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APPENDIX A: LOSS OF CONTROL JSAT CHARTER

I. EXECUTIVE SUMMARY

In September 1999, the Commercial Aviation Safety Team (CAST) chartered the Loss of
Control (LOC) Joint Safety Analysis Team (JSAT). CAST previously had determined that
loss of control, due to aircraft design, aircraft malfunction, human performance, and other
causes, was among the top three categories of fatal accidents in the United States and

elsewhere.

CAST chartered the JSAT to review and analyze data on loss-of-control accidents, then
develop and recommend interventions that will reduce the rate of loss-of-control accidents
around the world as part of CAST's goal to reduce the overall fatal accident rate by 80
percent by 2007. The JSAT analysis of loss of control was based on publicly available
source information, official accident reports from aviation safety investigative authorities in

several countries, and other studies related to loss of control.

Appendix A presents the LOC Charter. Appendix B lists the members of the JSAT and their

respective organizations. Appendix C presents a synopsis of the accident data.

In addition, in accordance with the charter from CAST, the JSAT reviewed the analysis and
findings of an earlier industry-government study, "Propulsion System Malfunction and
Inappropriate Crew Response” (PSM+ICR). The review was designed to ensure that the
JSAT had considered all mutually effective interventions. (See Section IV.)

After the JSAT began its work, CAST asked the team to analyze the effects of icing in
selected loss-of-control accidents. The JSAT analysis and resulting interventions related to
icing are included in Appendix K. The developed interventions will be forwarded to the

upcoming Weather JSAT.

The LOC JSAT used the JSAT process as directed by the charter. The process stipulates
that the JSAT will not address the feasibility or costs of implementing the interventions. This
report is intended for the Loss of Control Joint Safety Implementation Team (JSIT), which is



responsible for assessing the feasibility of JSAT recommendations and developing any
appropriate implementation plans. This report summarizes the analysis and results of the
Loss of Control JSAT and presents five broadly based strategies to reduce loss-of-control
accidents:

Design Issues

Training

Practices, Policies, and Procedures
Data Collection and Analysis

The Regulatory Role

The team recognizes that interventions are limited in their potential to bring about a change
unless they are based on a thorough understanding of the underlying causes. Accordingly,
a set of supporting research recommendations is presented separately in Section V.

The JSAT methodology combines detailed case studies, a high-level data analysis, and
expert judgement. The case studies employ an event-sequence analysis, while the high-
level approach involves statistical data and data from other sources. Based on these
different sources, the JSAT developed interventions that addressed specific case-study
accidents. Each intervention was rated for three characteristics: power; confidence; and
applicability (as described in Section IV, below). The JSAT then computed an "Overall
Effectiveness" (OE) score or ranking, ranging from 0 to 6. The complete list of interventions,
prioritized by OE scores, may be found in Appendix D. OE scores primarily reflect the
estimated effectiveness of each intervention in preventing the respective case-study
accidents against which they were rated. Appendix G lists all interventions from the Loss of

Control JSAT, sorted by intervention number.

The JSAT also included interventions that addressed organizational culture, systematic use of
digital flight data, no-blame internal reporting systems, etc. Such interventions may not produce
their full benefits by the 2007 target, or the analysis of past accidents may not adequately assess
the full potential of some interventions to break complex causal chains in future accidents.
Consequently, some recommended interventions, particularly those that address research and

development, were not assigned OE ratings. Instead of OE ratings, this JSAT prioritized the
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research interventions to reflect the team's assessment of whether the research should be

initiated in the near term or deferred to some future date.

The interventions that received the highest OE ratings provide the foundation for the
recommendations, each of which calls for several actions by airlines/operators, manufacturers,
regulators, or others. In addition, the recommended strategies include interventions that received
lower OE ratings.

All recommendations require the active participation of regulatory authorities. Such participation
may include developing technical standards, approving procedures, or overseeing
implementation. In addition to the regulators, many recommendations identify other members of
the aviation community that must take action if the recommendations are to be effectively
implemented. The recommendation strategies are presented with their constituent interventions

in a non-prioritized order.

The team analyzed the accident data set to develop interventions that would have worldwide
application. Full implementation of these recommendations will therefore involve manufacturers,

operators, air traffic service agencies and regulatory agencies throughout the world.

The following is a synopsis of the five broad strategies. These are built upon six interventions that
had OE scores of 4.0 or higher. Each of the five strategies, in turn, assumes that singular and
isolated interventions generally are less effective than are approaches that integrate related
interventions. Consequently, the five broad strategies include interventions that span the full
range of OEs (i.e., scores below 4.0), as discussed in Section V.

1) Design Intervention Strategies

Design interventions encompass strategies ranging from developing and expanding new
technologies, such as flight envelope protection, to adapting and retrofitting older, proven
systems to existing aircraft. Additional interventions attempt to deal with aircraft and
systems certification. Team members expressed a great deal of concern that newer aircraft
and systems, certified under derivative criteria, are not required to comply with higher

standards of reliability and redundancy currently required of new designs. New technologies



and existing technologies were also evaluated as to whether they should or could be
adapted to existing aircraft. The implementation of these concepts will be further evaluated
by the JSIT.

New Technology
o Flight Envelope Protection (445)
Existing Technology
o Displays (483,395,398)
o Automation Interface and Function
(533,501,16,408,412,413,424,472,485,515)
0 Yaw Compensation (566)
o Stall Protection and Warning (380)
Certification
o Derivative Certification (366)
o Expanded Flight Envelope (364,431,400)

2) Training Intervention Strategies

In general, training history was very poorly documented in most of the accident data
reviewed.. In most instances involving training issues, team members developed
interventions based upon their experiences with best practices, which have proven effective

in reducing or preventing accidents.

The training interventions focused primarily on preventing loss of control and regaining
control. Several major carriers have recently introduced upset recovery training. However,
the team felt that on a worldwide basis this continues to be a neglected area. The team also
felt that current regulations and training regimes which focus on "approach to stall"
inadequately prepare the pilots to deal with recovery from a full-stall condition.

Many of the accidents involved training issues related to automation. Pilots were confused
by the automation, did not understand or were not aware of what automation was doing or
how to control the automation. Once control was lost, pilots did not clearly understand how
to regain control of the aircraft through manual control, disabling the automation, or
reestablishing automated control.
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Pilot training was a topic in almost every accident analysis. There were two fundamental
issues involved:

Current simulators are limited in their effectiveness to train pilots to recognize and
recover from a full stall.
Pilots have not had adequate training to develop skills and confidence to recognize

and recover from aircraft upset.

Simulator data packages do not include data representing portions of the flight envelope,
including stall. This precludes realistic pilot training in the dynamics of stall and stall
recovery. The team recommends that the JSIT evaluate expansion of the flight envelope

data package and simulator capability in order to improve pilot training in the stall regime.

The team concluded that upset recovery training for pilots is essential to reduce the number
of loss-of-control accidents. The team believes that simulators can be used more effectively
to develop skills and confidence for pilots to recognize and recover from aircraft upset. The
team recommends that upset recovery training become a mandatory part of initial and

recurrent pilot training programs.

Stall Recognition And Recovery (525, 384)

Upset Recovery Training (357)

Automation Training (486, 15)

Instructor and Check Pilot Qualification and Training (535)
Improved Training, Policies and Procedures (110, 7, 142, 157, 99)
Simulators (546)

3) Practices, Policies, and Procedures Intervention Strategies

A large number of interventions deal with practices, policies, and procedures. Few of the
accident reports contained specific information regarding this topic area. The team
members had to rely on their experience to provide interventions that reflect the best
practices in the industry. The team recommends that accident investigation reports should

explicitly address practices, policies, and procedures.



Standard Operating Procedures (SOP) either did not exist or were not followed in many
accidents. Assuming pilots do not intentionally violate existing SOPs, it is crucial to
understand the underlying cognitive processes contributing to procedural non-compliance.
Intervention 204 calls for important research aimed at understanding this issue.

In most accidents involving automation, there was an absence of an automation policy.
Pilots became confused about the automation and did not have any policy of monitoring or
disengaging that would have helped them prevent the accident. In many cases, airlines
have automation policies that include phrases like "Use the appropriate level of automation,”
but they provide no guidance or training as to how to decide what the appropriate level of
automation is for a given set of circumstances. This situation leads to pilot confusion and
inaction and contributes to automation-related accidents.

There were several cases where service bulletins had not been implemented or where they
had been implemented and there was no information provided to the pilots. There were also
several cases where the information provided by the manufacturer had not been
incorporated into the operating procedures of the airlines. The team recommends that the
JSIT identify and implement best practices for coordination between regulators,
manufacturers, and operators that ensures critical safety information is distributed and

implemented in a timely fashion to those who need it.

There continues to be an industry-wide problem of pairing minimally qualified pilots. It was
the opinion of the team that this issue needs continual oversight by both operators and
regulators.

Standard Operating Procedures (99, 110, 142, 157, 397)

Automation Policy (530, 561, 15)

Integration of Manufacturer Procedures Into Flight Operations (431, 80, 400)
Crew Qualifications (152)

Currency and Accuracy of Information

Service Bulletins (532, 98)

Manuals (225)
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4) Data Intervention Strategies

There is a limited number of intervention strategies related to data collection. The analysis
of the team was complicated by the fact that many of the accident aircraft had no or limited
data recording available. In many of the accident aircraft, the data recorders were not

functioning or the data available was so limited that it was almost useless.

The accident report of USAIir 427 included a recommendation from the NTSB that improved
quality Flight Data Recorders should be installed in all commercial aircraft (see intervention
576). That recommendation has not been implemented. It should be.

The team also recommended statutory support for ongoing analysis of data from nonvolatile
memory systems, such as FOQA or BASIS, and self-reporting programs, such as ASAP or
ASRS, to identify and eliminate problems before they result in accidents. These programs
need to be protected by statute to ensure that they can fulfill their purpose of sharing safety
data and identify precursors to accidents in a non-punitive atmosphere. (See interventions
361, 56, and 54.)

5) Regulatory Intervention Strategies

Almost every intervention assumed a regulatory role. Effective implementation of any
particular intervention will require active regulatory participation if not direct implementation
responsibility. The regulatory interventions encompass both the "rules" and the oversight
responsibility of the regulatory agencies on a global basis.

Regulations, Rules, and Advisory Circulars
o Certification (366, 364, 431, 501, 413, 515)
o System Reliability (423)
0 Training (525,357
Oversight
o SOP (110, 157, 397, 408)
o Airline Operations (110, 80, 152)
o Currency and Accuracy of Information (98, 214, 225)

10



The Loss of Control JSAT, as other JSATs have done, illustrates the ability of industry and
government to work together effectively. The Loss of Control JSAT recommends continuing
this joint activity. The team also recommends sharing this report with the commercial
aviation community.

11
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[I. RESULTS AND ANALYSIS

A. Background Information

The three most common types of aviation accidents are Controlled Flight into Terrain (CFIT),
Approach and Landing, and Loss of Control (LOC). CAST previously chartered JSATs on
CFIT and approach and landing accidents. The CAST then chartered the Loss of Control
JSAT (Appendix A), as well as the Runway Incursion and Turbulence JSATS. This JSAT

analyzed data and official reports on loss-of-control accidents.

The JSAT defined loss of control to include significant, unintended departure of the aircraft
from controlled flight, the operational flight envelope, or usual flight attitudes, including
ground events. "Significant” implies an event that results in an accident or incident. This
definition excluded catastrophic explosions, CFIT, runway collisions, complete loss of thrust
that did not involve loss of control, and any other accident scenarios in which the crew

retained control.

Each year, about 2.8 fatal loss-of-control accidents occur worldwide, excluding the
Commonwealth of Independent States. Given current projections of growth in traffic, and
assuming no change in the rate of accidents, up to 5 fatal loss-of-control accidents could be
expected by 2010 unless the world aviation community develops and implements informed
interventions, thereby lowering the rate. Although aviation will remain the safest form of
transportation, an annual average of 5 fatal loss-of-control accidents will not be acceptable
to the industry or to the public.

B. Purpose and Makeup of Subteams

The LOC JSAT consisted of individuals representing a cross-section of the international
commercial aviation community. Co-chairs from the FAA and industry directed the team.
The team initially consisted of approximately 40 members but was supplemented with four to
six additional members to adequately address the icing-related loss-of-control accidents that

were added to the data set.

The JSAT included individuals from CAST member organizations who represented a broad
spectrum of aviation expertise, including human factors specialists, line pilots, aeronautical

12



engineers, regulators, data experts, safety analysts, air traffic controllers, researchers and
maintenance experts. See Appendix B for the complete list of team members and
participants.

Due to the extent of the accident data set assigned to the LOC JSAT and the schedule that
the JSAT was to meet, the team was subdivided into three subteams. Each subteam
analyzed several loss-of-control accidents in accordance with the JSAT process. Each
subteam consisted of at least one representative from each of the member organizations.
The number of subteams was later expanded to four when CAST added several accidents
to the data set.

When a subteam needed a specific area of expertise (e.g., Air Traffic Control, Flight
Standards, etc.), an expert was “borrowed” from another team to lend assistance and input.
In addition, the team used outside resources as required. To ensure that each subteam

would have access to all available expertise, meetings were held at a common location.

C. Analysis Data Set

CAST guidance required the use of accident cases that were extensively documented and
data rich, including flight data and voice recorder records. Forty loss-of-control accidents
and incidents were considered as potential candidates for use; 24 were selected for case-
study analysis. The accidents represented a broad range of aircraft types, operations,
geographical areas, and environmental conditions. A synopsis of the accident data set is
provided in Appendix C.

Accident reports from the United States' National Transportation Safety Board, the United
Kingdom's Aviation Accident Investigation Bureau, the Transportation Safety Board of the
Netherlands, and other national authorities provided the "data-rich" information necessary to
conduct the JSAT'’s analyses. The 24 reports enabled the team to identify complex
environments and chains of events that, in turn, offered numerous opportunities for
interventions to break those chains or at least to mitigate their consequences.

13
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The 24 cases provided an adequate sample with which to apply the CAST JSAT process.

Few case studies in any discipline are based on such a large data set.

D. Description of the Analysis Process

The Loss of Control JSAT followed the Process for Conducting Joint Safety Analysis Teams,
Revision B. Additional refinements were developed to improve the process step associated
with evaluating the effectiveness of interventions. These refinements were briefed to and
approved by the CAST before they were implemented. These process improvements were
based on experience gained from previous JSATs. The improvements were designed to
yield more accurate and reliable estimates of Intervention Power (P) and Applicability (A).
These changes did not affect the meaning or use of those factors. As part of the process
improvement, guidelines were developed to assist this JSAT and future teams in the

conduct of the analysis meetings.

Each of the four subteams cited in Section Il was assigned a set of accident reports to
analyze. Subteams developed an event sequence spreadsheet for each of their assigned
accident reports. Spreadsheets included events needed to provide necessary context for
understanding the nature of the accident sequence. Events were then evaluated to
determine if they represented a "problem" involving hardware/software failure or human

execution errors, decisions, or procedural non-compliance.

If an event was considered contributory to the accident, then a statement describing why it
contributed to the accident was developed. The specific nature of the problem associated
with an event in the sequence was identified along with the factors, which could have

precipitated the problem.
These Contributing Factors were then restated, in more general terms, as Standard Problem

Statements in order to have relevance beyond the specific accident. The Standard Problem
Statements were then rated as described below.

14



Potential interventions were developed to address each Standard Problem Statements. The
process followed by the LOC JSAT yielded approximately 200 new interventions. The
interventions were then rated as described below.

All interventions are listed in Appendices D, E, F, G, and H. Standard Problem Statements
used by the LOC JSAT are found in Appendix I. The frequency that each problem
statement was used and the accidents in which each was used is listed in Appendix J.

Ratings.

The following rating factors were developed to prioritize the interventions: Power (P);
Confidence (C); and Applicability (A). Overall Effectiveness (OE) is determined by the scores
assigned to "P," "C™ and "A."

Power. "Power" indicates how important a problem was to a particular accident and the degree
to which an intervention could have resolved the problem and break the chain of events in that
accident if the intervention worked as perfectly as could be hoped. However, some confusion
had developed over the practical meaning of Power. In practice, "P" sometimes was scored to
indicate the relative power that the targeted problem had played in the accident and, at other
times, to indicate the power of an intervention to resolve a specific problem and thereby break
the chain of events. As a result, in practice, "P" often failed to integrate the two concepts and,

instead, scored one side of the concept to the exclusion of the other.
In recognition of this confusion, the process was changed following the Approach and Landing
JSAT. The two factors within Power, outlined above, were patrtitioned into P1 and P2 so that

each could be rated separately, as follows.

P1 indicates the importance of the problem or contributing factor as a causal link in the

accident.

P2 indicates the ability of the rated intervention to mitigate the problem or contributing

factor.

15
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The 0-6 rating scales used to evaluate P1 and P2 were similar to those used for previous
ratings. The two scores then were combined arithmetically to produce a single Power rating.
This explicitly addressed the past confusion and, simultaneously, yielded a single Power score
that was conceptually equivalent to the Power rating as used by previous JSATSs.

The change will be incorporated into revised process guidelines used by the LOC JSAT and will
be included in the Process for Conducting Joint Safety Analysis Teams (JSAT), Revision C. In
sum, P1 focuses overtly and exclusively on the problem or contributing factor, while P2 focuses

on the intervention.

Confidence. This factor indicates how strongly the team believed that everyone and
everything would perform as expected if the interventions were implemented. The
Confidence factor assesses the “real world,” where interventions are seldom perfect and do

not always have 100% of the desired effect.

Applicability. This factor indicates how frequently the problem(s) being addressed by the
specific intervention will continue to be present in future operations. The Applicability factor
provides a bridge from the specifics of the particular accident being analyzed to expected

future operations.

Overall Effectiveness.

The ratings of P, C and A were mathematically combined to yield an overall effectiveness
score (OE) in a range of 0 to 6 for each intervention. Appendix D lists the interventions
ranked by OE. For a detailed explanation of the process for rating factors and ranking the

interventions see the Process for Conducting Joint Safety Analysis Team, Revision C.
To facilitate the work of the JSIT and to provide readers of this report with easy access to

specific interventions of interest, the JSAT sorted all its proposed interventions in a number
of different ways. (See Appendices D through H.)

16



E. Research Interventions

During the rating process, in accordance with the process handbook, those interventions,
that called for research, were not rated with OE scores. When the preliminary report was
presented to the CAST in September 2000, CAST requested that the JSAT prioritize the
research interventions, based on their potential to address the rated interventions or to
provide scientific knowledge that might form the basis of future interventions. The
prioritization was to be included in the final report. A subteam was formed to develop a
process for prioritizing the research interventions. The subteam then reported the results to
the entire JSAT.

Several alternative strategies were discussed and tested for prioritizing research
interventions. Because the outcomes of research cannot be anticipated, the subteam
decided on a simple voting scheme based on each subteam member’s overall assessment
of the importance of the research, as described above. For each research intervention,
each subteam member voted based on the following choice, with recognition of the scoring
of the associated problems and applicability ratings:

Category A: The research should be initiated in the near term;

Category B: The research should be deferred to some future date.

The underlying principle for this approach was that the degree of consensus could be used
to indicate the relative importance of research activities. This approach was based on the
wide variety of background and experience of the team members (e.g. researchers,
designers, pilots, and regulators). If most members felt the research addressed an
important problem and should be initiated in the near term, the project received high priority.
If most members of the team found research addressed a less significant safety problem or

should be deferred, the research received a low priority.

After the members voted on each research activity, a ratio was calculated for each activity,
as follows: number of votes for near-term initiation divided by the number of votes for
deferral. Activities then were rank-ordered based on the ratios. The resultant rank ordering
was divided into four groups.

17
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Priority 1: A/B > .66 (at least 2/3 of the members voted for Category A)
Priority 2: .65 >A/B > .5 (at least 1/2 of the members voted for Category A)
Priority 3: .49 > A/B > .33 (at least 1/3 of the members voted for Category A)
Priority 4. A/B < .33 (less than 1/3 of the members voted for Category A)



[ll. RESEARCH RECOMMENDATIONS

Interventions aimed at further research fall into several broad areas: Modeling for Upset
Prevention and Recovery Training; Human Factors; Piloting Skill; Failure Analysis; and
Handling Qualities Criteria. Each of these areas is presented below in further detail with a
discussion of some relevant interventions. Several recommendations for further research on
icing conditions were also developed, and are included in the table below and in Appendix
K.

Modeling for Upset Recovery Prevention and Training

Several of the interventions address the need for upset recovery, stall and post-stall
recovery training. To accomplish this training, improved aerodynamic modeling near the
limits of the flight envelope (high angles of attack and/or sideslip) is necessary for
appropriate simulator fidelity. Aerodynamic data for these conditions can be acquired
through wind tunnel testing research that encompasses the potential flight envelope in a
loss-of-control situation. Determining how to best model such aerodynamics in a simulation
database (e.g., what level of fidelity and data resolution is required) is also an area that
needs to be studied. (See interventions 358, 384, 386, 451, and 475.)

The actual method of training is also an area of research that needs to be explored. The

two primary issues are:

Adequacy of conventional training simulators with improved aerodynamic models to
support training objectives.

Sufficiency of simulators' motion, visual and aural cues to model the potentially
highly dynamic motions of a loss-of-control scenario with its vestibular and
proprioceptive effects.

There are some suggestions that the most effective method of training is actual flight

experience under such conditions, e.g., through the use of aerobatic or other high-

performance aircraft. (See intervention 359.)

19
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In the area of upset prevention, research is recommended to develop systems which can
advise a flight crew of an impending loss-of-control situation, by providing a predictive
capability of future flight path given the current condition. In addition, there are interventions
focused on the development of automatic and manually activated recovery systems.
Improved aerodynamic modeling will also be a benefit to such efforts. (See intervention 245
and 471))

A. Human Factors

Several human factors research issues emerged including understanding crew
preoccupation/overload, alerting, and interaction with automation; and crew misprioritization of
tasks. Research into understanding these phenomena and developing strategies to counteract
them is recommended. Development of a set of cues to help crews recognize loss of situational

awareness is also recommended. (See interventions 208, 379, 428, 448, and 572.)

Research is recommended to identify optimum ways to alert crews to be attentive to
potentially problematic situations such as inconsistencies between flight modes and aircraft
performance; aircraft status in critical situations; and proper annunciation of propulsion
system malfunctions, to name a few. Since flight crews ignore or disregard critical warnings
in some situations, research should also be conducted to understand this phenomenon and
develop solutions. (See interventions 244, 356, 385, 392, 425, 430 and 443.)

The incorporation of automation into the flight deck requires additional research into the
transition from automated flight to manual flight, and the interactions of flight crews with
automated systems, such as the need to keep crews alert in low-stimulation situations (e.g.,

long-haul flights in highly automated flight decks). (See interventions 406 and 426.)

B. Piloting Skill

Research is needed to define what constitutes "normal piloting skills." During aircraft
development, manufacturers must make assumptions about what can be handled by 'normal
piloting skills." Research should be undertaken to determine if those assumptions are valid

for realistic airline operations. One method of adding objective structure to skill levels would

20



be to study the potential for developing a multi-level pilot licensing and qualification system.
(See interventions 419 and 552.)

C. Failure Analysis

Modern aircraft consist of many complex systems that constantly interact with each other in
ways unforeseen in previous designs. Because conventional safety analyses may miss
latent or combination failures in such complex systems, research to determine the optimum
methods of conducting safety analyses in such an environment is recommended. (See
interventions 455 and 496.)

D. Handling Qualities Criteria

Similarly, modern aircraft possess extremely complex flight control and automated systems.
Because assessments of handling qualities are subjective and were developed for earlier-
generation aircraft, they may not be adequate to properly assess current aircraft in all
regions of the operating flight envelope, particularly in transitioning from automated to
manual flight modes. For these reasons, research is recommended to determine the
adequacy of current evaluation methods, and develop improved, more quantitative, handling

gualities acceptance criteria. (See intervention 550 and un-rated intervention 449.)

The following table contains the research interventions sorted by Priority Group:

IS# Research Intervention Strategy Priority
Group

To improve effectiveness of upset recovery training, research should

359 identify the most effective methodology for upset training. 1
To support advanced maneuver training, manufacturers should develop

386 |simulator models that facilitate post stall recovery training (see 358). 1
Because manufacturers must make certain assumptions regarding which

419 failures will be detected and handled by the pilot with "normal piloting 1
skills," research should be conducted to determine if these assumed skills
and knowledge are valid in realistic airline operations.
To enhance crew awareness of automation modes, research should be

425 conducted to develop intelligent systems that will alert the flight crew to 1
inconsistencies between the selected automated flight modes, aircraft
performance and current system status.
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IS#

Research Intervention Strategy

Priority
Group

426

Research should be undertaken to determine how to keep crews alert in
low-stimulation environments (e.g., highly-automated flightdecks, long-haul
flights)

1

499

To make flight crews aware of the possibility of airframe ice accretion,
research should be conducted to develop reliable means of aircraft surface|
ice detection, as well as ground and aircraft-based means of detection of
meteorological icing conditions.

244

To prevent plan continuation errors (e.g. press-on-itis), research should be
conducted to determine the effectiveness of directive information systems
for go-around situations.

362

To enable further development of safe aircraft separation and operational
requirements, research should be conducted to describe the dynamics and
location of wake turbulence and environmentally generated turbulence.

385

Because flight crews sometimes disregard flight deck warnings which
require immediate action, research should be conducted to understand this
phenomenon and develop appropriate solutions.

392

In order to support pilot takeoff decision-making, research should be
conducted to determine the effectiveness of alerting systems to identify
situations which warrant a rejected takeoff.

430

Research should be conducted to determine the optimal way to provide
flight crews with aircraft status recognition during critical situations.

455

Because latent and combination failures may be missed in failure
analyses, manufacturers and regulators should conduct research into
improved methods for conducting safety analyses, to ensure reliable
identification of failures which, singly or in combination with other system
failures, can result in accidents.

459

For a full understanding of aircraft performance and handling qualities in
icing conditions, research should be conducted to define the effects of all
ice accretions, with particular emphasis on the roll effect due to ice-
contaminated wings (intercycle or residual).

550

Since handling quality evaluations are subjective and subject to non-
technical influences, the regulatory authorities, manufacturers, research
organizations, and operators should work together to develop improved,
quantitative, objective metrics and acceptance criteria to ensure safe
handling qualities.

204

Research should be conducted to better understand the underlying
reasons/causes for procedural noncompliance.

208

208 Research should be conducted to understand and counteract the
phenomenon of flight crew overload (e.g. why do flight crews ignore
GPWS warnings).

356

Research should be conducted to develop an effective tactical decision-
making model for flight crews in time critical situations.

379

Since people are often unaware of their own confusion, research should be
conducted to develop a set of cues to help flight crews and controllers
identify when they have lost situation awareness.

428

Research should be conducted to develop ways to prevent inappropriate
preoccupation with trouble shooting following engine or other system
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IS#

Research Intervention Strategy

Priority
Group

failure to the exclusion of the major task of flying the airplane.

443

To ensure the best technigue for engine malfunction/failure annunciation
and to minimize nuisance alerts, research should be conducted to
determine when, and how, to annunciate engine malfunctions/failures.

496

To enable failure analysis which is based upon realistic levels of flight crew
reliability, researchers should develop and validate models of human error.

509

To reduce the risk of encountering hazardous weather conditions (e.g.
super-cooled large droplets (sld), thunderstorms, etc.) research must be
conducted to develop methods for accurate prediction and identification of
these conditions.

552

To add structure to piloting skill levels, research should be conducted to
determine the efficacy and impact of a multi-level pilot licensing and
qualification structure (e.g. analogous to apprentice, journeyman, master).

406

In order to minimize automated flight to manual transition effects, research
should be conducted to determine the feasibility and desirability of
automated flight/flight control system designs that eliminate the need for
large flight control input at disengagement from ALIGN mode.

448

To preclude trainee overload, research should be conducted to understand
the optimum workload level for effective flight training.

461

To reduce the adverse effects of ice accretion roughness, the regulators
and NASA should conduct research leading to improved ice protection
technologies.

471

Since many factors can make the identification of impending loss of control
difficult, research should be directed toward the development of systems
that advise the flight crew that the aircraft is departing from a flight path
consistent with the flight control inputs.

510

To better understand the effects of super-cooled large droplets (sld), icing
research should be conducted on ice protection system design and
operation in this weather phenomenon.

572

Research should be conducted to improve understanding of how/why
pilots misprioritize or become fixated upon concerns and tasks, and to

develop strategies to counteract this effect.
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IV. COMPARISON TO PSM+ICR REPORT.

The JSAT analyzed 24 loss-of-control cases in great depth in order to document and gain a rich
understanding of complex causal chains, several of which involve power systems. Though 24 is
a very large number of accident case studies, the case-study approach inherently sacrifices the
statistical inferences that can be gained from analyzing a much more broadly based data set.
Conscious of this tradeoff, CAST directed the Loss of Control JSAT to review findings and
recommendations from the 1998 "Project Report of the AIA/JAECMA Propulsion System
Malfunction Plus Inappropriate Crew Response (PSM+ICR) Workshop."

The PSM+ICR analysis was an 18-month effort that involved representation from government,
engine, aircraft and simulator manufacturers, air carriers, and pilot organizations. As implied by
its title, the PSM+ICR Workshop analyzed accidents and incidents involving propulsion system
malfunction and subsequent crew responses that may have been inappropriate for the

respective situations, which is one of several common scenarios in loss-of-control accidents.

As with comparable reviews by other JSATSs of existing studies, the review of PSM+ICR
recommendations had two core objectives. First, since the PSM+ICR addressed one of the
elements in loss of control, CAST and the JSAT wished to assure themselves that the JSAT
did not overlook interventions related to propulsion systems. Secondly, CAST and the JSAT
wished to lend their support to recommendations from PSM+ICR where appropriate.

The two reports were different in scope and in team composition. PSM+ICR targeted issues
that constitute a significant but still singular type of loss-of-control accident. Consequently,
the PSM+ICR team was more dominated by professionals from various propulsion
disciplines than was the JSAT. Nevertheless, the recommendations from the two studies
proved to be very consistent.

The review indicated that the JSAT's recommendations correlated strongly to those in the
PSM+ICR report. The JSAT comprehensively covered 8 of the 9 PSM+ICR
recommendations. The remaining PSM+ICR recommendation addressed specific training
media (text and video). While the JSAT addressed training needs at some length, the JSAT
did not recommend specific training media.
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Below is a detailed comparison of PSM+ICR recommendations and the JSAT interventions.

Each recommendation from PSM+ICR is quoted in full. The related JSAT interventions are

indented in order that readers may distinguish them easily from the PSM+ICR

recommendations.

PSM+ICR Recommendation A The requirements of 14 CFR Parts 61 and 121 / JAR-OPS

/ JAR-FCL need to be enhanced for pilot training in powerplant failure recognition, the effect

of powerplant failure on airplane performance and controllability, and the subsequent control

of the airplane.

401. To ensure proper identification of engine malfunctions and avoidance of
possible loss of control, airline/operators should provide enhanced and more realistic
training for engine malfunctions, engine responses to control signal errors and the

appropriate aircrew actions.

427. To prevent inappropriate preoccupation with trouble shooting following engine
or other system failure, airline operators should enhance training and checking to
prioritize safe control of the airplane.

487. To minimize the occurrence of loss-of-control events, airline operators' training
programs should emphasize pattern recognition and skill-based procedures to cope

with time critical situations, rather than relying on knowledge based analysis.

PSM+ICR Recommendation B. The regulatory authorities should establish and implement

a rigorous “process” to ensure that the following occurs during the development of a pilot

training program:
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Identification of powerplant failure conditions that need to be trained.

Preparation of training aids (Tools & Methods).

Establishment of the appropriate means to conduct the training.

Assurance that each pilot receives the appropriate training for both malfunction
recognition and proper response to it.

Validation of training effectiveness, along with a feedback loop to improve / update

training.



401. To ensure proper identification of engine malfunctions and avoidance of
possible loss of control, airline/operators should provide enhanced and more realistic
training for engine malfunctions, engine responses to control signal errors and the

appropriate aircrew actions.

428. Research should be done to develop ways to prevent inappropriate
preoccupation with trouble shooting following engine or other system failure to the

exclusion of the major task of flying the airplane.

535. To ensure adequate instructor / check pilot qualifications, operators must

establish and maintain minimum line and instructor / check airman qualifications.

546. Ensure that flight crews are adequately trained in an appropriate level simulator
for the training being conducted (i.e. engine out, upset recovery, etc.) before being
assigned to the line. (See 153, 312)

PSM+ICR Recommendation C. The mandatory pilot training program associated with
simulated V; engine failures in an airplane has caused a number of hull loss/fatal accidents.
The value of performing this training in the airplane should be reviewed. It is the Project
Group’s belief that this specific training could be better effected in simulators. Where
suitable simulators are not available, the airplane handling task could then be adequately
and much more safely trained at altitude where recovery can be safely accomplished.

While there are no directly correlating LOC JSAT interventions relative to simulated
V; engine failures in an airplane, LOC 546 does recommend engine-out training in a

simulator.
546. Ensure that flight crews are adequately trained in an appropriate level simulator

for the training being conducted (i.e. engine out, upset recovery, etc.) before being
assigned to the line.
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PSM+ICR Recommendation D. The use of flight idle on turboprop airplanes for simulated

engine failures or in the event of a malfunction should be reviewed by industry because of

the potential association with loss-of-control events if the engine is not shut down.

541. To reduce the risk of loss of control during flight with a propulsion system
malfunction in turboprop aircraft, if the engine failure procedure is not completed,
airline operators should review the consequences of the malfunctioning propulsion

system being placed in flight idle.

PSM+ICR Recommendation E. The aviation industry should undertake as a matter of high

priority the development of basic generic text and video training material on turboprop and

turbofan propulsion system malfunctions, recognition, procedures, and airplane effects.

The LOC JSAT developed a substantial number of training interventions, including
several that explicitly addressed engine and propulsion failure or malfunction.
However, the LOC team did not address specific media, as such an issue typically
would be addressed by a JSIT.

PSM+ICR Recommendation F. The regulatory authorities should establish a means to

ensure that the simulators used to support pilot training are equipped with the appropriate

realistic propulsion system malfunctions for the purpose of “recognition and appropriate

response training”. To this end, the industry should develop specifications and standards for

the simulation of propulsion system malfunctions.
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413. To prevent negative transfer effects with flight critical systems, regulators

should establish requirements for standardization of flight deck information/controls

414. To reduce negative transfer effects during pilot transition to new aircratft, airline
operators should determine the potential for negative transfer of inappropriate pilot
actions and techniques on flight critical systems and overtrain to prevent their

occurrence.



438. To reduce the probability of accidents, operators should adopt operational risk
management techniques for non-standard flight operations and/or flights requiring

intensive training scenarios.

528. To provide optimal training (including propulsion system malfunctions) and to
minimize negative training, regulators, aircraft and simulator manufacturers and
operators should ensure that training devices replicate realistic failure scenarios,

aircraft performance and appropriate response.

PSM+ICR Recommendation G. A review of propulsion system instrumentation
requirements should be completed to determine if improved engine displays or methods can
be found to present engine information in a manner which would better help the pilot
recognize propulsion system malfunctions.

442. To avoid delay in the recognition of engine malfunction/failure, manufacturers
should develop and implement a direct aural and visual flight deck indication of

engine malfunction/failure. (Minor transients need not be annunciated.)

443. To ensure the best technigue for engine malfunction/failure annunciation and
to minimize nuisance alerts, research should be conducted to determine when, and

how to annunciate engine malfunctions/failures.

472. Since certain engine control and autothrottle system failures can result in
undesirable asymmetry, manufacturers should redesign ATSs so that they
disconnect (with appropriate annunciation) when unable to achieve the commanded

thrust settings (analogous to autopilot disconnect logic).

PSM+ICR Recommendation H. It is recommended that the aviation industry sponsor

activity to develop appropriate human factors methodologies to study both annunciation and
training effectiveness for turboprop and turbofan propulsion system failures.

443. To ensure the best technique for engine malfunction/failure annunciation and to

minimize nuisance alerts, research should be conducted to determine when, and

how to annunciate engine malfunctions/failures.
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PSM+ICR Recommendation I. Circumstances of negative transfer from previous training
or operations should be identified and their lessons learned should be communicated as
widely as possible within the industry.

413. To prevent negative transfer effects with flight critical systems, regulators
should establish requirements for standardization of flight deck information/controls

414. To reduce negative transfer effects during pilot transition to new aircratft, airline
operators should determine the potential for negative transfer of inappropriate pilot
actions and techniques on flight critical systems and overtrain to prevent their

occurrence.
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V. RECOMMENDATIONS

These interventions ranged from a simple recommendation to develop and implement a policy
or procedure to providing flight envelope protection. The JSAT organized the interventions into
four broad categories, as follows.

Rated Interventions

Research Interventions

Icing-related Interventions

Nonrated Interventions

Where appropriate, the JSAT rated each intervention for P1, P2, C, and A. Those scores
produced an Overall Effectiveness rating. This process resulted in a list of rated
interventions shown in Appendix F. Additionally, the team developed a number of research-
related interventions. These were subjected to the rating process described in Section V.
The results of the research and the application of the findings may alter the nature or priority
of other interventions. In addition, many of the research interventions were developed
specifically to augment or support other interventions.

The interventions ranked highest by their overall effectiveness ratings address some of the
most common underlying problems and contributing factors in loss-of-control accidents.
However, lower-ranked interventions, when combined with more powerful interventions that
address the same problem, often became a necessity or their effectiveness increased due
to the synergy offered by the broader strategy. Consequently, to improve the efficiency and
effectiveness of all interventions, the JSAT organized its interventions into related groupings
that constitute broad strategies for reducing the rate at which loss-of-control accidents
occur. Each strategy is built on, or organized around, those interventions with the highest
OE scores. These strategies constitute the JSAT’s recommendations.

The team developed groupings of related interventions. For instance, the top rated
intervention was number 445, "...manufacturers should develop and implement flight
envelope protection...” Flight envelope protection is related to 11 other rated design
interventions and several research interventions. Interventions with OEs of 4.0 or greater,

are shown with related interventions from the same group in this section.
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Very few interventions stand alone in their effectiveness. Therefore, the JSAT further
recommends that the JSIT review the entire intervention set to identify synergistic

relationships between interventions from each strategy.

Similarly, the team developed but did not rate several interventions that addressed improved
on-board data recording and better routine use of such data. For example, intervention 576
recommends immediate implementation of NTSB recommendations to improve digital flight
data recorders (DFDR) and Cockpit Voice Recorders (CVR). This intervention was not rated
because the team could not determine the degree to which improved flight recorders would
reduce future accident rates. Nevertheless, the team felt strongly that the long-standing
NTSB recommendation needs to be implemented. The problem of poor data, inoperative
recorders, and limited data collection were pervasive in the data set. The JSIT should take
action to implement this intervention.

There was an underlying assumption that a regulatory role is required for almost all
interventions. Implementation of some interventions requires developing a new regulation,
enforcement of regulations, or oversight of operations by airlines, manufacturers, or air
traffic services. For example, intervention 445 does not include regulatory action, but
regulatory action is required to implement flight envelope protection. However, the JSAT
rating process yielded a low rating for the intervention providing regulatory oversight (345).
However, without intervention 345, intervention 445 and others cannot achieve their full

effectiveness.

After analysis of the interventions, their effectiveness and their synergistic potential in
various groupings, the JSAT makes the following recommendations to the CAST as the
highest leverage actions that can be taken at an industry level to reduce the number of loss

of control accidents.

The recommendations are presented as the highest rated interventions in each group. In
order to assist the JSIT, the team determined that the interventions could be grouped by
strategies. These are:

Design Issues

Training

Practices, Policies, and Procedures
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Data Collection and Analysis

Regulatory Role

In order to focus on the top-level interventions, the recommendations are arbitrarily limited to
those interventions rated 4.0 OE or above.

A. Design Interventions

The top two interventions were Design Interventions. Intervention 445 recommends
implementation of flight envelope protection. This reflects the team's view that while today's
aircraft, air traffic control system, and operating environment are becoming more complex,
pilot experience and skill levels appear to be decreasing. The implementation of flight
envelope protection should reduce loss of control accidents.

The team was also concerned that modern aircraft are being developed without a
requirement to reevaluate systems and components that were certified previously for
different aircraft. An example is the Boeing-737 New Generation aircraft that were certified
with the original rudder actuator. Intervention 366 was designed to address this certification

deficiency.

The top rated design interventions and their related interventions are presented below:

445. To help avoid loss of control, manufacturers should develop and implement flight
envelope protection. (e.g. bank/pitch angle limits, over-speed, angle of attack, load factor)
New Technology. (OE 4.6)

366. To protect aircraft against flight control malfunctions, manufacturers must design and
regulators must certificate, derivative aircraft and components to current applicable
certification requirements, i.e. single point failures, redundancy, and probability of failure.
(OE 4.2)

566. Manufacturers should incorporate an automatic yaw compensation to ensure that
adequate yaw control is provided. (OE 3.8)

34



364. To protect aircraft against loss of control, regulators should develop as soon as
possible, certification criteria, throughout the entire flight envelope, for crossover speeds and
maximum rudder side slips. (OE 3.5)

380. To reduce the risk of inadvertent entry into stall, manufacturers should develop and
implement stall protection features in all transport category airplanes, (e.g. stick pusher,
alpha protection). (OE 3.1)

253. To prevent loss of control, there should be redundancy and failure tolerance features
for all flight critical components, such as dual path design, fail operational redundant
systems, with fault annunciation. (OE 2.8)

159. Manufacturers should incorporate an "input rudder" indicator or automatic yaw

compensation to ensure that adequate yaw control is provided. (OE 2.1)

513 To preclude undesired flight control displacement manufacturers should design flight
controls so that the airplane does not experience uncommanded, adverse flight control
deflections that are beyond the control of the flight crew (throughout the flight envelope,

including aerodynamic stall). (OE 1.7)

565. Manufacturers should incorporate an "input rudder" indicator to ensure that adequate

yaw control is provided. (OE 1.5)

49. Regulators should establish criteria for, and manufacturers should evaluate and
improve, the reliability and failure tolerance of flight systems. (includes hardware, software

and human performance). (OE 1.0)

363. To enhance aircraft controllability in severe or greater turbulence conditions, regulators
and manufacturers should develop and implement certification criteria that consider effects
of turbulence, including automated flight capability and disconnect parameters. (OE 1.0)

389. To assist flight crews in responding to system malfunctions, manufacturers should

develop and airlines/operators should incorporate readily accessible flight crew procedures

for partial or total failure of flight critical systems. (OE 0.7)
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544. To ensure that flight controls are available during critical flight phases or conditions,
manufacturers should design system overrides that are available to the flight crew to regain
manual control. (OE 0.5)

B. Training Interventions

The highest rated Training Intervention (525) recommended stall recognition and recovery
training. When all training was done in an aircraft, stall recognition and recovery were a
routine part of training. However, since most transport category training migrated to
simulators, training is now limited to "approaches to stall." In this condition, the aircraft is
not fully stalled. In many LOC accidents, the aircraft became fully stalled and pilots did not
recognize the stall or did not recover from the stall. Consequently, pilots should be trained
to recognize and recover from stall.

The second-highest ranked training intervention (357) recommends upset recovery training
for pilots. This intervention should be possible to implement in the near term and it should
provide a significant reduction in loss of control accidents.

The third intervention presented here (486) involves pilot interface with automated aircraft
and systems. The questions of "What is it doing?" and "Why is it doing that?" remain much
too prevalent in the accident data set. Pilots are often unaware they are losing control of the
automated aircraft and frequently do not understand how to regain control. This intervention
will involve obtaining or developing correct, useable information from manufacturers about
the capabilities and limitations of automated systems, and then fully incorporating that

information into training, policies and procedures.

Below are the three top-rated training interventions, with supporting interventions associated
with each.

525. To mandate stall recognition and recovery training, regulators must modify the

appropriate regulations. (OE 4.2)
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357. To ensure crews have the adequate skills to recover from extreme attitude upsets,
regulators should require, and operators should immediately implement, initial and recurrent
upset recovery training. (OE 4.0)

486. Airlines/operators and manufacturers should train crews to understand the capabilities
and limitations of automated flight systems, the conditions which would cause the systems
to not function as the crew anticipates, and how to detect and recover from inadvertent

activation of automated flight modes. (OE 4.0)

546. Airlines/operators should ensure that flight crews are adequately trained in an
appropriate level simulator for the training being conducted (i.e. engine out, upset recovery,
etc.) before being assigned to the line. (OE 3.8)

384. Since it is possible to enter a stall, airlines/operators should develop and implement a
ground school and simulator training program to train pilots to handle post stall recovery as

part of advanced maneuver training. (OE 3.3)

15. Airlines/operators should ensure that their training/standardization programs instruct

when to disengage automated systems and fly manually. (OE 3.1)

165. Airlines/operators should provide training scenarios that match realistic situations (i.e.
stall recoveries during approach, in landing configuration at flight idle with the autopilot on
(in simulator)). (OE 2.8)

331. Airline operators and manufacturers will train crews to understand capabilities and
limitations of system, conditions which would cause the system to not function properly and

how to detect failure to deploy and recommend contingency actions. (OE 2.8)

358. To prevent negative transfer effects with flight critical systems, regulators should
establish requirements for standardization of flight deck information/controls. (OE 2.8)

502. To insure flight crews can identify possible upset conditions, airline/operators should

implement flight crew training programs that demonstrate the operation of a normally
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functioning automated flight system under non-standard flight conditions (e.g. out of trim

airplane/contaminated wing). (OE 2.8)

520. To ensure flight crews have a comprehensive knowledge of the automation system(s)
functional operation, airlines/operators should ensure that their training /standardization

programs emphasize these skills. (OE 2.8)

522. Since it is possible to enter a stall, regulators should mandate the implementation of a
ground school and simulator training program to train pilots to handle post stall recovery as
part of advanced maneuver training. (OE 2.7)

391. Because of the interaction between systems, manufacturers should develop alerting
systems that help pilots understand any common cause of multiple failure messages (OE
2.4)

456. To help ensure appropriate decision making, flight crews should be trained on the
impact of automation on CRM. (OE 2.4)

473. Due to increasing dependence on automation and the complexity of potential partial
system failures, airlines/operators should modify training programs to emphasize the use of
multiple data sources to confirm that the airplane and systems are performing as expected

and in accordance with the operational mode. (OE 1.8)

470. Since current airline training emphasizes recovery from approach to stall,
airline/operators should emphasize to air crews the importance of proper analysis and
response to incipient stall conditions (for example timely reduction in angle of attack). (OE
1.7)

432. To facilitate recovery from flight upsets, airlines/operators should clearly define, train
and check the specific PF/PNF upset recovery duties. (OE 1.1)
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C. Practices, Policies, and Procedure Interventions

A large number of interventions were related to Practices, Policies, and Procedures. Only
intervention 99, which is a statement of "best practices,"” met the 4.0 OE criteria. Many of
the accident reports did not clearly address the issue of standard operating procedures.
However, the analysis of the data indicated that SOPs either had not been developed or
were not being followed. Many of the accident scenarios involved sequences of events that
could have been broken if the SOPs present in many major carriers had been in place and

had been followed. This issue has been cited by every JSAT completed to date.

99. Airlines/operators should ensure that clear, concise, accurate, appropriate standard

operating procedures are published and enforced. (OE 4.0)

110. Airlines/operators and regulators should ensure that their training/standardization and
monitoring programs emphasize the importance of adherence to standard operating

procedures and identify the rationale behind those procedures (OE 3.7)

225. Airlines/operators and regulators should ensure necessary manuals (operational &

maintenance) are complete, accurate, available and appropriately used. (OE 3.1)

542. To preclude over reliance on automation, airlines/operators and regulators should
create and/or clarify a definition of “appropriate levels of automation,” to include the need to
validate against other information sources and insure that the resulting definition is
published and included in all appropriate flight crew publications, manuals and training
programs. (OE 2.1)

469. To ensure clear understanding of flight crew tasking airlines/operators should develop

criteria specifying when transfer of control is necessary or appropriate. (OE 1.5)

Another troubling and persistent aspect of the accident analysis was crew failure to comply
with procedures. Intervention 204, though unrated, is critical to understanding why this
failure persists and, subsequently, to determining how the aviation community can intervene
to improve adherence to SOPs. This research would directly support intervention 99, which
has been recommended by every JSAT completed to date.
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204 Research should be conducted to better understand the underlying reasons/causes for
procedural noncompliance.

D. Data Collection and Analysis Interventions

No Data Intervention was rated 4.0 OE or above largely because data, by itself, has little power
to prevent any particular accident. However, the analysis of data to prevent future accidents is
very powerful. Interventions 361 and 56 represent recommendations by the team to improve the
guality of data collection and to routinely analyze that data. In addition, the team recommends
that nonrated intervention 576 be implemented to improve the quality of on-board digital
recorders. The three data-related interventions, listed below, are mutually supportive of each
other.

361. To enhance the ability to analyze, identify and take corrective actions for preventing
accidents, regulators and operators should create a collection and analysis process which
utilizes all existing and future aircraft data collection systems, such as DFDR, FOQA, ASAP and
other nonvolatile memory systems. (OE 3.8)

56. Airlines/operators should implement Flight Operations Quality Assurance (FOQA) programs
to identify systemic procedural deviations and unsafe trends. (OE 3.7)

576. To improve the effectiveness of accident investigations and, in so doing, help prevent
future accidents, regulators should immediately implement NTSB recommendations to increase
the quantity and quality of survivable data recorded in both existing and future aircraft, and
manufacturers should improve the reliability of the recording equipment (DFDR, CVR).
(Combined from 27, 303, 360, 453, 462)

E. Regulatory Interventions

As stated before, the highest rated intervention (445) will require regulatory action for

implementation. However, the intervention included no regulatory requirement. Note, too,
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that intervention 366 is repeated in this group because the language of the intervention

addressed both design and regulatory issues.

Interventions 525 and 357 were addressed in the Training Related Interventions section.
This demonstrates that most of the interventions will require regulatory action to be
successfully implemented. The top three regulatory interventions are listed below with their
respective supporting interventions.

366. To protect aircraft against flight control malfunctions, manufacturers must design and
regulators must certificate derivative aircraft and components to current applicable
certification requirements, i.e. single point failures, redundancy, and probability of failure.
(OE 4.2)

525. To mandate stall recognition and recovery training, regulators must modify the
appropriate regulations. (OE 4.2)

357. To ensure crews have adequate skills to recover from extreme attitude upsets,
regulators should require, and operators should immediately implement, initial and recurrent
upset recovery training. (OE 4.0)

358. To prevent negative transfer effects with flight critical systems, regulators should

establish requirements for standardization of flight deck information/controls. (OE 2.8)

522. Since it is possible to enter a stall, regulators should mandate the implementation of a
ground school and simulator training program to train pilots to handle post stall recovery as
part of advanced maneuver training. (OE 2.7)

369. To provide adequate stall warning, regulators should require, and manufacturers
should develop, stall warning systems for new/derivative aircraft that provide accurate

information throughout the certificated flight regime. (OE 1.3)

F. Recommendation Summary
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The recommendations stated above are built on interventions that were rated with on OE of 4.0
or greater. There are many reasons why any one intervention may not be highly rated. That
does not mean that any particular intervention has limited or no value. Rather, the highest-
ranking interventions are supported by related interventions that have lower OEs.

Similarly, many lower-rated interventions could significantly impact a particular type of aircratft,
area of operation, pilot population, or regulatory agency. The team recommends that members
of the commercial transport industry carefully review the entire list and evaluate implementing

the interventions in their particular segment of operations.

The JSAT also recognizes that regulatory involvement is critical to the safe operation of the
airline transport industry. Many accidents and incidents analyzed by the JSAT involved
inadequate or ineffective regulatory oversight. All States must properly organize, prioritize,
fund and staff the regulatory function to insure its competence and effectiveness. The JSAT
recommends that the JSIT carefully scrutinize the regulatory role in the effective

implementation of recommended interventions.
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Appendix A: Loss Of Control JSAT Charter

Loss of Control Joint Safety Analysis Team (JSAT) Charter

Team Sponsors. The Commercial Aviation Safety Team (CAST), which includes the
aviation industry, FAA and NASA, DOD are the sponsors of this commercial aviation Loss of
Control Joint Safety Analysis Team.

