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Example of Advanced Safety Metrics and Methods in the Air Navigation Sector
EUROCONTROL
This section considers major safety metrics used on both sides of the Atlantic. First the European perspective is given, followed by the American perspective, before discussing similarities and differences.
European ATM Safety Metrics
The current safety performance philosophy considers measurement from the perspective of two main types of indicators:

· lagging indicators, to measure events (e.g. safety occurrences, such as accidents, incidents, system outages etc.) that have happened. They also measure whether safety improvement activities have been effective in mitigating identified risk. Lagging indicators measure the outcome of the service delivery.
· leading indicators, identified principally through the comprehensive analysis of the organisations (providers, regulators, States). They are designed to help identify whether the providers and regulators are taking actions or have processes that are effective in lowering the risk.
This chapter will list some of the most important indicators used currently in European safety performance measurement, without by this considering that this constitutes en exhaustive list of such indicators. What is also important to note is that some of these may be considered as key performance indicators, which in themselves could potentially give a good indication of the overall performance of a system, while others are simple performance indicators, more appropriate for specific indication of a particular part of the safety performance. 

EUROCONTROL has pioneered safety performance starting in 1999 with a first Safety Regulatory Requirement (ESARR 2) regulation covering the reporting and assessment of safety occurrences in European ATM, confidentiality and publication policy, and, importantly, a severity and risk classification scheme for European ATM incidents.  The underlying objective of ESARR 2 is to ensure that at national and European levels formal means exist to: 

· Assess safety performance and related trends over time.

· Identify key risk areas where the ATM system could contribute to safety improvement, and take appropriate action.

· Investigate and assess the extent of the ATM system contribution to the cause of all types of safety occurrences, and take corrective action.

· Draw conclusions on how the ATM system could improve safety even in areas where it is not involved in accidents or incidents.

· Over time, assess and monitor whether technical and operational changes introduced to the ATM system meet their predetermined safety requirements, and take appropriate action.

ESARR 2 requires European States to have in place national means for the reporting and assessment of ATM safety occurrences and to report summary data to EUROCONTROL annually.  This allows for the collection of categories of safety occurrences in terms of the following: total accidents and total accidents with ATM contribution; ATM-related incidents; ATM-specific occurrences (i.e., technical equipment failures); and their sub-classification for type of operations, phase of flight, flight rules, and class of airspace, as well as causes (with or without ATM contribution). 
Further to this framework, EUROCONTROL has continued to develop safety performance measurement to cover leading indicators, chief among which is the Safety Maturity indicator, which will be detailed further in this chapter. Safety culture and just culture are also leading indicators for which EUROCONTROL has developed measurement methods. Parallel to this effort and parallel to the mandatory reporting instituted by the application of ESARR2, a voluntary reporting scheme was created at European level, known as the EUROCONTROL Voluntary Accident and Incident Reporting scheme (EVAIR), which is open to airlines, ANSPs and other service providers, aiming at a quick return of experience and a quick closing of the loop between the various parts involved, as opposed to the much more formal and also much slower loop generated by the regulatory framework.
Accidents and Incidents

The reporting culture and the quality of the data in Europe have improved over the years.  EUROCONTROL now populates some of the safety indicators, such as runway incursions, separation minima infringements, and level busts.  An overview of Europe’s ATM safety performance is provided in the Annual Safety Report produced by EUROCONTROL’s Safety Regulation Commission, which is based on the ESARR 2 data reported by the Member States twice a year. For example, in 2011 in Europe, there were no accidents attributed to ATM, as shown below. 
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 Accidents are very rare and while it may be the ultimate safety indicator, it is largely useless for any consistent safety management activity, which is routinely based on incidents and their severity. The usual top-level indicators in terms of incidents, for en-route and ground operations are the Separation Minima Infringements – SMI and the Runway Incursions – RI, respectively. These are tracked and published at European level in the same SRC annual report, as shown below:
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Such metrics afford an overview of performance, in this case across much of Europe. Several points can be made based on these graphs:
1. There is as yet incomplete ‘coverage’ over the whole of Europe (39 EUROCONTROL Member States) but the situation is getting better each year;
2. There is a general decline in high severity incidents but no room for complacency;
3. The number of incidents has approximately stabilised for LOSS but is increasing for runway incursions, which may be due to more incidents or more reporting.  

