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Summary
The Performance Review Commission of EUROCONTROL analyses the performance of the
European Air Traffic Management system and publishes the results by their annually appearing
Performance Review Reports. While solid performance analysis and reporting has been
established for the areas of delays, cost-effectiveness and flight efficiency, this is not the case
for ATM safety, where the quality, quantity and consistency of information are still inadequate
for measuring and managing safety at a European level.
This report develops a framework 1 of safety indicators aimed at improving this situation.
In developing such a framework, several fundamental questions need to be answered, as for
instance:
•

What should be the framework’s scope regarding services to air traffic? While ATM seems
to be the obvious answer, revisiting its definitions yields that this is more complicated: it for
instance appears that CNS, on which ATM essentially depends, is outside ATM. The wider
scope of Air Navigation Services (ANS) has been adopted as scope to evade such
complications. For some aspects a narrower focus will be taken.

•

On what level should safety performance be monitored, on the level of States or service
providers? It is argued that States have fundamental influence on the level of ANS
provision. The framework will therefore monitor safety on the level of States.

•

Next, safety could be monitored via occurrences – such as accidents, incidents and other
safety relevant events – or for instance by assessing quality aspects of the processes
underlying the services. In view of one aim of the framework being to report safety
performance and in view of the powers of EUROCONTROL/PRC/PRU, the monitoring will be
based on occurrences.

•

Finally, how should the set of occurrences considered relate to the service under
consideration? Should the service have caused or contributed to the occurrence, or should
those occurrences be considered where the service could possibly play a role? Due to the
larger potential for improvement and the evasion of complications when attributing
occurrences to organisations, the second viewpoint is taken; such occurrences are called
ANS related. With this choice made, the framework is more appropriately addressed as
indicating the potential influence of ANS.

The resulting framework consists of three levels, which are to be implemented level by level in
the next say five years. The first level concerns accidents and serious incidents related to ANS.
Indicators are built on numbers and rates of accidents and serious incidents of various categories

1

Framework: a basic conceptional structure (as of ideas), see [m-w.com].
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in various contexts, and on the causal/contributing factors determined for accidents. The first
level is insufficient as sole source for safety performance monitoring in several respects:
•

Investigation of accidents and serious incidents is generally of high quality but it may take
up to two years. Hence, indicators resulting from such investigations are generally two years
behind, making them less than satisfactory regarding quick detection of trends; and

•

Since accidents and serious incidents occur relatively rarely, data from large geographical
areas and long periods (several years) may have to be combined to obtain accident/ serious
incident rates whose apparent variations over time and/or place may have a statistically
significant basis.

Therefore, the second level of the framework concerns also other than serious incidents – these
do occur more frequently. However, the data flow concerning incidents currently depends
almost solely on human incident reporting that, generally speaking, is not sufficiently reliable
yet. This issue and others concerning other than serious incidents are dealt with by posing
conditions:
•

The State under consideration needs to have a mature human incident reporting system;

•

Incidents need to be investigated sufficiently well; and

•

The resulting safety data needs to pass a validation process.

While in some States independent means of incident reporting are available for some parts of
the airspace, it will take a couple of years before such means become operational on a scale
allowing use for European safety performance monitoring. The corresponding data are to be
captured in the third level of the framework, which involves automatically generated alerts such
as Airborne Collision Avoidance System alerts.
After introducing the levels of the framework and the corresponding indicators, the report
outlines a generic method to set targets for indicator values and to check against these.
It is also pointed out how to deal with statistical significance and human incident reporting bias,
when using the indicators to obtain conclusions regarding perceived trends and differences.
The framework is down-to-earth in the sense that the first and second levels are fed by data
flows based on current regulations and that consideration is given to what data could reasonably
be expected to become available in the next few years. The report indicates the regulated data
flows feeding the various levels of the framework.

4
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1

Introduction

This section formulates the aim of the framework – steering ANS related safety performance –
and indicates an approach to this aim by reference to the well-known Deming cycle for
continuous improvement.
1.1 Aim of the framework
This document aims at developing a European ANS related safety performance framework that
can readily be used by States or their CAAs in steering ANS related safety performance. In view
of the various ways of steering safety performance, the typical environments and situations
where the ANS service is provided are taken into account:
•

Airport and airspace environment;

•

Uncontrolled and controlled airspace; and

•

Interaction of GAT IFR with GAT IFR, OAT and GAT VFR.

The proposed framework will be based on current safety regulations and will seek to strike a
workable balance between the various systems currently in use.
The main elements of the proposed safety framework are
•

A set of high level Key Safety Performance Indicators (Key SPIs). If possible such Key
SPIs should be related to each other in a meaningful way so as to be able to breakdown the
Key SPIs into some lower level SPIs. For instance, it might be possible to breakdown a
group of safety events into SPIs which could be more descriptive regarding underlying
causes;

•

Data and metric requirements to populate the (Key) SPIs;

•

Data flow requirements from the single safety event to the end user analyst; and

•

A methodology to measure ANS contribution to aviation risk.

In order to implement a safety performance review framework it is necessary to address the
following elements:
•

Implement data bases and physical data flows;

•

Conduct a validation process in order to ensure the consistency, accuracy and
meaningfulness of the Key SPIs. This may require a set of lower level SPIs and metrics in
order to verify the high level Key SPIs;

•

Provide guidance for understanding and using the outcome of the analyst; and

•

Provide guidance for access and publication of safety analysis, Key SPIs, metrics and data.

7
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1.2 A Deming cycle approach to safety performance monitoring
The general idea of the framework for safety performance monitoring is introduced by looking
at continuous improvement of safety of air navigation service (ANS) 2 to civil air traffic in
Europe as a “Plan-Do-Check-Act” cycle, such as depicted below:

Act Plan
Check Do
Figure 1: The Plan-Do-Check-Act or Deming cycle

This cycle was originally developed by Walter A. Stewart in the 1920s and popularized by W.
Edwards Deming and is often called Deming cycle. The cycle is to be interpreted as follows:
•

Plan:

Determine goals and methods to reach these;

•

Do:

Implement the plan and measure its performance;

•

Check:

Analyze the measurements and report to decision-makers; and

•

Act:

Decide on changes needed to improve.

While this cycle in itself is simple and almost evidently reasonable, realization in the context of
safety performance of services to air traffic in Europe is a challenge. The state of
implementation and functioning of such cycles varies over European States. Often the later
steps “Check” and “Act” are the weakest, causing the cycles for continuous improvement to be
not closed yet.
This framework for safety performance monitoring is especially about the “Plan”, “Do” and
“Check” in the above cycle – determining goals, measuring safety performance of ANS,
analyzing the results and reporting this.

2

Note that the choice to consider safety performance of ANS instead of other services to air traffic (such as ATM, with or
without CNS, or ATS) will be motivated later. This choice is immaterial for the purposes of the present section and only used for
notational convenience.
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1.3 Complexities and challenges in this approach
Some of the complexities and challenges in making a Plan-Do-Check-Act cycle work regarding
safety performance of European ANS are indicated below:
•

Plan – What goals should be set?
•

Goals should be SMART – Specific, Measurable, Attainable, Realistic and Timely.
“Attainable” means that goals should neither be too hard nor too easy to achieve.
Overly ambitious goals will fail to generate commitment needed to achieve them and
almost automatically achieved goals are weak stimuli for improvements. A reasonably
good idea of achieved performance and hence previous measurements is needed to set
suitable criteria.

•

It is a question to what extent goals should depend on the environment. For instance,
should the same targets for probabilities of a runway incursion hold for large and
complex airports (where there are ample possibilities for runway incursions) as for
small and simple airports (where runway incursions are improbable anyway)? On the
one hand, goals should be realistic and thus depend on the environment (hence lower
probability goals for simple than for complex airports); on the other hand, one might
simply advocate a minimum level of safety by means of equal goals. This dilemma has
been elaborated in Appendix E.

•

Goal setting in air traffic is a challenging process as there are several actors of several
kinds (for instance ANSPs, airlines, regulators and airports) that, in interaction,
constitute the operation. Goals may be attributed to the various actors in different ways,
posing different demands. In fact, single actor goals may well be conflicting. This
challenge has been addressed in [ARIBA, WP6, Part II], which gives various
approaches for joint goal setting.

•

Do – What should be measured to get a good picture of the safety performance of ANS?
•

This is the part of the Deming cycle where air traffic is operating and where ANS in the
context of air traffic realizes a certain safety performance.

•

There are principally different ways to look at safety performance and to monitor this.
The way that will be used in this framework is based on occurrences – accidents,
incidents and perhaps even less serious events. This way focuses attention on the
question:
•

How “bad” is the safety performance of ANS?

It is also relevant how effective ANS was in preventing such occurrences or being able
to minimize negative outcomes, which amounts to the question:
•

How “good” is the safety performance of ANS?

The current framework does not address this question.
Yet another interesting question would be:

9
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•

How “good” could the safety performance of ANS have been outside its area of
responsibility?

For instance upgrading airspace and making uncontrolled airports into controlled
airports would introduce or increase ANS and it is a very relevant question what
improvements in safety this would make versus the investments necessary. This
question is addressed by the framework.
•

Check – Does the realized safety performance meet its targets?
•

In this part of the Deming cycle, safety performance is reviewed and, when already
available, compared against targets that have been set in a Plan phase. In the first cycles,
the review usually consists of building up a good picture of realized safety performance.
Sometimes there is material from other States that can be used to compare safety
performance with.

•

In the spirit of the approach to continuous improvement, the Check phase of the
Deming cycle is used to monitor the effect of safety improvements.

•

Act – How to improve safety of the operation?
•

Given that certain criteria are not met, what is the cause of that and how can it be
resolved? An occurrence may have various causes, and conversely, one cause may have
several occurrences as result. A specific question related to causes is: what is the
contribution to an occurrence by ANS? Investigation of accidents and serious incidents
is aimed at understanding what happened, why it happened and how to act to prevent
these occurrences in the future. Statistics of suitable aspects of such investigation results
may add useful information on top of individual investigation results. In this sense, the
framework also aims at supporting the “Act” in the Deming cycle. For incidents,
availability and quality of such information is currently a challenge, however.

•

The present European air traffic operation is the result of decades of development and it
is expected that the low hanging fruit has been picked regarding safety improvements.
Opportunities for improving safety are there, but creativity in development of the
operation is required. Moreover, the developed changes need to be assessed carefully to
assure they indeed bring the expected safety improvement. Hence, acting to improve
safety is less easy than turning a button.

In terms of a Plan-Do-Check-Act approach, this framework for safety performance monitoring
is primarily aimed at further improving the situation with respect to the Plan, Do and Check in
the cycle: targets are set and ANS related safety performance is measured, and analyzed,
reported and reviewed.

10
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In this way, the framework should provide a better picture of the safety performance of ANS in
Europe, thereby motivating sensible choices to Act. To this end, the framework should also
serve to advance and harmonize the ANS related safety performance monitoring process within
European States.

2 Scope and approach
In this section, various fundamental options in setting up the framework are identified and
discussed, and choices are made between them. These options and choices concern the scope
and approach of the framework.
Regarding the scope, fundamental questions are:
•

What services to air traffic should be considered?

•

Should the framework address the role of regulator in setting service levels?

•

What kind of air traffic should be considered? and

•

Which States need to be addressed?

Fundamental choices regarding the approach concern:
•

How to monitor safety?

•

What are suitable occurrences for ANS safety indicators? and

•

Should seriousness of occurrences play a role in the framework?

2.1 What scope of services to air traffic?
In view of the role of EUROCONTROL – the European Organisation for the Safety of Air
Navigation – the proper scope of the framework regarding services to air traffic appears to be air
navigation.
The EUROCONTROL Safety Regulation Commission and Performance Review Commission
however consider the scope of ATM, as indicated from the first lines of their respective terms of
references:
•

“The Safety Regulation Commission (SRC) is a Commission established by the Permanent
Commission to provide advice in order to ensure, through co-operation between States on
safety regulation, consistent high levels of safety in air traffic management (ATM) within the
ECAC area.”

•

“The Performance Review Commission (PRC) is a Commission established by the
Permanent Commission to provide advice in order to ensure the effective management of
the European air traffic management system through a strong, transparent and independent
performance review and target setting system.”

In Appendix A, definitions of Air Navigation Services (ANS) and several other types of
services to air traffic such as Air Traffic Management (ATM), Air Traffic Services (ATS) and
Air Traffic Control (ATC) have been identified from various EUROCONTROL, European and

11
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ICAO sources. A quick assessment of clarity, consistency and degree of acceptance of the
various definitions has yielded that those given in [ICAO Doc 9082/7] appear most suitable.
The [ICAO Doc 9082/7] definitions of ANS, ATM et cetera are therefore used in this report, see
Figure 2 for an overview of the various services.
In terms of the [ICAO Doc 9082/7] definitions, ANS contains ATM (which is the aggregation
of the airborne and ground-based functions required to ensure the safe and efficient movement
of aircraft during all phases of operations and which contains ATS, which in turn contains
ATC). Adopting the wide scope of ANS for the framework would therefore also cover the
narrower scope of ATM, including the airborne functions associated with ATM.
Taking only ATM as scope poses problems: it appears doubtful if one could consider ATM
safety performance when Communication, Navigation and Surveillance are explicitly excluded.
(This also appears problematic from a definition point of view: ATM is the aggregation of the
airborne and ground-based functions required to ensure the safe and efficient movement of
aircraft during all phases of operations, which appears difficult without CNS.) The exclusion of
CNS also does not appear in agreement with the actual activities of EUROCONTROL, where CNS
does play an important role.
Air Navigation Services
(ANS)

Search & Rescue
(SAR)

Communication,
Navigation, Surveillance
(CNS)

Air Traffic Management
(ATM)

Aeronautical Services
(AIS)

Meteorological
Services (MET)

Air Traffic Services
(ATS)

Air Traffic Flow
Management (ATFM)

Air Space Management
(ASM)

Communication service

Air Traffic Control
(ATC)

Flight Infor mation
Service (FIS)

Alerting Service

Navigation service
(VOR, NDB, DME)

Area
control service

Approach
control service

Aerodrome
control service

Surveillance service
(PSR, SSR)

Figure 2: The elements of Air Navigation Services according to [ICAO Doc 9082/7]
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In view of these considerations, EUROCONTROL’s Performance Review Commission (PRC),
who coordinates the development of the present framework, is considering three options for
subsets of ANS for which the framework should support safety performance monitoring:
1. The full spectrum of Air Navigation Services (ANS), excluding Search and Rescue (SAR);
2. Air Traffic Management (ATM) and Communications, Navigation, Surveillance (CNS); or
3. Air Traffic Services (ATS), with the explicit exclusion of its relevance for the occurrence
category Controlled Flight Into Terrain (CFIT).
While the scope of services for this framework is in the end a matter of choice, there are
considerations to be taken into account:
•

The scope of services to be considered by the framework should match the ambitions of
EUROCONTROL/PRC regarding the subset of occurrence categories (Midair, Runway
incursion, CFIT, et cetera) whose risk they aspire to monitor/steer/decrease;

•

The scope of services to be considered should be related to the mandate/area of
responsibility/influence of EUROCONTROL/PRC; and

•

The scope of services chosen needs to be consistent in the sense that one should not restrict
to subsets of services that are to a large extent integrated. It is for instance difficult to
consider safety performance of Air Traffic Control (ATC), while explicitly excluding
Communication.

As no decision was made during the development of the framework, the full ANS spectrum
(without Search and Rescue) has been taken for the time being, although for indicators based on
incidents, the focus will first be on ATS.
Given the observation made in Appendix A that varying and sometimes unclear definitions exist
of ANS and ATM, it is expected that many other concepts (such as occurrence types,
causal/contributory factors) needed in establishing the indicators for this framework suffer from
differing or vague definitions. For establishing indicators this is unacceptable. In order to
prevent widely ranging measurements as a result of differing expert judgements instead of
actually different levels of safety, it is absolutely required to use definitions that are as objective
and common as possible. It is therefore decided to use ICAO documents and definitions by
default.
2.2 Consider ANS provision only or include regulation?
One might think that steering ANS related safety performance is mainly an activity to be
performed by the Air Navigation Service Providers themselves, and indeed, ANSPs do have
extensive abilities and obligations in this respect, see for instance [ESARR 3] on the use of
Safety Management Systems by ATM Service Providers.
Steering ANS related safety performance does however involve processes fundamentally
outside the managerial control of an ANSP. Referring to Section 2 of [ICAO Annex 11] for

13
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more precise and extensive information, this concerns for instance the following steering
processes:
•

Establish the level of ANS provision;

•

Grant resources to improve ANS provision within a given level; and

•

Act on aviation components outside ANS.

These processes and the corresponding actors are explained below:
•

It is States or their CAAs (not ANSPs themselves) that can decide to upgrade the level of
ANS provision. Examples are
•

To upgrade the class of airspace, for instance from Class C Airspace to Class A (see the
example scheme for ATS Airspace Classification in Figure 3). This generally increases
the level of service, but usually also tightens restrictions on aircraft and their equipment;
and

•

To upgrade an uncontrolled airport to a controlled airport.

Note that this way of looking needs a concept of ANS related safety performance that goes
beyond looking at whether ANS contributed to accidents/incidents: a midair collision in a
low class of airspace is not attributable to ANS, but ANS could prove very helpful in
preventing such occurrences, and hence they would need to fall under the notion of “ANS
related”.
•

A State or its CAA could also act on aviation components outside ANS, such as increase the
use of TCAS equipment, RNAV carriage, et cetera.