Background. The members of CAST have agreed to work together to implement a data
driven, benefit focused, safety enhancement program designed to continuously improve our
safe

commercial aviation system. The CAST has further agreed that cooperatively and
selectively pursuing a critical few high leveraged safety intervention strategies will
maximize the safety benefit to the flying public through a focused application of industry
and government resources. To achieve this goal, the CAST has agreed to charter a Joint
Safety Analysis Team (JSAT) to determine intervention strategies that will reduce the
potential for airplane accidents due to loss of control. Loss of control accidents are the
second highest cause of passenger fatalities (1988-1997) in commercial aviation.

Objectives. To review and analyze data and make coordinated recommendations to

implement intervention strategies that will enhance commercial aviation safety by reducing
the number of loss of control accidents.

Team Tasks.

A. The team shall acquire publicly available data, including prior studies and
analyses. This will constitute the beginning point for review and analysis. The
team will coordinate with the AIA/AECMA Project on Propulsion System
Malfunction Plus Inappropriate Crew Response (PSM+ICR). The team will focus
its analysis on aircraft currently operated under FAR 121 or equivalent.

B. The team shall conduct an in-depth analysis of selected loss of control accidents
and incidents and other relevant information, using the process outlined in the
JSAT Recommended Process Report.

C. The team shall develop and prioritize safety intervention strategies that will
reduce the potential for loss of control accidents. In addition to documenting its
analysis results and recommended intervention strategies, the team shall
document its assumptions regarding the amount and extent of data considered
and any changes made to the basic JSAT process. The team will build upon
previous JSAT problem statements and intervention strategies. Correlation of the
problems and interventions identified by the JSAT with available FOQA and
partnership program data is considered highly desirable.
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Product. The deliverable is a report to the CAST documenting recommendations, including,
assumptions used in the analysis and safety intervention strategies. In addition, the team
shall provide any recommended changes to the JSAT process.

Timing. The team will meet monthly for periods of approximately three days. It is
expected that the final team report will be delivered to the CAST prior to August 31, 2000.

Constraints. The team shall utilize the recommended JSAT process to develop safety
intervention strategies. The basic JSAT process can be modified by the team if necessary;
however, the concept of building on the problem statements and intervention strategies of
previous JSATSs shall be adhered to.

Process. Following the basic JSAT process, each team member will have equal authority
and responsibility, and use their expertise, to develop and prioritize intervention strategies.
In addition team members are expected to finish all of the homework assignments on time.

Membership. The team will include representatives with the appropriate technical

background provided by industry and government. The co-chairpersons of the JSAT
process shall provide a recommended team membership list to the CAST prior to
September 23, 1999.

Resources. The signatories agree to provide the financial, logistic and personnel
resources to carry out this charter.

Approval of Charter:

m,%ﬂq W/K%
VMM,_, A
= ==, %»«M
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Approval of Charter Continued:
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Appendix B: Team Member List

Ann Azevedo

Risk Analysis Specialist
Engine & Propeller Directorate
Federal Aviation Administration

Immanuel Barshi

Research Psychologist

Human Factors Research and Technology Division
NASA Ames Research Center

Captain Gregory Bland
Air Line Pilots Association

Tom Bond
Chief, Icing Branch
NASA Glenn Research Center

Steve Boyd

Human Factors Specialist

Airplane and Flight Crew Interface Branch
Transport Airplane Directorate

Federal Aviation Administration

Joe Bracken
Engineering & Air Safety
Air Line Pilots Association

John Brooks

Senior Safety Analyst

Airplane Safety Engineering

Boeing Commercial Airplanes Group

Captain Rudy Canto, Jr.
Director Flight Operations Technical
Airbus North America

David C. Carbaugh
Chief Pilot Flight Operations Safety
Boeing Commercial Airplanes Group

Captain Joseph Chronic
Trans World Airlines
Captain Steve Cummins

Director of Internal Evaluation
American Trans Air Airlines
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Major Clark Davenport

Human Factors and Aircraft Mishap Investigator

Life Sciences Branch

Headquarters, United States Air Force Safety Center

First Officer John A. David
Allied Pilots Association

Jerald Davis
Flight Safety Consultant
Airbus Industrie

Key Dismukes
Chief Scientist of Human Factors
NASA Ames Research Center

Jeff Duven
Program Manager, Transport Airplane Directorate
Federal Aviation Administration

Edward E. Garlick IlI

Quality Assurance Specialist
Eastern Region Air Traffic Division
Federal Aviation Administration

Ir P.J. van der Geest
National Aerospace Laboratory NLR
The Netherlands

Gerard Guyot

Director, Aircraft Safety Strategies
Engineering Directorate

Airbus Industrie

John Hickey
Manager, Transport Airplane Directorate
Federal Aviation Administration

Eugene Hill

Chief Scientific & Technical Advisor
Environmental Icing

Federal Aviation Administration

Chuck Hobbs
Sr. Director of Flight Standards and Training
Regional Airline Association

Robert C. Jones
Aerospace Engineer
Federal Aviation Administration
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Win Karish
Flight Standards Aviation Safety Inspector (Operations)
Federal Aviation Administration

Captain David C. Keeling
Chief Technical Pilot
Southwest Airlines

Major (Dr.) Raymond E. King

Chief, Research Branch

Programs, Research, and Technology Division
Headquarters, United States Air Force Safety Center

Joe Marksteiner

Manager, Investigations & Accident Prevention
Commercial Flight Safety Office

General Electric Aircraft Engines

Bob Matthews

Team Leader, Safety Analysis Team
Office of Accident Investigation
Federal Aviation Administration

Glenn W. Michael
Assistant Air Traffic Manager, Boston ARTCC
Federal Aviation Administration

Kyle L. Olsen — Team Leader

Manager, Continued Operational Safety
Transport Airplane Directorate

Federal Aviation Administration

Jay J. Pardee
Manager, Engine & Propeller Directorate
Federal Aviation Administration

Dick Parker

Associate Fellow

Engine Failure and Aircraft Accident Investigations
Pratt & Whitney

Captain John C. Penney
Advanced Maneuvers Program Manager
United Airlines

Decio Pullin

Aeronautical Engineering Senior Manager
Embraer

50



APPENDIX B: TEAM MEMBER LIST

Lawrence Randall

Program Analyst

Assistant Administrator for System Safety
Federal Aviation Administration

Thomas Ratvasky
Aerospace Engineer
NASA Glenn Research Center

Hank Reed

Safety Analyst

Airplane Safety Engineering

Boeing Commercial Airplanes Group

Andrew Reehorst
Aerospace Engineer
NASA Glenn Research Center

William J. Rieke
Chief, Aircraft Operations Office
NASA Glenn Research Center

Matthew Riley
Director, Flight Operations-Americas
ATR

Bill Royce
Senior Technical Pilot B777
Boeing Commercial Airplanes Group

Paul D. Russell
Chief Engineer, Aviation System Safety
Boeing Commercial Airplanes Group

Gautam H. Shah
Aerospace Engineer, Flight Dynamics and Control
NASA Langley Research Center

Christopher S. Sheffler

Airworthiness Engineer

FAA-Designated Engineering Representative/Aircraft Engines
Rolls-Royce Corporation

William D. Shontz, PhD

Associate Technical Fellow

Human Factors Engineering

Boeing Commercial Airplanes Group

Corey Stephens
Staff Engineer
Engineering & Accident Investigation
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Air Line Pilots Association

Gerard M.G. Temme
Certification Test Pilot
Joint Aviation Authorities

Thomas Toula

Manager, Air Carrier Training
Manager, Air Carrier Operations
Federal Aviation Administration

Captain Benny White
Air Line Pilots Association

John J. White

Manager, Single Aircraft Accident Prevention Project
Aviation Safety Program Office

NASA Langley Research Center

James E. Wilborn
Aerodynamic Stability and Control Engineer
Boeing Commercial Airplanes Group

David C. Yeoman
Systems Certification Engineer
Rockwell Collins

Keeton Zachary

Manager, Seattle Aircraft Evaluation Group
Federal Aviation Administration

Facilitator
Michele A. Preble

Manager, Executive Resource Branch
Federal Aviation Administration
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Appendix C: Synopsis Of Data Set

The following is a synopsis, based on the accident reports produced by investigative
authorities, of each accident analyzed by the Loss of Control JSAT:

1. Sahara India Airlines, Boeing 737-200, March 8, 1994, IGI Airport, Delhi, India. The
aircraft was on a pilot training flight at the 1GI Airport. After the sixth takeoff from a touch
and go landing, the aircraft turned left after reaching about 400 feet. The aircraft continued
left and crashed near the airport’s International Terminal. The aircraft disintegrated and
burned. There were nine fatalities, including the four crewmembers and five ground
personnel. There were four additional fire-related ground injuries.

2. China Airlines, Airbus A 300-622, February 16, 1998, Chiang Kai-shek International
Airport, Taipei.

The aircraft was cleared to land on runway 05 after an uneventful flight from Ngurah Rai
International Airport, Bali, Indonesia. The aircraft executed what appeared to the controller
to be a “go-around,” but he got no response from the crew when questioned. The aircraft
was not moving on the controller's D-BRITE scope prior to impact. The aircraft crashed on a
road and five residences near the airport. The aircraft was destroyed and burned. There
were 202 fatalities, including the 14 crewmembers, 182 passengers, and 6 residents on the
ground.

3. Northwest Airlines, Inc., McDonnell Douglas MD-82, August 16, 1987, Detroit
Metropolitan Wayne County Airport, Romulus, Michigan.

The aircraft crashed shortly after takeoff from runway 03 center. After takeoff, the aircraft
rolled left and right about 35° in each direction. The aircraft collided with obstacles
northeast of the runway and broke up as it slid across the ground and burned. There were
156 fatalities, including the 6 crewmembers, 148 passengers, and 2 people on the ground.
One passenger survived with serious injuries and 5 persons on the ground sustained
serious and minor injuries.

4. Atlantic Coast Airlines, BAe Jetstream 4101, January 7, 1994, Columbus, Ohio.

The aircraft stalled and crashed 1.2 nm east of the airport while on an ILS approach.
Excessively high airspeed and improper aircraft configuration led to an unstabilized
approach. The crew later did not observe the airspeed decay during the final approach and
the aircraft stalled. The aircraft received substantial damage. There were five fatalities, two
minor injuries, and one passenger was uninjured.

5. Simmons Airlines, d.b.a. American Eagle, Avions de Transport Regional ATR 72,
October 31, 1994, Roselawn, Indiana.

The aircraft crashed during a rapid descent after an uncommanded roll excursion. The
aircraft was in a holding pattern and was descending to a newly assigned altitude of 8,000
feet when the initial roll excursion occurred. The loss of control was attributed to a sudden
and unexpected aileron hinge movement reversal that occurred after a ridge of ice accreted
beyond the de-ice boots. The impact forces destroyed the aircraft. There were 68 fatalities,
including the four crewmembers.

6. Comair Airlines, Inc., Embraer EMB 120RT, January 9. 1997, Monroe, Minnesota.

The aircraft crashed during a rapid descent after an uncommanded roll excursion. The flight
was operating under instrument meteorological conditions and accumulated a thin, rough

53



APPENDIX C. SYNOPSIS OF DATA SET

accretion of ice on the lifting surfaces. Crew and aircraft certification procedures were cited
in the investigation. Ground impact and the post accident fire destroyed the aircraft. There
were 29 fatalities including the three crewmembers.

7. Thai Airways Company, Boeing 737-200, August 31,1987, near Phuket Airport,
Thailand.

The aircraft crashed into the Andaman Sea while maneuvering on approach to the Phuket
Airport. Prior to the accident, there was a traffic sequencing confusion between the Thai
aircraft and another aircraft also approaching the airport. The other aircraft later observed
the Thai aircraft stall and spin into the water. The impact destroyed the aircraft. There were
61 fatalities including the crewmembers.

8. Birgenair, Boeing 757-225, February 6, 1996, Gregario Luperion International
Airport, Puerto Plata, Dominican Republic.

Minutes after takeoff, the aircraft crashed into the Atlantic Ocean about 14 nautical miles
northeast of the airport. There was confusion on takeoff between the pilots about an
apparent inoperative airspeed indicator or pitot system. The pilots were attempting to
troubleshoot the problem with circuit breakers and stalled the aircraft. Pitch attitude,
airspeed, and thrust lever position varied until impact with the water. The aircraft was
destroyed upon impact. There were 189 fatalities including the 13 crewmembers.

9. Airbus 310 Event. (Accident Deidentified)

The aircraft crashed about two minutes after departure from the airport. The aircraft had
begun experiencing a continuous engine thrust asymmetry during climb-out. The crew
attempted to solve the thrust condition with autopilot engagement but was unsuccessful.
The pilot-in-command did not properly diagnose the malfunction of the automatic thrust
system and the copilot did not have sufficient time to recover. The aircraft was destroyed by
the impact. There were 60 fatalities including the 11 crewmembers.

10. Midwest Express Airlines, Inc., Douglas DC 9-14, September 6, 1985, General Billy
Mitchell Field, Milwaukee, Wisconsin.

The aircraft crashed into an open field just past the departure end of the runway. During the
initial climb at about 450 feet above the ground, the aircraft experienced an uncontained
engine failure of the right engine. The aircraft rolled right to about 90°, entered an
accelerated stall and crashed. The ground impact and postcrash fire destroyed the aircraft.
There were 31 fatalities including the 4 crewmembers.

11. Copa Airlines, Boeing 737-204, June 6, 1992, near Ticuti, Panama.

The crew departed Tocumen International Airport and requested a left turn to avoid a large
area of weather near the airport. The aircraft climbed to and leveled at FL 250 and later with
no unusual radio transmissions was observed by ground residents to descend in flames.
The probable cause focused on an intermittent attitude indicator, night weather visibility, and
crew error. The impact and subsequent fire destroyed the aircraft. There were 47 fatalities
including the 7 crewmembers.

12. China Eastern Airlines, McDonnell Douglas MD 11, April 6, 1993, about 950 nm
South of Shemya, Alaska.

The aircraft encountered an inadvertent in-flight slat deployment at cruise altitude. The
autopilot disconnected and the captain was manually controlling the aircraft when it
progressed through several violent pitch oscillations. The captain regained stabilized flight
and diverted to Shemya AFB, Alaska. The aircraft did not receive external structural
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damage, but the passenger cabin was substantially damaged. Of the 235 passengers and
20 crewmembers aboard the aircraft, 2 passengers were fatally injured, 53 passengers and
4 flight attendants received serious injuries, and 96 other passengers received minor
injuries.

13. TAM Brasil, Fokker 100, October 31,1996, San Paulo, Brazil.

The aircraft crashed following an uncommanded deployment of the number two thrust
reverser immediately after takeoff. The aircraft climbed to about 90 feet, entered a right
turn, and struck a building before crashing into a heavily populated neighborhood. The
ground impact and postcrash fire destroyed the aircraft. There were 96 fatalities including
the 6 crewmembers.

14. Atlantic Southeast Airlines, Inc., Embraer EMB 120RT, August 21,1995, Carrollton,
Georgia.

This accident was analyzed in depth by the Approach and Landing JSAT and, therefore,
was deleted from the Loss of Control data set.

15. Federal Express Inc., McDonnell Douglas MD-11, July 31, 1997, Newark
International Airport, Newark, New Jersey.

The aircraft crashed due to the Captain’s overcontrol of the aircraft during landing and his
failure to execute a go-around from a destabilized flare. Issues discussed in the report of
the accident were landing techniques, bounced landing recovery, unstabilized approach
recognition and decision making, and MD-11 handling characteristics. The ground impact
and postcrash fire destroyed the aircraft. There were five minor injuries during the ground
egress including the two crewmembers.

16. China Airlines, Airbus 300-622, April 26, 1994, Nagoya Airport, Japan.

The aircraft was approaching Nagoya Airport for landing and crashed in the landing zone
close to E1 taxiway of the airport. The copilot flying the aircraft accidentally triggered the
thrust “GO” level during the approach and caused an abnormal trim condition to develop.
The captain and copilot could not solve this condition and stalled the aircraft. The ground
impact and postcrash fire destroyed the aircraft. There were 264 fatalities including the 15
crewmembers. Seven passengers were seriously injured.

17. Airborne Express Air, Inc, Douglas DC 8-63, December 22,1996, near Narrows,
Virginia.

The aircraft impacted mountainous terrain while on a post-modification functional evaluation
flight. The crew was executing maneuvers as part of the evaluation flight including
approach to stall and recovery. The aircraft entered a full stall and the pilot used
inappropriate control inputs in the recovery. The non-flying pilot-in-command failed to
recognize, address, and correct these inappropriate inputs. Company procedures, aircraft
systems, and simulator training procedures were cited in the report. The ground impact and
postcrash fire destroyed the aircraft. There were three crewmember fatalities.

18. China Airlines, Boeing 747 SP-09, February 19, 1985, about 300 nm NW of San
Francisco, California.

The aircraft was at a cruise altitude of 41,000 feet when the loss of number 4 engine caused
an in-flight upset. During the crew’s attempt to recover the engine, the aircraft rolled to the
right, nosed over, and entered an uncontrollable descent. The captain was able to restore
the aircraft to stable flight at 9,500 feet, but the aircraft suffered major structural damage.
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The aircraft landed safely at San Francisco International Airport. Two persons were
seriously injured during the upset and recovery.

19. British Midlands Airways, Ltd., Fokker F 27 Friendship, January 18, 1987, near
East Midlands Airport, United Kingdom.

The aircraft was engaged in crew training and crashed during the final stages of a simulated
asymmetric thrust instrument approach to land at East Midlands Airport. After the accident,
one inch of ice was found on the leading edges of the aircraft's wings and tail surfaces. The
aircraft suffered extensive damage in the ground impact. The three crewmembers on board
sustained serious injuries.

20. Airbus 310 Event. (Deidentified)

The aircraft was being vectored for an ILS approach but was too fast and high for the proper
intercept and distance for the approach. The aircraft entered a steep dive and stalled. The
crew recovered and performed a second approach with no further incidents. The aircraft
landed normally with no damage. There were no injuries to the 176 passengers and 11
crewmembers

21. Air France, Boeing 747-200 Combi, December 2, 1985, Rio de Janeiro, Brazil.

The aircraft landed normally and all four engines were retarded to idle. The reverse thrust
levers were placed in the interlock position, but number one engine reverser did not position
correctly. The throttle cable for number one engine separated and went to maximum
forward thrust. The aircraft could not be controlled and veered off the runway. The aircraft
was severely damaged and considered a hull loss. There were no injuries to the 261
passengers and 17 crewmembers.

22. Transavia Airlines, Boeing 757-2K2, December 24, 1997, Schiphol International
Airport, Amsterdam, Holland.

The nose landing gear assembly collapsed on landing. The crash was attributed to the crew
not properly aligning the aircraft longitudinally with the runway before touchdown. The
aircraft was substantially damaged. There were no injuries to the 205 passengers or 8
crewmembers.

23. USAIr, Boeing 737-3B7, September 8, 1994, Aliquippa, Pennsylvania (near the
Pittsburgh International Airport).

The aircraft crashed while maneuvering to land at the Pittsburgh Airport. The probable
cause was determined to be the loss of control resulting from the movement of the rudder
surface to its blowdown limit. The rudder surface most likely deflected in the opposite
direction to that commanded by the pilots as a result of a jam in the main rudder power
control unit. The ground impact and postcrash fire destroyed the aircraft. There were 132
fatalities including the 5 crewmembers.

24. Airbus A300-600 Accident (Deidentified).

The aircraft experienced an in-flight upset while on descent. The upset was described as a
slow deceleration after leveling off on the descent, followed by a continued deceleration in a
turn and a subsequent asymmetric stall of both wings. This was followed by a recovery
involving secondary stalls and large oscillations. The final recovery was achieved through
increased thrust and a nose down pitch attitude. The aircraft made an emergency landing
and experienced minor damage. One passenger was seriously injured and one flight
attendant received minor injuries during the upset. 163 others were not injured including
eight crewmembers.
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25. Flagship Airlines Inc., BAe Jetsteam 3201, December 13, 1994, Raleigh-Durham
International Airport, Morrisville, North Carolina.

The aircraft crashed while executing an ILS approach into Raleigh-Durham. The Captain
misinterpreted a momentary ignition light to be an engine failure and did not crosscheck the
other engine instruments. The aircraft stalled when he attempted to go-around from a single
engine approach even though the other engine was operating normally. The ground impact
and postcrash fire destroyed the aircraft. There were 15 fatalities including the 2
crewmembers. Thirteen additional passengers received serious injuries.
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Rank IS#

Intervention Strategy

Power C

A

OE

1

445

445 To help avoid loss of control, manufacturers
should develop and implement flight envelope
protection (e.g. bank / pitch angle limits,
overspeed, angle of attack, load factor).

5.5

5

»

4.6

366

366 To protect aircraft against flight control
malfunctions, manufacturers must design and
regulators must certificate derivative aircraft and
components to current applicable certification
requirements, i.e. single point failures,
redundancy, and probability of failure.

4.2

525

525 To mandate stall recognition and recovery
training, regulators must modify the appropriate
regulations.

6

4.2

99

99 Airlines and operators should ensure that
clear, concise, accurate, and appropriate
standard operating procedures are published and
enforced. (See 110.)

357

357 To ensure crews have the adequate skills to
recover from extreme attitude upsets, regulators
should require, and operators should immediately
implement, initial and recurrent upset recovery
training.

6

486

486 Airlines and operators and manufacturers
should train crews to understand the capabilities
and limitations of automated flight systems, the
conditions which would cause the systems to not
function as the crew anticipates, and how to
detect and recover from inadvertent activation of
automated flight modes. (See 331.)

6

361

361 To enhance the ability to analyze, identify
and take corrective actions for preventing
accidents, regulators and operators should create
a collection and analysis process which utilizes alll
existing and future aircraft data collection
systems, such as DFDR, FOQA, ASAP and other
nonvolatile memory systems.

5.5

3.8

483

483 To ensure that the display of conflicting
attitude information does not confuse or mislead
the flight crew, the attitude sensing and display
systems should be designed so that invalid
information is detected and clearly annunciated to
the flight crew and removed from display.

5.5

3.8
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Rank IS# Intervention Strategy Power C A OE

9 532 |532 To minimize the probability of accidents, 55 5 |5 |38
operators should prioritize service bulletin
implementation using operational risk
management techniques to assess potential
operational hazards, including aircraft
modification, etc. (See 98, 348.)

10 533 (533 To prevent loss of control, manufacturers 55 5 |5 |38
should design automated systems to yield control
to manual inputs when those manual inputs are in
conflict with the automated configuration.

11 535 |535 To ensure adequate instructor / check pilot  [5.5 5 |5 |38
gualifications, operators must establish and
maintain minimum line and instructor / check
airman qualifications.

12 546 |546 Airlines and operators should ensure that 55 5 |5 |38
flight crews are adequately trained in an
appropriate level simulator for the training being
conducted (e.g. engine out, upset recovery, etc.)
before being assigned to the line. (See 153, 312.)

13 566 |566 Manufacturers should incorporate an 55 5 |5 |38
automatic yaw compensation to ensure that
adeqguate yaw control is provided.

14 56 |56 Airlines and operators should implement Flight |5.5 4 |6 |37
Operations Quality Assurance (FOQA) programs
to identify systemic procedural deviations and
unsafe trends. (See 54, 55.)

15 110 |[110 Airlines and operators and regulators should |5.5 4 |6 |37
ensure that their training, standardization, and
monitoring programs emphasize the importance
of adherence to standard operating procedures
and identify the rationale behind those
procedures. (See 99.)

16 530 |530 To optimize pilot workload, airlines / 55 4 |6 |37
operators policies should stress using the
appropriate level of automation. (See 246.)

17 364 |364 To protect aircraft against loss of control, 5 5 |5 |35
regulators should develop, as soon as possible,
certification criteria, throughout the entire flight
envelope, for crossover speeds and maximum
rudder side slips. (See 431.)

18 423 |423 To ensure that recurrent, intermittent failures |5 5 |5 |35
are not allowed to persist, regulators should
revise MEL dispatch requirements so that certain
intermittent failures are considered to be full
failures, if warranted by safety implications of the
failures and frequency of occurrence.
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Rank IS#

Intervention Strategy

Power C

OE

19

431

431 To assist flight crews in avoiding loss of
control on existing aircraft, regulators and
manufacturers should evaluate the effects of
crossover speeds and maximum rudder side slip
throughout the entire flight envelope and
disseminate the information to operators and flight
crews.

5

5

3.5

20

501

501 To assist flight crews in avoiding loss of
control, manufacturers should develop, and
regulators should require, automated flight system
auto-disconnect logic that does not disconnect
when the automated flight system is properly
attempting to correct an abnormal flight situation
or condition. (See 363.)

35

21

7 Airlines and operators should ensure that their
training and standardization programs emphasize
review of approach and missed approach
procedures. (See 329.)

6

3.3

22

16

16 To prevent mode confusion, manufacturers
should ensure that automated systems provide
the flight crew with sufficient information
(automation feedback).

5

3.3

23

80

80 Airlines and operators should verify, and
regulators should check, that operators who
create their own AOM's include all operational
procedures prescribed by original equipment
manufacturers Airplane Flight Manual (AFM).

3.3

24

152

152 Airlines and operators and regulators should
raise standards (e.g. crew pairing, approach
minimums, etc.) for flight crewmembers that meet
minimum qualifications but have demonstrated
limited proficiency or competency. (See 151, 335,
337.)

4.8

3.3

25

384

384 Since it is possible to enter a stall, airlines /
operators should develop and implement a
ground school and simulator training program to
train pilots to handle post stall recovery as part of
advanced maneuver training.

6

3.3

26

561

561 Airlines should maximize the use of
automated landing systems consistent with
maintaining manual landing proficiency.

3.3

27

15

15 Airlines and operators should ensure that their
training and standardization programs instruct
when to disengage automated systems and fly
manually. (See 246)

5.5

3.1
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Rank IS# Intervention Strategy Power C A OE

28 98 |98 Airlines and operators and regulatory agencies |5.5 4 |5 (31
should review procedures to ensure that design
changes (service bulletins) to flight critical
systems are incorporated in a timely manner.

29 142 |142 Airlines and operators should establish 55 4 |5 (31
policies, parameters, and training to recognize
unstabilized approaches and other factors and
implement a go-around gate system. (See FSF -
"defined gates" p. 193) (See 116, 123)

30 157 |157 Airlines and operators, regulators, air traffic  |5.5 4 |5 (31
service providers should establish policies or
programs to address rushed approaches,
including elimination of rushed approaches,
recognition and rejection of rushed approaches
and training for those encountered.

31 214 |214 Regulators should enforce timely 55 4 |5 (31
incorporation of appropriate manufacturers’
recommendations. (See 98, 201)

32 225 |225 Airlines and operators and regulators should |5.5 4 |5 (31
ensure necessary operational and maintenance
manuals are complete, accurate, available and
appropriately used.

33 380 |380 To reduce the risk of inadvertent entry into 55 5 (4 |31
stall, manufacturers should develop and
implement stall protection features in all transport
category airplanes (e.g. stick pusher, alpha
protection, etc.)

34 395 |395 To ensure that the display of conflicting air  [5.5 5 (4 |31
data information does not confuse or mislead the
flight crew, the air data sensing and display
systems should be designed so that invalid
information is detected and clearly annunciated to
the flight crew, and removed from display.

35 |397 |[397 To provide accurate wind information to flight |4.4 5 |5 |31
crews, regulators should ensure that weather
information providers and air traffic services
employ systems and procedures that will ensure
accurate measurement of wind data and
dissemination of wind information for takeoff and
landing areas of the runways in use.

36 398 |398 To provide real time accurate wind 55 4 |5 (31
component information to flight crews, air traffic
services and manufacturers should implement
real time (automated) transmission and display of
such information in the most directly useable
format to the flight crew, during approach and
landing phase. (See 94.)
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Rank IS#

Intervention Strategy

Power C

OE

37

400

400 In order to promote safe crosswind landings,
manufacturers will provide and airline operators
will implement aircraft crosswind landing
limitations, including considerations for flight
control effectiveness and gust conditions.

5.5

4

3.1

38

408

408 To minimize undesirable effects of transition
to manual flight from ALIGN mode, regulators
should require that minimum altitudes and
conditions be established for disengagement of
automated systems when a manual landing is
anticipated.

4.4

3.1

39

412

412 To avoid problems due to unexpected mode
changes, automated flight system logic should be
designed to be error tolerant or, at a minimum
provide an alert when the desired mode is in
conflict with aircraft energy state.

5.5

3.1

40

413

413 To prevent negative transfer effects with flight
critical systems, regulators should establish
requirements for standardization of flight deck
information and controls.

55

3.1

41

424

424 To enhance crew awareness of automation
modes, manufacturers should ensure that mode
changes or disconnects, in the automated
systems are annunciated in a way that is obvious
to the flight crew.

5.5

3.1

42

472

472 Since certain engine control and automated
throttle system failures can result in undesirable
asymmetry, manufacturers should redesign ATS'’s
so that they disconnect (with appropriate
annunciation) when unable to achieve the
commanded thrust settings (analogous to
autopilot disconnect logic).

4.4

3.1

43

485

485 To preclude the accidental change of aircraft
systems status, manufacturers should design
flight decks to minimize the potential for
inadvertent activation or deactivation of aircraft
systems or unintended automated flight mode
changes.

4.4

3.1

a4

515

515 To warn of impending loss of control with the
automated flight system fully engaged,
manufacturers should develop and regulators
should require annunciation of an airplane flight
condition which significantly differs from that
being commanded by the selected automated
flight system mode. (See 243.)

5.5

3.1

45

114

114 Airlines and operators should ensure that
their training and standardization programs
provide sufficient training to ensure aircrew
proficiency.

5.5

2.8
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Rank IS# Intervention Strategy Power C A OE

46 128 |128 Airlines and operators and regulators should |5 4 (5 |28
implement a no blame safety reporting and data
sharing system with appropriate protections from
litigation and prosecution concerns.

a7 147 |147 Airlines and operators should require training |5.5 3 |6 |28
and standardization programs, which teach
situation awareness. (The knowledge and
understanding of the relevant elements of the pilot
surroundings, including aircraft systems, and the
pilots intentions)

48 165 |165 Airlines and operators should provide training |5 4 |5 |28
scenarios that match realistic situations [i.e. stall
recoveries during approach, in landing
configuration at flight idle with the autopilot on (in
simulator)].

49 201 |201 Regulators should develop adequate 5 4 (5 |28
oversight as appropriate to ensure compliance
with regulations. (See 145, 146, 202, 345.)

50 253 |253 To prevent loss of control, there should be |5 5 (4 |28
redundant and failure tolerant features for all flight
critical components, such as dual-path design, fail
operational redundant systems, with fault
annunciation.

51 331 |331 Airline operators and manufacturers will train (5.5 3 |6 |28
crews to understand capabilities and limitations of
system conditions, which would cause the system
to not function properly, and how to detect failure
to deploy or activate and recommend contingency
actions.

52 358 |358 To provide optimal upset recovery training 5 4 |5 |28
and to minimize negative training, regulators,
aircraft, and simulator manufacturers and
operators should ensure that training devices
replicate aircraft performance and response
necessary for effective training. (See 386, 475.)

53 365 |365 To ensure pilot capability to maintain or 5 4 |5 |28
regain control, regulators should require and
operators should implement training programs
that address crossover speed effects.
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54 416 |416 To provide improved flight crew situation 55 3 |6 |28
awareness, manufacturers should provide a clear
indication that predicts the future aircraft energy
state and automated flight configuration if the
current course of action is continued. (E.g.,
analogous to EGPWS mode that analyzes the
airplane's descent rate vs. its terrain map, and
tells the crew that a conflict will occur if they
continue at that descent rate. The system would
warn the crew that, if they continue at the current
roll rate (for example), the plane will exceed the
envelope, or the autopilot will reach the limits of
its authority, etc.)

55 463 |463 To avoid treating an incident as an isolated |5 4 |5 |28
occurrence and to ensure on-going assessment
of aircraft specific loss of control problems, a
focused safety or risk assessment of all accidents
and incidents should be conducted to determine
the need for immediate resolution. (See 254.)

56 490 (490 In order to ensure that relevant information is |5 4 |5 |28
shared during the pilot hiring process, airlines
should implement and regulators require a
storage and retrieval system that contains
pertinent standardized information on the quality
of airline pilot performance during training and
service. (Reference ‘Pilot Records Improvement
Act' — FAA AC 120-68.)

57 502 |502 To ensure flight crews can identify possible |5 4 |5 |28
upset conditions, airlines and operators should
implement flight crew training programs that
demonstrate the operation of a normally
functioning automated flight system under
nonstandard flight conditions (e.g. out of trim
airplane or contaminated wing).

58 520 |520 To ensure flight crews have a comprehensive |5 4 (5 |28
knowledge of the automation system(s) functional
operation, Airlines and operators should ensure
that their training and standardization programs
emphasize these skKills.

59 527 |527 To ensure that alerting and warning logic 5 5 (4 |28
does not annunciate self-recovery functions or
alerts that do not require pilot action, the
manufacturer should design systems that
annunciate only when pilot action is required.

64
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60 545 |545 To provide the national airspace system with |5 4 (5 |28
accurate, real time in-flight weather conditions
(automatic or manual), a system should be
developed and implemented to effectively
transmit airborne weather related information to
air traffic facilities.

61 79 |79 Airlines and operators should implement a 6 4 |14 |27
reliable process to communicate information to
the flight crew that may affect flight or aircraft
operations.

62 305 |305 Regulators should require airlines / operators (4.8 4 |5 (2.7
to outfit aircraft with electronic checklists. If
unable to install electronic checklists, use
mechanical checklists or, at a minimum, develop
a process to reinforce challenge and response
checkilists.

63 407 |407 To minimize pilot reaction requirements 4.8 5 (4 |27
during transition from autocoupled to manual flight
during approach, regulators should require, and
manufacturers should design, automated flight
systems so that ALIGN mode need not be
engaged when a manual landing is planned.

64 433 1433 To preclude inadvertent entry into stall 4.8 5 14 |27
conditions during autopilot operation, regulators
should not permit and manufacturers should not
design automated flight systems that will allow the
autopilot to control the aircraft into a stalled
condition.

65 488 488 To facilitate recovery and attitude awareness, (4.8 4 |5 (2.7
manufacturers should include adequate
instrumentation to optimize performance during
recovery from unusual attitude.

66 522 |522 Since it is possible to enter a stall, regulators |4.8 4 |5 (2.7
should mandate the implementation of a ground
school and simulator training program to train
pilots to handle post stall recovery as part of
advanced maneuver training. (See 384.)

67 207 |207 Airlines and operators should develop 5 3 |6 |25
procedures to specify how transfer of control is
formally accomplished.

68 257 |257 To eliminate loopholes in crew rest 3.8 4 (6 |25
requirements and to ensure adequate crew rest,
regulators should clarify crew rest regulations.
(See 31, 130, 203, 315, 316.)

69 93 |93 Air Traffic service should provide real time 4.4 4 |5 (24
(most current) radio communication of critical
airport and weather information.
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70

121

121 Air Traffic service providers should implement
worldwide surveillance radar (e.g. ADS/B).

4.4

4

24

71

218

218 Airlines and operators should conduct
surveillance of contractor training programs for
adequacy of training. (See 110, 202.)

5.5

2.4

72

314

314 Airlines and operators should develop
simulator training scenarios that require flight
crews to learn multi-tasking abilities and
appropriate prioritization abilities in concert with
CRM skills. (See Red Flag LOFT scenarios.)

4.4

24

73

322

322 Airlines and operators should develop and
implement a ground school and simulator training
program to train pilots to handle unusual attitude
situations, e.g. American Airlines Advanced
Aircraft Maneuvering Program.

5.5

24

74

345

345 Ensure regulators have adequate funding,
training and processes to accomplish their
oversight responsibilities. (See 201.)

4.4

2.4

75

372

372 To ensure that in-service problems are
reliably assessed for their safety implications and
corrected, regulators, operators, and
manufacturers should develop and implement a
standard set of criteria for determining whether or
not a problem is safety-related and for timely
corrective action.

5.5

24

76

374

374 To provide terminal area position information
in environments without radar, ATS providers and
airplane manufacturers should implement terminal
area automatic dependent surveillance (ADS-B)
(Traffic Information Services (TIS)).

4.4

2.4

77

381

381 To provide improved pilot awareness of the
airplane's energy state, manufacturers should
develop and incorporate more effective energy
management monitoring and alerting systems.

5.5

2.4

78

391

391 Because of the interaction between systems,
manufacturers should develop alerting systems
that help pilots understand any common cause of
multiple failure messages

4.4

2.4

79

401

401 To ensure proper identification of engine
malfunctions and avoidance of possible loss of
control, airlines and operators should provide
enhanced and more realistic training for engine
malfunctions, engine responses to control signal
errors, and the appropriate aircrew actions.

4.4

2.4

66
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80 420 |420 In order to assure that airline operations 4.4 5 |4 |24
departments understand the operational
implications of dispatching with degraded
systems, manufacturers and operators should
develop a method for providing such information
to crews, for MEL and other dispatchable failure
conditions (including intermittent failures).

81 427 |427 To prevent inappropriate preoccupation with (4.8 3 |6 |24
trouble shooting following engine or other system
failure, airline operators should enhance training
and checking to prioritize safe control of the
aircraft.

82 456 |456 To help ensure appropriate decision making, (4.8 3 |6 |24
flight crews should be trained on the impact of
automation on CRM.

83 521 |521 To ensure airline / operator training programs |4.4 4 (5 |24
provide enhanced aircrew proficiency, regulators
should revise Part 121 (14 CFR part 121),
Appendix F to raise the minimum standards. (See
114)

84 531 |531 To minimize the occurrence of loss of control |5.5 4 (4 |24
during unstable approaches, manufacturers
should design and implement a system to detect
unstable approaches and provide an automatic
callout to go around.

85 20 |20 Airlines and operators should ensure that 55 3 |5 |23
command oversight training for captains is
provided during the upgrade process and in
recurrent training and first officer responsibility for
monitoring are reviewed during recurrent training.

86 54 |54 Airlines and operators should implement Flight (5.5 3 |5 |23
Operations Quality Assurance (FOQA) programs.

87 82 |82 Airlines and operators should clearly define, |5.5 3 |5 |23
train and check the specific PF, PNF, and FE
duties.

88 111 |111 Airlines and operators should ensure that 55 3 |5 |23
their training and standardization programs
emphasize basic airmanship skills and knowledge
during initial and recurrent training.

89 115 |115 Airlines and operators should ensure that 55 3 |5 |23
their training and standardization programs

emphasize the dangers of rushed approaches.
(See 13, 157.)

90 116 |116 Airlines and operators should ensure that 55 3 |5 |23
their training and standardization programs
emphasize the dangers of high rate of descent
and unstable approaches. (See 142.)
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91

149

149 Manufacturers should install a HUD as
standard equipment. (See 85.)

5.5

3

2.3

92

328

328 Airlines and operators should ensure that
flight crews are trained to think in terms of "I will
go-around unless" rather than "I will land unless."
Regulatory policy should support this approach.
(See 142, 311.)

5.5

2.3

93

329

329 Airlines and operators should incorporate in
initial and recurrent training ways to recognize
multiple cues that will require go-around. These
include CFIT training aid 2.1.9, FSF definition of
stabilized approach, risk assessment tool, and
wind shear training aid.

5.5

2.3

94

383

383 To ensure adequate time margin between
stall warning and actual stall, manufacturers and
regulators should develop and implement stall
warning systems that account for various entry
rates and conditions to stall.

5.5

2.3

95

438

438 To reduce the probability of accidents,
operators should adopt operational risk
management techniques for nonstandard flight
operations and flights requiring intensive training
scenarios.

5.5

2.3

96

464

464 To ensure proper identification of flight critical
issues, manufacturers, operators and regulators
must develop consistent criteria to properly
identify and disseminate (in a timely manner,
including manual revisions) flight safety critical
information.

5.5

2.3

97

45

45 Manufacturers should ensure that all
impending equipment failures or inappropriate
settings that may affect the safe operation of the
flight are properly annunciated to the flight crew
by use of dual-source sensing. (See 103, 138.)

2.2

98

153

153 Ensure that flight crews are adequately
trained in a level D simulator for dynamic
characteristics before assignment to the line. (See
312)

5

2.2

99

202

202 Airlines and operators should develop a
guality assurance program to ensure compliance
with regulations. (See 145, 146, 201.)

2.2

100

245

245 To recover aircraft in unusual attitude,
manufacturers should develop systems to return
aircraft to normal attitude with one pilot button
push (pilot initiated auto-recovery systems).

2.2

68
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101 |382 |382 To provide improved pilot awareness of 5 4 |4 (22
airspeed, manufacturers should provide flight
instruments with more effective airspeed trend
indications and alerting.

102 |405 |405 To enhance stability in the approach and 5 4 |4 (22
landing phase, airline operators should train pilots
to properly control the aircraft in the transition
from autocoupled or automated landing
approaches to manual control.

103 (417 |417 Because failures which result in yaw or roll |4 5 |4 |22
upsets can be particularly difficult for crews to
interpret and successfully handle, manufacturers
and operators should give such failures increased
scrutiny and higher priority for reporting.

104 [450 (450 To ensure the aircraft can be safely flown by |5 4 14 |22
pilots with normal skill levels, regulatory
authorities should require that handling quality
tests and demonstrations intended to show
compliance with applicable regulations include
representative line pilots as test subjects.

105 (528 |528 To provide optimal training (including 5 4 |14 |22
propulsion system malfunctions) and to minimize
negative training, regulators, aircraft and
simulator manufacturers and operators should
ensure that training devices replicate realistic
failure scenarios, aircraft performance and
appropriate response. (See 358.)

106 |13 |13 Air Traffic service providers should enhance |5 3 |5 |21
ATC training to emphasize the dangers of rushed
approaches and performance characteristics of jet
transports. (See 115, 157)

107 |23 |23 Airlines and operators should ensure that 5 3 |5 |21
regularly scheduled recurrent training (e.g. LOFT)
emphasizes crew cooperation and working
together to maximize safe operations. (See 308,
314.)

108 (24 |24 Airlines and operators should implement 5 3 |5 |21
procedures to ensure appropriate crew pairing.
(Reference FSF corporate crew scheduling and
fatigue evaluation.)

109 |25 |25 Airlines and operators should establish a CRM |5 3 |5 |21
training program and regulators should require
and ensure that the initial training is provided prior
to line flying and require recurrent CRM training.
(See 131, 132, 349.)

110 |57 |57 Airlines and operators, regulators, and 5 3 |5 |21
manufacturers should implement a program
designed for sharing of safety related information
within the aviation community.
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111

107

107 Airlines and operators should ensure that
their CRM training and standardization program
emphasizes the importance of the team concept.

5

3

2.1

112

112

112 Airlines and operators and regulators should
ensure that the frequency and effectiveness of
proficiency checks for simulated instrument
failures (partial panel) are adequate.

5

2.1

113

124

124 Air Traffic service providers should implement
a Quality Assurance program to ensure
adherence to established procedures.

5

2.1

114

129

129 Regulators should establish criteria to ensure
operators overall quality assurance and
compliance procedures are effective rather than
reliance on spot checks of individual components.

5

2.1

115

159

159 Manufacturers should incorporate an "input
rudder” indicator or automatic yaw compensation
to ensure that adequate yaw control is provided.

5

2.1

116

227

227 Airlines and operators should ensure that
their training and standardization program
emphasizes the benefits of inter-crew / company
communications. (See 131.)

5

2.1

117

308

308 Airlines and operators should ensure their
formal CRM training is culturally appropriate and
emphasizes the following management skills:
decision making, workload management, crew
coordination, planning, communication, situational
awareness and advocacy. (IAW AC120-51b.)
(See 133)

5

2.1

118

325

325 Airlines and operators should emphasize
during initial and recurrent training the importance
of maintaining systems status awareness during
abnormal events and hazardous approaches
(goal to avoid tunnel vision and narrowed
attention).

5

2.1

119

347

347 Parent airlines / operators should adopt a
program to ensure the same level of safety in
regional partners including, but not limited, to
recruitment, training, operations, and
maintenance.

5

2.1

120

409

409 To enhance stability during the approach and
landing phase, airline operators should develop
and implement policies and procedures that
address mixed mode flight

(e. g., autothrottles in manual flight) with specific
emphasis on pitch / thrust coupling and aircraft
control problems.

4.8

2.1

70
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121 |411 |411 To reduce accidents during the landing 5 3 |5 |21
phase, airline operators should establish criteria
and procedures and train flight crews to recognize
conditions that might require a rejected landing.

122 (442 |442 To avoid delay in the recognition of engine |3 5 [5 |21
malfunction or failure, manufacturers should
develop and implement a direct aural and visual
flight deck indication of engine malfunction or
failure. (Minor transients need not be
annunciated.)

123 |467 |467 To reduce unstabilized approaches, air traffic |5 3 |5 |21
quality assurance programs should regularly
evaluate Air Traffic Control System Command
Center / Traffic Management Unit (ATCSCC /
TMU's) to ensure traffic management programs
and initiatives include all traffic elements (i.e.
tower enroute clearance / enroute traffic), are
implemented properly, effectively utilized and
personnel are adequately trained.

124 |474 |474 Since indications of sideslip may not be 5 3 |5 |21
prominent and can be masked by roll effects,
manufacturers should develop improved sideslip
indications and alerting (e.g. similar to pitch limit
indications for pitch / angle of attack).

125 1484 |484 To ensure adequate FO proficiency, airlines / (4.8 4 |4 (21
operators should incorporate the operating
practice of alternating PF and PNF duties
(alternating legs and landings).

126 |542 |542 To preclude over-reliance on automation, 5 3 |5 |21
airlines / operators and regulators should create
and clarify a definition of “appropriate levels of
automation,” to include the need to validate
against other information sources and ensure that
the resulting definition is published and included
in all appropriate flight crew publications, manuals
and training programs.

127 |548 |548 In order to provide flight crews with engine |5 3 |5 |21
out training on takeoff without visual outside
reference, regulators should require, and
operators should conduct, takeoff engine out
training and evaluation during the portion of the
takeoff after rotation through initial climb.

128 (553 |553 Since performance calculations can have 5 3 |5 |21
significant safety implications, regulatory
authorities should ensure that pilot training and
procedures adequately address their meaning
and use.
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129

48

48 Airlines and operators and regulators should
strictly enforce flight and duty time limitations.

4

3

130

94

94 Implement real time (digital) transmission of
airport and weather information to the aircraft.

2.9

131

131

131 Airlines and operators should ensure that
their training and standardization program
emphasizes the importance of the team concept,
cross cultural issues, evaluation of options and
the obligation of the FO to effectively
communicate any concerns (CRM). (See 237.)

4.8

132

373

373 To ensure that manufacturers and regulators
are aware of recurrent problems (type and
frequency), manufacturers, regulators, and
operators should implement a reliable process for
gathering and reporting safety-related problems.

4.4

133

415

415 To provide improved aircraft status
awareness, airlines / operators should enhance
training to identify aircraft configuration and the
repercussions of the aircraft's energy state.

4.8

134

437

437 To enhance the safety of functional
evaluation flights (FEF), regulators should
establish standards for critical aircraft handling
maneuvers.

4.4

135

439

439 To ensure proper designation of pilots
conducting nonstandard flight operations (e.g.,
Functional Evaluation Flights), regulation and/or
guidance should be revised to clearly indicate
pilot experience, pairing, and training levels
required.

4.4

136

163

163 Airlines and operators should ensure that
their training and standardization programs
address common perceptions that could lead to
unsafe practices.

3.8

19

137

30

30 Airlines and operators should adopt the
"delegated" approach to standard operating
procedures (e.g. monitored approach
procedures).

4

18

138

64

64 Airlines and operators should ensure that their
training and standardization programs direct the
flight crews to regularly cross check all
instrumentation.

5.5

18

139

151

151 Regulators should establish policies that
require additional monitoring of flight
crewmembers that have repeatedly failed check
rides. (See 152, 335, 337.)

4.4

18

72
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140 |223 |223 Regulators should ensure POI’s are properly (4.4 3 |5 |18
qualified and trained to approve appropriate
company operational procedures.

141 |368 |368 To enable pilots to develop situation 4.4 3 |5 |18
awareness with respect to aircraft performance
capability, regulators should require and
manufacturers should provide angle of attack
display.

142 (414 |414 To reduce negative transfer effects during 55 3 |4 |18
pilot transition to new aircraft, airline operators
should determine the potential for negative
transfer of inappropriate pilot actions and
techniques on flight critical systems and over train
to prevent their occurrence.

143 |473 |473 Due to increasing dependence on automation|4.4 3 |5 |18
and the complexity of potential partial system
failures, airlines / operators should modify training
programs to emphasize the use of multiple data
sources to confirm that the airplane and systems
are performing as expected and in accordance
with the operational mode.

144 1491 |491 To ensure adequate flight crew competency, (4.4 3 |5 |18
airlines / operators should establish more
effective pilot screening and Capt. upgrade
criteria to identify candidates with demonstrable
flying skill deficiencies. (See 335)

145 |519 (519 To ensure pilot proficiency in basic 4.4 3 |5 |18
airmanship skills and knowledge, regulators
should require training and standardization
programs that emphasize these subjects during
initial and recurrent training. (See 111).

146 |538 |538 Airline / operators should train flight crews in (4.4 3 |5 |18
team decision-making skills, including the ability
to rapidly turn data into information and test
conclusions. (See 314.)

147 [543 |543 In order to provide pilots with sufficient 4.4 5 3 |18
airplane performance margins to reduce exposure
to potential upsets, regulators should require
airplane operation in a cruise flight envelope with
at least 1.3g margin to buffet onset.

148 |26 |26 Airlines and operators should ensure that CRM|5 3 (4 |17
training is provided prior to line flying.

149 |113 (113 Airlines and operators should ensure that 4 3 |5 |17
their training and standardization programs
emphasize the importance of adequate preflight
planning.
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150

243

243 To prevent alerting overload, flight deck
designs should consider smart alerting systems
such as those with prioritization schemes or
cancelable nuisance alerts.

5

4

1.7

151

370

370 To foster transfer of safety-related
information, airplane and component
manufacturers should participate in safety data
sharing programs, (e.g. current Manufacturers'
safety data sharing meetings).

1.7

152

393

393 To ensure system status awareness, airlines
/ operators should ensure that their training and
standardization programs direct the flight crews to
use all available tools to determine airplane
system status. (See 47.)

5

1.7

153

402

402 To prevent a more serious event,
manufacturers should revise product failure
analyses if service history reveals unexpected
consequences or failure modes.

1.7

154

440

440 To ensure all aircraft meet currently accepted
minimum performance standards, regulators
should require warning systems that meet
airworthiness standards.

3

1.7

155

447

447 In order to maintain adequate safety margins
during flight training, operators should establish
and regulatory agencies should require standards
for conducting flight training which preclude
overloading the trainee.

5

1.7

156

454

454 Because latent and combination failures have
been missed in failure analyses, manufacturers
and regulators should conduct more intensive
verification of all safety analyses associated with
systems whose failures, singly or in combination
with other system failures, can result in accidents.

5

1.7

157

470

470 Since current airline training emphasizes
recovery from approach to stall, airlines and
operators should emphasize to air crews the
importance of proper analysis and response to
incipient stall conditions (for example timely
reduction in angle of attack).

5

1.7

158

475

475 Since simulators cannot adequately replicate
the motion cues associated with sideslip, the
industry should develop improved methods for
safely training pilots to recognize and respond to
in-flight sideslip events. (See 358, 386.)

5

1.7

74
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159 |513 |[513 To preclude undesired flight control 5 4 (3 (1.7
displacement manufacturers should design flight
controls so that the airplane does not experience
uncommanded, adverse flight control deflections
that are beyond the control of the flight crew.
(Throughout the flight envelope, including
aerodynamic stall.)

