Modeling Risk with the Flight Operations Risk Assessment System (FORAS)

John McCarthy

Douglas Schwartz

Deborah Osborne

Michael Hadjimichael

BACKGROUND

The Icarus Committee of the Flight Safety Foundation (FSF)
 has been examining ways to improve flight safety since the committee’s inception in the early 1990s.  The initial focus has been on improving flight safety with a decidedly human factors orientation.  However, in the FORAS effort, the early work attempted to quantify safety as a metric that a flight safety department could use to monitor and thus improve the overall level of safety.  When we applied Reason’s (Reason, 1990) “paradigm” to our thinking, we shifted to the measurement of risk, as reported by Schwartz (1998).  The purpose of this paper is to provide an update on the status of FORAS.  

During the 51st International Aviation Safety Seminar (IASS) in Cape Town, Schwartz  (op. cit.) provided an annual update to the Flight Operations Risk Assessment System (FORAS).
  A detailed technical presentation of FORAS was presented by Hadjimichael et al (1999).  The system is intended to be a measurement system that can determine the relative risk of an accident or incident.  By relative risk, we mean that the system output is not an absolute measure of accident risk, but rather a number that is guaranteed to increase as the risk of a situation increases.  Thus, while all flights have a very low risk of accident, flights can be compared to identify those flights where accident risk is greater.  In our thinking, the analysis would be conducted before a potential or latent event occurs, by examining quantitatively a set of risk contributors, such as weather, crew, and airport conditions.  By so doing, an airline or flight squadron could make changes in safety practices that put the organization in a situation that would make accidents less likely to occur.  FORAS is not a means of preventing accidents; rather it is a means of quantifying situations that increase accident/incident risk.  To this end, FORAS provides an opportunity to focus on combinations of factors that increase accident risk, as opposed to a system for predicting accidents.

The concept behind FORAS is based upon the reality that the U.S. domestic, and indeed, most of the world’s accident rate is so low that increasingly, there is little quantitative information in the accident statistics that provides the means to develop strategies to avoid subsequent accidents.  Another way to address this is to recognize that the bandwidth in the current and trend in the accident rate is so narrow that gleaning insight using these rates is difficult.  An example of the low rate of accidents and associated low dynamic range is that analyses of several recent accidents failed to discern the probable cause of accidents (simply not enough information in the data).

Such low accident rates would, in themselves, seem to be more than adequate for acceptance by the flying public.  Indeed, some believe that we have brought the accident rate so low that current accidents are more indicative of statistical aberrations than signs of deep underlying causal mechanisms.  Other views emphasize that our understanding of the man-machine interface issue (human factors) is at a stasis, and this primary cause of accidents may not be remediable with our current understanding.

While the accident rate has remained constant for more than a decade, the absolute number of accidents is expected to increase in proportion to the expected rise in the number of flights and passengers carried during the next 15 years.  With a constant accident rate, why would one be concerned?  In today’s instant global communications system, as exemplified by the “CNN Phenomenon”, we do not believe that the flying public would accept an increase in the number of accidents.  Additionally, as safety professionals, we do not subscribe to a passive acceptance of such an increase.

The traditional event-driven approach used to examine accidents is becoming a less valuable way to examine them, and must be replaced by an approach that emphasizes a priori intervention.  The Boeing Company pioneered this approach by carefully examining a large number of accidents in a manner that allowed the identification of all of the factors that led to the accident, presented from an intervention strategy perspective.
  

Reason (1990) has gone much further in identifying aircraft accidents as process rather than event-driven.  In his view, the accident occurs after an alignment of a series of process-driven events.  Such a perspective allows for an important paradigm shift away from the accident investigation as the principal examination of the safety of an operation, to the risk associated with the aviation system.  When the accident safety investigation process is invoked, the overall safety aspect of the accident is identified by use of probable cause of the accident.  When the accident rate falls so low and the content of these statistics become minimized, a process orientation becomes important.  FORAS tries to capture this paradigm shift.

FORAS CONCEPT

The core of FORAS is a mathematical model of risk that is derived from several approaches that capture the expertise of aviation experts.  Two risk categories were identified in the first stage of FORAS: Controlled Flight into Terrain (CFIT), and in-flight injuries due to atmospheric turbulence.  For CFIT, the initial process used the CFIT checklist developed by a team led by Don Bateman of Allied Signal Aerospace, Inc., for FSF.  Turbulence factors were developed by the National Center for Atmospheric Research (NCAR) in Boulder, Colorado.  The initial process established risk contributors and their relative weightings for CFIT and turbulence using a technique resembling the Analytic Hierarchical Process (AHP) statistical methodology (Saaty, 1996).  Figure 1 represents an example of the CFIT hierarchy.  Further model development consists of a fuzzy rule-based system incorporating a feedback mechanism.  

