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Abstract. The EU Vision 2020 sets a goal of reducing the air travel accident 
rate by 80%. Achieving this vision requires innovation and a different approach.  
PROSPERO (Proactive Safety Performance for Operations) is an EU FP7 
project that will provide an advanced systemic methodology for managing the 
improvement process to help achieve that goal, as well as delivering a way of 
measuring progress. The overall objectives of PROSPERO are to; (i) Provide a 
proactive anticipation of complex system risks; (ii) Ensure more effective man-
agement of and enhanced learning from situations where risks cannot be de-
signed out of the operation and (iii) Achieve substantial improvement in the 
elimination of and recovery from human error.  This paper reports on the over-
all PROSPERO concept and high level system requirements as they emerged 
from the first research phase that focused on identifying industry needs. 

Keywords: Risk & Performance Management,  Safety Management Systems, 
PROSPERO. 

1 Introduction 

The next generation Air Transport System (ATS) requires systemic, proactive, per-
formance-based safety management that is fully integrated into seamless ATS opera-
tional management, capable of delivering measurable performance improvement. 
While this is the aspiration of the current generation of Safety Management Systems 
(SMS) regulation, available processes, methods and tools are not adequate to realize 
this. The ATS has to be able to anticipate and manage complex system interactions 
(where each element on its own may seem acceptable) before they are manifest in 
operational emergencies and use operational experience more effectively as a preven-
tive resource.  Recent aviation accidents have demonstrated that this is a significant 
weakness of the aviation system.  

‘…there is not yet a universally accepted risk assessment methodology in common 
use across the European Union for all the aviation domains which would enable a 
standardised approach and better priority setting to tackle those risks that pose the 
greatest threat to safety. This shortcoming will have to be overcome.’ (European 
Commission, 2011) 
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The ICAO regulation (ICAO, 2012), mandates states to implement legislation re-
quiring aviation organizations to have Safety Management Systems and for states to 
have State Safety Programs. The European Commission (2011) defines a safety man-
agement system as ‘a pro-active system that identifies the hazards to the activity, 
assesses the risks those hazards present, and takes action to reduce those risks to an 
acceptable level. It then checks to confirm the effectiveness of the actions. The system 
works continuously to ensure any new hazards or risks are rapidly identified and that 
mitigation actions are suitable and where found ineffective are revised. This new ap-
proach to safety is preventive, proactive rather than reactive, it aspires to be perfor-
mance driven, systemic, risk based and able to deliver verifiable improvement. 

When Air France 447 took off from Rio on June 1 2009 everything was apparently 
normal: the aircraft was fine – the pitot tubes were an unknown and acceptable defect. 
The crew, aircraft, route and weather were ok – nothing unusual. Nothing changed. 
Yet these elements in combination created a situation that ultimately the crew could 
not manage. There are two ways of looking at this disaster. Hindsight: why did the 
crew apparently not have basic airmanship skills? The interim investigation report has 
recommendations about crew training (BEA, 2011). This is the classic reactive ap-
proach – address the issues arising from the most recent serious safety event. This is 
essential. More challenging is to ask: What could have been done before that flight to 
minimize the possible risks associated with it?  The risks were built into the opera-
tional situation before take-off. Could routine measures in advance not just prevent 
this accident happening again but provide a more general preventive shield against a 
wide range of system accidents? 

Could the implementation of the ICAO regulation (as European Directive and na-
tional legislation) prevent the type of accident that befell AF447? It is, of course, 
impossible to be certain, but, if one examines current methodologies and processes for 
managing safety, it is hard not to conclude that prevention would be unlikely given 
the current state of the art of safety management. This is for the following reasons: 

• Risk assessment methodologies are largely based on expert judgment unsupported 
by extensive data and hence find it difficult to encompass complex system interac-
tions. 

• There is no integrated Air Transport System risk metric that allows risks of differ-
ent types and sources to be assessed with reference to each other, singly or in com-
bination. 