160 |529 |529 To avoid negative training, airline operators |5 3 (4 |17
should ensure that their training curriculum
correlates with the AOM and other relevant
manuals.

161 |537 |537 To ensure proper intra-cockpit 3 4 |5 |17
communications, operators must ensure that the
language used in the cockpit is compatible,
understandable, and consistent among all flight
deck crewmembers.

162 |540 (540 To ensure completeness, avoid erroneous 5 3 |14 (1.7
procedures, and prevent misinterpretation,
manufacturers and operators should ensure and
regulatory agencies should check that the
guidance and procedures in AOM's are complete,
clear and correct.

163 |14 |14 Install aural warning devices on aircraft to alert (2.9 4 |5 |16
flight crew of arrival at MDA/DH.

164 |211 (211 Airlines and operators should retrofit 2.9 4 |5 |16
equipment to provide automatic altitude call outs
on final approach.

165 |246 (246 To reduce pilot overload, airlines’ and 3.8 3 |5 |16
operators’ policies should stress using the
appropriate level of automation.

166 |468 (468 To ensure the highest quality of air traffic 2.9 4 |5 |16
services, regulators should establish policies that
require additional oversight and training of air
traffic controllers that repeatedly commit
operational errors.

167 |480 |480 To improve operational oversight, regulators [2.9 4 |5 |16
should institute processes for periodic review of
POI's to ensure that appropriate oversight is

being conducted for the POI's assigned operators.

168 |481 (481 Because POI's may be responsible for 2.9 4 |5 |16
oversight of remote training activities, regulators
should ensure that POI's have sufficient
Certificate Holding District Office resources,
including staff, to conduct appropriate oversight
for the POI's assigned operators.
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169

536

536 To prevent reoccurrence of accidents and
incidents, regulators, manufacturers, and
operators should expedite development and
application of an effective risk management
continuing airworthiness assessment based upon
prior incidents and disseminate the results. (See
372,373)

3.8

3

1.6

170

539

539 To ensure procedural compliance,
manufacturers should design and incorporate
'smart’ checklists that detect failures and provide
the proper flight crew actions. (See 444.)

2.9

16

171

562

562 Airlines and operators should develop
processes to identify and thoroughly review
(seeking "no technical objection” from
manufacturer, when appropriate) informal pilot
techniques to ensure that they have no
unacceptable unintended conseguences.

3.8

1.6

172

564

564 To reduce the need for pilots to work around
the automation, manufacturers should ensure that
systems designs and safety analyses consider
the full range of operations.

3.8

1.6

173

350

350 Airlines and operators shall ensure that
adequate approach briefings are conducted that
include descriptions of normal approach,
abnormal conditions and the results of the risk
assessment analysis. (See 300.)

4.4

15

174

371

371 To eliminate the potential safety
consequences of system failures,
manufacturers/operators should develop a
reliable process for identifying, prioritizing, and
resolving the safety consequences of system and
component malfunctions throughout the
operational envelope.

4.4

15

175

387

387 To ensure that airplane systems function as
designed, airlines and operators should develop
processes to ensure adherence to manufacturer's
recommended maintenance procedures.

4.4

15

176

421

421 Since intermittent failures can persist for
unspecified periods of time without correction,
operators should develop specific policies,
procedures and guidance defining when
degraded systems or systems with intermittent
problems should be disabled, invoking the
appropriate MEL requirements.

4.4

15

177

469

469 To ensure clear understanding of flight crew
tasking airlines and operators should develop
criteria specifying when transfer of control is
necessary or appropriate. (See 207.)

4.4

15

76
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178 |487 |487 To minimize the occurrence of loss of control (4.4 3 |4 |15
events, airline operators' training programs should
emphasize pattern recognition and skill-based
procedures to better handle time-critical
situations, rather than relying on knowledge-
based analysis.

179 |507 |[507 To ensure that flight crews have all 4.4 4 |13 |15
necessary weather information prior to flight,
airlines and operators should immediately review
their system of weather information dissemination
to ensure that all significant weather information is
provided for their route of flight.

180 |565 |565 Manufacturers should incorporate an "input |5.5 2 |5 |15
rudder" indicator to ensure that adequate yaw
control is provided.

181 |573 |573 To preclude late descent clearances, Air 4.4 3 |4 |15
Traffic Service should ensure that standard
terminal arrival procedures are in place to
transition from enroute altitudes to the instrument
approach procedure.

182 |17 |17 Airlines and operators should ensure that their |5 2 |5 |14
training and standardization programs emphasize
the importance of all flight-related briefings. (See
342.)

183 |237 |237 Airlines and operators should provide 5 2 |5 |14
guidance to crew concerning evaluation of all
options prior to decision making as part of CRM
training. (See 25, 26, 131, 132, 133, 308.)

184 |300 (300 Airlines and operators should adopt, 5 2 |5 |14
implement and train a risk assessment tool to
enhance flight crew awareness of hazards
associated with all approaches and airports. (See
risk analysis tactical checklist)

185 (316 |316 Regulators should require airlines and 3.4 3 |5 |14
operators to train flight crews to recognize and
counteract acute and chronic fatigue. (See 31,
130, 203, 257,315.)

186 [489 (489 In order to improve oversight of airlines, 3.4 3 |5 |14
regulators should ensure their organizations
(Flight Standards in the U.S.) are staffed to

provide adequate inspector coverage for all

airlines, (including small airlines).

187 130 |[130 Regulators should account for realistic rest 3.8 2 |6 |13
scenarios when developing and implementing
crew rest requirements during travel segments.
(See 31, 203, 257, 315, 316.)

188 |228 |228 Regulators should require airlines and 5 3 3 |13
operators to modify their training to maximize
benefits of inter-crew / company communications.
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189 |251

251 To preserve the original intended level of
airworthiness, there should be a better definition
and classification of subsequent in-service major
and minor critical component changes. The
definition of critical component should be more
specific.

4

13

190 (369

369 To provide adequate stall warning, regulators
should require and manufacturers should
develop, stall warning systems for new and
derivative aircraft that provide accurate
information throughout the certificated flight
regime.

3.8

1.3

191 |403

403 To ensure clear communication, airline
operators should train flight crews to emphasize if
action is required when giving status reports.

13

192 (479

479 To improve operational oversight, regulators
should establish selection criteria and appropriate
training programs (e.qg. training with carriers) to
ensure that POI’s responsible for air carrier
oversight have appropriate knowledge and
experience to perform those functions.

3

13

193 (526

526 To increase the number of available pilots,
airlines should implement, and regulators should
allow, a performance-based selection system that
expands the eligible pilot pool beyond the current
arbitrary limits (e.g., age 60 rule, minimum flight
time) with an appropriate medical and
psychological evaluation.

3.8

1.3

194 |559

559 To reduce the likelihood of hard landings,
airlines and operators should develop training
syllabi with improved coverage of landings,
including identification of and recovery from
unstabilized flares, high sink rates, and bounced
landings.

4.8

13

195 (21

21 Establish or enhance quality assurance checks
and training to ensure that timely and accurate
communication between controllers and flight
crews is occurring.

2.9

12

196 (42

42 Airlines, operators, and air traffic service
providers should implement a monitoring program
to ensure the consistent use of the ICAO
phraseology.

2.9

1.2

197 |96

96 Airlines and operators should ensure that their
training and standardization programs emphasize
the importance of adequate approach preparation
and contingency review prior to commencing an
approach.

4.4

12

78
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Rank IS# Intervention Strategy Power C A OE

198 |106 |[106 Air Traffic service providers should train and (2.9 3 |5 |1.2
monitor ATC adherence to established
communications procedures including hear back
problems. (See 240.)

199 |134 (134 Airlines, operators, and regulators should 4.8 3 3 |1.2
ensure check list designs, prioritize critical items
as recommended by NASA study, and arrange
items in a manner that enhances checklist
implementation.

200 |342 |[342 Airlines and operators should establish an 4.4 2 |5 |1.2
SOP to ensure that flight crews should not begin
their approach until adequate briefing is
completed for the expected runway. (See 17.)

201 492 |492 In order to ensure pilot medical fithess for 29 3 |5 |1.2
duty, airlines, operators, and regulators should
establish a structured process for return to flight
status after sick leave that includes medical
clearance.

202 (495 |495 To improve aircraft failure tolerance, 2.9 3 |5 |1.2
manufacturers and regulators should conduct
failure analyses for design and certification that
reflect realistic levels of flight crew reliability.

203 (518 |518 To ensure an adequate supply of qualified 2.7 4 |4 (12
pilots, the aviation community should promote
initiatives that screen youth for potential aviator
qualifications, skills, and aptitude. The industry
should identify and develop career paths for
suitable candidates and mentor their career
growth as successful aviators.

204 (36 |36 Airlines and operators should establish and 2.7 3 |5 |11
implement the use of electronic checklists or other
aids to ensure completion of all checklist items.

205 |141 |141 Airlines and operators and regulators should |3.4 2 6 |11
require training and standardization programs
include training regarding physiological effects on
aircrew performance, (e.g. low blood sugar,
fatigue, etc.).

206 |143 |143 Airlines and operators should, and regulatory |3.8 2 |5 |11
agencies must, encourage a culture that
enhances safety in their daily operations. (Safety
Culture.) (See 22, 63, 348.)

207 (203 |203 Airlines and operators should provide crews |3.4 2 6 |11
with in-flight rest periods and adequate facilities.
(See 31, 130, 315.)

208 (242 |242 To prevent excessive fatigue, airlines and 3.4 2 6 |11
operators should consider circadian rhythm in
crew scheduling to compensate for the effects of
rhythm interruptions.
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209

348

348 Airlines and operators should utilize a self-
audit process (such as FSF ICARUS
recommendation), operational risk management
programs and accident cost analysis to
proactively identify and mitigate safety concerns.
(See 318.)

3.8

2

11

210

349

349 Airlines and operators should ensure training
for instructors and check airmen include objective
criteria to be used in evaluating crew CRM
performance. (See 25,131.)

3.8

11

211

375

375 To improve controller situation awareness, air
traffic service providers should ensure that their
training and standardization programs direct that
controllers use all available tools to establish
aircraft position. (See 75.)

4

11

212

418

418 Because not all operators understand the
significance of failures which may result in yaw
and roll upsets, manufacturers should provide
airlines with more information regarding the
airplane control implications of such failures.

34

11

213

432

432 To facilitate recovery from flight upsets,
airlines and operators should clearly define, train
and check the specific PF and PNF upset
recovery duties.

2.7

11

214

436

436 To ensure adequate stall warning, regulators
should mandate improved accuracy and integrity
in the stall warning system (including aircraft
currently in service).

3.8

11

215

452

452 Since handling qualities and performance
margins may be significantly different during high
altitude cruise, airlines and operators should
ensure that pilots receive adequate training and
experience in manual flying in this flight regime.

4.4

11

216

493

493 To reduce the risk of pilots' non-readiness for
flying, airlines and operators should train pilots to
perform self-audit medical and psychological
assessments prior to flight duty.

2.7

11

217

523

523 To ensure that airline operation training
departments accomplish their training
responsibilities, they must be adequately funded.

11

218

534

534 Airlines and operators should implement
procedures that call for an immediate recovery
maneuver following a warning that indicates an
imminent departure from normal flight envelope
(e.g. stall warning, over-speed, etc.). (See 161.)

3.4

11

80




APPENDIX D: INTERVENTIONS RANKED BY OVERALL EFFECTIVENESS (OE)

Rank IS# Intervention Strategy Power C A OE

219 |49 49 Regulators should establish criteria for, and 2.9 3 14 [1
manufacturers should evaluate and improve, the
reliability and failure tolerance of flight systems
(includes hardware, software and human
performance). (See 332.)

220 (224 |224 Airlines and operators should ensure that all |4.4 2 |4 |1
airline operations include compliance with
all/seasonal guidance from the OEM.

221 |378 |[378 To preclude continued flight into an unsafe  |4.4 2 |41
aircraft energy state, airlines and operators
should establish procedures for flight crews to
establish a safe, stabilized flight condition when
situational uncertainty exists and then advise ATC
of intentions.

222 |390 |390 Because some partial system failures may |4 3 |13 |1
not be reliably observed, manufacturers should
develop warning systems that alert the pilot to
those partial or total failures of flight critical
systems and flight instruments.

223 |451 |451 To allow adequate training in manual flight, |4.4 4 2 |1
manufacturers should develop models to allow
flight simulators to accurately represent the
aircraft's stability and control characteristics for all
regions of the flight envelope likely to be
encountered during normal operations (i.e.
operation within the AFM-approved flight
envelope with no failures affecting aerodynamic
performance).

224 |482 |482 To prevent inaction when the PF is confused |4.4 2 |4 1
or unresponsive to an in-flight hazard, airlines and
operators should develop training and clear and
explicit procedures to define when and how the
PNF (especially the FO) will take control of the
airplane.

225 (505 |505 To ensure that safety related incident 4.4 4 (2 |1
information is shared between validating and
certificating authorities, regulators should develop
a system to review the terms of and compliance
to bilateral airworthiness agreements.

226 (506 |506 To ensure that the airworthiness authorities |4.4 4 2 |1
know and understand the importance of
complying with the international agreements,
ICAO should distribute annual notices to the
authorities emphasizing the importance of mutual
distribution of continued airworthiness
information.
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227

560

560 Since geographic organization of inspection
responsibilities can affect the quality and
timeliness of inspections conducted by supporting
organizations at remote locations, regulators
should ensure that these remote inspectors are
more accountable to the requesting certificate
holding office. (CHDO/CMO.)

24

3

228

296

296 To mitigate confusion regarding ATC
clearances, operators should develop procedures
to ensure flight crews query ATC whenever
uncertainty exists.

0.9

229

310

310 Regulators should not allow noise abatement
procedures that reduce the level of safety that
existed prior to their implementation.

34

0.9

230

434

434 To enhance the safety of operations,
regulatory agencies should develop adequate
oversight to encourage the use of commonly
accepted safe operating practices. (See 201.)

34

0.9

231

476

476 Since repair processes can significantly affect
the airworthiness of components, regulators
should require manufacturer concurrence on all
maintenance and repair procedures affecting
critical aircraft structures, components, or
performance.

2.7

0.9

232

524

524 Regulators should establish flight crew
phraseology guidelines, and airlines and
operators should train and monitor flight crew
compliance with communication phraseology
guidelines. (See 88, 240.)

1.7

0.9

233

541

541 To reduce the risk of loss of control during
flight with a propulsion system malfunction in
turboprop aircratft, if the engine failure procedure
is not completed, airline operators should review
the consequences of the malfunctioning
propulsion system being placed in flight idle.

3.4

0.9

234

558

558 Since current ATC procedures can result in
nonstandard use of automated flight systems (e.g.
"slam dunk approaches"), air traffic service
providers and airplane manufacturers should
develop and implement automated tools so that
ATC clearances are integrated with and take into
account the performance of airplanes using
automated flight systems (e.g. CTAS/FMS
program). (See 557.)

1.7

0.9
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235 (569 |569 Since hard landings are identified primarily 1.3 5 |5 |09
based on pilot subjective judgment and to ensure
that individual airplanes are inspected when
necessary, manufacturers should develop and
regulatory authorities should require the
implementation of objective means to identify the
occurrence of a hard landing within an
appropriate period of time.

236 (28 |28 Implement a system to automatically transmit |2.4 3 |4 |08
ATC instructions and information between the
ground controller and the aircraft.

237 |123 |123 Airlines and operators should implement a 2.7 2 |5 |08
true no-fault go around policy (learning vs.
blame).

238 |133 |133 Airlines and operators training of captains 2.4 3 |4 |08
and chief pilots should include management
practices that promote team building and effective
human relations (leadership training beyond
current CRM programs). (See 308.)

239 (367 |367 To provide necessary information to pilots, |2.4 3 |4 |08
regulators should require and manufacturers
should develop, flight control position indicating
and alerting systems which will provide warnings
for critical aircraft flight control malfunctions (e.g.
actual flight control position disagreement with
commanded position).

240 (376 |376 To improve aircrew awareness of other 2.9 2 |5 |08
traffic, manufacturers should install TCAS in alll
new aircraft, airlines and operators should retrofit
TCAS into the existing fleet and international
regulators should require the installation and use
of TCAS. (See 35.)

241 (396 |396 To ensure a standard level of safety at all 34 2 |4 |08
airports, airport operators should adopt airport
operations procedures that are no less stringent
than ICAO recommendations.

242 1422 |422 To ensure constant visibility of known 2.9 5 (2 |08
intermittent failures, operators should develop
procedures for continued reporting of and
maintenance actions to address unresolved
intermittent failures.

243 |549 |549 To prevent a blurring of flight crew 3.8 2 |4 |08
responsibilities when two captains are paired to
fly a trip sequence, one of the pilots should be
designated as the pilot-in-command for the
duration of the trip pairing.
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244

563

563 Manufacturers should provide airlines and
operators with training material designed to
explain to pilots how and why systems work the
way they do.

2.9

2

0.8

245

567

567 To minimize potential negative safety
implications of procedural changes, airlines and
operators should develop processes to review all
proposed operating procedures in order to
uncover and evaluate potential unintended
consequences.

2.9

0.8

246

22

22 Airlines and operators should encourage a
culture that emphasizes safe arrivals over timely
arrivals. (See 63, 143.)

0.7

247

100

100 Airlines and operators should ensure that
their training and standardization programs
emphasize the importance of adhering to
MDA/DH.

24

0.7

248

136

136 Airlines and operators should ensure that
their training and standardization programs
emphasize the importance of the sterile cockpit
environment.

2.7

0.7

249

363

363 To enhance aircraft controllability in severe or
greater turbulence conditions, regulators and
manufacturers should develop and implement
certification criteria that consider effects of
turbulence, including automated flight capability
and disconnect parameters.

24

0.7

250

389

389 To assist flight crews in responding to system
malfunctions, manufacturers should develop and
airlines and operators should incorporate readily
accessible flight crew procedures for partial or
total failure of flight critical systems.

4.4

0.7

251

477

477 To improve maintenance quality, regulators
should require that airlines and operators institute
processes for oversight of maintenance facilities
that maintain safety-critical parts, components, or
systems (e.g. Coordinating Agency for Supplier
Evaluation (CASE) might be one type of program
that could provide an acceptable method of
compliance).

1.6

0.7

252

478

478 To improve maintenance quality, regulators
should increase oversight of maintenance
facilities that maintain safety-critical parts,
components, or systems.

1.7

0.7

253

547

547 In order to ensure that the certification
process is based solely on safety and compliance
with the regulations, certification should include
an independent audit process to guard against
the influence of nontechnical considerations.

4.4

0.7

84
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254 [556 |556 To reduce pilot overload, airlines and 1.7 3 |5 0.7
operators should develop standard operating
procedures to help standardize the use of the
appropriate level of automation for the operation
and the airplane design. (See 246, 530.)

255 (557 |557 Since current ATC procedures can resultin  |1.7 3 |5 |07
nonstandard use of automated flight systems (e.g.
"slam dunk approaches"), air traffic service
providers should harmonize ATC procedures so
that they take into account the flight
characteristics of modern airplanes and
automated flight system capability.

256 (570 |570 To ensure appropriate crew experience 1.7 3 |5 |07
levels, regulatory authorities should require
procedures to ensure appropriate crew pairing.
(Ref. FSF Corporate Crew Scheduling and
Fatigue Evaluation.) (See 24.)

257 |555 |555 Because it is important that training reflect 1.7 3 |5 |07
the realities of line operations, airline training
departments should review and modify, in
consultation with line pilots, training curricula to
reflect realistic line operations scenarios and
conditions.

258 (95 |95 Airlines and operators should establish 34 2 |3 |06
procedures for flight crews to review and cross
check instructions, clearances, etc. to ensure
consistency with expected procedures or
practices.

259 |105 |[105 Airlines and operators should train flight 34 2 |3 |06
crews on how flight delays upon departure or
enroute (weather, maintenance, ATC, etc.) can
affect their subsequent decision-making relative
to the safe conduct of the flight.

260 |162 |162 Airline / operators should include in their 2 2 |5 |06
training programs the awareness of potential
safety risks due to the complacency when
operating at a very familiar airport (e.g. home
base).

261 |240 |240 To reduce the possibility of error, confusion |2 2 |5 |06
and workload increase related to ATC clearances,
regulators should require and operators ensure
that flight crews utilize proper phraseology and
read backs. (See 88.)

262 |241 |241 To eliminate hear back errors, ATC should 2 2 |5 |06
reexamine and implement improvements to
address hear back problems. (See 240.)
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263

o574

574 To ensure accurate and safe flight release,
airlines / operators should ensure that dispatchers
are aware of and take into account aircraft and
flight crew qualifications.

1.7

4

0.6

264

19

19 Airlines and operators should implement a
procedure to climb to a minimum safe altitude
when position uncertainty exists by at least one
crewmember. Flight crew must advise ATC of
intentions.

24

0.5

265

78

78 Airlines, operators and regulators should
improve the availability, clarity, and prioritization
of NOTAM information.

2.7

0.5

266

88

88 Airlines and operators should train and monitor
flight crew compliance with established
communication phraseology guidelines.

1.6

0.5

267

122

122 Air Traffic service providers should implement
transmission of ATC instructions and information
(between the ground and aircraft) via a computer
link as opposed to voice communications.

1.7

0.5

268

135

135 Airlines and operators and regulators should
ensure checklist design and implementation of
procedures to promote effective crew coordination
and distribution of PF and PNF tasks. (See 82.)

3

0.5

269

297

297 To prevent CFIT, operators should develop
procedures to ensure that flight crews do not
descend when confusion exists concerning
aircraft position.

24

0.5

270

394

394 Because of increasing interactions between
systems, manufacturers and training
organizations should develop new approaches for
instructing pilots in the interrelationships between
systems.

3.4

0.5

271

429

429 To reduce the risk of flight with a structurally
damaged airplane, airline operators should
institute procedures for a diversion to the closest
suitable airport following an upset event that
exceeds defined parameters.

2.7

0.5

272

435

435 To ensure that stall warning systems are
properly functioning, manufacturers should
establish appropriate inspection and calibration
procedures.

2.9

0.5

273

544

544 To ensure that flight controls are available
during critical flight phases or conditions,
manufacturers should design system overrides
that are available to the flight crew to regain
manual control.

1.7

0.5

274

46

46 Airlines and operators should implement
procedures to increase flight crew awareness of
recent aircraft maintenance actions.

24

0.4
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275 |52 |52 Airlines and operators should ensure that their |1.6 2 |4 |04
training and standardization programs establish
flight crew proficiency in the use of the FMS
system.

276 |410 |410 To enhance safety in the airport environment, (1.6 2 |5 |04
regulators and airport operators should develop
guidelines for minimizing the effects of
environmental factors on wind fields in the
approach and landing areas of the runways and
work with local authorities for implementation.

277 |441 |441 To avoid confusion, regulators/operators 1.7 4 (2 |04
should develop a consistent standard for stall
speed calculation.

278 |554 |554 Because it is important that training reflect 1.6 2 |5 |04
the realities of line operations, airline training
departments should include instructors who
regularly fly in line operations.

279 |[571 |571 To ensure the aircraft can be safely flown by |2 2 |4 |04
pilots with normal skill levels, regulatory
authorities should require that tests and
demonstrations intended to show compliance with
applicable regulations include representative line
pilots performing representative line-type
operations.

280 (388 |388 Airlines and operators should encourage a |2 1 |5 |03
culture that emphasizes safe operations over on-
time performance. (See 22.)

281 (503 |503 To alert the flight crew of flight control trim 3 4 (1 |03
changes, manufacturers should provide an
appropriate level of aural annunciation.

282 |[517 |517 To ensure an acceptable skill level of pilots  |1.5 2 |4 |03
entering the aviation profession, the aviation
community should encourage the development of
and enrollment in aviation career training
programs.

283 |12 |12 Air traffic service providers should emphasize (1.6 1 |5 |02
in ATC training the controllers' potential in
assisting the flight crew in improving their
situation awareness. (See 377.)

284 [137 |137 Manufacturers should ensure cockpit design |2 2 (2 ]0.2
that does not interfere with or distract the flight
crew from executing their duties (e.g. rain in the
cockpit, location of switches in cockpits).

285 (575 |575 To provide the flight crew with a more 2 2 (2 0.2
positive indication of autopilot engagement or
disengagement, the manufacturer should develop
and provide an active and positive annunciation of
autopilot engage status which appears after flight
crew initiation of a go-around.
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286

404

404 To enhance crew performance in the
approach and landing phase, airline operators
should train pilots to understand the limitations of
computed wind displays.

1.3

2

0.1

287

10

10 Air traffic service providers should train air
traffic controllers to use all available tools to
establish aircraft position (e.g. don't fixate on just
DME).

288

108

108 Air traffic service providers should implement
and/or review procedures to ensure ATC training
does not create a hazard to flight operations.

0

289

514

514 Combined with 525

290

465

465 To reduce flight crew workload in
downloading voice ATIS information, regulators,
through consensus with the aviation community,
should reexamine and limit the content of ATIS
broadcasts.

291

466

466 To further improve the quality of weather
information provided to the flight crews, the
regulators should implement recommendations
from the weather product working group of the
1999 FAA In-flight Icing Operations Conference.
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Appendix E: Research & Development Interventions

IS#

Intervention Strategy Power

Priority

204

204 Research should be conducted to better understand the
underlying reasons and causes for procedural R&D
noncompliance.

3

208

208 Research should be conducted to understand and
counteract the phenomenon of flight crew overload (e.g. why R&D
do flight crews ignore GPWS warnings).

244

244 To prevent plan continuation errors (e.g. press-on-itis),
research should be conducted to determine the effectiveness R&D
of directive information systems for go-around situations.

356

356 Research should be done to develop an effective tactical
decision-making model for flight crews in time critical R&D
situations.

359

359 To improve effectiveness of upset recovery training,
research should identify the most effective methodology for R&D
upset training.

362

362 To enable further development of safe aircraft separation
and operational requirements, research should be conducted
to describe the dynamics and location of wake turbulence
and environmentally generated turbulence.

R&D

379

379 Since people are often unaware of their own confusion,
research should be conducted to develop a set of cues to
help flight crews and controllers identify when they have lost
situation awareness.

R&D

385

385 Because flight crews sometimes disregard flight deck
warnings which require immediate action, research should be R&D
conducted to understand this phenomena and develop
appropriate solutions.

386

386 To support advanced maneuver training, manufacturers
should develop simulator models that facilitate post stall R&D
recovery training. (See 358.)

392

392 In order to support pilot takeoff decision-making,
research should be conducted to determine the effectiveness
of altering systems to identify situations, which warrant a
rejected takeoff.

R&D

406

406 In order to minimize automated flight to manual transition
effects, research should be conducted to determine the
feasibility and desirability of automated flight and flight control R&D
systems designs that eliminate the need for large flight
control input at disengagement from ALIGN mode.

419

419 Because manufacturers must make certain assumptions
regarding which failures will be detected and handled by the
pilot with "normal piloting skills," research should be R&D
conducted to determine if these assumed skills and
knowledge are valid in realistic airline operations.
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425

425 To enhance crew awareness of automation modes,
research should be conducted to develop intelligent systems
that will alert the flight crew to inconsistencies between the R&D
selected automated flight modes, aircraft performance and
current system status.

426

426 Research should be undertaken to determine how to
keep crews alert in low-stimulation environments (e.g., R&D
highly-automated flight decks, long-haul flights).

428

428 Research should be done to develop ways to prevent
inappropriate preoccupation with trouble shooting following
engine or other system failure to the exclusion of the major
task of flying the airplane.

R&D

430

430 Research should be conducted to determine the optimal
way to provide flight crews with aircraft status recognition R&D
during critical situations.

443

443 To ensure the best technique for engine malfunction and
failure annunciation, and to minimize nuisance alerts,
research should be conducted to determine when, and how,
to annunciate engine malfunctions and failures.

R&D

448

448 To preclude trainee overload, research should be
conducted to understand the optimum workload level for R&D
effective flight training.

455

455 Because latent and combination failures may be missed
in failure analyses, manufacturers and regulators should
conduct research into improved methods for conducting
safety analyses, to ensure reliable identification of failures
which, singly or in combination with other system failures,
can result in accidents.

R&D

459

459 For a full understanding of aircraft performance and
handling qualities in icing conditions, research should be
conducted to define the effects of all ice accretions, with R&D
particular emphasis on the roll effect due to ice contaminated
wings (intercycle or residual).

461

461 To reduce the adverse effects of ice accretion
roughness, the regulators and NASA should conduct R&D
research leading to improved ice protection technologies.

471

471 Since many factors can make the identification of
impending loss of control difficult, research should be
directed toward the development of systems that advise the R&D
flight crew that the aircraft is departing from a flight path
consistent with the flight control inputs.

496

496 To enable failure analysis which is based upon realistic
levels of flight crew reliability, researchers should develop R&D
and validate models of human error.
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499

499 To make flight crews aware of the possibility of airframe
ice accretion, research should be conducted to develop
reliable means of aircraft surface ice detection, as well as
ground and aircraft based means of detection of
meteorological icing conditions.

R&D

509

509 To reduce the risk of encountering hazardous weather
conditions (e.g. sld, thunderstorms, etc.) research must be
conducted to develop methods for accurate prediction and
identification of these conditions.

R&D

510

510 To better understand the effects of sld icing research
should be conducted on ice protection system design and
operation in this weather phenomena.

R&D

550

550 Since handling qualities evaluations are subjective and
subject to nontechnical influences, the regulatory authorities,
manufacturers, research organizations, and operators should
work together to develop improved, quantitative, objective
metrics and acceptance criteria to ensure safe handling
gualities.

R&D

552

552 To add structure to piloting skill levels, research should
be conducted to determine the efficacy and impact of a multi-
level pilot licensing and qualification structure (e.g. analogous
to apprentice, journeyman, master).

R&D

572

572 Research should be conducted to improve
understanding of how and why pilots misprioritize or become
fixated upon concerns and tasks, and to develop strategies to
counteract this effect.

R&D
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Appendix F: Non-Rated Interventions

The following interventions were not rated because they were superceded or combined with
other interventions; would not have prevented the accident in question; are future
investments that would provide knowledge/technologies to help prevent accidents.

IS# Intervention Strategy Power

27 |27 Airlines and operators should implement maintenance procedures NR
to ensure proper functioning of the CVR at all times. (Note: this
intervention was recorded as a potential intervention of future
accidents, it would not have prevented the subject accidents.) (See

576.)
120 |120 Airlines and operators should ensure procedures do not increase NR
pilot workload during critical phases of flight.
303 |303 Regulators should implement the NTSB recommendations to NR
increase DFDR parameters (not rated). (See 576.)
360 |360 To improve the effectiveness of accident investigations, regulators NR

should immediately implement the NTSB recommendations to
increase the quantity and quality of survivable data recorded in both
existing and future aircraft. (See 576.)

377 |377 Because pilots may be reluctant to ask for clarification of NR
clearances when uncertain, ATS providers should develop policies and
training that encourages pilot queries when they (crew) are unsure of
clearances. (See 12.)

444 444 To ensure procedural compliance, research should be conducted NR
to develop 'smart' checklists which detect failures and provide the
proper flight crew actions. (See 539.)

449 |449 In order to ensure adequate handling qualities in manual flight, in NR
all regions of the flight envelope, regulators should review current
certification requirements pertaining to aircraft stability to determine if
additional rulemaking or advisory material development is warranted,
especially to account for airplanes with new technologies affecting
handling qualities (e.g. "relaxed static stability"). [2-47]

453 |453 To help prevent future accidents, airlines and operators should NR
implement maintenance procedures to ensure proper functioning of
the DFDR at all times. (Note: this intervention was recorded as a
potential intervention of future accidents, it would not have prevented
the subject accidents.) (See 576.)

458 |458 To enhance the safety of all aircraft, regulators should ensure that NR
appropriate revised icing certification criteria apply to 14 CFR part 23,
27 and 29 certificated aircraft in addition to 14 CFR part 25 aircraft.
(Breakout for GA.)

551 |551. In order to develop “best business practices” throughout the NR
continuum of certification, major design changes, and operating history
of aircraft types, industry and Government should conduct a joint,
proactive, lessons-learned, review of the MD-11/MD-10 certification
process and operating history.
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Intervention Strategy

Power

568

568 Since the definition and reporting criteria for hard landings are
poorly defined and there have been several landings that have
resulted in MD-11 wing structural failures, regulatory authorities should
require inspection of all MD-11s to ensure that unreported hard
landings have not resulted in structural damage.

NR

576

576 To improve the effectiveness of accident investigations and, in so
doing, help prevent future accidents, regulators should immediately
implement NTSB recommendations to increase the quantity and
quality of survivable data recorded in both existing and future aircratft,
and manufacturers should improve the reliability of the recording
equipment (DFDR, CVR). (Combined from 27, 303, 360, 453, 462.)

NR
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Appendix G: Interventions Sorted By Number (IS#)

Rank

IS#

Intervention Strategy

Power C

A

OE

21

7 Airlines/operators should ensure that their
training/standardization programs emphasize
review of approach and missed approach
procedures. (See 329)

6 4

3.3

287

10

10 Air traffic service providers should train air
traffic controllers to use all available tools to
establish aircraft position (example: don't fixate on
just DME).

283

12

12 Air traffic service providers should emphasize
in ATC training the controllers' potential in
assisting the flight crew in improving their
situation awareness. (See 377)

1.6 1

0.2

106

13

13 Air Traffic service providers should enhance
ATC training to emphasize the dangers of rushed
approaches and performance characteristics of jet
transports. (See 115, 157)

5 3

2.1

163

14

14 Install aural warning devices on aircraft to alert
flight crew of arrival at MDA/DH.

2.9 4

16

27

15

15 Airlines/operators should ensure that their
training/standardization programs instruct when to
disengage automated systems and fly manually.
(See 246)

5.5 4

3.1

22

16

16 To prevent mode confusion, manufacturers
should ensure that automated systems provide
the flight crew with sufficient information
(automation feedback).

5 4

3.3

182

17

17 Airlines/operators should ensure that their
training/standardization programs emphasize the
importance of all flight-related briefings. (See
342)

5 2

14

264

19

19 Airlines/operators should implement a
procedure to climb to a minimum safe altitude
when position uncertainty exists by at least one
crewmember. Flight crew must advise ATC of
intentions.

24 2

0.5

85

20

20 Airlines/operators should ensure that
command oversight training for captains is
provided during the upgrade process and in
recurrent training and first officer responsibility for
monitoring are reviewed during recurrent training.

55 3

2.3

195

21

21 Establish/enhance quality assurance
checks/training to ensure that timely and accurate
communication between controllers and flight
crews is occurring.

2.9 3

12
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Rank IS#

Intervention Strategy

Power C

OE

246

22

22 Airlines/operators should encourage a culture
that emphasizes safe arrivals over timely arrivals.
(See 63, 143)

3

2

0.7

107

23

23 Airlines/operators should ensure that regularly
scheduled recurrent training (e.g. LOFT)
emphasizes crew cooperation and working
together to maximize safe operations. (See 308,
314)

5

2.1

108

24

24 Airlines/operators should implement
procedures to ensure appropriate crew pairing.
(reference FSF corporate crew scheduling and
fatigue evaluation.)

2.1

109

25

25 Airlines/operators should establish a CRM
training program and regulators should require
and ensure that the initial training is provided prior
to line flying and require recurrent CRM training.
(See 131, 132, 349)

2.1

148

26

26 Airlines/operators should ensure that CRM
training is provided prior to line flying.

5

1.7

27

27 Airlines/operators should implement
maintenance procedures to ensure proper
functioning of the CVR at all times. (Note: this
intervention was recorded as a potential
intervention of future accidents, it would not have
prevented the subject accidents.) (See 576)

NR

236

28

28 Implement a system to automatically transmit
ATC instructions/information between the ground
controller and the aircraft.

24

0.8

137

30

30 Airlines/operators should adopt the "delegated”
approach to standard operating procedures. (e.qg.
monitored approach procedures)

4

1.8

204

36

36 Airlines/operators should establish and
implement the use of electronic checklists or other
aids to ensure completion of all checklist items.

2.7

11

196

42

42 Airlines/operators and air traffic service
providers should implement a monitoring program
to ensure the consistent use of the ICAO
phraseology.

2.9

12

97

45

45 Manufacturers should ensure that all
impending equipment failures or inappropriate
settings that may affect the safe operation of the
flight are properly annunciated to the flight crew
by use of dual source sensing. (See 103, 138)

2.2

274

46

46 Airlines/operators should implement
procedures to increase flight crew awareness of
recent aircraft maintenance actions.

24

0.4
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Rank

IS#

Intervention Strategy

Power C

OE

129

48

48 Airlines/operators and regulators should strictly
enforce flight/duty time limitations.

4

3

219

49

49 Regulators should establish criteria for, and
manufacturers should evaluate and improve, the
reliability and failure tolerance of flight systems
(includes hardware, software and human
performance). (See 332)

2.9

3

275

52

52 Airlines/operators should ensure that their
training/standardization programs establish flight
crew proficiency in the use of the FMS system.

1.6

0.4

86

54

54 Airlines/operators should implement Flight
Operations Quality Assurance (FOQA) programs.

5.5

2.3

14

56

56 Airlines/operators should implement Flight
Operations Quality Assurance (FOQA) programs
to identify systemic procedural deviations and
unsafe trends. (See 54, 55)

5.5

3.7

110

57

57 Airlines/operators, regulators, and
manufacturers should implement a program
designed for sharing of safety related information
within the aviation community.

2.1

138

64

64 Airlines/operators should ensure that their
training/standardization programs direct the flight
crews to regularly cross check all instrumentation.

5.5

1.8

265

78

78 Airlines/operators and regulators should
improve the availability, clarity, and prioritization
of NOTAM information.

2.7

0.5

61

79

79 Airlines/operators should implement a reliable
process to communicate information to the flight
crew that may affect flight or aircraft operations.

6

2.7

23

80

80 Airlines/operators should verify, and regulators
should check, that operators who create their own
AOM's include all operational procedures
prescribed by original equipment manufacturers'
Airplane Flight Manual (AFM).

6

3.3

87

82

82 Airlines/operators should clearly define, train
and check the specific PF/PNF/FE duties.

5.5

2.3

266

88

88 Airlines/operators should train and monitor
flight crew compliance with established
communication phraseology guidelines.

1.6

0.5

69

93

93 Air Traffic service should provide real time
(most current) radio communication of critical
airport and weather information.

4.4

2.4

130

94

94 Implement real time (digital) transmission of
airport and weather information to the aircraft.

2.9

258

95

95 Airlines/operators should establish procedures
for flight crews to review/cross check instructions,
clearances, etc. to ensure consistency with
expected procedures or practices.

34

0.6

96




APPENDIX G INTERVENTIONS SORTED BY NUMBER (IS#)

Rank

IS#

Intervention Strategy

Power C

OE

197

96

96 Airlines/operators should ensure that their
training/standardization programs emphasize the
importance of adequate approach preparation
and contingency review prior to commencing an
approach.

4.4

2

12

28

98

98 Airlines/operators and regulatory agencies
should review procedures to ensure that design
changes (service bulletins) to flight critical
systems are incorporated in a timely manner.

5.5

3.1

99

99 Airlines/operators should ensure that clear,
concise, accurate, appropriate standard operating
procedures are published and enforced. (See
110)

6

247

100

100 Airlines/operators should ensure that their
training/standardization programs emphasize the
importance of adhering to MDA/DH.

24

0.7

259

105

105 Airlines/operators should train flight crews on
how flight delays upon departure or enroute
(weather, maintenance, ATC, etc.) can affect their
subsequent decision-making relative to the safe
conduct of the flight.

3.4

0.6

198

106

106 Air Traffic service providers should train and
monitor ATC adherence to established
communications procedures including hear back
problems. (See 240)

2.9

1.2

111

107

107 Airlines/operators should ensure that their
CRM training/standardization program
emphasizes the importance of the team concept.

5

2.1

288

108

108 Air traffic service providers should implement
and/or review procedures to ensure ATC training
does not create a hazard to flight operations.

0

15

110

110 Airlines/operators and regulators should
ensure that their training/standardization and
monitoring programs emphasize the importance
of adherence to standard operating procedures
and identify the rationale behind those
procedures. (See 99)

5.5

3.7

88

111

111 Airlines/operators should ensure that their
training/standardization programs emphasize

basic airmanship skills and knowledge during

initial and recurrent training.

55

2.3

112

112

112 Airlines/operators and regulators should
ensure that the frequency and effectiveness of
proficiency checks for simulated instrument
failures (partial panel) are adequate.

5

2.1

149

113

113 Airlines/operators should ensure that their
training/standardization programs emphasize the
importance of adequate preflight planning.

4

1.7
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Rank

IS#

Intervention Strategy

Power C

OE

45

114

114 Airlines/operators should ensure that their
training/standardization programs provide
sufficient training to ensure aircrew proficiency.

5.5

3

2.8

89

115

115 Airlines/operators should ensure that their
training/standardization programs emphasize the
dangers of rushed approaches. (See 13, 157)

5.5

2.3

90

116

116 Airlines/operators should ensure that their
training/standardization programs emphasize the
dangers of high rate of descent and unstable
approaches. (See 142)

5.5

2.3

120

120 Airlines/operators should ensure procedures
do not increase pilot workload during critical
phases of flight.

NR

70

121

121 Air Traffic service providers should
implement worldwide surveillance radar (example:
ADS/B).

4.4

2.4

267

122

122 Air Traffic service providers should
implement transmission of ATC
instructions/information (between the ground and
aircraft) via a computer link as opposed to voice
communications.

1.7

0.5

237

123

123 Airlines/operators should implement a true
no-fault go around policy (learning vs. blame).

2.7

0.8

113

124

124 Air Traffic service providers should implement
a Quality Assurance Program to ensure
adherence to established procedures.

5

2.1

46

128

128 Airlines/operators and regulators should
implement a no-blame safety reporting and data
sharing system with appropriate protections from
litigation and prosecution concerns.

5

2.8

114

129

129 Regulators should establish criteria to ensure
operators overall quality assurance and
compliance procedures are effective rather than
reliance on spot checks of individual components.

5

2.1

187

130

130 Regulators should account for realistic rest
scenarios when developing and implementing
crew rest requirements during travel segments.
(See 31, 203, 257, 315, 316)

3.8

1.3

131

131

131 Airlines/operators should ensure that their
training/standardization program emphasizes the
importance of the team concept, cross cultural
issues, evaluation of options and the obligation of
the FO to effectively communicate any concerns
(CRM). (See 237)

4.8
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Rank

IS#

Intervention Strategy

Power C

OE

238

133

133 Airlines/operators' training of captains and
chief pilots should include management practices
that promote team building and effective human
relations (leadership training beyond current CRM
programs). (See 308)

24

3

0.8

199

134

134 Airlines/operators and regulators should
ensure check list designs, prioritize critical items
as recommended by NASA study, and arrange
items in a manner that enhances checklist
implementation.

4.8

1.2

268

135

135 Airlines/operators and regulators should
ensure checklist design and implementation of
procedures to promote effective crew coordination
and distribution of PF and PNF tasks. (See 82)

3

0.5

248

136

136 Airlines/operators should ensure that their
training/standardization programs emphasize the
importance of the sterile cockpit environment.

2.7

0.7

284

137

137 Manufacturers should ensure cockpit design
that does not interfere with or distract the flight
crew from executing their duties (e.g. rain in the
cockpit, location of switches in cockpits).

2

0.2

205

141

141 Airlines/operators and regulators should
require training/standardization programs that
include training regarding physiological effects on
aircrew performance, (e.g. low blood sugar,
fatigue).

34

11

29

142

142 Airlines/operators should establish policies,
parameters, and training to recognize unstabilized
approaches and other factors and implement a
go-around gate system. (See FSF - "defined
gates" p. 193) (See 116, 123)

5.5

3.1

206

143

143 Airlines/operators should, and regulatory
agencies must, encourage a culture that
enhances safety in their daily operations. (Safety
Culture) (See 22, 63, 348)

3.8

11

47

147

147 Airlines/operators should require
training/standardization programs that teach
situation awareness. (The knowledge and
understanding of the relevant elements of the pilot
surroundings, including aircraft systems, and the
pilots' intentions)

5.5

2.8

91

149

149 Manufacturers should install a HUD as
standard equipment. (See 85)

5.5

2.3

139

151

151 Regulators should establish policies that
require additional monitoring of flight
crewmembers that have repeatedly failed check
rides. (See 152, 335, 337)

4.4

1.8
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Rank

IS#

Intervention Strategy

Power C

OE

24

152

152 Airlines/operators and regulators should raise
standards (e.g. crew pairing, approach minimums,
etc.) for flight crewmembers that meet minimum
qualifications but have demonstrated limited
proficiency and/or competency. (See 151, 335,
337)

4.8

5

3.3

98

153

153 Airlines/operators should ensure that flight
crews are adequately trained in a level D
simulator for dynamic characteristics before
assignment to the line. (See 312)

5

2.2

154

154 Airlines/operators should improve/increase
training to increase awareness of icing effects on
airplane type, including dynamic simulator
training.

5.5

3.1

30

157

157 Airlines/operators, regulators, air traffic
service providers should establish policies or
programs to address rushed approaches,
including elimination of rushed approaches,
recognition and rejection of rushed approaches
and training for those encountered.

5.5

3.1

115

159

159 Manufacturers should incorporate an "input
rudder" indicator or automatic yaw compensation
to ensure that adequate yaw control is provided.

5

2.1

260

162

162 Airline/operators should include in their
training programs an awareness of potential
safety risks due to crew complacency resulting
from operating at a very familiar airport (e.g.
home base).

2

0.6

136

163

163 Airlines/operators should ensure that their
training/standardization programs address
common perceptions that could lead to unsafe
practices.

3.8

1.9

48

165

165 Airlines/operators should provide training
scenarios that match realistic situations (i.e. stall
recoveries during approach, in landing
configuration at flight idle with the autopilot on (in
simulator).

2.8

49

201

201 Regulators should develop adequate
oversight as appropriate to ensure compliance
with regulations. (See 145, 146, 202, 345)

2.8

99

202

202 Airlines/operators should develop a quality
assurance program to ensure compliance with
regulations. (See 145, 146, 201)

4

2.2

207

203

203 Airlines/operators should provide crews with
in-flight rest periods and adequate facilities. (See
31, 130, 315)

34

11

204

204 Research should be conducted to better
understand the underlying reasons/causes for
procedural noncompliance.

R&D
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Rank

IS#

Intervention Strategy

Power C

OE

67

207

207 Airlines/operators should develop procedures
to specify how transfer of control is formally
accomplished.

5

3

2.5

208

208 Research should be conducted to understand
and counteract the phenomenon of flight crew
overload. (e.g. why do flight crews ignore GPWS
warnings)

R&D

164

211

211 Airlines/operators should retrofit equipment to
provide automatic altitude call outs on final
approach.

2.9

1.6

31

214

214 Regulators should enforce timely
incorporation of appropriate manufacturers'
recommendations. (See 98, 201)

5.5

3.1

71

218

218 Airlines/operators should conduct
surveillance of contractor training programs for
adequacy of training. (See 110, 202)

5.5

2.4

140

223

223 Regulators should ensure POI’s are properly
qualified and trained to approve appropriate
company operational procedures.

4.4

18

220

224

224 Airlines/operators should ensure that all
airline operations include compliance with
all/seasonal guidance from the OEM.

4.4

32

225

225 Airlines/operators and regulators should
ensure necessary manuals (operational &
maintenance) are complete, accurate, available
and appropriately used.

5.5

3.1

116

227

227 Airlines/operators should ensure that their
training/standardization programs emphasize the
benefits of inter-crew/company communications.
(See 131)

5

2.1

188

228

228 Regulators should require airlines/operators
to modify their training to maximize benefits of
inter-crew/company communications.

5

1.3

183

237

237 Airlines/operators should provide guidance to
crew concerning evaluation of all options prior to
decision making as part of CRM training. (See
25, 26, 131, 132, 133, 308)

5

14

261

240

240 To reduce the possibility of error, confusion
and workload increase related to ATC clearances,
regulators should require and operators ensure,
that flight crews utilize proper phraseology and
read backs. (See 88)

2

0.6

262

241

241 To eliminate hear back errors, ATC should
reexamine and implement improvements to
address hear back problems. (See 240)

2

0.6
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Rank

IS#

Intervention Strategy

Power C

OE

208

242

242 To prevent excessive fatigue,
airlines/operators should consider circadian
rhythm in crew scheduling to compensate for the
effects of rhythm interruptions.

3.4

2

11

150

243

243 To prevent alerting overload, flight deck
designs should consider smart alerting systems
such as those with prioritization schemes or
cancelable nuisance alerts.

5

1.7

244

244 To prevent plan continuation errors (e.g.
press-on-itis), research should be conducted to
determine the effectiveness of directive
information systems for go-around situations.

R&D

100

245

245 To recover aircraft in unusual attitude,
manufacturers should develop systems to return
aircraft to normal attitude with one pilot button
push (pilot initiated auto-recovery systems).

2.2

165

246

246 To reduce pilot overload, airlines/operators
policies should stress using the appropriate level
of automation.

3.8

1.6

189

251

251 To preserve the original intended level of
airworthiness, there should be a better definition
and classification of subsequent in-service major
and minor critical component changes. The
definition of critical component should be more
specific.

4

1.3

50

253

253 To prevent loss of control, there should be
redundancy and failure tolerance features for all
flight critical components, such as dual path
design, fail operational redundant systems, with
fault annunciation.

5

2.8

68

257

257 To eliminate loopholes in crew rest
requirements and to ensure adequate crew rest,
regulators should clarify crew rest regulations.
(See 31, 130, 203, 315, 316)

3.8

2.5

228

296

296 To mitigate confusion regarding ATC
clearances, operators should develop procedures
to ensure flight crews query ATC whenever
uncertainty exists.

0.9

269

297

297 To prevent CFIT, operators should develop
procedures to ensure that flight crews do not
descend when confusion exists concerning
aircraft position.

24

0.5

184

300

300 Airlines/operators should adopt, implement
and train a risk assessment tool to enhance flight
crew awareness of hazards associated with all
approaches and airports (see risk analysis tactical
checklist).

5

14
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Rank

IS#

Intervention Strategy

Power C A

OE

303

303 Regulators should implement the NTSB
recommendations to increase DFDR parameters
(not rated). (See 576)

NR

62

305

305 Regulators should require airlines/operators
to outfit aircraft with electronic checklists. If
unable to install electronic checklists, mechanical
checklists should be used. At a minimum, a
process to reinforce challenge and response
checklists should be developed.

4.8 4 |5

2.7

117

308

308 Airlines/operators should ensure their formal
CRM training is culturally appropriate and
emphasizes the following management sKills:
decision making, workload management, crew
coordination, planning, communication, situational
awareness and advocacy. (IAW AC120-51b).
(See 133)

5 3 |5

2.1

229

310

310 Regulators should not allow the use of noise
abatement procedures that reduce the level of
safety that existed prior to their implementation.

3.4 2 |5

0.9

72

314

314 Airlines/operators should develop simulator
training scenarios that require flight crews to learn
multi-tasking abilities and appropriate prioritization
abilities in concert with CRM skills (see Red Flag
LOFT scenarios).

4.4 4 |5

2.4

185

316

316 Regulators should require airline/operators to
train flight crews to recognize and counteract
acute and chronic fatigue. (See 31, 130, 203,
257,315)

34 3 |5

14

73

322

322 Airlines/operators should develop and
implement a ground school and simulator training
program to train pilots to handle unusual attitude
situations, e.g. American Airlines Advanced
Aircraft Maneuvering Program.

5.5 4 |4

2.4

118

325

325 Airline/operators should emphasize during
initial and recurrent training the importance of
maintaining systems status awareness during
non-normal events and hazardous approaches
(goal to avoid tunnel vision/narrowed attention).