An example of an output screen depicting CFIT risk is shown in Figure 2, which can provide a safety manger with a risk estimate over time for a particular route Figure 3 shows relative risk over a number of routes as a function of several months.

Figure 4 is a mock up of a FORAS product that might appear on a flight dispatcher screen, to highlight FORAS-calculated risk values that may exceed a particular limit that is preset by the dispatcher manger.  Figures 5 through 7 are schematics of the overall system, from various perspectives that will be described in the presentation.

At the current time (August 1999), the FORAS system AHP and fuzzy rule base models have been integrated, but training and testing with actual airline data has yet to occur.  The team is working closely with United Airlines, Airbus Industrie, and Boeing Commercial Airplane Group to identify the appropriate data for training, validation, and running the system.  Additionally, a panel of experts will examine certain flight information that will be independently assessed for risk by FORAS, as an additional verification process.  Simultaneous to the verification process, output data products of the types shown in the figures will be developed in close collaboration with a group of users from airlines and military organizations.

It is anticipated that a full prototype FORAS system will be completed by February 2001.  FORAS is a product of the Icarus Committee of FSF, and is headed by the first two authors of this paper.  Additionally, Mr. James Burin of FSF is the program administrator.  Recently, Mr. John H. Enders
 has been named as the chairman of the FORAS Oversight Committee.
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Figure 1(a)





Figure 1(b)
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Figure 1(c)





Figure 1(d)

Preliminary model development yielded CFIT risk categories and weightings, with (a) representing approach/departure divisions, (b) representing day/night divisions, (c) dispatch, crew, and management weightings, and (d) representing the air traffic control facility weighting.  This is representative of the early AHP-type process used in FORAS, but the system has evolved considerably in the intervening months.  A network representation of the model is currently employed to capture the dependencies among the factors
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Figure 2

Hypothetical plot of CFIT risk as output from FORAS for a month of flights between Denver and Salt Lake City in IMC conditions; provides a safety manager with a quick visual representation of the risk associated with CFIT for a month of flight results.  This depiction can represent a variety of groups, including fleet type, route, airport location, etc.
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Relative risk level analysis projected in three dimensions, by route and month; provides a visual display to examine relative importance of route and time of year.
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           Figure 4

Example of a flight operations dispatch product to identify relative risk for a single flight under the aegis of a dispatcher.  In this case, crew and weather factors are flagged as contributing to a relative risk that is above a preset level.  This can be used by dispatcher or flight operations router to stay on top of a potentially dangerous situation, or could be used to bring in a “on-reserve” crew.
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Figure 5

FORAS components, showing the risk model engine within the box, with AHP, fuzzy rule base, and possibly other statistical components that are then integrated to produce a risk calculation.  Input to the engine includes both static and dynamic data from airline or military squadron databases.  Static data refers to weather climatology and systemic data representing relative contents, such as management policy and airport features.  Dynamic data refers to real-time or near-real-time information such as current meteorological conditions, crew scheduling, and current airport conditions.  Outputs from the system include a strategic assessment of risk suitable for an airline or squadron safety manager, or for a tactical officer who may reside in dispatch.


[image: image8.wmf]Fuzzy Rule Base

Final, Refined

Fuzzy Rule Base

Error and Feedback

Calculation

Operational

 Data

Adaptive Feedback Rule Base Generation -- FORAS + LOMS

Feedback

FORAS

 

Inference

Engine

FORAS

Assessment

DFDR Data

LOMS Event Detection

LOMS

Assessment

Figure 6


Use of FORAS as an adaptive feedback rule-based system, where a digital flight data recording system (LOMS, operated by Airbus), provides for both model risk assessment, exceedance measurement from LOMS, and an error and feedback calculation to allow for refinement of the FORAS system.  Thus, using aircraft engineering data in combination with expert knowledge, FORAS has self-learning or self-training capabilities.
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We envisage our prototype FORAS system to be situated in a client-server system, where input data are ingested, and risk assessments, both strategic (safety), and tactical (dispatch) are provided to FORAS clients in a network of web-based interactive display computers housed within the airline or squadron facility.
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� Naval Research Laboratory, Monterey, CA, 93943-5502, USA


� American Telephone and Telegraph (AT&T) Aviation, Morristown, NY, 07960, USA


� Embry-Riddle Aeronautical Research University, Daytona Beach, FL 32114-3900, USA


� Naval Research Laboratory, Monterey, CA, 93943-5502, USA


� An excellent description of the committee can be found on the FSF World-Wide-Web at location http://www.flightsafety.org/icarus.html.


� Schwartz has made similar updates to the IASS in Washington, DC in 1997, and in Dubai in 1996 during the earlier phases of the work.


� Boeing has reported their findings several times as part of IASS.


� Co-founder of the Icarus Committee and the immediate past president of FSF.
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