Finally it should also be noted that it is the State that ultimately has got the responsibility for
ANS related safety; the State therefore has to maintain an appropriate oversight on ANS
provision.
It is concluded that States and their CAAs have extensive powers and responsibilities to
improve ANS related safety. Obviously, the different ways to steer safety performance at their
disposal may have different effectiveness and costs and organisations to pay these costs.
However, the spectrum of the above steering processes is in the hand of the State and its CAA
and hence they need clear motivation to choose the right combination of these to optimize
effectiveness against available resources.

14
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Figure 3: ATS Airspace Classification the Netherlands (from AIP the Netherlands)
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It is therefore chosen to address this higher level safety performance steering process by the
framework, see the figure below:

Make policy

Set targets

Act Plan

States, EC,

CAAs

EUROCONTROL

Review safety
performance

Provide service and
Monitor safety performance

Review

ANSPs

Check Do

bodies

Figure 4: This framework for safety performance monitoring addresses the outer Deming cycle

In this large Deming cycle, safety performance of realized ANS provision is reviewed, say
annually. Compared to targets set, the State or its CAA can decide to exert its powers with
respect to improving ANS related safety performance via policy making. Together with possibly
updated safety performance targets for the new situation, one cycle of Plan-Do-Check-Act is
closed and ANS provision should be realized with a higher ANS related safety performance.
2.3 What kind of air traffic?
In line with the mission of ICAO and the scope of the European Union directives [Directive
2003/42/EU] and [EU 94/56/EU], the scope of this framework regarding air traffic is civil air
traffic, also indicated as GAT – General Air Traffic, as opposed to military air traffic/OAT –
Operational Air Traffic. Since GAT and OAT may interact, OAT cannot be excluded from the
framework altogether. This is most clear from an occurrence such as a near collision between a
civil and a military aircraft. It does seem reasonable however to exclude occurrences only
involving OAT and to take OAT along as far as of significant influence or relevance to GAT.
This scope of air traffic is smaller than EUROCONTROL’s (civil and military air traffic), which
moreover considers occurrences between military aircraft, but the focus on civil air traffic
appears sensible.
Unfortunately, the quality of available occurrence data is not uniformly high within this scope.
From the NLR Air Safety Database it appears that civil air traffic accident data is relatively
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good for commercial flights excluding helicopters, but poor outside of this subset. It therefore
appears wise to concentrate on commercial flights excluding helicopters first, but to strive for
extension to full civil air traffic.
2.4 Which States?
It has already been indicated in Section 2.2 that this framework is intended for steering ANS
related safety performance on the level of States (instead of ANS providers, for instance).
In view of the regulations this framework, i.e., in particular directives [EU 2003/42/EC], [EU
94/56/EC] and [ESARR 2], conceivable scopes of the framework are the European Union and
the EUROCONTROL States.
The EU and the EUROCONTROL Member States have been indicated in the figure below.

Austria

Italy

Albania

Belgium

Luxembourg

Bosnia and Herzegovina

Cyprus

Malta

Bulgaria

Czech Republic

Poland

Croatia

Denmark

Portugal

The former Yugoslav Republic of Macedonia

Finland

Slovakia

Moldova

France

Slovenia

Monaco

Germany

Spain

Norway*

Greece

Sweden

Romania

Hungary

The Netherlands

Republic of Serbia and Montenegro

Ireland

United Kingdom

Switzerland*
Turkey
Ukraine

EU and EUROCONTROL

EUROCONTROL

Estonia

Azerbaijan

Latvia

Georgia

Lithuania

Iceland
European Union

Armenia

ECAC
Figure 5: Overview of ECAC, EU and EUROCONTROL Member States

Note that there are two EUROCONTROL Member States that also adopt the aforementioned EU
directives, i.e., Norway and Switzerland. In the following the abbreviation EU+ is used for the
set of 27 States composed of the EU plus Norway and Switzerland.
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One might also indicate the range of [ESARR 2] with the ECAC States. However, the degree of
implementation of the EUROCONTROL Safety Regulatory Requirements States is expected to be
lower and since the States in ECAC but outside EUROCONTROL concern just a small part of air
traffic, it has been decided to restrict to the EUROCONTROL States.
2.5 How to monitor safety?
Concerning the provision of services to air traffic, one can adopt three basic viewpoints and
consider:
•

The organizations providing the services;

•

The events occurring in relation to the provision of these services; and

•

The environment the services are provided in.

There are ways to monitor safety corresponding to all three viewpoints:
•

How does the organization compare to an “ideal” organization?

•

How often do the various events occur?

•

How does the environment compare to an “ideal” environment?

The Tripod Delta method [Hudson et al, 1994] is an example of a monitoring tool of the first
kind. It monitors safety by means of “safety health checks” of organizations. In these checks,
which are performed say annually, the safety health of an organization is assessed with respect
to about a dozen of safety relevant themes, such as procedures, communication and
maintenance. The organization’s safety health is expresses in terms of the scores on the themes.
Safety performance is steered by improving on say the three themes where the organization
scores the worst. This method has proven successful in managing safety in for instance the oil
industry; organizations with a good safety health appear to operate safely. There are no reasons
to expect that such a kind of method would not be effective in air traffic.
Another advantage of Tripod Delta like methods is that, although they are quite labour
intensive, a relatively quick insight in the organization’s safety health is obtained. Information
based on accidents or incidents is normally less recent, due to the length of such investigations.
However, application of such a method in the context of ANS related safety performance does
pose very special demands, for instance the power to audit ANS providers. Another
disadvantage of Tripod Delta like methods is that it does not provide broadly satisfactory
answers to the question how safe ANS has been, say the past year, as the link between “safety
health” and safety performance in terms of more visible occurrence rates is not a priori evident.
This makes methods like Tripod Delta less suitable for the short term desire to report ANS
safety performance.
In view of the goal not only to support steering of ANS related safety performance but also to
report on realized performance in this respect, and in view of the powers of
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EUROCONTROL/PRC/PRU in this respect, the current framework therefore adopts the other
points of view for safety performance monitoring: Safety is primarily monitored by means of
occurrences, such as accidents, serious incidents, other than serious incidents and, at a later
stage, also other safety relevant events.
Since the scope of the framework is wider than service provision alone – it aims at supporting
decision making regarding for instance airspace upgrades (see Section 2.2) – the third
environment point of view also plays a role in the framework. Safety performance of service
provision is monitored as a function of the environment. This is necessary to make the resulting
safety performance information suitable input for decision making regarding adaptation of the
environment the service is provided in.
Looking from the point of view of occurrences, accidents are the phenomena the public
associates most strongly with safety of air traffic. Due to the associated potential losses of lives
and properties, accidents are the phenomena to be prevented most strongly. In fact, most target
or tolerable levels of safety are expressed in accidents or fatal accidents. A framework for safety
performance monitoring that is not able to assess the level of safety in this respect is therefore
fundamentally inadequate. On a positive note, accidents are, compared to other occurrences,
investigated, classified and published relatively well.
As the phenomena that really count and that are best investigated and published, accidents are
therefore an inevitable topic for indicating safety performance.
It is also clear that measuring accidents is not sufficient for indicating safety performance. As
mentioned before, it may well take two years before information related to accidents becomes
available, making accidents not a very timely source of information. More fundamentally, the
state of European air traffic has advanced to an extent where accidents are rare events. One
needs to look at accidents of a sufficiently general kind, over a sufficiently long period of time
and in a sufficiently large region, to make the number of occurrences sufficiently reliable in the
sense that a change in this number would rather be an indication of a changed accident
probability than a mere stochastic fluctuation. This limits the suitability of accident data to
indicate subtle variations of safety performance over small geographical areas, short periods of
time or related to changes in details of ANS.
Europe does however constitute a considerable region with a large amount of air traffic,
therefore having more potential than individual States in using statistics of accidents (and
incidents) as slow but useful indicators of safety performance; this obviously merits a European
approach.
As argued above, safety performance measurement based on accidents needs to be
complemented by data related to more frequent types of occurrences, such as incidents and
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perhaps even less serious safety occurrences. Preferably, this data should also be available in a
timelier manner.
Referring to Reason’s Swiss cheese model (see for instance Chapter 1 of [Reason 1997]), an
incident or other less serious occurrence could be interpreted as an accident, except that not all
holes in the defence layers were lined up, see Figure 6.
This interpretation is illustrated with a few examples:
•

Even when many things go wrong in case of a separation infringement between aircraft in
the sky, i.e., the situation is not (timely) recognized or resolved by ATC, pilots or TCAS,
the aircraft still only have a small chance to hit each other, basically due to the fact that
there is a lot of space in the sky. In other words, there will be many near midair collisions
compared to the number of midair collisions, although the differences of these events may
only be coincidence – the aircraft colliding in midair had exactly the wrong positions and
velocities with respect to each other. The difference between such a near midair collision
and a midair collision might therefore just be the lining up of the small hole in the last
geometry slice of cheese. Notice that this relation is not perfect, as there may also have been
other differences between a near collision and a collision – TCAS for instance issuing a
good instruction that is adequately performed.

•

Runway incursions are considered very safety relevant occurrences, even if they occur
without another aircraft taking off or landing on the runway. The reason is that even such a
runway incursion indicates penetration of several cheese slices. Presence of a landing or
taking off aircraft could again just be considered as unfortunate coincidence in time,
symbolized by the lining up of another hole in the next slice of cheese.

•

Another example of an occurrence that, in itself, does not necessarily pose danger, but that
nevertheless is safety relevant is Prolonged Loss Of Communication (PLOC) with an
aircraft. The reason why this could be interpreted in a way similar to a runway incursion is
the observation that many controllers have experienced situations where they urgently
needed to communicate to a given aircraft/pilot to give an instruction, for instance to resolve
a conflict. In almost all of these situations, this was done as planned with no or little delay
and no situation bearing direct danger occurred. However, in the unlikely case that the small
hole in the cheese slice of controller pilot communication would line up with a conflict
situation, the results could be much more serious. Assuming that prolonged losses of
communication and conflicts occur independently, the frequency of the combined
occurrence is proportional to the frequency of a PLOC. See the report [Van Es, 2004] for
EUROCONTROL where air-ground communication is studied from a safety point of view.
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Hazard

Defense layers,
with holes
Accident
Figure 6: Reason’s Swiss cheese model

With this interpretation, careful reporting and analysis of such occurrences could yield useful
insight in the operation’s safety and thereby help accident prevention in addition to what can be
learned from previous accidents and statistics of these. As less serious events happen more
often, statistics based on their occurrences have more potential than accident statistics.
Investigations of occurrences less serious than accidents might also be available more quickly.
However, a challenge with using less serious occurrences is that they are less reliably reported,
investigated, classified and published. And, of course, one does not know very precisely the
relative frequencies of accidents and serious incidents compared to less serious occurrences, so
their relevance to safety bears some subjectivity.
The metaphor of an iceberg (see Figure 7) is used to picture that the most serious occurrences –
accidents and serious incidents – constitute a small but visible subset of these occurrences,
while, at the other end of the spectrum, the “non-serious” incidents and other safety relevant
events constitute a large subset of the iceberg, which however largely remains invisible.
For “accident”, “serious incident” and “incident” the definitions of [ICAO Annex 13] are used,
see Appendix B. It is clear from these definitions that the set of serious incidents is included in
the set of incidents. In other words, the set of incidents also comprises a set of “other than
serious incidents”. The lowest layer of occurrences in the safety iceberg concern occurrences
that are informative with respect to the safety of the operation, but which are no accidents or
incidents. Both [ESARR 2] and [EU 2003/42/EC] recognize the relevance of such occurrences;
see Appendices G.1 and G.3 for some relevant quotes from these documents.
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Accidents
Serious incidents

Other than serious incidents

Other safety relevant events

Figure 7: The safety iceberg

In other words, several quantities vary across this spectrum of seriousness:
•

Information per occurrence; and

•

Number of such occurrences.

From the framework’s point of view, the information per occurrence type is determined by
•

Reporting of individual occurrences;

•

Investigation of these; and

•

Producing overviews of the investigation results for all of these occurrences.

Generally, the information per occurrence increases with seriousness: accidents will not escape
attention due to non-reporting, and although there are exceptions, they are generally investigated
well, and the results are published. For less serious occurrences these information links are often
seen to deteriorate. A minimum quality for all of these links is necessary to yield information
suitable to be used for producing indicators.
The number of occurrences generally increases when seriousness decreases. Although the
information per accident is relatively good for a good share of the accidents, the numbers are
(fortunately) often too low to yield statistics providing specific information. Hence, as indicated
before, the framework needs to dive deeper and extract information from the less serious
occurrences. These are much more frequent but the associated information may be poor,
inconsistent or even completely absent.
In fact, one may wonder whether with the currently experienced issues with the reliability of
human incident reporting, incidents identified by human reporting are a suitable source of
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information for safety performance indicators. In the down-to-earth and constructive approach
adopted for this framework, it is argued that incident based indicators are necessary in view of
the limitations of accidents as sources and that there is presently no alternative for human
reporting. Automated incident recognition systems are used in some States for some kinds of
incidents in some parts of airspace, but it will take several years before such systems yield
information on a larger scale suitable for European safety performance monitoring.
Hence, human reporting is an inevitable source of incident data. To cope with its limitations
(and others in the data flow from incident occurrence to incident indicators) provisions need to
be made to take care that only information of sufficient quality enters the framework. In
addition to guarding the quality of the information flowing into the indicators, the framework
aims at supporting the improvement of reporting, investigation and production of safety data of
less serious occurrences.
For the sake of statistics, which needs sufficiently large numbers, and for the firmness of the
relation between the occurrences monitored and the accidents one wants to prevent, it appears
essential to combine/strike a good balance between “frequency of occurrence” and “quality of
reporting and analysis”. This balance will shift lower down the safety iceberg in the course of
time as the efforts to improve quality of reporting and analysis will yield results.
In view of this development, the following evolution of the framework for safety performance
measurement is foreseen:
Level of the Associated occurrences

Driving regulation

framework

Planned
realization

I

Accidents, serious incidents

[ICAO Annex 13], [EU 94/56/EC]

2006

II

Incidents

[ESARR 2], [EU 2003/42/EC]

2007-8

III

Other safety relevant events

([ESARR 2], [EU 2003/42/EC])

2010?

Table 1: Planned development of the framework in time

Level I of the framework, safety performance monitoring based on accidents and serious
incidents is to be outlined by the present document. Although there are exceptions, quality of
information is usually sufficient for accidents. For serious incidents, this is a working
hypothesis, and trials based on serious incident data need to show whether this works.
Extension to Level II, where safety performance monitoring is supplemented by other than
serious incidents is planned within two or three years. Ways of working need to be developed
that take care that only data of sufficient quality is used.
In Level III, to be realized in say five years, also other events than incidents will be
incorporated. This for instance involves automatically generated alerts, such as TCAS alerts,
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ASMT and other Radar related alerts. This level of the framework needs further development
and enabling regulations.
2.6 Which occurrences indicate the safety performance of ANS?
Following the scoping of services done in the above sections, occurrences need to be selected
for monitoring to indicate safety performance of ANS. Of course, these occurrences somehow
need to be “related” to ANS. Basic options regarding a notion of ANS relatedness is to consider
occurrences to which ANS has contributed (or that are accountable to ANS) or occurrences
where ANS has potential for improvement. A hybrid choice is made here: in view of the larger
potential for improvement, the latter option is taken as starting point, while the contribution of
ANS to an occurrence is taken account of via causal/contributing factors.
2.6.1

Should the occurrence have ANS contribution or be related to it?

Different kinds of concepts are currently used in Europe to decide whether an occurrence is
“related” to ANS (or another service contained in it, such as ATM). In one concept, it is judged
whether ATM directly (or indirectly) contributed to the accident (or where the occurrence is
accountable to ANS); in another, a list of ATM related accident types has been defined directly.
Examples are given below:
•

EUROCONTROL’s safety regulatory requirements [ESARR 2] and [ESARR 4] use the
concept of “ATM direct contribution” indicating that an ATM event is directly in the causal
chain of the accident (or other occurrence): without that event, the occurrence would not
have happened.
A disadvantage of the present use of this notion is that it is rather subjective – (expert)
judgement is necessary to assess whether an accident has ATM direct contribution, and
different experts have turned out to make quite different assessments. This has been
experienced in setting a target of 2% accidents with ATM direct contribution from historical
accident data from 1988 to 1999 in ECAC, see [ESARR 4] and the underlying [SRC
POLICY DOC 1]. It would help if the aforementioned assessments of accidents to ATM
direct contribution were publicly available, as this would enable other experts to check and
understand the kind of judgements made and help them to assess in the same spirit, thereby
preventing the possibility of even further diverging judgements. EUROCONTROL/SRC/SRU
has initiated tasking to have the meaning of ATM direct contribution clarified or improved.
Note that the concept of “ATM indirect contribution” also exists, but it appears to suffer
from at least the same degree of unclearness in its definition and it is used less. In view of
considerations given in the ADREP Manual [ICAO Doc 9156], where the benefits of
distinguishing cause and contribution are judged minimal and labour intensive to obtain, it
appears wise to develop these two notions into a single one, called ATM contribution.
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Another aspect of the “ATM contribution” point of view is the close relation to the question
whom the occurrence can be attributed to. As this question touches liability issues,
answering it may be complicated.
A partial advantage of the contribution point of view is that it gives indications to the
organization that could have acted better in relation to the occurrence. It must be noted
though that this is from the negative point of view to do better next time, which leaves aside
possible potential for improvement by an organization that did not contribute to the
occurrence. An example is a midair collision in uncontrolled airspace, which obviously has
no contribution of the ATC provider. Introduction of ATC could however yield a significant
improvement of safety performance in this respect.
•

The notion of “ATM related accidents” has been used in [Van Es 2003]. In earlier versions
of this document, developed for a specific safety assessment for ATC the Netherlands, this
notion of ATM related accidents has been defined as:
•

Wake vortex induced accidents;

•

Accidents involving two or more aircraft;

•

Accidents involving one aircraft and one or more ground vehicles; and

•

Accidents involving problems with landing aids.