5 3 |5

2.1

92

328

328 Airlines/operators should ensure that flight
crews are trained to think in terms of "I will go-
around unless" rather than "I will land unless."”
Regulatory policy should support this approach.
(See 142, 311)

5.5 3 |5

2.3

93

329

329 Airlines/operators should incorporate in initial
and recurrent training ways to recognize multiple
cues that will require go-around. These include
CFIT training aid 2.1.9, FSF definition of stabilized
approach, risk assessment tool, and wind shear
training aid.

5.5 3 |5

2.3
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IS#

Intervention Strategy

Power C

OE

51

331

331 Airline operators and manufacturers will train
crews to understand capabilities and limitations of
system, conditions which would cause the system
to function improperly and how to detect failure to
deploy/activate and recommend contingency
actions.

5.5

3

2.8

200

342

342 Airlines/operators should establish an SOP to
ensure that flight crews do not begin their
approach until adequate briefing is completed for
the expected runway. (See 17)

4.4

1.2

74

345

345 Regulators should ensure that they have
adequate funding, training and processes to
accomplish their oversight responsibilities. (See
201)

4.4

24

119

347

347 Parent airlines/operators should adopt a
program to ensure the same level of safety in
regional partners including, but not limited, to
recruitment, training, operations and
maintenance.

2.1

209

348

348 Airlines/operators should utilize a self-audit
process (such as FSF ICARUS recommendation),
operational risk management programs and
accident cost analysis to proactively identify and
mitigate safety concerns. (See 318)

3.8

11

210

349

349 Airlines/operators should ensure training for
instructors and check airmen includes objective
criteria to be used in evaluating crew CRM
performance. (See 25,131)

3.8

11

173

350

350 Airlines/operators shall ensure that adequate
approach briefings that include descriptions of
normal approach, non-normal conditions and the
results of the risk assessment analysis are
conducted. (See 300)

4.4

15

356

356 Research should be conducted to develop an
effective tactical decision-making model for flight
crews in time-critical situations.

R&D

357

357 To ensure crews have the adequate skills to
recover from extreme attitude upsets, regulators
should require, and operators should immediately
implement, initial and recurrent upset recovery
training.

6

52

358

358 To provide optimal upset recovery training
and to minimize negative training, regulators,
aircraft and simulator manufacturers and
operators should ensure that training devices
replicate aircraft performance and response
necessary for effective training. (See 386, 475)

5

2.8
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IS#

Intervention Strategy

Power C A OE

359

359 To improve effectiveness of upset recovery
training, research should identify the most
effective methodology for upset training.

R&D

360

360 To improve the effectiveness of accident
investigations, regulators should immediately
implement the NTSB recommendations to
increase the quantity and quality of survivable
data recorded in both existing and future aircratt.
(See 576)

NR

361

361 To enhance the ability to analyze, identify
and take corrective actions for preventing
accidents, regulators and operators should create
a collection and analysis process that utilizes all
existing and future aircraft data collection systems
(such as DFDR, FOQA, ASAP and other non-
volatile memory systems).

5.5

3.8

362

362 To enable further development of safe aircraft
separation and operational requirements,
research should be conducted to describe the
dynamics and location of wake turbulence and
environmentally generated turbulence.

R&D

249

363

363 To enhance aircraft controllability in severe or
greater turbulence conditions, regulators and
manufacturers should develop and implement
certification criteria that consider effects of
turbulence, including automated flight capability
and disconnect parameters.

24

0.7

17

364

364 To protect aircraft against loss of control,
regulators should develop as soon as possible,
certification criteria, throughout the entire flight
envelope, for crossover speeds and maximum
rudder side slips. (see 431)

5

3.5

53

365

365 To ensure pilot capability to maintain or
regain control, regulators should require and
operators should implement, training programs
that address crossover speed effects.

2.8

366

366 To protect aircraft against flight control
malfunctions, manufacturers must design and
regulators must certificate, derivative aircraft and
components to current applicable certification
requirements, i.e. single point failures,
redundancy, and probability of failure.

4.2

239

367

367 To provide necessary information to pilots,
regulators should require and manufacturers
should develop, flight control position indicating
and alerting systems which will provide warnings
for critical aircraft flight control malfunctions, e.g.,
actual flight control position disagreement with
commanded position.

24

0.8
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141

368

368 To enable pilots to develop situation
awareness with respect to aircraft performance
capability, regulators should require and
manufacturers should provide angle of attack
display.

4.4

3

18

190

369

369 To provide adequate stall warning, regulators
should require and manufacturers should
develop, stall warning systems for new/derivative
aircraft that provide accurate information
throughout the certificated flight regime.

3.8

1.3

151

370

370 To foster transfer of safety-related
information, airplane and component
manufacturers should participate in safety data
sharing programs, (e.g. current Manufacturers'
safety data sharing meetings).

1.7

174

371

371 To eliminate the potential safety
consequences of system failures,
manufacturers/operators should develop a
reliable process for identifying, prioritizing, and
resolving the safety consequences of system and
component malfunctions throughout the
operational envelope.

4.4

15

75

372

372 To ensure that in-service problems are
reliably assessed for their safety implications and
corrected, regulators, operators, and
manufacturers should develop and implement a
standard set of criteria for determining if a
problem is safety-related and for provide for
timely corrective action.

5.5

2.4

132

373

373 To ensure that manufacturers and regulators
are aware of recurrent problems (type and
frequency), manufacturers, regulators and
operators should implement a reliable process for
gathering and reporting safety-related problems.

4.4

76

374

374 To provide terminal area position information
in non-radar environments, ATS providers and
airplane manufacturers should implement terminal
area automatic dependent surveillance (ADS-B)
(Traffic Information Services (TIS))

4.4

24

211

375

375 To improve controller situation awareness, air
traffic service providers should ensure that their
training/standardization programs direct
controllers to use all available tools to establish
aircraft position. (See 75)

4

11
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240

376

376 To improve aircrew awareness of other
traffic, manufacturers should install TCAS in all
new aircraft, airlines/operators should retrofit
TCAS into the existing fleet and international
regulators should require the installation and use
of TCAS. (See 35)

2.9

2

5

0.8

377

377 Because pilots may be reluctant to ask for
clarification of clearances when uncertain, ATS
providers should develop policies and training that
encourages pilot queries when they (crew) are
unsure of clearances. (See 12)

NR

221

378

378 To preclude continued flight into an unsafe
aircraft energy state, airlines/operators should
establish procedures for flight crews to establish a
safe, stabilized flight condition when situational
uncertainty exists and THEN advise ATC of
intentions.

4.4

379

379 Since people are often unaware of their own
confusion, research should be conducted to
develop a set of cues to help flight crews and
controllers identify when they have lost situation
awareness.

R&D

33

380

380 To reduce the risk of inadvertent entry into
stall, manufacturers should develop and
implement stall protection features in all transport
category airplanes, (e.g. stick pusher, alpha
protection)

5.5

3.1

77

381

381 To provide improved pilot awareness of the
airplane's energy state, manufacturers should
develop and incorporate more effective energy
management monitoring and alerting systems.

5.5

2.4

101

382

382 To provide improved pilot awareness of
airspeed, manufacturers should provide flight
instruments with more effective airspeed trend
indications and alerting.

2.2

94

383

383 To ensure adequate time margin between
stall warning and actual stall, manufacturers and
regulators should develop and implement stall
warning systems that account for various entry
rates/conditions to stall.

5.5

2.3

25

384

384 Since it is possible to enter a stall,
airlines/operators should develop and implement
a ground school and simulator training program to
train pilots to handle post stall recovery as part of
advanced maneuver training.

3.3
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385 |385 Because flight crews sometimes disregard  |R&D
flight deck warnings which require immediate
action, research in understanding this phenomena
and developing appropriate solutions should be
conducted.

386 |386 To support advanced maneuver training, R&D
manufacturers should develop simulator models
that facilitate post stall recovery training (see
358).

175 |387 |387 To ensure that airplane systems functionas (4.4 3 |4 |15
designed, airlines/operators should develop
processes to ensure adherence to manufacturer's
recommended maintenance procedures.

280 |388 |388 Airlines/operators should encourage a 2 1 (5 (03
culture that emphasizes safe operations over on-
time performance (see 22)

250 (389 |389 To assist flight crews in responding to system|4.4 2 |3 |07
malfunctions, manufacturers should develop and
airlines/operators should incorporate readily
accessible flight crew procedures for partial or
total failure of flight critical systems.

222 (390 |390 Because some partial system failures may |4 3 3 1
not be reliably observed, manufacturers should
develop warning systems that alert the pilot to
those partial/total failures of flight critical systems
and flight instruments.

78 391 |391 Because of the interaction between systems,|4.4 4 |5 |24
manufacturers should develop alerting systems
that help pilots understand any common cause of
multiple failure messages

392 (392 In order to support pilot takeoff decision- R&D
making, research should be conducted to
determine the effectiveness of altering systems to
identify situations that warrant a rejected takeoff.

152 |393 |393 To ensure system status awareness, 5 3 |4 |17
airlines/operators should ensure that their
training/standardization programs direct the flight
crews to use all available tools to determine
airplane system status. (See 47)

270 (394 |394 Because of increasing interactions between |3.4 1 |5 |05
systems, manufacturers and training
organizations should develop new approaches for
instructing pilots in the interrelationships between
systems.
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34

395

395 To ensure that the display of conflicting air
data information does not confuse or mislead the
flight crew, the air data sensing and display
systems should be designed so that invalid
information is detected and clearly annunciated to
the flight crew and/or removed from display.

5.5

5

3.1

241

396

396 To ensure a standard level of safety at all
airports, airport operators should adopt airport
operations procedures that are no less stringent
than ICAO recommendations.

34

0.8

35

397

397 To provide accurate wind information to flight
crews, regulators should ensure that weather
information providers and Air Traffic services
employ systems and procedures which will
ensure accurate measurement of wind data and
dissemination of wind information for takeoff and
landing areas of the runways in use.

4.4

3.1

36

398

398 To provide real-time accurate wind
component information to flight crews, Air Traffic
services and manufacturers should implement
real time (automated) transmission/display of
such information in the most directly useable
format to the flight crew, during approach and
landing phase. (See 94)

5.5

3.1

37

400

400 In order to promote safe crosswind landings,
manufacturers will provide and airline operators
will implement aircraft crosswind landing
limitations, including considerations for flight
control effectiveness and gust conditions.

5.5

3.1

79

401

401 To ensure proper identification of engine
malfunctions and avoidance of possible loss of
control, airline/operators should provide enhanced
and more realistic training for engine
malfunctions, engine responses to control signal
errors and the appropriate aircrew actions.

4.4

2.4

153

402

402 To prevent a more serious event,
manufacturers should revise product failure
analyses if service history reveals unexpected
consequences or failure modes.

1.7

191

403

403 To ensure clear communication, airline
operators should train flight crews to emphasize if
action is required when giving status reports.

1.3

286

404

404 To enhance crew performance in the
approach and landing phase, airline operators
should train pilots to understand the limitations of
computed wind displays.

1.3

0.1
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102 |405 |405 To enhance stability in the approach and 5 4 |4 (22
landing phase, airline operators should train pilots
to properly control the aircraft in the transition
from autocoupled/autoland approaches to manual
control.

406 |406 In order to minimize automated flight to R&D
manual transition effects, research should be
conducted to determine the feasibility and
desirability of automated flight/flight control
systems designs that eliminate the need for large
flight control input at disengagement from ALIGN
mode.

63 407 |407 To minimize pilot reaction requirements 4.8 5 (4 |27
during transition from autocoupled to manual flight
during approach, regulators should require, and
manufacturers should design, automated flight
systems so that ALIGN mode need not be
engaged when a manual landing is planned.

38 408 |408 To minimize undesirable effects of transition |4.4 5 |5 |31
to manual flight from ALIGN mode, regulators
should require that minimum altitudes and
conditions be established for disengagement of
automated systems when a manual landing is
anticipated.

120 (409 |409 To enhance stability during the approach and (4.8 4 |4 |21
landing phase, airline operators should develop
and implement policies and procedures that
address mixed mode flight (e. g., autothrottles in
manual flight) with specific emphasis on
pitch/thrust coupling and aircraft control problems.

276 (410 |410 To enhance safety in the airport environment, |1.6 2 |5 |04
regulators and airport operators should develop
guidelines for minimizing the effects of
environmental factors on wind fields in the
approach and landing areas of the runways and
work with local authorities to ensure
implementation.

121 |411 (411 To reduce accidents during the landing 5 3 |5 |21
phase, airline operators should establish criteria
and procedures and train flight crews to recognize
conditions that might require a rejected landing.

39 412 |412 To avoid problems due to unexpected mode (5.5 4 |5 (31
changes, automated flight system logic should be
designed to be error tolerant or, at a minimum,
provide an alert when the desired mode is in
conflict with aircraft energy state.
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40

413

413 To prevent negative transfer effectsin flight-
critical systems, regulators should establish
requirements for standardization of flight deck
information/controls.

5.5

5

3.1

142

414

414 To reduce negative transfer effects during
pilot transition to new aircraft, airline operators
should determine the potential for negative
transfer of inappropriate pilot actions and
techniques on flight critical systems and over-train
to prevent their occurrence.

5.5

18

133

415

415 To provide improved aircraft status
awareness, airline/operators should enhance
training to identify aircraft configuration and the
repercussions of the aircraft's energy state.

4.8

54

416

416 To provide improved flight crew situation
awareness, manufacturers should provide a clear
indication that predicts the future aircraft energy
state and/or automated flight configuration if the
current course of action is continued. This is
analogous to EGPWS mode that analyzes the
airplane's descent rate vs. its terrain map, and
tells the crew that a conflict will occur if they
continue at that descent rate. For example, the
system would warn the crew that, if they continue
at the current roll rate, the plane will exceed the
envelope, or the autopilot will reach the limits of
its authority, etc.)

5.5

2.8

103

417

417 Because failures which result in yaw/roll
upsets can be particularly difficult for crews to
interpret and successfully handle, manufacturers
and operators should give such failures increased
scrutiny and higher priority for reporting.

4

2.2

212

418

418 Because not all operators understand the
significance of failures that may result in yaw/roll
upsets, manufacturers should provide airlines with
more information regarding the airplane control
implications of such failures.

3.4

11

419

419 Because manufacturers must make certain
assumptions regarding which failures will be
detected and handled by the pilot with "normal
piloting skills," research should be conducted to
determine if these assumed skills and knowledge
are valid in realistic airline operations.

R&D
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80

420

420 In order to assure that airline operations
departments understand the operational
implications of dispatching with degraded
systems, manufacturers and operators should
develop a method for providing such information
to crews, for MEL and other dispatchable failure
conditions (including intermittent failures).

4.4

5

176

421

421 Since intermittent failures can persist for
unspecified periods of time without correction,
operators should develop specific policies,
procedures and guidance defining when
degraded systems or systems with intermittent
problems should be disabled, invoking the
appropriate MEL requirements.

4.4

15

242

422

422 To ensure constant visibility of known
intermittent failures, operators should develop
procedures for continued reporting of and
maintenance actions to address unresolved
intermittent failures.

2.9

0.8

18

423

423 To ensure that recurrent, intermittent failures
are not allowed to persist, regulators should
revise MEL dispatch requirements so that certain
intermittent failures are considered to be full
failures, if warranted by safety implications of the
failures and frequency of occurrence.

3.5

41

424

424 To enhance crew awareness of automation
modes, manufacturers should ensure that mode
changes or disconnects, in the automated
systems are annunciated in a way that is obvious
to the flight crew.

5.5

3.1

425

425 To enhance crew awareness of automation
modes, research should be conducted to develop
intelligent systems that will alert the flight crew to
inconsistencies between the selected automated
flight modes, aircraft performance and current
system status.

R&D

426

426 Research should be undertaken to determine
how to keep crews alert in low-stimulation
environments (e.g., highly-automated flight decks,
long-haul flights)

R&D

81

427

427 To prevent inappropriate preoccupation with
trouble shooting following engine or other system
failure, airline operators should enhance training
and checking to prioritize safe control of the
aircratft.

4.8

24
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428

428 Research should be done to develop ways to
prevent inappropriate preoccupation with trouble
shooting following engine or other system failure
to the exclusion of the major task of flying the
airplane.

R&D

271

429

429 To reduce the risk of flight with a structurally
damaged airplane, airline operators should
institute procedures for a diversion to the closest
suitable airport following an upset event that
exceeds defined parameters.

2.7 2 |3

0.5

430

430 Research should be conducted to determine
the optimal way to provide flight crews with
aircraft status recognition during critical situations.

R&D

19

431

431 To assist flight crews in avoiding loss of
control on existing aircraft, regulators and
manufacturers should evaluate the effects of
crossover speeds and maximum rudder side slip
throughout the entire flight envelope and
disseminate the information to operators and flight
crews.

35

213

432

432 To facilitate recovery from flight upsets,
airlines/operators should clearly define, train and
check the specific PF/PNF upset recovery duties.

2.7 3 |5

11

64

433

433 To preclude inadvertent entry into stall
conditions during autopilot operation, regulators
should not permit, and manufacturers should not
design, automated flight systems that will allow
the autopilot to control the aircraft into a stalled
condition.

4.8 5 |4

2.7

230

434

434 To enhance the safety of operations,
regulatory agencies should develop adequate
oversight to encourage the use of commonly
accepted safe operating practices. (See 201)

3.4 2 |5

0.9

272

435

435 To ensure stall warning systems are properly
functioning, manufacturers should establish
appropriate inspection and calibration procedures.

2.9 3 |2

0.5

214

436

436 To ensure adequate stall warning, regulators
should mandate improved accuracy and integrity
in the stall warning system (including aircraft
currently in service).

3.8 5 |2

11

134

437

437 To enhance the safety of functional
evaluation flights (FEF), regulators should
establish standards for critical aircraft handling
maneuvers.

4.4 4 |4

95

438

438 To reduce the probability of accidents,
operators should adopt operational risk
management techniques for non-standard flight
operations and/or flights requiring intensive
training scenarios.

5.5 3 |5

2.3
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135

439

439 To ensure proper designation of pilots
conducting non-standard flight operations (e.g.,
Functional Evaluation Flights), regulation and/or
guidance should be revised to clearly indicate
pilot experience, pairing, and training levels
required.

4.4

4

154

440

440 To ensure all aircraft meet currently accepted
minimum performance standards, regulators
should require warning systems that meet
airworthiness standards.

3

1.7

277

441

441 To avoid confusion, regulators/operators
should develop a consistent standard for stall
speed calculation.

1.7

0.4

122

442

442 To avoid delay in the recognition of engine
malfunction/failure, manufacturers should develop
and implement a direct aural and visual flight deck
indication of engine malfunction/failure. (Minor
transients need not be annunciated.)

3

2.1

443

443 To ensure the best technique for engine
malfunction/failure annunciation and to minimize
nuisance alerts, research should be conducted to
determine when and how to annunciate engine
malfunctions/failures.

R&D

444

444 To ensure procedural compliance, research
should be conducted to develop 'smart’ checklists
which detect failures and provide the proper flight
crew actions. (See 539)

NR

445

445 To help avoid loss of control, manufacturers
should develop and implement flight envelope
protection. (e.g. bank/pitch angle limits, over-
speed, angle of attack, load factor)

5.5

4.6

446

446 To decrease the probability of ice buildup,
manufacturers should design and install a system
that automatically detects and sheds ice from
flight-critical surfaces.

1.3

155

447

447 In order to maintain adequate safety margins
during flight training, operators should establish
and regulatory agencies should require standards
for conducting flight training which preclude
overloading the trainee.

1.7

448

448 To preclude trainee overload, research
should be conducted to understand the optimum
workload level for effective flight training.

R&D
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449

449 In order to ensure adequate handling
qualities in manual flight, in all regions of the flight
envelope, regulators should review current
certification requirements pertaining to aircraft
stability to determine if additional rulemaking or
advisory material development is warranted. This
is especially important for airplanes with new
technologies affecting handling qualities (e.g.
"relaxed static stability"). [2-47]

NR

104

450

450 To ensure the aircraft can be safely flown by
pilots with normal skill levels, regulatory
authorities should require that handling quality
tests and demonstrations intended to show
compliance with applicable regulations include
representative line pilots as test subjects.

5

2.2

223

451

451 To ensure adequate training in manual flight,
manufacturers should develop models that permit
flight simulators to accurately represent the
aircraft's stability and control characteristics for alll
regions of the flight envelope likely to be
encountered during normal operations (i.e.
Operation within the AFM-approved flight
envelope with no failures affecting aerodynamic
performance).

4.4

215

452

452 Since handling qualities and performance
margins may be significantly different during high
altitude cruise, airlines/operators should ensure
that pilots receive adequate training and
experience in manual flying in this flight regime.

4.4

11

453

453 To help prevent future accidents,
airlines/operators should implement maintenance
procedures to ensure proper functioning of the
DFDR at all times. (Note: this intervention was
recorded as a potential intervention of future
accidents, it would not have prevented the subject
accidents.) (See 576)

NR

156

454

454 Because latent and combination failures have
been missed in failure analyses, manufacturers
and regulators should conduct more intensive
verification of all safety analyses associated with
systems whose failures, singly or in combination
with other system failures, can result in accidents.

5

1.7

455

455 Because latent and combination failures may
be missed in failure analyses, manufacturers and
regulators should conduct research into improved
methods for conducting safety analyses, to
ensure reliable identification of failures which,
singly or in combination with other system
failures, can result in accidents.

R&D
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82 456 |456 To help ensure appropriate decision making, (4.8 3 |6 |24
flight crews should be trained on the impact of
automation on CRM.

457 |457 To ensure full protection throughout the icing (5.5 5 |6 |4.6
envelope, regulators / manufacturers should
expand icing certification criteria to include ice
accretions due to residual, intercycle, delayed
activation and system malfunction to ensure that
icing protection equipment and/or procedures
provide full operational envelope coverage. (See
459, 516)

458 |458 To enhance the safety of all aircraft, NR
regulators should ensure that appropriate revised
icing certification criteria apply to FAR Part 23, 27
and 29 certificated aircraft in addition to FAR Part
25 aircraft. (Breakout for GA)

459 |459 For a full understanding of aircraft R&D
performance and handling qualities in icing
conditions, research should be conducted to
define the effects of all ice accretions, with
particular emphasis on the roll effect due to ice
contaminated wings (intercycle or residual). (See
457, 516.)

460 |460 To ensure a better understanding, by air 55 4 (4 |24
crews, of appropriate procedures for use of ice
protection systems, operators, manufacturers and
regulators should expedite the modification of
training programs and distribution of media, to
include ice bridging and deicing boot operation.

461 |461 To reduce the adverse effects of ice accretion|R&D
roughness, regulators and NASA should conduct
research leading to improved ice protection
technologies.

462 |462 To enhance the ability to analyze, identify NR
and take corrective actions to prevent accidents,
manufacturers should include, and regulators
should require, the recording of ice detection /
protection system state on the flight data
recorder. (FAR 121 requires recording of ice
detection) (See 576)

55 463 |463 To avoid treating an incident as an isolated |5 4 |5 |28
occurrence and to ensure on-going assessment
of aircraft specific loss of control problems, a
focused safety or risk assessment of all accidents
and incidents should be conducted to determine
the need for immediate resolution. (See 254)
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96

464

464 To ensure proper identification of flight critical
issues, manufacturers, operators and regulators
must develop consistent criteria to properly
identify and disseminate (in a timely manner,
including manual revisions) flight safety critical
information.

5.5

3

2.3

290

465

465 To reduce flight crew workload in
downloading voice ATIS information, regulators,
through consensus with the aviation community,
should reexamine and limit the content of ATIS
broadcasts.

291

466

466 To further improve the quality of weather
information provided to the flight crews, the
regulators should implement recommendations
from the weather product working group of the
1999 FAA In-flight Icing Operations Conference.

0

123

467

467 To reduce unstabilized approaches, air traffic
quality assurance programs should regularly
evaluate Air Traffic Control System Command
Center / Traffic Management Unit (ATCSCC /
TMU's) to ensure traffic management programs
and initiatives include all traffic elements (i.e.
tower enroute clearance / enroute traffic), are
properly implemented, effectively utilized, and
personnel are adequately trained.

5

2.1

166

468

468 To ensure the highest quality of air traffic
services, regulators should establish policies that
require additional oversight and training of air
traffic controllers that repeatedly commit
operational errors.

2.9

1.6

177

469

469 To ensure clear understanding of flight crew
tasking, airlines/operators should develop criteria
specifying when transfer of control is necessary or
appropriate. (See 207)

4.4

15

157

470

470 Since current airline training emphasizes
recovery from approach to stall, airline/operators
should emphasize to air crews the importance of
proper analysis and response to incipient stall
conditions (for example timely reduction in angle
of attack).

5

1.7

471

471 Since many factors can make the
identification of impending loss of control difficult,
research should be directed toward the
development of systems that advise the flight
crew that the aircraft is departing from a flight
path consistent with the flight control inputs.

R&D
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42

472

472 Since certain engine control and automated
throttle system failures can result in undesirable
asymmetry, manufacturers should redesign ATS'’s
so that they disconnect (with appropriate
annunciation) when unable to achieve the
commanded thrust settings (analogous to
autopilot disconnect logic).

4.4

5

3.1

143

473

473 Due to increasing dependence on automation
and the complexity of potential partial system
failures, airlines/operators should modify training
programs to emphasize the use of multiple data
sources to confirm that the airplane and systems
are performing as expected and in accordance
with the operational mode.

4.4

1.8

124

474

474 Since indications of sideslip may not be
prominent and can be masked by roll effects,
manufacturers should develop improved sideslip
indications and/or alerting (e.g. similar to pitch
limit indications for pitch / angle of attack).

2.1

158

475

475 Since simulators cannot adequately replicate
the motion cues associated with sideslip, the
industry should develop improved methods for
safely training pilots to recognize and respond to
in-flight sideslip events. (See 358, 386)

5

1.7

231

476

476 Since repair processes can significantly affect
the airworthiness of components, regulators
should require manufacturer concurrence on all
maintenance and repair procedures affecting
critical aircraft structures, components, or
performance.

2.7

0.9

251

477

477 To improve maintenance quality, regulators
should require that airlines/operators institute
processes for oversight of maintenance facilities
that maintain safety-critical parts, components, or
systems (e.g. CASE (Coordinating Agency for
Supplier Evaluation) might be one type of
program that could provide an acceptable method
of compliance).

1.6

0.7

252

478

478 To improve maintenance quality, regulators
should increase oversight of maintenance
facilities that maintain safety-critical parts,
components, or systems.

1.7

0.7

192

479

479 To improve operational oversight, regulators
should establish selection criteria and appropriate
training programs (e.g. training with carriers) to
ensure that POI’s responsible for air carrier
oversight have appropriate knowledge and
experience to perform those functions.

3

1.3
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167

480

480 To improve operational oversight, regulators
should institute processes for periodic review of
POI's to ensure that appropriate oversight is

being conducted for the POI's assigned operators.

2.9

4

1.6

168

481

481 Because POI's may be responsible for
oversight of remote training activities, regulators
should ensure that POI's have sufficient
Certificate Holding District Office resources,
including staff, to conduct appropriate oversight
for the POI's assigned operators.

2.9

1.6

224

482

482 To prevent inaction when the PF is confused
or unresponsive to an in-flight hazard,
airlines/operators should develop and train clear
and explicit procedures to define when/how the
PNF (especially the F/O) will take control of the
airplane.

4.4

483

483 To ensure that the display of conflicting
attitude information does not confuse or mislead
the flight crew, the attitude sensing and display
systems should be designed so that invalid
information is detected and clearly annunciated to
the flight crew and/or removed from display.

5.5

3.8

125

484

484 To ensure adequate FO proficiency,
airlines/operators should incorporate the
operating practice of alternating PF/PNF duties
(alternating legs and landings).

4.8

2.1

43

485

485 To preclude the accidental change of aircraft
systems status, manufacturers should design
flight decks to minimize the potential for
inadvertent activation/deactivation of aircraft
systems and/or unintended automated flight mode
changes.

4.4

3.1

486

486 Airlines/operators and manufacturers should
train crews to understand the capabilities and
limitations of automated flight systems, the
conditions which would cause the systems to not
function as the crew anticipates, and how to
detect and recover from inadvertent activation of
automated flight modes (see 331).

6

178

487

487 To minimize the occurrence of loss of control
events, airline operators' training programs should
emphasize pattern recognition and skill-based
procedures to better handle time-critical
situations, rather than relying on knowledge-
based analysis.

4.4

15

65

488

488 To facilitate recovery and attitude awareness,
manufacturers should include adequate
instrumentation to optimize performance during
recovery from unusual attitude.

4.8

2.7
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186

489

489 In order to improve oversight of airlines,
regulators should ensure their organizations
(Flight Standards in the USA) are staffed to
provide adequate inspector coverage for all
airlines, (including small airlines).

3.4

3

14

56

490

490 In order to ensure that relevant information is
shared during the pilot hiring process, airlines
should implement and regulators require a
storage and retrieval system that contains
pertinent standardized information on the quality
of airline pilot performance during training and
service. (Reference ‘Pilot Records Improvement
Act’ — FAA AC 120-68)

5

2.8

144

491

491 To ensure adequate flight crew competency,
airlines/operators should establish more effective
pilot screening and Captain upgrade criteria to
identify candidates with demonstrable flying skill
deficiencies. (See 335)

4.4

1.8

201

492

492 In order to ensure pilot medical fitness for
duty, airlines/operators/regulators should
establish a structured process for return to flight
status after sick leave that includes medical
clearance.

2.9

12

216

493

493 To reduce the risk of pilots' non-readiness for
flying, airlines/operators should train pilots to
perform self-audit medical and psychological
assessments prior to flight duty.

2.7

11

202

495

495 To improve aircraft failure tolerance,
manufacturers and regulators should conduct
failure analyses for design and certification that
reflect realistic levels of flight crew reliability.

2.9

1.2

496

496 To enable failure analysis based upon
realistic levels of flight crew reliability, researchers
should develop and validate models of human
error.

R&D

497

497 To minimize exposure to flight operations in
icing conditions, air traffic service providers
should initially and periodically train controllers on
the hazards / impacts of icing on aircraft
performance when holding or vectoring aircraft to
the final approach course in areas of known or
reported icing conditions.

5

2.1

498

498 To ensure safe operating speeds in icing
conditions, regulators shall require that minimum
safe operating speeds in icing conditions be
published in the aircraft flight manual (section 1)
for all aircraft operating configurations.

2.7
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499

499 To make flight crews aware of the possibility
of airframe ice accretion, research should be
conducted to develop reliable means of aircraft
surface ice detection, as well as ground and
aircraft based means of detection of
meteorological icing conditions.

R&D

499

499 To make flight crews aware of the possibility
of airframe ice accretion, research should be
conducted to develop reliable means of aircraft
surface ice detection, as well as ground and
aircraft based means of detection of
meteorological icing conditions.

R&D

500

500 To ensure that flight crews initiate correct in-
flight icing procedures, regulators should require
installation of an ice detection system that
provides annunciation to alert the crew to respond
appropriately to the icing hazard. (ref 243)

5

2.8

20

501

501 To assist flight crews in avoiding loss of
control, manufacturers should develop and
regulators should require automated flight system
auto-disconnect logic which does not disconnect
when the automated flight system is properly
attempting to correct an abnormal flight
situation/condition. (See 363) 363)

35

57

502

502 To ensure flight crews can identify possible
upset conditions, airline/operators should
implement flight crew training programs that
demonstrate the operation of a normally
functioning automated flight system under non-
standard flight conditions (e.g. out of trim
airplane/contaminated wing).

5

2.8

281

503

503 To alert the flight crew of flight control trim
changes, manufacturers should provide an
appropriate level of aural annunciation.

3

0.3

504

504 To provide more tactile cues to flight crews
on turboprop aircraft in icing conditions,
airlines/operators should develop SOP’s calling
for flight crews to disengage autopilot during
maneuvering, when workload permits

4.4

15

225

505

505 To ensure that safety related incident
information is shared between validating and
certificating authorities, regulators should develop
a system to review the terms of and compliance
to bilateral airworthiness agreements.

4.4
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226 |506 (506 To ensure that the airworthiness authorities |4.4 4 12 |1
know and understand the importance of
complying with international agreements, ICAO
should distribute annual notices to the authorities
emphasizing the importance of mutual distribution
of continued airworthiness information.

179 |507 |[507 To ensure that flight crews have all 4.4 4 |13 |15
necessary weather information prior to flight,
airlines/operators should immediately review their
system of weather information dissemination to
ensure that all significant weather information is
provided for their route of flight.

508 |508 To ensure that flight crews have and use all 4.4 4 (3 |15
necessary weather information, airlines/operators
shall train flight crews and airline dispatchers on
the importance of reviewing weather information
for potential in-flight icing.

509 |[509 To reduce the risk of encountering hazardous |R&D
weather conditions (e.g. super-cooled large
droplets (sld), thunderstorms, etc.) research must
be conducted to develop methods for accurate
prediction and identification of these conditions.

510 |510 To better understand the effects of super- R&D
cooled large droplets (sld) icing research should
be conducted on ice protection system design
and operation in this weather phenomena.

511 |[511 To reduce the number of hazardous icing 5 4 |5 (28
encounters and to keep air traffic apprised of
current weather conditions, regulators should
recommend that flight crews report all icing
conditions to air traffic control and be required to
report the occurrence of moderate to severe icing
conditions. (ref. FAR 91.183)

159 |513 |513 To preclude undesired flight control 5 4 (3 |17
displacement, manufacturers should design flight
controls so that the airplane does not experience
uncommanded, adverse flight control deflections
that are beyond the control of the flight crew.
(throughout the flight envelope, including
aerodynamic stall)

289 |514 |514 Combined with 525 0

44 515 |515 To warn of impending loss of control with the |5.5 5 (4 |31
automated flight system fully engaged,
manufacturers should develop, and regulators
should require, annunciation of an airplane flight
condition which significantly differs from that
being commanded by the selected automated
flight system mode. (ref 243)
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516

516 To ensure full protection throughout the
operational envelope, regulators/ manufacturers
should expand icing certification criteria to include
performance and handling qualities testing which
considers ice accretions due to residual icing,
intercycle icing, delayed system activation and/or
system malfunction. (See 457, 459)

5.5

5

4.6

282

517

517 To ensure an acceptable skill level of pilots
entering the aviation profession, the aviation
community should encourage the development of
and enrollment in aviation career training
programs.

1.5

0.3

203

518

518 To ensure an adequate supply of qualified
pilots, the aviation community should promote
initiatives that screen youth for potential aviator
qualifications, skills, and aptitude. The industry
should identify and develop career paths for
suitable candidates and mentor their career
growth as successful aviators.

2.7

1.2

145

519

519 To ensure pilot proficiency in basic
airmanship skills and knowledge, regulators
should require training/standardization programs
that emphasize these subjects during initial and
recurrent training. (See 111)

4.4

18

58

520

520 To ensure flight crews have a comprehensive
knowledge of the automation system(s) functional
operation, airlines/operators should ensure that
their training /standardization programs
emphasize these skills.

5

2.8

83

521

521 To ensure airline/operator training programs
provide enhanced aircrew proficiency, regulators
should revise FAR Part 121, Appendix F, to raise
the minimum standards. (See 114)

4.4

2.4

66

522

522 Since it is possible to enter a stall, regulators
should mandate the implementation of ground
school and simulator training program to train
pilots to handle post stall recovery as part of
advanced maneuver training. (See 384)

4.8

2.7

217

523

523 To ensure that airline operation training
departments accomplish their training
responsibilities, they must be adequately funded.

11

232

524

524 Regulators should establish flight crew
phraseology guidelines and airlines/operators
should train and monitor flight crew compliance
with communication phraseology guidelines.
(See 88, 240)

1.7

0.9

525

525 To mandate stall recognition and recovery
training, regulators must modify the appropriate
regulations.

4.2
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193

526

526 To increase the number of available pilots,
airlines should implement, and regulators should
allow, a performance-based selection system that
expands the eligible pilot pool beyond the current
arbitrary limits (e.g., age 60 rule, minimum flight
time) with an appropriate medical/psychological
evaluation.

3.8

3

13

59

527

527 To ensure that alerting and warning logic
does not annunciate self-recovery functions or
alerts that do not require pilot action, the
manufacturer should design systems that
annunciate only when pilot action is required.

2.8

105

528

528 To provide optimal training (including
propulsion system malfunctions) and to minimize
negative training, regulators, aircraft and
simulator manufacturers and operators should
ensure that training devices replicate realistic
failure scenarios, aircraft performance and
appropriate response. (See 358)

2.2

160

529

529 To avoid negative training, airline operators
should ensure that their training curriculum
correlates with the AOM and other relevant
manuals.

5

1.7

16

530

530 To optimize pilot workload, airlines/operators
policies should stress using the appropriate level
of automation. (See 246)

5.5

3.7

84

531

531 To minimize the occurrence of loss of control
during unstable approaches, manufacturers
should design and implement a system to detect
unstable approaches and provide an automatic
callout to go around.

5.5

24

532

532 To minimize the probability of accidents,
operators should prioritize service bulletin
implementation using operational risk
management techniques to assess potential
operational hazards, including aircraft
modification, etc.. (See 98, 348)

5.5

3.8

10

533

533 To prevent loss of control, manufacturers
should design automated systems to yield control
to manual inputs when those manual inputs are in
conflict with the automated configuration.

5.5

3.8

218

534

534 Airlines/operators should implement
procedures that call for an immediate recovery
maneuver following a warning that indicates an
imminent departure from normal flight envelope
(e.g. stall warning, over-speed). (See 161)

34

11
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11

535

535 To ensure adequate instructor/check pilot
qualifications, operators must establish and
maintain minimum line and instructor / check
airman qualifications.

5.5

5

3.8

169

536

536 To prevent reoccurrence of accidents and
incidents, regulators / manufacturers / operators
should expedite development and application of
an effective risk management continuing
airworthiness assessment based upon prior
incidents and disseminate the results. (See 372,
373)

3.8

1.6

161

537

537 To ensure proper intra-cockpit
communications, operators must ensure that the
language used in the cockpit is compatible,
understandable and consistent among all flight
deck crewmembers.

1.7

146

538

538 Airline/operators should train flight crews in
team decision-making skills, including the ability
to rapidly turn data into information and test
conclusions. (See 314)

4.4

1.8

170

539

539 To ensure procedural compliance,
manufacturers should design and incorporate
'smart' checklists that detect failures and provide
the proper flight crew actions. (See 444)

2.9

16

162

540

540 To ensure completeness, avoid erroneous
procedures and prevent misinterpretation,
manufacturers/operators should ensure and
regulatory agencies should check that the
guidance and procedures in AOM's are complete,
clear and correct.

5

1.7

233

541

541 To reduce the risk of loss of control during
flight with a propulsion system malfunction in
turboprop aircraft, if the engine failure procedure
is not completed, airline operators should review
the consequences of the malfunctioning
propulsion system being placed in flight idle.

3.4

0.9

126

542

542 To preclude over-reliance on automation,
airlines/operators and regulators should create
and/or clarify a definition of “appropriate levels of
automation,” to include the need to validate
against other information sources and ensure that
the resulting definition is published and included
in all appropriate flight crew publications, manuals
and training programs.

5

2.1

147

543

543 In order to provide pilots with sufficient
airplane performance margins to reduce exposure
to potential upsets, regulators should require
airplane operation in a cruise flight envelope with
at least 1.3g margin to buffet onset.

4.4

1.8
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273

544

544 To ensure that flight controls are available
during critical flight phases or conditions,
manufacturers should design system overrides
that are available to the flight crew to regain
manual control.

1.7

5

0.5

60

545

545 To provide the national airspace system with
accurate, real-time in-flight weather conditions
(automatic or manual), a system should be
developed and implemented to effectively
transmit airborne weather related information to
air traffic facilities.

5

2.8

12

546

546 Airlines/operators should ensure that flight
crews are adequately trained in an appropriate
level simulator for the training being conducted
(i.e. engine out, upset recovery, etc.) before being
assigned to the line. (See 153, 312)

5.5

3.8

253

947

547 In order to ensure that the certification
process is based solely on safety and compliance
with the regulations, certification should include
an independent audit process to guard against
the influence of non-technical considerations.

4.4

0.7

127

548

548 In order to provide flight crews with engine
out training on takeoff without visual outside
reference, regulators should require, and
operators should conduct, takeoff engine out
training and evaluation during the portion of the
takeoff after rotation through initial climb.

5

2.1

243

549

549 To prevent a blurring of flight crew
responsibilities when two captains are paired to
fly a trip sequence, one of the pilots should be
designated as the pilot-in-command for the
duration of the trip pairing.

3.8

0.8

550

550 Since handling qualities evaluations are
subjective and subject to non-technical
influences, the regulatory authorities,
manufacturers, research organizations, and
operators should work together to develop
improved, quantitative, objective metrics and
acceptance criteria to ensure safe handling
gualities.

R&D

551

551. In order to develop “best business practices”
throughout the continuum of certification, major
design changes, and operating history of aircraft
types, industry and Government should conduct a
joint, proactive, lessons-learned, review of the
MD-11/MD-10 certification process and operating
history.

NR
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552

552 To add structure to piloting skill levels,
research should be conducted to determine the
efficacy and impact of a multi-level pilot licensing
and qualification structure (e.g. analogous to
apprentice, journeyman, master).

R&D

128

553

553 Since performance calculations can have
significant safety implications, regulatory
authorities should ensure that pilot training and
procedures adequately address their meaning
and use.

2.1

278

554

554 Because it is important that training reflect
the realities of line operations, airline training
departments should include instructors who
regularly fly in line operations.

1.6 2 |5

0.4

257

555

555 Because it is important that training reflect
the realities of line operations, airline training
departments should review and modify, in
consultation with line pilots, training curricula to
reflect realistic line operations scenarios and
conditions.

1.7 3 |5

0.7

254

556

556 To reduce pilot overload, airlines/operators
should develop standard operating procedures to
help standardize the use of the appropriate level
of automation for the operation and the airplane
design (See 246, 530).

1.7 3 |5

0.7

255

557

557 Since current ATC procedures can result in
non-standard use of automated flight systems
(e.g. "slam dunk approaches"), air traffic service
providers should harmonize ATC procedures so
that they take into account the flight
characteristics of modern airplanes and
automated flight system capability.

1.7 3 |5

0.7

234

558

558 Since current ATC procedures can result in
non-standard use of automated flight systems
(e.g. "slam dunk approaches"), air traffic service
providers and airplane manufacturers should
develop and implement automated tools so that
ATC clearances are integrated with and take into
account the performance of airplanes using
automated flight systems (e.g. CTAS/FMS
program). (See 557)

1.7 4 |5

0.9

194

559

559 To reduce the likelihood of hard landings,
airlines/operators should develop training syllabi
with improved coverage of landings, including
identification of and recovery from unstabilized
flares, high sink rates, and bounced landings.

4.8 2 |5

1.3
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227

560

560 Since geographic organization of inspection
responsibilities can affect the quality/timeliness of
inspections conducted by supporting
organizations at remote locations, regulators
should ensure that these remote inspectors are
more accountable to the requesting certificate
holding office.(CHDO/CMOQ)

24

3

26

561

561 Airlines should maximize the use of autoland
systems consistent with maintaining manual
landing proficiency.

6

3.3

171

562

562 Airlines/operators should develop processes
to identify and thoroughly review (seeking "no
technical objection” from manufacturer, when
appropriate) informal pilot techniques to ensure
that they have no unacceptable unintended
consequences.

3.8

1.6

244

563

563 Manufacturers should provide
airlines/operators with training material designed
to explain to pilots how and why systems work the
way they do.

2.9

0.8

172

564

564 To reduce the need for pilots to work around
the automation, manufacturers should ensure that
systems designs and safety analyses consider
the full range of operations.

3.8

16

180

565

565 Manufacturers should incorporate an "input
rudder” indicator to ensure that adequate yaw
control is provided.

5.5

15

13

566

566 Manufacturers should incorporate an
automatic yaw compensation to ensure that
adequate yaw control is provided.

5.5

3.8

245

567

567 To minimize potential negative safety
implications of procedural changes,
airlines/operators should develop processes to
review all proposed operating procedures in order
to uncover and evaluate potential unintended
consequences.

2.9

0.8

568

568 Since the definition and reporting criteria for
hard landings are poorly defined and there have
been several landings that have resulted in MD-
11 wing structural failures, regulatory authorities
should require inspection of all MD-11s to ensure
that unreported hard landings have not resulted in
structural damage.

NR
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235 (569 |569 Since hard landings are identified primarily 1.3 5 |5 |09
based on pilot subjective judgment, and to ensure
that individual airplanes are inspected when
necessary, manufacturers should develop, and
regulatory authorities should require, the
implementation of objective means to identify the
occurrence of a hard landing within an
appropriate period of time.

256 (570 |570 To ensure appropriate crew experience 1.7 3 |5 |07
levels, regulatory authorities should require
procedures to ensure appropriate crew pairing.
(ref FSF Corporate Crew Scheduling and Fatigue
Evaluation) (see 24)

279 (571 |571 To ensure the aircraft can be safely flown by |2 2 |4 |04
pilots with normal skill levels, regulatory
authorities should require that tests and
demonstrations intended to show compliance with
applicable regulations include representative line
pilots performing representative line-type
operations.

572 |572 Research should be conducted to improve R&D
understanding of how/why pilots misprioritize or
become fixated upon concerns and tasks, and to
develop strategies to counteract this effect.

181 (573 |573 To preclude late descent clearances, Air 4.4 3 |4 |15
Traffic Service should ensure that standard
terminal arrival procedures are in place to
transition from enroute altitudes to the instrument
approach procedure.

263 |574 |574 To ensure accurate and safe flight release, |1.7 4 |3 |0.6
airlines / operators should ensure that dispatchers
are aware of and take into account aircraft and
flight crew qualifications.

285 (575 |575 To provide the flight crew with a more 2 2 (2 |0.2
positive indication of autopilot engagement /
disengagement, the manufacturer should develop
and provide an active and positive annunciation of
autopilot engage status which appears after flight
crew initiation of a go-around.

576 |576 To improve the effectiveness of accident NR
investigations and, in so doing, help prevent
future accidents, regulators should immediately
implement NTSB recommendations to increase
the quantity and quality of survivable data
recorded on both existing and future aircraft.
Manufacturers also should improve the reliability
of the recording equipment (DFDR, CVR).
(Combined from 27, 303, 360, 453, 462)
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Appendix H: Intervention Grouping By Strategy

1. Design Intervention Strategies

Rank

IS#

Intervention Strategy

Existing
A/C
and/or
Retrofit

New

445

445 To help avoid loss of control, manufacturers should
develop and implement flight envelope protection. (e.qg.
bank/pitch angle limits, over-speed, angle of attack, load
factor)

Yes

366

366 To protect aircraft against flight control malfunctions,
manufacturers must design and regulators must certificate
derivative aircraft and components to current applicable
certification requirements, i.e. single point failures,
redundancy, and probability of failure.

483

483 To ensure that the display of conflicting attitude
information does not confuse or mislead the flightcrew, the
attitude sensing and display systems should be designed
so that invalid information is detected and clearly
annunciated to the flight crew and/or removed from
display.

Maybe

10

533

533 To prevent loss of control, manufacturers should
design automated systems to yield control to manual
inputs when those manual inputs are in conflict with the
automated configuration.

13

566

566 Manufacturers should incorporate an automatic yaw
compensation to ensure that adequate yaw control is
provided.

17

364

364 To protect aircraft against loss of control, regulators
should develop as soon as possible, certification criteria,
throughout the entire flight envelope, for crossover speeds
and maximum rudder side slips. (see 431)

20

501

501 To warn of impending loss of control, manufacturers
should develop and regulators should require autoflight
system auto-disconnect logic which does not disconnect
when the autoflight system is properly attempting to correct
an abnormal flight situation / condition. (ref 363)

22

16

16 To prevent mode confusion, manufacturers should
ensure that automated systems provide the flight crew with
sufficient information (automation feedback).

33

380

380 To reduce the risk of inadvertent entry into stall,
manufacturers should develop and implement stall
protection features in all transport category airplanes, (e.qg.

stick pusher, alpha protection)
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Rank

IS#

Intervention Strategy

Existing
AIC
and/or
Retrofit

New

34

395

395 To ensure that the display of conflicting air data
information does not confuse or mislead the flightcrew, the
air data sensing and display systems should be designed
so that invalid information is detected and clearly
annunciated to the flight crew and/or removed from
display.

36

398

398 To provide real time accurate wind component
information to flight crews, air traffic services and
manufacturers should implement real time (automated)
transmission/display of such information in the most
directly useable format to the flight crew, during approach
and landing phase. (See 94)

37

400

400 In order to promote safe crosswind landings,
manufacturers will provide and airline operators will
implement aircraft crosswind landing limitations, including
considerations for flight control effectiveness and gust
conditions.

38

408

408 To minimize undesirable effects of transition to manual
flight from ALIGN mode, regulators should require that
minimum altitudes and conditions be established for
disengagement of automated systems when a manual
landing is anticipated.

39

412

412 To avoid problems due to unexpected mode changes,
automated flight system logic should be designed to be
error tolerant or, at a minimum provide an alert when the
desired mode is in conflict with aircraft energy state.

40

413

413 To prevent negative transfer effects with flight critical
systems, regulators should establish requirements for
standardization of flight deck information/controls.

41

424

424 To enhance crew awareness of automation modes,
manufacturers should ensure that mode changes or
disconnects, in the automated systems are annunciated in
a way that is obvious to the flight crew.

42

472

472 Since certain engine control and autothrottle system
failures can result in undesirable asymmetry,
manufacturers should redesign ATSs so that they
disconnect (with appropriate annunciation) when unable to
achieve the commanded thrust settings (analogous to
autopilot disconnect logic).

43

485

485 To preclude the accidental change of aircraft systems
status, manufacturers should design flight decks to
minimize the potential for inadvertent
activation/deactivation of aircraft systems and/or

unintended autoflight mode changes.
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Rank

IS#

Intervention Strategy

Existing
AIC
and/or
Retrofit

New

44

515

515 To warn of impending loss of control with the autoflight
system fully engaged, manufacturers should develop and
regulators should require annunciation of an airplane flight
condition which significantly differs from that being
commanded by the selected autoflight system mode. (ref
243)

50

253

253 To prevent loss of control, there should be redundancy
and failure tolerance features for all flight critical
components, such as dual path design, fail operational
redundant systems, with fault annunciation.

52

358

358 To provide optimal upset recovery training and to
minimize negative training, regulators, aircraft and
simulator manufacturers and operators should ensure that
training devices replicate aircraft performance and
response necessary for effective training. (See 386, 475)

54

416

416 To provide improved flight crew situation awareness,
manufacturers should provide a clear indication that
predicts the future aircraft energy state and/or autoflight
configuration if the current course of action is continued
(i.e., analogous to EGPWS mode that analyzes the
airplane's descent rate vs. its terrain map, and tells the
crew that a conflict will occur if they continue at that
descent rate. The system would warn the crew that, if they
continue at the current roll rate (for example), the plane will
exceed the envelope, or the autopilot will reach the limits
of its authority, etc.)

60

527

527 To ensure that alerting and warning logic does not
annunciate self-recovery functions or alerts that do not
require pilot action, the manufacturer should design
systems that annunciate only when pilot action is required.

61

545

545 To provide the national airspace system with
accurate, realtime inflight weather conditions (automatic or
manual), a system should be developed and implemented
to effectively transmit airborne weather related information
to air traffic facilities.

63

305

305 Regulators should require airlines/operators to outfit
aircraft with electronic checklists. If unable to install
electronic checklists, use mechanical checklists or, at a
minimum, develop a process to reinforce challenge and
response checklists.

64

407

407 To minimize pilot reaction requirements during
transition from autocoupled to manual flight during
approach, regulators should require, and manufacturers
should design, autoflight systems so that ALIGN mode

need not be engaged when a manual landing is planned.
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IS#

Intervention Strategy

Existing
AIC
and/or
Retrofit

New

65

433

433 To preclude inadvertent entry into stall conditions
during autopilot operation, regulators should not permit
and manufacturers should not design autoflight systems
that will allow the autopilot to control the aircraft into a
stalled condition.

