indicator accounts for additional taxi-out and ASMA time, for
example). CE-1 accounts for flight efficiency (difference in distance flown, and therefore fuel cost), for
changes in total en-route charges and also trying to monetary indirect costs due to ANS related
inefficiencies, such as reactionary delay. Cost of delay would be calculated by multiplying the total
delay by the corresponding costs of delay per minute of delay (estimations performed by the University
of Westminster (2011)). These values of cost per minute of delay for the airspace user are currently
recommended by EUROCONTROL as a standard input for cost-benefit analysis and provide estimations
for direct delay costs (crew, maintenance, etc.), network effect (i.e. cost of reactionary delays) and
passenger related costs. Finally, SESAR 2020 Performance Framework PI “Sequence optimization
Benefit” is based on economic benefit of avoided delay obtained by swapping a slot, and is therefore
indirectly included in this new PI.
CE-1 can be computed taking into consideration the cost difference between the actual trajectory (i.e.
executed RBT) and the first submitted Shared Business Trajectory (assumed to be the AUs preferred
trajectory).
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Three variants to this PI are proposed. CE-1.1 captures only the cost due to strategic ANS actions (due
to structured routes (if any), flight level allocation/orientation schemes, no-fly zones, ATFM rerouting,
ATFM delays, etc.). Therefore, the RBT is compared with the first SBT submitted (assuming that this
first SBT will be the AU’s most desired trajectory). Moving towards the execution phase, ATM tactical
inefficiencies become the most relevant (executed RBTs vs. RBTs). In this context, a variant of CE-1.2
indicator is proposed. Finally, CE-1.3 is similar to CE-1 but only considering en-route ATM charges, as
to focus on impact on ANSP revenue. Under the current system, route charges are always computed
taking the planned trajectory, regardless of the actual track. Thus, CE-1.3 will always be zero.
Nevertheless, this indicator has been proposed here in case the charging system is changed in the near
future, taking into account the actual en-route trajectory instead of the planned one. This eventual
change is currently under consideration by Eurocontrol Member States, basically due to the fact that
there have been demonstrated cases of airlines planning longer but cheaper routes and then asking
directs to air traffic controllers at the time of flying, in order to get the shorter route and still pay the
longer but cheaper one.
It should be noted that for all CE-1.x PIs vertical (and speed) inefficiencies are taken into account and
merged with lateral inefficiencies in the trajectory. Moreover, these indicators could yield to negative
values. For CE-1 and CE-1.3 it means that actual costs are lower than first SBT estimated costs. Several
reasons could lead to this situation, such as tactical ATM actions that might shorten the flight distance
(“direct” instructions or shortcuts); or the fact that the first SBT may not represent the real AU
preferences, since perhaps updated SBTs are sent later (when having more information available, such
as updated weather forecasts or passenger connectivity).
Similarly, for CE-1.1 it means that the RBT estimated cost is lower than the first SBT estimated cost and
for CE-1.2 it means that the executed RBT has a lower cost than the first RBT, indicating that tactical
ATM has contributed to reduce cost by, for instance, shortening a trajectory (“direct” instructions).
Focusing on ANSP costs, the number of active sectors and these costs are directly related. As airspace
sectorization plays a key role both in current airspace design and in the APACHE system, a new
indicator designated Sectorization cost (CE-2) is proposed to capture the referred dependency. The
proposed indicator is defined as the product of the number of optimal sectors and the time they would
be active, divided by the actual number of active sectors and the time of corresponding activity. This
PI could potentially provide some valuable knowledge when in comparison with a future “flight
centric” concept, possibly leading to a “sectorless” ATC environment.
This indicator is proposed only as “Post-Ops” indicator: the sectors that were actually active for a given
period of time are compared with a baseline of optimal number of sectors, which in turn, could
consider several optimisation objectives, such as the minimisation of the number of controllers (i.e.
minimising the number of total active sectors) with constrained workload limits and fair workload
balance; the maximisation of capacity; etc. It is out of the scope of APACHE to model operational
aspects (such as shift duration, maximum continuous working hours at position, breaks, usage of
human resources, etc.) that different ANSPs consider at the planning phase (when demand is only
considered), to select a given sector opening scheme. Therefore, this indicator cannot be used for
“Pre-Ops” assessment in the context of the APACHE Project, but could be used in the future if the
sector planning processes and models are provided and embedded into the APACHE System.
Finally, CE-3 Flights per ATCO hour on duty is included in the SESAR 2020 PF and CE-4 ATCO-hour
productivity is included in the annual ACE report by the PRU and are included here for completeness,
although this indicator will not be implemented in the APACHE Simulator since the ATCO-hour costs
(depending on each ANSP) are not available to the APACHE Consortium. Table 4-4 summarizes all
previously proposed PIs to be measured by the APACHE in the Cost-efficiency KPA.
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Table 4-4: New Cost-efficiency PIs Proposed

Indicator

Unit

Description

CE-1: En-route unit
economic costs for the
AU

EUR/flight (hour)
EUR/NM/ASM 17

CE-1.1: En-route unit
economic costs for the
AU - strategic

EUR/flight (hour)
EUR/NM/ASM

CE-1.2: En-route unit
economic costs for the
AU – tactical

EUR/flight (hour)
EUR/NM/ASM

CE-1.3: En-route ATM
charges cost for the AU

EUR/flight (hour)
EUR/NM/ASM

CE-2: Sectorization cost

-

CE-3: Flights per ATCO
hour on duty
CE-4: ATCO-hour
productivity

Flights/h

[(Actual trajectory cost) – (first submitted SBT cost)] / (Total number of
movements or Flight hours or ASM)
Actual trajectory cost is the sum, for all flights considered in the analysis,
of the estimated total cost for the AU of the actual trajectory flown (i.e.
the executed RBT).
First submitted SBT cost is the sum, for all flights considered in the
analysis, of the estimated total cost for the AU of the first submitted SBT.
Remark: it could be also normalized by (Trip distance of the first SBT).
Remark: In order to compute total cost, fuel consumption, route charges,
other direct delay costs (crew, maintenance, etc.), network effect (i.e. cost
of reactionary delays) and passenger related costs will be taken into
account.
[(RBT cost) – (first submitted SBT cost)] / (Total number of movements
or Flight hours or ASM)
RBT cost is the sum, for all flights considered in the analysis, of the
estimated total cost for the AU of the first RBT.
First submitted SBT cost is defined in CE-1.
[(Actual trajectory cost) – (RBT cost)] / (Total number of movements or
Flight hours or ASM)
Actual trajectory cost is defined in CE-1
RBT cost is defined in CE-1.1
[(Total en-route charges for the RBT) – (Total en-route charges for the
first submitted SBT)] / (Total number of movements or Flight hours or
ASM)
[(Number of active en-route sectors) * (Time sectors were active)] /
[(Number of optimal sectors) * (Time sectors would be active)]
Remark: Only for “Post-Ops” performance assessment.
(Count of flights handled) / (Number of ATCO-hours applied by ATCOs
on duty)
(Number of composite flight hours controlled) / (ATCO hours)
Remark: This indicator will not be implemented in the APACHE System.

%

4.4.1 Implementation considerations of the new Cost-Efficiency indicators
CE-1 and CE-1.2 indicators involve estimating the cost for actual trajectories (i.e. executed RBTs). If
these PIs are used for ATM performance monitoring (such as in a future Performance Framework),
actual trajectories would be taken from surveillance databases (i.e. radar tracks or ADS-B records). If
radar tracks are not available (for instance to perform some example assessments of historical data in
the APACHE project), EUROCONTROL’s Data Demand Repository 2 (DDR2) data could be used instead,
where Current Tactical Flight Model (CTFM) trajectories are given in form of ETFMS (enhanced tactical
flow management system) Model 3 information (M3 files).
It should be noted, however, that DDR2 M3 files are not as accurate as surveillance data since tactical
changes in the trajectory are only reflected when flight deviations from the filed flight plan exceed

17

An Available Seat Mile (ASM) is a measure of an airline flight's passenger carrying capacity. It is equal to the
number of seats available multiplied by the number of miles flown.
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some pre-defined thresholds (5 minutes, 700 ft. or 20 NM) (Eurocontrol, 2016c). Thus, not all tactical
interventions are captured in these files.
If these PIs are used to assess new SESAR solutions, actual (executed) and RBT (regulated) trajectories
should be synthesized representing a realistic scenario where one or several of these solutions have
been enabled (and simulated). The APACHE-TAP (trajectory and airspace planner) will be used in this
Project to synthesize different sets of trajectories representative enough to compare the Costefficiency performance with or without enabling a particular solution.
CE-1, CE-1.2 and CE-1.3 indicators need for the first submitted SBT. At present, the business trajectory
life-cycle is not yet implemented and the last filed flight plan could be used instead of the first
submitted SBT. As commented in section 4.2.1, however, this is an important limitation for the
indicators, since not all AUs express their real interests in their last submitted flight plan.
CE-1 and its variants involve the estimation of the cost of the trajectory, which is decomposed by the
fuel cost, route-charges costs and cost of delay (if any). Fuel data is not available from surveillance data
and it is hardly likely it will be available in the near future due to privacy concerns of the AUs. Thus,
based on available surveillance data, fuel consumption shall be estimated. Several techniques are
proposed in the literature, as described for instance in (Chatterji, 2012; Alligier et al. 2013), which
typically require some aircraft performance data (such as aerodynamic coefficients or specific fuel
consumption figures). For this purpose, EUROCONTROL’s Base for Aircraft Data (BADA) version 4.x will
be used in APACHE, which at present covers the 70% of aircraft types in the ECAC area. In order to
compute "optimal" trajectories, the APACHE system will also use the same aircraft performance data
base. Regarding weather data, needed to both estimate fuel consumption and to compute optimal
trajectories, publicly available weather forecasts (or nowcasts for historical conditions) will be used.
Although BADA data might have some inaccuracies, these will be shared by the reference (optimal)
and analysed (actual) fuel estimation and the error in fuel differences will be minimised. In fact, the
main source of error in fuel computation will be the estimation of the mass of the aircraft, for both
actual and optimal, which has a significant impact in fuel consumption. Yet, some assumptions on
default aircraft payloads could be done, based on reported data, such as for example the statistics
provided by the European Low Fares Airline Association (ELFA), coupled with advanced algorithms that
allow estimating aircraft masses from surveillance data only (Alligier et al., 2013).

4.5 Environment
As stated in (SESAR, 2016a), ATM affects the environment with more or less impact depending when,
how far, how high, how fast and how efficiently aircraft fly. In turn, this influences how much fuel
aircraft burn, the level of greenhouse and other gases emitted from their engines, and how much noise
they emit. The environmental performance of aviation has improved dramatically since the 1960s.
However, with European traffic expected to increase in the following years the challenge is meeting
this expected growth in demand while minimising its environmental impact.
The environmental need at ECAC level is to reduce the emissions per flight such that the overall
emissions per flight allow the proposed SES strategic performance objective to be realised. Currently,
one of the main political goals of the SESAR programme is in the area of environment: to contribute to
the SES with a 10% CO2 reduction. This target supposes reducing burned fuel by 250 to 500 kg per flight
by 2035 – this corresponds to between 0.8 to 1.6 tonnes of CO2 emissions per flight (SESAR, 2015).
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Since APACHE focuses on en-route operations, local air quality and noise annoyance indicators are out
of the scope of this document, since they apply to low altitudes and in the vicinity of airports.
As explained in Section 3, currently implemented environmental indicators at the PRU compare the
flight distance of planned and actual routes (horizontal tracks) with Great Circle Distances 18
(orthodromic trajectories). In this way, only the horizontal track of the trajectory is considered,
neglecting the effects of vertical (and speed) flight profiles on the environment. Furthermore, the best
route (from an environment point of view) might be different from the orthodromic trajectory if
weather conditions (namely wind fields) exist in such a way a longer ground distance becomes a
shorter air distance (taking advantage of tail wind, for instance).
Furthermore, planned trajectories by AUs cannot be taken as “reference” for the best environmentally
friendly trajectories, since AUs might prioritise shorter trip times at the expense of higher fuel
consumption or, as reported by (Delgado, 2015), longer routes to avoid some airspace with higher
route charges.
Summing up, the "optimal" trajectory used as reference for environmental indicators should certainly
consider factors such as weather conditions and vertical (and speed) trajectory efficiency. In this line,
ICAO and the SESAR 2020 PF propose indicators to measure the inefficiencies of flights in terms of the
amount of fuel/emissions. For instance, in (SESAR, 2016b) the following indicators (among others) are
proposed in the fuel efficiency focus area of the Environment KPA, with the purpose to support the
validation of certain SESAR solutions:
•
•
•
•

FEFF1 - Average fuel burn per flight: Total amount of fuel burn divided by the number of
movements;
FEFF2 - CO2 Emissions: Amount of fuel burn x3.15 (CO2 emission index) divided by the number
of movements;
FEFF8 - Average En-Route Horizontal deviation fuel burn: In En-Route total amount of fuel
burn due to horizontal deviation measured in the Solution Scenario / fuel burn in the Reference
Scenario divided by the number of movements;
FEFF9 - Average En-Route Vertical deviation fuel burn: In En-Route total amount of fuel burn
due to vertical deviation measured in the Solution Scenario / fuel burn in the Reference
Scenario divided by the number of movements.