This definition is objective and clear – little or no expert assessment has to be involved to
determine whether an accident is ATM related according to this definition, and there is little
room for subjective interpretation.
However, for the present purposes, it would at least need to be adapted
•

From ATM to ANS;

•

To cover other occurrences (than accidents); and

•

(Possibly) to account for occurrences that are related to ATM but that are for one reason
or another not applicable for the context of ATC the Netherlands.

A partial extension of the definition of ATM related accidents in the above sense is given
later in this section.
The notion of ATM related has been developed from the principle that the ATM system
should be sufficiently robust against certain causes for occurrences lying outside the
organization providing the service, such as for instance pilot errors. A significant advantage
of this notion is that it evades the complications related to the question to whom the
occurrence can be attributed.
In this framework, a hybrid point of view is taken: the above approaches are incorporated and
further developed. First the types of accidents/incidents that are ANS related in the spirit of the
notion of ATM related accidents are defined, and then the contribution of ANS is dealt with via
causal/contributory factors.
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2.6.2

ANS related occurrence categories

An important principle underlying this definition should be to approach ANS from the positive
side – their potential to reduce the risk of the accident/incident type instead of assessing whether
the service was decisive in causing a specific accident/incident. This is in line with one of the
aims of the framework being to be able to assess for instance upgrading of ANS services as an
efficient means to improve ANS related safety performance.
The principle will hence be to define ANS related occurrences as those occurrence types on
which ANS could potentially have an influence, and to give a first indication of ANS safety
performance via such ANS related occurrences.
Note that the usefulness of such indications will depend on how much ANS can influence the
risk of a given type of occurrence. If the influence is poor, then the measurement is not very
informative, i.e., it does not say much about ANS safety performance. It is therefore probably
more appropriate to use the term “proxy/ indicator for ANS safety performance” for
measurements via such types than “measurement of ANS safety performance”. As said before,
the role of ANS will be analyzed deeper via factor analysis described in the next section.
The notion of ANS related occurrences is built up in two steps:
1. The [CICTT Occurrence Categories] are used for categorizing occurrences; and
2. The notion of ANS related is defined in terms of a choice of categories.
In Appendix C.1 the CICTT occurrence categories are introduced, and in Appendix C.2 they are
assessed according to being ANS related or not. The notion “ANS related” indicates that ANS
could potentially play a role in the risk of examples of such occurrence categories. Obviously,
this notion encompasses more than the occurrence categories for which ANS has responsibility.
The question is how remote a potential role of ANS should be for an occurrence category to
mark it not as ANS related. Answering this question involves judgement, which to some extent
is subjective. (In Section 3, when discussing indicators on ANS related accidents, it is outlined
how the notion of being ANS related could be further confirmed, by verifying that for no other
occurrence types ANS plays a significant role.)
For the time being, the notion of being ANS related is simply a definition in terms of a subset of
occurrence categories, given in the table below:
Category

Category long name

ANS

short name

related

ADRM

AERODROME

Yes

AMAN

ABRUPT MANEUVRE

No

ARC

ABNORMAL RUNWAY CONTACT

No

ATM

ATM/CNS

Yes
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CABIN

CABIN SAFETY EVENTS

No

CFIT

CONTROLLED FLIGHT INTO OR TOWARD TERRAIN

Yes

EVAC

EVACUATION

No

F-NI

FIRE/SMOKE (NON-IMPACT)

No

F-POST

FIRE/SMOKE (POST-IMPACT)

No

FUEL

FUEL RELATED

Yes

GCOL

GROUND COLLISION

Yes

ICE

ICING

Yes

LALT

LOW ALTITUDE OPERATIONS

No

LOC-G

LOSS OF CONTROL – GROUND

No

LOC-I

LOSS OF CONTROL – INFLIGHT

No

MAC

AIRPROX/ TCAS ALERT/ LOSS OF SEPARATION/ NEAR Yes
MIDAIR COLLISIONS/ MIDAIR COLLISIONS

OTHR

OTHER

Yes

RAMP

GROUND HANDLING

No

RE

RUNWAY EXCURSION

Yes

RI-A

RUNWAY INCURSION – ANIMAL

Yes

RI-VAP

RUNWAY INCURSION – VEHICLE, AIRCRAFT OR PERSON

Yes

SCF-NP

SYSTEM/

COMPONENT

FAILURE

OR

MALFUNCTION No

FAILURE

OR

MALFUNCTION No

(NON-POWERPLANT)
SCF-PP

SYSTEM/

COMPONENT

(POWERPLANT)
SEC

SECURITY RELATED

No

TURB

TURBULENCE ENCOUNTER

Yes

UNK

UNKNOWN OR UNDETERMINED

No

USOS

UNDERSHOOT/ OVERSHOOT

No

WSTRW

WINDSHEAR OR THUNDERSTORM

Yes

NOT ASSIGNED

No

Table 2: The CICTT occurrence categories and whether they are ANS related

Referring once more to Appendix C.2 for the assessment of occurrence categories according to
being ANS related, a few remarks are made here:
•

It is crucial to keep in mind that more than one occurrence category may be assigned to an
occurrence. It may thus happen that one can find occurrences of an ANS unrelated
occurrence category where ATM did play a role. This does not constitute an inconsistency:
these occurrences might for instance also be of the category ATM, which obviously is ANS
related; and
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•

Accident statistics have played an important role in assessing the occurrence categories. The
assessment may therefore not be fully future proof. The subset of occurrence categories
marked as ANS related may change along with developments in air traffic. The assessment
should therefore be revisited in the future.

Summarizing, the ANS related occurrence categories are defined to be {ADRM, ATM, CFIT,
FUEL, GCOL, ICE, MAC, OTHR, RE, RI-A, RI-VAP, TURB, WSTRW}. As this list is still
quite long we try to group them, which leads to the following overview of ANS related
occurrence categories:
•

High potential influence of ANS: {ATM, GCOL, MAC, RI-VAP, TURB};

•

Weather related and hence with potential MET influence: {ICE, RE, WSTRW}; and

•

Medium potential influence of ANS: {ADRM, CFIT, FUEL, OTHR, RI-A}.

To give yet another overview of ANS related occurrence categories, consider in the figure
below the occurrences of an ANS related category (the white circles) in the set of all
occurrences (the grey square).

High
RI-VAP

Medium
MAC

ATM

FUEL
RI-A

GCOL

TURB
CFIT

ADRM

WSTRW
OTHR

MET
ICE
RE

Figure 8: Occurrences of ANS related categories (the light circles)
in the set of all occurrences (the large grey square) 3
3

Note that:
•
The relative sizes are not backed up with accident statistics (this might be done after populating the indicators); and
•
The overlap several light circles have with others indicates that more than one category may be assigned to a single
occurrence. The figure is an artist’s impression in the sense that it may not be concluded that a single occurrence may not
assigned categories having no overlap. In principle many categories could overlap.
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2.6.3

Causal/contributory factors

The notion of “ANS related” does not address what actually caused an occurrence or
contributed to it. Causation and contribution are dealt with by classifying the factors that
attributed to the accident.
Roughly speaking, a factor is defined as an item that was judged to be instrumental in the causal
chain of events leading to the occurrence. These factors are identified using the official findings
of an accident investigation agency, including the narrative. Classification of factors in aircraft
accidents is to some extent subjective. Ideally each organization playing a role in air transport
should monitor those factors upon which it can have a meaningful influence. This process is an
important aspect of steering safety performance.
Below, the way of classifying factors is outlined along the method of the ADREP Manual
[ICAO Doc 9156]. For the time being, factor classification is standard for accidents and
probably to some extent for serious incidents; for other than serious incidents, factor
classifications are much less practice. This is another appearance of the safety iceberg
phenomenon:
•

The assignment of causal/contributing factors in occurrences is normally limited to
accidents and serious incidents. Official transport safety boards in the State where the
accident or serious incident took place investigate the occurrences. These boards often
conduct a detailed investigation which results in the identification of such factors. Accidents
and serious incidents do not provide an exhaustive basis for safety performance monitoring
as they are (fortunately) rare events. This means that monitoring the factors identified in
accidents and serious incidents cannot be done on a short term basis (say monthly or
annually). It may require several years of data to find any trends. This is particularly true
when looking at accidents and serious incidents that took place within a single country or
region.

•

Other than serious incidents occur much more often and therefore have potential added
value for safety performance monitoring. However, factors are not always identified for
incidents. In some States in Europe, factors are assigned to Airprox occurrences. However,
this is not always done according to standard definitions. Furthermore, the level of
information available will affect the assignment of factors. The amount of information
available for accidents and serious incidents is not comparable to incidents. Lack of
resources, time and cooperation of the involved parties in an incident are some of the
important reasons why there is often less information available for incidents than for
accidents/serious incidents.

Below, after discussing the terms “event” and “phase”, the notion of factor is more extensively
specified, making use of ADREP Manual [ICAO Doc 9156]:
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•

Many accidents, and some incidents, are comprised of several related event types (such as
for instance flight crew illness/incapacitation, overrun, collision with moving aircraft, near
collision, et cetera), where one event leads to another. An occurrence is described by listing
the events. The expression “phase” is used to indicate in which phase of flight a certain
event occurred.
•

There is always a phase paired with an event – an event without its matching phase is of
little value. See Appendix D.1 for the list of phases of flight from [CICTT Phase of
Flight], which is an extension of the list in [ICAO Doc 9156].

•

Factors are used to describe the accident (or incident) that happened and to explain what
happened. Determination of factors is therefore one of the most important aspects of the
Accident/Incident Data Report. The ADREP Manual [ICAO Doc 9156] does not distinguish
so-called primary and contribution factors as such distinctions are very difficult to make,
time-consuming and often arbitrary.
To describe the events, up to five “descriptive factors” can be entered for each event. To
explain the events, up to three “explanatory factors” can be entered for each descriptive
factor. The diagram in Figure 9 shows how the two types of factors relate to the events of an
occurrence.

Figure 9: The relation of descriptive and explanatory factors to the events of an occurrence

•

Descriptive factors describe, in detail, what happened during an event by listing all
phenomena present. Descriptive factors consist of two parts: a subject and a modifier.
The subject provides information on what was involved and the modifier gives the
details. See Appendix D.2 for a nested list of subjects of descriptive factors from the
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ADREP Manual [ICAO Doc 9156]. Some of the subjects of descriptive factors have
been further specified in the appendix to show more details about the involvement of
ANS.
In this respect, note for instance that several MET related factors fall under the weather
subject. It is also obvious that the subject “Air Traffic Control Service” encompasses
more than just ATC in the definition of [ICAO Doc 9082/7] discussed in Appendix A.2:
at least CNS is included, while ATC appears also to be replaceable by ATS. This does
appear to be an inconsistency in ICAO documentation. It is wondered how to deal with
this most prudently. A detailed search through all factors to identify the ones related to
ANS seems a good way forward. 4
•

Explanatory factors explain why the event happened. They are used to determine what
preventive action may be required. Consequently, explanatory factors only make sense
when the involvement of organizations or persons related to the occurrence can be
established. If the investigation did not prove the involvement of a person or
organization, it should not be coded as an explanatory factor. Explanatory factors
consist of three parts:
a) The title or designation of an organization/institution or person that indicates those
involved or responsible. The following groups of organizations/institutions are
indicated:
•

Operator – General;

•

Training Organization – General;

•

Government (Civil Aviation Administration) – General;

•

Air Traffic Control – General;

•

Airport – General;

•

Maintenance/Repair Shop – General;

•

Manufacturer – General;

•

Emergency Service Organization – General; and

•

Weather Service – General;

b) A subject that shows the area of involvement; and
c) A modifier that shows the nature of the involvement.
See ADREP Manual [ICAO Doc 9156] for more extensive information.
It is important to note that the possibility of a single occurrence being assigned more than one
occurrence category complicates the study of factors for occurrences of a certain category: for
4

To be done: Assess whether the ADREP Manual’s lists of factors are indeed adequate. Could for instance TCAS or ATFM be
adequately indicated as factors? (Note that TCAS, as a factor in accidents, has been attributed under the subject “Aircraft
operations”.)
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occurrences with more than one category assigned it is not a priori clear to which each factors is
associated.
2.6.4

Validating the choice of ANS related occurrence categories

As part of developing the safety performance monitoring framework, a validation has been
conducted regarding the selection of ANS related occurrence categories. The aim of this
validation is to check if the selected categories are indeed meaningful and useful from a PRC
point of view. This section discusses the process adopted and the results of the validation.
For some of the occurrence categories selected as ANS related, it is obvious that there may be
causal/contributing factors in the chain of events leading to the occurrences that can be related
to an element of ANS. For some other categories, like fuel related occurrences, this is not
immediately clear.
As a first validation approach, an analysis of historical occurrence data has been endeavoured to
find out if a significant share of causal/contributing factors identified in ANS related
occurrences can be related to the ANS system.
Regarding the kind of occurrence – accidents or incidents – analysis of incidents would be
preferable since accidents are relatively rare. In addition, the cause or contribution of ANS to
accidents generally is small compared to other causes or contributions (as pilots for instance).
There are however no systematic databases available that contain detailed information on
causal/contributing factors on incidents. Therefore historical accident has to be used.
Data for accidents in the EUROCONTROL region has been obtained from the NLR Air Safety
Database. The occurrence categories of the accidents have been assigned by the ICAO Safety
Indicators work group. The database contains the official findings by the AAIB for
causal/contributing factors. In line with the ADREP Manual [ICAO Doc 9156] (see Section
2.6.3), the database has been organised around the accident’s sequence of events. Specific
causal/contributing factors are assigned to individual events.
Unfortunately, there are some issues with this approach:
1. In the aforementioned structure, occurrence categories are related to the accident itself and
not to the particular events to which the causal/contributing factors are associated. Hence,
when an accident has more than one occurrence category assigned to it, it is unclear to
which of the causal/contributing factors each of the applicable occurrence categories link;
2. Recalling that the concept of ANS related occurrence categories concerns occurrences
where there may be potential for improvement by ANS, it is clear that the occurrences with
ANS cause or contribution are a subset of these. In other words, occurrences categories with
significant cause or contribution by ANS will indeed qualify as ANS related, but there may
be more ANS related occurrence categories; and
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3. A final issue with this approach is that historical data only shows where ANS has caused or
contributed in the past. The influence of ANS on safety could increase in emerging
operational concepts.
In view of the above issues, a different approach has been adopted to validate the choice of ANS
related occurrence categories. This approach does not try to link ANS related categories to
causes/contributions in ANS, but shifts attention to the effect of ANS related enhancements.
In the United States, the Commercial Aviation Safety Team (CAST) has chartered several
working groups for an in-depth analysis of the top accident categories, identification of
“intervention strategies” for eliminating or greatly reducing such accidents and prioritization
and coordination of plans for implementing those strategies.
One CAST sub-team has developed a method (the Joint Implementation Measurement and Data
Analysis Team – JIMDAT – tool) to estimate the risk reduction that a proposed safety
enhancement might produce.
The method accounts for enhancements that are highly effective against a single accident
category as well as for enhancements that are effective against multiple categories. The method
also accounts for the case where more than one enhancement influences the same
causal/contributing factor. Each enhancement has been evaluated for its effectiveness against
each of the accidents in a database of worldwide accidents setup by CAST. The effectiveness
score is basically the probability that the accident would have been eliminated, had the
enhancement been in place. In this way, the JIMDAT tool has been used to evaluate the
contribution of ANS related enhancements to eliminate the risk of certain accident categories.
For this analysis all enhancements not related to ANS have been excluded so that it becomes
clear how ANS related enhancements affect the occurrence categories. The results are shown in
Figure 10.
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Figure 10: The contribution of ANS enhancements to eliminate risk of certain accident
categories

Interpretation of the results:
•

ANS evidently can play a significant role in reducing the risk related to the occurrence
category CFIT;

•

The ANS related enhancements considered have a small positive effect on RI = RI-A + RIVAP, thereby (unsurprisingly) confirming that at least one of the categories RI-VAP and
RI-A is an ANS related occurrence category;

•

The ANS related enhancements considered have a very small positive effect on the ANS
related occurrence categories FUEL, RE and WSTRW. The effect is so small that the
confirmation is weak; and

•

The ANS related enhancements considered have a very small positive effect on the nonANS related occurrence categories ARC and USOS, which weakly raises the question
whether these should be ANS related as well.