66

488

488 To facilitate recovery and attitude awareness,
manufacturers should include adequate instrumentation to
optimize performance during recovery from unusual
attitude.

71

121

121 Air Traffic service providers should implement
worldwide surveillance radar (example: ADS/B).

77

374

374 To provide terminal area position information in non-
radar environments, ATS providers and airplane
manufacturers should implement terminal area automatic
dependent surveillance (ADS-B) (Traffic Information
Services (TIS))

78

381

381 To provide improved pilot awareness of the airplane's
energy state, manufacturers should develop and
incorporate more effective energy management monitoring
and alerting systems.

79

391

391 Because of the interaction between systems,
manufacturers should develop alerting systems that help
pilots understand any common cause of multiple failure
messages

85

531

531 To minimize the occurrence of loss of control during
unstable approaches, manufacturers should design and
implement a system to detect unstable approaches and
provide an automatic callout to go around.

92

149

149 Manufacturers should install a HUD as standard
equipment. (See 85)

95

383

383 To ensure adequate time margin between stall
warning and actual stall, manufacturers and regulators
should develop and implement stall warning systems that
account for various entry rates/conditions to stall.

98

45

45 Manufacturers should ensure that all impending
equipment failures or inappropriate settings that may affect
the safe operation of the flight are properly annunciated to
the flight crew by use of dual source sensing. (See 103,
138)

101

245

245 To recover aircraft in unusual attitude, manufacturers
should develop systems to return aircraft to normal attitude
with one pilot button push (pilot initiated auto-recovery
systems).

102

382

382 To provide improved pilot awareness of airspeed,
manufacturers should provide flight instruments with more

effective airspeed trend indications and alerting.
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Rank

IS#

Intervention Strategy

Existing
AIC
and/or
Retrofit

New

106

528

528 To provide optimal training (including propulsion
system malfunctions) and to minimize negative training,
regulators, aircraft and simulator manufacturers and
operators should ensure that training devices replicate
realistic failure scenarios, aircraft performance and
appropriate response. (See 358)

116

159

159 Manufacturers should incorporate an “input rudder"
indicator or automatic yaw compensation to ensure that
adequate yaw control is provided.

123

442

442 To avoid delay in the recognition of engine
malfunction/failure, manufacturers should develop and
implement a direct aural and visual flight deck indication of
engine malfunction/failure. (Minor transients need not be
annunciated.)

125

474

474 Since indications of sideslip may not be prominent and
can be masked by roll effects, manufacturers should
develop improved sideslip indications and/or alerting (e.g.
similar to pitch limit indications for pitch / angle of attack).

131

94

94 Implement real time (digital) transmission of airport and
weather information to the aircratft.

142

368

368 To enable pilots to develop situation awareness with
respect to aircraft performance capability, regulators
should require and manufacturers should provide angle of
attack display.

151

243

243 To prevent alerting overload, flight deck designs
should consider smart alerting systems such as those with
prioritization schemes or cancelable nuisance alerts.

160

513

513 To preclude undesired flight control displacement
manufacturers should design flight controls so that the
airplane does not experience uncommanded, adverse
flight control deflections that are beyond the control of the
flightcrew. (throughout the flight envelope, including
aerodynamic stall)

164

14

14 Install aural warning devices on aircraft to alert
flightcrew of arrival at MDA/DH.

172

539

539 To ensure procedural compliance, manufacturers
should design and incorporate 'smart' checklists that detec
failures and provide the proper flight crew actions. (See
444)

174

564

564 To reduce the need for pilots to work around the
automation, manufacturers should ensure that systems
designs and safety analyses consider the full range of
operations.

182

565

565 Manufacturers should incorporate an "input rudder"

indicator to ensure that adequate yaw control is provided.
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Rank

IS#

Intervention Strategy

Existing
AIC
and/or
Retrofit

New

192

369

369 To provide adequate stall warning, regulators should
require and manufacturers should develop, stall warning
systems for new/derivative aircraft that provide accurate

information throughout the certificated flight regime.

216

436

436 To ensure adequate stall warning, regulators should
mandate improved accuracy and integrity in the stall
warning system (including aircraft currently in service).

221

49

49 Regulators should establish criteria for, and
manufacturers should evaluate and improve, the reliability
and failure tolerance of flight systems. (includes hardware,
software and human performance). (See 332)

224

390

390 Because some partial system failures may not be
reliably observed, manufacturers should develop warning
systems that alert the pilot to those partial/total failures of
flight critical systems and flight instruments.

225

451

451 To allow adequate training in manual flight,
manufacturers should develop models to allow flight
simulators to accurately represent the aircraft's stability
and control characteristics for all regions of the flight
envelope likely to be encountered during normal
operations (i.e. Operation within the AFM-approved flight
envelope with no failures affecting aerodynamic
performance).

237

558

558 Since current ATC procedures can result in non-
standard use of autoflight systems (e.g. "slam dunk
approaches"), air traffic service providers and airplane
manufacturers should develop and implement automated
tools so that ATC clearances are integrated with and take
into account the performance of airplanes using autoflight
systems (e.g. CTAS/FMS program). (See 557)

239

28

28 Implement a system to automatically transmit ATC
instructions/information between the ground controller and
the aircratft.

242

367

367 To provide necessary information to pilots, regulators
should require and manufacturers should develop, flight
control position indicating and alerting systems which will
provide warnings for critical aircraft flight control
malfunctions, e.g., actual flight control position
disagreement with commanded position.

243

376

376 To improve aircrew awareness of other traffic,
manufacturers should install TCAS in all new aircraft,
airlines/operators should retrofit TCAS into the existing
fleet and international regulators should require the

installation and use of TCAS. (See 35)
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Rank

IS#

Intervention Strategy

Existing
AIC
and/or
Retrofit

New

252

363

363 To enhance aircraft controllability in severe or greater
turbulence conditions, regulators and manufacturers
should develop and implement certification criteria that
consider effects of turbulence, including autoflight
capability and disconnect parameters.

253

389

389 To assist flight crews in responding to system
malfunctions, manufacturers should develop and
airlines/operators should incorporate readily accessible
flight crew procedures for partial or total failure of flight
critical systems.

270

122

122 Air Traffic service providers should implement
transmission of ATC instructions/information (between the
ground and aircraft) via a computer link as opposed to
\voice communications.

276

544

544 To ensure that flight controls are available during
critical flight phases or conditions, manufacturers should
design system overrides that are available to the flightcrew
to regain manual control.

284

503

503 To alert the flightcrew of flight control trim changes,
manufacturers should provide an appropriate level of aural
annunciation.

287

137

137 Manufacturers should ensure cockpit design that does
not interfere with or distract the flight crew from executing

their duties (e.g. rain in the cockpit, location of switches in
cockpits).

288

575

575 To provide the flightcrew with a more positive
indication of autopilot engagement / disengagement, the
manufacturer should develop and provide an active and
positive annunciation of autopilot engage status which

appears after flightcrew initiation of a go-around.
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2. Training Intervention Strategies

Rank

IS#

Intervention Strategy

525

525 To mandate stall recognition and recovery training, regulators
must modify the approprate regulations.

357

357 To ensure crews have the adequate skills to recover from extreme
attitude upsets, regulators should require, and operators should
immediately implement, initial and recurrent upset recovery training.

486

486 Airlines/operators and manufacturers should train crews to
understand the capabilities and limitations of automated flight systems
the conditions which would cause the systems to not function as the
crew anticipates, and how to detect and recover from inadvertent
activation of autoflight modes (see 331).

11

535

535 To ensure adequate instructor / check pilot qualifications,
operators must establish and maintain minimum line and instructor /
check airman gualifications.

12

546

546 Airlines/operators should ensure that flight crews are adequately
trained in an appropriate level simulator for the training being
conducted (i.e. engine out, upset recovery, etc.) before being assigned
to the line. (See 153, 312)

15

110

110 Airlines/operators and regulators should ensure that their
training/standardization and monitoring programs emphasize the
importance of adherence to standard operating procedures and
identify the rationale behind those procedures. (See 99)

21

7 Airlines/operators should ensure that their training/standardization
programs emphasize review of approach and missed approach
procedures. (See 329)

25

384

384 Since it is possible to enter a stall, airlines/operators should
develop and implement a ground school and simulator training
program to train pilots to handle post stall recovery as part of
advanced maneuver training.

27

15

15 Airlines/operators should ensure that their training/standardization
programs instruct when to disengage automated systems and fly
manually. (See 246)

29

142

142 Airlines/operators should establish policies, parameters, and
training to recognize unstabilized approaches and other factors and
implement a go-around gate system. (See FSF - "defined gates" p.
193) (See 116, 123)

30

157

157 Airlines/operators, regulators, air traffic service providers should
establish policies or programs to address rushed approaches,
including elimination of rushed approaches, recognition and rejection
of rushed approaches and training for those encountered.

45

114

114 Airlines/operators should ensure that their training/standardization

programs provide sufficient training to ensure aircrew proficiency.
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Rank

IS#

Intervention Strategy

47

147

147 Airlines/operators should require training/standardization
programs, which teach situation awareness. (The knowledge and
understanding of the relevant elements of the pilot surroundings,
including aircraft systems, and the pilots intentions)

48

165

165 Airlines/operators should provide training scenarios that match
realistic situations (i.e. stall recoveries during approach, in landing
configuration at flight idle with the autopilot on (in simulator).

51

331

331 Airline operators and manufacturers will train crews to understand
capabilities and limitations of system, conditions which would cause
the system to not function properly and how to detect failure to
deploy/activate and recommend contingency actions.

52

358

358 To provide optimal upset recovery training and to minimize
negative training, regulators, aircraft and simulator manufacturers and
operators should ensure that training devices replicate aircraft
performance and response necessary for effective training. (See 386,
475)

53

365

365 To ensure pilot capability to maintain or regain control, regulators
should require and operators should implement training programs
which address crossover speed effects.

58

502

502 To ensure flight crews can identify possible upset conditions,
airline/operators should implement flight crew training programs that
demonstrate the operation of a normally functioning autoflight system
under non-standard flight conditions (e.g. out of trim
airplane/contaminated wing).

59

520

520 To ensure flight crews have a comprehensive knowledge of the
automation system(s) functional operation, airlines/operators should
ensure that their training /standardization programs emphasize these
skills.

67

522

522 Since it is possible to enter a stall, regulators should mandate the
implementation of a ground school and simulator training program to
train pilots to handle post stall recovery as part of advanced maneuver
training. (See 384)

73

314

314 Airlines/operators should develop simulator training scenarios that
require flight crews to learn multi-tasking abilities and appropriate
prioritization abilities in concert with CRM skills (see Red Flag LOFT
scenarios).

74

322

322 Airlines/operators should develop and implement a ground school
and simulator training program to train pilots to handle unusual attitude
situations, e.g. American Airlines Advanced Aircraft Maneuvering
Program.

80

401

401 To ensure proper identification of engine malfunctions and
avoidance of possible loss of control, airline/operators should provide
enhanced and more realistic training for engine malfunctions, engine
responses to control signal errors and the appropriate aircrew actions.

82

427

427 To prevent inappropriate preoccupation with trouble shooting
following engine or other system failure, airline operators should

enhance training and checking to prioritize safe control of the aircraft.
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Rank

IS#

Intervention Strategy

83

456

456 To help ensure appropriate decision making, flight crews should
be trained on the impact of automation on CRM.

86

20

20 Airlines/operators should ensure that command oversight training
for captains is provided during the upgrade process and in recurrent
training and first officer responsibility for monitoring are reviewed
during recurrent training.

88

82

82 Airlines/operators should clearly define, train and check the specific
PF/PNF/FE duties.

89

111

111 Airlines/operators should ensure that their training/standardization
programs emphasize basic airmanship skills and knowledge during
initial and recurrent training.

90

115

115 Airlines/operators should ensure that their training/standardization
programs emphasize the dangers of rushed approaches. (See 13,
157)

91

116

116 Airlines/operators should ensure that their training/standardization
programs emphasize the dangers of high rate of descent and unstable
approaches. (See 142)

93

328

328 Airlines/operators should ensure that flight crews are trained to
think in terms of "I will go-around unless" rather than "I will land
unless." Regulatory policy should support this approach. (See 142,
311)

94

329

329 Airlines/operators should incorporate in initial and recurrent
training ways to recognize multiple cues that will require go-around.
These include CFIT training aid 2.1.9, FSF definition of stabilized
approach, risk assessment tool, and windshear training aid.

99

153

153 Ensure that flight crews are adequately trained in a level D
simulator for dynamic characteristics before assignment to the line.
(See 312)

103

405

405 To enhance stability in the approach and landing phase, airline
operators should train pilots to properly control the aircraft in the
transition from autocoupled/autoland approaches to manual control.

106

528

528 To provide optimal training (including propulsion system
malfunctions) and to minimize negative training, regulators, aircraft
and simulator manufacturers and operators should ensure that training
devices replicate realistic failure scenarios, aircraft performance and
appropriate response. (See 358)

107

13

13 Air Traffic service providers should enhance ATC training to
emphasize the dangers of rushed approaches and performance
characteristics of jet transports. (See 115, 157)

108

23

23 Airlines/operators should ensure that regularly scheduled recurrent
training (e.g. LOFT) emphasizes crew cooperation and working
together to maximize safe operations. (See 308, 314)

110

25

25 Airlines/operators should establish a CRM training program and
regulators should require and ensure that the initial training is provided
prior to line flying and require recurrent CRM training. (See 131, 132,

349)
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Rank

IS#

Intervention Strategy

112

107

107 Airlines/operators should ensure that their CRM
training/standardization program emphasizes the importance of the
team concept.

113

112

112 Airlines/operators and regulators should ensure that the frequencyj
and effectiveness of proficiency checks for simulated instrument
failures (partial panel) are adequate.

118

308

308 Airlines/operators should ensure their formal CRM training is
culturally appropriate and emphasizes the following management
skills: decision making, workload management, crew coordination,
planning, communication, situational awareness and advocacy. (IAW
AC120-51b). (See 133)

119

325

325 Airline/operators should emphasize during initial and recurrent
training the importance of maintaining systems status awareness
during non-normal events and hazardous approaches (goal to avoid
tunnel vision/narrowed attention).

122

411

411 To reduce accidents during the landing phase, airline operators
should establish criteria and procedures and train flight crews to
recognize conditions which might require a rejected landing.

124

467

467 To reduce unstabilized approaches, air traffic quality assurance
programs should regularly evaluate Air Traffic Control System
Command Center / Traffic Management Unit (ATCSCC / TMU's) to
ensure traffic management programs and initiatives include all traffic
elements (i.e. tower enroute clearance / enroute traffic), are
implemented properly, effectively utilized and personnel are
adequately trained.

128

548

548 In order to provide flight crews with engine out training on takeoff
without visual outside reference, regulators should require, and
operators should conduct, takeoff engine out training and evaluation
during the portion of the takeoff after rotation through initial climb.

129

553

553 Since performance calculations can have significant safety
implications, regulatory authorities should ensure that pilot training and
procedures adequately address their meaning and use.

132

131

131 Airlines/operators should ensure that their training/standardization
program emphasizes the importance of the team concept, cross
cultural issues, evaluation of options and the obligation of the FO to
effectively communicate any concerns (CRM). (See 237)

134

415

415 To provide improved aircraft status awareness, airline/operators
should enhance training to identify aircraft configuration and the
repercussions of the aircraft's energy state.

137

163

163 Airlines/operators should ensure that their training/standardization
programs address common perceptions that could lead to unsafe
practices.

139

64

64 Airlines/operators should ensure that their training/standardization
programs direct the flight crews to regularly cross check all
instrumentation.

141

223

223 Regulators should ensure POls are properly qualified and trained
to approve appropriate company operational procedures.
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Rank

IS#

Intervention Strategy

143

414

414 To reduce negative transfer effects during pilot transition to new
aircraft, airline operators should determine the potential for negative
transfer of inappropriate pilot actions and techniques on flight critical
systems and overtrain to prevent their occurrence.

144

473

473 Due to increasing dependence on automation and the complexity
of potential partial system failures, airlines/operators should modify
training programs to emphasize the use of multiple data sources to
confirm that the airplane and systems are performing as expected and
in accordance with the operational mode.

146

519

519 To ensure pilot proficiency in basic airmanship skills and
knowledge, regulators should require training/standardization
programs that emphasize these subjects during initial and recurrent
training. (See 111)

147

538

538 Airline/operators should train flight crews in team decision-making
skills, including the ability to rapidly turn data into information and test
conclusions. (See 314)

149

26

26 Airlines/operators should ensure that CRM training is provided prior
to line flying.

150

113

113 Airlines/operators should ensure that their training/standardization
programs emphasize the importance of adequate preflight planning.

153

393

393 To ensure system status awareness, airlines/operators should
ensure that their training/standardization programs direct the flight
crews to use all available tools to determine airplane system status.
(See 47)

156

447

447 In order to maintain adequate safety margins during flight
training, operators should establish and regulatory agencies should
require standards for conducting flight training which preclude
overloading the trainee.

158

470

470 Since current airline training emphasizes recovery from approach
to stall, airline/operators should emphasize to air crews the importance
of proper analysis and response to incipient stall conditions (for
example timely reduction in angle of attack).

159

475

475 Since simulators cannot adequately replicate the motion cues
associated with sideslip, the industry should develop improved
methods for safely training pilots to recognize and respond to inflight
sideslip events. (See 358, 386)

161

529

529 To avoid negative training, airline operators should ensure that
their training curriculum correlates with the AOM and other relevant
manuals.

168

468

468 To ensure the highest quality of air traffic services, regulators
should establish policies that require additional oversight and training
of air traffic controllers that repeatedly commit operational errors.

180

487

487 To minimize the occurrence of loss of control events, airline
operators' training programs should emphasize pattern recognition and
skill-based procedures to better handle time-critical situations, rather

than relying on knowledge- based analysis.
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IS#

Intervention Strategy

184

17

17 Airlines/operators should ensure that their training/standardization
programs emphasize the importance of all flight-related briefings.
(See 342)

185

237

237 Airlines/operators should provide guidance to crew concerning
evaluation of all options prior to decision making as part of CRM
training. (See 25, 26, 131, 132, 133, 308)

186

300

300 Airlines/operators should adopt, implement and train a risk
assessment tool to enhance flight crew awareness of hazards
associated with all approaches and airports (see risk analysis tactical
checklist).

187

316

316 Regulators should require airline/operators to train flight crews to
recognize and counteract acute and chronic fatigue. (See 31, 130,
203, 257,315)

190

228

228 Regulators should require airlines/operators to modify their
training to maximize benefits of inter-crew/company communications.

193

403

403 To ensure clear communication, airline operators should train
flightcrews to emphasize if action is required when giving status
reports.

194

479

479 To improve operational oversight, regulators should establish
selection criteria and appropriate training programs (e.g. training with
carriers) to ensure that POIs responsible for air carrier oversight have
appropriate knowledge and experience to perform those functions.

196

559

559 To reduce the likelihood of hard landings, airlines/operators
should develop training syllabi with improved coverage of landings,
including identification of and recovery from unstabilized flares, high
sink rates, and bounced landings.

197

21

21 Establish/enhance quality assurance checks/training to ensure that
timely and accurate communication between controllers and flight
crews is occurring.

199

96

96 Airlines/operators should ensure that their training/standardization
programs emphasize the importance of adequate approach
preparation and contingency review prior to commencing an approach.

200

106

106 Air Traffic service providers should train and monitor ATC
adherence to established communications procedures including
hearback problems. (See 240)

207

141

141 Airlines/operators and regulators should require
training/standardization programs include training regarding
physiological effects on aircrew performance, (e.g. low blood sugar,
fatigue).

212

349

349 Airlines/operators should ensure training for instructors and check
airmen include objective criteria to be used in evaluating crew CRM
performance. (See 25,131)

213

375

375 To improve controller situation awareness, air traffic service
providers should ensure that their training/standardization programs
direct that controllers use all available tools to establish aircraft

position. (See 75)
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Rank IS# Intervention Strategy

432 To facilitate recovery from flight upsets, airlines/operators should
215 432 |clearly define, train and check the specific PF/PNF upset recovery
duties.

452 Since handling qualities and performance margins may be

significantly different during high altitude cruise, airlines/operators
217 452 . . g . .
should ensure that pilots receive adequate training and experience in
manual flying in this flight regime.

493 To reduce the risk of pilots' non-readiness for flying,
218 493  Jairlines/operators should train pilots to perform self-audit medical and
psychological assessments prior to flight duty.

482 To prevent inaction when the PF is confused or unresponsive to
an in-flight hazard, airlines/operators should develop and train clear
and explicit procedures to define when/how the PNF (especially the
F/O) will take control of the airplane.

226 482

524 Regulators should establish flightcrew phraseology guidelines and
235 524  fairlines/operators should train and monitor flight crew compliance with
communication phraseology guidelines. (See 88, 240)

133 Airlines/operators training of captains and chief pilots should
241 133 include management practices that promote team building and
effective human relations (leadership training beyond current CRM
programs). (See 308)

100 Airlines/operators should ensure that their training/standardization

250 100 programs emphasize the importance of adhering to MDA/DH.

136 Airlines/operators should ensure that their training/standardization
251 136 |programs emphasize the importance of the sterile cockpit
environment.

105 Airlines/operators should train flight crews on how flight delays
upon departure or enroute (weather, maintenance, ATC, etc.) can
affect their subsequent decision-making relative to the safe conduct of
the flight.

262 105

162 Airline/operators should include in their training programs the
263 162 [awareness of potential safety risks due to the complacency when
operating at a very familiar airport (e.g. home base).

88 Airlines/operators should train and monitor flight crew compliance

269 88 \ith established communication phraseology guidelines.

394 Because of increasing interactions between systems,

manufacturers and training organizations should develop new
273 394 : , A . ’ :
approaches for instructing pilots in the interrelationships between
systems.

52 Airlines/operators should ensure that their training/standardization
278 52  |programs establish flight crew proficiency in the use of the FMS
system.

12 Air traffic service providers should emphasize in ATC training the
286 12 |controllers' potential in assisting the flight crew in improving their
situation awareness.
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Rank IS# Intervention Strategy

404 To enhance crew performance in the approach and landing

289 404  |phase, airline operators should train pilots to understand the limitations
of computed wind displays.
10 Air traffic service providers should train air traffic controllers to use

290 10 [all available tools to establish aircraft position (example: don't fixate on
just DME).

292 514 514 Combined with 525
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3. Practices, Policies, and Procedures Intervention Strategies

Rank

IS#

Intervention Strategy

99

99 Airlines/operators should ensure that clear, concise, accurate,
appropriate standard operating procedures are published and
enforced. (See 110)

532

532 To minimize the probability of accidents, operators should
prioritize service bulletin implementation using operational risk
management techniques to assess potential operational hazards,
including aircraft modification, etc.. (See 98, 348)

15

110

110 Airlines/operators and regulators should ensure that their
training/standardization and monitoring programs emphasize the
importance of adherence to standard operating procedures and
identify the rationale behind those procedures. (See 99)

16

530

530 To optimize pilot workload, airlines/operators policies should
stress using the appropriate level of automation. (See 246)

19

431

431 To assist flight crews in avoiding loss of control on existing
aircraft, regulators and manufacturers should evaluate the effects of
crossover speeds and maximum rudder side slip throughout the entire
flight envelope and disseminate the information to operators and flight
crews.

23

80

80 Airlines/operators should verify, and regulators should check, that
operators who create their own AOM's include all operational
procedures prescribed by original equipment manufacturers Airplane
Flight Manual (AFM).

24

152

152 Airlines/operators and regulators should raise standards (e.g.
crew pairing, approach minimums, etc.) for flight crewmembers that
meet minimum qualifications but have demonstrated limited
proficiency and/or competency. (See 151, 335, 337)

26

561

561 Airlines should maximize the use of autoland systems consistent
with maintaining manual landing proficiency.

27

15

15 Airlines/operators should ensure that their training/standardization
programs instruct when to disengage automated systems and fly
manually. (See 246)

28

98

98 Airlines/operators and regulatory agencies should review
procedures to ensure that design changes (service bulletins) to flight
critical systems are incorporated in a timely manner.

29

142

142 Airlines/operators should establish policies, parameters, and
training to recognize unstabilized approaches and other factors and
implement a go-around gate system. (See FSF - "defined gates" p.
193) (See 116, 123)

30

157

157 Airlines/operators, regulators, air traffic service providers should
establish policies or programs to address rushed approaches,
including elimination of rushed approaches, recognition and rejection

of rushed approaches and training for those encountered.
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32

225

225 Airlines/operators and regulators should ensure necessary
manuals (operational & maintenance) are complete, accurate,
available and appropriately used.

35

397

397 To provide accurate wind information to flight crews, regulators
should ensure that weather information providers and air traffic
services employ systems and procedures which will ensure accurate
measurement of wind data and dissemination of wind information for
takeoff and landing areas of the runways in use.

37

400

400 In order to promote safe crosswind landings, manufacturers will
provide and airline operators will implement aircraft crosswind landing
limitations, including considerations for flight control effectiveness and
qust conditions.

62

79

79 Airlines/operators should implement a reliable process to
communicate information to the flight crew that may affect flight or
aircraft operations.

68

207

207 Airlines/operators should develop procedures to specify how
transfer of control is formally accomplished.

70

93

93 Air Traffic service should provide real time (most current) radio
communication of critical airport and weather information.

72

218

218 Airlines/operators should conduct surveillance of contractor
training programs for adequacy of training. (See 110, 202)

81

420

420 In order to assure that airline operations depts. understand the
operational implications of dispatching with degraded systems,
manufacturers and operators should develop a method for providing
such information to crews, for MEL and other dispatchable failure
conditions (including intermittent failures).

88

82

82 Airlines/operators should clearly define, train and check the specific
PF/PNF/FE duties.

93

328

328 Airlines/operators should ensure that flight crews are trained to
think in terms of "I will go-around unless" rather than "I will land
unless." Regulatory policy should support this approach. (See 142,
311)

96

438

438 To reduce the probability of accidents, operators should adopt
operational risk management techniques for non-standard flight
operations and/or flights requiring intensive training scenarios.

97

464

464 To ensure proper identification of flight critical issues,
manufacturers, operators and regulators must develop consistent
criteria to properly identify and disseminate (in a timely manner,
including manual revisions) flight safety critical information.

100

202

202 Airlines/operators should develop a quality assurance program to
ensure compliance with regulations. (See 145, 146, 201)

104

417

417 Because failures which result in yaw/roll upsets can be particularly
difficult for crews to interpret and successfully handle, manufacturers
and operators should give such failures increased scrutiny and higher
priority for reporting.
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Intervention Strategy

109

24

24 Airlines/operators should implement procedures to ensure
appropriate crew pairing. (reference FSF corporate crew scheduling
and fatigue evaluation.)

114

124

124 Air Traffic service providers should implement a Quality
IAssurance program to ensure adherence to established procedures.

117

227

227 Airlines/operators should ensure that their training/standardization
program emphasizes the benefits of inter-crew/company
communications. (See 131)

120

347

347 Parent airlines/operators should adopt a program to ensure the
same level of safety in regional partners including, but not limited, to
recruitment, training, operations and maintenance.

121

409

409 To enhance stability during the approach and landing phase,
airline operators should develop and implement policies and
procedures that address mixed mode flight (e. g., autothrottles in
manual flight) with specific emphasis on pitch/thrust coupling and
aircraft control problems.

122

411

411 To reduce accidents during the landing phase, airline operators
should establish criteria and procedures and train flight crews to
recognize conditions which might require a rejected landing.

124

467

467 To reduce unstabilized approaches, air traffic quality assurance
programs should regularly evaluate Air Traffic Control System
Command Center / Traffic Management Unit (ATCSCC / TMU's) to
ensure traffic management programs and initiatives include all traffic
elements (i.e. tower enroute clearance / enroute traffic), are
implemented properly, effectively utilized and personnel are
adequately trained.

126

484

484 To ensure adequate FO proficiency, airlines/operators should
incorporate the operating practice of alternating PF/PNF duties
(alternating legs and landings).

127

542

542 To preclude over-reliance on automation, airlines/operators and
regulators should create and/or clarify a definition of “appropriate
levels of automation,” to include the need to validate against other
information sources and ensure that the resulting definition is
published and included in all appropriate flight crew publications,
manuals and training programs.

129

553

553 Since performance calculations can have significant safety
implications, regulatory authorities should ensure that pilot training and
procedures adequately address their meaning and use.

130

48

48 Airlines/operators and regulators should strictly enforce flight/duty
time limitations.

133

373

373 To ensure that manufacturers and regulators are aware of
recurrent problems (type and frequency), manufacturers, regulators
and operators should implement a reliable process for gathering and

reporting safety-related problems.
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Rank

IS#

Intervention Strategy

136

439

439 To ensure proper designation of pilots conducting non-standard
flight operations (e.g., Functional Evaluation Flights), regulation and/or
guidance should be revised to clearly indicate pilot experience, pairing,
and training levels required.

138

30

30 Airlines/operators should adopt the "delegated” approach to
standard operating procedures. (e.g. monitored approach procedures)

140

151

151 Regulators should establish policies that require additional
monitoring of flight crewmembers that have repeatedly failed check
rides. (See 152, 335, 337)

145

491

491 To ensure adequate flight crew competency, airlines/operators
should establish more effective pilot screening and Capt. upgrade
criteria to identify candidates with demonstrable flying skill
deficiencies. (See 335)

154

402

402 To prevent a more serious event, manufacturers should revise
product failure analyses if service history reveals unexpected
consequences or failure modes.

157

454

454 Because latent and combination failures have been missed in
failure analyses, manufacturers and regulators should conduct more
intensive verification of all safety analyses associated with systems
whose failures, singly or in combination with other system failures, can
result in accidents.

162

537

537 To ensure proper intra-cockpit communications, operators must
ensure that the language used in the cockpit is compatible,
understandable and consistent among all flight deck crewmembers.

163

540

540 To ensure completeness, avoid erroneous procedures and
prevent misinterpretation, manufacturers/operators should ensure and
regulatory agencies should check that the guidance and procedures in
AOM's are complete, clear and correct.

165

211

211 Airlines/operators should retrofit equipment to provide automatic
altitude callouts on final approach.

166

246

246 To reduce pilot overload, airlines/operators policies should stress
using the appropriate level of automation.

167

463

463 To avoid treating an incident as an isolated occurrence and to
ensure on-going assessment of aircraft specific loss of control
problems, a focused safety or risk assessment of all accidents and
incidents should be conducted to determine the need for immediate
resolution. (See 254)

168

468

468 To ensure the highest quality of air traffic services, regulators
should establish policies that require additional oversight and training
of air traffic controllers that repeatedly commit operational errors.

169

480

480 To improve operational oversight, regulators should institute
processes for periodic review of POIs to ensure that appropriate
oversight is being conducted for the POI's assigned operators.

170

481

481 Because POIls may be responsible for oversight of remote training
activities, regulators should ensure that POIs have sufficient Certificate
Holding District Office resources, including staff, to conduct

appropriate oversight for the POI's assigned operators.
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Rank

IS#

Intervention Strategy

173

562

562 Airlines/operators should develop processes to identify and
thoroughly review (seeking "no technical objection” from manufacturer,
when appropriate) informal pilot techniques to ensure that they have
no unacceptable unintended consequences.

175

350

350 Airlines/operators shall ensure that adequate approach briefings
are conducted that include descriptions of normal approach, non-
normal conditions and the results of the risk assessment analysis.
(See 300)

176

371

371 To eliminate the potential safety consequences of system failures,
manufacturers/operators should develop a reliable process for
identifying, prioritizing, and resolving the safety consequences of
system and component malfunctions throughout the operational
envelope.

177

387

387 To ensure that airplane systems function as designed,
airlines/operators should develop processes to ensure adherence to
manufacturer's recommended maintenance procedures.

178

421

421 Since intermittent failures can persist for unspecified periods of
time without correction, operators should develop specific policies,
procedures and guidance defining when degraded systems or systems|
with intermittent problems should be disabled, invoking the appropriate
MEL requirements.

179

469

469 To ensure clear understanding of flight crew tasking
airlines/operators should develop criteria specifying when transfer of
control is necessary or appropriate. (See 207)

181

507

507 To ensure that flightcrews have all necessary weather information
prior to flight, airlines/operators should immediately review their
system of weather information dissemination to ensure that all
significant weather information is provided for their route of flight.

183

573

573 To preclude late descent clearances, Air Traffic Service should
ensure that standard terminal arrival procedures are in place to
transition from enroute altitudes to the instrument approach procedure.

184

17

17 Airlines/operators should ensure that their training/standardization
programs emphasize the importance of all flight-related briefings.
(See 342)

185

237

237 Airlines/operators should provide guidance to crew concerning
evaluation of all options prior to decision making as part of CRM
training. (See 25, 26, 131, 132, 133, 308)

186

300

300 Airlines/operators should adopt, implement and train a risk
assessment tool to enhance flight crew awareness of hazards
associated with all approaches and airports (see risk analysis tactical
checklist).

191

251

251 To preserve the original intended level of airworthiness, there
should be a better definition and classification of subsequent in-service
major and minor critical component changes. The definition of critical
component should be more specific.
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Rank

IS#

Intervention Strategy

195

526

526 To increase the number of available pilots, airlines should
implement, and regulators should allow, a performance-based
selection system that expands the eligible pilot pool beyond the
current arbitrary limits (e.g., age 60 rule, minimum flight time) with an
appropriate medical/psychological evaluation.

198

42

42 Airlines/operators and air traffic service providers should implement
a monitoring program to ensure the consistent use of the ICAO
phraseology.

200

106

106 Air Traffic service providers should train and monitor ATC
adherence to established communications procedures including
hearback problems. (See 240)

201

134

134 Airlines/operators and regulators should ensure check list
designs, prioritize critical items as recommended by NASA study, and
arrange items in a manner that enhances checklist implementation.

202

342

342 Airlines/operators should establish an SOP to ensure that flight
crews should not begin their approach until adequate briefing is
completed for the expected runway. (See 17)

203

492

492 In order to ensure pilot medical fitness for duty,
airlines/operators/regulators should establish a structured process for
return to flight status after sick leave that includes medical clearance.

204

495

495 To improve aircraft failure tolerance, manufacturers and regulators
should conduct failure analyses for design and certification that reflect
realistic levels of flightcrew reliability.

205

518

518 To ensure an adequate supply of qualified pilots, the aviation
community should promote initiatives that screen youth for potential
aviator qualifications, skills, and aptitude. The industry should identify
and develop career paths for suitable candidates and mentor their
career growth as successful aviators.

206

36

36 Airlines/operators should establish and implement the use of
electronic checklists or other aids to ensure completion of all checklist
items.

208

143

143 Airlines/operators should, and regulatory agencies must,
encourage a culture that enhances safety in their daily operations.
(Safety Culture) (See 22, 63, 348)

209

203

203 Airlines/operators should provide crews with inflight rest periods
and adequate facilities. (See 31, 130, 315)

210

242

242 To prevent excessive fatigue, airlines/operators should consider
circadian rhythm in crew scheduling to compensate for the effects of
rhythm interruptions.

211

348

348 Airlines/operators should utilize a self-audit process (such as FSF
ICARUS recommendation), operational risk management programs
and accident cost analysis to proactively identify and mitigate safety
concerns. (See 318)

212

349

349 Airlines/operators should ensure training for instructors and check
airmen include objective criteria to be used in evaluating crew CRM

performance. (See 25,131)
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Rank

IS#

Intervention Strategy

213

375

375 To improve controller situation awareness, air traffic service
providers should ensure that their training/standardization programs
direct that controllers use all available tools to establish aircraft
position. (See 75)

215

432

432 To facilitate recovery from flight upsets, airlines/operators should
clearly define, train and check the specific PF/PNF upset recovery
duties.

218

493

493 To reduce the risk of pilots' non-readiness for flying,
airlines/operators should train pilots to perform self-audit medical and
psychological assessments prior to flight duty.

219

523

523 To ensure that airline operation training departments accomplish
their training responsibilities, they must be adequately funded.

220

534

534 Airlines/operators should implement procedures that call for an
immediate recovery maneuver following a warning that indicates an
imminent departure from normal flight envelope (e.g. stall warning,
over-speed). (See 161)

222

224

224 Airlines/operators should ensure that all airline operations include
compliance with all/seasonal guidance from the OEM.

223

378

378 To preclude continued flight into an unsafe aircraft energy state,
Airlines/operators should establish procedures for flight crews to
establish a safe, stabilized flight condition when situational uncertainty
exists and THEN advise ATC of intentions.

226

482

482 To prevent inaction when the PF is confused or unresponsive to
an in-flight hazard, airlines/operators should develop and train clear
and explicit procedures to define when/how the PNF (especially the
F/O) will take control of the airplane.

228

506

506 To ensure that the airworthiness authorities know and understand
the importance of complying with the international agreements, ICAO
should distribute annual notices to the authorities emphasizing the
importance of mutual distribution of continued airworthiness
information.

229

536

536 To prevent reoccurrence of accidents and incidents, regulators /
manufacturers / operators should expedite development and
application of an effective risk management continuing airworthiness
assessment based upon prior incidents and disseminate the results.
(See 372, 373)

230

560

560 Since geographic organization of inspection responsibilities can
affect the quality/timeliness of inspections conducted by supporting
organizations at remote locations, regulators should ensure that these
remote inspectors are more accountable to the requesting certificate
holding office.(CHDO/CMO)

231

296

296 To mitigate confusion regarding ATC clearances, operators
should develop procedures to ensure flight crews query ATC
whenever uncertainty exists.

232

310

310 Regulators should not allow noise abatement procedures that

reduce the level of safety that existed prior to their implementation.
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Rank

IS#

Intervention Strategy

233

434

434 To enhance the safety of operations, regulatory agencies should
develop adequate oversight to encourage the use of commonly
accepted safe operating practices. (See 201)

234

476

476 Since repair processes can significantly affect the airworthiness of
components, regulators should require manufacturer concurrence on
all maintenance and repair procedures affecting critical aircraft
structures, components, or performance.

236

541

541 To reduce the risk of loss of control during flight with a propulsion
system malfunction in turboprop aircraft, if the engine failure procedure
is not completed, airline operators should review the consequences of
the malfunctioning propulsion system being placed in flight idle.

238

569

569 Since hard landings are identified primarily based on pilot
subjective judgment and to ensure that individual airplanes are
inspected when necessary, manufacturers should develop and
regulatory authorities should require the implementation of objective
means to identify the occurrence of a hard landing within an
appropriate period of time.

240

123

123 Airlines/operators should implement a true no-fault go around
policy (learning vs. blame).

241

133

133 Airlines/operators training of captains and chief pilots should
include management practices that promote team building and
effective human relations (leadership training beyond current CRM
programs). (See 308)

244

396

396 To ensure a standard level of safety at all airports, airport
operators should adopt airport operations procedures that are no less
stringent than ICAO recommendations.

245

422

422 To ensure constant visibility of known intermittent failures,
operators should develop procedures for continued reporting of and
maintenance actions to address unresolved intermittent failures.

246

549

549 To prevent a blurring of flight crew responsibilities when two
captains are paired to fly a trip sequence, one of the pilots should be
designated as the pilot-in-command for the duration of the trip pairing.

247

563

563 Manufacturers should provide airlines/operators with training
material designed to explain to pilots how and why systems work the
way they do.

248

567

567 To minimize potential negative safety implications of procedural
changes, airlines/operators should develop processes to review all
proposed operating procedures in order to uncover and evaluate
potential unintended consequences.

249

22

22 Airlines/operators should encourage a culture that emphasizes safe|
arrivals over timely arrivals. (See 63, 143)

253

389

389 To assist flight crews in responding to system malfunctions,
manufacturers should develop and airlines/operators should
incorporate readily accessible flight crew procedures for partial or total

failure of flight critical systems.
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Rank
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Intervention Strategy

254

477

477 To improve maintenance quality, regulators should require that
airlines/operators institute processes for oversight of maintenance
facilities that maintain safety-critical parts, components, or systems
(e.g. CASE (Coordinating Agency for Supplier Evaluation) might be
one type of program that could provide an acceptable method of
compliance).

256

547

547 In order to ensure that the certification process is based solely on
safety and compliance with the regulations, certification should include
an independent audit process to guard against the influence of non-
technical considerations.

257

556

556 To reduce pilot overload, airlines/operators should develop
standard operating procedures to help standardize the use of the
appropriate level of automation for the operation and the airplane
design (See 246, 530).

258

557

557 Since current ATC procedures can result in non-standard use of
autoflight systems (e.g. "slam dunk approaches"), air traffic service
providers should harmonize ATC procedures so that they take into
account the flight characteristics of modern airplanes and autoflight
system capability.

259

570

570 To ensure appropriate crew experience levels, regulatory
authorities should require procedures to ensure appropriate crew
pairing. (ref FSF Corporate Crew Scheduling and Fatigue Evalution)
(see 24)

260

555

555 Because it is important that training reflect the realities of line
operations, airline training departments should review and modify, in
consultation with line pilots, training curricula to reflect realistic line
operations scenarios and conditions.

261

95

95 Airlines/operators should establish procedures for flight crews to
review/cross check instructions, clearances, etc. to ensure consistency
with expected procedures or practices.

264

240

240 To reduce the possibility of error, confusion and workload
increase related to ATC clearances, regulators should require and
operators ensure that flight crews utilize proper phraseology and
readbacks. (See 88)

265

241

241 To eliminate hearback errors, ATC should reexamine and
implement improvements to address hearback problems. (See 240)

266

574

574 To ensure accurate and safe flight release, airlines / operators
should ensure that dispatchers are aware of and take into account
aircraft and flightcrew qualifications.

267

19

19 Airlines/operators should implement a procedure to climb to a
minimum safe altitude when position uncertainty exists by at least one
crewmember. Flight crew must advise ATC of intentions.

268

78

78 Airlines/operators and regulators should improve the availability,
clarity, and prioritization of NOTAM information.

270

122

122 Air Traffic service providers should implement transmission of
ATC instructions/information (between the ground and aircraft) via a

computer link as opposed to voice communications.
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271

135

135 Airlines/operators and regulators should ensure checklist design
and implementation of procedures to promote effective crew
coordination and distribution of PF and PNF tasks. (See 82)

272

297

297 To prevent CFIT, operators should develop procedures to ensure
that flight crews do not descend when confusion exists concerning
aircraft position.

273

394

394 Because of increasing interactions between systems,
manufacturers and training organizations should develop new
approaches for instructing pilots in the interrelationships between
systems.

274

429

429 To reduce the risk of flight with a structurally damaged airplane,
airline operators should institute procedures for a diversion to the
closest suitable airport following an upset event that exceeds defined
parameters.

275

435

435 To ensure stall warning systems are properly functioning,
manufacturers should establish appropriate inspection and calibration
procedures.

277

46

46 Airlines/operators should implement procedures to increase
flightcrew awareness of recent aircraft maintenance actions.

279

410

410 To enhance safety in the airport environment, regulators and
airport operators should develop guidelines for minimizing the effects
of environmental factors on windfields in the approach and landing
areas of the runways and work with local authorities for
implemenetation.

280

441

441 To avoid confusion, regulators/operators should develop a
consistent standard for stall speed calculation.

281

554

554 Because it is important that training reflect the realities of line
operations, airline training departments should include instructors who
regularly fly in line operations.

283

388

388 Airlines/operators should encourage a culture that emphasizes
safe operations over on-time performance (see 22)

285

517

517 To ensure an acceptable skill level of pilots entering the aviation
profession, the aviation community should encourage the development
of and enrollment in aviation career training programs.

291

108

108 Air traffic service providers should implement and/or review
procedures to ensure ATC training does not create a hazard to flight
operations.
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4. Data Intervention Strategies

Rank

IS#

Intervention Strategy

361

361 To enhance the ability to analyze, identify and take corrective
actions for preventing accidents, regulators and operators should
create a collection and analysis process which utilizes all existing and
future aircraft data collection systems, such as DFDR, FOQA, ASAP
and other non-volatile memory systems.

14

56

56 Airlines/operators should implement Flight Operations Quality
Assurance (FOQA) programs to identify systemic procedural
deviations and unsafe trends. (See 54, 55)

46

128

128 Airlines/operators and regulators should implement a no blame
safety reporting and data sharing system with appropriate protections
from litigation and prosecution concerns.

55

463

463 To avoid treating an incident as an isolated occurrence and to
ensure on-going assessment of aircraft specific loss of control
problems, a focused safety or risk assessment of all accidents and
incidents should be conducted to determine the need for immediate
resolution. (See 254)

56

490

490 In order to ensure that relevant information is shared during the
pilot hiring process, airlines should implement and regulators require a
storage and retrieval system that contains pertinent standardized
information on the quality of airline pilot performance during training
and service. (Reference ‘Pilot Records Improvement Act’ — FAA AC
120-68)

76

372

372 To ensure that in-service problems are reliably assessed for their
safety implications and corrected, regulators, operators, and
manufacturers should develop and implement a standard set of criteria
for determining whether or not a problem is safety-related and for
timely corrective action.

87

54

54 Airlines/operators should implement Flight Operations Quality
Assurance (FOQA) programs.

104

417

417 Because failures which result in yaw/roll upsets can be particularly
difficult for crews to interpret and successfully handle, manufacturers
and operators should give such failures increased scrutiny and higher
priority for reporting.

111

57

57 Airlines/operators, regulators, and manufacturers should implement
a program designed for sharing of safety related information within the
aviation community.

133

373

373 To ensure that manufacturers and regulators are aware of
recurrent problems (type and frequency), manufacturers, regulators
and operators should implement a reliable process for gathering and
reporting safety-related problems.

152

370

370 To foster transfer of safety-related information, airplane and
component manufacturers should participate in safety data sharing

programs, (e.g. current Manufacturers' safety data sharing meetings).
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154

402

402 To prevent a more serious event, manufacturers should revise
product failure analyses if service history reveals unexpected
conseguences or failure modes.

171

536

536 To prevent reoccurrence of accidents and incidents, regulators /
manufacturers / operators should expedite development and
application of an effective risk management continuing airworthiness
assessment based upon prior incidents and disseminate the results.
(See 372, 373)

214

418

418 Because not all operators understand the significance of failures
which may result in yaw/roll upsets, manufacturers should provide
airlines with more information regarding the airplane control
implications of such failures.

227

505

505 To ensure that safety related incident information is shared
between validating and certificating authorities, regulators should
develop a system to review the terms of and compliance to bilateral
airworthiness agreements.

229

536

536 To prevent reoccurrence of accidents and incidents, regulators /
manufacturers / operators should expedite development and

application of an effective risk management continuing airworthiness
assessment based upon prior incidents and disseminate the results.

(See 372, 373)
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5. Regulatory Role Intervention Strategies

Rank

IS#

Intervention Strategy

56

490

490 In order to ensure that relevant information is shared during the
pilot hiring process, airlines should implement and regulators require a
storage and retrieval system that contains pertinent standardized
information on the quality of airline pilot performance during training
and service. (Reference ‘Pilot Records Improvement Act' — FAA AC
120-68)

76

372

372 To ensure that in-service problems are reliably assessed for their
safety implications and corrected, regulators, operators, and
manufacturers should develop and implement a standard set of criteria
for determining whether or not a problem is safety-related and for
timely corrective action.

133

373

373 To ensure that manufacturers and regulators are aware of
recurrent problems (type and frequency), manufacturers, regulators
and operators should implement a reliable process for gathering and
reporting safety-related problems.

171

536

536 To prevent reoccurrence of accidents and incidents, regulators /
manufacturers / operators should expedite development and
application of an effective risk management continuing airworthiness
assessment based upon prior incidents and disseminate the results.
(See 372, 373)

227

505

505 To ensure that safety related incident information is shared
between validating and certificating authorities, regulators should
develop a system to review the terms of and compliance to bilateral
airworthiness agreements.

229

536

536 To prevent reoccurrence of accidents and incidents, regulators /
manufacturers / operators should expedite development and

application of an effective risk management continuing airworthiness
assessment based upon prior incidents and disseminate the results.

(See 372, 373)
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APPENDIX I: MASTER PROBLEM STATEMENT / INTERVENTION MATRIX

FLIGHTCREW — SOP —
Failure of the flight crew
to provide complete
responses (callbacks,
position reports, etc.)
using standard
phraseology in
accordance with
established procedures
(FAA, ICAO, Company,
etc.)

21 Establish/enhance quality
assurance checks/training to
ensure that timely and accurate
communication between
controllers and flight crews is
occurring. (OE 1.2)

42 Airlines/operators and air
traffic service providers should
implement a monitoring
program to ensure the
consistent use of the ICAO
phraseology. (OE 1.2)

88 Airlines/operators should
train and monitor flight crew
compliance with established
communication phraseology
guidelines. (OE 0.5)

110 Airlines/operators and
regulators should ensure that
their training/standardization
and monitoring programs
emphasize the importance of
adherence to standard
operating procedures and
identify the rationale behind
those procedures. (See 99)
(OE 3.7)

204 Research should be
conducted to better understand
the underlying reasons/causes
for procedural noncompliance.
(OE NR)

240 To reduce the possibility of
error, confusion and workload
increase related to ATC
clearances, regulators should
require and operators ensure
that flight crews utilize proper
phraseology and readbacks.
(See 88) (OE 0.6)

2 Cont.

524 Regulators should
establish flightcrew
phraseology guidelines and
airlines/operators should train
and monitor flight crew
compliance with
communication phraseology
guidelines. (See 88, 240) (OE
0.9)

AIR TRAFFIC
SYSTEM/FLIGHTCREW
— Inability of air traffic
control and the
flightcrew to effectively
communicate.

28 Implement a system to
automatically transmit ATC
instructions/information
between the ground controller
and the aircraft. (OE 0.8)

AIR TRAFFIC SYSTEM —
Failure of air traffic
control to provide
instructions/information
/clearances using
standard phraseology
in accordance with
appropriate regulatory
directives.