It is worth mentioning that flight inefficiencies leading to a higher environmental impact could be
caused by different layers in the ATM: strategic constraints (such as structured routes, flight level
allocation and orientation schemes, etc.); ATFM constraints (leading to re-routings or level-capping);
or tactical constraints (involving tactical re-routing or vectoring, airborne holding, changes in
requested flight levels, etc.). Typical PIs used for environmental target setting might capture these
inefficiencies at aggregate level. Yet, for monitoring and ATM performance review purposes it might
be interesting to separate the contribution of the different layers in order to better evaluate certain
operational initiatives or solutions or for a better identification the areas where there still exists some
room for improvement.

18

The great circle distance (GCD) is the shortest distance between the two points in a sphere. The route following
a Great Circle is called an orthodromic route.
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4.5.1 Proposal for new indicators for KPA Environment
In APACHE we propose to enhance existing distance based indicators (currently used by the PRU),
based on orthodromic distances (great circle distances) by considering optimal trajectories computed
taking into account actual weather conditions (ENV-1: ATM inefficiency on the horizontal track). In
this way, minimum air distance routes (computed individually for each trajectory) will be used to
compare with actual or planned routes. It improves classical indicators based on GCD (great circle
distance) since the optimal horizontal trip distance is computed taking into account realistic weather
conditions.
In line with SESAR PF FEFF1 and FEFF2 and in order to consider also vertical and temporal (flight time)
inefficiencies in the trajectory, ENV-2: ATM inefficiency on trip fuel (or emissions) is proposed, based
on (estimated) fuel consumption figures (computed individually for each trajectory), which can be
directly translated to CO2 emissions 19 (Holloway, 2008). The advantage of this indicator is twofold: first
it takes into account the vertical and speed profiles of the trajectory, which is neglected in typical
distance-based indicators; secondly it provides an emissions measurement (not a distance
measurement), which can directly support the high-level environmental objective of SESAR. It should
be noted that if an emissions model (other than CO2) were available, this indicator could also be used
to derive more generic emissions figures.
It is worth noting that even if aircraft speed is not changed directly by any ATM action, changing the
vertical profile of the trajectory (by enforcing, for instance a given rate of climb/descent, fixing a suboptimal cruise altitude, etc.) it might indirectly change its speed profile too. For instance, if an aircraft
is cruising lower than its optimal altitude, the original planned speed (at the optimal altitude) is no
longer the optimal speed for the new altitude. The AU could eventually select the optimal speed for
the new (non-optimal) altitude. Nevertheless, it will still result with higher fuel figures at the end of
the flight due to higher fuel flow rates at the non-optimal altitude and probably, due to more flight
time as the new optimal speed will be probably lower than the original speed at the optimal altitude.
Thus, since vertical profiles are intimately related with speed profiles, they are both considered at the
same time in this document.
As commented below, ENV-2 has the drawback that requires a fuel estimation model, which might be
inaccurate. That is why we still propose an enhanced distance-based PI (ENV-1), which is simpler to
compute and can still be useful for benchmarking.
Finally, ENV-3: Percentage of the sky covered by contrails considers persistent contrails (condensation
trails) formation, as an alternative to emissions to assess the environmental impact of aviation.
Contrails are line-shaped clouds composed of ice particles and formed in the wake of jet aircraft at
high altitude and for certain atmospheric conditions. They have been reported to contribute to the
greenhouse effect and therefore to the Global Warming process (Soler et al., 2014). Persistent
contrails, however, are formed only if certain atmospheric conditions are met (Schumann, 1996):
contrails evaporate quickly if the ambient air is dry, but can persist if the ambient air is humid enough.
Like natural high clouds, persistent contrails modify the radiation budget of the earth-atmosphere
system by reducing the outgoing terrestrial radiation more than they reflect solar radiation, resulting

19

A linear relationship between fuel usage and CO2 emissions is widely used in aviation, where 1kg of JET A1 fuel
corresponds to 3.16 kg of CO2.
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in warming of the Earth’s surface. At the high end among the existing estimates, the greenhouse effect
from aviation induced contrails is approximately 10 times higher than from CO2 emitted by aircraft
(Mannstein and Schumann, 2005).
In this line, ENV-3 proposes to compute the percentage of sky covered by contrails, providing that a
contrail formation model is integrated in the APACHE trajectory simulator module. This indicator could
be used to assess the trade-off to burn extra fuel in order to avoid persistent contrail formation
regions. It is out of the scope of APACHE, however, to develop or integrate contrail formation models.
Thus, this indicator is given here as possible idea for the future, but will not be used in the APACHE
assessments.
A summary of the three new indicators, proposed for the Environment KPA, is given in Table 4-5.
Table 4-5: New Environment PIs proposed

Indicator

Unit

Description

ENV-1: ATM inefficiency
on the horizontal track

NM

ENV-2: ATM inefficiency
on trip fuel (or emissions)

kg or Tons of
fuel (or CO2)

ENV-3: Percentage of the
sky covered by contrails

%

ABS ((Actual route distance) – (Optimal route distance))
Actual route distance is the sum, for all flights considered in the analysis,
of the estimated horizontal trajectory trip distance flown for the actual
(executed) flight.
Optimal route distance is the sum, for all flights considered in the
analysis, of the estimated horizontal trajectory trip distance required to
cover the same set of origin and destinations.
Remarks:
Since the actual trip distance might be eventually shorter (but not
optimal) than the optimal route, which takes into account weather
conditions, the absolute value is taken to construct the final indicator.
(Actual trip fuel) – (Optimal trip fuel)
Actual trip fuel is the sum, for all flights considered in the analysis, of the
estimated trip fuel usage for the actual (executed) flight.
Optimal trip fuel is the sum, for all flights considered in the analysis, of
the estimated optimal trip fuel required to cover the same set of origin
and destinations.
100 · (Geographical area covered by contrails) / (Total geographical
area)
Geographical area covered by contrails is the sum, for all flights
considered in the analysis, of the area covered by contrails during a
specific time window.
Total geographical area is the surface of the area assessed (i.e. the ECAC,
a FAB, etc.).
Remark: This indicator will not be implemented in the APACHE System.

Indicator ENV-1 captures all ATM inefficiencies in the horizontal track (both strategic and tactical),
while ENV-2 and ENV-3 capture all ATM inefficiencies (both strategic and tactical). ENV-3 indicator
depends enormously on the weather conditions of the scenario under study, since persistent contrails
will be formed or will evaporate quickly.
Several variants (or sub-indicators) of ENV-1 and ENV-2 indicators are proposed in Tables 4-6 and 4-7
in order to isolate the contributions of each ATM layer into environmental inefficiencies. The idea with
these variants is to use different reference (optimal) trajectories as baseline to construct the indicator.
We will distinguish, on one hand, the inefficiencies attributable to the tactical layer of the ATM; and
on the other hand, inefficiencies caused by strategic and/or ATFM constraints. In the current concept
of operations, the tactical inefficiencies might include path stretching (or vectoring), airborne holding,
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altitude changes etc.; strategic inefficiencies might include structured ATS routes, flight level allocation
and orientation schemes, no-fly zones, etc.; while ATFM inefficiencies might include pre-tactical reroutings, level capping or ATFM delays. In the SESAR 2020 concept of operations tactical inefficiencies
will be updates and revisions on the RBT, while strategic and/or ATFM inefficiencies will include all
changes to the SBT.
ENV-1.x are distance based indicators that do not require a fuel estimation model and therefore might
be easier to compute (and subject to less noise or model inaccuracies) only requiring surveillance data
and a much simpler trajectory optimization engine for the baseline trajectory.
Furthermore, for ENV-2.x variants, different optimal trajectory baselines will also aim to separate
inefficiencies attributable to ATM in the lateral and vertical (+ speed) trajectory profiles, in line with
SESAR PF indicators FEFF8 and FEFF9. This could be helpful, for instance, to isolate and assess vertical
(+ speed) inefficiencies in airspaces where direct routes are not possible due to military activity, a rigid
ATS route structure, etc.
Figure 4-2 shows graphically the breakdown of environmental inefficiencies for the actual trajectory,
distinguishing, as commented above, strategic/tactical sources of inefficiencies in the
vertical/horizontal trajectory profile. Besides the fuel optimal trajectory (used to construct ENV-1 and
ENV-2) this figure also depicts the different baseline trajectories that allow constructing the different
variants ENV-2.x. It should be noted that all indicators will contain a certain level of noise due to other
sources of environmental inefficiencies, which cannot be attributable to ATM. For example, due to
discrepancies in the weather and aircraft performance models used in APACHE and those inefficiencies
caused by the AUs when planning and executing their own trajectories.

Figure 4-2: Breakdown of the environmental impact of the inefficiency in the actual trajectory
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Table 4-6: Distance-based variants (sub-PIs) proposed for the Environment KPA

Indicator

Unit

Description

ENV-1.1: Strategic ATM
inefficiency on the
horizontal track

NM

ENV-1.2: Tactical ATM
inefficiency on the
horizontal track

NM

ABS ((Route distance of the RBT) – (Optimal route distance))
Route distance of the RBT is the sum, for all flights considered in the analysis,
of the estimated horizontal trajectory trip distance of the first RBT (not
subject to any tactical update or amendment). When assessing current
ConOps, instead of the first RBT this distance will be estimated from the
regulated flight plan, which includes ATFM re-routings and/or level cappings
(if any).
Optimal route distance is defined in ENV-1.
(Actual route distance) – (Route distance of the RBT)
Actual route distance is defined in ENV-1.
Route distance of the RBT is defined in ENV-1.1.
Remark: This indicator can be negative.

Table 4-7: Fuel-based variants (sub-PIs) proposed for the Environment KPA
Indicator

Unit

Description

ENV-2.1: ATM vertical
trajectory inefficiency on
trip fuel (or emissions)

kg or Tons of
fuel (or CO2)

ENV-2.2: ATM horizontal
trajectory inefficiency on
trip fuel (or emissions)

kg or Tons of
fuel (or CO2)

(Actual trip fuel) – (Optimal trip fuel fixing the actual route)
Actual trip fuel is defined in ENV-2.
Optimal trip fuel fixing the actual route is the sum, for all flights
considered in the analysis, of the estimated optimal trip fuel required to
cover the same set of routes (horizontal tracks) as found in the actual
trajectories.
(Optimal trip fuel fixing the actual route) – (Optimal trip fuel)
Optimal trip fuel fixing the actual route is defined in ENV-2.1.
Optimal trip fuel is defined in ENV-2.
It can be also computed as:
(ENV-2 – ENV-2.1).