However, such figures only give a ‘gross’ picture of safety, and so there is a need for additional safety metrics, as already mentioned. EVAIR aims at giving an additional view to this picture, taken from a different source of information, which are direct reports from airlines and ANSPs. Currently, there are well over 150 airlines contributing and a significant number of the European ANSPs. EVAIR will collect the data, analyse it and when and if required, will try to establish a quick response loop between the involved parties. Further to this, EVAIR publishes a periodic report, looking at certain indicators such as number of TCAS-RA alerts, airspace infringements and other similar events. While the main purpose of EVAIR is in no way a safety performance measurement, it nevertheless provides a few good measurements that can indicate the performance of safety in certain areas. The example in the graph below shows the main types of occurrences reported.
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In conclusion, these are the main threads of safety performance dealing with the lagging indicators, in the form of accident and incident reports and analyses, based on a wide range of sources.
EUROCONTROL Safety Data Reporting and Data Flow Task Force (SAFREP)
The EUROCONTROL Director General established the Safety Reporting and Data Flow Task Force (SAFREP) more than 10 years ago to address the priority areas of safety data reporting; legal, managerial and organizational constraints; just culture; and safety data flow for European ATM.  In 2006 SAFREP was tasked to establish a set of safety Key Performance Indicators (KPIs) for ATM and populate a composite index (or a limited set) of KPIs with reliable, consistent, high-quality data. The SAFREP published a final report on its work at the end of 2009: Improving European AT M Safety through SMART (S – Specific, M – Measurable, A – Achievable, R – Relevant, T – Timely).Safety Indicators. The SAFREP report remains an important reference to this day and most of the current safety performance work is based on the blueprint established by the SAFREP TF.
The SAFREP approach to develop the KPIs was based on a variety of existing initiatives, including the ATM Safety Framework Maturity Survey, ESARR 2, and others.  The indicators are split into the two main categories defined at the beginning of this section:  leading and lagging indicators.  

The following lagging safety indicators are deemed to be robust by SAFREP TF:
· Accidents with direct and indirect ATM contribution

· Incidents with direct and indirect ATM contribution that include separation minima infringements and runway incursions
However, an absence of safety incidents is not a true measure of the inherent safety risk within a system.  The SAFREP TF proposes using leading indicators to measure the output of important elements of the Safety Management System (SMS) and emphasize that good safety performance is attributable to a safe system, not to a lack of incidents.  ATM safety framework maturity measurement, safety audits, and safety surveys are examples of leading indicators.
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When developing the safety KPIs, SAFREP took into account the information needs and the levels of detail required by the various stakeholders.  The pyramid figure above provides an outline of the SAFREP key principles for KPIs for various stakeholders, where the level of detail is much higher at the bottom of the pyramid than at the top. This was the governing principle for the development and use of safety indicators by SAFREP, which are described in short in the following pages.
Safety Maturity: The key leading indicator, which has become a global standard through its adoption by CANSO as the Standard of Excellence, was developed by EUROCONTROL and CANSO, was further adopted by the EU as part of its legislated Performance Scheme (more about this later) and it has been in use for over ten years now. This is the Safety Framework Maturity Survey, or in short, Safety Maturity. 