• The active management of risk in planning and management of operations is not 
well supported 

• The anticipation and preparation for potential emergencies is not integrated into 
normal everyday operational planning 

• Because there is no system-wide risk metric it is not possible for system improve-
ments to be evaluated against some projected risk reduction target. 

• There is no standard for safety performance that a regulator can use to audit, eva-
luate or require and operator to improve its safety system. 

The PROSPERO project seeks to address these fundamental defects in safety man-
agement in order to pave the way for the successful implementation of current  



 Proactive Safety Performance for Aviation Operations 353 

 

requirements for SMS regulation and to lay the basis for the next generation of Safety 
Management Systems, 

The objectives of this paper are to present the overall PROSPERO concept and 
system requirements as they have emerged from the first phase of the research. 

2 Prospero Objectives 

The objective of the PROSPERO project is to assemble and analyse, from operational 
performance data, an integrated model of risk incorporating the key sources of risk: 
aircraft and ATM technologies, staff and crew, routes, weather. This risk information 
will enhance the normal supply of information into the planning, dispatch and opera-
tional management of all the components of the ATS, so that potential risks are de-
signed out in planning or actively managed in operations, and potential emergencies 
are anticipated and prepared for. Feedback from the active management of anticipated 
risks will stimulate learning. An improvement loop will generate systemic changes to 
reduce risk.  This risk management system will be initiated at organizational level in 
airline, airport and air traffic control organization and then integrated in a common 
ATS framework. This integrated safety performance system will be designed to be 
scalable up to European level and applicable to the Single European Sky concept. 

2.1 Risk Assessment 

Current approaches to risk assessment tend to be based on either expert judgment or 
extensive data-mining, but rarely both. The probability of an outcome of a certain 
severity is core to the conceptual definition of risk. Yet the practice of risk assessment 
nearly always comes down to an expert judgment, of one or more experts (see, for 
example, Luxhøj, 2001; Rantilla and Budescu, 1999; Ayyub, 2001). Most often this is 
due to absence of accurate and timely data. Bow-tie analysis, which is built around 
expert judgment, is at the heart of the ARMS (Airline Risk Management Solutions) 
methodology (Nisula, 2008). Fault Trees, Failure Mode and Effect Analysis, Human 
Reliability methods (e.g., THERP, TESEO, HEART, ATHEANA), Functional Analy-
sis all rely on expert judgment. Its major limitations relate to the reliability of judg-
ments; hence the concern with combining the judgment of different experts.  The 
judgments of experts are not sufficiently rigorous or reliable enough to assess com-
plex combinations of factors.  PROSPERO will support the development and integra-
tion of existing databases to build a data source to support effective data-mining. This 
data mining will be complemented by the capacity to model and analyze the opera-
tional processes of the air transport system.  

2.2 Process Approach in Human Factors 

The whole idea with process control is to identify undesired outcome, produced by 
the process, by measuring its output and improve the process input until the desired 
outcome is achieved. The first step in gaining control over an organization is to know 
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and understand the basic process for production (Juran, 1988; Deming, 1986). In avia-
tion the production is delivered by a complex socio-technical system. If safety is to be 
maintained, or even improved, relevant mechanisms influencing these processes need 
to be identified by a model. Improvements may be accomplished only by changing 
the processes’ functionality. Traditional human factors and safety research does not 
provide any method to do a functional process analysis of socio-technical systems in 
order to identify relevant indicators for safety and to improve safety performance 
resulting in actual change in operations. A functional process model is essential for 
analyzing and identifying influencing mechanisms of the operations in which risk 
needs to be controlled. With such a model it is possible to link in-depth investigation 
and analysis of particular events with the extensive analysis of data from normal op-
erations.  This will deliver a composite assessment of risk. 

In a series of EU-projects a method and tool called SCOPE has been developed 
(Leva et al. 2011, Bunderath et al., 2008; Morrison, 2009). At a concept level it has 
been used for adding core functionalities in Safety Management Systems in both air-
line and airports. Some of the functionalities have been system description, hazard 
and indicator identification, support for process analysis to identify needs for im-
provements and to simulate and anticipate effects of system changes. In PROSPERO 
SCOPEs value for analyzing integrate and systemic risk will be further developed and 
validated. 