ENV-2.3: Strategic ATM
inefficiency on trip fuel
(or emissions)

kg or Tons of
fuel (or CO2)

ENV-2.4: Strategic ATM
vertical trajectory
inefficiency on trip fuel
(or emissions)

kg or Tons of
fuel (or CO2)

58

(RBT trip fuel) – (Optimal trip fuel)
RBT trip fuel is the sum, for all flights considered in the analysis, of the
estimated trip fuel of the first RBT (not subject to any tactical update or
amendment). When assessing current ConOps, instead of the first RBT the
trip fuel will be estimated from the regulated flight plan, which includes
ATFM re-routings and/or level cappings (if any). The fuel estimation is
based on the route and cruise altitude(s) given in the RBT or regulated
flight plan, which might not be optimal (due to strategic ATM
inefficiencies).
Optimal trip fuel is defined in ENV-2.
It can be also computed as:
(ENV-2) – (ENV-2.6).
(RBT trip fuel) – (Optimal trip fuel fixing the RBT route)
RBT trip fuel is defined in ENV-2.3
Optimal trip fuel fixing the RBT route is the sum, for all flights considered
in the analysis, of the estimated optimal trip fuel required to cover the
same set of routes (horizontal tracks) as found in the first RBT (not subject
to any tactical update or amendment). When assessing current ConOps,
instead of the first RBT the trip fuel will be estimated from the regulated
flight plan route, which includes ATFM re-routings (if any). The fuel
estimation is done by optimising the vertical (and speed) profile of the
trajectory while enforcing the route given in the RBT or regulated flight
plan, which might not be optimal (due to strategic horizontal ATM
inefficiencies).
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ENV-2.5: Strategic ATM
horizontal trajectory
inefficiency on trip fuel
(or emissions)

kg or Tons of
fuel (or CO2)

ENV-2.6: Tactical ATM
inefficiency on trip fuel
(or emissions)

kg or Tons of
fuel (or CO2)

ENV-2.7: Tactical ATM
vertical trajectory
inefficiency on trip fuel
(or emissions)
ENV-2.8: Tactical ATM
horizontal trajectory
inefficiency on trip fuel
(or emissions)

kg or Tons of
fuel (or CO2)
kg or Tons of
fuel (or CO2)

(Optimal trip fuel fixing the RBT route) – (Optimal trip fuel)
Optimal trip fuel fixing the RBT route is defined in ENV-2.4.
Optimal trip fuel is defined in ENV-2.
It can be also computed as:
(ENV-2.2) – (ENV-2.8)
(Actual trip fuel) – (RBT trip fuel)
Actual trip fuel is defined in ENV-2.
RBT trip fuel is defined in ENV-2.3.
Remarks: This indicator can be negative.
(Actual trip fuel) – (RBT trip fuel)) – ((Optimal trip fuel fixing the actual
route) – (Optimal trip fuel fixing the RBT route)
It can be directly computed as:
(ENV-2.1) – (ENV-2.3)
(Optimal trip fuel fixing the actual route) – (Optimal trip fuel fixing the
RBT route)
Optimal trip fuel fixing the actual route is defined in ENV-2.1.
Optimal trip fuel fixing the RBT route is defined in ENV-2.4.
It can be also computed as:
(ENV-2.6) – (ENV-2.7)
Remark: This indicator can be negative.

As seen in previous tables, ENV-2 captures all inefficiencies caused by ATM (including strategic, ATFM,
or tactical constraints on the trajectory), aggregating vertical (+ speed) and lateral inefficiencies.
Conversely, ENV-2.1 captures all ATM inefficiencies only in the vertical (and speed) profile, since the
lateral route for the baseline optimal trajectory is fixed to the same lateral route of the actual
trajectory. By subtracting ENV-2 and ENV-2.1, ENV-2.2 can show all ATM inefficiencies only in the
horizontal domain. ENV-2.3 only captures the inefficiencies due to the ATM strategic layers (including
ATFM), since the estimated trip fuel of the RBT (or regulated flight plan) is compared with the optimal
trip fuel. As with ENV-2, vertical and lateral inefficiencies are merged in this indicator. To separate
vertical from horizontal strategic ATM inefficiencies the indicators ENV-2.4 and ENV-2.5 are proposed,
respectively.
ENV-2.6 only captures the inefficiencies due to the ATM tactical layer, since the optimal trajectory
used as baseline for the indicator is the RBT (or last filed flight plan). Thus, inefficiencies consequence
of strategic and ATFM constraints will not show up in this indicator. As with ENV-2 and ENV-2.3, vertical
and lateral inefficiencies are merged in this indicator. To separate vertical from horizontal tactical ATM
inefficiencies the indicators ENV-2.7 and ENV-2.8 are proposed, respectively. ENV-2.6, ENV-2.7 and
ENV-2.8 could be useful to isolate and assess inefficiencies of the ATM tactical layer in airspaces where
direct routes are not possible, or during capacity shortfalls.
ENV-1 captures inefficiencies on the lateral trajectory profile caused by all ATM layers (similar to ENV2.2). The indicator ENV-1.1 captures only strategic ATM inefficiencies (similar to ENV-2.5) in the
horizontal track: due to structured routes, ATFM re-routings etc. Since the trip distance of the RBT
might be eventually shorter (but not optimal) than the optimal route, which takes into account
weather conditions, the absolute value is taken to construct the final indicator. Indicator ENV-1.2
captures ATM inefficiencies in the horizontal track only for tactical interventions (similar to ENV-2.8).
It should be noted that some indicators can be negative, meaning that the actual route distance (for
ENV-1.2) or the actual trip fuel (for ENV-2.6 and ENV-2.8) is less than the route distance/trip fuel
estimated for the RBT (or the regulated flight plan). It means that that tactical ATM has contributed to
reduction of the flight distance/fuel burnt, for instance, by shortening a trajectory (“direct”
instructions).
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Table 4-8 summarizes previous discussions and displays for each indicator which layer of the ATM
inefficiencies is captured and if the indicator captures vertical and/or lateral trajectory inefficiencies.

4.5.2 Implementation considerations of the new Environment indicators
All indicators and variants proposed involve the comparison of actual trajectories with optimal
trajectories that serve as a baseline for the indicator. Like for some CE indicators, for post-Ops analysis
surveillance data is needed to assess actual trajectories. M3 files from EUROCONTROL’s DDR2 could
be used instead, although the trajectory accuracy is worse (see section 4.4.1). For pre-ops analysis,
trajectories will be simulated with the APACHE-TAP in this Project.
Regarding the regulated flight plan, the information would be taken ideally from the CFMU and for the
purposes of the APACHE project DDR2 data will be used instead (M2 files).
Table 4-8: ATM layers captured by the new Environment PIs

Indicator
ENV-1
ENV-1.1
ENV-1.2
ENV-2
ENV-2.1
ENV-2.2
ENV-2.3
ENV-2.4
ENV-2.5
ENV-2.6
ENV-2.7
ENV-2.8

ATM layer environmental inefficiencies
captured by the indicator
All ATM
Strategic + ATFM
Tactical
layers
layers only
layer only

Trajectory environmental inefficiencies captured
by the indicator
Whole
Vertical (and
Lateral
trajectory
speed) profile
route only
only































Regarding the optimal trajectories, to be used as baseline for some of the abovementioned indicators,
the APACHE system will be in charge of computing all of them given a set of demand traffic and weather
forecast (or nowcast).
ENV indicators shall be used carefully when trying to measure local inefficiencies (i.e. at FAB level,
national level or eventually at ATS sector level) since entry/exit points for actual and optimal
trajectories might be different. In order to allow a fair comparison actual and optimal (reference
trajectory for the indicator) trajectories shall always have the same entry and exit point to/from the
geographical zone under assessment. In this context, the optimal trajectory will be constrained to
match these entry/exit points.
As can be seen in Tables 4-5 and 4-7, indicators ENV-2.x involve the estimation of the fuel consumption
of the trajectory. As commented in 4.4.1, fuel data is not available from surveillance data and it is
hardly likely it will be available in the near future due to privacy concerns of the AUs. Thus, based on
available surveillance data, fuel consumption shall be estimated.
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4.6 Flexibility
Flexibility is defined as the ability of all Airspace Users to modify flight trajectories dynamically and
adjust departure and arrival times, thereby permitting them to exploit operational opportunities as
they occur. In other words, it is the ability of the ATM system to accept
changes/modifications/adjustments requested by AUs. Request for changes can be twofold:
•
•

single-flight perspective (changes in trajectory, flight level, speed, take-off time etc.);
traffic flow perspective (shift of traffic flows due to severe weather conditions, strikes,
activation of military training areas, system failures etc.).

Related to that, flexibility can be observed from two perspectives: FAB level and system level.
Table 4-9 summarizes the indicators suggested by ICAO, FAA, SESAR 1 and SESAR 2020 in KPA Flexibility
(only three - two ICAO’s and the first one from SESAR2020, were mentioned earlier in the summary
Table 3-8).
Table 4-9: Flexibility indicators as suggested by ICAO, FAA, SESAR1 and SESAR2020

Organization

Indicators proposed

ICAO

Number of rejected changes to the number of proposed changes to the number of flight plans initially filed
each year.
Proportion of rejected changes for which an alternative was offered and taken.
System level
•
% of flights not subjected to constraints
•
% of flight operator requests granted
Medium level (pre-flight)
•
% of position swaps over first-come-first serve approach (CDQM)
•
% of flight plans accepted as filed
•
% of user preferred plans (e.g. business trajectory) granted – future
Medium level (Airborne)
•
% of non-scheduled IFR flights that can depart on-time
•
% of altitude/vertical-change requests accommodated
•
% of route change requests accommodated
•
% of OPDs granted
•
% utilization of SUA
Departure delay for business trajectory updates (flights requesting departure time change)
Non-scheduled flights departures
ATM service provision at new locations
Suitability for military requirements
Average delay for scheduled civil/military flights with change request and non-scheduled/late flight plan
request
Average delay for non-scheduled civil/mil flights delayed
% of non-scheduled civil/mil flights arriving on time
ARES allocation at short notice