The ANS related enhancements considered have not had positive effects on the risk related to
the ADRM, ATM, GCOL, ICE, MAC, OTHR and TURB categories. It can however not be
concluded that these categories are not ANS related: it might well be that other than the ANS
enhancements considered would have had effect.
Although this has not been a topic in the development of the present framework, it is noted that
there may be enhancements of very different kinds (ANS related versus aircraft related, for
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instance) for given occurrence categories. Due to their localized nature, ANS related
enhancements are often relatively cost-effective.
It is concluded from the above validation exercise that ANS’s potential to improve the risk of
CFITs is clear. Regarding the other categories, the exercise has not identified necessities to
change the set of ANS related occurrence categories as defined in Table 2 of Section 2.6.2.
Although it needs to be kept in mind that the validation exercise is not exhaustive, the definition
of ANS related occurrence categories is kept as it is in Section 2.6.2, for the time being.
2.7 What role should “seriousness” play?
The seriousness of occurrences has implicitly played a role in setting up this framework for
safety performance monitoring: occurrences of the most serious kind – accidents and serious
incidents in the sense of [ICAO Annex 13] – are relatively well reported, investigated and
published and therefore one of the few sources of occurrence data suitable for further analysis
via assessment of causal/contributing factors.
Within these most serious occurrence types, accidents could be further subdivided into fatal and
nonfatal accidents, depending on whether one or more fatal injuries are involved in terms of the
[ICAO Annex 13] definition of accident. [EAM 2/GUI 1] contains a further classification of the
seriousness of an accident according to:
•

The level of damage to the aircraft ([ICAO Annex 13] identifies four levels: destroyed,
substantially destroyed, slightly damaged and no damage); and

•

The type and number of injuries ([ICAO Annex 13] identifies three levels of injuries: fatal,
serious and minor/none).

Although it is not an indication of seriousness itself, the type(s) of aircraft involved is very
relevant to the potential number of fatalities and the cost of hull loss. Specific choices of such
quantities are fixed when developing and populating the indicator for ANS related accidents in
Section 3.
Serious incidents are a class of occurrences on their own; they are not simply incidents that are
serious, see the definition in Appendix B.2.
The literature provides several classifications for incidents:
•

[ICAO Doc 4444] classifies aircraft proximities according to:
•

Risk of collision;

•

Safety not assured;

•

No risk of collision; and

•

Risk not determined.
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•

The [ESARR2] guidance material [EAM 2/GUI1] provides two severity classifications for
incidents. One is according to the severity of the effect on the safe operations of aircraft and
occupants, and this ranges from A, B, C, D and E, which stands for Serious, Major,
Significant, Not determined, respectively No safety effect. The second classification
introduced degrees of inability to provide safety ATM services.

•

[JAR 25.1309] and the accompanying advisory material contain severity classes for failure
conditions as part of risk assessment in large aircraft systems design (Catastrophic,
Hazardous, Major and Minor). These classes may be adaptable for the present scope and
use.

•

[NATS Plan for Safety] indicates how to classify Safety Significant Events making use of
the barrier model, which is akin to Reason’s Swiss cheese model.

Obviously, these are quite different ways to classify seriousness. In this respect, [EAM 2/ GUI5]
distinguishes three essential kinds of classifying occurrences:
•

Risk of Collision;

•

Severity; and

•

Associated Risk.

In any case, the right concept of seriousness depends on the perspective one has: a near collision
between two small aircraft may for instance be less serious than a near collision between two
airliners from the perspective of the potential number of fatalities; from the perspective of
systemic weaknesses of the air traffic operations, they may be equally serious. Apart from the
perspective, the precise method in assigning seriousness is important; seemingly similar
methods may lead to different classifications due to subtle differences. Finally, there is often a
degree of subjectivity in assessing seriousness.
In view of the safety iceberg phenomenon (the number of occurrences is generally larger for
lower severities, but the associated information deteriorates quickly) it would be good to have a
uniformly used notion of seriousness for incidents. This would enable setting a suitable
threshold above which all incidents would be taken into account wile discarding the others. A
suitable level would find a good balance between the numbers of incidents taken into account
and quality of information.
However, from the ODA working group [E-mail Van Es] it is obvious that a uniformly applied
severity classification for air traffic occurrences in Europe appears unfeasible. There are too
many different views, ideas and desires to make this possible. Determining severity of incidents
as collected in relation with EC Directive [EU 2003/42/EC] appears even harder: It is expected
that annually for Europe 100,000 to 200,000 incidents will be reported. Severity classification
will mostly be done by the receiver of the data (regulator or AAIB). For these organizations it is
impossible to determine severity for all of these occurrences.
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An alternative way to classify severity would be to take over the severity as classified by the
reporter (ANSP, airline, et cetera), but this has the problem that everybody classifies in a
different way. At a local level (ANSP, airline, et cetera) usage of severity classification could
work, but not on a European level.
Although the ODA working group will propose classifications, it is concluded that it is
questionable whether these are going to work.
Hence, it appears there are serious problems with classifying the severity of incidents:
•

Incidents are not always reliably reported, let alone sufficiently investigated. Severity is
therefore often not classified; and

•

There is no consistency in using one severity classification scheme.

Given this situation, the notion of severity for incidents is hard to use by this framework for
performance monitoring. It is better to consider all incidents of a given type irrespective of the
severity class and take care of correctness and completeness of occurrence data by allowing
only data of sufficient quality from States with sufficiently healthy reporting and investigation.
In the respect of sufficient investigation it appears wise not to consider incidents for which no
severity classification (or the classification undetermined) has been obtained: these incidents
have apparently not been investigated well enough.
Quality conditions regarding human incident reporting, incident investigation and data quality
will be further elaborated in Section 4.

3

Key safety performance indicators (Key SPIs)

This section outlines six key safety performance indicators, related to accidents, their
causal/contributing factors, serious incidents, all related to ANS, and three kinds of air traffic
incidents/ near collisions.
Finally, a process to establish targets for indicators is outlined.
3.1 Key SPI 1: ANS related accidents
The notion of accident from [ICAO Annex 13] is well-defined and widely used; there is no
question about using another definition. This definition has been included in Appendix B.1.
Combined with the notion of being ANS related (see Section 2.6), this makes possible the
specification of Key SPI 1 “ANS related accidents”:
Key SPI 1

Accidents and ANS related accidents, numbers and rates

Input data
Potential sources

•

Accident investigation reports of the accidents under consideration;
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Primary
Secondary

•

Results from queries to ICAO’s ADREP database;

•

Results from NLR’s Air Safety database; and

•

Data generated in the context of [ESARR 2].

•

Number of accidents (in the sense of ICAO Annex 13); and

•

Number of ANS related accidents (as defined above).

•

Per accident:
•

Aircraft type;

•

Number of seats;

•

Number of occupants; and

•

Number of fatalities.

This would also enable the determination of the fatality rate per accident
(that is, the number of fatalities per occupant, given an accident).
Exposure

Number of flights in the appropriate scope. (A flight counts when it has
begun or ended in the given geographical scope or when it has
overflown this.)

Scope
Geographica

•

Time period

Annually, from 1992 onwards.

The EUROCONTROL Member States

l
Note that there is a delay of approximately 2 years in obtaining the
required data.
Airspace

No additional restrictions

Aircraft

Concerning aircraft operated by commercial operators, including and
limited to:
•

Freight operators and air carriers involved in public transport;

•

Scheduled and non-scheduled flights;

•

Freight, passenger, training and positioning flights;

•

International and domestic flights;

•

Turbojet, turboprop, business jet and piston-engine fixed-wing
aircraft (hence, helicopters are not included); and

•

Aircraft in the takeoff weight category of 5,700 kg or higher,

but excluding:
•
Publication

Experimental/test flights.

For EUROCONTROL States as a whole or EU+: numbers and rates of
accidents and ANS related accidents. The same for fatalities and fatality
rates.

Example graphics

[Test graphics, Van Es, 4 November 2005]
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Figure 14: Numbers of fatalities due to all accidents and ANS related accidents
Table 3: Specification of Key SPI 1: ANS related accidents
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3.2 Key SPI 2: Factors for ANS related accidents
The notion of “ANS related” does not address what actually caused an accident or contributed
to it. Causation and contribution are dealt with by classifying the factors that attributed to the
accident, see Section 2.6.3.
The role of the above factors in the set of all accidents is indicated as follows. For each accident
it is identified which events apply (in combination with phases) and, for each event, which
subjects of descriptive factors apply. 100% is equally divided among the factors applicable – the
factors that are not applicable get zero percent. If the same factor is associated to more than one
event, it is counted double. Next these percentages are averaged over all accidents in the set.
This approach is similar to what is used in [IVW brochure], which is relatively simple and
concerns use of an accident database that could relatively easily be employed for this
framework. This is beneficial, as the assessment of contributing factors involves some
subjectivity, but this can be decreased by seeing how real life raw data has been assessed.
Key SPI 2 “Factors of ANS related accidents” is specified as follows:
Key SPI 2

Factors of ANS related accidents

Input data
Potential sources

•

Accident investigation reports of the accidents under
consideration;

Primary
Secondary

•

Results from queries to ICAO’s ADREP database;

•

Results from NLR’s Air Safety database; and

•

Data generated in the context of [ESARR 2].

•

Subjects of descriptive factors for all accidents

•

Subjects of descriptive factors for ANS related accidents;
and

•

Subjects of organizations related to explanatory factors
for all accidents.

Exposure

No additional exposure data necessary

Geographical

•

The EUROCONTROL Member States

Time period

•

1980 – 1984

•

1985 – 1989

•

1990 – 1994

•

1995 – 1999

•

2000 – 2004

Scope
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Note that there is a delay of approximately 2 years in
obtaining the required data.
Airspace

No additional restrictions

Aircraft

•

Publication

Identical to aircraft scope of Key SPI 1

For EUROCONTROL States as a whole or EU+: percentages of
subjects of explanatory factors for all accidents.

Example graphic

[Test graphics, Van Es, 4 November 2005]
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Figure 15: Causal contributing factors for all accident
Table 4: Specification of Key SPI 2: Factors of ANS related accidents

One could, to check whether the set of ANS related occurrence categories has been chosen not
too small, identify the percentages of “ANS factors” (recall from Section 2.6.3, that these have
not been completely defined) for accidents of other than ANS related occurrence categories.
Obviously, these percentages should be low for non-ANS related accidents.
3.3 Key SPI 3: ANS related serious incidents
The [ICAO Annex 13] definition of “serious incident” is given in Appendix B.2. Note that
“serious incident” is a concept by itself; it is not defined by combining definitions of incident
and serious.
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Serious incidents occur more frequently than accidents, and could therefore add valuable
statistical information. Unfortunately, reporting of serious incidents to ICAO varies widely over
States.
EC Directive [EU 94/56/EC] states that not only every accident but also every serious incident
shall be the subject of an investigation. The scope of this directive is the EU plus Norway and
Switzerland (abbreviated as EU+). EUROCONTROL’s Safety Regulatory Requirement [ESARR
2] on reporting and assessment of safety occurrences in ATM lacks the legislative power to
extend the geographical scope for indicators based on serious incidents from EU+ to the
EUROCONTROL or even ECAC States.
[ICAO Annex 13], [ESARR 2] and Directive [EU 94/56/EC] contain examples of serious
incidents. Despite the examples, the notion of serious incident is more open to subjective
interpretation than the notion of accident.
In view of the larger numbers of occurrences on the one hand, but the relative vagueness of the
notion of serious incident and the widely varying level of reporting on the other hand, it needs
to be found out by experiment, whether it is possible to make indicators for specific ANS
related serious incidents. It is expected that the level of information available is insufficient for a
study of factors.
A specification of Key SPI 3 “ANS related serious incidents” is given below:
Key SPI 3

ANS related serious incidents, numbers and rates

Input data
Potential sources

•

Accident investigation reports of the serious incidents under
consideration;

Primary

•

Results from queries to ICAO’s ADREP database;

•

Results from NLR’s Air Safety database; and

•

Data generated in the context of [ESARR 2].

•

Number of ANS related serious incidents (as defined above).

•

If feasible a few ANS related serious incident categories, for
instance related to:

Secondary

•

•

MAC;

•

ATM;

•

RI-VAP;

•

TURB;

•

GCOL; and

•

CFIT.

Per serious incident:
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Exposure

•

Aircraft type;

•

Number of seats; and

•

Number of occupants.

Number of flights

Scope
Geographical •
Time period

EU+

Take the same periods as for Key SPIs 1 and 2 to begin with:
•

1980 – 1984

•

1985 – 1989

•

1990 – 1994

•

1995 – 1999

•

2000 – 2004

To be determined experimentally
Airspace

No additional restrictions

Aircraft

•

Publication

The same scope of aircraft as for Key SPIs 1 and 2

For EU+ as a whole: numbers and rates ANS related serious incidents,
and when possible for specific ANS related serious incident categories.

Example graphics

Not available in [Test graphics, Van Es, 4 November 2005].
Due to data quality being worse than for accidents, intensive
verification of data is necessary, which would make the production of
graphics quite labour intensive.

Table 5: Specification of Key SPI 3: ANS related serious incidents

3.4 Key SPI 4, 5 and 6: Indicators for air traffic incidents/ near collisions
In this section, indicators are constructed based on incidents as described in [ICAO Doc 9426]
(Air Traffic Services Planning Manual) Part II, Section 1, Chapter 3. This chapter is concerned
with incidents specifically related to the provision of ATS and known as air traffic incidents. (In
other words, for incidents, we make the choice to focus on ATS instead of the full spectrum of
ANS.) A few excerpts in italics from the introduction of this chapter:
“3.1.1 ... The term air traffic incident is meant to mean a serious occurrence involving
air traffic such as a near collision or a serious difficulty caused by faulty procedures, or
the lack of compliance with applicable procedures or the failure of ground facilities
resulting in a hazard to aircraft.”
(The [ICAO Annex 13] definition of incident is included in Appendix B.3.)
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“3.1.2 The specifications in ICAO Annex 13 – Aircraft Accident investigation apply to
activities following accidents and incidents, but nothing in Annex 13 is intended to
impose an obligation on States to conduct an investigation into an incident. However,
when the accident/incident investigation authority institutes an investigation of an
incident, the procedures in ICAO Annex 13 and the ICAO Manual of Aircraft Accident
Investigation (Doc 6920) should be followed where applicable. In such case the ATS
investigation should be a part of the investigation by the accident/incident investigation
authority.”
(Note that investigation of serious incidents is obliged for States of the European Union by [EU
94/56/EC] and committed to by Norway and Switzerland.)
“3.1.3 Reporting of air traffic incidents and ATS investigating procedures should be
established in order to ensure high standards of safety in the conduct and control of air
traffic. For this purpose, ICAO has developed an air traffic incident report form for use
by pilots and controllers when submitting or receiving a report regarding an air traffic
incident. This form is reproduced in”...
... Appendix F of the present document.
The present section aims at establishing indicators related to near collisions and based on such
air traffic incident reporting. The two other types of air traffic incidents besides near collisions,
i.e.,
•

serious difficulty caused by faulty procedures or lack of compliance with applicable
procedures; and

•

serious difficulty caused by failure or ground facilities

are not taken into account in this framework.
“Near collision” is a rather wide notion; it appears that several CICTT occurrence categories
(see Section 2.6 and Appendix C.1) fall under it. This appears to hold at least for the following
ANS related occurrence categories:
•

MAC (Midair Collision);

•

RI-VAP (Runway Incursion – Vehicle , Aircraft or Person) 5;

•

GCOL (Ground Collision);

•

CFIT (Controlled Flight into or Toward Terrain);

•

RI-A (Runway Incursion – Animal);

and it appears prudent also to include
5

The definition of the CICTT Occurrence Category “RI-VAP” coincides with the new ICAO Runway Incursion definition,
which applies from 25 November 2004 and stated for instance on the Eurocontrol Runway Safety pages:
“Any occurrence at an aerodrome involving the incorrect presence of an aircraft, vehicle or person on the protected area of a
surface designated for the landing and take off of aircraft.”
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•

TURB (Turbulence Encounter)

as far as it concerns wake turbulence encounters, which might, with some stretching of notions,
be considered as a collision between an aircraft and the wake turbulence of another aircraft.
Note that:
•

These categories seem primarily meant for accidents, as it is hard not to associate MAC to
result in something less serious. [CICTT Occurrence Categories] is however meant for
accidents and incidents, and this becomes also clear from the detailed explanations and
usage notes. MAC for instance stands for AIRPROX/ TCAS ALERT/ LOSS OF
SEPARATION/ NEAR MIDAIR COLLISIONS/ MIDAIR COLLISIONS: Airprox, TCAS
alerts, loss of separation as well as near collisions or collisions between aircraft in flight.

•

At first sight, inclusion of CFIT is a difficult issue. On the one hand, it definitely qualifies
as a near collision, but on the other hand, the role of ATS provision (this is the context of air
traffic incidents in the sense of [ICAO Doc 9426]) in CFITs seems significantly smaller
than the role of other services included in ANS. However, in view of the relatively large
risk associated to CFIT, and the relatively large potential of improvement ANS has (see
Section 2.6.4) it is here chosen to include CFIT.

In view of the difficulties with incident severity classification outlined in Section 2.7, and
similar difficulties expected with analysing the causal/contribution factors of incidents, it
appears ambitious for the time being to aim at more than reporting on numbers and suitable
rates of special occurrence categories, taking into account only supplementary basic information
and considering whether a severity classification (other than the classification undetermined)
has been obtained. The basic information typically consists of:
•

Type of aircraft/object (aircraft, vehicle, object, person, et cetera);

•

Type of air traffic (GAT/OAT);

•

Applicable flight rules (IFR/VFR);

•

Class of airspace (A to G);

•

Kind of airport (controlled or uncontrolled); and

•

Flight phase (see Section 2.6.3).