21 Establish/enhance quality
assurance checks/training to
ensure that timely and accurate
communication between
controllers and flight crews is
occurring. (OE 1.2)

42 Airlines/operators and air
traffic service providers should
implement a monitoring
program to ensure the
consistent use of the ICAO
phraseology. (OE 1.2)

106 Air Traffic service providers|
should train and monitor ATC
adherence to established
communications procedures
including hearback problems.
(See 240) (OE 1.2)

124 Air Traffic service providers
should implement a Quality
Assurance program to ensure
adherence to established
procedures. (OE 2.1)

240 To reduce the possibility of
error, confusion and workload
increase related to ATC
clearances, regulators should
require and operators ensure
that flight crews utilize proper
phraseology and readbacks.
(See 88) (OE 0.6)

241 To eliminate hearback
errors, ATC should reexamine
and implement improvements
to address hearback problems.
(See 240) (OE 0.6)

AIR TRAFFIC SYSTEM —
Inadequate situation
awareness (horizontal).
Failure of air traffic
control to correctly
identify aircraft position
over the ground

121 Air Traffic service

providers should implement
worldwide surveillance radar
(example: ADS/B). (OE 2.4)

374 To provide terminal area
position information in non-
radar environments, ATS
providers and airplane
manufacturers should
implement terminal area
automatic dependent
surveillance (ADS-B) (Traffic
Information Services (TIS))
(OE 2.4)
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8 AIR TRAFFIC SYSTEM —|13 Air Traffic service providers |93 Air Traffic service should 106 Air Traffic service providers| 124 Air Traffic service providers|157 Airlines/operators, 204 Research should be
Failure of air traffic should enhance ATC training to | provide real time (most current) [should train and monitor ATC [should implement a Quality regulators, air traffic service conducted to better understand
control to follow emphasize the dangers of radio communication of critical |adherence to established Assurance program to ensure |providers should establish the underlying reasons/causes
established procedures |rushed approaches and airport and weather communications procedures adherence to established policies or programs to address |for procedural noncompliance.
(SOP). performance characteristics of |information. (OE 2.4) including hearback problems. |procedures. (OE 2.1) rushed approaches, including |(OE NR)

jet transports. (See 115, 157) (See 240) (OE 1.2) elimination of rushed

(OE 2.1) approaches, recognition and
rejection of rushed approaches
and training for those
encountered. (OE 3.1)

8 Cont. 497 To minimize exposure to

flight operations in icing

conditions, air traffic service

providers should initially and

periodically train controllers on

the hazards / impacts of icing

on aircraft performance when

holding or vectoring aircraft to

the final approach course in

areas of known or reported

icing conditions. (OE 2.1)

10 FLIGHTCREW — SOP — |7 Airlines/operators should 23 Airlines/operators should 36 Airlines/operators should 56 Airlines/operators should 82 Airlines/operators should 99 Airlines/operators should
Failure of flight crew to |ensure that their ensure that regularly scheduled |establish and implement the implement Flight Operations clearly define, train and check |ensure that clear, concise,
follow established training/standardization recurrent training (e.g. LOFT) use of electronic checklists or |Quality Assurance (FOQA) the specific PF/PNF/FE duties. |accurate, appropriate standard
procedures (SOP). programs emphasize review of |emphasizes crew cooperation [other aids to ensure completion|programs to identify systemic |(OE 2.3) operating procedures are

approach and missed approach|and working together to of all checklist items. (OE 1.1) |procedural deviations and published and enforced. (See
procedures. (See 329) (OE maximize safe operations. unsafe trends. (See 54, 55) 110) (OE 4.0)
3.3) (See 308, 314) (OE 2.1) (OE 3.7)
10 110 Airlines/operators and 131 Airlines/operators should |204 Research should be 305 Regulators should require [539 To ensure procedural

Cont. regulators should ensure that |ensure that their conducted to better understand |airlines/operators to outfit compliance, manufacturers
their training/standardization training/standardization the underlying reasons/causes |aircraft with electronic should design and incorporate
and monitoring programs program emphasizes the for procedural noncompliance. |checklists. If unable to install |'smart' checklists that detect
emphasize the importance of importance of the team (OE NR) electronic checklists, use failures and provide the proper
adherence to standard concept, cross cultural issues, mechanical checklists or, at a |flight crew actions. (See 444)
operating procedures and evaluation of options and the minimum, develop a process to|(OE 1.6)
identify the rationale behind obligation of the FO to reinforce challenge and
those procedures. (See 99) effectively communicate any response checklists. (OE 2.7)
(OE 3.7) concerns (CRM). (See 237)

(OE 2.0

11 FLIGHTCREW - 14 Install aural warning devices |19 Airlines/operators should 100 Airlines/operators should |116 Airlines/operators should [142 Airlines/operators should |[211 Airlines/operators should
Inadequate situation on aircraft to alert flightcrew of |implement a procedure to climb|ensure that their ensure that their establish policies, parameters, [retrofit equipment to provide
awareness (vertical). arrival at MDA/DH. (OE 1.6) to a minimum safe altitude training/standardization training/standardization and training to recognize automatic altitude callouts on
Failure of flight crew to when position uncertainty programs emphasize the programs emphasize the unstabilized approaches and final approach. (OE 1.6)
correctly identify exists by at least one importance of adhering to dangers of high rate of descent |other factors and implement a
aircraft height above crewmember. Flight crew must|MDA/DH. (OE 0.7) and unstable approaches. go-around gate system. (See
ground. advise ATC of intentions. (OE (See 142) (OE 2.3) FSF - "defined gates" p. 193)

0.5) (See 116, 123) (OE 3.1)

11 297 To prevent CFIT, operators|342 Airlines/operators should

Cont. should develop procedures to |establish an SOP to ensure

ensure that flight crews do not
descend when confusion exists
concerning aircraft position.
(OE 0.5)

that flight crews should not
begin their approach until
adequate briefing is completed
for the expected runway. (See
17) (OE 1.2)
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12 FLIGHTCREW — 244 To prevent plan 297 To prevent CFIT, operators|300 Airlines/operators should |308 Airlines/operators should 342 Airlines/operators should
Inadequate situation continuation errors (e.g. press- |should develop procedures to |adopt, implement and train a |ensure their formal CRM establish an SOP to ensure
awareness (horizontal). |on-itis), research should be ensure that flight crews do not |risk assessment tool to training is culturally appropriate |that flight crews should not
Failure of flight crew to |conducted to determine the descend when confusion exists |enhance flight crew awareness [and emphasizes the following |[begin their approach until
correctly identify effectiveness of directive concerning aircraft position. of hazards associated with all |management skills: decision adequate briefing is completed
aircraft position over information systems for go- (OE 0.5) approaches and airports (see |making, workload for the expected runway. (See
the ground. around situations. (OE NR) risk analysis tactical checklist). |management, crew 17) (OE 1.2)

(OE 1.4) coordination, planning,
communication, situational
awareness and advocacy. (1AW
AC120-51b). (See 133) (OE
2.1)

13 FLIGHTCREW - Flight |64 Airlines/operators should 112 Airlines/operators and 325 Airline/operators should 390 Because some partial 391 Because of the interaction 393 To ensure system status
crew misinterpreted ensure that their regulators should ensure that |emphasize during initial and system failures may not be between systems, awareness, airlines/operators
instrument presentation|training/standardization the frequency and recurrent training the reliably observed, manufacturers should develop |should ensure that their
and failed to cross programs direct the flight crews |effectiveness of proficiency importance of maintaining manufacturers should develop |alerting systems that help pilots | training/standardization
check other available to regularly cross check all checks for simulated instrument |systems status awareness warning systems that alert the [understand any common cause|programs direct the flight crews
instruments instrumentation. (OE 1.8) failures (partial panel) are during non-normal events and |pilot to those partial/total of multiple failure messages. to use all available tools to

adequate. (OE 2.1) hazardous approaches (goal to [failures of flight critical systems [ (OE 2.4) determine airplane system

avoid tunnel vision/narrowed and flight instruments. (OE status. (See 47) (OE 1.7)

attention). (OE 2.1) 1.0)

13 445 To help avoid loss of

Cont. control, manufacturers should
develop and implement flight
envelope protection. (e.g.
bank/pitch angle limits, over-
speed, angle of attack, load
factor) (OE 4.6)

14 AIRCRAFT EQUIPMENT [45 Manufacturers should 49 Regulators should establish [253 To prevent loss of control, [371 To eliminate the potential [436 To ensure adequate stall [454 Because latent and
— EQUIPMENT FAILURE [ensure that all impending criteria for, and manufacturers |there should be redundancy safety consequences of system |warning, regulators should combination failures have been
— Failure of instrument |equipment failures or should evaluate and improve, |and failure tolerance features |failures, mandate improved accuracy missed in failure analyses,
and/or warning system |inappropriate settings that may |the reliability and failure for all flight critical components,| manufacturers/operators and integrity in the stall warning | manufacturers and regulators
during critical phase of |affect the safe operation of the |tolerance of flight systems. such as dual path design, fail [should develop a reliable system (including aircraft should conduct more intensive
flight (e.g. takeoff, flight are properly annunciated |(includes hardware, software operational redundant systems, | process for identifying, currently in service). (OE 1.1) |[verification of all safety
approach, landing, to the flight crew by use of dual [and human performance). (See with fault annunciation. (OE |prioritizing, and resolving the analyses associated with
approach to stall, etc.) |source sensing. (See 103, 332) (OE 1.0) 2.8) safety consequences of system systems whose failures, singly

138) (OE 2.2) and component malfunctions or in combination with other
throughout the operational system failures, can result in
envelope. (OE 1.5) accidents. (OE 1.7)
14 455 Because latent and
Cont. combination failures may be

missed in failure analyses,
manufacturers and regulators
should conduct research into
improved methods for
conducting safety analyses, to
ensure reliable identification of
failures which, singly or in
combination with other system
failures, can result in accidents.
(OE NR)
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16 FLIGHTCREW — CRM — |25 Airlines/operators should 26 Airlines/operators should 94 Implement real time (digital) | 107 Airlines/operators should 131 Airlines/operators should 133 Airlines/operators training
Lack of CRM training or |establish a CRM training ensure that CRM training is transmission of airport and ensure that their CRM ensure that their of captains and chief pilots
failure to follow CRM program and regulators should |provided prior to line flying. weather information to the training/standardization training/standardization should include management
practices. require and insure that the (OE 1.7) aircraft. (OE 2.0) program emphasizes the program emphasizes the practices that promote team

initial training is provided prior importance of the team importance of the team building and effective human
to line flying and require concept. (OE 2.1) concept, cross cultural issues, [relations (leadership training
recurrent CRM training. (See evaluation of options and the beyond current CRM
131, 132, 349) (OE 2.1) obligation of the FO to programs). (See 308) (OE 0.8)
effectively communicate any
concerns (CRM). (See 237)
(OE 2.0)
16 308 Airlines/operators should |314 Airlines/operators should [349 Airlines/operators should
Cont. ensure their formal CRM develop simulator training ensure training for instructors
training is culturally appropriate |scenarios that require flight and check airmen include
and emphasizes the following |crews to learn multi-tasking objective criteria to be used in
management skills: decision abilities and appropriate evaluating crew CRM
making, workload prioritization abilities in concert |performance. (See 25,131)
management, crew with CRM skills (see Red Flag |(OE 1.1)
coordination, planning, LOFT scenarios). (OE 2.4)
communication, situational
awareness and advocacy. (IAW
AC120-51b). (See 133) (OE
2.1)

17 AIRLINES/OPERATORS |30 Airlines/operators should 56 Airlines/operators should 99 Airlines/operators should 110 Airlines/operators and 141 Airlines/operators and 316 Regulators should require
— SOP - Failure of the [|adopt the "delegated" approach |implement Flight Operations ensure that clear, concise, regulators should ensure that  |regulators should require airline/operators to train flight
airline/operator to to standard operating Quality Assurance (FOQA) accurate, appropriate standard |their training/standardization training/standardization crews to recognize and
provide adequate procedures. (e.g. monitored programs to identify systemic |operating procedures are and monitoring programs programs include training counteract acute and chronic
standard operating approach procedures). (OE procedural deviations and published and enforced. (See |emphasize the importance of regarding physiological effects [fatigue. (See 31, 130, 203,
procedures (SOP) that |1.8) unsafe trends. (See 54, 55) 110) (OE 4.0) adherence to standard on aircrew performance, (e.g. |257,315) (OE 1.4)
address situations and (OE 3.7) operating procedures and low blood sugar, fatigue). (OE
environments that the identify the rationale behind 1.1)
flight crews operate in. those procedures. (See 99)

(OE 3.7)
17 389 To assist flight crews in 390 Because some partial 391 Because of the interaction |400 In order to promote safe
Cont. responding to system system failures may not be between systems, crosswind landings,

malfunctions, manufacturers reliably observed, manufacturers should develop |manufacturers will provide and
should develop and manufacturers should develop |alerting systems that help pilots|airline operators will implement
airlines/operators should warning systems that alert the |understand any common cause]aircraft crosswind landing
incorporate readily accessible |pilot to those partial/total of multiple failure messages. limitations, including
flight crew procedures for failures of flight critical systems | (OE 2.4) considerations for flight control
partial or total failure of flight and flight instruments. (OE effectiveness and gust
critical systems. (OE 0.7) 1.0) conditions. (OE 3.1)

19 FLIGHTCREW - Lack of |54 Airlines/operators should 56 Airlines/operators should 64 Airlines/operators should 110 Airlines/operators and 111 Airlines/operators should |114 Airlines/operators should

basic piloting skills or
knowledge required to
successfully perform a
flight maneuver or a
procedure or
understand its
consequences.

implement Flight
OperationsQuality Assurance
(FOQA) programs. (OE 2.3)

implement Flight Operations
Quality Assurance (FOQA)
programs to identify systemic
procedural deviations and
unsafe trends. (See 54, 55)
(OE 3.7)

ensure that their
training/standardization
programs direct the flight crews
to regularly cross check all
instrumentation. (OE 1.8)

regulators should ensure that
their training/standardization
and monitoring programs
emphasize the importance of
adherence to standard
operating procedures and
identify the rationale behind
those procedures. (See 99)
(OE 3.7)

ensure that their
training/standardization
programs emphasize basic
airmanship skills and
knowledge during initial and
recurrent training. (OE 2.3)

ensure that their
training/standardization
programs provide sufficient
training to ensure aircrew
proficiency. (OE 2.8)
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19 147 Airlines/operators should 149 Manufacturers should 159 Manufacturers should 331 Airline operators and 357 To insure crews have the |[358 To provide optimal upset
Cont. require training/standardization [install a HUD as standard incorporate an "input rudder" manufacturers will train crews |adequate skills to recover from |recovery training and to
programs, which teach situation|equipment. (See 85) (OE 2.3) [indicator or automatic yaw to understand capabilities and |extreme attitude upsets, minimize negative training,
awareness. (The knowledge compensation to ensure that limitations of system, conditions [regulators should require, and [regulators, aircraft and
and understanding of the adequate yaw control is which would cause the system |operators should immediately |simulator manufacturers and
relevant elements of the pilot provided. (OE 2.1) to not function properly and implement, initial and recurrent |operators should insure that
surroundings, including aircraft how to detect failure to upset recovery training. (OE training devices replicate
systems, and the pilots deploy/activate and 4.0) aircraft performance and
intentions) recommend contingency response necessary for
actions. (OE 2.8) effective training. (See 386,
475) (OE 2.8)
19 359 To improve effectiveness [384 Since it is possible to enter [474 Since indications of 475 Since simulators cannot 484 To ensure adequate FO  [490 In order to ensure that
Cont. of upset recovery training, a stall, airlines/operators should | sideslip may not be prominent |adequately replicate the motion |proficiency, airlines/operators [relevant information is shared
research should identify the develop and implement a and can be masked by roll cues associated with sideslip, [should incorporate the during the pilot hiring process,
most effective methodology for |ground school and simulator effects, manufacturers should |the industry should develop operating practice of alternating |airlines should implement and
upset training. (OE NR) training program to train pilots |develop improved sideslip improved methods for safely PF/PNF duties (alternating legs |regulators require a storage
to handle post stall recovery as |indications and/or alerting (e.g. |training pilots to recognize and [and landings). (OE 2.1) and retrieval system that
part of advanced maneuver similar to pitch limit indications [respond to inflight sideslip contains pertinent standardized
training. (OE 3.3) for pitch / angle of attack). (OE|events. (See 358, 386) (OE information on the quality of
2.1) 1.7) airline pilot performance during
training and service.
(Reference ‘Pilot Records
Improvement Act’ — FAA AC
120-68) (OE 2.8)
19 559 To reduce the likelihood of |561 Airlines should maximize [568 Since the definition and
Cont. hard landings, the use of autoland systems reporting criteria for hard
airlines/operators should consistent with maintaining landings are poorly defined and
develop training syllabi with manual landing proficiency. there have been several
improved coverage of landings, | (OE 3.3) landings that have resulted in
including identification of and MD-11 wing structural failures,
recovery from unstabilized regulatory authorities should
flares, high sink rates, and require inspection of all MD-11s
bounced landings. (OE 1.3) to ensure that unreported hard
landings have not resulted in
structural damage. (OE NR)
20 AIRLINES/OPERATORS |15 Airlines/operators should 56 Airlines/operators should 110 Airlines/operators and 111 Airlines/operators should 112 Airlines/operators and 114 Airlines/operators should

— TRAINING —
Airline/operator training
failed to adequately
address operational
requirements necessary
for the flight crew to
safely operate the
airplane

ensure that their
training/standardization
programs instruct when to
disengage automated systems
and fly manually. (See 246)
(OE 3.1)

implement Flight Operations
Quality Assurance (FOQA)
programs to identify systemic
procedural deviations and
unsafe trends. (See 54, 55)
(OE 3.7)

regulators should ensure that
their training/standardization
and monitoring programs
emphasize the importance of
adherence to standard
operating procedures and
identify the rationale behind
those procedures. (See 99)
(OE 3.7)

ensure that their
training/standardization
programs emphasize basic
airmanship skills and
knowledge during initial and
recurrent training. (OE 2.3)

regulators should ensure that
the frequency and

effectiveness of proficiency
checks for simulated instrument
failures (partial panel) are
adequate. (OE 2.1)

ensure that their
training/standardization
programs provide sufficient
training to ensure aircrew
proficiency. (OE 2.8)
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20
Cont.

143 Airlines/operators should,
and regulatory agencies must,
encourage a culture that
enhances safety in their daily
operations. (Safety Culture)
(See 22, 63, 348) (OE 1.1)

246 To reduce pilot overload,
airlines/operators policies
should stress using the
appropriate level of automation.
(OE 1.6)

328 Airlines/operators should
ensure that flight crews are
trained to think in terms of "I
will go-around unless" rather
than "I will land unless."
Regulatory policy should
support this approach. (See
142, 311) (OE 2.3)

329 Airlines/operators should
incorporate in initial and
recurrent training ways to
recognize multiple cues that will
require go-around. These
include CFIT training aid 2.1.9,
FSF definition of stabilized
approach, risk assessment tool,
and windshear training aid.

(OE 2.3)

357 To insure crews have the
adequate skills to recover from
extreme attitude upsets,
regulators should require, and
operators should immediately
implement, initial and recurrent
upset recovery training. (OE
4.0)

358 To provide optimal upset
recovery training and to
minimize negative training,
regulators, aircraft and
simulator manufacturers and
operators should insure that
training devices replicate
aircraft performance and
response necessary for
effective training. (See 386,
475) (OE 2.8)

20
Cont.

359 To improve effectiveness
of upset recovery training,
research should identify the
most effective methodology for
upset training. (OE NR)

365 To ensure pilot capability
to maintain or regain control,
regulators should require and
operators should implement
training programs which
address crossover speed
effects. (OE 2.8)

405 To enhance stability in the
approach and landing phase,
airline operators should train
pilots to properly control the
aircraft in the transition from
autocoupled/autoland
approaches to manual control.
(OE 2.2)

409 To enhance stability during
the approach and landing
phase, airline operators should
develop and implement policies
and procedures that address
mixed mode flight (e. g.,
autothrottles in manual flight)
with specific emphasis on
pitch/thrust coupling and
aircraft control problems. (OE
2.1)

452 Since handling qualities
and performance margins may
be significantly different during
high altitude cruise,
airlines/operators should
ensure that pilots receive
adequate training and
experience in manual flying in
this flight regime. (OE 1.1)

529 To avoid negative training,
airline operators should ensure
that their training curriculum
correlates with the AOM and
other relevant manuals. (OE
1.7)

20
Cont.

548 In order to provide flight
crews with engine out training
on takeoff without visual
outside reference, regulators
should require, and operators
should conduct, takeoff engine
out training and evaluation
during the portion of the takeoff
after rotation through initial
climb. (OE 2.1)

21

FLIGHTCREW - Flight
crew disregard of, or
failure to recognize
cues to terminate
current course of action
or maneuver (“PRESS-
ON-ITUS").

22 Airlines/operators should
encourage a culture that
emphasizes safe arrivals over
timely arrivals. (See 63, 143)
(OE 0.7)

23 Airlines/operators should
ensure that regularly scheduled
recurrent training (e.g. LOFT)
emphasizes crew cooperation
and working together to
maximize safe operations.
(See 308, 314) (OE 2.1)

96 Airlines/operators should
ensure that their
training/standardization
programs emphasize the
importance of adequate
approach preparation and
contingency review prior to
commencing an approach.
(OE 1.2)

105 Airlines/operators should
train flight crews on how flight
delays upon departure or
enroute (weather,
maintenance, ATC, etc.) can
affect their subsequent
decision-making relative to the
safe conduct of the flight. (OE
0.6)

115 Airlines/operators should
ensure that their
training/standardization
programs emphasize the
dangers of rushed approaches.
(See 13, 157) (OE 2.3)

162 Airline/operators should
include in their training
programs the awareness of
potential safety risks due to the
complacency when operating at
a very familiar airport (e.g.
home base). (OE 0.6)

21
Cont.

244 To prevent plan
continuation errors (e.g. press-
on-itis), research should be
conducted to develop directive
information systems for go-
around situations. (OE NR)

300 Airlines/operators should
adopt, implement and train a
risk assessment tool to
enhance flight crew awareness
of hazards associated with all
approaches and airports (see
risk analysis tactical checklist).
(OE 1.4)

328 Airlines/operators should
ensure that flight crews are
trained to think in terms of "I
will go-around unless" rather
than "I will land unless."
Regulatory policy should
support this approach. (See
142, 311) (OE 2.3)

429 To reduce the risk of flight
with a structurally damaged
airplane, airline operators
should institute procedures for
a diversion to the closest
suitable airport following an
upset event that exceeds
defined parameters. (OE 0.5)
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22 FLIGHTCREW - Pilot 82 Airlines/operators should 111 Airlines/operators should 314 Airlines/operators should |403 To ensure clear
Not Flying (PNF) failed [clearly define, train and check [ensure that their develop simulator training communication, airline
to perform monitoring [the specific PF/PNF/FE duties. [training/standardization scenarios that require flight operators should train
function and other PNF |(OE 2.3) programs emphasize basic crews to learn multi-tasking flightcrews to emphasize if
responsibilities airmanship skills and abilities and appropriate action is required when giving

knowledge during initial and prioritization abilities in concert |status reports. (OE 1.3)
recurrent training. (OE 2.3) with CRM skills (see Red Flag
LOFT scenarios). (OE 2.4)

23 FLIGHTCREW — Flight |54 Airlines/operators should 56 Airlines/operators should 64 Airlines/operators should 110 Airlines/operators and 114 Airlines/operators should 143 Airlines/operators should,
crew intentional implement Flight implement Flight Operations ensure that their regulators should ensure that |ensure that their and regulatory agencies must,
disregard of and failure |OperationsQuality Assurance |Quality Assurance (FOQA) training/standardization their training/standardization training/standardization encourage a culture that
to respond to flightdeck [(FOQA) programs. (OE 2.3) programs to identify systemic |programs direct the flight crews |and monitoring programs programs provide sufficient enhances safety in their daily
warning procedural deviations and to regularly cross check all emphasize the importance of  [training to ensure aircrew operations. (Safety Culture)

unsafe trends. (See 54, 55) instrumentation. (OE 1.8) adherence to standard proficiency. (OE 2.8) (See 22, 63, 348) (OE 1.1)
(OE 3.7) operating procedures and
identify the rationale behind
those procedures. (See 99)
(OE 3.7)
23 208 Research should be 378 To preclude continued
Cont. conducted to understand and  |flight into an unsafe aircraft
counteract the phenomenon of |energy state, Airlines/operators
flight crew overload. (e.g. why [should establish procedures for
do flight crews ignore GPWS  |flight crews to establish a safe,
warnings) (OE NR) stabilized flight condition when
situational uncertainty exists
and THEN advise ATC of
intentions. (OE 1.0)

24 FLIGHTCREW/AIRLINE |48 Airlines/operators and 130 Regulators should account |141 Airlines/operators and 203 Airlines/operators should |242 To prevent excessive 257 To eliminate loopholes in
S/IOPERATORS — regulators should strictly for realistic rest scenarios when |regulators should require provide crews with inflight rest |fatigue, airlines/operators crew rest requirements and to
Disregard of enforce flight/duty time developing and implementing |training/standardization periods and adequate facilities. [ should consider circadian ensure adequate crew rest,
aeromedical factors limitations. (OE 2.0) crew rest requirements during |programs include training (See 31, 130, 315) (OE 1.1) rhythm in crew scheduling to  |regulators should clarify crew
(fatigue, sleep cycles, travel segments. (See 31, regarding physiological effects compensate for the effects of rest regulations. (See 31, 130,
medications, alcohol, 203, 257, 315, 316) (OE 1.3) |on aircrew performance, (e.g. rhythm interruptions. (OE 1.1) |203, 315, 316) (OE 2.5)
etc.) low blood sugar, fatigue). (OE

1.1)
24 316 Regulators should require |388 Airlines/operators should [493 To reduce the risk of pilots'
Cont. airline/operators to train flight |encourage a culture that non-readiness for flying,
crews to recognize and emphasizes safe operations airlines/operators should train
counteract acute and chronic  |over on-time performance (see [pilots to perform self-audit
fatigue. (See 31, 130, 203, 22) (OE 0.3) medical and psychological
257,315) (OE 1.4) assessments prior to flight duty.
(OE 1.1)
26 |AIRCRAFT EQUIPMENT |27 Airlines/operators should

— CVR not fully
functional during the
accident (for future
accident prevention).

implement maintenance
procedures to ensure proper
functioning of the CVR at all
times. (Note: this intervention
was recorded as a potential
intervention of future accidents,
it would not have prevented the
subject accidents.) (OE NR)
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28 AIR TRAFFIC SYSTEM —|10 Air traffic service providers |12 Air traffic service providers 121 Air Traffic service 157 Airlines/operators, 374 To provide terminal area

INFRASTRUCTURE — should train air traffic should emphasize in ATC providers should implement regulators, air traffic service position information in non-
The air traffic system controllers to use all available |training the controllers' potential{worldwide surveillance radar providers should establish radar environments, ATS
lacked equipment that |tools to establish aircraft in assisting the flight crew in (example: ADS/B). (OE 2.4) policies or programs to address | providers and airplane

might have helped position (example: don't fixate |improving their situation rushed approaches, including | manufacturers should
prevent the accident on just DME). (OE 0) awareness. (OE 0.2) elimination of rushed implement terminal area
(DME, radar, etc.) approaches, recognition and automatic dependent
rejection of rushed approaches [surveillance (ADS-B) (Traffic
and training for those Information Services (TIS))
encountered. (OE 3.1) (OE 2.4)

30 |AIR TRAFFIC SYSTEM —|108 Air traffic service providers
Inadequate situation should implement and/or
awareness (vertical). review procedures to ensure
Failure of air traffic ATC training does not create a
control to correctly hazard to flight operations.
identify aircraft height |(OE 0)
above the ground.

31 FLIGHTCREW — 52 Airlines/operators should 308 Airlines/operators should 520 To ensure flight crews 542 To preclude over-reliance
Preoccupation with ensure that their ensure their formal CRM have a comprehensive on automation,
automated systems training/standardization training is culturally appropriate |knowledge of the automation |airlines/operators and
(FMS) to the exclusion |programs establish flightcrew [and emphasizes the following [system(s) functional operation, [regulators should create and/or
of alternative navigation |proficiency in the use of the management skills: decision airlines/operators should clarify a definition of
systems FMS system. (OE 0.4) making, workload ensure that their training “appropriate levels of

management, crew /standardization programs automation,” to include the
coordination, planning, emphasize these skills. (OE |need to validate against other
communication, situational 2.8) information sources and insure
awareness and advocacy. (IAW that the resulting definition is
AC120-51b). (See 133) (OE published and included in all
2.1) appropriate flight crew
publications, manuals and
training programs. (OE 2.1)

32 AIRLINES/OPERATORS |79 Airlines/operators should 80 Airlines/operators should 99 Airlines/operators should 225 Airlines/operators and 498 To ensure safe operating [507 To ensure that flightcrews
— SOP - Failure of or implement a reliable process to | verify, and regulators should ensure that clear, concise, regulators should ensure speeds in icing conditions, have all necessary weather
inadequate communicate information to the |check, that operators who accurate, appropriate standard |necessary manuals regulators shall require that information prior to flight,
airline/operator flight crew that may affect flight |create their own AOM's include |operating procedures are (operational & maintenance) minimum safe operating airlines/operators should
procedures for or aircraft operations. (OE 2.7) |all operational procedures published and enforced. (See |are complete, accurate, speeds in icing conditions be immediately review their
disseminating flight- prescribed by original 110) (OE 4.0) available and appropriately published in the aircraft flight  |system of weather information
critical information equipment manufacturers used. (OE 3.1) manual (section 1) for all dissemination to ensure that all
within the organization. Airplane Flight Manual (AFM). aircraft operating significant weather information

(OE 3.3) configurations. (OE 2.7) is provided for their route of
flight. (OE 1.5)
32 508 To ensure that flight crews [509 To reduce the risk of
Cont. have and use all necessary encountering hazardous

weather information,
airlines/operators shall train
flightcrews and airline
dispatchers on the importance
of reviewing weather
information for potential in-flight
icing. (OE 1.5)

weather conditions (e.g. super-
cooled large droplets (sld),
thunderstorms, etc.) research
must be conducted to develop
methods for accurate prediction
and identification of these
conditions. (OE NR)
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33 |AIR TRAFFIC SYSTEM —|21 Establish/enhance quality
Failure of, or assurance checks/training to
inadequate air traffic ensure that timely and accurate
system procedures for |communication between
disseminating flight- controllers and flight crews is
critical information. occurring. (OE 1.2)
34 FLIGHTCREW - Failure |20 Airlines/operators should 82 Airlines/operators should 308 Airlines/operators should |314 Airlines/operators should 356 Research should be done
of captain to exercise |ensure that command oversight|clearly define, train and check [ensure their formal CRM develop simulator training to develop an effective tactical
command authority. training for captains is provided [the specific PF/PNF/FE duties. |training is culturally appropriate | scenarios that require flight decision-making model for flight
during the upgrade process (OE 2.3) and emphasizes the following |crews to learn multi-tasking crews in time critical situations.
and in recurrent training and management skills: decision abilities and appropriate (OE NR)
first officer responsibility for making, workload prioritization abilities in concert
monitoring are reviewed during management, crew with CRM skills (see Red Flag
recurrent training. (OE 2.3) coordination, planning, LOFT scenarios). (OE 2.4)
communication, situational
awareness and advocacy. (IAW
AC120-51b). (See 133) (OE
2.1)
38 FLIGHTCREW - Flight |64 Airlines/operators should 82 Airlines/operators should 96 Airlines/operators should 111 Airlines/operators should 114 Airlines/operators should 157 Airlines/operators,
crew preoccupation ensure that their clearly define, train and check |ensure that their ensure that their ensure that their regulators, air traffic service
with inappropriate tasks [training/standardization the specific PF/PNF/FE duties. [training/standardization training/standardization training/standardization providers should establish
or failure to correctly programs direct the flight crews [(OE 2.3) programs emphasize the programs emphasize basic programs provide sufficient policies or programs to address
prioritize the critical to regularly cross check all importance of adequate airmanship skills and training to ensure aircrew rushed approaches, including
tasks under time instrumentation. (OE 1.8) approach preparation and knowledge during initial and proficiency. (OE 2.8) elimination of rushed
constraints. contingency review prior to recurrent training. (OE 2.3) approaches, recognition and
commencing an approach. rejection of rushed approaches
(OE 1.2) and training for those
encountered. (OE 3.1)
38 204 Research should be 208 Research should be 305 Regulators should require |308 Airlines/operators should [314 Airlines/operators should [325 Airline/operators should
Cont. conducted to better understand | conducted to understand and  |airlines/operators to outfit ensure their formal CRM develop simulator training emphasize during initial and
the underlying reasons/causes |counteract the phenomenon of |aircraft with electronic training is culturally appropriate |scenarios that require flight recurrent training the
for procedural noncompliance. |[flight crew overload. (e.g. why |checklists. If unable to install |[and emphasizes the following [crews to learn multi-tasking importance of maintaining
(OE NR) do flight crews ignore GPWS electronic checklists, use management skills: decision abilities and appropriate systems status awareness
warnings) (OE NR) mechanical checklists or, at a |making, workload prioritization abilities in concert |during non-normal events and
minimum, develop a process to|management, crew with CRM skills (see Red Flag |hazardous approaches (goal to
reinforce challenge and coordination, planning, LOFT scenarios). (OE 2.4) avoid tunnel vision/narrowed
response checklists. (OE 2.7) |communication, situational attention). (OE 2.1)
awareness and advocacy. (1AW
AC120-51b). (See 133) (OE
2.1)
38 356 Research should be done |376 To improve aircrew 426 Research should be 427 To prevent inappropriate  [428 Research should be done [434 To enhance the safety of
Cont. to develop an effective tactical |awareness of other traffic, undertaken to determine how tc|preoccupation with trouble to develop ways to prevent operations, regulatory agencies

decision-making model for flight
crews in time critical situations.
(OE NR)

manufacturers should install
TCAS in all new aircraft,
airlines/operators should retrofit
TCAS into the existing fleet and
international regulators should
require the installation and use
of TCAS. (See 35) (OE 0.8)

keep crews alert in low-
stimulation environments (e.g.,
highly-automated flightdecks,
long-haul flights). (OE NR)

shooting following engine or
other system failure, airline
operators should enhance
training and checking to
prioritize safe control of the
aircraft. (OE 2.4)

inappropriate preoccupation
with trouble shooting following
engine or other system failure
to the exclusion of the major
task of flying the airplane. (OE
NR)

should develop adequate
oversight to encourage the use
of commonly accepted safe
operating practices. (See 201)
(OE 0.9)
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38 538 Airline/operators should 572 Research should be
Cont. train flight crews in team conducted to improve

decision-making skills, understanding of how/why
including the ability to rapidly pilots misprioritize or become
turn data into information and [fixated upon concerns and

test conclusions. (See 314) tasks, and to develop strategies
(OE 1.8) to counteract this effect. (OE

NR)

39 MANUFACTURERS — 45 Manufacturers should 412 To avoid problems due to [416 To provide improved flight [424 To enhance crew 430 Research should be 433 To preclude inadvertent
DESIGN - Design not ensure that all impending unexpected mode changes, crew situation awareness, awareness of automation conducted to determine the entry into stall conditions during
error tolerant. System |equipment failures or automated flight system logic  |manufacturers should provide g modes, manufacturers should |[optimal way to provide autopilot operation, regulators
design does not providginappropriate settings that may |should be designed to be error |clear indication that predicts the{ensure that mode changes or |flightcrews with aircraft status |should not permit and
adequate redundancy to|affect the safe operation of the |tolerant or, at a minimum future aircraft energy state disconnects, in the automated |recognition during critical manufacturers should not
counteract errors or flight are properly annunciated [provide an alert when the and/or autoflight configuration if | systems are annunciated in a [situations. (OE NR) design autoflight systems that
alerting of the effects of |to the flight crew by use of dual [desired mode is in conflict with [the current course of action is |way that is obvious to the flight will allow the autopilot to control|
errors. source sensing. (See 103, aircraft energy state. (OE 3.1) |continued (i.e., analogous to  |crew. (OE 3.1) the aircraft into a stalled

138) (OE 2.2) EGPWS mode that analyzes condition. (OE 2.7)
the airplane's descent rate vs.
its terrain map, and tells the
crew that a conflict will occur if
they continue at that descent
rate. The system would warn
the crew that, if they continue
at the current roll rate (for
example), the plane will exceed
the envelope, or the autopilot
will reach the limits of its
authority, etc.) (OE 2.8)
39 446 To decrease the 483 To ensure that the display |[485 To preclude the accidental |533 To prevent loss of control,
Cont. probability of ice buildup, of conflicting attitude change of aircraft systems manufacturers should design
manufacturers should design information does not confuse or|status, manufacturers should |automated systems to yield
and install a system that mislead the flightcrew, the design flight decks to minimize |control to manual inputs when
automatically detects and attitude sensing and display the potential for inadvertent those manual inputs are in
sheds ice from flight-critical systems should be designed so|activation/deactivation of conflict with the automated
surfaces. (OE 1.3) that invalid information is aircraft systems and/or configuration. (OE 3.8)
detected and clearly unintended autoflight mode
annunciated to the flight crew |changes. (OE 3.1)
and/or removed from display.
(OE 3.8)
42 FLIGHTCREW - Failure |64 Airlines/operators should 147 Airlines/operators should |154 Airlines/operators should [163 Airlines/operators should [300 Airlines/operators should |328 Airlines/operators should

of the flight crew to
recognize and take
appropriate action to
mitigate combinations
of circumstantial
factors, hazards, and/or
non-normal system

conditions.

ensure that their
training/standardization
programs direct the flight crews
to regularly cross check all
instrumentation. (OE 1.8)

require training/standardization
programs which teach situation
awareness. (the knowledge
and understanding of the
relevant elements of the pilot
surroundings, including aircraft
systems, and the pilot's
intentions)

improve/increase training to
increase awareness of icing
effects on airplane type
including dynamic simulator
training. (OE 3.1)

ensure that their
training/standardization
programs address common
perceptions that could lead to
unsafe practices. (OE 1.9)

adopt, implement and train a
risk assessment tool to
enhance flight crew awareness
of hazards associated with all
approaches and airports (see
risk analysis tactical checklist).
(OE 1.4)

ensure that flight crews are
trained to think in terms of "I
will go-around unless" rather
than "l will land unless."
Regulatory policy should
support this approach. (See
142, 311) (OE 2.3)
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42
Cont.

329 Airlines/operators should
incorporate in initial and
recurrent training ways to
recognize multiple cues that will
require go-around. These
include CFIT training aid 2.1.9,
FSF definition of stabilized
approach, risk assessment tool,
and windshear training aid.

(OE 2.3)

331 Airline operators and
manufacturers will train crews
to understand capabilities and
limitations of system, conditions
which would cause the system
to not function properly and
how to detect failure to
deploy/activate and
recommend contingency
actions. (OE 2.8)

357 To insure crews have the
adequate skills to recover from
extreme attitude upsets,
regulators should require, and
operators should immediately
implement, initial and recurrent
upset recovery training. (OE
4.0)

358 To provide optimal upset
recovery training and to
minimize negative training,
regulators, aircraft and
simulator manufacturers and
operators should insure that
training devices replicate
aircraft performance and
response necessary for
effective training. (See 386,
475) (OE 2.8)

359 To improve effectiveness
of upset recovery training,
research should identify the
most effective methodology for
upset training. (OE NR)

384 Since it is possible to enter
a stall, airlines/operators should
develop and implement a
ground school and simulator
training program to train pilots
to handle post stall recovery as
part of advanced maneuver
training. (OE 3.3)

42
Cont.

400 In order to promote safe
crosswind landings,
manufacturers will provide and
airline operators will implement
aircraft crosswind landing
limitations, including
considerations for flight control
effectiveness and gust
conditions. (OE 3.1)

401 To ensure proper
identification of engine
malfunctions and avoidance of
possible loss of control,
airline/operators should provide
enhanced and more realistic
training for engine
malfunctions, engine responses
to control signal errors and the
appropriate aircrew actions.
(OE 2.4)

412 To avoid problems due to
unexpected mode changes,
automated flight system logic
should be designed to be error
tolerant or, at a minimum
provide an alert when the
desired mode is in conflict with
aircraft energy state. (OE 3.1)

415 To provide improved
aircraft status awareness,
airline/operators should
enhance training to identify
aircraft configuration and the
repercussions of the aircraft's
energy state. (OE 2.0)

416 To provide improved flight
crew situation awareness,
manufacturers should provide g
clear indication that predicts the
future aircraft energy state
and/or autoflight configuration if
the current course of action is
continued (i.e., analogous to
EGPWS mode that analyzes
the airplane's descent rate vs.
its terrain map, and tells the
crew that a conflict will occur if
they continue at that descent
rate. The system would warn
the crew that, if they continue
at the current roll rate (for
example), the plane will exceed
the envelope, or the autopilot
will reach the limits of its
authority, etc.) (OE 2.8)

424 To enhance crew
awareness of automation
modes, manufacturers should
ensure that mode changes or
disconnects, in the automated
systems are annunciated in a
way that is obvious to the flight
crew. (OE 3.1)

42
Cont.

425 To enhance crew
awareness of automation
modes, research should be
conducted to develop intelligent
systems that will alert the flight
crew to inconsistencies
between the selected
automated flight modes, aircraft
performance and current
system status. (OE NR)

438 To reduce the probability of
accidents, operators should
adopt operational risk
management techniques for
non-standard flight operations
and/or flights requiring
intensive training scenarios.
(OE 2.3)

442 To avoid delay in the
recognition of engine
malfunction/failure,
manufacturers should develop
and implement a direct aural
and visual flight deck indication
of engine malfunction/failure.
(Minor transients need not be
annunciated.) (OE 2.1)

443 To ensure the best
technique for engine
malfunction/failure annunciation
and to minimize nuisance
alerts, research should be
conducted to determine when,
and how, to annunciate engine
malfunctions/failures. (OE NR)

549 To prevent a blurring of
flight crew responsibilities when
two captains are paired to fly a
trip sequence, one of the pilots
should be designated as the
pilot-in-command for the
duration of the trip pairing. (OE
0.8)

43

FLIGHTCREW - Flight
crew failure to
recognize and
counteract
complacency that may
exist when operating at
home aerodrome.
(“HOME AERODROME
COMPLACENCY™)

328 Airlines/operators should
ensure that flight crews are
trained to think in terms of "I
will go-around unless" rather
than "I will land unless."
Regulatory policy should
support this approach. (See
142, 311) (OE 2.3)
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44 FLIGHTCREW - Flight |7 Airlines/operators should 54 Airlines/operators should 56 Airlines/operators should 115 Airlines/operators should 116 Airlines/operators should 142 Airlines/operators should
crew failure to ensure that their implement Flight implement Flight Operations ensure that their ensure that their establish policies, parameters,
recognize and correct |training/standardization OperationsQuality Assurance |Quality Assurance (FOQA) training/standardization training/standardization and training to recognize
unstable approach. programs emphasize review of |(FOQA) programs. (OE 2.3) programs to identify systemic |programs emphasize the programs emphasize the unstabilized approaches and

approach and missed approach procedural deviations and dangers of rushed approaches. |dangers of high rate of descent |other factors and implement a
procedures. (See 329) (OE unsafe trends. (See 54, 55) (See 13, 157) (OE 2.3) and unstable approaches. go-around gate system. (See
3.3) (OE 3.7) (See 142) (OE 2.3) FSF - "defined gates" p. 193)
(See 116, 123) (OE 3.1)
44 157 Airlines/operators, 328 Airlines/operators should  |329 Airlines/operators should [342 Airlines/operators should [531 To minimize the

Cont. regulators, air traffic service ensure that flight crews are incorporate in initial and establish an SOP to ensure occurrence of loss of control
providers should establish trained to think in terms of "I recurrent training ways to that flight crews should not during unstable approaches,
policies or programs to address |will go-around unless" rather recognize multiple cues that will| begin their approach until manufacturers should design
rushed approaches, including |than "I will land unless." require go-around. These adequate briefing is completed [and implement a system to
elimination of rushed Regulatory policy should include CFIT training aid 2.1.9, |for the expected runway. (See |detect unstable approaches
approaches, recognition and support this approach. (See FSF definition of stabilized 17) (OE 1.2) and provide an automatic
rejection of rushed approaches |142, 311) (OE 2.3) approach, risk assessment tool, callout to go around. (OE 2.4)
and training for those and windshear training aid.
encountered. (OE 3.1) (OE 2.3)

45 FLIGHTCREW - Failure [331 Airline operators and 553 Since performance
of the flight crew to manufacturers will train crews |calculations can have
understand the impact |to understand capabilities and significant safety implications,
of inoperative or limitations of system, conditions |regulatory authorities should
degraded aircraft which would cause the system |ensure that pilot training and
systems on aircraft to not function properly and procedures adequately address
performance (e.g. due |how to detect failure to their meaning and use. (OE
to maintenance deploy/activate and 2.1)
actions). recommend contingency

actions. (OE 2.8)

46 AIR TRAFFIC SYSTEM —|13 Air Traffic service providers |21 Establish/enhance quality 157 Airlines/operators, 310 Regulators should not
Air traffic system should enhance ATC training to |assurance checks/training to regulators, air traffic service allow noise abatement
procedures that may emphasize the dangers of ensure that timely and accurate|providers should establish procedures that reduce the
compromise safety or |rushed approaches and communication between policies or programs to address|level of safety that existed prior
increase flight crew performance characteristics of |controllers and flight crews is  [rushed approaches, including [to their implementation. (OE
workload (e.g. noise jet transports. (See 115, 157) |occurring. (OE 1.2) elimination of rushed 0.9)
abatement procedures, |(OE 2.1) approaches, recognition and
slam dunk approaches, rejection of rushed approaches
inappropriate taxi and training for those
routes during low encountered. (OE 3.1)
visibility operations,
etc.).

47 FLIGHTCREW - Flight |64 Airlines/operators should 147 Airlines/operators should 308 Airlines/operators should 325 Airline/operators should 331 Airline operators and 379 Since people are often

crew failure to maintain
aircraft systems status
awareness.

ensure that their
training/standardization
programs direct the flight crews
to regularly cross check all
instrumentation. (OE 1.8)

require training/standardization
programs, which teach situation
awareness. (The knowledge
and understanding of the
relevant elements of the pilot
surroundings, including aircraft
systems, and the pilots
intentions)

ensure their formal CRM
training is culturally appropriate
and emphasizes the following
management skills: decision
making, workload
management, crew
coordination, planning,
communication, situational
awareness and advocacy. (IAW
AC120-51b). (See 133) (OE
2.1)

emphasize during initial and
recurrent training the
importance of maintaining
systems status awareness
during non-normal events and
hazardous approaches (goal to
avoid tunnel vision/narrowed
attention). (OE 2.1)

manufacturers will train crews
to understand capabilities and
limitations of system, conditions
which would cause the system
to not function properly and
how to detect failure to
deploy/activate and
recommend contingency
actions. (OE 2.8)

unaware of their own
confusion, research should be
conducted to develop a set of
cues to help flight crews and
controllers identify when they
have lost situation awareness.
(OE NR)
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47 393 To ensure system status  |415 To provide improved 416 To provide improved flight |538 Airline/operators should
Cont. awareness, airlines/operators |aircraft status awareness, crew situation awareness, train flight crews in team
should ensure that their airline/operators should manufacturers should provide gdecision-making skills,
training/standardization enhance training to identify clear indication that predicts the|including the ability to rapidly
programs direct the flight crews |aircraft configuration and the future aircraft energy state turn data into information and
to use all available tools to repercussions of the aircraft's |and/or autoflight configuration if [test conclusions. (See 314)
determine airplane system energy state. (OE 2.0) the current course of action is [(OE 1.8)
status. (See 47) (OE 1.7) continued (i.e., analogous to
EGPWS mode that analyzes
the airplane's descent rate vs.
its terrain map, and tells the
crew that a conflict will occur if
they continue at that descent
rate. The system would warn
the crew that, if they continue
at the current roll rate (for
example), the plane will exceed
the envelope, or the autopilot
will reach the limits of its
authority, etc.)  (OE 2.8)
48 AIRLINES/OPERATORS |142 Airlines/operators should 244 To prevent plan 411 To reduce accidents during
— Airline/operator lack [establish policies, parameters, [continuation errors (e.g. press- [the landing phase, airline
of stabilized approach |and training to recognize on-itis), research should be operators should establish
criteria and mandatory |unstabilized approaches and conducted to determine the criteria and procedures and
go-around/rejected other factors and implement a |effectiveness of directive train flight crews to recognize
landing policy. go-around gate system. (See |information systems for go- conditions which might require
FSF - "defined gates" p. 193) |around situations. (OE NR) a rejected landing. (OE 2.1)
(See 116, 123) (OE 3.1)
50 AIRLINES/OPERATORS [110 Airlines/operators and
— Airline/operator failed [regulators should ensure that
to effectively correct their training/standardization
known procedural non- |and monitoring programs
compliance issues. emphasize the importance of
adherence to standard
operating procedures and
identify the rationale behind
those procedures. (See 99)
(OE 3.7)
51 AIRLINES/OPERATORS |143 Airlines/operators should,
— Airline/operator failed |and regulatory agencies must,
to correct systemic encourage a culture that
complacency and non- |enhances safety in their daily
standard conduct within|operations. (Safety Culture)
the company. (See 22, 63, 348) (OE 1.1)
52 REGULATORS — 12 Air traffic service providers |124 Air Traffic service providers|157 Airlines/operators, 345 Ensure regulators have

Ineffective oversight of
procedural non-
compliance

should emphasize in ATC
training the controllers' potential
in assisting the flight crew in
improving their situation
awareness. (OE 0.2)

should implement a Quality
Assurance program to ensure
adherence to established
procedures. (OE 2.1)

regulators, air traffic service
providers should establish
policies or programs to address
rushed approaches, including
elimination of rushed
approaches, recognition and
rejection of rushed approaches
and training for those

encountered. (OE 3.1)

adequate funding, training and
processes to accomplish their
oversight responsibilities. (See
201) (OE 2.4)
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54 AIR TRAFFIC 13 Air Traffic service providers |56 Airlines/operators should 114 Airlines/operators should 147 Airlines/operators should |[208 Research should be 296 To mitigate confusion
SYSTEM/FLIGHTCREW [should enhance ATC training to [implement Flight Operations ensure that their require training/standardization |conducted to understand and [regarding ATC clearances,
— Flight crew actions or |emphasize the dangers of Quality Assurance (FOQA) training/standardization programs which teach situation |counteract the phenomenon of |operators should develop
inactions contributed to |rushed approaches and programs to identify systemic |programs provide sufficient awareness. (the knowledge flight crew overload. (e.g. why [procedures to ensure flight
increased workload performance characteristics of |procedural deviations and training to ensure aircrew and understanding of the do flight crews ignore GPWS  |crews query ATC whenever
(e.g. missed checklist |jet transports. (See 115, 157) |unsafe trends. (See 54, 55) proficiency. (OE 2.8) relevant elements of the pilot  |warnings) (OE NR) uncertainty exists. (OE 0.9)
items causing a rushed |(OE 2.1) (OE 3.7) surroundings, including aircraft
approach). systems, and the pilots
intentions)
54 314 Airlines/operators should 356 Research should be done |377 Because pilots may be 378 To preclude continued 379 Since people are often 573 To preclude late descent
Cont. develop simulator training to develop an effective tactical |reluctant to ask for clarification |flight into an unsafe aircraft unaware of their own clearances, Air Traffic Service
scenarios that require flight decision-making model for flight|of clearances when uncertain, [energy state, Airlines/operators [confusion, research should be |should ensure that standard
crews to learn multi-tasking crews in time critical situations. |ATS providers should develop |should establish procedures for |conducted to develop a set of |terminal arrival procedures are
abilities and appropriate (OE NR) policies and training that flight crews to establish a safe, |cues to help flight crews and in place to transition from
prioritization abilities in concert encourages pilot queries when |stabilized flight condition when |controllers identify when they enroute altitudes to the
with CRM skills (see Red Flag they are unsure of clearances. |situational uncertainty exists have lost situation awareness. |instrument approach
LOFT scenarios). (OE 2.4) (OE NR) and THEN advise ATC of (OE NR) procedure. (OE 1.5)
intentions. (OE 1.0)
55 |AIRLINES/OPERATORS |94 Implement real time (digital)
— Airline/operator transmission of airport and
policies burdened flight |weather information to the
crew with non-flight aircraft. (OE 2.0)
related tasks (e.g.
paperwork
requirements while
flying; communications
with dispatch and/or air
traffic control requests
for info not related to
safe flight and landing).
56 MANUFACTURERS/AIR |99 Airlines/operators should 134 Airlines/operators and 305 Regulators should require |444 To ensure procedural
LINES/OPERATORS — |ensure that clear, concise, regulators should ensure check |airlines/operators to outfit compliance, research should
Failure of accurate, appropriate standard |[list designs, prioritize critical aircraft with electronic be conducted to develop 'smart’
manufacturers and operating procedures are items as recommended by checklists. If unable to install |checklists which detect failures
airlines/operators to published and enforced. (See |NASA study, and arrange items|electronic checklists, use and provide the proper flight
appropriately prioritize |110) (OE 4.0) in a manner that enhances mechanical checklists or, at a |crew actions. (OE NR)
checklist items to checklist implementation. (OE |minimum, develop a process to
ensure critical items 1.2) reinforce challenge and
receive proper response checklists. (OE 2.7)
emphasis.
57 MANUFACTURERS — 94 Implement real time (digital) | 137 Manufacturers should 364 To protect aircraft against |368 To enable pilots to develop | 369 To provide adequate stall |371 To eliminate the potential

DESIGN - System
design was not
appropriate for
conditions
encountered.