FAA

SESAR 1

SESAR 2020

One approach is to describe flexibility of the ATM system by calculating the airspace user/pilot requests
granted (FAA’s perspective) or rejected (ICAO’s perspective). For Post-OPS analysis, this approach is
not suitable, since using requests for changes as nominator does not allow assessing the maximum
potential flexibility of the ATM system. There may be no or very few requests for changes, which do
not necessarily mean that the ATM system is not flexible. It can be simply due to good pre-flight
planning and the fact that regular conditions were on the day of operations. However, it is not the case
with planning periods with Pre-OPS analysis, especially for the future ATM system.
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As envisaged by the SESAR Operational Concept, future operations will be executed based on
Reference Business Trajectories (RBT) with the aim to change as less as possible during the flight.
According to this Concept of Operations definition, ”As long as aircrafts stay within assigned 4D
volumes (i.e. respect their trajectory contracts), they are guaranteed conflict-free trajectories and the
entire air traffic system is globally optimised to the extent of the capability of the central system“. Due
to that lower rate of additional requests for changes may be expected during the execution phase.
However, Shared Business Trajectories (SBT) filed by the airspace users will be a product of
collaborative decision making process with airports/ANSPs/Network Manager and thus may be
changed in order to resolve potential conflicts and demand/capacity imbalances in the network.
Therefore, the potential “Pre-OPS” flexibility indicator could measure the percentage of RBTs which
are equal to first submitted SBTs (FLEX-1). That is in line with FAA’s indicator “Percent of flight
operator requests granted”, as well as both ICAO’s indicators. We suggest using granted requests as
an indicator for flexibility, since rejected requests rather depict “inflexibility”.
There is a strong link between flexibility and capacity, because the latter is needed to accommodate
potential changes in demand. Therefore, it seems reasonable to assess flexibility in an indirect way by estimating the excess capacity which can be exploited in order to absorb changes that occur on the
day of operations. This approach allows estimating the whole potential flexibility of the system
independently of the user requests. From that perspective, a potential Post-OPS indicator could be
FLEX-5: the percentage of demand handled over declared capacity i.e. demand/capacity imbalances
resolved without imposing an ATFCM measure (Step 1 of the ATFCM process).
In a Pre-OPS phase, it is not possible to measure excess (reserve) capacity, but rather spare capacity.
From this perspective, traffic forecasts and capacity plans (opening schemes) could be used to calculate
for selected FAB or on system level spare capacity as capacity utilised/available ratio during given
period of time. Having that in mind, FLEX-2 can be expressed as [1-(capacity utilized/capacity
available)]. The main challenge in this case is to select a reference time period for calculating this
indicator, since the mentioned ratio is very dynamic. A possible solution is to define a certain threshold
(e.g. 90% of capacity utilised) and to measure the percentage of time during which the threshold is
not reached for selected FAB or on system level as [(the time during which sectors are active - the time
during which sector capacity is utilized over 90%)/the time during which sectors are active], on FAB or
system level. Higher spare capacity is not necessarily good (from economic perspective), but more
likely associated to higher ability of the system to adapt to required modification that might occur later
on, during the execution phase. Since additional capacity (and hence the flexibility) also means
additional costs, there must be a trade-off between flexibility and cost-efficiency.
According to the current ATFCM Operations Manual, the first step in resolving capacity shortfalls is to
optimise utilisation of available capacity by managing sector configuration, collapsing/merging sectors,
but also negotiating additional capacity, reducing traffic complexity etc. The fact that sectorization
changes over the time aiming to adapt to expected traffic loads is an argument to make the parallel
between capacity, sector size and flexibility. Smaller sectors are in a way less flexible since they allow
fewer possibilities for interventions/changes within the sector. In that sense, the system is more
flexible if it comprises smaller number of larger sectors, than greater number of smaller sectors. From
that perspective, system flexibility could be the described using the number of sector changes per flight
(it is not the same if a flight from A to B is passing through 5 larger or 8 smaller sectors). As the number
of sector changes depends on the flight duration/distance, flexibility indicator should include
time/distance factor. FLEX-3 i.e. sector changes relative to time/distance flown, can be derived for
selected FAB or on system level as [1/(number of sector changes/total time (or distance) flown by all
flights)]. Reciprocal value is used, because the direct one (sectors/h, or sector/Nm) would refer to
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inflexibility of the system. FLEX-3 indicates the time in hours or distance in 1000 Nm flown per one
sector on average.
Sector change corresponds to change in the ATCOs responsible for a flight. In current system, typically
two ATCOs are associated to each sector. In the future system, several ATCOs could be associated to
one (significantly) larger sector, each of them responsible for certain group of flights or tasks. Thus,
the future system tends to develop towards non-geographical ‘Flight-centred ATS’ concept where
flight (trajectory) remains under the control of the one ATCO throughout the whole, or a significant
part of its en-route segment, within the designated airspace.
The future system tends to develop towards non-geographical ‘Flight-centred ATS’ concept where
flight (trajectory) remains under the control of the same ATCO throughout the whole, or a significant
part of its en-route segment, within the designated airspace (e.g. sector family). Given a problem of
demand/capacity balance the system tries to solve it by: modifying the trajectories of the demand
flights OR by adjusting the capacity (dynamic reconfiguration of sectors). In this context, another
approach is to estimate Pre-OPS system’s flexibility is by using FLEX-4 (Flexibility of DCB solutions).
In current ConOps only ATFM ground delays are implemented as DCB solution (it should be noted that
eventual pre-tactical re-routings and level cappings, are currently considered as AU choices when
submitting their flight plans). Therefore, in current operations this indicator will always give “1”
(lowest flexibility) since when a trajectory is regulated it is always regulated with a ground delay. In
the SESAR 2020 paradigm, it is expected to have more flexible DCB processes and many different SBTs
(considering, for instance pre-tactical re-routings, and/or level cappings and/or combinations of rerouting and delay, etc.) and/or different sectorisation possible will be able to solve the same DCB
problem. The higher is the number of possible solutions, the higher will be the flexibility and the value
of FLEX-4 indicator.
All new PIs proposed by APACHE for Flexibility KPA are summarized in Table 4-10 below. Indicators
FLEX-1, FLEX-2 and FLEX-5 are non-dimensional and within the range [0-1].
Table 4-10: New Flexibility PIs proposed

Indicator

Unit

Description

FLEX-1: Percentage of
RBTs equal to first
submitted SBTs
FLEX-2: Spare Capacity

/

(Number of RBTs equal to the number of first submitted SBTs) / (Number of
SBTs submitted)

/

FLEX-3: Sector changes
relative to time/distance

Hours
(Thous.N
m)/sector

1 - (Capacity utilized/Capacity available)
OR
[(The time during which sectors are active) – (The time during which over
90% of sector capacity is utilized)] / (The time during which sectors are active)
1 / [(Sum of the number of sector changes per flight / (Total time flown by all
flights in Hours or Total distance flown by all flights in 1000 Nm)]

FLEX-4: Flexibility of DCB
solutions

/

FLEX-5: The percentage
of demand handled over
declared capacity

/

(Number of different DCB solutions) / (Number of regulated trajectories)
Number of different DCB solutions is the absolute number of different possible
solutions to solve the same demand and capacity imbalance problem.
Number of regulated trajectories: In current ConOPS this includes all
trajectories affected by hot-spot. In SESAR 2020 ConOPS this includes all RBTs
different from first SBTs submitted.
(Demand handled – Declared capacity) / (Declared capacity)
Remark: Only for “Post-Ops” performance assessment.
Remark: This indicator will not be implemented in the APACHE System.
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4.6.1 Implementation considerations of the new Flexibility indicators
Like for the AEQ indicators, FLEX-1 and FLEX-4 need to capture the AU’s initial interest (i.e. the most
preferred trajectory). An important assumption for these PIs is that the first SBT that is submitted to
the network manager is indeed the AU’s preferred trajectory. At present, the business trajectory lifecycle is not yet implemented and the last filed flight plan could be used instead of the first submitted
SBT. As commented in section 4.2.1, however, this is an important limitation for these indicators, since
not all AUs express their real interests in their last submitted flight plan.
Indicators FLEX-2,FLEX-3 and FLEX-5, in turn, use sector capacity values (in direct or indirect way) to
derive flexibility of the system. The main challenge for calculating FLEX-2 is to select a reference time
period, since the ratio it captures is very dynamic. FLEX-3 (and alternative formula for FLEX-2 in fact)
relies on the airspace configuration as an indicator of capacity, hence flexibility. They are easy to
calculate in both current and future ATM system, once reference time period and reference (portion)
of airspace are known.
As long as the required input data is available, FLEX-5 indicator does not require a complex
computation tool such as the APACHE System, since its computation is straightforward. However, it is
not included in the APACHE simulations because additional sources of data, not available to the
APACHE Consortium, are required.

4.7 Predictability
ICAO defines predictability as the ability of airspace users and ATM service providers to provide
consistent and dependable levels of performance (ICAO, 2005). Predictability is of crucial importance
for airlines whose business is based on respect of the pre-defined schedules. In the case of delay, airline
companies have to compensate passengers for late arrival and rebook if connecting flights have been
lost. Delay propagation is even more critical, since delay of one flight may cause delay of subsequent
flights. To increase on-time performance, and therefore minimize negative effects and enable easier
delay recovery, airlines usually pad their schedules adding some extra time to the schedules.
However, schedule padding can cost an airline more than $50 per minute and costs airlines even when
flights are early 20 (FAA-EUROCONTROL, 2009). For ATM service providers, predictability is important
for the efficient use (planning) of available capacity.
Existing performance frameworks assess predictability through punctuality/variance of planned times
and adherence of ATM restrictions. As acknowledged by SESAR 2020 framework, arrival punctuality is
a function of departure punctuality and the extent to which flight trajectory is adhered. Thus, two
indicators measuring departure punctuality and flight time variance are proposed. Although those
indicators well assess system predictability from airline perspective, low variance of flight times does
not necessary means good adherence to RBT target (tolerance) windows. Since compliance with RBT
is crucial for efficient use of available capacity, several indicators that measure it directly are proposed
(Table 4-11).
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Assuming that time of arrival over a waypoint is centred on planned RBT time, dispersion of difference
between actual and planned time of arrival over a waypoint describes how far arrival times are spread
out from planned times. Any measure of statistical dispersion like variance, standard deviation may be
used. When compared to the RBT tolerance window, this indicator may reveal whether ATM system is
predictable enough (PRED-1: Compliance with RBT).
For the ATM system, events when it is predicted that actual trajectory will not adhere to RBT or CTA
tolerance windows are the most important, since they require RBT updates which may influence
capacity. Therefore, the number of RBT updates could be another important indicator of ATM system’s
predictability. They represent high-level predictability indicators not revealing level of inconsistency
with tolerance windows (PRED-2: Adherence with RBT/CTA tolerance window).
Predictability could be also observed with respect to demand volume (PRED-3) reflecting real vs.
predicted demand; or with respect to slots (PRED-4) showing the utilization of assigned slots.
Regarding the latter, when regulations are applied, a rigorous FIFO ordering assigns free slots to excess
of demand. When one of these assigned slots is not used, the busy system is losing an opportunity
because prediction of availability was incorrect.
Apart from these two, another Post-OPS indicator is suggested (PRED-5: Tactical predictability). Ideally
a RBT should not be updated - perfect predictability when planning and negotiating trajectories at NM
level. RBT updates are associated to unforeseen events found in the execution of the trajectory
(tactical phase).
Furthermore, observing the execution phase, estimated delay often does not consider the fact that
the AU will speed up the flight to reduce them. Not considering this fact may perturb the ATM system.
In that sense, PRED-6: Difference between actual delay and assigned delay, is another possible
predictability indicator.
The new proposed indicators represent high-level predictability indicators not revealing the level of
inconsistency with tolerance windows.
Table 4-11: New Predictability PIs proposed

Indicator

Unit

PRED-1: Compliance with
RBT
PRED-2: Adherence with
RBT/CTA tolerance window
PRED-3: Predictability of
demand

%

PRED-4: Slots left over

%

Description
VAR or STDEV [(Actual time of arrival over a critical waypoints) – (planned
time of arrival over a critical waypoints)]
Remark: Only for “Post-Ops” performance assessment.
Remark: This indicator will not be implemented in the APACHE System.
AVG [(Number of RBT updates) / (number of flights)] due to inconsistency
with RBT/CTA tolerance windows
Remark: Only for “Post-Ops” performance assessment.
Remark: This indicator will not be implemented in the APACHE System.
100 * ABS [(Real Demand - Predicted Demand) / (Predicted Demand)]
Real Demand: counts the number of actual flights in the system in a given
period of time and geographical area.
Predicted Demand: counts the number of expected flights in the system in a
given period of time and geographical area (for instance, to compute a given
sectorisation).
Remark: Only for “Post-Ops” performance assessment.
Remark: This indicator will not be implemented in the APACHE System.
100 * [(Number of slots not used) / (Number of slots assigned)]
Number of slots not used: counts the number of ATFM slots that were not
actually used by any aircraft (actual trajectories).
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PRED-5: Tactical
predictability

%

PRED-6: Difference
between actual delay and
assigned delay

%

Number of slots assigned: counts the total number of ATFM slots assigned to
solve a given DCB problem.
Remark: Only for “Post-Ops” performance assessment.
Remark: This indicator will not be implemented in the APACHE System.
100 * [(Number of RBT updates) / (Number of RBTs)]
Number of RBT updates: Aggregate number of updates in the RBTs (if any)
considering all flights in a given scenario.
Number of RBTs: number of flights for the scenario.
Remark: Only for “Post-Ops” performance assessment.
Remark: This indicator will not be implemented in the APACHE System.
100 * ABS[(Actual delay – Assigned delay) / (Assigned delay)]
Remark: Only for “Post-Ops” performance assessment.
Remark: This indicator will not be implemented in the APACHE System.