Care needs to be taken to identify this information for both entities involved in the incident.
Three near collision type of indicators are constructed:
•

Key SPI 4: Near collisions in airspace (including CFIT, MAC and TURB);

•

Key SPI 5: Near collisions at the airport (including RI-VAP, RI-A and GCOL); and

•

Key SPI 6: Near collisions with terrain (CFIT).
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Key SPI 4

Near collisions in airspace

Input data
Potential sources

Data generated in the context of
•

[ESARR 2]; and/or

•

[EU 2003/42/EC].

Primary

Number of near collisions in airspace for MAC and TURB

Secondary

Per near collision in airspace:
•

Has severity been classified (other than undetermined)?

For both aircraft involved in the near collision:

Exposure

•

Occurrence category (MAC, TURB or none6);

•

Type of aircraft;

•

Flight phase (see Section 2.6.3);

•

Type of air traffic (GAT or OAT);

•

Applicable flight rules (IFR or VFR); and

•

Class of airspace (A – C or D – G).

For both subsets {A, B, C} and {D, E, F, G} of classes of airspace
•

Number of GAT/IFR flight hours;

•

Number of GAT/VFR flight hours; and

•

Number of OAT flight hours.

Scope
Geographical Related to the choice of data source, individual States from
•

EU+; or

•

The set of EUROCONTROL member States.

Time period

Per year, starting from 2007 or 2008

Airspace

No additional restrictions

Aircraft

The near collisions considered concern at least one GAT/IFR flight.

Publication

For the subset of States in EU+ or the EUROCONTROL member States
satisfying appropriate quality conditions7 and for both subsets of all
classes of airspace (A – C and D – G):
•

The absolute numbers of IFR/GAT flights involved in MAC and

6

In a wake turbulence encounter occurrence, one aircraft encounters wake turbulence produced by another aircraft. In this
occurrence, the latter aircraft usually does not encounter the first aircraft’s wake turbulence.
7

In view of various issues regarding indicators built on other than serious incidents, this framework has identified three quality
conditions that should be satisfied by States and the respective data provided, in order to be used to build indicators:
•
A mature human incident reporting;
•
Sufficient quality and quantity of incident investigation; and
•
Sufficient quality of incident data provided.
These quality conditions are elaborated in Sections 4.1 to 4.3.
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TURB near collisions (a near collision between two IFR/GAT
flights hence counts as two); and
•

The rates per flight hour of IFR/GAT flights to be involved in MAC
and TURB near collisions.

Example graphics

Future work

Table 6: Specification of Key SPI 4: Near collisions in airspace

Key SPI 5

Near collisions at the airport

Input data
Potential sources

Data generated in the context of
•

[ESARR 2]; and/or

•

[EU 2003/42/EC].

Primary

Number of near collisions at airports

Secondary

Per near collision at the airport:
•

Has severity been classified (other than undetermined)?

•

Occurrence category (RI-VAP, GCOL, RI-A or none);

•

Airport; and

•

Visibility condition (good, marginal, poor)?

For both entities involved in the near collision:
•

Type of entity (aircraft, vehicle, person, animal, …);

•

Type of aircraft; and

•

Flight phase (see Section 2.6.3).

Per State, a list of airports with
•

Type of airport (controlled or uncontrolled);

•

Number of runways;

•

Annual number of starts and landings by aircraft under
consideration; and

•
Exposure

Distribution of numbers of starts/landings over visibility conditions.

Along both dimensions of airports (type and complexity) and possibly
for three ranges of visibility conditions:
•

Number of movements/operations…

Scope
Geographical Related to the choice of data source, individual States from

Time period

•

EU+; or

•

The set of EUROCONTROL member States.

Per year, starting from 2007 or 2008
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Airspace

No additional restrictions

Aircraft

The near collisions considered concern at least one GAT/IFR flight.

Publication

For the subset of States in EU+ or the EUROCONTROL member States
satisfying appropriate quality conditions, and for all combinations of
airports

(controlled/uncontrolled)

and

visibility

conditions

(good/marginal/poor):
•

The absolute numbers of aircraft involved in RI-VAP, GCOL and
RI-A near collisions (a near collision between two aircraft hence
counts as two); and

•

The rates per movement/operation to be involved in RI-VAP,
GCOL and RI-A near collisions.

Example graphics

Future work

Table 7: Specification of Key SPI 5: Near collisions at the airport

Key SPI 6

Near controlled flights into terrain

Input data
Potential sources

Data generated in the context of
•

[ESARR 2]; and/or

•

[EU 2003/42/EC].

Primary

Number of near controlled flights into terrain

Secondary

Per near controlled flights into terrain
•

Has severity been classified (other than undetermined)?

•

Type of terrain (e.g. near airport, mountainous, both or none of
these);

Exposure

•

Visibility condition (good, marginal, poor)?

•

Type of aircraft;

•

Description of relevant alerting system; and

•

Flight phase (see Section 2.6.3).

To be decided (movement, flight, flight hours, ...)

Scope
Geographical Related to the choice of data source, individual States from
•

EU+; or

•

The set of EUROCONTROL member States.

Time period

Per year, starting from 2007 or 2008

Airspace

No additional restrictions

Aircraft

The near controlled flights in terrain concern are of GAT/IFR type.

Publication

For the subset of States in EU+ or the EUROCONTROL member States

49

NLR-CR-2006-111

satisfying appropriate quality conditions, and for all combinations of
airports

(controlled/uncontrolled)

and

visibility

conditions

(good/marginal/poor):

Example graphics

•

The absolute numbers of controlled flights into terrain; and

•

The rates per movement/flight/flight hour.

Future work

Table 8: Preliminary specification of Key SPI 6: Near controlled flights into terrain

Note that it needs to be specified further what regulations and corresponding data flows feed the
indicators. Obvious candidates in this respect are EC Directive [EU 2003/42/EC] and the
ECCAIRS databases, respectively [ESARR 2] and the Annual Summary Templates (AST)
produced. Both of these regulations contain the following specification of near collision
incidents:
“Near collision incidents (encompassing specific situations where one aircraft and
another aircraft/the ground/a vehicle/person or object are perceived to be too close to
each other):
(a) separation minima infringement;
(b) inadequate separation;
(c) near-controlled flight into terrain (near CFIT);
(d) runway incursion where avoiding action was necessary.”
It needs to be specified how these notions can be consistently mapped to the CICTT occurrence
categories used above by making use only of the basic information that may be hoped available
for near collision incidents. This may need adaptation of basic information or data structure
generated by ECCAIRS or ASTs.
3.5 How to set targets?
Recalling the Plan-Do-Check-Act cycle mentioned in Section 1.1, an obvious but crucial
condition on the framework is that it should support setting and checking versus targets.
One way of setting targets connected to the framework proceeds as follows:
•

Assess ANS related safety according to selected indicators over a sufficiently long but
representatively short period of time to set the “current” performance;

•

Identify appropriate high level goals regarding the safety of European air traffic as for
instance the goal set in [ATM 2000+] to keep the absolute number of accidents at its current
level at worst, despite future traffic growth. Another example target would be to say halve
certain occurrence rates in ten years; and

•

Use the identified high level goals to translate current performance into target performance.
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Note that the issue of statistical significance appears here again; targets are of limited value if
achieving them cannot be verified with sufficient confidence. This for instance makes goals in
terms of zero accidents of a certain kind for a given State and year of limited value. On the one
hand, achieving such goals does not give sufficient confidence that safety is indeed satisfactory;
on the other hand, even if their probability is significantly reduced, accidents will continue to
occur and the observation that the zero accidents goal has not been achieved adds little to what
can be improved following from the accident’s investigation.

4 Assessing and ensuring the quality of indicators
In this section it is outlined how to use the framework of safety performance indicators.
Firstly, this concerns dealing with the issues related with incident reporting and investigation
and the quality of resulting data as input to the framework. The approach will be to assess
maturity of States regarding incident reporting and investigation, and take only into account
data resulting from mature States in this respect that moreover is of sufficient quality. In this
way, incident data will be filtered on its way to indicators of the framework according to figure
below:

Accidents
Serious incidents

Other
occurrences

The safety iceberg of
occurrences in air traffic

Maturity of
human
reporting

Not satisfied

Level and
quality of
incident
investigation
Not satisfied

Condition C

Quality of
input data

Satisfied

Incidents

Condition B

Satisfied

Condition A

Satisfied

Other than
serious incidents

Not satisfied

SPI 1 and 2: Numbers
and factors of accidents
SPI 3: Numbers and categories of serious incidents
SPI 4, 5 and 6: Near
collisions, respectively
− in airspace
− at airports
− with terrain
The framework

Figure 16: Filtering incident data

This effectively concentrates the framework on the States where quality of data resulting from
incidents is sufficiently complete, investigated well and of good quality.
Secondly, a few principles are outlined to help correct interpretation of the resulting indicators.
This involves usage of the concept of statistical significance and assessment of reporting bias
before conclusions based on indicator information are drawn.
4.1 Condition A for incident indicators: Human incident reporting reliability
Although in some operational contexts, and for certain kinds of occurrences, automatic
reporting systems may present alternative ways to detect and inform about such occurrences (or
provide an independent means to verify reliability of human reporting), these systems are
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currently only used for particular occurrence kinds, in particular parts of airspace of particular
States.
In the present framework of safety performance monitoring, human reporting is therefore a
crucial information link from the actual occurrence of incidents towards investigation, statistics
and indicators. As indicated in [PRR 8], the reliability of human incident reporting is
unfortunately a concern in several States. Figure 1 “Key Performance Indicators in 2005” and
Section 3.3 “Incident reporting” in [PRR 2005] further detail this situation: of 34 States, 19
States suffer from no or irregular reporting or low quality of resulting data. This presents a most
serious issue for the framework being developed in this document: If one cannot rely on a
sufficiently high and consistent level of human reporting, it becomes almost impossible to draw
any useful conclusions from incident information resulting from such reporting.
It appears fundamentally difficult to assess the reliability of human incident reporting using only
the incident data resulting from it – how to know about the incidents not reported? While it is
acknowledged that for instance automated systems may contribute to reliable reporting (see the
rise in Airprox reporting in France as a result of mandatory TCAS fitting in Section 3.5 of [PRR
2005]), it is proposed in this framework to deal with the reporting issue firstly by assessing and
demanding maturity of the State’s reporting system. Secondly (see Section 4.5), it is outlined
how to assess reporting bias, but this plays in the final stage of information processing, when
trying to draw conclusions based on populated indicators.
Possible conditions for reliable human reporting of incidents have been outlined in the
presentation [Pimpinelli and Preti, 8 October 2005]. Here we restrict to giving a number of
considerations:
•

It appears hard to have reliable human incident reporting without a non-punitive
environment, where the humans reporting (especially pilots and controllers) are sufficiently
protected from negative consequences to their acts in relation to the incident. As such an
environment is not about leaving any act unpunished, Reason’s decision tree (Figure 9.4
from [Reason, 1997]) for the culpability of unsafe acts appears useful in setting up such a
non-punitive environment;

•

A non-punitive environment seems hard to establish without suitable legislation;

•

A suitable culture is also needed within the organization of the reporter, i.e., the ANSP or
airline. When controllers and pilots may experience inappropriate negative consequences
from reporting, this is killing for reporting reliability;

•

A less than ideal protection against inappropriate negative consequences within the
organization or regarding legislation may to some extent be patched by suitable means to
report confidentially;

•

Protection of controllers and pilots inappropriate negative consequences is not sufficient to
guarantee reliable incident reporting: sufficient feed back that reports are processed and
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used to improve safety is required as well, otherwise controllers and pilots will lose
confidence that their effort in filing reports is worthwhile; and
•

Although it could be argued that reporting reliability would be helped by making reporting
mandatory, this point is controversial as it does not respect the professionalism of
controllers and pilots which, in the presence of a just culture and an organization where
reports are acknowledged and used to improve, should virtually guarantee reporting of
relevant incidents.

Based on these and further developed considerations, a scheme could be developed to assess the
maturity of the human incident reporting system in a State in this sense. Possibly, the results of
the safety reporting task force [SAFREP Task Force report], and the self assessment of safety
management maturity for ANSPs and regulators reported in [SRC Annual report 2005] could be
elaborated for assessing reporting system maturity.
Only incident data from sufficiently mature States is allowed for use for the indicators based on
other than serious incidents. For immature States in this respect, only the maturity score and
clues to improve should be fed back to the States.
4.2 Condition B for incident indicators: Level and quality of investigation
The quantity and quality of incident investigation is the next potential bottleneck in the
information stream from occurrence to indicator. Incident investigations may be done within an
organization (ANSP or airline) at the sharp operational end, or by organizations collecting and
further reporting such data as the CAA or AAIB.
As observed in the ODA Working Group and discussed in Section 2.7, incident investigation by
both groups of organizations has its challenges:
•

Incident investigation/severity classification is feasible within an ANSP or airline
organization, but the applied method and quality will be variable over States;

•

In the context of reliable reporting, CAAs and AAIBs face the challenge to deal with
enormous numbers of incidents, which simply cannot all be investigated. Even when
investigated, the resulting information may be little more than a date, location and a few
lines describing what happened.

Obviously, the framework depends on consistent high quality incident investigation data for a
good proportion of incidents.
Possibly, quality of incident investigation can be assessed and conditioned in a way similar to
assessing the maturity of human incident reporting, but this is obviously a challenging task.
Quantity of incident investigation is more graspable: for the States having passed the Quality
condition A (see Section 4.1) of the framework, human incident reporting is expected to be
sufficiently reliable. In such cases the fraction of investigated incidents with respect to all
reported incidents serves as an indication of the quantity of investigation.
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As seen in Section 4.1, incident reporting and investigation is not unrelated: Suppose for
instance that within some organization or State the human incident reporting reliability has
increased drastically resulting in a larger number of incident reports. This could for instance
happen due to the introduction of “non-punitive” legislation. If the number of reported incidents
that are investigated would not grow accordingly, the fraction of investigated reports would
decrease, which would quickly undermine reporting reliability. In other words, an improvement
in reporting has to be accompanied by investigation keeping pace with the increase in reports to
sustain the improved reporting reliability.
The earlier proposed questions:
•

Has a mature investigation method been used? and

•

Has severity been classified (other than undetermined)?

appear to give sensible indications for the quality of investigation. Incident data for which these
questions are not answered affirmatively are judged to be insufficiently investigated to make use
of for safety indicators. It is proposed to proceed pragmatically and to let availability of the
basic information needed in producing the air traffic incident indicators (see Input
data/Secondary in Table 6, Table 7 and Table 8 of Section 3.4) also be a condition for further
use.
This approach would enable producing per State with mature human incident reporting a graph
such as on page 3 of [PRC requirements]:

Reports/incidents/incidents with basic information
8000
Number

6000
4000
2000
0
2001

2002

2003

Year
No. of reports

No. of incidents

No. of incidents with basic information

Figure 17: Numbers of reports/incidents/incidents with basic information, which could be
produced for near collisions in airspace and at the airport and for near CFITs

It is to be decided what fraction of incidents should be provided with basic information in order
to have the State’s data pass Condition B for incident indicators.
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4.3 Condition C for incident indicators: Quality of input data to the framework
Even when a State has reliable human incident reporting and sufficient quality and quantity of
incident investigation, this does not guarantee that the data provided for use by the framework
for performance monitoring is usable. It is presently experienced that processing incident data in
overviews such as the Annual Summary Template (AST) produced in the context of [ESARR 2]
gives opportunity for a surprisingly wide range of (mis-)interpretations and mistakes. Although
the new version of the AST, where data about individual occurrences instead of totals needs to
be provided, is a definite improvement over the old version, there will always be potential for
misinterpretations and mistakes, no matter how good the template for gathering the incident
data is. As such errors may severely distort the indicators resulting from the framework,
provisions should be taken to detect and repair these, such that the resulting data is of sufficient
quality to enter the indicators.
It is therefore proposed that, whatever data source used, whether it is incident data related to
[ESARR 2], or provided directly from ECCAIRS, that quality of the provided data is assessed
and if necessary improved in cooperation with the data provider before it can be allowed to be
used for producing indicators. This establishes the Quality condition C for incident indicators.
Only data from States satisfying all three quality conditions will be used for producing incident
indicators.
4.4 Statistical significance
For all indicators constructed, one looks at numbers or rates of occurrences or
causal/contributing factors in a certain geographical region and period in time. This region and
period should be sufficiently large such that variations/changes in the indicators should rather
indicate varying/changing aspects of ANS related safety than mere fluctuations related to
random aspects.
The difference between changes of the first (inherent changes) and second kind (random
fluctuations) is illustrated by considering experiments with two dices. Suppose the first dice is
fair in the sense that all sides, marked “1” to “6”, will appear with equal chances (that is, 1/6)
when thrown. It is questioned whether another dice, say the test dice, is fair too. This is
investigated by throwing it and recording how many times the faces “1” to “6” appear. The
probability for a given face to appear is then estimated by the number of times it has appeared,
divided by the number of times the test dice has been thrown. It is a mathematical theorem that
tells that when the number of throws tends to infinity, the relative frequencies the various faces
appear tend to the corresponding probabilities. In other words, the smaller the number of
throws, the bigger the likely difference between the relative frequency of a face to appear and
the underlying probability is. Reformulated again, this means that the smaller the number of
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throws, the larger one must take an interval around the relative frequency of a face to be
confident that it contains the underlying probability.
Unfairness of the test dice can be concluded when suitable confidence intervals for the
underlying probability do not contain the value 1/6.
In the spirit of the above example, one could try to distinguish inherent changes with random
fluctuations by presenting not only the rates for the indicators, but also the associated
confidence intervals around the inferred probability (which equals the rate).
See [NATS Plan for Safety] where this idea has been worked out and [ODA Analysis
Capabilities Specification Document] for examples on how to determine such intervals.
It may occur that in the first year(s) that indicators are produced, little can be concluded as
random fluctuations are still bigger than possible inherent changes in ANS related safety. The
situation will improve with the annual growth of the set of data and by selecting suitably large
regions.
Along with gathering the first years’ data it should however be investigated quickly whether the
set of indicators created is expected to provide statistically significant information “soon” and to
adapt things when this would take too long.
This will pose a challenging balance for the framework of indicators: one does not want to take
too large regions (this would discard regional differences) or take too long periods of time (this
would make it impossible to look at changes within such periods). This balance also appears in
the use of quality conditions on the data entering the indicators: there might be little perfect
data, but one obviously does not pollute indicators with poor data.
As an example, some of the accident data stated in Section 3.1 are considered regarding
statistical significance of perceived changes:
•

It seems from Figure 13 that the accident rate drops significantly from 2002 to 2003.
Application of the z-test to the respective groups of accident and flight number pairs
however yields that there is no difference between groups at 5% significance level; and

•

Application of the z-test to compare the accident and flight numbers of the period 1992 to
(and including) 2002 with 2003 yields that the accident rate of 2003 is significantly lower
than that of 1992 to 2002.