Safety Maturity is based on a widely agreed CMMI industry performance model, which defines five levels of maturity, as exemplified in the figure below:
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The SM measures eleven Study Areas (SA), each with between one and four questions, answerable in one of the five CMMI categories. The eleven SAs cover all aspects of safety management, as shown in the next figure:
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The SM has been in use since 2002 and it is following the CMMI model since 2010. Typically all ANSPs are required to fill in the questionnaire on an annual basis, then the answers are challenged through interviews and through checks against evidence and justification that must be provided by the respondents. An overall score is calculated for each ANSP, which represents a good indication of the level of their SMS. It must be noted that the method puts significant emphasis on performance, particularly for the higher levels, where continuous improvement, quantitative measurements, targets and adoption or creation of best practices are required. Thus, there is a constant pressure for higher quality and once a certain maturity degree has been attained, it is necessary to continue to invest efforts in it to maintain the same score. Additionally, a level is indicated, which will emphasise whether there are any areas left behind, as the level represents the lowest category answer to any of the total of 26 questions, regardless of its SA. The results from the ECAC and CANSO measurement of 2012 are shown in the figure below, in an unidentified form, which is the way results are always published, in order to preserve the confidentiality of the exercise, a must to ensure honest answers. The figure below shows a typical result of a group of ANSPs (both European and non-European) which participated in the 2012 measurement exercise. Both the overall score and the level for each participant are visible.
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Risk Assessment Tool: The RAT has been created in the quest for a harmonised method to determine the risk of a reported event, whereby an algorithm is used to calculate a severity and a repeatability value for each event. As risk is the combination of the two, this will then allow for a harmonised reporting of events at European, and potentially global, level. By turning the usage of the RAT into a KPI, the EU is pushing the importance of harmonised reporting to the fore. Classifying the events based on the same scheme and the same method will allow a clear focus on the critical areas and determination of the most important factors that need mitigation. The severity scheme used is reproduced below:
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Once events have been classified, they can be plotted on the risk matrix, giving a good feeling about the priorities, as shown in the figure below. The numbers in each cell represent how many events were recorded in that specific database for that risk category: 
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This kind of classification will further ease the prioritisation of actions, as the limited resources dedicated to safety management and improvement can be directed more precisely where the risk is actually generated, as indicated by the recorded occurrences. This should contribute to the improvement of safety in a most cost-efficient way. It is noteworthy that along almost all European ANSPs which use the RAT, the FAA and ATNS South Africa have also formally adopted it.
The Aerospace Performance Factor (APF)
When assessing the overall safety of an organisation, state or region, one will be overwhelmed by the amount of data and the multiple variations each parameter can take. It may be prove next to impossible to actually gauge an overall safety trend, given the nearly impossible task of combining all these different views. Nearly impossible, that is, until the arrival of the Aerospace Performance Factor, or APF.  The APF aggregates various data, which may even be of different forms, such as incidents with delays, by allocating a weight to each component based on the organisation’s priorities. This will ensure that the organisation makes its decisions based on consistent criteria, which would not be affected by daily variations of moods, politics or other kinds of human variability. 

The APF is based on a sound and proven theory developed in the early ‘70s in the USA, called the Analytical Hierarchy Process. The theory and its associated methods combine psychology and mathematics to obtain priorities based on the reality as evaluated by subject matter experts. The various data are organised in a tree-like structure (a mindmap), given weights, then the result is aggregated, not before a normalisation with outcome, which will remove some of the seasonal variability. The APF can show a top-level, executive view but also allow for a drill down to the root of the problems, allowing prioritisation of the solutions. An example of a mindmap is below:
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Typically, the questions management would ask when problems arise, would be:

· how serious the overall situation is

· the relative priorities (which to tackle first)

· the underlying causes and hence what to do about them. 
What is therefore needed first is a way of ‘weighting’ the different safety metrics for their relative importance, second a means of aggregating this into a global measure of safety performance, and third being able to ‘drill down’ to any particular metric to understand what is driving it upwards. However, it is important that this kind of weighting process is done in a balanced way, before any problems arise, so that the process is unbiased. 
Since the APF is an integrated, system-wide measure, it avoids the drawbacks of individual measures that account for only local safety performance of certain operational areas and can distort the system-wide mitigation efforts.  Also, the APF allows determination of a distinct, overall safety trend while enabling analysis of any of its components.
APF is an interactive tool that can be tailored for individual ANSPs and their operations and data. A figure like the one below can show how all the ANSP safety metrics ‘add up’ to give an overall measure of safety on a monthly basis, for example, compared against an overall safety target.. 
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The APF also allows ‘drilling down’ to deeper more specific sub-categories to help better understand what the problem’s causes are, and hence what to do about them. At the moment work is ongoing to ensure a common categorisation process (called RAT in Europe, RAP in the US), and human performance contributions are also being mapped into RAT/RAP. APF represents a kind of ‘Safety Dashboard whereby Management can see how safety is proceeding, and dig deeper to find out where the problems are occurring.
The APF is currently in use by a number of European ANSPs and more development is foreseen, to be able to not only diagnose the main issues but also to perform other functions that would help the decision-making, such as trend analysis, forecast, what-if and cost prioritisation. These developments are foreseen for 2014.