4.7.1 Implementation considerations of the new Predictability indicators
PRED-1, PRED-2 and PRED-5 only make sense in the SESAR 2020 context, once the TBO concept is
implemented. Yet, it is out of the scope of the APACHE System to model the tactical layer of the ATM
and therefore, these three indicators will not be considered within the scope of the Project. PRED-3,
in turn, requires models and data not available to the APACHE Consortium. PRED-4 and PRED-6 are
“Post-Ops” indicators and could be used, within the scope of the APACHE Project, only assessing
historical data of current ConOps. Yet, they require from data probably not available to the APACHE
Consortium and providing this data is available, these indicators do not need for a complex
computation tool such as the APACHE System, since their computation is straightforward. Thus, they
are left here for completeness and for a future implementation.

4.8 Safety
Related to the scope of APACHE project, the PRU is currently assessing a range of performance
indicators (PI), e.g. number of accidents and serious incidents, number of reported Unauthorised
Penetrations of Airspace (UPA), number of reported Separation Minima Infringements (SMI), share of
Severity A+B UPAs/SMIs, etc., among which two are used as PIs: Total commercial air transport
accidents; and the number of accidents with ANS contribution. All PIs and KPIs are based on
accident/incident investigation reports (Post-OPS analysis).
APACHE proposes performance indicators which are measurable in simulation and could be
measurable in a real system as well, but are not dependent on accident/incident reporting.
Two categories of PIs are proposed based on their values: absolute and relative one. Indicators with
absolute values are given as counts of specific occurrences, listed in Table 4-12 by ascending severity
Traffic Alert (TA) warnings (SAF-1), Resolution Advisories (RA) issued (SAF-2), Near Mid Air Collisions –
NMACs (SAF-3). All these indicators could be also given as rates of specific occurrences, i.e. as counts
normalized by the number of flights or total flight hours through the given airspace. Similarly, number
(or rate) of separation violations could be used to indicate safety (SAF-4).
Apart from these indicators, and related to the latter one, it is proposed to measure separation
violation for aircraft in conflict (SAF-5), in situations when either horizontal, vertical or both separation
minima are violated, as well as duration of conflict situations (SAF-6). Based on these two indicators it
is possible to calculate a risk of conflicts and risk of accidents (SAF-7).
Each portion of airspace can be characterized by those indictors in order to find out a “hot spots” in
the airspace (portion of airspace with the highest values of most serious occurrences). Apart from
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finding the geographically most safety jeopardized location it is also possible to follow distribution of
each absolute indicator during given period of time (time series) in order to find out the moment of
time in which the highest values are expected.
The following indicators are proposed for Safety KPA (Table 4-12):
Table 4-12: New Safety PIs proposed, indicators with absolute values

Indicators

Unit

Description

SAF-1: Number of Traffic Alerts warnings

No.TAs

Count of TAs

SAF-1.1: Traffic Alerts warnings

SAF-5: Severity of separation violations

TAs/flight
(hour)
No.RAs
RAs/flight
(hour)
No.NMACs
NMACs/flight
(hour)
No.SVs
SVs/flight
(hour)
-

SAF-6: Duration of separation violations

Sec

SAF-7: Risk of conflicts/accidents

-

(Number of TAs) / (Number of flights or Flight
hours)
Count of RAs
(Number of RAs) / (Number of flights or Flight
hours)
Count of NMACs
(Number of NMACs) / (Number of flights or Flight
hours)
Count of separation violations
(Number of separation violations) / (Number of
flights or Flight hours)
[(Separation minima) – (Actual separation)] /
(Separation minima)
Remark: It is computed by simulation of traffic
within given airspace.
Time during which separation minima is violated.
Remark: It is computed by simulation of traffic
within given airspace.
Compound PI which depends on SAF-5 and SAF-6

SAF-2: Number of Resolution Advisors issued
SAF-2.1: Resolution Advisors issued
SAF-3: Number of Near Mid Air Collisions – NMACs
SAF-3.1: Near Mid Air Collisions – NMACs
SAF-4: Number of separation violations
SAF-4.1: Separation violations

TAs/RAs, NMACs occur very often. According to study of Gottstein and Form (2009), in average 3 TCASrelated events occur in German airspace every day. So, count of those occurrences could be a good
proxy of what is really happening in the airspace. Of course, TAs/RAs, NMACs are based on anticipation
of distance at closest point of approach between two aircrafts when this anticipation is time-based.
Apart from those indicators, there is also separation violation situations, i.e. conflicts, determination
of which is based on actual distance between two aircrafts and depends on separation minima applied.
Duration of separation violation situation is measured as a time period in which actual separation is
lower than separation minima, while severity presents a measure of how close the difference between
actual separation and separation minima is to zero.
Risk of conflict represents a combination of duration and severity of separation violation.
Normalized values of counts present how frequent mentioned occurrences are relative to the number
of flights passing through a given airspace or relative to total flight time of all flights passing through
the same airspace.

4.8.1 Implementation considerations of the new Safety indicators
All safety indicators are Pre-OPS, if derived from simulating planned traffic, or Post-OPS, if based on
realized (executed) traffic.
Regarding SAF-1, SAF-2, SAF-3 and SAF-4, Post-OPS indicators may rely on reporting by the airlines and
ANSPs, but it is more likely to expect that they might be reluctant to disclose information on alerts
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triggered. In order to avoid getting unreliable results from the incomplete reports, APACHE System
aims in performing Post-OPS analysis by simulating realized traffic. In such a way, indicators will be
derived based on the TAs, RAs, NMACs and SVs that should have been occurred under the given
conditions, regardless of whether they have been reported. The same applies for relative values of
these indicators.
SAF-5, SAF-6 and SAF-7 indicators are only possible to compute through simulation.

4.9 Security
Similar to the Safety KPA, the level of Security is estimated by the number of incidents involving direct
unlawful interference to aircraft or by the number of acts of unlawful interference. Related to APACHE
scope the key issue with this KPA is the large unpredictability and impossibility of modelling security
breach events. For this reason, it is not possible to define any reliable indicators which could measure
the level of Security in the pre-tactical phases, i.e. Pre-OPS. All indicators identified so far are based on
the post-operational data.
Moreover, although many security threats are manifested only in the en-route phase of the flight
(hijacking, bomb threats, etc.), their causes are always related to security oversights at the airports,
even before the flight takes off. This means that the focus should be placed on preventing security
threats on the ground, so the potential indicators in this KPA should be capable of measuring the level
of implementation of common security standards including modern systems, methods and procedures
used for detecting and eliminating security threats to physical infrastructure, personnel, and
information and communication systems at airports. Considering the scope of the APACHE project en-route environment, the KPA Security is out of its scope.

4.10 Global interoperability
The PIs associated to this KPA measure the level of agreement in the application of standards and
common principles. Those standards, together with common technical and operational solutions for
aircraft and ATM systems, shall enable a measurable improvement of the ATM performance. Typically,
interoperability is translated to the measurement of the compliance levels with global ICAO CNS/ATM
standards. In SESAR Interoperability is not used in the performance framework although it is
considered crucial and “is facilitated through the EU and SJU participation in ICAO and in particular the
EU/US Memorandum of Understanding” (SESAR, August 2015).
Although APACHE could model how interoperability would affect several performance indicators (for
instance, simulating higher/less interoperability and measuring the effects on cost or delay PIs), the
tools available in APACHE are not able to provide any measure of interoperability. Therefore, we will
consider this KPA out of scope of the Project.

4.11 Participation by the ATM community
One of the goals of the SESAR is the improvement of the participation by the Stakeholders/ATM
Community (SESAR, August 2015):
•
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•
•

By involvement of all ATM community segments;
While respecting all applicable rules, regulations and legislation.

Currently no clear PIs exist related to this KPA. ICAO defines this KPA in a following way: „Aviation
community should be involved in the planning, implementation and operation of the ATM system to
ensure that the evolution of the global ATM system at all times fulfils its expectations” and proposes
an indicator to measure participation, counting the number of yearly meetings devoted to ATM
planning, implementation and operations which is not of benefit for APACHE project.
It seems that indicators in this KPA are difficult to define and that they don't provide relevant
information. That is why APACHE proposes partial assessment of Participation through the
Collaborative Decision Making (CDM) process carried out when demand and capacity imbalances
occur. Thus, PAR-1 and PAR-2 focus on the number of interactions between AUs and the network
manager - the bigger number of interactions, the better is the participation of the AUs. Within this
KPA, efficiency of such participation process is not measured (since a high number of interactions could
also mean a highly inefficient negotiation process), but only the level of participation.
PAR-1 measures the full collaborative decision making process (strategic plus tactical) while PAR-2
measures only the collaboration level when resolving tactical issues. Both indicators take values
greater or equal to one. A greater number implies more participation.
In order to obtain relative indicators suitable for benchmarking, a normalisation is needed. For PAR-1
it is proposed to normalize it by the number of trajectories where the RBT differs from the first SBT
submitted, which is a direct indicator of the number of trajectories that have participated in the CDM
process via the Network Manager. In a similar way, for PAR-2 it is proposed to normalise the indicator
by the number of RBT that have been updated at tactical level. PAR-2, however, will not be
implemented in the APACHE System since it only makes sense in the SESAR 2020 ConOps and modelling
the tactical level of ATM is out of the scope of the Project.
It should be noted that in the current ATM paradigm (with no SBT/RBT), this can be calculated as the
number of flight plans which had significant differences between planned and actual. Significant
differences should be defined in terms of some distance/time thresholds.
Table 4-13: New PIs proposed for KPA Participation by the ATM Community

Indicator

Unit

Description

PAR-1: Collaborative SBT
updates

average
SBT
update requests

PAR-2: Collaborative RBT
updates

average
RBT
update requests

(Number of SBT update requests) / (Number of RBT different from first
submitted SBTs)
Number of SBT update requests: counts the number of changes of the
SBT during the negotiation process that takes place in the collaborative
decision making (CDM) process between the network manager and
ANSPs or the network manager and the AUs.
Number of RBT different from first submitted SBTs: counts the number of
trajectories that have participated in the CDM process.
(Number of RBT update requests) / (Number of RBT updated)
Number of RBT update requests: counts the number of changes of the
RBT during the tactical negotiation process of the trajectory between the
ANSPs and the AUs.
Number of RBT updated: counts the number of trajectories that have
been updated tactically.
Remark: This indicator will not be implemented in the APACHE System.

© 2018 – APACHE consortium69

All rights reserved. Licensed to the SESAR Joint Undertaking under conditions.

EDITION 02.00.00

4.11.1 Implementation considerations of the new Participation indicators
Like for the AEQ indicators, PAR-1 needs to capture the AU’s initial interest (i.e. the most preferred
trajectory). An important assumption for these PIs is that the first SBT that is submitted to the network
manager is indeed the AU’s preferred trajectory. At present, the business trajectory life-cycle is not yet
implemented and the last filed flight plan could be used instead of the first submitted SBT. As
commented in section 4.2.1, however, this is an important limitation for these indicators, since not all
AUs express their real interests in their last submitted flight plan.