4.5 Assessing reporting bias
Presently, the state of the art of dealing with sufficiently high but less than perfect reporting
reliability consists of an assessment of “reporting bias”, which is to be performed in the same
spirit and in addition to statistical significance tests. Assessing reporting bias is aimed at
deciding whether an observed trend can be interpreted as a change in the related safety aspect or
whether it has to do with a change in reporting reliability. To this end, it is assessed whether
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there are circumstances that might affect reporting reliability and what their effect could be. Just
a few possible circumstances in this respect could be:
•

Introduction of “non-punitive” legislation;

•

Special attention from media for certain occurrence kinds;

•

Awareness campaigns;

•

Prosecution of controllers or pilots in relation to incidents; or

•

Change in the organizations level of acknowledging and using incident reports for
improvement.

The importance and subtlety of assessing reporting bias is illustrated by the following examples:
•

From [PRR 2005], Section 3.5: While systematic analysis of Short Term Conflict Alerts in
the period from 1995 to 2000 in France shows a sharp decrease in losses of separation
below 50% of separation standards (HN50), Airprox reports by pilots in France more than
doubled in this period. It would be wrong to conclude from this information that safety
deteriorated during this period. Rather, the progressive fitting of TCAS and other initiatives
have helped to provide better visibility on safety issues, and more opportunity to correct
them through well-developed safety management processes; and

•

NATS figures on level busts [Levelbest] show an increase from 2004 to 2005 beyond the
growth in traffic. While the topic does receive much attention, which could contribute to
improved reporting, confidence is stated that the data presents a fair representation of the
historical trend.

5 Regulation and accompanying data flows enabling the framework
In view of the starting point that the proposed framework will be based on current safety
regulations and will seek to strike a workable balance between the various systems currently in
use, the safety regulations and accompanying data flows that could potentially feed the
framework are outlined here.
Relevant regulation concerning dataflow that could feed this framework is:
•

[ESARR 2] Reporting and Assessment of Safety Occurrences in ATM;

•

Directive [EU 94/56/EC] establishing the fundamental principles governing the
investigation of civil aviation accidents and incidents;

•

Directive [EU 2003/42/EC] on occurrence reporting in civil aviation; and

•

[ICAO Annex 13] Aircraft Accident and Incident Investigation.

Relevant passages from the above documents are included in Appendix G.
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The table blow indicates the kinds of occurrences (accidents, serious incidents, other than
serious incidents and other occurrences than accidents and incidents) whose data flow is
prescribed by the above regulations:
Occurrence kinds
Regulation

Accidents and

Other than serious

Other occurrences than

serious incidents

incidents

accidents and incidents

[ESARR 2]

Yes

8

Yes

Yes

[EU 94/56/EC]

Yes

No

No

No

9

Yes

Yes

Yes

10

No

No

[EU 2003/42/EC]
[ICAO Annex 13]

Table 9: Regulation material and the kind of occurrences (accidents, incidents …) whose
dataflow they prescribe

In the following sections, the dataflow regulated by this material is indicated.
5.1 The [ESARR 2] data flow
The dataflow regulated by [ESARR 2] starting from the Annual Summary Template as
produced by EUROCONTROL Member States is sketched below:

8

Note that [ESARR 2] does not consider serious incidents as a special category; they are taken into account via the larger subset
of incidents.

9

[EU 2003/42/EC] does seem to imply that exchange and dissemination of information also concerns accident and serious
incident data that should be contained in the databases that shall be put in place.

10

Note from [ICAO Doc 9156] that “There is no obligation for States to conduct an investigation into an incident. However, if a
State has found an incident significant enough to warrant an investigation, then an Incident Data Report should be sent”.
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Member State of
Eurocontrol

Annual
Summary
Template
ATM-related occurrences

(AST Focal Point:

Eurocontrol
(SRU)

CAA or ANSP)

Figure 18: ATM-related occurrence dataflow regulated by [ESARR 2]

SRC
Annual
Safety
Report

Database?

Figure 19: ATM-related occurrence dataflow regulated by [ESARR 2]

The [ESARR 2] dataflow is restricted to EUROCONTROL Member States; other ECAC States are
encouraged to apply the requirement as well.
The [ESARR 2] dataflow concerns ATM-related occurrences. The term “occurrences” is used to
indicate accidents, incidents and (ATM specific) occurrences. The term “ATM-related” gets
meaning by giving a (non-exhaustive) list of example occurrences, see Appendix G.1.
5.2 The dataflow related to [EU 2003/42/EC]
The dataflow regulated by [EU 2003/42/EC] starting from what is stored in the databases of the
competent authorities (see Appendix G.3) is indicated below:
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The European
Commission
Figure 20: Dataflow
related to [EU 2003/42/EC]
Figure 21: Dataflow related to [EU 2003/42/EC]
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safety
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Disidentified
reports

the EC

Access under conditions

Figure 22: Dataflow related to [EU 2003/42/EC]

It is important to note the [EU 2003/42/EC] regulates occurrence reporting, where “occurrence”
indicates an event or condition that may have influenced flight safety and that has not resulted
in an accident or serious incident, see Appendix G.3.
5.3 The [ICAO Annex 13] data flow supplemented by [EU 94/56/EC]
The dataflow regulated by [ICAO Annex 13] starting from the Final Report and
Accident/Incident Report as produced by the State conducting the investigation is sketched
below:

60

NLR-CR-2006-111

Final
Report

State conducting

Accident
Data
Report
Accidents for aircraft over 2,250kg

the investigation
(AAIB)

ICAO
Final
Incident
Report for aircraft
Data
(Serious) incidents
over 5,700kg
Report

Bi-month.
summary
of reports
received

Annual
ADREP
statistics

Replies
to
States’
requests

(Attention: AIG)

ADREP
database

Figure 23: Accident/serious incident dataflow regulated by [ICAO Annex 13]

The accident/incident data from ADREP is included in the NLR Air Safety Database.
EC Directive [EU 94/56/EC] reinforces [ICAO Annex 13], for the States of the European Union
(effectively plus Norway and Switzerland), in the following senses:
•

Serious incident shall also be the subject of an investigation;

•

The final accident report shall be made public; and

•

The incident report shall be circulated to the parties likely to benefit from its findings with
regard to safety.

6 Conclusions
This report has set up a framework for safety performance monitoring for services to air traffic
in Europe. The framework’s aim is to contribute to a continuous improvement cycle for safety
of these services on a European level, and to support safety performance reporting by
EUROCONTROL Performance Review Commission.
A basic principle is that the framework should be down-to-earth: it should be enabled by current
regulatory material and be related to current practices, such that it can be introduced in the next
couple of years. An evidently required property of the indicators of the framework is their
quality: changes in indicators should be related to changes in safety performance and not be
caused by for instance differing interpretations, subjectivity or changes in reporting.
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In setting up the framework, fundamental questions regarding scope have been identified and
addressed:
•

Regarding the scope of services to air traffic, the full set of Air Navigation Services is
considered, excluding Search and Rescue. ANS for instance contains ATM, including not
only the associated ground-based functions, but also the airborne functions.

•

In view of the high degree of interactivity of organisations in air traffic, the framework has a
wider scope than service provision itself. The framework needs also to produce indicators
that regulators can use to support decision regarding introduction or upgrading services in
parts of airspace.

•

The focus is on civil air traffic (GAT), but military air traffic (OAT) is also considered, as
far as it interacts with civil air traffic.

•

The geographic scope of the framework is the EUROCONTROL States, with focus on the
European Union States plus Norway and Switzerland, in view of additional European
directives being in force there.

Similarly, fundamental choices regarding the approach are:
•

Safety is monitored via occurrences such as accidents and incidents. Different ways to look
at safety exist; one may for instance assess safety health of organizations.
EUROCONTROL/PRC/PRU however lacks the necessary powers for such an approach.

•

A hybrid approach is taken towards the question which occurrence should be used for
monitoring: should the service have caused or contributed to the occurrence, or should those
occurrences be considered where the service could possibly play a role? Due to the larger
potential for improvement and the evasion of complications when attributing occurrences to
organisations, the second viewpoint is taken; such occurrences are called ANS related.
Contribution of ANS is addressed by means of causal/contributing factors, which currently
are only available in good quality for accidents and perhaps serious incidents. With this
choice made, the framework is more appropriately addressed as indicating the potential
influence of ANS on air traffic safety.

•

In view of the large variety of perspectives on and classifications used for severity and the
high degree of subjectivity involved in the assessment, severity of incidents currently plays
only a role in the quality analysis of data: incidents for which severity has not been
classified (or classified as undetermined) are considered to lack basic information. The
fraction of such incidents is an indicator for a State’s level of investigation. Such
unclassified incidents are excluded from use for safety indicators.

The resulting framework consists of six key safety performance indicators (Key SPIs):
•

Key SPI 1: Accidents and ANS related accidents;

•

Key SPI 2: Causal/contributing factors for ANS related accidents;

•

Key SPI 3: ANS related serious incidents;

•

Key SPI 4: Near collisions in airspace;
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•

Key SPI 5: Near collisions at the airport; and

•

Key SPI 6: Near controlled flights into terrain.

All of these indicators have been specified according to the topics
•

Input data (potential sources, primary, secondary and exposure input data required);

•

Scope (geographical, time period, airspace and aircraft); and

•

What will be published?

The report contains example graphics for the accident related indicators (Key SPI 1 and 2).
A generic method is outlined to set targets for indicators based on realized values and high level
goals regarding air traffic safety. It is pointed out how to deal with statistical significance and
human incident reporting bias, when trying to draw conclusions from perceived trends and
differences in indicator values.
The developed indicators are not without their issues and challenges:
•

Accidents and serious incidents occur relatively rarely. Therefore data from large
geographical areas and long periods (several years) must be combined to get meaningful
indicators. Moreover, indicators resulting from accident and serious incident investigations
are generally a significant period (say two years) behind, due to the length of investigations.
This makes them less than satisfactory regarding quick detection of trends.

•

Other than serious incidents occur more frequently. However, the data flow concerning
incidents currently depends almost solely on human incident reporting that, generally
speaking, is not sufficiently reliable yet. In addition, the level and quality of incident
investigation varies widely and the resulting safety data may be of poor quality.

The issues concerning other than serious incidents are dealt with by posing conditions:
•

The State under consideration needs to have a mature human incident reporting system;

•

Incidents need to be investigated sufficiently well; and

•

The resulting safety data needs to pass a validation process.

While in some States independent means of incident reporting are already available for some
parts of the airspace, it will take a couple of years before such means become operational at a
scale that would allow use for European safety performance monitoring. The corresponding data
are to be captured in an extension of the currently developed framework; this data will involve
automatically generated alerts such as Airborne Collision Avoidance System alerts.
The choices regarding the scope and approach of the framework, the ambition level set at
implementation in a few years (by using current regulations), the practices varying over the
States and the considerable issues, especially with uniform and high levels of incident reporting
and investigation, and availability of resulting safety data of good quality, together have largely
determined the framework as it has been developed.
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at http://europa.eu.int/eurlex/pri/en/oj/dat/2003/l_167/l_16720030704en00230036.pdf
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Operational

Operational Assessment (March 2 – May 6, 2005), Federal Aviation

Assessment]

Administration, June 2, 2005-08-18

[Hudson et al, 1994]

Tripod Delta: Proactive Approach to Enhanced Safety, P.T.W.
Hudson, SPE, Leiden University, J.T. Reason, Manchester
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Journal of Petroleum Technology 46, 58-62 (1994)

[Gosling, 2001?]

Geoffrey D. Gosling, Analysis of Factors Affecting the Occurrence
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66

NLR-CR-2006-111

at Berkeley, Working Paper UCB-ITS-WP-98-3, NEXTOR National
Center Of Excellence For Aviation Operations Research, NEXTOR
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Annex 13 to the Convention on International Civil Aviation, Aircraft
Accident and Incident Investigation, Ninth Edition July 2001

[ICAO Doc 4444]
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Revision 3, 4 August 2005

[JAR 25.1309]

JAA’s Joint Aviation Requirements 25 - Large Aircraft, JAR
25.1309 “System Design and Analysis” and the accompanying
Advisory Material Joint AMJ 25.1309, Change 14, Reissued by
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PRC requirements for Safety Performance Review, 14 July 2004

[Presentation Safety

Presentation “Safety Performance Review – Project”, Performance

Performance Review]

Review Unit, EUROCONTROL, 25 April 2005

[Presentation Safety]
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[Reason 1997]
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http://www.tsb.gc.ca/en/stats/air/2003/StatsSummaryAir_03.pdf

[Van Es, 2001]

A review of civil aviation accidents – Air Traffic Management
related accidents: 1980-1999, G.W.H. van Es, NLR-CR-2001-056,
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worldwide: 1980 – 2001, NLR Technical Publication 2003-376,
August 2003

[Van Es, 2004]

Air-ground Communication Safety Study; An analysis of pilotcontroller occurrences, EUROCONTROL , European Air Traffic
Management Programme, Author Gerard van Es, Contact person
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Appendix A Definitions of and relations between ANS and ATM
A.1

Introduction

In this appendix, definitions of and implied relations between ANS and ATM are identified
from ICAO and European Union sources. Based on consistency and what is most common, it
appears preferable to use ICAO’s definitions, according to which ANS encompass ATM, which
encompasses ATS, which in turn encompasses ATC.
A.2

ICAO definitions

ICAO’s [ICAO Doc 9082/7] 11 on Policies for charges for airports and ANS provides the
following definitions of ANS, ATM, ATS and ATC:
Air navigation services. This term includes air traffic management (ATM, see Appendix 2),
communication, navigation and surveillance systems (CNS), meteorological services for air
navigation (MET), search and rescue (SAR) and aeronautical information services (AIS). These
services are provided to air traffic during all phases of operations (approach, aerodrome control
and en route)
Air traffic management (ATM) is the aggregation of the airborne and ground-based
functions required to ensure the safe and efficient movement of aircraft during all phases
of operations. It consists of air traffic services (ATS), airspace management (ASM) and
air traffic flow management (ATFM)
ATS is divided into au traffic control service (ATC), flight information service
(FIS) and alerting service
ATC is further divided into the services: Aerodrome control service,
Approach control service and Area control service
This generates the following relations between the various notions:

11

ATM

CNS

MET

ATS

ASM

ATFM

SAR

ATM

[ICAO Doc 9713] is a more appropriate source of ICAO definitions.

