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EXECUTIVE SUMMARY

This paper will discuss the need for a system of safety performance indicators that takes into account the
correlation of outcome and process measures to assess the capability to manage risk in the air transportation
system. The paper is based upon the premise that safety performance should be measured in terms of how well
risk is managed throughout the air transportation system. Measurement of safety performance must consider
the role of the regulator to influence performance of product/service provider safety management processes
and their impact on outcomes at the air transportation system level. Safety performance must consider the
process performance that leads to expected outcome performance and indicators should be developed
accordingly. This paper will propose a safety measurement method that is based on a foundation of three tiers
of system behavior: high level safety outcomes, service provider behaviors, and regulatory agency activities.

Action: Recommend that ICAO consider adoption of the proposed framework in the appendix to this paper to
further develop the methodology for defining safety performance indicators.

Strategic . . . L
Objectives: This working paper relates to the Safety Strategic Objective.
Fina'ncicfl Expected that this is covered in the draft budget.
implications:

References: Doc 9859, Safety Management Manual
2010 High-level Safety Conference Recommendation 2/3a
Doc 9958, Assembly Resolutions in Force (As of October 2010)

1. INTRODUCTION

1.1 ICAO (Annex 19, Chapter 1) provides an operational definition of safety: “The state in
which risks associated with aviation activities are reduced and controlled to an acceptable level”. It
follows from this definition that measures of safety should include the ability of the service providers to
effectively manage safety risks, which shall be achieved through the implementation of safety
management processes.
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2. DISCUSSION

2.1 Measures of safety performance should focus on how well the system is able to manage
safety risks. An emphasis on system behaviors that can reduce the risk of adverse outcomes allows for
meaningful safety performance metrics. Effective safety measures must reflect system behaviors related
to safety risk control and contribute to decisions related to risk reduction.

2.2 Development of an effective measurement model must also consider the effectiveness of
oversight activities in terms of influence on the behaviors of service providers in ways that reduce the risk
of negative safety outcomes — accidents and incidents.

2.3 Measures must also consider both processes (activities and behaviors of organizations
and their members) and outcomes (results of those processes).

24 In order to develop guidance on how to develop measures comprehensively and
systematically, the Safety Management International Collaboration Group (SM ICG)" has developed a
performance management framework that is presented as an appendix to this paper. This paper, while
being presented by the United States, was developed in collaboration with SM ICG members.

2.5 The performance management framework that is proposed in the appendix to this
document provides measures in the following hierarchy:

a) overall system outcomes including accident rates and significant safety issues (e.g.,
Controlled Flight into Terrain (CFIT), loss of control, runway incursions);

b) aviation service provider system behaviors (e.g., process performance of key systems
such as training, maintenance, operational control, cabin safety); and

c) aviation regulatory agency activities (e.g. certification, assurance of continuing
operational safety, etc.).

2.6 The proposed three-tier approach provides a foundation for measurement of safety
through correlation of outcomes and process at various levels: high level safety outcomes, service
provider behaviors, and regulatory agency activities. These measures provide the means to assess the
capability and to manage risk in the air transportation system’. Further details regarding this framework
are presented as an appendix to this paper.

3. RECOMMENDATIONS
3.1 The Assembly is invited to agree on the following recommendation:

a. Recommend that ICAO consider adoption of the proposed framework in the
appendix of this paper to further develop the methodology for defining safety
performance indicators.

! This paper was prepared in collaboration with SM ICG member organizations, including the Aviation Safety and Security Agency (AESA) of
Spain, the National Civil Aviation Agency (ANAC) of Brazil, the Civil Aviation Authority of the Netherlands (CAA NL), the Civil Aviation
Authority of New Zealand, the Civil Aviation Safety Authority (CASA) of Australia, the Direction Générale de I'Aviation Civile (DGAC) in
France, the European Aviation Safety Agency (EASA), the Federal Office of Civil Aviation (FOCA) of Switzerland, Japan Civil Aviation Bureau
(JCAB), the United States Federal Aviation Administration (FAA) Aviation Safety Organization, Transport Canada Civil Aviation (TCCA), and
the Civil Aviation Authority of United Kingdom (UK CAA).

2 . .
State owned aircrafts are outside of the State Safety Program.
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APPENDIX
A SYSTEM FOR SAFETY PERFORMANCE MEASUREMENT
Introduction

A system for safety performance measurement, created by the SM ICG, considers the role of the
regulator to influence performance of product/service provider safety management processes and
their impact on outcomes in the air transportation system. The proposed three-tier approach
provides a foundation for measurement of safety through correlation of outcomes and processes at
various levels: high level safety outcomes, service provider behaviors, and regulatory agency
activities. These measures provide the means to assess the capability and to manage risk in the air
transportation system.