4.12 Efficiency
According to ICAO definition, Efficiency addresses the operational and economic cost-effectiveness of
flight operations (ICAO, 2005). Therefore, ATM system should be capable to deliver service when and
how it is required by airspace users. Airlines build their flight schedules based on the passengers’
demand which are end users of the Air Transportation System (ATS). Thus, if one flight may not be
served when required, this has a negative influence on its attractiveness and might finally result in loss
of passenger demand for this flight. On the other hand, if one flight may not be served using userpreferred route this will have negative effects on flight costs due to late arrival, longer route or higher
ATC charges.
Several performance indicators from different perspectives are proposed by ICAO, CANSO and SESAR,
while some of the PRU’s indicators can be mapped to Efficiency focus area, although not explicitly
belonging to Efficiency KPA. Delivery of the service on time, i.e. on-time efficiency is assessed by
number of flight departing on time and departure/arrival delay that are both airline and passengercentric. Although it is up to discussion whether some of the listed PIs better fits within other
performance areas, general conclusion is that on-time efficiency is well covered. Contrary, route
efficiency measures give a space for improvements. Existing indicators express route efficiency from
airline’s perspective as flight duration/distance extension compared to the great circle distance
(GCD) 21 and from end-user’s perspective as average flight time between city pairs. In SESAR2020 route
efficiency is included in the Fuel Efficiency Focus Area.
Naturally route efficiency is a measure of how close to ideal route actual/planned route is. Therefore,
two important questions need to be answered before establishing reliable route efficiency indicator:
first, what is the referenced/ideal route, and second - what is a “distance” metric used to compute
deviation from ideal route. The definition of ideal route highly depends on context. From a passenger
perspective, the fastest route is likely the most preferable if no additional cost is required to pay for

21

Great circle distance is calculated between two points on the route falling at the 40/100 NM (depending on
source) circles from airport of departure/arrival.
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extra service 22. Therefore, for each city pair an optimal travel time 23 is computed and used to compute
the excess travel time (average, maximum) as an indicator for route efficiency from the passenger
point of view, FLI-1. Depending on the way how travel time is computed two performance indicators
are proposed (Table 4-14). One variant is passenger-centric and it takes into account passenger’s origin
and final destination whether direct flight exists or not. It represents a good indicator of ATS efficiency
as a measure of market development (maturity), but it is questionable whether it can be used to
monitor performance of the ATM system. The second variant of this indicator is flight-centric and it
considers only those city pairs that have direct connections.
Speaking about horizontal route, the GCD is neither a good benchmark from the airline’s perspective
since the optimal route is a complex trade-off between flight time, fuel burned and route ATS charges.
Thus, any deviation from the user preferred route, represented by the first submitted SBT in the future
ATM, will reduce route efficiency and yield higher costs for the airline. The question that remains is
how to measure the deviations from this first submitted SBT? Flight duration/distance extension, as
proposed by CANSO, account for one aspect of the route inefficiency each. To account for all aspects
using a single indicator, they have to be reduced to the same unit. Flight costs represent universal units
that require knowledge of a flight cost model. This issue is thoroughly addressed in Cost-efficiency KPA
(see section 4.4), and thus not repeated in the scope of the present Efficiency KPA.
Table 4-14: New Efficiency PIs proposed based on travel time

Indicator

Unit

Description

FLI-1: Average
(maximum) excess travel
time per passenger/flight
city pairs

Min

AVG or MAX [(Actual travel time (including layover time) – (Optimal
travel time)]
For any city pair representing origin and final destination for passengers,
OR
For city pairs being connected with direct flight. However average value is
also calculated per passenger since the number of affected passengers
matter.
Remark: This indicator will not be implemented in the APACHE System.

4.12.1 Implementation considerations of the new Participation indicators
Although the route choice, which is an airline commercial decision, will still have the highest influence
on the proposed FLI-1 indicator, it may partially account for ATM system performance, since longer
travel time naturally suggests that route has been regulated (delay, alternative route, suboptimal
speed, etc.). The main difficulty when implementing passenger-centric FLI-1 indicators, is the
availability of origin and final passenger destinations, especially for journeys with multiple itineraries.

22

Since range of speeds at optimal cruising altitude is very narrow airlines don’t have much space to manoeuvre
and usually small benefits of time saved flying at higher speed dramatically reduces fuel efficiency. With this
assumption, shorter routes will yield faster route and GCD, currently used as benchmark, seems like a good
choice. GCD used in current indictors, however, excludes TMA and airport subsystems and other influences and
since time is what passengers value most in term of efficiency, travel time sounds like a more reliable reference.
23
Optimal travel time between city pair is the most probable travel time of direct flight between those cities
without ATM restrictions, weather influence, etc.
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Flight-centric variant of FLI-1 indicator is less demanding since number of passengers on-board is
sufficient, but even this information will require multiple data sources including AU flight information.
Collecting the passenger’s data (e.g. passenger lists and passenger connectivity) is out of scope of
APACHE project, and therefore, this PI will not be computed in APACHE. Although APACHE fully
acknowledges the importance of passenger centric performance indicators (already addressed in
SESAR WP-E projects, such as POEM), the proposed APACHE performance scheme is not observed and
tailored from that perspective.

4.13 Summary of the PIs proposed for APACHE
All PIs proposed for the APACHE project are summarized in
Table 4-15 below. KPIs proposed under each considered KPAs could be used as Pre-OPS and as PostOPS. Those KPIs designated with „+“ in Pre-OPS column could be used under APACHE project, i.e. to
anticipate what could happen during real operation using APACHE tools (planning purpose) while
those designated with „+“ in Post-OPS column could be used in post-operation phase when APACHE
tools again could be used fed by inputs from the real operations. Finally, those indicators marked
with a (*) are indicators proposed in this document, but not finally included into the APACHE System
for implementation and further analysis.
Table 4-15: New PIs proposed by APACHE

KPA

ID

Access and equity

Pis
AEQ-1
AEQ-2
AEQ-3
AEQ-4

Capacity

AEQ-5
CAP-1
CAP-2
CAP-3
CAP-4(*)
RES-1(*)
RES-2(*)
RES-3(*)
RES-3.1(*)

Cost-efficiency

CE-1
CE-1.1

Environment
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CE-1.2
CE-1.3
CE-2
CE-3
CE-4(*)
ENV-1
ENV-1.1
ENV-1.2
ENV-2

Percentage of RBTs which are equal to the first
submitted SBTs per AU
Worst penalty cost
Total ATM Delay relative to Reference ATM delay
Percentage of Flights Advantaged and/or
Disadvantaged
AU cost per Flight relative to Reference AU cost
Robust maximum en-route ATFM delay
Average flow management arrival delay
Capacity shortfalls
Maximum throughput capacity per sector/FAB
Airspace recovery period
Airspace time to recover from non-nominal to
nominal condition
Minutes of delays
Number of cancellations
En-route unit economic costs for the AU
En-route unit economic costs for the AU –
strategic
En-route unit economic costs for the AU – tactical
En-route ATM charges cost for the AU
Sectorization cost
Flights per ATCO hour on duty
ATCO-hour productivity
ATM inefficiency on the horizontal track
Strategic ATM inefficiency on the horizontal track
Tactical ATM inefficiency on the horizontal track
ATM inefficiency on trip fuel (or emissions)
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Type
Pre-OPS

Post-OPS

+

+

+
+

+

+

+

+
+
+
+
+

+
+
+
+
+
+
+
+

+

+

+

+

+
+

+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
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KPA

ID
ENV-2.1
ENV-2.2
ENV-2.3
ENV-2.4
ENV-2.5
ENV-2.6
ENV-2.7
ENV-2.8

Flexibility

ENV-3(*)
FLEX-1
FLEX-2
FLEX-3
FLEX-4
FLEX-5(*)

Predictability

PRED-1(*)
PRED-2(*)
PRED-3(*)
PRED-4(*)
PRED-5(*)
PRED-6(*)

Safety

Participation by the
ATM community
Efficiency

Type

Pis

SAF-1
SAF-1.1
SAF-2
SAF-2.1
SAF-3
SAF-3.1
SAF-4
SAF-4.1
SAF-5
SAF-6
SAF-7
PAR-1
PAR-2(*)
FLI-1(*)

ATM vertical trajectory inefficiency on trip fuel (or
emissions)
ATM horizontal trajectory inefficiency on trip fuel
(or emissions)
Strategic ATM inefficiency on trip fuel (or
emissions)
Strategic ATM vertical trajectory inefficiency on
trip fuel (or emissions)
Strategic ATM horizontal trajectory inefficiency on
trip fuel (or emissions)
Tactical ATM inefficiency on trip fuel (or
emissions)
Tactical ATM vertical trajectory inefficiency on trip
fuel (or emissions)
Tactical ATM horizontal trajectory inefficiency on
trip fuel (or emissions)
Percentage of the sky covered by contrails
Percentage of RBTs equal to first submitted SBTs
Spare capacity
Sector changes relative to time/distance
Flexibility of DCB solutions
The percentage of demand handled over
declared capacity
Compliance with RBT
Adherence with RBT/CTA tolerance window
Predictability of demand
Slots left over
Tactical predictability
Difference between actual delay and assigned
delay
Number of Traffic Alerts warnings
Traffic Alerts warnings
Number of Resolution Advisories issued
Resolution Advisories issued
Number of Near Mid Air Collisions – NMACs
Near Mid Air Collisions – NMACs
Number of separation violations
Separation violations
Severity of separation violations
Duration of separation violations
Risk of conflicts/accidents
Collaborative SBT updates
Collaborative RBT updates
Average (maximum) excess travel time per
passenger/flight city pairs

Pre-OPS

Post-OPS

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+

+

+
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5 Conclusion

Members of the ATM community are forced to look for more comprehensive approaches for solving
problems such as the increasing delays in certain parts of the airspace, negative impact on the
environment, insufficient cost-efficiency, etc.
As practice proves in other branches of the economy, the only way to achieve visible progress in
resolving these issues is to establish a transparent and objective performance management system
that will provide decision-makers with real-time information needed for taking the necessary
measures. An important advantage of this business concept is a greater responsibility of the members
of the ATM community in achieving defined targets.
However, it is evident that sufficient harmonization in the use of indicators has not been achieved so
far. Members of the ATM community use different indicators for assessing progress in 11 KPAs, so it is
not possible to consolidate their data in order to assess the global performance.
Furthermore, commonly used KPIs and PIs are mainly clustered in four major KPAs (Safety, Capacity,
Environment and Cost-Efficiency). The APACHE project observes wider picture, i.e. additional KPAs in
line with SESAR PF as well as ICAO, and suggests more exhaustive list of indicators aiming for improved
performance measurement of the future (performance-driven) ATM system. With new concepts such
as TBO (Trajectory Based Operations) and PBO (Performance Based Operations), a more dynamic
optimisation and allocation of airspace to enable the airspace users to access required airspace with
minimum constraints is also foreseen. It is expected that these new concepts will have a significant
impact on ATM performance and new metrics and models to capture it, along with the complex
interdependences between the different KPAs. A trade-off between providing a suitable indicator for
certain performance area and what is feasible to measure needs to be found.
This deliverable proposed a set of new PIs per KPAs which could measure the expected performance
of SESAR CONOPS based on simulation, optimisation and performance assessment using APACHE tools.
This approach allows taking necessary measures in advance with the aim of optimising the network
operations even before the execution phase of ATM. A total of 40 new, or enhanced, PIs have been
proposed in this Deliverable, with a total of 18 PIs variants (making a total of 58 proposed indicators).
Among all these indicators, 15 PIs (+ 1 variant) will not finally be implemented in the APACHE System
and therefore not assessed nor considered in the scope of this Project, due to its low level of maturity
and/or to the lack of data required to implement these indicators. Nevertheless, they are candidates
for implementation in future evolutions of the APACHE System. The APACHE System will finally
implement a total of 25 new (or enhanced) PIs and 17 PI variants.
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Appendix A

Background on ATM system performance

The success of any company or system is evaluated by comparing the results achieved with the
objectives set in order to determine the level of their fulfilment. To make this possible, it is necessary
to have information on the current situation of the system, or the so-called “performance”.
The word “performance” can be translated as "success" or "output". Therefore, it is a term which can
refer to the variables (indicators, characteristics) describing the status of the system.
Nowadays performance is usually related to the economic aspect of the success of a company or a
system, but it is a much broader definition, which can be clearly seen in the case of a complex and
global system such as the ATM system. More specifically, in addition to cost-efficiency of the ATM
system, more and more attention is given to safety and environmental protection, which are the areas
where it is very difficult to reach an agreement on the methods and parameters for performance
monitoring.
Each member of the ATM system shall establish a system for performance monitoring in the above
mentioned 11 KPAs. The rapid development of information technology has led to the emergence of
modern systems for mass data processing and real-time visualization of the achieved results that
provide managers with a detailed insight into the current state of the system they manage, which
allows timely decision-making and taking measures to improve the business. It is these systems that
have enabled the exchange of performance data between the members of the ATM system, as well as
their consolidation in order to better evaluate the situation at the global level.
The ultimate goal is to build a global and harmonized ATM performance management system whose
basic principles are explained in the following chapters.