70

AIS

ANS

NLR-CR-2006-111

ATC

A.3

FIS

Alerting
service

ATS

Definitions from the Official Journal of the European Union

The EC Common Position No 29/2003 [EU 2003/C 129 E/01] defines provides the following
detailed definitions for ANS, ATM, ATS and ATC:
‘air navigation services’ means air traffic services; communication, navigation and
surveillance services; meteorological services for air navigation; and aeronautical information
services
‘air traffic services’ means the various flight information services, alerting services, air
traffic advisory services and ATC services (area, approach and aerodrome control
services)
‘communication services’ means aeronautical fixed and mobile services to enable
ground-to-ground, air-to-ground and air-to-air communications for ATC purposes
‘navigation services’ means those facilities and services that provide aircraft with
positioning and timing information
‘surveillance services’ means those facilities and services used to determine the
respective positions of aircraft to allow safe separation
‘meteorological services’ means those facilities and services that provide aircraft with
meteorological forecasts, briefs and observations as well as any other meteorological
information and data provided by States for aeronautical use
‘aeronautical information service’ means a service established within the defined area
of coverage responsible for the provision of aeronautical information and data necessary
for the safety, regularity, and efficiency of air navigation
‘air traffic management’ means the aggregation of the airborne and ground-based functions
(air traffic services, airspace management and air traffic flow management) required to ensure
the safe and efficient movement of aircraft during all phases of operations
‘air traffic services’ means the various flight information services, alerting services, air
traffic advisory services and ATC services (area, approach and aerodrome control
services)
‘airspace management’ means a planning function with the primary objective of
maximising the utilisation of available airspace by dynamic time-sharing and, at times,
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the segregation of airspace among various categories of airspace users on the basis of
short-term needs
‘air traffic flow management’ means a function established with the objective of
contributing to a safe, orderly and expeditious flow of air traffic by ensuring that ATC
capacity is utilised to the maximum extent possible, and that the traffic volume is
compatible with the capacities declared by the appropriate air traffic service providers
‘air traffic services’ means the various flight information services, alerting services, air
traffic advisory services and ATC services (area, approach and aerodrome control
services)
‘flight information services’
‘alerting services’
‘air traffic advisory services’
‘air traffic control (ATC) service’ means a service provided for the purpose of:
(a) preventing collisions:
— between aircraft, and
— in the manoeuvring area between aircraft and obstructions; and
(b) expediting and maintaining an orderly flow of air traffic
This generates the following relation between ANS and ATM:

ASM

AIS

ATS

CNS

ATFM
ATM
In words, the relation is as follows:
•

The intersection of ANS and ATM is ATS;

•

ANS moreover contains AIS, CNS and MET; and

•

ATM moreover contains ASM and ATFM.
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It is not fully clear whether the overlap between AIS, CNS and MET with ASM and ATFM is
empty.
ATS is specified as follows:

FIS

Alerting services
ATS

ATC

Air traffic
advisory services

A different and even more restrictive definition of ANS centred around ATC is given in
Proposal (2002/C 103 E/01) [EU 2002/C 103 E/01] and [EU 2001/C 362 E/03]:
‘air navigation services’ means all air traffic control services, including ancillary services
providing communication, navigation and surveillance infrastructure, meteorological services
for airspace users, search and rescue services and aeronautical information services, all those
services being provided to airspace users during every phase of the flight
A.4

Definitions from EUROCONTROL

The [EATM glossary] provides the following definitions related to ANS, ATM, ATS and ATC:
Air Navigation Service
A generic term describing the totality of services provided in order to ensure the safety,
regularity and efficiency of international air navigation and the appropriate functioning of the
air navigation system.
Air Navigation System
The aggregate of organisations, people, infrastructure, equipment, procedures, rules and
information used to provide to Airspace Users Air Navigation Services in order to ensure the
safety, regularity and efficiency of international air navigation.
Air Traffic Management
As defined by the Special Committee on Future Air Navigation Systems (FANS), a system
consisting of a ground part and an air part, both of which are needed to ensure the safe and
efficient movement of aircraft during all phases of operation. The airborne part of ATM,
according to FANS, consists of the functional capability which interacts with the ground part to
attain the general objectives of ATM. The ground part of ATM comprises the functions of Air
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Traffic Services (ATS), Airspace Management (ASM) end Air Traffic Flow Management
(ATFM). Air traffic services are the primary components of ATM.
Air Traffic Management (ATM)
The ground part of ATM comprises the functions of aire services, airspace management and air
traffic flow management. The air traffic services are the primary component of ATM.
Air Traffic Service
A generic term meaning: Flight Information Service, Alerting Service, Air Traffic
Advisory Service, Air Traffic Control Service, Area Control Service, Approach Control
Service or Aerodrome Control Service.
Air Traffic Service (ATS)
A generic term meaning variously, flight information service, alerting service, air traffic
advisory service, air traffic control service.
Air Traffic Control
A service operated by the appropriate authority to promote the safe, orderly and
expeditious flow of air traffic.
Air Traffic Control Service
Is a service provided for the purpose of: preventing collisions between aircraft and
on the manoeuvring area between aircraft and obstructions and expedition and
maintaining an orderly flow of air traffic. (Ref. ICAO Doc 9569 Definitions).
The definitions related to ANS are rather generic and a definition of Air Navigation is missing.
The relation between ANS and ATM is not clear from this.
The definitions of and the nested relation between ATM (or at least the ground part of it,
according to the second definition), ATS and ATC are similar to those given by the EU and
ICAO before.
Note finally that, in view of EUROCONTROL being the European Organisation for the Safety of
Air Navigation, having as its primary objective the development of a seamless, pan-European
Air Traffic Management (ATM) system, EUROCONTROL’s notion of ANS would probably
contain ATM.
A.5

Evaluation of the various definitions

A short consideration of the various definitions of ANS has yielded the following:
•

The definition of [ICAO Doc 9082/7] where ANS contains ATM appears in line with most
people’s understanding of ANS;
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•

[EU 2003/C 129 E/01] provides definitions where ANS and ATM have ATS in common. A
different definition of ANS from [EU 2002/C 103 E/01] is even more restrictive – ANS is
built around ATS (instead of ATM); and

•

The [EATM glossary] does not provide a specific definition of ANS. The definitions of (the
ground part of) ATM, ATS and ATC appear in line with the ones of ICAO and the EU.

•

There is some confusion about whether ATS, ATFM and ASM together constitute ATM
(most definitions implicitly suggest this) or whether these three services only make up the
ground-based part of ATM (the second definition of ATM in [EATM glossary]. In the first
interpretation there would also be airborne functions constituting the union of ATS, ATFM
and ASM.
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Appendix B Accidents, serious incidents and incidents
B.1

Definition of accident

As a first step in building up the notion of ANS related accidents, we recall the well-defined
notion of accident of [ICAO Annex 13]:
Definition of “accident” according to [ICAO Annex 13]
An occurrence associated with the operation of an aircraft which takes place between the time
any person boards the aircraft with the intention of flight until such time as all such persons
have disembarked, in which:
a) a person is fatally or seriously injured as a result of:
−

being in the aircraft, or

−

direct contact with any part of the aircraft, including parts which have become detached
from the aircraft, or

−

direct exposure to jet blast,

except when the injuries are from natural causes, selfinflicted or inflicted by other persons,
or when the injuries are to stowaways hiding outside the areas normally available to the
passengers and crew; or
b) the aircraft sustains damage or structural failure which:
−

adversely affects the structural strength, performance or flight characteristics of the
aircraft, and

−

would normally require major repair or replacement of the affected component,

except for engine failure or damage, when the damage is limited to the engine, its cowlings
or accessories; or for damage limited to propellers, wing tips, antennas, tires, brakes,
fairings, small dents or puncture holes in the aircraft skin; or
c) the aircraft is missing or is completely inaccessible.
Note 1. − For statistical uniformity only, an injury resulting in death within thirty days of the
date of the accident is classified as a fatal injury by ICAO.
Note 2. − An aircraft is considered to be missing when the official search has been terminated
and the wreckage has not been located.
Table 10: The definition of accident from [ICAO Annex 13]

Note: The term “fatal accident” indicates an accident in the above sense, involving at least on
fatal injury in the sense of a).
B.2

Definition of serious incident
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Definition of “serious incident” according to [ICAO Annex 13]
Serious incident. An incident involving circumstances indicating that an accident nearly
occurred.
Note 1.— The difference between an accident and a serious incident lies only in the result.
Note 2.— Examples of serious incidents can be found in Attachment C of Annex 13 and in the
Accident/Incident Reporting Manual (Doc 9156).
Table 11: The definition of serious incident from [ICAO Annex 13]

B.3

Definition of incident

Definition of “incident” according to [ICAO Annex 13]
An occurrence, other than an accident, associated with the operation of an aircraft which affects
or could affect the safety of operation.
Note.— The types of incidents which are of main interest to the International Civil Aviation
Organization for accident prevention studies are listed in the Accident/Incident Reporting
Manual (Doc 9156).
Table 12: The definition of incident from [ICAO Annex 13]

The types of aircraft incidents described below are of main interest to the International Civil
Aviation Organization for its accident prevention studies:
•

Engine failure. Failures of more than one engine on the same aircraft and failures which are
not confined to the engine, excluding compressor blade and turbine bucket failures.

•

Fires. Fires which occur in flight including those engine fires which are not contained in the
engine.

•

Terrain and obstacle clearance incidents. Occurrences which result in danger of collision or
actual collision with terrain or obstacles.

•

Flight control and stability problems. Occurrences which have caused difficulties in
controlling the aircraft, e.g. aircraft system failures, weather phenomena, operation outside
the approved flight envelope.

•

Take-off and landing incidents. Incidents such as undershooting, overrunning, running off
the side of runways, wheels-up landing.

•

Flight crew incapacitation. Inability of any required flight crew member to perform
prescribed flight duties as a result of reduced medical fitness.

•

Decompression. Decompression resulting in emergency descent.

•

Near collisions and other air traffic incidents. Near collisions and other hazardous air traffic
incidents including faulty procedures or equipment failures.

77

NLR-CR-2006-111

Appendix C ANS related occurrence categories
C.1

The CICTT occurrence categories

The International Civil Aviation Organisation (ICAO) and the Commercial Aviation Safety
Team (CAST), which includes Government officials and aviation industry leaders, have jointly
chartered the CAST/ICAO Common Taxonomy Team (CICTT). CICTT includes experts from
several air carriers, aircraft manufacturers, engine manufacturers, pilot associations, regulatory
authorities, transportation safety boards, ICAO, and members from Canada, the European
Union, France, Italy, Netherlands, United Kingdom, and the United States. CICTT is co-chaired
by a representative from ICAO and CAST.
The team is charged with developing common taxonomies and definitions for aviation accident
and incident reporting systems. Common taxonomies and definitions establish a standard
industry language thereby improving the quality of information and communication. With this
common language the aviation community's capacity to focus on common safety issues is
greatly enhanced. CICTT has developed among others a set of occurrence categories.
Occurrence categories are used to classify occurrences, i.e., accidents and incidents, at a high
level to permit analysis of the data in support of safety initiatives. Categories, such as CFIT and
“loss of control” have been developed specifically for this purpose.
The CICTT occurrence categories are becoming the industry standard for classifying accidents
and incidents.
The occurrence categories’ definitions from [CICTT Occurrence Categories] are given below.
More elaborate explanation of the categories is given in [CICTT Occurrence Categories]:
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Category long name

Category Definition

ADRM

AERODROME

Occurrences involving Aerodrome design, service, or functionality issues.

AMAN

ABRUPT MANEUVRE

The intentional abrupt maneuvering of the aircraft by the flight crew.

ARC

ABNORMAL RUNWAY CONTACT

Any landing or takeoff involving abnormal runway or landing surface contact.

ATM

ATM/CNS

Occurrences involving Air traffic management (ATM) or communications,

short name

navigation, or surveillance (CNS) service issues.
CABIN

CABIN SAFETY EVENTS

CFIT

CONTROLLED
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EVAC

FLIGHT

Miscellaneous occurrences in the passenger cabin of transport category aircraft.
INTO

OR Inflight collision or near collision with terrain, water, or obstacle without indication

TOWARD TERRAIN

of loss of control.

EVACUATION

Occurrence where either;
(a) person(s) are injured during an evacuation;
(b) an unnecessary evacuation was performed;
(c) evacuation equipment failed to perform as required; or
(d) the evacuation was a factor in the outcome.

F-NI

FIRE/SMOKE (NON-IMPACT)

Fire or smoke in or on the aircraft, in flight or on the ground, which is not the result
of impact.

F-POST

FIRE/SMOKE (POST-IMPACT)

Fire/Smoke resulting from impact.

FUEL

FUEL RELATED

One or more powerplants experienced reduced or no power output due to fuel
exhaustion, fuel starvation/mismanagement, fuel contamination/wrong fuel, or
carburetor and/or induction icing.

GCOL

GROUND COLLISION

Collision while taxiing to or from a runway in use.

ICE

ICING

Accumulation of snow, ice, freezing rain, or frost on aircraft surfaces that adversely
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Category

LALT

LOW ALTITUDE OPERATIONS

Collision or near collision with obstacles/objects/terrain while intentionally operating
near the surface (excludes takeoff or landing phases).

LOC-G

LOSS OF CONTROL - GROUND

Loss of aircraft control while the aircraft is on the ground.

LOC-I

LOSS OF CONTROL - INFLIGHT

Loss of aircraft control while inflight.

MAC

AIRPROX/ TCAS ALERT/ LOSS OF Airprox, TCAS alerts, loss of separation as well as near collisions or collisions
SEPARATION/

NEAR

MIDAIR between aircraft in flight.

COLLISIONS/ MIDAIR COLLISIONS
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OTHR

OTHER

Any occurrence not covered under another category.

RAMP

GROUND HANDLING

Occurrences during (or as a result of) ground handling operations.

RE

RUNWAY EXCURSION

A veer off or overrun off the runway surface.

RI-A

RUNWAY INCURSION – ANIMAL

Collision with, risk of collision, or evasive action taken by an aircraft to avoid an
animal on a runway in use.

RI-VAP

RUNWAY INCURSION – VEHICLE, Any occurrence at an aerodrome involving the incorrect presence of an aircraft,
AIRCRAFT OR PERSON

vehicle or person on the protected area of a surface designated for the landing and
take-off of aircraft. 12

SCF-NP

SYSTEM/ COMPONENT FAILURE OR Failure or malfunction of an aircraft system or component - other than the
MALFUNCTION (NON-POWERPLANT)

SCF-PP

powerplant.

SYSTEM/ COMPONENT FAILURE OR Failure or malfunction of an aircraft system or component - related to the powerplant.
MALFUNCTION (POWERPLANT)

12

This definition is from Procedures for Air Navigation Services – Air traffic Management [ICAO Doc 4444], included in April 2004. The definition applies from 25 November 2004 and is also
stated on the Eurocontrol Runway Safety pages.
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affects aircraft control or performance.

SECURITY RELATED

Criminal/Security acts which result in accidents or incidents (per the International
Civil Aviation Organization [ICAO] Annex 13).

TURB

TURBULENCE ENCOUNTER

In-flight turbulence encounter.

UNK

UNKNOWN OR UNDETERMINED

Insufficient information exists to categorize the occurrence.

USOS

UNDERSHOOT/ OVERSHOOT

A touchdown off the runway surface.

WSTRW

WINDSHEAR OR THUNDERSTORM

Flight into windshear or thunderstorm.

NOT ASSIGNED

The accident category has not yet been assigned.

Additional usage notes to the occurrence categories are also given in [CICTT Occurrence Categories].
The above occurrence category definitions have crystallized out in a couple of years of working of ICAO’s Safety Indicator Workgroup in
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categorizing accidents. Consistency in the use of the definitions is achieved by deliberation in this workgroup, and the broad expertise and
continuity of its members.
C.2

Which occurrences are ANS related?

In this appendix, the occurrence categories defined above are classified as being or not being ANS related. While, in the end, this is a matter of
definition, the guiding principle is that an occurrence category is ANS related when ANS 13 could possibly or potentially play a role in decreasing
the risk of such occurrences. This is certainly the case if ANS has responsibility in preventing or resolving situations that could result in such
occurrences, but the qualification is not restricted to such occurrences. As an example, keeping sufficient terrain clearance may be completely
pilots’ responsibility; however, ANS in general and surveillance in particular might have information at its disposal that could help to detect and
resolve situations with insufficient terrain clearance. Another example would be midair collisions. Of course, in controlled airspace, prevention and
resolution is a responsibility of ANS, and hence this kind of occurrences is ANS related. In uncontrolled airspace, introduction of ATC could
13

Note that within this study, ANS is considered without Search and Rescue.
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SEC
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Category

ANS

short name

relation

ADRM

Medium

Motivation
The usage notes include anything associated with an aerodrome, such as runways and taxiways, and they give
examples such as closed runways, improperly marked runways, construction interference, lighting
failures, signage limitations. Such occurrences are under airport and not ANSP responsibility. It is however not
unlikely that ANS could play a positive role in preventing occurrences within this category.

AMAN

Low

As the effect of intentional maneuvering by the flight crew is the key consideration, ANS does not play a significant
role here. Of course, for instance a near midair collision, which obviously is ANS related, could give rise to an
abrupt maneuvre. However, in such cases, the occurrence will also be categorized as MAC and be recognized as
ANS related via this category.

ARC

Low

This category involves for instance long/fast landings and crabbed landings. Although for instance crabbed landings
involve crosswind and ATC informs pilots about crosswind using MET services, the role of ANS in this category is
far-fetched as the grand majority concerns pilot handling.

ATM

High

Evident as ATM and CNS are part of ANS.
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improve the risk of such occurrences, and hence also here, the kind of occurrence is ANS related. Obviously, introduction of ATC service is not
within the managerial control of the service provider, but rather to be decided by the State’s regulator. The present framework is to provide safety
performance information to support such decision making.
With this notion of “ANS related”, an example of how ANS could possibly have helped to decrease the risk of an occurrence of the category
(which has happened or might happen) in principle suffices to mark the category as ANS related. However, some level of significance of ANS’s
role in such occurrences has to be judged present to prevent categories being marked as ANS related while the role of ANS would be minimal even
at best.
The degree of ANS relatedness is indicated as High, Medium, Low or MET (indicating relevance of Meteorological Services) and motivated in the
table below. It appears that ANS could possibly play a role in several occurrence categories.

Low

It appears that ANS does not play a significant role in relation to such occurrences.

CFIT

Medium

ANS may play a role in such occurrences for various reasons as for instance:
•

Surveillance information might be used by ATS to detect and resolve impending CFITs, especially when low
altitude warning systems are in place;

•

Navigation means may play a role in CFITs; and

•

Maps (AIS) may play a role in CFITs.

EVAC

Low

It appears that ANS does not play a significant role in relation to such occurrences.

F-NI

Low

It appears that ANS does not play a significant role in relation to such occurrences.

F-POST

Low

It appears that ANS does not play a significant role in relation to such occurrences.

FUEL

Medium

Although it is a bit far-fetched, in principle fuel exhaustion might be related to or aggravated by delays and hence be
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related to ATFM. ATS may contribute to the actual outcomes of such occurrences by providing swift opportunities
to land.
GCOL

High

While pilots generally are responsible to prevent taxi conflicts in good visibility, in poor visibility and on controlled
airports this is an ATS responsibility. ATS supported by radar surveillance would have an effect in such
circumstances on uncontrolled airports. ATFM may also have an influence on the taxi traffic situation.