2.3 System Risk 

Despite the interdependencies between all the components of the Air Transport Sys-
tem there is no integrated system risk concept. Even within an airline between flight 
operations and maintenance risk means different things to different parts of an organi-
zation each of which have different baselines and priorities. For example, deferred 
defects may be an acute immediate risk for a maintenance organization, but not high 
on the priorities for flight operations. Therefore it is important to establish a common 
framework of safety performance because it is these mutual interdependencies that 
ultimately determine system risk. However a challenge in achieving this is the lack of 
one institutional owner of a system risk concept. 

PROSPERO will facilitate the development of an integrated risk framework that 
establishes sufficient commonality between safety performance indicators to support 
an appropriately integrated analysis of risk. PROSPERO will integrate Human Factors 
in a systemic analysis of risk, based on the innovative SCOPE methodology (Leva et 
al.  2011), which analyses how human, social, information and other factors combine 
to influence system performance. It will develop an integrated concept of risk that 
equally reflects human behavior in the mission of the crew, maintenance personnel, 
and ATC and ground operations. The PROSPERO methodology will provide for a 
proactive anticipation of complex system risks that have the potential to give rise to 
abnormal situations and crises. 
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2.4 Operational Management of Risk 

Risk analysis and assessment should be part of a risk management process that con-
cludes with an evaluation of risk reduction following the implementation of measures 
to mitigate and control the risk; or where it is not possible to mitigate the risk 
(through design, process change, planning, etc.) there is active and explicit manage-
ment of operational risks in real time by crew during operations.  Hence the quality of 
the management of risk is dependent on the quality of the initial assessment of the risk 
itself. Unfortunately current operationally focused risk management methodologies 
(for example, Threat and Error Management TEM) are not integrated with an effec-
tive risk assessment methodology.  An Intelligent Flight Plan developed in the HILAS 
Project (from an Iberia use of TEM) is a smart concept for improving operational 
management of risk, incorporating an operational risk assessment in the normal flight 
preparation process rather than having it as an extra task with more effort involved 
(Cahill, 2009).  This can be developed further by incorporating a comprehensive, 
authoritative and up-to-date account of operational risk. 

PROSPERO will take this as starting point and build a much stronger integrated 
concept, capturing risk information produced by airlines, airports and ANSPs and 
embedding it in the normal flow of operational data. This is made possible by the 
increasing digitalization of information for flight planning and management. For ex-
ample, the EFB (‘Electronic Flight Bag’) creates an interface for flight crew and 
maintenance for a wide range of technical information about the aircraft and enables 
the technical log to be managed in digital form. Increasingly route and weather and 
crew rostering information is being fed in digital form into the flight planning infor-
mation systems to provide an automated service for planning, dispatch and crew plan-
ning and briefing. PROSPERO will use this infrastructure to embed targeted risk in-
formation so that not only crew, but planners and human resource managers can begin 
to identify more sharply potential discrepancies between the resources supplied (crew 
training records, for example) and the risks identified in a particular operational con-
figuration.   

2.5 Anticipation of Emergencies 

The accident involving AF447 is just one example (amongst many) of a lack of prepa-
redness for a potential emergency becoming manifest in inappropriate control actions 
inadvertently escalating the situation. Mental preparedness for an emergency is criti-
cal in ensuring appropriate response. Airports have a statutory requirement for period-
ic major emergency exercises, and simulation training for flight crew includes special 
training of non-normal processes and coping with particular types operational emer-
gencies. Nevertheless there seems to be a gap in the routine priming of emergency 
preparedness. In PROSPERO, the provision of smart up-to-date and targeted risk 
information about an operation being planned will provide the opportunity not only to 
plan and prepare for how to manage such threats in a normal way, but also to rehearse 
potential emergency scenarios that are relevant to that particular operation.  
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2.6 Improvements in Managing Risks 