A.1 Performance Management System
Evolution and improvement of the ATM system will directly depend on the ability of the ATM
community to clearly define its expectations, set achievable goals and implement changes in a costeffective manner and based on the opportunities that are available at a given time along the planning
horizon (ICAO, 2008a).
The key thing to note is that the changes envisaged in the ICAO concept are by their nature
evolutionary rather than revolutionary. In other words, the system is brought into the desired state
step by step. For this reason, in each component of the ATM system there should be an efficient
performance management system which will allow assessing the progress in achieving defined
objectives at any moment and, based on this, taking measures that will contribute to the greater
efficiency of the system.
Performance management system is a complex system whose main purpose is to provide managers
with real-time information on the degree of fulfilment of the set objectives, and hence with reliable
support in decision-making process.
This system includes three basic functions: performance measurement, performance monitoring and
performance review (Figure A-1):
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Figure A-1: Basic functions of the performance management system

In any organization, it is necessary to establish a performance management system in order to (ICAO,
2005):
•
•
•

Design, develop, operate and maintain the system that is able to meet the expectations of its
customers;
Determine whether the system operates in accordance with the planned performance;
Determine when and where it is necessary to take appropriate measures to increase the level
of performance in the case that the system does not meet or is expected not to meet the
expectations.

This applies to the ATM system which has to meet strict performance criteria, particularly in the area
of safety.
ICAO document 9882 "Manual on Air Traffic Management System Requirements" defines detailed
requirements to the future aviation system in terms of performance management. In order to achieve
the vision set out in the ICAO Operational concept, the ATM system should (ICAO, 2008a):
•
•
•
•
•
•
•
•
•
•

Ensure that performance forms the basis for all ATM system development;
Treat performance as a whole, that is, considering all the ATM community expectations and
their relationships;
Ensure the establishment of performance cases before implementing changes;
Define performance targets that will be regularly monitored and reviewed;
Establish interchange of global benchmarking performance data as a cornerstone of ATM
system management;
Ensure that all information for performance management is available to the concerned parties
transparently and that information disclosure rules are in place;
Ensure that any performance management system establishes rules for, among other things,
performance measurement, performance maintenance, performance management and
performance enhancement;
Establish quality of service requirements to support provision of services within the ATM
system;
Ensure that quality of service includes performance requirements related to availability,
continuity, reliability and integrity;
Make a compromise between the different expectations of the ATM community.

From all this, it follows that the future ATM system is envisaged as a global and highly integrated
system which will be based on continuous performance measurement, monitoring and review and
close cooperation in decision making between all members of the ATM community.
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A.2 Performance Based Approach
Airline deregulation and a greater inflow of private capital have led to an increase of business
responsibility. The basic prerequisite for responsible behaviour of all members of the ATM system is
the awareness of the current situation, setting up of clearly defined and quantified objectives, as well
as the imposition of certain sanctions in case they are not achieved. Therefore, there is a need for the
creation of an effective performance management system which will serve as a basic decision-making
support. The main goal to be achieved is the reduction of uncertainty and risk when making decisions
in order to rationally exploit available resources and meet various expectations of the customers.
This business approach is called "Performance-Based Approach" (PBA) and its essence is detailed in
ICAO Doc 9883 "Manual on Global Performance of the Air Navigation System". It should be noted that
this approach was not developed within aviation itself, but was derived from experience in other
industries (ICAO, 2008b). PBA is based on three main principles (ICAO, 2008b):
Strong focus on desired/required results. Management attention is shifted from a question “how will
we do it” towards a question “what is the outcome we are expected to achieve”. This implies a detailed
introduction to the current performance situation, defining the results to be achieved and the division
of responsibilities for their achievement.
Informed decision making, driven by the desired/required results. Informed decision making implies
that decision makers fully understand the mechanisms which explain how drivers, constraints,
shortcomings, options and opportunities influence the achievement of the desired/required results.
This is an essential prerequisite for the proper selection of priorities, rational use of resources and
making acceptable compromises.
Reliance on facts and data for decision making. The essence of this principle is the quantification of
the desired/required results, as well as the drivers, constraints, shortcomings, options and
opportunities that influence their achievement. As the basic argument it is stated that "what can’t be
measured, it can’t be controlled." That’s why there is a need to ensure that the data are relevant and
reflect the actual situation in the system.
The main advantages of PBA are the following (ICAO, 2008b):
•
•
•
•
•
•
•

Orientation to results and meeting customer expectations;
Promotion of greater accountability among managers;
The adoption of business strategies becomes much more transparent, because the goals to be
achieved are clearly defined and quantified;
Greater freedom and flexibility in the choice of solutions, leading to greater cost-efficiency;
Broader application of quantitative and qualitative research methods;
Better allocation of resources; and
Greater predictability.

While these principles are clear and do not seem to represent an important innovation in the business
world, the success of the members of the ATM community in the implementation of this business
approach will depend on several key factors (ICAO, 2008b):
Commitment. The decision-makers (especially at the level of senior management) must be convinced
that the new business approach will bring real benefits. This will ensure that:
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•
•

The effort and money spent on the collection and analysis of performance data is actually used
to improve the effectiveness of decision making;
Decision making is effectively supported by the availability of trustworthy, meaningful data.

Agreement on goals. The ability to achieve consensus on the desired outcome in terms of performance
results to be achieved (i.e. the ability to define objectives) is a basic prerequisite for the successful
application of the approach.
Organization. At each step of the application of the approach it must be clear who is responsible and
accountable for:
•
•
•
•
•
•

Defining objectives;
Setting targets;
Defining indicators;
Gathering performance data;
Managing data quality;
Performance review, etc.

The division of responsibilities takes place on several levels. The lowest level involves the allocation of
roles and responsibilities of individuals. At the level of large organizations roles and responsibilities are
assigned to a specific organizational unit. Finally, at the national and regional level there is a need for
the services of specialized organizations (statistical offices, performance review organizations,
regulatory bodies, etc.).
Human resources and know-how. The application of the PBA requires that the organizational structure
is sufficiently staffed. In simple cases, the responsibility for measuring and monitoring performance
can be assigned to existing staff. Increased workload requires dedicated staff which is maximally
committed to this job. In this respect, data collection and management, as well as performance review
are especially labour-intensive processes.
In addition, this approach requires a certain culture and skills which may not be currently present
within the organization, which is why it is necessary to ensure that staff has appropriate knowledge
and undergo additional training if necessary.
Data collection, processing, storage and reporting. This is a key factor for the success of the
application of the PBA. It should not be assumed that the information is "somewhere" already available
and only needs to be copied. Although re-use of data prepared by others is sometimes possible, the
data reporting chain must be clearly defined.
An efficient data reporting chain requires the participation of many members of the ATM community.
Their willingness to participate requires the establishment of a performance data reporting culture,
which is particularly sensitive when it comes to safety. It is also necessary to define whether the
reporting will be mandatory or voluntary, which depends on a case-by-case basis.
The output of data processing is the information on indicators that clearly show the degree of progress
in a given area. However, the data previously needs to be collected, validated and stored, which is a
big challenge from the technical point of view because it requires the harmonization and
standardization of reporting procedures and investments in appropriate ICT infrastructure.
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Collaboration and coordination. PBA is never applied in isolation. There is always an interaction
between the various stakeholders, geographical areas, higher or lower aggregation levels, as well as
various activities in the process of planning and management. Collaboration and coordination are
essential in order to:
•
•
•
•

Come to an agreed vision on the expected results;
Ensure that each participant gives its contribution to achieving the set goals;
Ensure that everyone uses a compatible approach, methods and terminology;
Ensure that the data of each participant can be integrated and consolidated in order to
calculate the overall indicators and assess system performance at higher aggregation levels.

Cost implications. In order to ensure cost-effective application of the approach, the costs of hiring
staff, allocation of specific organizational units or using the services of specialized organizations, as
well as the costs of installing the appropriate ICT infrastructure need to be taken into account.

A.3 Performance Management Process
PBA can be seen as a way of organizing the performance management process (PMP). This process
represents a set of activities undertaken with the aim of ensuring continuous fulfilment of the
objectives in the most efficient and cost-effective way. Although there are some variations of this
process, they are all based on a similar philosophy and principles. Figure A-2 shows the basic steps of
the PMP (ICAO, 2008b). There is a clear correlation between the aforementioned steps and principles
which underlie PBA:
•
•
•

Strong focus on desired/required results - Steps 1 and 2.
Informed decision making, driven by the desired/required results - Steps 4 and 5.
Reliance on facts and data for decision making - Steps 3 and 6.

A detailed explanation of each step of the process, from defining its framework to review of achieved
goals, according to the instructions specified in the ICAO document 9883 (ICAO, 2008b) is provided in
the reminder of this Chapter.

Step 1 - Define/review scope, context & general ambitions & expectations
The purpose of Step 1 is to reach a common agreement on the scope and assumed context of the ATM
system on which the performance management process will be applied, as well as a common view on
the general nature of the expected performance improvements. This step can be divided into 3 substeps: scope definition, context definition and identification of ambitions and expectations.
Scope definition. In practice, there is not just one global and comprehensive application of the
performance management process, but many simultaneous (and often interrelated) applications at
more specialized and localized levels.
Scope definition means defining the time scope, key areas in which performance will be monitored,
geographical scope, etc. Scope definition is important to avoid misunderstandings, in particular about
the performance (improvement) which can be expected. For example, the possibilities for managing
safety or environmental impact are different, depending on whether one considers only the role of
ATM, or approaches the subject at the level of the entire air transport system (which includes for
example changes in fleet composition, engine technology, etc.).
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Figure A-2: Basic steps of the performance management process

By defining the scope of the performance management process responsibilities for its implementation
are also defined.
Context definition. After defining the scope there is a need to define broader (strategic) context of the
performance management process with which there is a need to coordinate and collaborate, as well
as external drivers and constraints which will affect the performance within the defined scope.
Identification of the ambitions and expectations. The purpose of identifying general ambitions and
expectations within a given scope is to develop a strategic view on the (performance) results that are
expected. The term "expectation" refers to desired results from an external perspective, while the
term "ambition" indicates that the desired results refer to an internal initiative.
For example, in ATM, the Performance Based Approach can be used to better meet society’s aviation
expectations, as well as improving the business performance of airlines, service providers, etc. To
achieve this, one could identify ambitions and expectations with regards to the performance of flight
operations, airspace/airport usage and air navigation services in areas such as:
1.
2.
3.
4.
5.
6.
7.
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Safety,
Security,
Environmental impact,
Cost effectiveness,
Capacity,
Flight efficiency,
Flexibility,
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8.
9.
10.
11.

Predictability,
Access and equity,
Participation and collaboration,
Interoperability.

These areas are explained in detail at the beginning of the report and at the same time they represent
the so-called "Key Performance Areas" (KPA). The progress in these areas is enabled by:
•
•
•
•
•

Services and procedures,
Human resources,
Physical infrastructure,
Systems and technology,
Regulation and standardisation.

PBA should be applied to each of the aforementioned enabler levels in order to better understand the
impact on 11 key performance areas. For example, for the systems and technology level the focus
includes technical performance characteristics such as service/system availability, continuity,
reliability, integrity, resilience, maintainability, scalability etc. An important part of the PBA involves
the development of cause-effect relationships between these technical performance characteristics
and the higher-level 11 KPAs.