The European Union’s Single European Sky Performance Scheme

The EU has started the SES initiative more than a decade ago, with a first legislative package. Even prior to that, EUROCONTROL has pre-empted the development of a formal performance scheme by creating the Performance Review Commission back in 1998. the SES legislation places performance at its heart and it has thus created specific legislation for the performance measurement, with associated key performance indicators, targets, an incentive and follow-up part. Thus, EU Reg. 691/2010 amended by Reg. 1216/2011 names safety as one of the four key performance areas to be formally measured within the formally declared Reference Periods (RP). the RP1 is unfolding at the moment and is of three years (2012-2014), while the subsequent RPs will be of five years each.

Within the Performance scheme, safety has a central place. Three KPIs have been defined for safety:

· the Effectiveness of Safety Management (EoSM), which is based on the same methodology as the SM defined earlier, 

· the use of a specific methodology (Risk Assessment Tool – RAT, a EUROCONTROL tool) to assess the severity of safety occurrences, and last but not least, 

· the measurement of Just Culture for ANSPs and State level. 

Importantly, these are leading indicators, showing their importance in the quest for improved safety performance. The legislation allows for the use of other indicators, similar to the ones described at the beginning of this section, including the lagging ones. While there are no targets required during RP1, work is under way to define the targets that will be imposed in RP2 on the three KPIs listed above.

The EoSM indicator makes use of the same SM methodology detailed earlier, but further maps the results to the ICAO management objectives as defined by its Safety Management Manual. Thus, the results that the EoSM measurement will yield may be different from the SM figures but can respond to the need of the State to follow the State Safety Plans. The same philosophy will apply, whereby each entity will have a score and a level. For details about the methodology and the results, please refer to the previous section on Safety Maturity, under SAFREP.

The second safety KPI as defined by the EU legislation is the use of the severity classification of the RAT. For details of the RAT and related results, please refer to the previous section on the subject, detailed under the SAFREP heading. 

Last but not least, the Just Culture is measured at EU level according to its legislation by means of a questionnaire, where areas such as policy, roles and responsibilities, training, occurrence reporting and investigation as well as the legislation are evaluated for the presence or otherwise of the elements conducive of just culture within the organisation and/or the State. Measurements made in 2011 and 2012 have already given results at national and European level, as shown below.
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Safety Dashboards
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A Safety Dashboard is a high level overview of key safety performance indicators and issues for Board Level management decision-making. Such a dashboard for a single ANSP might be expected to measure their safety performance in terms of losses of separation and runway incursions, and a measure of the their SMS maturity and performance. The degree of confidence in the statistics via reporting can also be tracked, including whether ‘Just Culture’ is working in the ANSP, and if tools such as ASMT have been deployed and are working effectively 
Number of TCAS events can also be a useful indicator for a safety dashboard, as these can be recorded automatically in some States. 
Other components of safety may also be on the dashboard including Safety Culture progress on actions. The statistical information may need to be ‘normalised’ against the traffic flow or other system perturbations (new system upgrades, etc.). If the Dashboard is used on a monthly basis, for example, trend information can be highlighted, e.g. 
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A fuller example of a dashboard is given on the following two pages. 
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IFR Losses of Separation: 


6 per 100k movements (-7%)
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Refresher training updated