Improvement processes are weak in aviation as in other industries.  Research in 
another EU funded project AMPOS showed that each stage in the improvement cycle 
is more difficult than the last. It is almost impossible to get evidence of evaluation of 
implementation of recommendations. It is important to find ways to maintain aware-
ness of potential risks, at the operational level, including many hidden risks from time 
delays or deficiencies in the technical safety process. However there is no clear me-
thodology for ordering and comparing the risks arising from different system defects 
or process deficiencies and hence for prioritizing improvements or for maintaining a 
high level of risk awareness at operational level. The PROSPERO project will take 
significant steps towards developing such a common risk framework that can main-
tain active attention to potentially significant risks at operational level; this will in 
turn provide a basis for prioritizing initiatives and projecting a reduction of operation-
al risk following implementation of change. This will also enable the tracking of risk 
reduction during the processes of technical and organizational change. 

2.7 Regulation of Safety 

Of the air transport system only the air traffic management aspects are subject to per-
formance regulation at European level (the Single European Sky). The Performance 
Review policy for safety of the SES is currently based mainly on one dimension - 
implementing Safety Management Systems, without the support of independent safety 
performance indicators. Without such independent criteria neither the regulator nor 
the regulated agencies can show measurable improvement in safety.  Furthermore the 
performance of the ATM system is itself dependent on the performance of airlines 
and airports. Hence the development of a meaningful performance concept at the core 
of aviation regulation really requires an integrated whole system approach. 

PROSPERO will provide a prototypical whole system approach to aviation per-
formance that can be scaled up to European level. It will provide the methodologies 
for measuring and analyzing safety performance and assessing risk, which are essen-
tial for measuring improvements (or otherwise) in safety performance for the air 
transport system.  

2.8 Safety Management and System Change 

The aviation system is changing rapidly. New business models are transforming oper-
ational norms. There are major technological initiatives such as SESAR which are 
bringing new processes and operational concepts.  Do current safety management 
capabilities meet this challenge? It is possible to trace an evolution of safety manage-
ment as it attempts to address these challenges.  

In Stage 1, Classic safety management, safety acts as a brake on change. Static 
safety standards provide a fixed reference point against which the system is evaluated.  
“Safety margins” maintain an uneasy balance between the opposing forces of safety 
and cost. Safety is managed as an independent system within the organization with 
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little leverage over operational change. Stage 1 is typical of the JAA Regulations from 
the late 1980s and 1990s. 

In Stage 2, safety management has to provide assurance in a time of change. 
Change erodes safety margins, for example in flight time limitations. The boundaries 
between what is safe and what is not safe are no longer clear. Active risk management 
is necessary to monitor system safety, for example in the development of fatigue risk 
management. Safety failure is a major corporate threat, because the leading business 
model is about reduced margins & lean processes. Safety Management System mod-
els are built on aspirations to be proactive and systemic, with limited guidelines on 
implementation. A good exemplar of this model is the work done by easyJet, both in 
the HILAS project and outside of it, in developing a corporate strategic risk manage-
ment approach and implementing this in a much more dynamic fatigue risk manage-
ment process.  

PROSPERO is part of the evolution of Stage 3 in which safety management is a 
partner in change. Rigorous operational safety analysis delivers robust processes that 
give high reliability from all points of view. Safety is part of an integrated perfor-
mance management concept with common performance indicators, integrated risk 
management and a common change program. All of this manages the transition from 
present to future – projection of future process is based on full modeling and analysis 
of all implications and risks. The approach integrates culture and system management 
showing how to change the way the system works in order to influence culture. In this 
model a strong performance concept delivers an independent operational criterion of 
adequacy. This gives confidence that change can be managed against a rigorous crite-
rion of operational effectiveness.  When SESAR delivers its new information systems 
and new operational concepts into the air transport system, it will be necessary to 
have a robust performance management framework to monitor its safety effective-
ness. This is beyond the scope of SESAR, but it is necessary in order to prepare for 
the full operational implementation of SESAR. Safety management in Stage 3 is high-
ly complementary to the EOCVM (European Operational Concept Validation Metho-
dology), the standard that governs the validation of SESAR, in that PROSPERO seeks 
to provide a methodology for operational evaluation at the implementation phase, thus 
offering the potential to link safety assessment at the design stage with safety assess-
ment at the operational stage. This could be critical to demonstrating the success of 
the next stages of SESAR. 