transmission of airport and
weather information to the
aircraft. (OE 2.0)

ensure cockpit design that does
not interfere with or distract the
flight crew from executing their
duties (e.g. rain in the cockpit,
location of switches in
cockpits). (OE 0.2)

loss of control, regulators
should develop as soon as
possible, certification criteria,
throughout the entire flight
envelope, for crossover speeds
and maximum rudder side
slips. (see 431) (OE 3.5)

situation awareness with
respect to aircraft performance
capability, regulators should
require and manufacturers
should provide angle of attack
display. (OE 1.8)

warning, regulators should
require and manufacturers
should develop, stall warning
systems for new/derivative
aircraft that provide accurate
information throughout the
certificated flight regime. (OE
1.3)

safety consequences of system
failures,
manufacturers/operators
should develop a reliable
process for identifying,
prioritizing, and resolving the
safety consequences of system
and component malfunctions
throughout the operational
envelope. (OE 1.5)
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57 383 To ensure adequate time |398 To provide real time 404 To enhance crew 406 In order to minimize 407 To minimize pilot reaction |412 To avoid problems due to
Cont. margin between stall warning accurate wind component performance in the approach |autoflight to manual transition |requirements during transition |unexpected mode changes,
and actual stall, manufacturers |information to flight crews, air |and landing phase, airline effects, research should be from autocoupled to manual automated flight system logic
and regulators should develop |[traffic services and operators should train pilots to |conducted to determine the flight during approach, should be designed to be error
and implement stall warning manufacturers should understand the limitations of feasibility and desirability of regulators should require, and [tolerant or, at a minimum
systems that account for implement real time computed wind displays. (OE |autoflight/flight control systems [manufacturers should design, [provide an alert when the
various entry rates/conditions |(automated) 0.1) designs that eliminate the need |autoflight systems so that desired mode is in conflict with
to stall. (OE 2.3) transmission/display of such for large flight control input at ALIGN mode need not be aircraft energy state. (OE 3.1)
information in the most directly disengagement from ALIGN engaged when a manual
useable format to the flight mode. (OE NR) landing is planned. (OE 2.7)
crew, during approach and
landing phase. (See 94) (OE
3.1)
57 416 To provide improved flight [431 To assist flight crews in 436 To ensure adequate stall |446 To decrease the 495 To improve aircraft failure |533 To prevent loss of control,
Cont. crew situation awareness, avoiding loss of control on warning, regulators should probability of ice buildup, tolerance, manufacturers and | manufacturers should design
manufacturers should provide al existing aircraft, regulators and |mandate improved accuracy manufacturers should design regulators should conduct automated systems to yield
clear indication that predicts the|manufacturers should evaluate [and integrity in the stall warning|and install a system that failure analyses for design and |control to manual inputs when
future aircraft energy state the effects of crossover speeds [system (including aircraft automatically detects and certification that reflect realistic [those manual inputs are in
and/or autoflight configuration if Jand maximum rudder side slip |currently in service). (OE 1.1) [sheds ice from flight-critical levels of flightcrew reliability. conflict with the automated
the current course of action is |throughout the entire flight surfaces. (OE 1.3) (OE 1.2) configuration. (OE 3.8)
continued (i.e., analogous to envelope and disseminate the
EGPWS mode that analyzes information to operators and
the airplane's descent rate vs. |[flight crews. (OE 3.5)
its terrain map, and tells the
crew that a conflict will occur if
they continue at that descent
rate. The system would warn
the crew that, if they continue
at the current roll rate (for
example), the plane will exceed
the envelope, or the autopilot
will reach the limits of its
authority, etc.) (OE 2.8)

100 |REGULATORS - 110 Airlines/operators and 143 Airlines/operators should, [201 Regulators should develop [202 Airlines/operators should 214 Regulators should enforce [223 Regulators should ensure
Insufficient regulatory [regulators should ensure that |and regulatory agencies must, |adequate oversight as develop a quality assurance timely incorporation of POls are properly qualified and
oversight of air carrier |their training/standardization encourage a culture that appropriate to ensure program to ensure compliance |appropriate manufacturers trained to approve appropriate
operations including and monitoring programs enhances safety in their daily compliance with regulations. with regulations. (See 145, recommendations. (See 98, company operational
management and emphasize the importance of operations. (Safety Culture) (See 145, 146, 202, 345) (OE |146, 201) (OE 2.2) 201) (OE 3.1) procedures. (OE 1.8)
training practices. adherence to standard (See 22, 63, 348) (OE 1.1) 2.8)

operating procedures and
identify the rationale behind
those procedures. (See 99)
(OE 3.7)
100 225 Airlines/operators and 345 Ensure regulators have 347 Parent airlines/operators  [434 To enhance the safety of 480 To improve operational 481 Because POls may be
Cont. regulators should ensure adequate funding, training and [should adopt a program to operations, regulatory agencies |oversight, regulators should responsible for oversight of

necessary manuals
(operational & maintenance)
are complete, accurate,
available and appropriately
used. (OE 3.1)

processes to accomplish their
oversight responsibilities. (See
201) (OE 2.4)

ensure the same level of safety
in regional partners including,
but not limited, to recruitment,
training, operations and
maintenance. (OE 2.1)

should develop adequate
oversight to encourage the use
of commonly accepted safe
operating practices. (See 201)
(OE 0.9)

institute processes for periodic
review of POIs to ensure that
appropriate oversight is being
conducted for the POI's
assigned operators. (OE 1.6)

remote training activities,
regulators should ensure that
POls have sufficient Certificate
Holding District Office
resources, including staff, to
conduct appropriate oversight
for the POI's assigned
operators. (OE 1.6)
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100 489 In order to improve 560 Since geographic
Cont. oversight of airlines, regulators |organization of inspection
should ensure their responsibilities can affect the
organizations (Flight Standards |quality/timeliness of inspections
in the USA) are staffed to conducted by supporting
provide adequate inspector organizations at remote
coverage for all airlines, locations, regulators should
(including small airlines). (OE [ensure that these remote
1.4) inspectors are more
accountable to the requesting
certificate holding
office.(CHDO/CMO) (OE 1.0)

101 |AIRLINES/OPERATORS [356 Research should be done |372 To ensure that in-service [387 To ensure that airplane 388 Airlines/operators should |420 In order to assure that
— MAINTENANCE - The |to develop an effective tactical |problems are reliably assessed |systems function as designed, |encourage a culture that airline operations departments
airline/operator culture |decision-making model for flight|for their safety implications and |airlines/operators should emphasizes safe operations understand the operational
did not reflect a crews in time critical situations. |corrected, regulators, develop processes to ensure |over on-time performance (see |implications of dispatching with
proactive approach to |(OE NR) operators, and manufacturers |adherence to manufacturer's [22) (OE 0.3) degraded systems,
maintain systems fully should develop and implement [recommended maintenance manufacturers and operators
operational in a timely a standard set of criteria for procedures. (OE 1.5) should develop a method for
manner. determining whether or not a providing such information to

problem is safety-related and crews, for MEL and other

for timely corrective action. dispatchable failure conditions

(OE 2.4) (including intermittent failures).
(OE 2.4)

102 |FLIGHTCREW — 7 Airlines/operators should 17 Airlines/operators should 95 Airlines/operators should 96 Airlines/operators should 204 Research should be 342 Airlines/operators should
Inadequate ensure that their ensure that their establish procedures for flight |ensure that their conducted to better understand | establish an SOP to ensure
planning/briefing by the|training/standardization training/standardization crews to review/cross check training/standardization the underlying reasons/causes [that flight crews should not
flight crew. programs emphasize review of |programs emphasize the instructions, clearances, etc. to|programs emphasize the for procedural noncompliance. |[begin their approach until

approach and missed approach |importance of all flight-related |ensure consistency with importance of adequate (OE NR) adequate briefing is completed
procedures. (See 329) (OE briefings. (See 342) (OE 1.4) |expected procedures or approach preparation and for the expected runway. (See
3.3) practices. (OE 0.6) contingency review prior to 17) (OE 1.2)
commencing an approach.
(OE 1.2)
103 |AIR TRAFFIC SYSTEM —|93 Air Traffic service should 94 Implement real time (digital) |398 To provide real time

Inadequate weather
information provided to
the flight crew by air
traffic services.

provide real time (most current)
radio communication of critical
airport and weather
information. (OE 2.4)

transmission of airport and
weather information to the
aircraft. (OE 2.0)

accurate wind component
information to flight crews, air
traffic services and
manufacturers should
implement real time
(automated)
transmission/display of such
information in the most directly
useable format to the flight
crew, during approach and
landing phase. (See 94) (OE
3.1)
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104

AIRLINES/OPERATORS/
REGULATORS — SOP —
Lack of airline operator
procedures and lack of
regulations to identify
flight crew that are
"qualified" but who
have a history of
test/check ride failure
and demonstrated
weaknesses.

114 Airlines/operators should
ensure that their
training/standardization
programs provide sufficient
training to ensure aircrew
proficiency. (OE 2.8)

151 Regulators should
establish policies that require
additional monitoring of flight
crewmembers that have
repeatedly failed check rides.
(See 152, 335, 337) (OE 1.8)

152 Airlines/operators and
regulators should raise
standards (e.g. crew pairing,
approach minimums, etc.) for
flight crewmembers that meet
minimum qualifications but
have demonstrated limited
proficiency and/or competency.
(See 151, 335, 337) (OE 3.3)

347 Parent airlines/operators
should adopt a program to
ensure the same level of safety
in regional partners including,
but not limited, to recruitment,
training, operations and
maintenance. (OE 2.1)

105

AIRLINES/OPERATORS
— SOP - Lack of airline
operator
policies/procedures to
prevent pairing
inexperienced pilots
together (total time,
time in type, etc.).

24 Airlines/operators should
implement procedures to
ensure appropriate crew
pairing. (reference FSF
corporate crew scheduling and
fatigue evaluation.) (OE 2.1)

438 To reduce the probability of
accidents, operators should
adopt operational risk
management techniques for
non-standard flight operations
and/or flights requiring
intensive training scenarios.
(OE 2.3)

106

FLIGHTCREW - Flight
crew failure to
recognize the state of
the airplane (speed,
energy state, power
setting, pitch attitude,
relevant elements of the|
pilot surroundings,
including aircraft
systems and the pilots
intentions).

64 Airlines/operators should
ensure that their
training/standardization
programs direct the flight crews
to regularly cross check all
instrumentation. (OE 1.8)

111 Airlines/operators should
ensure that their
training/standardization
programs emphasize basic
airmanship skills and
knowledge during initial and
recurrent training. (OE 2.3)

112 Airlines/operators and
regulators should ensure that
the frequency and

effectiveness of proficiency
checks for simulated instrument
failures (partial panel) are
adequate. (OE 2.1)

116 Airlines/operators should
ensure that their
training/standardization
programs emphasize the
dangers of high rate of descent
and unstable approaches.

(See 142) (OE 2.3)

147 Airlines/operators should
require training/standardization
programs, which teach situation
awareness. (The knowledge
and understanding of the
relevant elements of the pilot
surroundings, including aircraft
systems, and the pilots
intentions). (OE 2.8)

154 Airlines/operators should
improve/increase training to
increase awareness of icing
effects on airplane type
including dynamic simulator
training. (OE 3.1)

106
Cont.

208 Research should be
conducted to understand and
counteract the phenomenon of
flight crew overload. (e.g. why
do flight crews ignore GPWS
warnings) (OE NR)

244 To prevent plan
continuation errors (e.g. press-
on-itis), research should be
conducted to determine the
effectiveness of directive
information systems for go-
around situations. (OE NR)

253 To prevent loss of control,
there should be redundancy
and failure tolerance features
for all flight critical components,
such as dual path design, fail
operational redundant systems,
with fault annunciation. (OE
2.8)

325 Airline/operators should
emphasize during initial and
recurrent training the
importance of maintaining
systems status awareness
during non-normal events and
hazardous approaches (goal to
avoid tunnel vision/narrowed
attention). (OE 2.1)

329 Airlines/operators should
incorporate in initial and
recurrent training ways to
recognize multiple cues that will
require go-around. These
include CFIT training aid 2.1.9,
FSF definition of stabilized
approach, risk assessment tool,
and windshear training aid.

(OE 2.3)

331 Airline operators and
manufacturers will train crews
to understand capabilities and
limitations of system, conditions
which would cause the system
to not function properly and
how to detect failure to
deploy/activate and
recommend contingency
actions. (OE 2.8)

106
Cont.

368 To enable pilots to develop
situation awareness with
respect to aircraft performance
capability, regulators should
require and manufacturers
should provide angle of attack
display. (OE 1.8)

381 To provide improved pilot
awareness of the airplane's
energy state, manufacturers
should develop and incorporate
more effective energy
management monitoring and
alerting systems. (OE 2.4)

383 To ensure adequate time
margin between stall warning
and actual stall, manufacturers
and regulators should develop
and implement stall warning
systems that account for
various entry rates/conditions
to stall. (OE 2.3)

384 Since it is possible to enter
a stall, airlines/operators should
develop and implement a
ground school and simulator
training program to train pilots
to handle post stall recovery as
part of advanced maneuver
training. (OE 3.3)

393 To ensure system status
awareness, airlines/operators
should ensure that their
training/standardization
programs direct the flight crews
to use all available tools to
determine airplane system
status. (See 47) (OE 1.7)

401 To ensure proper
identification of engine
malfunctions and avoidance of
possible loss of control,
airline/operators should provide
enhanced and more realistic
training for engine
malfunctions, engine responses
to control signal errors and the
appropriate aircrew actions.
(OE 2.4)
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106 415 To provide improved 416 To provide improved flight [430 Research should be 438 To reduce the probability of 445 To help avoid loss of 472 Since certain engine
Cont. aircraft status awareness, crew situation awareness, conducted to determine the accidents, operators should control, manufacturers should |control and autothrottle system
airline/operators should manufacturers should provide aloptimal way to provide adopt operational risk develop and implement flight failures can result in
enhance training to identify clear indication that predicts the|flightcrews with aircraft status |management techniques for envelope protection. (e.g. undesirable asymmetry,
aircraft configuration and the future aircraft energy state recognition during critical non-standard flight operations |bank/pitch angle limits, over- manufacturers should redesign
repercussions of the aircraft's |and/or autoflight configuration if |situations. (OE NR) and/or flights requiring speed, angle of attack, load ATSs so that they disconnect
energy state. (OE 2.0) the current course of action is intensive training scenarios. factor) (OE 4.6) (with appropriate annunciation)
continued (i.e., analogous to (OE 2.3) when unable to achieve the
EGPWS mode that analyzes commanded thrust settings
the airplane's descent rate vs. (analogous to autopilot
its terrain map, and tells the disconnect logic). (OE 3.1)
crew that a conflict will occur if
they continue at that descent
rate. The system would warn
the crew that, if they continue
at the current roll rate (for
example), the plane will exceed
the envelope, or the autopilot
will reach the limits of its
authority, etc.)  (OE 2.8)
106 473 Due to increasing 474 Since indications of 475 Since simulators cannot 515 To warn of impending loss |548 In order to provide flight 565 Manufacturers should
Cont. dependence on automation and |sideslip may not be prominent |adequately replicate the motion|of control with the autoflight crews with engine out training |incorporate an "input rudder"”
the complexity of potential and can be masked by roll cues associated with sideslip, |system fully engaged, on takeoff without visual indicator to ensure that
partial system failures, effects, manufacturers should |the industry should develop manufacturers should develop |outside reference, regulators adequate yaw control is
airlines/operators should develop improved sideslip improved methods for safely and regulators should require  [should require, and operators [provided. (OE 1.5)
modify training programs to indications and/or alerting (e.g. |training pilots to recognize and [annunciation of an airplane should conduct, takeoff engine
emphasize the use of multiple |similar to pitch limit indications |respond to inflight sideslip flight condition which out training and evaluation
data sources to confirm that the |for pitch / angle of attack). (OE |events. (See 358, 386) (OE |significantly differs from that during the portion of the takeoff
airplane and systems are 2.1) 1.7) being commanded by the after rotation through initial
performing as expected and in selected autoflight system climb. (OE 2.1)
accordance with the mode. (ref 243) (OE 3.1)
operational mode. (OE 1.8)
106 566 Manufacturers should
Cont. incorporate an automatic yaw
compensation to ensure that
adequate yaw control is
provided. (OE 3.8)
107 |[FLIGHTCREW —Flight |64 Airlines/operators should 110 Airlines/operators and 111 Airlines/operators should |114 Airlines/operators should 116 Airlines/operators should 142 Airlines/operators should

crew failure to use all
available information
resources.

ensure that their
training/standardization
programs direct the flight crews
to regularly cross check all
instrumentation. (OE 1.8)

regulators should ensure that
their training/standardization
and monitoring programs
emphasize the importance of
adherence to standard
operating procedures and
identify the rationale behind
those procedures. (See 99)

(OE 3.7)

ensure that their
training/standardization
programs emphasize basic
airmanship skills and
knowledge during initial and
recurrent training. (OE 2.3)

ensure that their
training/standardization
programs provide sufficient
training to ensure aircrew
proficiency. (OE 2.8)

ensure that their
training/standardization
programs emphasize the
dangers of high rate of descent
and unstable approaches.

(See 142) (OE 2.3)

establish policies, parameters,
and training to recognize
unstabilized approaches and
other factors and implement a
go-around gate system. (See
FSF - "defined gates" p. 193)
(See 116, 123) (OE 3.1)
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107 147 Airlines/operators should 325 Airline/operators should 416 To provide improved flight [469 To ensure clear
Cont. require training/standardization |emphasize during initial and crew situation awareness, understanding of flight crew
programs, which teach situation|recurrent training the manufacturers should provide gtasking airlines/operators
awareness. (The knowledge importance of maintaining clear indication that predicts the|should develop criteria
and understanding of the systems status awareness future aircraft energy state specifying when transfer of
relevant elements of the pilot during non-normal events and |and/or autoflight configuration if [ control is necessary or
surroundings, including aircraft [hazardous approaches (goal to [the current course of action is |appropriate. (See 207) (OE
systems, and the pilots avoid tunnel vision/narrowed continued (i.e., analogous to 1.5)
intentions). (OE 2.8) attention). (OE 2.1) EGPWS mode that analyzes
the airplane's descent rate vs.
its terrain map, and tells the
crew that a conflict will occur if
they continue at that descent
rate. The system would warn
the crew that, if they continue
at the current roll rate (for
example), the plane will exceed
the envelope, or the autopilot
will reach the limits of its
authority, etc.)  (OE 2.8)
128 526 To increase the number of
available pilots, airlines should
implement, and regulators
should allow, a performance-
based selection system that
expands the eligible pilot pool
beyond the current arbitrary
limits (e.g., age 60 rule,
minimum flight time) with an
appropriate
medical/psychological
evaluation. (OE 1.3)

204 |FLIGHTCREW — 17 Airlines/operators should 96 Airlines/operators should 113 Airlines/operators should |114 Airlines/operators should 134 Airlines/operators and 135 Airlines/operators and
Flightcrew not ensure that their ensure that their ensure that their ensure that their regulators should ensure check |regulators should ensure
adequately prepared for |training/standardization training/standardization training/standardization training/standardization list designs, prioritize critical checklist design and
the task (inadequate programs emphasize the programs emphasize the programs emphasize the programs provide sufficient items as recommended by implementation of procedures
briefing, inadequate importance of all flight-related |importance of adequate importance of adequate training to ensure aircrew NASA study, and arrange items|to promote effective crew
assessment of weather |briefings. (See 342) (OE 1.4) |approach preparation and preflight planning. (OE 1.7) proficiency. (OE 2.8) in a manner that enhances coordination and distribution of
factors and/or not contingency review prior to checklist implementation. (OE |PF and PNF tasks. (See 82)
mentally prepared). commencing an approach. 1.2) (OE 0.5)

(OE 1.2)
204 147 Airlines/operators should 342 Airlines/operators should 350 Airlines/operators shall 438 To reduce the probability of {444 To ensure procedural 447 In order to maintain
Cont. require training/standardization |establish an SOP to ensure ensure that adequate approach |accidents, operators should compliance, research should adequate safety margins during

programs, which teach situation
awareness. (The knowledge
and understanding of the
relevant elements of the pilot
surroundings, including aircraft
systems, and the pilots
intentions).  (OE 2.8)

that flight crews should not
begin their approach until
adequate briefing is completed
for the expected runway. (See
17) (OE 1.2)

briefings are conducted that
include descriptions of normal
approach, non-normal
conditions and the results of
the risk assessment analysis.
(See 300) (OE 1.5)

adopt operational risk
management techniques for
non-standard flight operations
and/or flights requiring
intensive training scenarios.
(OE 2.3)

be conducted to develop 'smart’
checklists which detect failures
and provide the proper flight
crew actions. (OE NR)

flight training, operators should
establish and regulatory
agencies should require
standards for conducting flight
training which preclude
overloading the trainee. (OE
1.7)
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204 448 To preclude trainee
Cont. overload, research should be
conducted to understand the
optimum workload level for
effective flight training. (OE
NR)

206 |FLIGHTCREW — 54 Airlines/operators should 56 Airlines/operators should 64 Airlines/operators should 110 Airlines/operators and 114 Airlines/operators should 204 Research should be
Flightcrew failure to implement Flight implement Flight Operations ensure that their regulators should ensure that |ensure that their conducted to better understand
respond to and/or OperationsQuality Assurance |Quality Assurance (FOQA) training/standardization their training/standardization training/standardization the underlying reasons/causes
process the flight deck |(FOQA) programs. (OE 2.3) programs to identify systemic |programs direct the flight crews |and monitoring programs programs provide sufficient for procedural noncompliance.
warning. procedural deviations and to regularly cross check all emphasize the importance of  [training to ensure aircrew (OE NR)

unsafe trends. (See 54, 55) instrumentation. (OE 1.8) adherence to standard proficiency. (OE 2.8)
(OE 3.7) operating procedures and
identify the rationale behind
those procedures. (See 99)
(OE 3.7)
206 208 Research should be 243 To prevent alerting 356 Research should be done |380 To reduce the risk of 385 Because flight crews
Cont. conducted to understand and |overload, flight deck designs to develop an effective tactical |inadvertent entry into stall, sometimes disregard flight deck
counteract the phenomenon of |should consider smart alerting |decision-making model for flight| manufacturers should develop |warnings which require
flight crew overload. (e.g. why [systems such as those with crews in time critical situations. |and implement stall protection [immediate action, research
do flight crews ignore GPWS prioritization schemes or (OE NR) features in all transport should be conducted to
warnings) (OE NR) cancelable nuisance alerts. category airplanes, (e.g. stick [understand this phenomena
(OE 1.7) pusher, alpha protection). (OE|and develop appropriate
3.1) solutions. (OE NR)

207 |FLIGHTCREW - 15 Airlines/operators should 16 To prevent mode confusion, [331 Airline operators and 530 To optimize pilot workload, [556 To reduce pilot overload, 557 Since current ATC
Flightcrew failure to use|ensure that their manufacturers should ensure  |manufacturers will train crews |airlines/operators policies airlines/operators should procedures can result in non-
the appropriate level of [training/standardization that automated systems to understand capabilities and [should stress using the develop standard operating standard use of autoflight
automation to reduce |programs instruct when to provide the flight crew with limitations of system, conditions|appropriate level of automation. [ procedures to help standardize [systems (e.g. "slam dunk
workload and disengage automated systems |sufficient information which would cause the system [(See 246) (OE 3.7) the use of the appropriate level |approaches”), air traffic service
complexity in flight and fly manually. (See 246) (automation feedback). (OE to not function properly and of automation for the operation |providers should harmonize
deck. (OE 3.1) 3.3) how to detect failure to and the airplane design (See ATC procedures so that they

deploy/activate and 246, 530). (OE 0.7) take into account the flight
recommend contingency characteristics of modern
actions. (OE 2.8) airplanes and autoflight system
capability. (OE 0.7)
207 558 Since current ATC
Cont. procedures can result in non-

standard use of autoflight
systems (e.g. "slam dunk
approaches"), air traffic service
providers and airplane
manufacturers should develop
and implement automated tools
so that ATC clearances are
integrated with and take into
account the performance of
airplanes using autoflight
systems (e.g. CTAS/FMS
program). (See 557) (OE 0.9)
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301 AIRLINES/OPERATORS/ | 79 Airlines/operators should 80 Airlines/operators should 99 Airlines/operators should 110 Airlines/operators and 214 Regulators should enforce |224 Airlines/operators should
MANUFACTURERS — [implement a reliable process to|verify, and regulators should ensure that clear, concise, regulators should ensure that  [timely incorporation of ensure that all airline
Recommended communicate information to the |check, that operators who accurate, appropriate standard |their training/standardization appropriate manufacturers operations include compliance
operational procedures |flight crew that may affect flight |create their own AOM's include [operating procedures are and monitoring programs recommendations. (See 98, with all/seasonal guidance from
are inconsistent and/or |or aircraft operations. (OE 2.7) |all operational procedures published and enforced. (See |emphasize the importance of 201) (OE 3.1) the OEM. (OE 1.0)
not reconciled. prescribed by original 110) (OE 4.0) adherence to standard

equipment manufacturers operating procedures and
Airplane Flight Manual (AFM). identify the rationale behind
(OE 3.3) those procedures. (See 99)
(OE 3.7)
301 225 Airlines/operators and
Cont. regulators should ensure

necessary manuals

(operational & maintenance)

are complete, accurate,

available and appropriately

used. (OE 3.1)

303 FLIGHTCREW - Failure |7 Airlines/operators should 56 Airlines/operators should 64 Airlines/operators should 111 Airlines/operators should 112 Airlines/operators and 115 Airlines/operators should
to process and interpret|ensure that their implement Flight Operations ensure that their ensure that their regulators should ensure that |ensure that their
available relevant data. [training/standardization Quality Assurance (FOQA) training/standardization training/standardization the frequency and training/standardization

programs emphasize review of |programs to identify systemic |programs direct the flight crews | programs emphasize basic effectiveness of proficiency programs emphasize the
approach and missed approach |procedural deviations and to regularly cross check all airmanship skills and checks for simulated instrument|dangers of rushed approaches.
procedures. (See 329) (OE unsafe trends. (See 54, 55) instrumentation. (OE 1.8) knowledge during initial and failures (partial panel) are (See 13, 157) (OE 2.3)
3.3) (OE 3.7) recurrent training. (OE 2.3) adequate. (OE 2.1)
303 116 Airlines/operators should 142 Airlines/operators should 157 Airlines/operators, 308 Airlines/operators should 328 Airlines/operators should 329 Airlines/operators should
Cont. ensure that their establish policies, parameters, |regulators, air traffic service ensure their formal CRM ensure that flight crews are incorporate in initial and
training/standardization and training to recognize providers should establish training is culturally appropriate |trained to think in terms of "I recurrent training ways to
programs emphasize the unstabilized approaches and policies or programs to address|and emphasizes the following |will go-around unless" rather recognize multiple cues that will
dangers of high rate of descent |other factors and implement a [rushed approaches, including [management skills: decision than "I will land unless." require go-around. These
and unstable approaches. go-around gate system. (See |elimination of rushed making, workload Regulatory policy should include CFIT training aid 2.1.9,
(See 142) (OE 2.3) FSF - "defined gates" p. 193) [approaches, recognition and management, crew support this approach. (See FSF definition of stabilized
(See 116, 123) (OE 3.1) rejection of rushed approaches |coordination, planning, 142, 311) (OE 2.3) approach, risk assessment tool,|
and training for those communication, situational and windshear training aid.
encountered. (OE 3.1) awareness and advocacy. (IAW (OE 2.3)
AC120-51b). (See 133) (OE
2.1)
303 356 Research should be done |371 To eliminate the potential |393 To ensure system status 398 To provide real time 401 To ensure proper 415 To provide improved
Cont. to develop an effective tactical [safety consequences of system [awareness, airlines/operators |accurate wind component identification of engine aircraft status awareness,

decision-making model for flight
crews in time critical situations.
(OE NR)

failures,
manufacturers/operators
should develop a reliable
process for identifying,
prioritizing, and resolving the
safety consequences of system
and component malfunctions
throughout the operational
envelope. (OE 1.5)

should ensure that their
training/standardization
programs direct the flight crews
to use all available tools to
determine airplane system
status. (See 47) (OE 1.7)

information to flight crews, air
traffic services and
manufacturers should
implement real time
(automated)
transmission/display of such
information in the most directly
useable format to the flight
crew, during approach and
landing phase. (See 94) (OE
3.1)

malfunctions and avoidance of
possible loss of control,
airline/operators should provide
enhanced and more realistic
training for engine
malfunctions, engine responses
to control signal errors and the
appropriate aircrew actions.
(OE 2.4)

airline/operators should
enhance training to identify
aircraft configuration and the
repercussions of the aircraft's
energy state. (OE 2.0)
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303 416 To provide improved flight [430 Research should be 442 To avoid delay in the 443 To ensure the best 515 To warn of impending loss |538 Airline/operators should
Cont. crew situation awareness, conducted to determine the recognition of engine technique for engine of control with the autoflight train flight crews in team
manufacturers should provide aloptimal way to provide malfunction/failure, malfunction/failure annunciation | system fully engaged, decision-making skills,
clear indication that predicts the|flightcrews with aircraft status |manufacturers should develop |and to minimize nuisance manufacturers should develop |[including the ability to rapidly
future aircraft energy state recognition during critical and implement a direct aural alerts, research should be and regulators should require  [turn data into information and
and/or autoflight configuration if | situations. (OE NR) and visual flight deck indication |conducted to determine when, [annunciation of an airplane test conclusions. (See 314)
the current course of action is of engine malfunction/failure. and how, to annunciate engine [flight condition which (OE 1.8)
continued (i.e., analogous to (Minor transients need not be |malfunctions/failures. (OE NR) |significantly differs from that
EGPWS mode that analyzes annunciated.) (OE 2.1) being commanded by the
the airplane's descent rate vs. selected autoflight system
its terrain map, and tells the mode. (ref 243) (OE 3.1)
crew that a conflict will occur if
they continue at that descent
rate. The system would warn
the crew that, if they continue
at the current roll rate (for
example), the plane will exceed
the envelope, or the autopilot
will reach the limits of its
authority, etc.)  (OE 2.8)
303 553 Since performance
Cont. calculations can have
significant safety implications,
regulatory authorities should
ensure that pilot training and
procedures adequately address
their meaning and use. (OE
2.1)
400 |AIRLINES/OPERATORS |131 Airlines/operators should [308 Airlines/operators should [484 To ensure adequate FO |523 To ensure that airline 535 To ensure adequate
— TRAINING - ensure that their ensure their formal CRM proficiency, airlines/operators |operation training departments |instructor / check pilot
Inadequate flightcrew [training/standardization training is culturally appropriate [should incorporate the accomplish their training qualifications, operators must
training due to program emphasizes the and emphasizes the following |operating practice of alternating|responsibilities, they must be |establish and maintain
economic/cultural importance of the team management skills: decision PF/PNF duties (alternating legs |adequately funded. (OE 1.1) [minimum line and instructor /
pressures. concept, cross cultural issues, |making, workload and landings). (OE 2.1) check airman qualifications.
evaluation of options and the |management, crew (OE 3.8)
obligation of the FO to coordination, planning,
effectively communicate any communication, situational
concerns (CRM). (See 237) awareness and advocacy. (IAW
(OE 2.0) AC120-51b). (See 133) (OE
2.1)
401 |AIRLINES/OPERATORS |54 Airlines/operators should 111 Airlines/operators should 114 Airlines/operators should |218 Airlines/operators should 535 To ensure adequate

— Airline/operator
standards failed to
ensure adequate
instructor/check airman
qualifications
(proficiency/skill) prior
to conducting training.
(see 20)

implement Flight
OperationsQuality Assurance
(FOQA) programs. (OE 2.3)

ensure that their
training/standardization
programs emphasize basic
airmanship skills and
knowledge during initial and
recurrent training. (OE 2.3)

ensure that their
training/standardization
programs provide sufficient
training to ensure aircrew
proficiency. (OE 2.8)

conduct surveillance of
contractor training programs for
adequacy of training. (See
110, 202) (OE 2.4)

instructor / check pilot
qualifications, operators must
establish and maintain
minimum line and instructor /
check airman qualifications.
(OE 3.8)
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402 |AIRLINES/OPERATORS |111 Airlines/operators should 114 Airlines/operators should 152 Airlines/operators and 447 In order to maintain 448 To preclude trainee
— TRAINING — ensure that their ensure that their regulators should raise adequate safety margins during |overload, research should be
Flightcrew inadequately | training/standardization training/standardization standards (e.g. crew pairing, flight training, operators should |conducted to understand the
prepared for the type programs emphasize basic programs provide sufficient approach minimums, etc.) for |establish and regulatory optimum workload level for
operation or level of airmanship skills and training to ensure aircrew flight crewmembers that meet |agencies should require effective flight training. (OE
training conducted. knowledge during initial and proficiency. (OE 2.8) minimum qualifications but standards for conducting flight |NR)

recurrent training. (OE 2.3) have demonstrated limited training which preclude
proficiency and/or competency. |overloading the trainee. (OE
(See 151, 335, 337) (OE 3.3) |1.7)

404 |FLIGHTCREW — SOP — |207 Airlines/operators should
Failure to follow develop procedures to specify
procedures — not how transfer of control is
announcing transfer of |formally accomplished. (OE
control. (see 10) 2.5)

406 |AIR TRAFFIC SYSTEM —|124 Air Traffic service providers
Failure to follow IFR should implement a Quality
separation and Assurance program to ensure
clearance procedures |adherence to established
(SOP). (see 8) procedures. (OE 2.1)

407 |AIR TRAFFIC SYSTEM —|375 To improve controller
Inadequate situation situation awareness, air traffic
awareness (horizontal). |service providers should
Failure to request ensure that their
and/or correctly training/standardization
interpret appropriate programs direct that controllers
aircraft position use all available tools to
information (see 7) establish aircraft position. (See

75) (OE 1.1)

408 |AIR TRAFFIC SYSTEM —|375 To improve controller
Failure to follow situation awareness, air traffic
position reporting service providers should
procedures by not ensure that their
requesting appropriate |training/standardization
aircraft position programs direct that controllers
information.(SOP) (see |use all available tools to
8, 406) establish aircraft position. (See

75) (OE 1.1)

409 |AIR TRAFFIC SYSTEM —|124 Air Traffic service providers
Failure to follow proper [should implement a Quality
sequencing procedures.|Assurance program to ensure
(see 8) adherence to established

procedures. (OE 2.1)

410 |AIR TRAFFIC 122 Air Traffic service
SYSTEM/FLIGHTCREW |providers should implement
— Inadequate transmission of ATC

communications due to
blockage of radio
transmission. (see 5)

instructions/information
(between the ground and
aircraft) via a computer link as
opposed to voice
communications. (OE 0.5)
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411

FLIGHTCREW — Failure
to monitor aircraft
energy state due to self-
induced high
workload/confusion
(see 106)

208 Research should be
conducted to understand and
counteract the phenomenon of
flight crew overload. (e.g. why
do flight crews ignore GPWS
warnings) (OE NR)

246 To reduce pilot overload,
airlines/operators policies
should stress using the
appropriate level of automation.
(OE 1.6)

308 Airlines/operators should
ensure their formal CRM
training is culturally appropriate
and emphasizes the following
management skills: decision
making, workload
management, crew
coordination, planning,
communication, situational
awareness and advocacy. (IAW
AC120-51b). (See 133) (OE
2.1)

380 To reduce the risk of
inadvertent entry into stall,
manufacturers should develop
and implement stall protection
features in all transport
category airplanes, (e.g. stick
pusher, alpha protection). (OE
3.1)

381 To provide improved pilot
awareness of the airplane's
energy state, manufacturers
should develop and incorporate
more effective energy
management monitoring and
alerting systems. (OE 2.4)

382 To provide improved pilot
awareness of airspeed,
manufacturers should provide
flight instruments with more
effective airspeed trend
indications and alerting. (OE
2.2)

411
Cont.

383 To ensure adequate time
margin between stall warning
and actual stall, manufacturers
and regulators should develop
and implement stall warning
systems that account for
various entry rates/conditions
to stall. (OE 2.3)

384 Since it is possible to enter
a stall, airlines/operators should
develop and implement a
ground school and simulator
training program to train pilots
to handle post stall recovery as
part of advanced maneuver
training. (OE 3.3)

393 To ensure system status
awareness, airlines/operators
should ensure that their
training/standardization
programs direct the flight crews
to use all available tools to
determine airplane system
status. (See 47) (OE 1.7)

415 To provide improved
aircraft status awareness,
airline/operators should
enhance training to identify
aircraft configuration and the
repercussions of the aircraft's
energy state. (OE 2.0)

416 To provide improved flight
crew situation awareness,
manufacturers should provide a
clear indication that predicts the
future aircraft energy state
and/or autoflight configuration if
the current course of action is
continued (i.e., analogous to
EGPWS mode that analyzes
the airplane's descent rate vs.
its terrain map, and tells the
crew that a conflict will occur if
they continue at that descent
rate. The system would warn
the crew that, if they continue
at the current roll rate (for
example), the plane will exceed
the envelope, or the autopilot
will reach the limits of its
authority, etc.) (OE 2.8)

447 In order to maintain
adequate safety margins during
flight training, operators should
establish and regulatory
agencies should require
standards for conducting flight
training which preclude
overloading the trainee. (OE
1.7)

411
Cont.

448 To preclude trainee
overload, research should be
conducted to understand the
optimum workload level for
effective flight training. (OE
NR)

538 Airline/operators should
train flight crews in team
decision-making skills,
including the ability to rapidly
turn data into information and
test conclusions. (See 314)
(OE 1.8)

412

FLIGHTCREW - Failure
to follow the "approach
to stall" procedures
(see 10)

99 Airlines/operators should
ensure that clear, concise,
accurate, appropriate standard
operating procedures are
published and enforced. (See
110) (OE 4.0)

110 Airlines/operators and
regulators should ensure that
their training/standardization
and monitoring programs
emphasize the importance of
adherence to standard
operating procedures and
identify the rationale behind
those procedures. (See 99)
(OE 3.7)

111 Airlines/operators should
ensure that their
training/standardization
programs emphasize basic
airmanship skills and
knowledge during initial and
recurrent training. (OE 2.3)

165 Airlines/operators should
provide training scenarios that
match realistic situations (i.e.
stall recoveries during
approach, in landing
configuration at flight idle with
the autopilot on (in simulator).
(OE 2.8)

525 To mandate stall
recognition and recovery
training, regulators must modify
the appropriate regulations.
(OE 4.2)

534 Airlines/operators should
implement procedures that call
for an immediate recovery
maneuver following a warning
that indicates an imminent
departure from normal flight
envelope (e.g. stall warning,
over-speed). (See 161) (OE
1.1)
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413 FLIGHTCREW — Not 245 To recover aircraft in 322 Airlines/operators should 357 To insure crews have the |358 To provide optimal upset 359 To improve effectiveness |384 Since it is possible to enter
prepared for post stall |unusual attitude, manufacturers|develop and implement a adequate skills to recover from |recovery training and to of upset recovery training, a stall, airlines/operators should
recovery task. (see 204) |should develop systems to ground school and simulator extreme attitude upsets, minimize negative training, research should identify the develop and implement a

return aircraft to normal attitude |training program to train pilots |regulators should require, and |regulators, aircraft and most effective methodology for |ground school and simulator
with one pilot button push (pilot [to handle unusual attitude operators should immediately |simulator manufacturers and upset training. (OE NR) training program to train pilots
initiated auto-recovery situations, e.g. American implement, initial and recurrent |operators should insure that to handle post stall recovery as
systems). (OE 2.2) Airlines Advanced Aircraft upset recovery training. (OE |training devices replicate part of advanced maneuver
Maneuvering Program. (OE 4.0) aircraft performance and training. (OE 3.3)
2.4) response necessary for
effective training. (See 386,
475) (OE 2.8)
413 386 To support advanced
Cont. maneuver training,
manufacturers should develop
simulator models that faciliate
post stall recovery training (see
358). (OE NR)

414 |AIRLINES/OPERATORS |111 Airlines/operators should [114 Airlines/operators should |484 To ensure adequate FO
— TRAINING — Training |ensure that their ensure that their proficiency, airlines/operators
failed to adequately training/standardization training/standardization should incorporate the
develop first programs emphasize basic programs provide sufficient operating practice of alternating
officer/captain piloting |airmanship skills and training to ensure aircrew PF/PNF duties (alternating legs
skills. (see 20) knowledge during initial and proficiency. (OE 2.8) and landings). (OE 2.1)

recurrent training. (OE 2.3)

415 |REGULATORS - 535 To ensure adequate
Inadequate oversight of |instructor / check pilot
airline/operator check |qualifications, operators must
pilot establish and maintain
selection/qualifications. [minimum line and instructor /

check airman qualifications.
(OE 3.8)

416 |AIRLINES/OPERATORS |129 Regulators should 201 Regulators should develop | 348 Airlines/operators should
— TRAINING — Non- establish criteria to ensure adequate oversight as utilize a self-audit process
compliance with operators overall quality appropriate to ensure (such as FSF ICARUS
regulations (training) assurance and compliance compliance with regulations. recommendation), operational
(see 40) procedures are effective rather |(See 145, 146, 202, 345) (OE [risk management programs

than reliance on spot checks of [2.8) and accident cost analysis to
individual components. (OE proactively identify and mitigate
2.1) safety concerns. (See 318)
(OE 1.1)
419 |AIRLINES/OPERATORS |115 Airlines/operators should 116 Airlines/operators should 142 Airlines/operators should |157 Airlines/operators, 201 Regulators should develop [202 Airlines/operators should

— TRAINING - Failure of
the airline/operators to
provide adequate
training to ensure
compliance with SOP.
(see 10)

ensure that their
training/standardization
programs emphasize the
dangers of rushed approaches.
(See 13, 157) (OE 2.3)

ensure that their
training/standardization
programs emphasize the
dangers of high rate of descent
and unstable approaches.

(See 142) (OE 2.3)

establish policies, parameters,
and training to recognize
unstabilized approaches and
other factors and implement a
go-around gate system. (See
FSF - "defined gates" p. 193)
(See 116, 123) (OE 3.1)

regulators, air traffic service
providers should establish
policies or programs to address
rushed approaches, including
elimination of rushed
approaches, recognition and
rejection of rushed approaches
and training for those
encountered. (OE 3.1)

adequate oversight as
appropriate to ensure
compliance with regulations.
(See 145, 146, 202, 345) (OE
2.8)

develop a quality assurance
program to ensure compliance
with regulations. (See 145,
146, 201) (OE 2.2)
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419 204 Research should be 328 Airlines/operators should 342 Airlines/operators should
Cont. conducted to better understand |ensure that flight crews are establish an SOP to ensure

the underlying reasons/causes |[trained to think in terms of "I that flight crews should not

for procedural noncompliance. |will go-around unless" rather begin their approach until

(OE NR) than "I will land unless." adequate briefing is completed
Regulatory policy should for the expected runway. (See
support this approach. (See 17) (OE 1.2)
142, 311) (OE 2.3)

420 |REGULATORS - 79 Airlines/operators should 80 Airlines/operators should 214 Regulators should enforce |225 Airlines/operators and
Regulatory oversight implement a reliable process to|verify, and regulators should timely incorporation of regulators should ensure
failed to insure communicate information to the |check, that operators who appropriate manufacturers necessary manuals
airline/manufacture flight crew that may affect flight |create their own AOM's include |recommendations. (See 98, (operational & maintenance)
procedures were or aircraft operations. (OE 2.7) |all operational procedures 201) (OE 3.1) are complete, accurate,
consistent and prescribed by original available and appropriately
reconciled. (see 301) equipment manufacturers used. (OE 3.1)

Airplane Flight Manual (AFM).
(OE 3.3)
421 [FLIGHTCREW - 537 To ensure proper intra-
Increased workload in |cockpit communications,
cockpit due to use of operators must ensure that the
multi-language phrases. |language used in the cockpit is
compatible, understandable
and consistent among all flight
deck crewmembers. (OE 1.7)

422 |AIRLINES/OPERATORS |16 To prevent mode confusion, [331 Airline operators and 456 To help ensure appropriate[486 Airlines/operators and
— TRAINING — manufacturers should ensure  |manufacturers will train crews |decision making, flight crews manufacturers should train
Airline/operator training [that automated systems to understand capabilities and |should be trained on the impact|crews to understand the
failed to adequately provide the flight crew with limitations of system, conditions |of automation on CRM. (OE [capabilities and limitations of
address methods to sufficient information which would cause the system |[2.4) automated flight systems, the
recover from (automation feedback). (OE to not function properly and conditions which would cause
unexpected autoflight |3.3) how to detect failure to the systems to not function as
mode changes. deploy/activate and the crew anticipates, and how

recommend contingency to detect and recover from
actions. (OE 2.8) inadvertent activation of
autoflight modes (see 331).
(OE 4.0)
423 |MANUFACTURERS - 16 To prevent mode confusion, |425 To enhance crew 486 Airlines/operators and

DESIGN — Lack of
intuitive clarity
(transparency) of how
to change autoflight
modes.

manufacturers should ensure
that automated systems
provide the flight crew with
sufficient information
(automation feedback). (OE
3.3)

awareness of automation
modes, research should be
conducted to develop intelligent
systems that will alert the flight
crew to inconsistencies
between the selected
automated flight modes, aircraft
performance and current
system status. (OE NR)

manufacturers should train
crews to understand the
capabilities and limitations of
automated flight systems, the
conditions which would cause
the systems to not function as
the crew anticipates, and how
to detect and recover from
inadvertent activation of
autoflight modes (see 331).