Oversight Responsibilities of States

ICAO State Safety Oversight System (Annex 19, Appendix 1) Critical Element 2 (CE-2) states
that regulations should be designed to control the system design, management practices, and
organizational behavior of service providers. One measurement of the overall effectiveness of a
State’s regulations would be the degree to which they cover key areas of risk.

Assurance that the service provider has incorporated appropriate risk controls into the design of
its systems and processes becomes a basis for the issue of certificates, authorizations, or approvals
on the part of the authority (CE-6). This assurance process provides a critical interface between
the State Safety Risk Management (SRM), service provider SRM, and State safety assurance.
Measures of the State’s safety performance must represent how well the State assures that
regulations are translated into the operational processes of product and service providers.

States must conduct surveillance (CE-7) activities to assure continued safety performance as part
of their safety assurance process. Measures must be available to evaluate service providers’
continuing performance and the effectiveness of the State’s performance assurance process.

Types of Risks: Common and Unique Causes

Figure 1 depicts accident rates over time, dividing the trends shown (steep decline, slow decline,
level) into categories that are dependent on the organizational processes used to manage safety.
Common cause occurrences are those to which all or a large segment of the population of interest
are exposed and for which there are equivalent or highly similar (and thus “common’) causes. In
phase 1, prescriptive rules or regulations manage common cause failures.

In phase 2, many of the risks that can be effectively controlled through prescriptive regulations
have been addressed. Remaining risks occur more randomly, associated with problems unique to
individual service providers. Service providers’ SMS processes are essential to identify and treat
these risks. Safety measurements must, therefore, address the design and performance of service
providers’ SMS processes and their ability to address unique risks.
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Figure 1. Accident Trends and Causes
33 At the same time, management of risks addressed through compliance with existing rules must be
maintained. Phase 3 represents a situation in which the relaxation of prescriptive regulations
would mean that the gains made in phase 1 are reversed. Thus implementation and compliance
with basic safety standards must be part of the safety management strategy and must, therefore,
be part of the measurement strategy.
4. Risk Control: Measurements of Compliance and Risk Management
4.1 Figure 2 shows the relationship between “things that are unsafe” (risk — circle on the right) and

“things that are illegal” (contrary to prescriptive regulations — circle on the left). Managing risk of
all sources of risk would entail identification and management of all possible “unsafe” situations.
Measurement of the effectiveness of risk management involves assessing how completely this is
done. Though there is typically an intersection between the two, the overlap is not total and not
zero. The intersection between the two circles represents the set of situations in which hazards
and threats are covered by regulations, typically focusing on technology, training, or procedures.
These are the “common cause” hazards that were discussed above. Note that this is a subset of
compliance and, if all rules appropriately addressed legitimate hazards, would represent the
totality of compliance.
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Figure 2. Relationship Between Regulatory Requirements and Risk

The requirement for an SMS is placed in this overlap area between the circles. This takes the
position that the need for an SMS is common to all service providers. It further recognizes that
effective compliance entails use of an operator’s SRM processes to tailor the method of
compliance to its situation. However, service providers must also control hazards that are outside
of the scope of practical regulations but that exist in their operational environment. Control of
unique problems is best controlled by the processes incorporated in an SMS. The SMS also
requires a product/service provider to identify hazards in their systems and operational
environment, assess these hazards for their degree of risk, take action to control those that pose an
unacceptable degree of potential harm, whether those risks are the subject of regulations or not.

Note then that the overlap area is labeled with the bracket “effective regulation”. This is not to say
that all rules and compliance efforts are assumed a priori to be effective but that assessment of
regulatory effectiveness should be based on how well this is done.

The area of “things that are unsafe” but not illegal, represents unique cause risks that generally
cannot be controlled by regulation. The area bounded by the hatched area outside of the area of
overlap represents a situation where effective risk controls are either outside of current
technology or where the costs of implementing controls outweigh their benefits to society.