3 Methodology 

The first phase of the project focused on identifying the industry needs, further  
validating, defining and developing the overall operational concept and guiding the 
development of the functional specification of the system. PROSPERO adopts a 
needs-based approach that can be validated against end-user acceptability and stake-
holder assessment of domain suitability. However PROSPERO also has a research-
based approach for industry; it builds on a series of previous research projects which 
have developed partial solutions to fundamental problems, identifying needs, gaps 
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and theoretical challenges which are critical to the development of next generation 
systems. 

Investigations and field studies (e.g., interviews, document analysis, observations, 
work-shops etc.) have been conducted focusing on the risk information systems and 
organizational learning processes for managing safety performance described in the 
PROSPERO model. 

• A number of bilateral partner meetings over the first phase of the project 
• Two workshops with several service providers forming a local system was con-

ducted, one in Athens and one in Rome.  
• Ten interviews were performed with industry or regulatory representatives 
• Survey was launched for Star Alliance partners (six replies so far) 
• A common risk classification study was performed with four industrial partners 
• Several approaches to risk assessment were studied and documented in literature 

reviews. 
• Several PROSPERO partners have been involved in related research projects prior 

to and leading to PROSPERO (e.g., ones HILAS (EU FP6) and MASCA (EU 
FP7). Reports and part-deliverables have been shared and previous research was 
presented at a work-shop so as to give all a chance to understand the concepts that 
PROSPERO builds on.  

4 Findings 

This section provides an overview of the key findings from the first phase field re-
search conducted at organizational level, at regulatory level and at system level (and 
combinations of the above). Many of the same challenges recur at the various system 
levels. The required flow of data and information follows the people and goes across 
system boundaries. The risk dependencies follow operations that cross system boun-
daries. Hence integrating data, people and risk are a common theme. PROSPERO 
aims at improving existing solutions as well as inventing new solutions for producing, 
distributing and using Risk information for both system change and in operations risk 
management. 

4.1 Concepts and Needs 

Risk information production and operational risk management 
The following sections explain the production and use of risk information in opera-

tions as illustrated in figure 1 below which presents an overview of the overall 
PROSPERO concept as it evolved from phase 1 of the research. 

The premise that ‘the risks are built into the operation before the flight takes off’ 
sets up a requirement for the availability of the most up to date risk information spe-
cific to that operation (e.g. that flight). Flight planning and dispatch need to design out 
or mitigate as many of the known risks to that operation as possible. Subsequently, an 
‘intelligent flight plan’ can support active ‘threat and error management’ briefing for 
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crew that enables anticipating and actively managing those risks throughout the op-
eration.  

 

 

Fig. 1. Overview of PROSPERO Concept 

For that to happen, risk information needs to be configured, or customized, specifi-
cally for that operation, and preferably in a way in which potential interactions be-
tween diverse types of risk can be understood and anticipated. In the diagram this is 
represented as the “customization” of system risk information according to the specif-
ic requirements of each individual flight plan. Aviation information service providers 
may have their own sources of specific risk information, related to particular technol-
ogies or information systems that need to be integrated into this targeted risk picture. 
It is necessary to attribute the risk to specific antecedents (‘causes, contributory fac-
tors’) that need to be taken into account and embedded into the normal flow of flight 
planning information. These relate to a range of domains: a/c technologies, crew, 
route, weather etc. Thus risk management becomes a normal part of planning and 
operational management and not an extra task. 