Step 2 - Identify opportunities, issues & set (new) objectives
The purpose of Step 2 is to develop a more detailed understanding of the performance behaviour of
the system (this includes producing a list of opportunities and issues), and to decide which specific
performance aspects are essential for meeting the general expectations. The essential performance
aspects are those which need to be actively managed (and perhaps improved) by setting performance
objectives. This step can be divided into two sub-steps: development of a list of present and future
opportunities and issues that require performance management attention and focusing efforts by
defining and prioritizing performance objectives as needed.
Development of a list of present and future opportunities and issues that require performance
management attention. Based on the scope, context and general ambitions/expectations which were
agreed during the previous step, the system should be analysed to develop an inventory of present
and future opportunities and issues (weaknesses, threats) that may require performance management
attention.
This part of the process is generally known as SWOT (Strengths, Weaknesses, Opportunities and
Threat) analysis.
•
•
•
•

Strengths are (internal) attributes of a system or an organization that are helpful to realizing
ambitions or meeting expectations.
Weaknesses are (internal) attributes of a system or an organization that are harmful to
realizing ambitions or meeting expectations.
Opportunities are external conditions that are helpful to realizing ambitions or meeting
expectations.
Threats are external conditions that are harmful to realizing ambitions or meeting
expectations.
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A good understanding of the opportunities and issues should be developed early in the process, to
provide background information for deciding which performance objectives to set, what to measure
and how/where to change the system.
Once the strengths, weaknesses, opportunities and threats are identified, targeted action can be taken
to exploit or remove these factors where needed, thereby leading to performance improvements
directly related to meeting the expectations.
Focus efforts by defining and prioritizing performance objectives as needed. The purpose of this
activity is to focus and prioritize the application of the PBA. Focus is necessary to translate general
expectations into specific performance objectives, which in turn will be the basis for deciding on
improvement actions. This process can be divided into two phases:
•

Phase 1: Within each KPA a number of more specific areas (focus areas) are identified, in which
there are potential intentions to establish performance management. The focus areas are
usually needed where issues have been identified in the previous step. For example, within the
KPA Capacity one can identify airport capacity, runway capacity and apron capacity as focus
areas. There may be a need to define hierarchical groupings of focus areas.

•

Phase 2: Within each of the focus groups a set of concrete performance objectives are
identified, which define the desired trend from today’s performance (e.g. improvement). They
specifically focus on what has to be achieved, but do not make statements about the when,
where, who or how much.

Setting priorities is necessary because it is not possible (and often not required) that performance
management is applied to all areas. This means that the goals will be defined only in those areas where
the real (current or expected) need to take measures in order to improve performance are identified.
It is preferable that this is done on the basis of analysis of historical and projected performance data.

Step 3 - Quantify objectives
The purpose of this step is to ensure that the set objectives are specific, measurable, achievable,
relevant and time-bound (SMART). This step consists of two sub-steps: defining how progress in
achieving performance objectives will be measured and which data are required to do so and defining
the desired speed of progress in terms of baseline and target performance.
Defining how progress in achieving performance objectives will be measured and which data are
required to do so. Current/past performance, expected future performance (estimated as part of
forecasting and performance modelling), as well as actual progress in achieving performance
objectives is quantitatively expressed by the so-called "Key Performance Indicators" (KPIs).
The indicators are usually not measured directly, but are calculated from supporting metrics according
to clearly defined formulas. For example, the average cost per flight is calculated according to the
formula "Total cost/Number of flights." Performance measurement is therefore done through the
collection of data for the supporting metrics from which the indicators are calculated.
Metrics are the standard definition of any measurable quantity that reflects some aspect of the
performance of a given system. In order to be valuable and practical, metrics must (Asante & Nieto,
2012):
84

©2018 – APACHE Consortium.
All rights reserved. Licensed to the SESAR Joint Undertaking under conditions

REVIEW OF CURRENT KPIS AND PROPOSAL FOR NEW ONES

•
•
•
•

Be measurable (or can be calculated through other measures);
Have clear definition (including boundaries of the measurements);
Indicate progress toward a performance target; and
Answer specific questions about performance.

Particular attention should be given to defining indicators (KPI). To be relevant, they need to correctly
express the intention of the performance objectives. For this reason, indicators are directly related to
the objectives and should not be defined without them. In other words, indicators must not be an aim
in themselves. It follows that the need for indicators lasts only as long as there is an appropriate
objective. On the other hand, metrics exist much longer, because they can be used to calculate multiple
indicators.
Figure A-3 shows the scheme of the ATM performance measurement aiming to clarify the relationship
between the ATM community expectations, objectives, indicators and metrics.

Figure A-3: Performance measurement scheme

At the top of the scheme are the community expectations from the ATM system, on the basis of which
key performance areas (KPA) are defined. Within each of these areas several focus areas are chosen,
in which it is expected to make some progress, which is than measured by indicators (KPI). Finally,
indicators can be measured directly or can be calculated from two or more metrics.
Defining the desired speed of progress in terms of baseline and target performance. As already
mentioned above, indicators are a means to quantify progress in achieving targets. However, in
addition to defining targets and indicators, it is necessary to specify the time boundaries within which
it is desired to achieve the intended targets. Most often this period is divided into several smaller
intervals for which the “performance targets” are defined. These targets can be set as a function of
time and may vary by region, stakeholder, etc. Also, targets can be set at different aggregation levels:
local, regional or even global.
Performance targets may be set with different intentions, for example:
•
•
•
•
•

As a strategic design target, to support transition planning;
As a recommendation or incentive, to promote the need for action and accelerate
improvements;
As a legal requirement;
As a performance level which needs to be achieved to enable other performance
improvements;
As a mandatory performance requirement which is necessary for safety reasons;
© 2018 – APACHE consortium85

All rights reserved. Licensed to the SESAR Joint Undertaking under conditions.

EDITION 02.00.00

•

To gain access to certain airspace or receive certain levels of service; etc.

These examples show that performance targets also can be defined to provide guidance, and should
not just be seen as an instrument for enforcement.
To be able to understand how challenging it is to achieve the set target, one must first have information
on baseline performance. The difference between baseline (reference) and target performance is
called "performance gap".
In the real world, the time available to achieve performance objectives is always limited. Therefore
targets should always be time-bound. Once the time frame is determined and the data on baseline
performance is available, it is possible to determine the desired speed of progress in achieving
performance targets. Care should be taken to set targets such that the required speed of progress is
realistic.

Step 4 - Select solutions to exploit opportunities and resolve issues
The essence of this step consists in applying the second principle of performance based approach informed decision making, driven by the desired/required results.
Knowing the baseline performance, opportunities and problems, after defining targets it is necessary
to take decisions in terms of priorities, trade-offs, selection of solutions and resource allocation. In
other words, there is a need to optimize decisions in order to maximize the achievement of the
desired/required performance results. This step can be divided into three sub-steps: selection of the
decisive factors to reach the target performance, identification of solutions to exploit opportunities
and mitigate the effects of the selected drivers and blocking factors and selection of sufficient set of
solutions.
Selection of the decisive factors to reach the target performance. A list of opportunities and issues
that require performance management attention is made available in the second step using SWOT
analysis. Now it is necessary to assess the impact of drivers, constraints and blocking factors on the
achievement of objectives. In other words, to answer the questions "to what extent", "when" and
"under which conditions" do these contribute to (or prevent) the required performance
improvements.
For example, let the main blocking factor for the capacity of an airport (single runway without parallel
taxiway) is the runway occupancy time, rather than the wake vortex separation minima. In this case, it
is clear that all solutions which reduce runway occupancy time will contribute to runway capacity
enhancement, whereas solutions which reduce wake vortex separation minima will not contribute to
the achievement of the objective in this particular example. Likewise, at some airports the dominant
constraining factor may be runway capacity, but elsewhere it may be gate and apron capacity.
In order to make progress in reaching an objective, the dominant factors need to be tackled first. Thus,
the outcome of this step should be selection and prioritization of opportunities and issues. This process
allows to:
•
•
86

Eliminate/defer issues that do not immediately or significantly affect the achievement of
objective(s);
Maximize effectiveness if performance improvements have to be realized with limited
resources (e.g. budget, manpower);
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•
•

Create a “traceability chain”, a “performance case” which explains what will be improved and
how much, prior to the selection of solutions;
Progress the decision making to the point where it is appropriate to start thinking in terms of
available solutions (options).

Identification of solutions to exploit opportunities and mitigate the effects of the selected drivers
and blocking factors. At this stage of the process decision-makers need to know what options are
available to them to mitigate the pre-identified issues and to exploit available opportunities.
Therefore, this part of the process is about establishing the list of options for optimizing the
achievement of performance objectives.
In the above example possible options would be:
•
•

Building extra taxiways to avoid the need for backtracking or to eliminate the need for runway
crossings;
Building high speed runway exits to give more options for vacating the runway, thereby
reducing runway occupancy time.

When there is a need to increase the efficiency of some process on a daily basis, usually a list of options
is already available and decision-makers should only apply already developed and tested solutions. On
the other hand, when working with longer time horizons, a list of options may still be in Research and
Development phase, so there is a certain degree of uncertainty. In any case, decision makers need to
have a clear picture of the strategic fit, benefits, cost and feasibility of each option for operational
improvement.
Selection of sufficient set of solutions. This part of the process consists in making decisions on which
solutions to implement in order to achieve targets. The decision-makers have at their disposal the
following information:
•
•
•
•

Definition of system/expectation scope and context;
The required results in terms of performance objectives and targets (in some cases for a certain
date, in other cases as an evolution through time, specifying a “required speed of progress”,
e.g. 4 % improvement per year);
Prioritized issues and opportunities, and their impact on performance;
An overview of candidate solutions and their capability to resolve issues and exploit
opportunities.

Depending on the nature of the project, the outcome of this process is either an optimal solution or a
list of selected solutions and case studies which describe what issues are resolved and what
opportunities are exploited, along with the estimated costs and the expected benefits.

Step 5 - Implement solutions
This step is the executive phase of the performance management process. Solutions which were
decided during the previous step are worked out into detailed plans, actually implemented, and start
delivering benefits. In the case of long-term changes that are typical for the ATM system, detailed
implementation plans and projects are developed are executed. Each of these projects are carried out
in accordance with the PBA, which means that the performance management process is executed in
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each of them, but the scope, context and expectations (Step 1) are inherited from the overall
implementation plan.

Step 6 - Assess achievement of objectives
The purpose of this step is to collect the data (metrics) in order to calculate indicators which are then
compared with the objectives defined in Step 3, in order to monitor the progress in achieving defined
targets. In the case of long-term measures, this step also includes monitoring progress of the
implementation projects. The result of Step 6 is actually an updated list of "performance gap"
(performance gaps) and their causes. However, it is often a part of this step and gives
recommendations for their mitigation. This process is called “Performance Monitoring & Review” and
includes the following activities:
•
•
•
•
•
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Data collection;
Data publication;
Data analysis;
Formulation of conclusions;
Formulation of recommendations.
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Appendix B

APACHE 1st workshop questionnaire

Assessment of Performance in current ATM operations and of
new Concepts of operations for its Holistic Enhancement
SESAR 2020 Exploratory Research Project
Grant Agreement: 699338 – Call: H2020-SESAR-2015-1
Activity: Sesar-11-2015 – ATM performance

Workshop Questionnaire
Objective of the workshop
The objective of this workshop is to present to the aviation community and discuss a set of novel and updated
Key Performance Areas/Indicators proposed to be used for performance targeting, measuring, base-lining and
benchmarking in future SESAR technical and operational ATM concept (2020+). Such metrics will be used in
the context of APACHE project in which a new Performance Framework will be developed based on novel
metrics, advanced simulation and optimization tools and new assessment methodologies.
Please fill the questionnaire by marking agree/indifferent/disagree for the statements and possibly provide
additional comments.
1.

Are you a member of APACHE External Expert
Advisory Board?

2.

Your affiliation?

3.

Your field of expertise?

4.

Your name and email address (optional)

5.

Proposed list of Key Performance
Areas (KPAs) is comprenhensive

6.

Please comment other areas that
should be included in your opinion

Yes

Agree

No

Indifferent

Disagree
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7.

Proposed Key Performance Indicators
(KPIs) are relevant for each KPAs

8.

Please specify KPIs that you consider
not relevant and explain why

9.

Could you possibly propose some new
KPIs per certain KPAs? (optional)

10.

Proposed KPIs are measurable

11.

Please comment for which KPI
measurability will be an issue and
explain why

12.

Number of proposed KPIs per each
KPA is appropriate

13.

Please comment for which KPAs the
number of proposed KPIs is not
appropriate and explain why

14.

Proposed KPAs/KPIs cover/explain
future ATM performance adequately

15.

Please include here any suggestions
for improvement/enhancement of
proposed APACHE performance
scheme
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Agree

Indifferent

Disagree

Agree

Indifferent

Disagree

Agree

Indifferent

Disagree

Agree

Indifferent

Disagree
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