ICE

MET

Prevention or unexpectedly experiencing icing conditions could be related to MET services.

LALT

Low

The intentional operation near the surface appears to leave no significant potential role for ANS.

LOC-G

Low

As an example, the usage notes indicate that the loss of control may result from a contaminated runway or taxiway
(e.g., rain, snow, ice, slush). The occurrence category may also result from other categories, such as a Runway
Incursion, or System/Component Failures or Malfunctions. The runway surface is under the airport’s responsibility,
and although ATS may play a small role in communicating runway surface conditions to the aircrew, the overall
influence is assessed as low.

LOC-I

Low

The usage notes include:
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CABIN

Loss of control as a result of a deliberate maneuver (for instance stall/spin practice);

•

Occurrences involving configuring the aircraft;

•

Stalls;

•

Icing related events, which are also loss of control (also coded as ICE); and

•

Loss of control following less severe system/components failures (also coded as SCF-NP or SCF-PP).

These examples appear to leave ANS little room for improvement. This is confirmed by a deep study of fatal
accidents (1988-2004) and many incidents to JAA operators involving Loss of Control issues [JAA LoC WG]. In
this study, to loss of control events are classified into the following groups of issues:
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•

Loss of control following lightning strike and/or total loss of electrical power;

•

Loss of control following an instrument failure or malfunction (attitude/air speed indicator);

•

Loss of control due to cargo loading errors;

•

Loss of control following air intake icing on turboprop aircraft engines;

•

Loss of control due to spatial disorientation (resulting in spiral dives);

•

Loss of control due to the use in-flight of reverse beta range; and

•

Others, not included in any of the above categories.

There is a remote link between occurrence of lightning strikes and MET, and perhaps the last group of others could
bear some relation with ANS, but all in all the overall potential influence of ANS appears minimal.
MAC

High

In controlled airspace it is a primary task of ATS to prevent midair collisions. In uncontrolled airspace this is pilots’
responsibility, but ATS could obviously help when introduced.

OTHR

Medium

This category contains bird strike occurrences, where ATS could play a role. As this category may contain widely
varying occurrences that could not sufficiently be captured under the other categories, it cannot be excluded that
ANS could potentially play a role in decreasing the risk.

RAMP

Low

No reasonable role of ANS has been identified – ground handling operations take place in a context where ANS
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•

RE

MET

Veer offs may involve crosswind and/or slippery conditions and hence bear a relation with MET.
Veer offs may be intentional and result for instance from runway incursions, where ANS obviously is relevant. Such
ANS relevance is then covered via the runway incursion occurrence category.

RI-A

Medium

Although this is not a responsibility of ATS, it could perhaps detect animals and help to prevent such occurrences

RI-VAP

High

On controlled airports, it is a key responsibility of ATS to prevent and detect and resolve runway incursions; on
uncontrolled airports, introduction of ATS could obviously help.
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SCF-NP

Low

It is assessed that ANS does not play a significant role in relation to such occurrences.

SCF-PP

Low

It is assessed that ANS does not play a significant role in relation to such occurrences.

SEC

Low

It is assessed that ANS does not play a significant role in relation to such occurrences.

TURB

High

In controlled airspace, it is a task of ATS to separate aircraft to an extent that collisions and wake vortex encounters
are prevented. In uncontrolled airspace, introduction of ATS could obviously help.
Note that not all turbulence encounters concern wake turbulence.

UNK

Low

The possibility of ANS playing a role here cannot be excluded here. However, as insufficient information is
available to classify, it is expected that the available information will also yield little about a potential role of ANS.

USOS

Low

Although in principle this might be related to navigation aids or unexpectedly high crosswind, the vast majority of
these occurrences is related to pilot/flight handling.

WSTRW

MET

Thunderstorms are obviously MET related.

Not

Medium

The possibility of ANS playing a role cannot be excluded here. However, if the investigation fails to assign the

Assigned

appropriate categories to an occurrence – it is expected that insufficient information is available for assessing the
role of ANS.

Table 13: Classification of CICTT occurrence categories according to ANS relatedness
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plays no role.
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Appendix D Phases of flight and Subjects of descriptive factors
D.1

Phases of flight

[CICTT Phase of Flight] indicates the following groups of phases, which are an extension of
those in [ICAO Doc 9156]:
•

Standing (STD);

•

Pushback/towing (PBT);

•

Taxiing (TXI);

•

Take-off (TOF);

•

Initial climb (ICL);

•

En route (ENR);

•

Maneuvering (MNV);

•

Approach (APR);

•

Landing (LDG);

•

Emergency Descent (EMG);

•

Uncontrolled Descent (UND);

•

Post-impact (PIM); and

•

Unknown (UNK).

D.2

Subjects of descriptive factors

Subjects for descriptive factors are grouped under the headings
•

•

Aircraft
•

Airframe;

•

Flight control systems;

•

Other systems; and

•

Miscellaneous;

Powerplant
•

General;

•

Structures; and

•

Miscellaneous;

•

(Components unique to helicopters);

•

Aircraft Operations
•

General; and

•

Flight crew;

•

Aircraft Servicing and Maintenance;

•

Air Traffic Control Service
•

ATC Service – Perception
•

Response;
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•

•

•

•

•

•

A/C Identification;

•

Separation Judgement;

•

Altimeter Setting; and

•

Clearance/Instructions Understanding;

ATC – Decisions
•

ATC Service Given;

•

Adverse Weather; and

•

A/C Performance;

ATC Use of Procedures
•

ATC Procedures/Directions/Instructions;

•

ATC Clearance;

•

Frequency;

•

Altimeter Setting;

•

Radiotelephony Phraseology;

•

ATC Aircraft Identification;

•

ATC Co-ordination; and

•

ATC Control of A/C;

ATC Use of Equipment
•

Instrument Display;

•

Altimeter Setting;

•

SSR Code; and

•

A/C Data Record;

ATC Equipment
•

Electronic Data Display;

•

Manual Data Display;

•

Comm Equipment – HF;

•

Comm Equipment – UHF;

•

Comm Equipment – VHF;

•

Comm Equipment – Other;

•

Conflict Alert System;

•

Flight Data Reporting System; and

•

Other ATC Equipment;

ATC Procedures – General
•

Departure Procedure;

•

Climb Procedure;

•

Noise Abatement Procedure;

•

Airways/Route Procedure;

•

Holding Procedure;
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•

•

•

•

Descent Procedure;

•

Approach Procedure;

•

Missed Approach Procedure;

•

Emergency/Alerting Procedure;

•

Removal of Equipment from Service; and

•

Radar Assistance;

Radio Navaids – General
•

Marker;

•

Surface Radar;

•

Area Radar;

•

ILS – Complete;

•

ILS – Glide Path;

•

ILS – Localizer;

•

MLS – Complete;

•

MLS – Glide Slope;

•

MLS – Localizer;

•

Area Navigation;

•

VDF;

•

VDR (Includes DVDR);

•

DME;

•

NDB;

•

Navaids – Unspecified;

•

Marker Beacon;

•

Radar – Surface;

•

Radar – En-route; and

•

Radar – Other;

Aerodrome(/heliport)
•

Facilities; and

•

Operations;

Weather
•

Weather Information – General;

•

Weather Briefing;

•

Weather Forecast;

•

Weather Report – General;

•

Wind;

•

Atmospheric Restrictions to Vision;

•

Type of Precipitation; Temperature;

•

Pressure Setting;
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•

•

General Weather Condition;

•

MET Equipment – General;

•

MET Operations – General; and

•

Light Conditions – General;

Terrain.
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Appendix E How much should targets take reality into account?
Absolute numbers of occurrences such as accidents and serious incidents are to some extent
unsatisfactory: is an increase in the number due to deteriorated safety or to more traffic? In this
general simple sense, one would be helped with occurrence rates per flight hour/ movement/
flight or some other denominator. Even these simple looking numbers are often not available.
Consider the following related problem:
•

Suppose State A contains 10 airports, 9 of which simple (say single runway) and one of
which is a complex airport (multiple runways, ...). All airports handle the same amount of
traffic. Suppose that the accident rate at the complex airport is five times higher.

•

Suppose State B also contains 10 airports, 9 of them are complex and one simple, all
dealing with the same amount of traffic as the airports of State A. Suppose that the accident
rate of the complex airports in State B is half of that of the complex airport in State A and
suppose that the accident rate of the simple airport in State B is also half the accident rate of
the simple airports in State A.

Which airports are safer, those in State A or in State B?
•

In terms of overall numbers of accidents per movements, State A is safer than State B.

•

State B is safer in the sense that the simple airport in State B is safer than the simple airports
in State A and the complex airports are safer in State B than the one in State A.

It is tempting to be “fair” and in touch with reality by taking circumstances into account, and to
compare apples with apples and oranges with oranges. However, the number of comparable
classes of circumstances may be long, making such a classification at best labour intensive to
make. More seriously, doing statistics per class gets difficult again. Comparison now probably
gets hampered by different States having different sets of classes of comparable circumstances.
And, in the end, States may become less safe by improving safety of all of their simple and
complex airports, but increase the number of complex airports at the cost of simple airports...
It appears prudent to be practical here and keep the overall safety goal of [ATM 2000+] for
European air traffic in mind, which reads something like: the absolute number of accidents
should not increase with traffic growth. Although such goals might be approached by estimating
expected traffic growth and settings goals per flight/movement/... to compensate at least for the
growth, I think that for the European framework we are now working on, it would be perfectly
reasonable to start with absolute numbers counted in a significant collection of most relevant
environments (IFR flights, ATC – Airspace classes A, B, C up to ..., GAT, ...). It is up to the
States how they want to compensate for traffic growth. Changing from complex to simple
airports would contribute to safety!
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Appendix F Air Traffic Incident Report Form

Figure 24: The Air Traffic Incident Report Form from [ICAO Doc 9426]
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Appendix G Regulation supporting the framework
G.1

[ESARR 2] Reporting and Assessment of Safety Occurrences in ATM

Appendix B of [ESARR 2] specifies the minimum contents of the annual summary report to be
reported to EUROCONTROL:
“
B-1 The State annual traffic volume, expressed in movement and flight hour numbers;
B-2 The total number of accidents in the State, with identification of the associated level of
damage and number of fatal injuries. Statistical information will be classified according to
the phase of flight, flight rules, type of operations and class of airspace, with indication
each time of the number of cases where ATM had either a direct or indirect contribution to
the accident.
Similar information will be provided for specific categories of accidents, including :•

Mid Air Collision

•

Controlled Flight Into Terrain

•

Collision on the ground between aircraft

•

Collision between an airborne aircraft and vehicle/another aircraft on the ground

•

Collision on the ground between aircraft and vehicle/person obstruction(s)

B-3 The total number of incidents in the State, classified according to severity level, phase of
flight, flight rules, type of operations and class of airspace, with indication each time of the
number of cases where ATM had either a direct or indirect contribution to the incident.
Similar information will be provided for specific categories of incidents, including:•

Separation minima infringement

•

Inadequate separation

•

Near Controlled Flight Into Terrain (Near CFIT)

•

Runway incursion where avoiding action was necessary

•

Runway incursion where no avoiding action was necessary

•

Runway excursion by aircraft

•

Aircraft deviation from ATC clearance

•

Aircraft deviation from applicable ATM regulation
•

Aircraft deviation from applicable published ATM procedures

•

Unauthorised penetration of airspace

•

Deviation from aircraft ATM-related equipment carriage and operations, as
mandated in applicable regulation(s)
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B-4 The total number of ATM specific occurrences in the State, classified according to the
severity. Similar information will be provided for specific categories of ATM specific
occurrences, including:•

Inability to provide Air Traffic Management Services
•

Inability to provide Air Traffic Services

•

Inability to provide Airspace Management Services

•

Inability to provide Air Traffic Flow Management Services

•

Failure of Communication function

•

Failure of Surveillance function

•

Failure of Data Processing and Distribution function

•

Failure of Navigation function

•

Failure of ATM system security

”
G.2

Directive [EU 94/56/EC] establishing the fundamental principles governing the
investigation of civil aviation accidents and incidents

Directive [EU 94/56/EC] contains the following passages on accident/incident reporting:
“Article 4
Obligation to investigate
1. Every accident or serious incident shall be the subject of an investigation. ...”
“Article 7
Accident report
1. Any investigation into an accident shall be the subject of a report in a form appropriate to the
type and seriousness of the accident. The report shall state the sole objective of the investigation
as referred to in Article 1 and contain, where appropriate, safety recommendations.
2. The investigating body or entity shall make public the final accident report in the shortest
possible time, and if possible within 12 months of the date of the accident.
Article 8
Incident report
1. Any investigation into an incident shall be the subject of a report in a form appropriate to the
type and seriousness of the incident. The report shall, where appropriate, contain relevant
safety recommendations. The report shall protect the anonymity of the persons involved in the
incident.
2. The incident report shall be circulated to the parties likely to benefit from its findings with
regard to safety.”
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G.3

Directive [EU 2003/42/EC] on occurrence reporting in civil aviation

Relevant excerpts from [EU 2003/42/EC]:
“Article 2
Definitions
For the purpose of this Directive:
1. ‘occurrence’ means an operational interruption, defect, fault or other irregular circumstance
that has or may have influenced flight safety and that has not resulted in an accident or serious
incident, hereinafter referred to as ‘accident or serious incident’, as defined in Article 3(a) and
(k) of Directive 94/56/EC;…”
“Article 3
Scope
1. This Directive shall apply to occurrences which endanger or which, if not corrected, would
endanger an aircraft, its occupants or any other person. A list of examples of these occurrences
appears in Annexes I and II. …”
It is important to note that Annex II on air navigation services related occurrences to be reported
confirms that this directive on reporting is about occurrences other than accidents and serious
incidents (although the latter kind of events are stored in the same databases). Other than serious
incidents are obviously included by the list of examples of near collisions.
“Article 4
Mandatory reporting
1. Member States shall require that occurrences covered by Article 3 are reported to the
competent authorities referred to in Article 5(1) by every person listed below in the exercise of
his/her functions:…”
“Article 5
Collection and storage of information
1. Member States shall designate one or more competent authorities to put in place a
mechanism to collect, evaluate, process and store occurrences reported in accordance with
Article 4.
The following authorities, working with impartiality, may be entrusted with that responsibility:
(a) the national civil aviation authority; and/or
(b) the investigating body or entity established under Article 6 of Directive 94/56/EC; and/or
(c) any other independent body or entity entrusted with this function.

94

NLR-CR-2006-111

If a Member State designates more than one body or entity, it shall designate one of these as
point of contact for the exchange of information mentioned in Article 6(1).
2. The competent authorities shall store the reports collected in their databases.
3. Accidents and serious incidents shall also be stored in these databases.
Article 6
Exchange of information
1. Member States shall participate in an exchange of information by making all relevant safetyrelated information stored in the databases mentioned in Article 5(2) available to the competent
authorities of the other Member States and the Commission. The databases shall be compatible
with the software described in paragraph 3.
2. The competent authority designated in accordance with Article 5(1) receiving an occurrence
report shall enter it into the databases and notify, whenever necessary, the competent authority
of the Member State where the occurrence took place, where the aircraft is registered, where
the aircraft is manufactured and/or where the operator is certificated.
3. The Commission shall develop specific software for the purpose of this Directive. In so doing,
it shall take into account the need for compatibility with existing softwares in the Member
States. The competent authorities may use this software for running their own databases.
4. The Commission shall take appropriate measures to facilitate the exchange of information
mentioned in paragraph 1 in accordance with the procedure set out in Article 10(2).
Article 7
Dissemination of information
1. Any entity entrusted with regulating civil aviation safety or with investigating civil aviation
accidents and incidents within the Community shall have access to information on occurrences
collected and exchanged in accordance with Articles 5 and 6 to enable it to draw the safety
lessons from the reported occurrences.
2. Without prejudice to the public's right of access to the Commission's documents as laid down
in Regulation (EC) No 1049/2001 of the European Parliament and the Council of 30 May 2001
regarding public access to European Parliament, Council and Commission documents (1), the
Commission shall adopt on its own initiative and, in accordance with the procedure referred to
in Article 10(2), measures for the dissemination to interested parties of the information referred
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to in paragraph 1 and the associated conditions. These measures, which can be general or
individual, shall be based on the need:
— to provide persons and organisations with the information they need to improve civil aviation
safety,
— to limit the dissemination of information to what is strictly required for the purpose of its
users, in order to ensure appropriate confidentiality of that information.
The decision to disseminate information under this paragraph shall be limited to what is strictly
required for the purpose of its user, without prejudice to the provisions of Article 8.
3. Member States may publish at least annually a safety review containing information on the
types of occurrences collected by their national mandatory occurrence-reporting system to
inform the public of the level of safety in civil aviation. Member States may also publish
disidentified reports.”
G.4

[ICAO Annex 13] Aircraft Accident and Incident Investigation

Chapter 7 of [ICAO Annex 13] specifies the following responsibilities of the State conducting
the investigation regarding accident/incident data reporting:
“7.5 When the aircraft involved in an accident is of a maximum mass of over 2 250 kg, the State
conducting the investigation shall send, as soon as practicable after the investigation, the
Accident Data Report to the International Civil Aviation Organization.”
“7.7 If a State conducts an investigation into an incident to an aircraft of a maximum mass of
over 5 700 kg, that State shall send, as soon as is practicable after the investigation, the
Incident Data Report to the International Civil Aviation Organization.”
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