The area of “things that are illegal” but not harmful (the part of the left hand circle outside of the
“unsafe” circle) represents ineffective regulations where compliance is not correlated with safety.
This could be because the rules were inadequately developed to begin with, are obsolete, or were
applied too broadly to service provider groups that are not exposed to the hazard that the
regulation addresses.
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5. The Safety Performance Measurement System
5.1 The measurement system structure depicted in Figure 3 is based on three tiers’ (2000) of analysis
that represent the activities and performance of both the State and service providers in the civil
aviation system. The levels of the system include: measures of the integrated civil aviation
system, measures of service provider system behaviors, and measures of activities of regulatory
authorities, as well as four pillars which describe the way safety is measured and managed.
A: Aviation B: Safety C: Indicator D: Resource
System performance usage requirements
behaviors indicators
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Outcomes: . - . ..
Integrated Civil|  Accident /major ~ information/ B
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i resource
Tier 3 behaviors interventions Pl mana l¢;ment
and initiatives regulator (SSP) =
Figure 3. Safety Performance Measurement Matrix
5.2 Indicators of performance (column B) consist of both process and outcome measures. Process
measures are measures of the functioning of key safety management processes such as safety risk
management and safety assurance on the part of both States and service providers.
6. The Indicator Framework
6.1 The safety performance indicator model in Figure 4 provides a top-level concept for safety

performance measurement that represents an expansion of the second column of the Safety
Performance Measurement Matrix (Figure 3) to guide actual indicator development.

3 The model for the matrix was adapted from The Regulatory Craft: Controlling Risk, Solving Problems and Managing Compliance by
Dr. Malcolm Sparrow, Harvard University, 2000.
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Figure 4: Safety Performance Indicator Framework

The indicator framework is organized into the same three tiers used in the measurement matrix
depicted in Figure 3. Each level of the proposed framework is divided into two related
dimensions: outcomes and processes (the middle two columns). The fourth column represents
correlations between tiers of the model. Validity of the measures in Tiers 2 and 3 is based upon
the correlation with the next tier above them. For example, the validity of measures of oversight
activities is based upon the relationship between the measured oversight activities and their
influence on service provider behaviors and outcomes.

Tier 1 outcome measures come in two varieties: overall event rates (e.g. accident rates, hull loss
rates), and event rates related to significant risk areas (for an example, see the UK CAA’s
“significant seven”). These event types are those associated with common cause hazards — those
hazards to which all or large segments of the product/service provider community are exposed.

Tier 2 measures address the behavior of service provider systems whose performance relates to
safety outcomes. At Tier 2, a set of safety outcomes should be identified for tracking. These
should start with the significant risk areas identified for Tier 1, representing an association with
common cause hazards. This set of outcomes should also include measures related to hazards that
are unique to the product/service provider.
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Compliance with regulations (the State’s specifications for control of hazards common to the
service provider’s population) is part of the process of risk management. Therefore, measurement
of compliance should also include measures of how well the service provider has used its SRM
process to incorporate relevant regulations into its processes.

Tier 3 indicators are process and outcome measures to gauge the safety interventions and
initiatives of the regulator. Effective regulator activities should motivate and facilitate service
provider behaviors that, in the aggregate, result in overall improvements in safety outcomes. Tier
3 indicators will in many cases be linked directly to Tier 2 indicators as the latter are required to
measure how effectively regulator activities and behaviors have addressed key safety issues
identified. The ability to influence future performance is an important characteristic of both Tier 2
and Tier 3 indicators.

At Tier 3, regulator activities must be based upon influencing the behaviors of product and
service providers. Regulator action at Tier 1 considers the entire civil aviation system or major
system components. Accountability for identifying and designing risk controls for these common
cause hazards rests primarily with the regulator. Measuring the effectiveness of the regulator’s
accomplishment of this responsibility is, therefore, a matter of evaluating these functions.’

Measures of regulator safety management performance should include measures of how well the
regulator is able to accomplish its design assurance (certification) functions (part of the State’s
assurance process). Validity of these measures should reflect the degree to which the regulator is
able to influence the system and process design of service providers. Regulators’ design
assessments include an assessment of how well the service provider has identified and controlled
hazards that are unique to its own systems and environment.’

As part of their performance assurance function, regulators must also assure “continuing
operational safety” on the part of service providers. To do this, they must measure and assess
service provider performance.’ Regulators must also take action on those areas of service provider
performance that fail to control risk in their operations to an acceptable level.’

— END —

# This would also measure critical element of oversight number two (CE-2).

5 This would also be a measure of critical element of oversight number six (CE-6). Such a measure should be based on the regulator’s assessment
of the service provider’s effective use of their SRM process in order to assure that the designs of their systems effectively control hazards as
intended in regulations as well as any hazards unique to the service provider.

® This would also measure critical element of oversight number seven (CE-7).

" This would also measure critical element of oversight number eight (CE-8).