This requires that there is a sufficiently sophisticated and detailed “Operational 
system risk model” that can support the disaggregation of risk information into specif-
ic antecedents, and the recombination of that information to target specific operations. 
To achieve this, the system, risk and data analysis needs to be statistically and analyt-
ically sophisticated to ensure that a wide range of factors and their possible interac-
tions are covered. This will necessitate the integration of a wide range of data sources 
– both outcome measures of various types as well as inputs to the system. Hence in-
puts to the flight plan are potential antecedents to risk in the operation and thus a crit-
ical source of data. This tries to ensure that ‘leading indicators’ are as upstream as 
possible. All of this depends upon comprehensive data collection, acquisition and 
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reporting, including the requirement to report on how risks, identified in the ‘intelli-
gent flight plan’ were managed in each operation. 

While there is a commonly recognized requirement for a quantitative approach to 
risk assessment, this poses significant challenges from a data science perspective, 
concerning, for example, the availability, quantity, quality and compatibility of data to 
support such statistical analysis.  

4.2 System Improvement and Change Process 

Risk information production and use by management for the system improvement and 
change process are illustrated in the figure 1 above. The ultimate goal is to be able to 
demonstrate the impact of a new system, or an operational change, on operational 
outcomes. This requires a clear set of risk dimensions that have driven the whole de-
sign, development and implementation process, against which the new design or 
change implementation is monitored and evaluated. At the beginning of the imple-
mentation phase it is necessary to be able to project (and then manage) the risks of 
implementation. These come from the combination of the functional characteristics of 
new technologies, operational processes, social systems, information and learning 
systems. The process of design, development and implementation needs to conclude 
with a validation of the implemented changes and improvements against those system 
risk requirements. 

The risk analysis needs to be sufficiently data rich and statistically and analytically 
sophisticated to encompass those complex human, social and technical system inte-
ractions, so that it can support the modeling and projection of future risk scenarios in 
the ‘to-be’ system. This, in turn depends on the integration of a wide range of data 
sources both from the operation, as well as those specifically related to the technolo-
gy, so as to ensure that all risk assessments in the process are ultimately accountable 
to a credible projection of operational impact. For this to work at an ATS level, there 
need to be common processes, methodologies, taxonomies, etc., for assessing, analyz-
ing and classifying risk. At the management level, teams need to collaborate with 
stakeholders who are relevant to what needs to change and who can have an impact 
on that change.  The regulator has an important role in producing risk information that 
supports the system and organizational level in improving their operational processes 
and safety performance. This role needs to be enhanced. 

The two themes of industrial needs that were strongly articulated in the field re-
search are quantitative risk assessment and the common integrated risk analysis. The 
field research did not show as strong evidence for industrial needs for the other three 
areas: operational management of risk, preparation for emergencies, risk-managing 
design and change, and regulating risk. These needs in these areas were clearly identi-
fied in previous research. The research themes of Quantitative risk assessment and the 
Common integrated risk analysis are both essential parts of the Risk Information Pro-
duction function. In the revised model of the PROSPERO concept, risk information 
production includes the steps of: collecting data, risk assessment and data analysis, 
customization for intended use and distribution of the risk information to the user(s). 
Of these functions the theoretically most challenging area is the risk assessment. 
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When this is resolved it will enable a “pull” of identified relevant risk data from vari-
ous sources, system levels and stakeholders.  

5 Conclusion 

The first phase of the research evolved the overall concept and highlighted the system 
requirements as depicted in figure 1 above. The research and development needs of 
PROSPERO so far has involved a complex combination of methodologies, informa-
tion systems and software, organizational processes, and social and business relations 
between stakeholders.  Each of these requires a specific research focus, but not in 
isolation - rather, as a multi-layered systems integration project. The next phase of the 
research is to specify the functional specification of the actual PROSPERO system.  
This will also involve understanding how the identified industry needs should be ex-
pressed as a set of requirements against which PROSPERO can clearly demonstrate 
the feasibility (in terms of technical criteria, rules and procedures, organizational ca-
pabilities, etc.) of a data-driven framework with common methodologies. All of 
which is required to understand risk in air transport as a system, and to show how to 
use that knowledge to mitigate risk in everyday operations and to radically transform 
the risk through future system design. 
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