(OE 4.0)
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424 |AIRLINES/OPERATORS [123 Airlines/operators should |142 Airlines/operators should |244 To prevent plan
— Lack of a mandatory |implement a true no-fault go establish policies, parameters, |continuation errors (e.g. press-
go-around policy for around policy (learning vs. and training to recognize on-itis), research should be
unanticipated mode blame). (OE 0.8) unstabilized approaches and conducted to determine the
changes during other factors and implement a |effectiveness of directive
approach. (see 48) go-around gate system. (See |information systems for go-
FSF - "defined gates" p. 193) |around situations. (OE NR)
(See 116, 123) (OE 3.1)
425 |REGULATORS/AIRLINE |131 Airlines/operators should [308 Airlines/operators should [523 To ensure that airline
S/OPERATORS — CRM —|ensure that their ensure their formal CRM operation training departments
Lack of culturally training/standardization training is culturally appropriate |accomplish their training
appropriate CRM program emphasizes the and emphasizes the following |responsibilities, they must be
training. importance of the team management skills: decision adequately funded. (OE 1.1)
concept, cross cultural issues, |making, workload
evaluation of options and the management, crew
obligation of the FO to coordination, planning,
effectively communicate any communication, situational
concerns (CRM). (See 237) awareness and advocacy. (IAW
(OE 2.0) AC120-51b). (See 133) (OE
2.1)
426 |AIRLINES/OPERATORS |98 Airlines/operators and 532 To minimize the probability
— Airline/operator did regulatory agencies should of accidents, operators should
not adequately evaluate |review procedures to ensure prioritize service bulletin
the safety aspects of that design changes (service |implementation using
service bulletins. bulletins) to flight critical operational risk management
systems are incorporated in a [techniques to assess potential
timely manner. (OE 3.1) operational hazards, including
aircraft modification, etc.. (See
98, 348) (OE 3.8)
427 |MANUFACTURERS/RE |372 To ensure that in-service
GULATORS - Did not problems are reliably assessed
properly assign service |for their safety implications and
bulletin (SB) category to|corrected, regulators,
reflect the level of operators, and manufacturers
operational urgency. should develop and implement
a standard set of criteria for
determining whether or not a
problem is safety-related and
for timely corrective action.
(OE 2.4)
428 [AIRLINES/OPERATORS |487 To minimize the

— Operational
procedures and training
did not adequately
reduce the requirement
for knowledge-based
solutions. (Rule-based
rather than knowledge-
based)

occurrence of loss of control
events, airline operators'
training programs should
emphasize pattern recognition
and skill-based procedures to
better handle time-critical
situations, rather than relying
on knowledge- based analysis.
(OE 1.5)
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429 |FLIGHTCREW - 131 Airlines/operators should 165 Airlines/operators should 245 To recover aircraft in 314 Airlines/operators should 356 Research should be done |[378 To preclude continued
Inappropriate crew ensure that their provide training scenarios that |unusual attitude, manufacturers|develop simulator training to develop an effective tactical |flight into an unsafe aircraft
response during critical |training/standardization match realistic situations (i.e. |should develop systems to scenarios that require flight decision-making model for flight|energy state, Airlines/operators
flight regime or program emphasizes the stall recoveries during return aircraft to normal attitude|crews to learn multi-tasking crews in time critical situations. [should establish procedures for
situation. (see 10) importance of the team approach, in landing with one pilot button push (pilot [abilities and appropriate (OE NR) flight crews to establish a safe,

concept, cross cultural issues, |configuration at flight idle with |initiated auto-recovery prioritization abilities in concert stabilized flight condition when
evaluation of options and the |the autopilot on (in simulator). |systems). (OE 2.2) with CRM skills (see Red Flag situational uncertainty exists
obligation of the FO to (OE 2.8) LOFT scenarios). (OE 2.4) and THEN advise ATC of
effectively communicate any intentions. (OE 1.0)
concerns (CRM). (See 237)
(OE 2.0)
429 380 To reduce the risk of 393 To ensure system status  |395 To ensure that the display [401 To ensure proper 415 To provide improved 430 Research should be
Cont. inadvertent entry into stall, awareness, airlines/operators |of conflicting air data identification of engine aircraft status awareness, conducted to determine the
manufacturers should develop |should ensure that their information does not confuse orlmalfunctions and avoidance of [airline/operators should optimal way to provide
and implement stall protection |[training/standardization mislead the flightcrew, the possible loss of control, enhance training to identify flightcrews with aircraft status
features in all transport programs direct the flight crews |attitude sensing and display airline/operators should provide |aircraft configuration and the recognition during critical
category airplanes, (e.g. stick |to use all available tools to systems should be designed so|lenhanced and more realistic repercussions of the aircraft's |situations. (OE NR)
pusher, alpha protection). (OE|determine airplane system that invalid information is training for engine energy state. (OE 2.0)
3.1) status. (See 47) (OE 1.7) detected and clearly malfunctions, engine responses
annunciated to the flight crew |to control signal errors and the
and/or removed from display. |appropriate aircrew actions.
(OE 3.1) (OE 2.4)
429 432 To facilitate recovery from |470 Since current airline 482 To prevent inaction when
Cont. flight upsets, airlines/operators |training emphasizes recovery [the PF is confused or
should clearly define, train and |from approach to stall, unresponsive to an in-flight
check the specific PF/PNF airline/operators should hazard, airlines/operators
upset recovery duties. (OE emphasize to air crews the should develop and train clear
1.1) importance of proper analysis |and explicit procedures to
and response to incipient stall |define when/how the PNF
conditions (for example timely |(especially the F/O) will take
reduction in angle of attack). control of the airplane. (OE
(OE 1.7) 1.0)

430 |FLIGHTCREW — CRM — |23 Airlines/operators should 25 Airlines/operators should 26 Airlines/operators should 107 Airlines/operators should |227 Airlines/operators should [228 Regulators should require
Lack of communication |ensure that regularly scheduled |establish a CRM training ensure that CRM training is ensure that their CRM ensure that their airlines/operators to modify
skills. recurrent training (e.g. LOFT) program and regulators should |provided prior to line flying. training/standardization training/standardization their training to maximize

emphasizes crew cooperation [require and insure that the (OE 1.7) program emphasizes the program emphasizes the benefits of inter-crew/company
and working together to initial training is provided prior importance of the team benefits of inter-crew/company |communications. (OE 1.3)
maximize safe operations. to line flying and require concept. (OE 2.1) communications. (See 131)
(See 308, 314) (OE 2.1) recurrent CRM training. (See (OE 2.1)
131, 132, 349) (OE 2.1)
430 237 Airlines/operators should 308 Airlines/operators should 314 Airlines/operators should |349 Airlines/operators should
Cont. provide guidance to crew ensure their formal CRM develop simulator training ensure training for instructors

concerning evaluation of all
options prior to decision making
as part of CRM training. (See
25, 26, 131, 132, 133, 308)
(OE 1.4)

training is culturally appropriate
and emphasizes the following
management skills: decision
making, workload

management, crew
coordination, planning,
communication, situational
awareness and advocacy. (IAW
AC120-51b). (See 133) (OE
2.1)

scenarios that require flight
crews to learn multi-tasking
abilities and appropriate
prioritization abilities in concert
with CRM skills (see Red Flag
LOFT scenarios). (OE 2.4)

and check airmen include
objective criteria to be used in
evaluating crew CRM
performance. (See 25,131)
(OE 1.1)
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431 |FLIGHTCREW — CRM — |23 Airlines/operators should 25 Airlines/operators should 26 Airlines/operators should 107 Airlines/operators should 131 Airlines/operators should 227 Airlines/operators should
Lack of crew ensure that regularly scheduled |establish a CRM training ensure that CRM training is ensure that their CRM ensure that their ensure that their
coordination skills . recurrent training (e.g. LOFT)  |program and regulators should |provided prior to line flying. training/standardization training/standardization training/standardization

emphasizes crew cooperation [require and insure that the (OE 1.7) program emphasizes the program emphasizes the program emphasizes the
and working together to initial training is provided prior importance of the team importance of the team benefits of inter-crew/company
maximize safe operations. to line flying and require concept. (OE 2.1) concept, cross cultural issues, [communications. (See 131)
(See 308, 314) (OE 2.1) recurrent CRM training. (See evaluation of options and the (OE 2.1)
131, 132, 349) (OE 2.1) obligation of the FO to
effectively communicate any
concerns (CRM). (See 237)
(OE 2.0)
431 228 Regulators should require |237 Airlines/operators should [308 Airlines/operators should [349 Airlines/operators should
Cont. airlines/operators to modify provide guidance to crew ensure their formal CRM ensure training for instructors
their training to maximize concerning evaluation of all training is culturally appropriate [and check airmen include
benefits of inter-crew/company |options prior to decision making|and emphasizes the following |objective criteria to be used in
communications. (OE 1.3) as part of CRM training. (See |management skills: decision evaluating crew CRM
25, 26, 131, 132, 133, 308) making, workload performance. (See 25,131)
(OE 1.4) management, crew (CE 1.1)
coordination, planning,
communication, situational
awareness and advocacy. (IAW
AC120-51b). (See 133) (OE
2.1)

432 |FLIGHTCREW — CRM — |23 Airlines/operators should 25 Airlines/operators should 26 Airlines/operators should 107 Airlines/operators should 120 Airlines/operators should 227 Airlines/operators should
Lack of workload ensure that regularly scheduled |establish a CRM training ensure that CRM training is ensure that their CRM ensure procedures do not ensure that their
management skills. recurrent training (e.g. LOFT)  |program and regulators should |provided prior to line flying. training/standardization increase pilot workload during |training/standardization

emphasizes crew cooperation [require and insure that the (OE 1.7) program emphasizes the critical phases of flight. (OE program emphasizes the
and working together to initial training is provided prior importance of the team NR) benefits of inter-crew/company
maximize safe operations. to line flying and require concept. (OE 2.1) communications. (See 131)
(See 308, 314) (OE 2.1) recurrent CRM training. (See (OE 2.1)
131, 132, 349) (OE 2.1)
432 228 Regulators should require |237 Airlines/operators should [308 Airlines/operators should [314 Airlines/operators should |349 Airlines/operators should
Cont. airlines/operators to modify provide guidance to crew ensure their formal CRM develop simulator training ensure training for instructors
their training to maximize concerning evaluation of all training is culturally appropriate | scenarios that require flight and check airmen include
benefits of inter-crew/company |options prior to decision making|and emphasizes the following |crews to learn multi-tasking objective criteria to be used in
communications. (OE 1.3) as part of CRM training. (See |management skills: decision abilities and appropriate evaluating crew CRM
25, 26, 131, 132, 133, 308) making, workload prioritization abilities in concert |performance. (See 25,131)
(OE 1.4) management, crew with CRM skills (see Red Flag |(OE 1.1)
coordination, planning, LOFT scenarios). (OE 2.4)
communication, situational
awareness and advocacy. (IAW
AC120-51b). (See 133) (OE
2.1)
433 FLIGHTCREW — CRM —| 556 To reduce pilot overload,

Lack of planning skills.

airlines/operators should
develop standard operating
procedures to help standardize
the use of the appropriate level
of automation for the operation
and the airplane design (See
246, 530). (OE 0.7)
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434 |FLIGHTCREW — CRM |23 Airlines/operators should 25 Airlines/operators should 26 Airlines/operators should 107 Airlines/operators should 227 Airlines/operators should 228 Regulators should require
— Lack of decision ensure that regularly scheduled |establish a CRM training ensure that CRM training is ensure that their CRM ensure that their airlines/operators to modify
making skills. recurrent training (e.g. LOFT)  |program and regulators should |provided prior to line flying. training/standardization training/standardization their training to maximize

emphasizes crew cooperation [require and insure that the (OE 1.7) program emphasizes the program emphasizes the benefits of inter-crew/company
and working together to initial training is provided prior importance of the team benefits of inter-crew/company |[communications. (OE 1.3)
maximize safe operations. to line flying and require concept. (OE 2.1) communications. (See 131)
(See 308, 314) (OE 2.1) recurrent CRM training. (See (OE 2.1)
131, 132, 349) (OE 2.1)
434 237 Airlines/operators should |308 Airlines/operators should [314 Airlines/operators should [349 Airlines/operators should
Cont. provide guidance to crew ensure their formal CRM develop simulator training ensure training for instructors
concerning evaluation of all training is culturally appropriate |scenarios that require flight and check airmen include
options prior to decision making|and emphasizes the following |crews to learn multi-tasking objective criteria to be used in
as part of CRM training. (See |management skills: decision abilities and appropriate evaluating crew CRM
25, 26, 131, 132, 133, 308) making, workload prioritization abilities in concert |performance. (See 25,131)
(OE 1.4) management, crew with CRM skills (see Red Flag |(OE 1.1)
coordination, planning, LOFT scenarios). (OE 2.4)
communication, situational
awareness and advocacy. (IAW
AC120-51b). (See 133) (OE
2.1)

435 FLIGHTCREW - 15 Airlines/operators should 16 To prevent mode confusion, |246 To reduce pilot overload, 331 Airline operators and 520 To ensure flight crews 542 To preclude over-reliance
Eailure to understand |ensure that their manufacturers should ensure |airlines/operators policies manufacturers will train crews |have a comprehensive on automation,
the training/standardization that automated systems should stress using the to understand capabilities and |knowledge of the automation |airlines/operators and
operation/limitations of programs instruct when to provide the flight crew with appropriate level of automation.|limitations of system, conditions | system(s) functional operation, |regulators should create and/or

. disengage automated systems |sufficient information (OE 1.6) which would cause the system |airlines/operators should clarify a definition of
Automation Mode(s)  [ang fly manually. (See 246) (automation feedback). (OE to not function properly and ensure that their training “appropriate levels of
(OE 3.1) 3.3) how to detect failure to Istandardization programs automation,” to include the

deploy/activate and emphasize these skills. (OE [need to validate against other

recommend contingency 2.8) information sources and insure

actions. (OE 2.8) that the resulting definition is
published and included in all
appropriate flight crew
publications, manuals and
training programs. (OE 2.1)

437 |FLIGHTCREW - 15 Airlines/operators should 246 To reduce pilot overload, |520 To ensure flight crews 542 To preclude over-reliance
Inappropriate ensure that their airlines/operators policies have a comprehensive on automation,
use/reliance on tra|n|ng/ste_indard|zat|0n should s_tress using the _ knowledge of tr_\e automatlc_)n airlines/operators and
automation to recover programs instruct when to appropriate level of automation. | system(s) functional operation, |regulators should create and/or

. disengage automated systems |[(OE 1.6) airlines/operators should clarify a definition of

the airplane from and fly manually. (See 246) ensure that their training “appropriate levels of

unusual attitude or (OE 3.1) Istandardization programs automation,” to include the

unusual in-flight emphasize these skills. (OE [need to validate against other

situations. 2.8) information sources and insure
that the resulting definition is
published and included in all
appropriate flight crew
publications, manuals and
training programs. (OE 2.1)

439 |AIRLINES/OPERATO (387 To ensure that airplane

RS - Airline/operator
failed to ensure that
pre-flight maintenance
procedures were
accomplished.

systems function as designed,
airlines/operators should
develop processes to ensure
adherence to manufacturer's
recommended maintenance
procedures. (OE 1.5)
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440 |MANUFACTURERS — [389 To assist flight crews in
Failure to provide a  |responding to system
non- mhaIlelg(;nonsl, mangfacturers

should develop an
normal/emergency airlines/operators should
procedure for a known incorporate readily accessible
failure condition. flight crew procedures for

partial or total failure of flight

critical systems. (OE 0.7)

441 |FLIGHTCREW — SOP |392 In order to support pilot
— Failure to properly ~ [takeoff decision-making,
confirm system status {esdeatmh .ShOLt‘Ld beﬁcopd”“ed

- - o determine the effectiveness
prior to_ responding to of alerting systems to identify
checklist challenge situations which warrant a
(see 106) rejected takeoff. (OE NR)

442 |MANUFACTURERS — |390 Because some partial 483 To ensure that the display
DESIGN — Aircraft system failures may not be _of confl|(_:t|ng attitude
design allowed the reliably observed, mformatlon dges not confuse or
display of misleading maanacturers should develop ml'_slead the f_I|ghtcrew_, the
N I . warning systems that alert the |attitude sensing and display
mformat.lon without pilot to those partial/total systems should be designed so
appropriate failures of flight critical systems [that invalid information is
annunciation. (see 57)|and flight instruments. (OE detected and clearly

1.0) annunciated to the flight crew
and/or removed from display.
(OE 3.8)

443 |AIRLINES/OPERATO |23 Airlines/operators should 110 Airlines/operators and 218 Airlines/operators should |308 Airlines/operators should
RS — TRAINING — ensure that regularly scheduled [regulators should ensure that |conduct surveillance of ensure their formal CRM
Failure to ensure recurrent training (e.g. LOFT) their training/standardization contractor training programs for|training is culturally appropriate

d t d emphasi;es crew cooperation |and monitoring programs adequacy of training. (See and emphasizes. the follpyving
adequa e an L. and working together to emphasize the importance of 110, 202) (OE 2.4) management skills: decision
standardized training | maximize safe operations. adherence to standard making, workload
for their pilots. (see (See 308, 314) (OE 2.1) operating procedures and management, crew
419) identify the rationale behind coordination, planning,

those procedures. (See 99) communication, situational

(OE 3.7) awareness and advocacy. (IAW
AC120-51b). (See 133) (OE
2.1)

444 |MANUFACTURERS/A [371 To eliminate the potential [372 To ensure that in-service |417 Because failures which 418 Because not all operators |419 Because manufacturers
IRLINES/OPERATOR sa\_fety consequences of system problems are rt_allab_ly a_ssessed resu_lt in yaw/_ro_ll upsets can be understand_ the S|gn|f|canc_e of |must make certain assumptions
S — Safety failures, for their safety implications and | particularly difficult for crews to |failures which may result in regarding which failures will be

assessment methods
do not adequately
identify the operational
safety consequences
of system failure
conditions.

manufacturers/operators
should develop a reliable
process for identifying,
prioritizing, and resolving the
safety consequences of system
and component malfunctions
throughout the operational
envelope. (OE 1.5)

corrected, regulators,
operators, and manufacturers
should develop and implement
a standard set of criteria for
determining whether or not a
problem is safety-related and
for timely corrective action.
(OE 2.4)

interpret and successfully
handle, manufacturers and
operators should give such
failures increased scrutiny and
higher priority for reporting.
(OE 2.2)

yaw/roll upsets, manufacturers
should provide airlines with
more information regarding the
airplane control implications of
such failures. (OE 1.1)

detected and handled by the
pilot with "normal piloting skills,"|
research should be conducted
to determine if these assumed
skills and knowledge are valid
in realistic airline operations.
(OE NR)
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445 MANUFACTURERS — |57 Airlines/operators, 370 To foster transfer of safety-
Failure of, or regulators, and manufacturers [related information, airplane
inadequate should implement a program and component manufacturers
procedures for designed for sharing of safety |should participate in safety data

. Lo related information within the  |sharing programs, (e.g. current
Q|ssem|r_1at|ng safety  |aviation community. (OE 2.1) |Manufacturers' safety data
information between sharing meetings). (OE 1.7)
manufacturers. (see
32)

446 |AIRLINES/OPERATO (421 Since intermittent failures
RS — Failure to disable|can persist for unspecified
automation systems periods of time Withouth ’

: correction, operators shou
with known problems. develop spe(F:)ific policies,

(see 207) procedures and guidance
defining when degraded
systems or systems with
intermittent problems should be
disabled, invoking the
appropriate MEL requirements.
(OE 1.5)

447 |AIRLINES/OPERATO |423 To ensure that recurrent,
RS — Over reliance on |intermittent failures are not

allowed to persist, regulators

\(I:Vrgm g:gﬁ(;gures to should revise MEL dispatch

X . requirements so that certain
unresolved intermittent|intermittent failures are
airplane failure considered to be full failures, if
conditions. warranted by safety
implications of the failures and
frequency of occurrence. (OE
3.5)

448 |REGULATORS — Lack|No interventions cited
of a formalized system
for threat free
reporting of safety-
related incidents from
operators to
manufacturers.

449 |MANUFACTURERS — |371 To eliminate the potential [372 To ensure that in-service |373 To ensure that 402 To prevent a more serious
Lack of a reliable safety consequences of system |problems are reliably assessed |manufacturers and regulators |event, manufacturers should
process for failures, for their safety implications and |are aware of recurrent revise product failure analyses

reviewing/revising
system safety
assessments based
on field data collected
after certification.

manufacturers/operators
should develop a reliable
process for identifying,
prioritizing, and resolving the
safety consequences of system
and component malfunctions
throughout the operational
envelope. (OE 1.5)

corrected, regulators,
operators, and manufacturers
should develop and implement
a standard set of criteria for
determining whether or not a
problem is safety-related and
for timely corrective action.

(OE 2.4)

problems (type and frequency),
manufacturers, regulators and
operators should implement a
reliable process for gathering
and reporting safety-related
problems. (OE 2.0)

if service history reveals
unexpected consequences or
failure modes. (OE 1.7)
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450 |AIRLINES/OPERATO (422 To ensure constant
RS — MAINTENANCE visibility of known intermittent
— Airline/operator does Lég'\;‘;ﬁ)sp gf(fcr:g%rrsej}g;"d
not provide a Iogglng continued reporting of and
process that requires |maintenance actions to
flight crews to report  [address unresolved intermittent
recurring events. failures. (OE 0.8)

451 |AIRLINES/OPERATO [471 Since many factors can 565 Manufacturers should 566 Manufacturers should
RS — Failure to make the identification of incorporate an "input rudder"  [incorporate an automatic yaw
address the problems impending loss of control indicator to ensure thay compensation to ensure that

. . difficult, research should be adequate yaw control is adequate yaw control is

a_ssouated with .the directed toward the provided. (OE 1.5) provided. (OE 3.8)

flight crew transition | gevelopment of systems that

from Eastern built advise the flight crew that the

aircraft to Western aircraft is departing from a flight

built airplanes. path consistent with the flight

control inputs. (OE NR)
453 |FLIGHTCREW - Pilot |23 Airlines/operators should 25 Airlines/operators should 82 Airlines/operators should

Flying (PF) failed to
perform monitoring
function and/or other
PF responsibilities.
(see 22)

ensure that regularly scheduled
recurrent training (e.g. LOFT)
emphasizes crew cooperation
and working together to
maximize safe operations.
(See 308, 314) (OE 2.1)

establish a CRM training
program and regulators should
require and insure that the
initial training is provided prior
to line flying and require
recurrent CRM training. (See
131, 132, 349) (OE 2.1)

clearly define, train and check
the specific PF/PNF/FE duties.
(OE 2.3)

454 |MANUFACTURERS — [435 To ensure stall warning

Failed to recommend fSySte,mSA are PfOPeff'y
: B unctioning, manufacturers
appropriate aircraft ) i
. . should establish appropriate

systems calibration inspection and calibration
intervals. procedures. (OE 0.5)

455 |AIRLINES/OPERATOQ [143 Airlines/operators should,

RS — Kept and/or
entered inadequately
prepared aircraft into
service due to
economic pressures.

and regulatory agencies must,
encourage a culture that
enhances safety in their daily
operations. (Safety Culture)
(See 22, 63, 348) (OE 1.1)

456

REGULATORS —
Inadequate
regulation/guidance
establishing minimum
conditions for critical
aircraft handling
maneuvers. (See 582)

400 In order to promote safe
crosswind landings,
manufacturers will provide and
airline operators will implement
aircraft crosswind landing
limitations, including
considerations for flight control
effectiveness and gust
conditions. (OE 3.1)

408 To minimize undesirable
effects of transition to manual
flight from ALIGN mode,
regulators should require that
minimum altitudes and
conditions be established for
disengagement of automated
systems when a manual
landing is anticipated. (OE
3.1)

437 To enhance the safety of
functional evaluation flights
(FEF), regulators should
establish standards for critical
aircraft handling maneuvers.
(OE 2.0)

439 To ensure proper
designation of pilots conducting
non-standard flight operations
(e.g., Functional Evaluation
Flights), regulation and/or
guidance should be revised to
clearly indicate pilot
experience, pairing, and
training levels required. (OE
2.0)
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457 |FLIGHTCREW - Lack [165 Airlines/operators should 245 To recover aircraft in 322 Airlines/operators should |331 Airline operators and 357 To insure crews have the |[358 To provide optimal upset
of upset recovery provide tra}ini}ng lscen‘arios‘that unusual attitude, manufacturers|develop and implemgnt a manufacturers will tra}iﬂ crews |adequate slfills to recover from recovery training andltc‘)
(Advanced Maneuver) match reallspc snua_mons (i.e. |should t_ievelop systems to_ grqu_nd school and S|m_ulat_or tp L_md_erstand capabilities gnd extreme attitude upset_s, minimize neganve training,
skills and knowledge stall recoveries during return aircraft to normal attitude |training program to train pilots |limitations of system, conditions |regulators should require, and |regulators, aircraft and

* lapproach, in landing with one pilot button push (pilot [to handle unusual attitude which would cause the system |operators should immediately |simulator manufacturers and
configuration at flight idle with |initiated auto-recovery situations, e.g. American to not function properly and implement, initial and recurrent |operators should insure that
the autopilot on (in simulator). [systems). (OE 2.2) Airlines Advanced Aircraft how to detect failure to upset recovery training. (OE training devices replicate
(OE 2.8) Maneuvering Program. (OE deploy/activate and 4.0) aircraft performance and

2.4) recommend contingency response necessary for
actions. (OE 2.8) effective training. (See 386,
475) (OE 2.8)
457 359 To improve effectiveness |384 Since it is possible to enter |445 To help avoid loss of
Cont. of upset recovery training, a stall, airlines/operators should | control, manufacturers should
research should identify the develop and implement a develop and implement flight
most effective methodology for |ground school and simulator envelope protection. (e.g.
upset training. (OE NR) training program to train pilots |bank/pitch angle limits, over-
to handle post stall recovery as |speed, angle of attack, load
part of advanced maneuver factor) (OE 4.6)
training. (OE 3.3)

458 |SIMULATOR/AIRCRA |154 Airlines/operators should 358 To provide optimal upset [359 To improve effectiveness |386 To support advanced
FT improve/increase training to recovery training and to of upset recovery training, maneuver training,

MANUFACTURERS — increase awareness of icing minimize negative training, research should identify the manufacturers should de\(glop
Lack of simulator effects on airplane type regulators, aircraft and most effective methodology for |simulator models that faciliate

. including dynamic simulator simulator manufacturers and upset training. (OE NR) post stall recovery training (see
fidelity and training. (OE 3.1) operators should insure that 358). (OE NR)

aerodynamic models training devices replicate

that adequately aircraft performance and

support upset response necessary for

recovery (Advanced effective training. (See 386,

Maneuver) training. 475) (OE 2.8)

459 |FLIGHTCREW — 79 Airlines/operators should 80 Airlines/operators should 154 Airlines/operators should [460 To ensure a better
Failure to recognize |implement a reliable process to|verify, and regulators should improve/increase training to understanding, by air crews, of
the performance cpmmunicate information tq the | check, tha_t operators who increase awareness of icing ap_propriate p_rocedures for use
effects of ice fl|gh; crew that may affect flight |create th¢|r own AOM's include gffects' on alrplane type of ice protection systems,

A or aircraft operations. (OE 2.7) |all operational procedures including dynamic simulator operators, manufacturers and
a_ccumUIat'on on the prescribed by original training. (OE 3.1) regulators should expedite the
aircraft. equipment manufacturers modification of training

Airplane Flight Manual (AFM). programs and distribution of
(OE 3.3) media, to include ice bridging
and deicing boot operation.
(OE 2.4)
460 |MANUFACTURERS — |488 To facilitate recovery and

DESIGN — Failure to
provide adequate
instrumentation to
optimize performance
during recovery from
unusual attitude.

attitude awareness,
manufacturers should include
adequate instrumentation to
optimize performance during
recovery from unusual attitude.
(OE 2.7)
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461 |MANUFACTURERS — |366 To protect aircraft against [440 To ensure all aircraft meet
DESIGN — Previously flight control malfunctions, currently accepted minimum
certificated designs manufacturers must design and |performance standards,

regulators must certificate regulators should require
m_ay not mee; current derivative aircraft and warning systems that meet
minimum periormance| components to current airworthiness standards. (OE
standards. applicable certification 1.7)
requirements, i.e. single point
failures, redundancy, and
probability of failure. (OE 4.2)
462 |REGULATORS/AIRLI [441 To avoid confusion,
NES/OPERATORS — regulators/operators should
Lack of consistent develop a consistent standard
" for stall speed calculation. (OE
defined _method of 0.4)
calculating stall speed.

464 |REGULATORS - High |546 Airlines/operators should
risk maneuvers ensure that flight crews are
permitted during adequately trained in an

L appropriate level simulator for
training due to the training being conducted
regu!atory (i.e. engine out, upset recovery,
requirement/lack of  |etc.) before being assigned to
requirement. (see 490)|the line. (See 153, 312) (OE

3.8)

465 |REPAIR FACILITY — |201 Regulators should develop [202 Airlines/operators should [251 To preserve the original 476 Since repair processes can
MAINTENANCE — adequate oversight as develop a quality assurance intended level of airworthiness, |significantly affect the
Failure to develop appropriate to ensure program to ensure compliance [there should be a better airworthiness of components,
adequate repair and compliance with regulations. with regulations. (See 145, definition and classification of |regulators should require
) a . P (See 145, 146, 202, 345) (OE |146, 201) (OE 2.2) subsequent in-service major manufacturer concurrence on
inspection procedures.|; g and minor critical component  |all maintenance and repair

changes. The definition of procedures affecting critical
critical component should be aircraft structures, components,
more specific. (OE 1.3) or performance. (OE 0.9)

466 |REPAIR FACILITY — |201 Regulators should develop [202 Airlines/operators should
MAINTENANCE — adequate oversight as develop a quality assurance
Eailure to appropriate to ensure program to ensure compliance
follow/ . compliance with regulations. with regulations. (See 145,
ollow/supervise (See 145, 146, 202, 345) (OE [146, 201) (OE 2.2)

Qstabhs_hed repair and | g)
inspection pl’OC(—Z‘dUI’ES.
467 |AIRLINES/OPERATO [477 To improve maintenance

RS — MAINTENANCE
— Insufficient
airline/operator
oversight of contract
repair facility
operations including
management and
training practices. (ref
sps 100, 2-53)

quality, regulators should
require that airlines/operators
institute processes for oversight
of maintenance facilities that
maintain safety-critical parts,
components, or systems (e.g.
CASE (Coordinating Agency for
Supplier Evaluation) might be
one type of program that could
provide an acceptable method
of compliance). (OE 0.7)
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468 REGULATORS - 478 _To improve maintenance
Insufficient regulatory _quallty, regulatlors should
oversight of repair increase oversight of

" - maintenance facilities that
_facllllty operations, maintain safety-critical parts,
including management|components, or systems. (OE
and training practices. [0.7)

(see 100)

469 |REGULATORS — Lack|372 To ensure that in-service [536 To prevent reoccurrence of |569 Since hard landings are
of a reliable process |Problems are reliably assessed |accidents and incidents, identified primarily based on
for reviewing/revising for their safety implications and |regulators / manufacturgrs/ pilot subject]ve.JL.Jdgme.nt and tq

fety decisi b d corrected, regulators, operators should expedite ensure that individual airplanes
sa e_ y gecisions base: operators, and manufacturers |development and application of |are inspected when necessary,
on field data collected [shouid develop and implement [an effective risk management | manufacturers should develop
after certification. (see |a standard set of criteria for continuing airworthiness and regulatory authorities
449, 2-53, 536) determining whether or not a  |assessment based upon prior |should require the
problem is safety-related and |incidents and disseminate the [implementation of objective
for timely corrective action. results. (See 372, 373) (OE means to identify the
(OE 2.4) 1.6) occurrence of a hard landing
within an appropriate period of
time. (OE NR)

470 |REGULATORS — Lack|479 To improve operational
of appropriate oversight, regulators should
knowledge and establish selection criteria and

. appropriate training programs
exper_len_ce necessary (e.g. training with carriers) to
for Principal ensure that POIs responsible
Operations Inspeqtor for air carrier oversight have
(POI) to perform air appropriate knowledge and
carrier oversight experience to perform those
function. (see 19) functions. (OE 1.3)

471 |MANUFACTURERS/R|303 Regulators should 361 To enhance the ability to
EGULATORS — implementctihe_ NTSB analyze, identify afnd take

e ; recommendations to increase |corrective actions for
Ir‘émlt%?nﬂlght (i\?)tiﬁ DFDR parameters (not rated). |preventing accidents,

CO g cap ty (OE NR) regulators and operators
hampers should create a collection and
undgrstandlng of analysis process which utilizes
accident sequence. all existing and future aircraft
(For future accident data collection systems, such
prevention (see 26) as DFDR, FOQA, ASAP and

other non-volatile memory
systems. (OE 3.8)

472 |REGULATORS/MANU(383 To ensure adequate time
FACTURERS — margin between stall warning
DESIGN — Stick- and actual stall, manufacturers

shaker system fails to
provide adequate time
margin between
activation and stall in
an accelerated stall
condition.

and regulators should develop
and implement stall warning
systems that account for
various entry rates/conditions
to stall. (OE 2.3)
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473 REGULATORS - 357 To insure crews have the |358 To provide optimal upset 359 To improve effectiveness |384 Since it is possible to enter
Regulator failed to adequate skills to recover from |recovery training and to of upset recovery training, a stall, airlines/operators should
identify need for extreme attitude upsets, minimize negative training, research should identify the develop and implement a
training in recognition regulators should require, and [regulators, aircraft and most effective methodology for |ground school and simulator

operators should immediately |simulator manufacturers and upset training. (OE NR) training program to train pilots
and recovery from implement, initial and recurrent |operators should insure that to handle post stall recovery as
unusual flight upset recovery training. (OE training devices replicate part of advanced maneuver
regimes/attitudes. 4.0) aircraft performance and training. (OE 3.3)
(see 437, 457, 458) response necessary for
effective training. (See 386,
475) (OE 2.8)

474 |MANUFACTURERS — [527 To ensure that alerting and
DESIGN — Inadequate |warning logic does not
consideration of the ?”””.”C'ate Sellf'recﬁ"eg’

unctions or alerts that do not
hum,an factors aSPGCtS require pilot action, the
of failure recognition | manufacturer should design
and/or annunciation. |systems that annunciate only
when pilot action is required.
(OE 2.8)

475 MANUFACTURERS/A [540 To ensure completeness,
IRLINES/OPERATOR avoid erroneous procedures
S — TRAINING — and p;event mi/sinterpretation,

L manufacturers/operators
Inadequate tra_lnlng should ensure and regulatory
materials reIatm_g to agencies should check that the
modern propulsion guidance and procedures in
system malfunction AOM's are complete, clear and
recognition. correct. (OE 1.7)

477 |AIRLINES/OPERATO (528 To provide optimal training
RS — TRAINING — (including propulsion system
Inadequate use of malfunctions) and to mlinimize

. L negative training, regulators,
ava”a_ble training airgraft and sim%latogr
material related _tO manufacturers and operators
modern propulsion should ensure that training
system malfunction devices replicate realistic
recognition. failure scenarios, aircraft

performance and appropriate
response. (See 358) (OE 2.2)

479 |SIMULATOR 528 To provide optimal training
MANUFACTURERS — |(including propulsion system
Lack of realistic malfur_wctions)_and to minimize
simulation of negative training, regulators,

propulsion system
malfunction and
aircraft response.

aircraft and simulator
manufacturers and operators
should ensure that training
devices replicate realistic
failure scenarios, aircraft
performance and appropriate
response. (See 358) (OE 2.2)
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481 REGULATORS - 528 To provide optimal training
Failure to require (including propulsion system
realism in simulator malfupctiong)_and to mlinimize

. negative training, regulators,
represeptatlon of aircraft and simulator
propuls,lc_)n system manufacturers and operators
malfunction. should ensure that training

devices replicate realistic
failure scenarios, aircraft
performance and appropriate
response. (See 358) (OE 2.2)
483 |MANUFACTURERS — [481 Because POls may be

DESIGN — Cockpit
indicators alert for
thresholds
(exceedances), but
only provide passive
indication of trends

responsible for oversight of
remote training activities,
regulators should ensure that
POls have sufficient Certificate
Holding District Office
resources, including staff, to
conduct appropriate oversight

(See 520) for the POI's assigned
operators. (OE 1.6)
487 |[AIRLINES/OPERATO [414 To reduce negative
RS — TRAINING — transfer effects during pilot

Training program
failed to recognize and
offset negative

transition to new aircraft, airline
operators should determine the
potential for negative transfer of
inappropriate pilot actions and

transfer. techniques on flight critical
systems and overtrain to
prevent their occurrence. (OE
1.8)

491 |AIRLINES/OPERATO |46 Airlines/operators should
RS — MAINTENANCE !mplement} procedures to
~Failure to ensure (2008 o e
periifont MAMenance acions. (0 0.4)
available to the crew.

492 |MANUFACTURERS — |64 Airlines/operators should 141 Airlines/operators and 316 Regulators should require |426 Research should be
DESIGN — Decreased |ensure that their regulators should require airline/operators to train flight  {undertaken to determine how tc
crew vigilance due to training/standardization training/standardization crews to recognize and keep crews alert in low-
modern flight deck programs direct the flight crews |programs include training counteract acute and chronic  |stimulation environments (e.g.,

. 9 to regularly cross check all regarding physiological effects |fatigue. (See 31, 130, 203, highly-automated flightdecks,
alj'toma_t'on and low- instrumentation. (OE 1.8) on aircrew performance, (e.g. |257,315) (OE 1.4) long-haul flights). (OE NR)
stimulation low blood sugar, fatigue). (OE
environment. 1.1)

493 |AIRLINES/OPERATO |396 To ensure a standard level

RS — Operating
limitations are less
stringent than ICAO
recommendations.

of safety at all airports, airport
operators should adopt airport
operations procedures that are
no less stringent than ICAO
recommendations. (OE 0.8)
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494

AIRLINES/OPERATO
RS — Airline/operator
did not adequately
evaluate the safety
aspect of NOTAMS.

78 Airlines/operators and
regulators should improve the
availability, clarity, and
prioritization of NOTAM
information. (OE 0.5)

95 Airlines/operators should
establish procedures for flight
crews to review/cross check
instructions, clearances, etc. to
ensure consistency with
expected procedures or
practices. (OE 0.6)

495

AIR TRAFFIC
SYSTEM - Accurate
weather information
not available to Flight
Crews and air traffic
system.

93 Air Traffic service should
provide real time (most current)
radio communication of critical
airport and weather
information. (OE 2.4)

397 To provide accurate wind
information to flight crews,
regulators should insure that
weather information providers
and air traffic services employ
systems and procedures which
will insure accurate
measurement of wind data and
dissemination of wind
information for takeoff and
landing areas of the runways in
use. (OE 3.1)

398 To provide real time
accurate wind component
information to flight crews, air
traffic services and
manufacturers should
implement real time
(automated)
transmission/display of such
information in the most directly
useable format to the flight
crew, during approach and
landing phase. (See 94) (OE
3.1)

496 MANUFACTURERS — |398 To provide real time
DESIGN — Runway _accuratg wind cpmponent .
wind information not It?;?f:?:gg/?c?sfg%t crews, air
presented In COCkplt manufacturers should
displays as headwind [implement real time
and crosswind (automated)
components. transmission/display of such

information in the most directly
useable format to the flight
crew, during approach and
landing phase. (See 94) (OE
3.1)

497 |REGULATORS/AIRP |410 To enhance safety in the
ORT OPERATORS — |airport environment, regulators
Inadequate znd ?irport _c()jpfle'ratorfs should

. evelop guidelines for
precau_tlons taken minimizing the effects of
regar_dlng eﬁeCts_ of environmental factors on
terrain, obstructions, |windfields in the approach and
and building landing areas of the runways
placement on wind and work with local authorities
conditions on runway. for implementation. (OE 0.4)
(see 564)

498 |MANUFACTURERS — |390 Because some partial
DESIGN — No system failures may not be

annunciation provided
to flight crew when
operating in a non-
standard flight
instrument
configuration

reliably observed,
manufacturers should develop
warning systems that alert the
pilot to those partial/total
failures of flight critical systems
and flight instruments. (OE
1.0)
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499 REGULATORS - 99 Airlines/operators should
Inadequate regulatory ensure that clear, concise,
oversight of accura\_te, approgriate standard

P operating procedures are
alrllne(operator published and enforced. (See
checklist/procedures  [110) (OE 4.0)
changes.

500 |AVIATION 517 To ensure an acceptable
COMMUNITY — Lack |skill level of pilots entering the
of experienced/skilled aviation profissilc;n, the aviation

p g community should encourage
p'IF’tSf due to Ilmlteq . _|the development of and
aviation career training| enroliment in aviation career
programs. training programs. (OE 0.3)

501 |[AVIATION 518 To ensure an adequate
COMMUNITY — Lack |supply of qualified pilots, the
of experienced/skilled |2viation C.O.mm.””ity;h(’”'d

b P promote initiatives that screen
pilots due t_O h'gh . youth for potential aviator
costs of aviation pilot | q,ajifications, skills, and
training and aptitude. The industry should
experience identify and develop career
acquisition. paths for suitable candidates

and mentor their career growth
as successful aviators. (OE
1.2)

502 |AIRLINES/OPERATO (114 Airlines/operators should

RS -
Inexperienced/junior
pilots able to
transition/upgrade to
new equipment due to
economic
pressures/contracts
that preclude more
experienced/senior
pilots from upgrading.

ensure that their
training/standardization
programs provide sufficient
training to ensure aircrew
proficiency. (OE 2.8)

503

REGULATORS —
Current regulations
allow
inexperienced/junior
pilots to
transition/upgrade to
new equipment due to
economic
pressures/contracts
that preclude
experienced/senior
pilots from upgrading.

519 To ensure pilot proficiency
in basic airmanship skills and
knowledge, regulators should
require training/standardization
programs that emphasize these
subjects during initial and
recurrent training. (See 111)
(OE 1.8)

521 To ensure airline/operator
training programs provide

enhanced aircrew proficiency,

regulators should revise FAR
Part 121, Appendix F to raise
the minimum standards. (See
114) (OE 2.4)
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504 |AIRLINES/OPERATO [153 Ensure that flight crews are| 165 Airlines/operators should 358 To provide optimal upset |386 To support advanced
RS/REGULATORS — agequately trained ina level D |provide tra}lm}ng lscen‘arlos‘that recovery tra|n|ng andltg maneuver training,
TRAINING — Lack of a S|mulator_f0_r dynamic match reallspc S|tua_1t|0ns (i.,e. |minimize neg_auve training, manufacturers should de\_/glop
simulator limited the characteristics before stall recoveries during regulators, aircraft and simulator models that faciliate

. assignment to the line. (See approach, in landing simulator manufacturers and post stall recovery training (see
level offlightcrew 312) (OE 2.2) configuration at flight idle with |operators should insure that 358). (OE NR)
training that could be the autopilot on (in simulator). |training devices replicate
provided in a given (OE 2.8) aircraft performance and
time period and the response necessary for
training syllabus did effective training. (See 386,
not compensate for 475 (OE28)
this loss of training
effectiveness.

505 |REGULATORS — 79 Airlines/operators should 372 To ensure that in-service |464 To ensure proper 536 To prevent reoccurrence of
Regulators failed to implement a reliable process to|problems are reliably assessed [identification of flight critical accidents and incidents,
disseminate pertinent cpmmumcate information tq the [for their safety implications and |issues, manufacturers, regulators / manufacturgrs/
flight safety flight crew that may affect flight |corrected, regulators, operators and regulators must |operators should expedite
. . or aircraft operations. (OE 2.7) |operators, and manufacturers |[develop consistent criteria to  |development and application of
information. should develop and implement |properly identify and an effective risk management

a standard set of criteria for disseminate (in a timely continuing airworthiness
determining whether or not a  |manner, including manual assessment based upon prior
problem is safety-related and [revisions) flight safety critical |incidents and disseminate the
for timely corrective action. information. (OE 2.3) results. (See 372, 373) (OE
(OE 2.4) 1.6)

506 |REGULATORS — Lack|152 Airlines/operators and 552 To add structure to piloting [570 To ensure appropriate
of adequate regulators should raise skill levels, research should be |crew experience levels,
regulations to prevent standard; (g.g. crew pairi;lgf], c?frlducted ;O. determi?e ’[heI ) regu!atory autdhorities should

. : approach minimums, etc.) for |efficacy and impact of a multi- [require procedures to ensure
p._aurlng mexp_erlen(_:ed fIipng crewmembers that meet |level pi);ot Iicensping and ap%ropri%te crew pairing. (ref
pilots. (total time, ime | yinimum qualifications but qualification structure (e.g. FSF Corporate Crew
in type, etc.). have demonstrated limited analogous to apprentice, Scheduling and Fatigue

proficiency and/or competency. |journeyman, master). (OE NR) [Evalution) (see 24) (OE 0.7)
(See 151, 335, 337) (OE 3.3)

507 |[MANUFACTURERS — |503 To alert the flightcrew of 515 To warn of impending loss
DESIGN — Failure to |flight control trim changes, of control with the autoflight
provide adequate manufacturers should provide [system fully engaged,

. : an appropriate level of aural manufacturers should develop
aUdlbIe/_Vlsual annunciation. (OE 0.3) and regulators should require
a_nnunmanon tp the annunciation of an airplane
flightcrew of trim flight condition which
changel/travel. significantly differs from that

being commanded by the

selected autoflight system

mode. (ref 243) (OE 3.1)
508 |REGULATORS/OPER]|136 Airlines/operators should

ATORS - Failure to
require/maintain sterile
cockpit environment
during critical flight
regimes.

ensure that their
training/standardization
programs emphasize the
importance of the sterile cockpit
environment. (OE 0.7)
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509 |AIR TRAFFIC 124 Air Traffic service providers

SYSTEM — Failure to should implement a Quality

; Assurance program to ensure
5;%‘{'0?%8r%ptehgadar adherence to established
instrument approach. procedures. (OF 2.1)

510 |AIRLINES/OPERATO |[331 Airline operators and 401 To ensure proper
RS — TRAINING — manufacturers will train crews |identification of engine
Training does not tp gnderstand capabilities {ind malfgnctions and avoidance of
cover range of limitations of system, conditions | possible loss of control,

. which would cause the system |airline/operators should provide
possible events that  |q not function properly and enhanced and more realistic
could lead to loss of  [how to detect failure to training for engine
control on the ground. |deploy/activate and malfunctions, engine responses

recommend contingency to control signal errors and the
actions. (OE 2.8) appropriate aircrew actions.
(OE 2.4)

511 |REPAIR FACILITY — [201 Regulators should develop [202 Airlines/operators should
MAINTENANCE — adequate oversight as develop a quality assurance
Use of part not appropriate to ensure program to ensure compliance

compliance with regulations. with regulations. (See 145,
approved by the (See 145, 146, 202, 345) (OE |146, 201) (OE 2.2)
manufacturer. 2.8)

512 [MANUFACTURERS — [253 To prevent loss of control, [402 To prevent a more serious
DESIGN — Improper there should be redundancy event, manufacturers should
assessment of failure ?nd :Iafi:yrﬁ tolglrar}ce features rf(eviselprogyct failure alnalyses

or all flight critical components, |if service history reveals
modes and effects such asgdual path desig’;n, fail |[unexpected conysequences or
analyses. operational redundant systems, |failure modes. (OE 1.7)

with fault annunciation. (OE

2.8)

513 |FLIGHTCREW — 82 Airlines/operators should 243 To prevent alerting 325 Airline/operators should
Flight Engineer (FE) clearly define, train and check |overload, flight deck designs emphasize during initial and
failed to perform the specific PF/PNF/FE duties. [should consider smart alerting recurrent training _the' )
monitoring function (OE 2.3) systgms _such as those with importance of maintaining

prioritization schemes or systems status awareness
and Oth‘:j'r FE cancelable nuisance alerts. during non-normal events and
responsibilities. (OE 1.7) hazardous approaches (goal to
avoid tunnel vision/narrowed
attention). (OE 2.1)
514 [MANUFACTURERS — [412 To avoid problems due to [533 To prevent loss of control,

DESIGN — Alerts not
provided to indicate
when pilot flight
control inputs are
inhibited due to
design.

unexpected mode changes,
automated flight system logic
should be designed to be error
tolerant or, at a minimum
provide an alert when the
desired mode is in conflict with
aircraft energy state. (OE 3.1)

manufacturers should design
automated systems to yield
control to manual inputs when
those manual inputs are in
conflict with the automated
configuration. (OE 3.8)
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515 |REGULATORS - 360 To improve the
Failure to require data faffectiyengss of acclident
f e investigations, regulators
;i%?é?el?l?t%apabmty should immediately implement
. the NTSB recommendations to
understand accident increase the quantity and
sequence. (For future |quality of survivable data
accident prevention ) [recorded in both existing and
(see 471) future aircraft. (refer to 303.)
(OE NR)
516 |AVIATION 362 To enable further

COMMUNITY — Some
characteristics and
effects of wake
turbulence not fully

development of safe aircraft
separation and operational
requirements, research should
be conducted to describe the
dynamics and location of wake

understood. turbulence and environmentally
generated turbulence. (OE
NR)
517 |REGULATORS — 363 To enhance aircraft
Certification criteria do|controllability in severe or
not adequately grea}er turbulsnce cofnditions,
regulators and manufacturers
address _effeCtS of should develop and implement
external influences certification criteria that
(wake turbulence, consider effects of turbulence,
gusts) on aircraft including autoflight capability
controllability. and disconnect parameters.
(OE 0.7)
518 |REGULATORS/MANU(364 To protect aircraft against |431 To assist flight crews in

FACTURERS - Flight
control authority under
crossover conditions
was not adequately
addressed during

loss of control, regulators
should develop as soon as
possible, certification criteria,
throughout the entire flight
envelope, for crossover speeds
and maximum rudder side

avoiding loss of control on
existing aircraft, regulators and
manufacturers should evaluate
the effects of crossover speeds
and maximum rudder side slip
throughout the entire flight

certification. slips. (see 431) (OE 3.5) envelope and disseminate the
information to operators and
flight crews. (OE 3.5)
519 |MANUFACTURERS — |366 To protect aircraft against

DESIGN — System
design does not
provide adequate
redundancy to
circumvent
malfunction. (not
malfunction tolerant)

flight control malfunctions,
manufacturers must design and
regulators must certificate
derivative aircraft and
components to current
applicable certification
requirements, i.e. single point
failures, redundancy, and
probability of failure. (OE 4.2)
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520 |MANUFACTURERS — |368 To enable pilots to develop
DESIGN — Design situation awareness with
does not provide respebglt_ to aircrlaft perf(r)]rmﬁjnce

- capability, regulators shou
fSufflClen_t trend . require and manufacturers
information to permit | spould provide angle of attack
the flight crew to display. (OE 1.8)
analyze/understand
conditions
encountered. (See
483)

521 |MANUFACTURERS — [367 To provide necessary 391 Because of the interaction |394 Because of increasing
DESIGN — Does not |information to pilots, regulators |between systems, interactions between systems,

i i should require and manufacturers should develop |manufacturers and training
]Ef{ggor\:tlcizfit?clz'l’tlng ofa manufacturers should develop, |alerting systems that help pilots | organizations should develop
. flight control position indicating |understand any common cause|new approaches for instructing

malfunction. and alerting systems which will |of multiple failure messages. pilots in the interrelationships
provide warnings for critical (OE 2.4) between systems. (OE 0.5)
aircraft flight control
malfunctions, e.g., actual flight
control position disagreement
with commanded position. (OE
0.8)

522 [MANUFACTURERS/R[419 Because manufacturers |449 In order to ensure 450 To ensure the aircraft can [543 In order to provide pilots 547 In order to ensure that the |550 Since handling qualities
EGULATORS — must make certain assumptions |adequate handling qualities in |be safely flown by pilots with  |with sufficient airplane certification process is based evaluations are subjective and
DESIGN — Insufficient regarding which failures will be |manual flight, in all regions of normal skill levels, regulatory |performance margins to reduce |solely on safety and subject to non-technical

. detected and handled by the the flight envelope, regulators |authorities should require that |exposure to potential upsets, [compliance with the influences, the regulatory
_appr_em_atlon of pilot with "normal piloting skills,"| should review current handling quality tests and regulators should require regulations, certification should |authorities, manufacturers,
implications of new research should be conducted |[certification requirements demonstrations intended to airplane operation in a cruise |include an independent audit research organizations, and
technology to determine if these assumed |[pertaining to aircraft stability to |show compliance with flight envelope with at least process to guard against the operators should work together
applications merged [skills and knowledge are valid |determine if additional applicable regulations include |1.3g margin to buffet onset. influence of non-technical to develop improved,
with older/existing in realistic airline operations. rulemaking or advisory material |representative line pilots as tesi(OE 1.8) considerations. (OE 0.7) quantitative, objective metrics
design (e.g., Relaxed |(OE NR) development is warranted, subjects. (OE 2.2) and acceptance criteria to
Static Stability (RSS), esp?ecially tohaccount for ensure safe handling qualities.

- i airplanes with new OE NR
LongltUdma,I Stability tec%nologies affecting handling ( )
Augmentation System qualities (e.g. "relaxed static
(LSAS). stability”). (OE NR)

523 |MANUFACTURERS/R|No interventions cited
EGULATORS — (no interventions have been

DESIGN - Aircraft
design allowed critical
flight controls to be
moved inadvertently
and inappropriately.

developed regarding the flap
handle/quadrant design
because the problem is unique
to the MD-11 and the entire
MD-11 fleet has been retrofitted
to eliminate the problems.)
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524 |SIMULATOR/AIRCRA [451 To allow adequate training
ET in manual flight, manufacturers
MANUFACTURERS — :_hc;]uld_de\llelop models to aIIIow

e ight simulators to accurately
L.aCk Of. reallstlg: represent the aircraft's stability
s'mUI"_:lt'On of aircraft | ang control characteristics for
handling all regions of the flight envelope
characteristics likely to |likely to be encountered during
be encountered during|normal operations (i.e.
normal operations. Operation within the AFM-
(see 458) approved flight envelope with
no failures affecting
aerodynamic performance).
(OE 1.0)

526 MANUFACTURERS/R|454 Because latent and 455 Because latent and
EGULATORS — combination failures have been [combination failures may be
DESIGN — Lack of missed in failure analyses, missed in failure analyses,
reliable process for manufacturers and regulators | manufacturers and regulators

H should conduct more intensive |should conduct research into
performing system verification of all safety improved methods for
fault analysis during analyses associated with conducting safety analyses, to
original design or systems whose failures, singly |ensure reliable identification of
subsequent or in combination with other failures which, singly or in
modification. system failures, can resultin  [combination with other system

accidents. (OE 1.7) failures, can result in accidents.
(OE NR)

527 |MANUFACTURERS/R|No interventions cited

EGULATORS -
DESIGN — Design
does not comply with
certification standards.

528 |MANUFACTURERS — |253 To prevent loss of control,
DESIGN — Failure to  [there should be redundancy
provide warning of fand {Iafi:prﬁttoliranlce featurest

" ", or all flight critical components,
flight critical system such as dual path design, fail
unsafe status .(see operational redundant systems,
14) with fault annunciation. ~ (OE
2.8)
529 [FLIGHTCREW - Lack (403 To ensure clear

of communications.
Failure to adequately
differentiate items
requiring action from
items that are
informative.

communication, airline
operators should train
flightcrews to emphasize if
action is required when giving
status reports. (OE 1.3)
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531 |REGULATORS - 413 To prevent negative
Eailure to evaluate transfer effects with flight
and/or establish C;:tic?cli systebrpsﬁ regul_ators

: should establish requirements
requ'rem.ent.s for for standardization of flight
standardization of deck information/controls. (OE
flight deck 3.1)
information/controls to
prevent negative
transfer effects on
flight critical systems.

532 |AIRLINES/OPERATO [528 To provide optimal training
RS — TRAINING — (including propulsion system
Improper, incomplete, malfutncti(t)ng)‘and to mlintimize

. negative training, regulators,
a”?"/_or inadequate aircraft and simulator
training. manufacturers and operators

should ensure that training
devices replicate realistic
failure scenarios, aircraft
performance and appropriate
response. (See 358) (OE 2.2)

534 |FLIGHTCREW - 116 Airlines/operators should
Failure to refuse ensure that their
clearance that is in training/standar:diz_atioE

. . . programs emphasize the
CanIICt with desired dangers of high rate of descent
aircraft energy state  |ang unstable approaches.
and/or standard (See 142) (OE 2.3)
operating procedures.

535 [MANUFACTURERS - [544 To ensure that flight
DESIGN — Multi- controls are available during
function computer critical flight phases or
. . conditions, manufacturers
internal IOg“_: should design system overrides
precluded flight control|yat are available to the
usage ata critical flightcrew to regain manual
time. control. (OE 0.5)

536 REGULATORS - 57 Airlines/operators, 128 Airlines/operators and 360 To improve the 361 To enhance the ability to |370 To foster transfer of safety-|372 To ensure that in-service

Insufficient analysis of
previous incidents and
lack of available
incident information to
the operators due to
lack of oversight on
the part of the
regulator(s). (see 32,
469, 505)

regulators, and manufacturers
should implement a program
designed for sharing of safety
related information within the
aviation community. (OE 2.1)

regulators should implement a
no blame safety reporting and
data sharing system with
appropriate protections from
litigation and prosecution
concerns. (OE 2.8)

effectiveness of accident
investigations, regulators
should immediately implement
the NTSB recommendations to
increase the quantity and
quality of survivable data
recorded in both existing and
future aircraft. (refer to 303.)
(OE NR)

analyze, identify and take
corrective actions for
preventing accidents,
regulators and operators
should create a collection and
analysis process which utilizes
all existing and future aircraft
data collection systems, such
as DFDR, FOQA, ASAP and
other non-volatile memory
systems. (OE 3.8)

related information, airplane
and component manufacturers
should participate in safety data
sharing programs, (e.g. current
Manufacturers' safety data
sharing meetings). (OE 1.7)

problems are reliably assessed
for their safety implications and
corrected, regulators,
operators, and manufacturers
should develop and implement
a standard set of criteria for
determining whether or not a
problem is safety-related and
for timely corrective action.
(OE 2.4)

204




APPENDIX I: MASTER PROBLEM STATEMENT / INTERVENTION MATRIX

536 373 To ensure that 462 To enhance the ability to 463 To avoid treating an
Cont. manufacturers and regulators |analyze, identify and take incident as an isolated
are aware of recurrent corrective actions for occurrence and to ensure on-
problems (type and frequency), | preventing accidents, going assessment of aircraft
manufacturers, regulators and | manufacturers should include |specific loss of control
operators should implement a |and regulators should require  |problems, regulators,
reliable process for gathering the recording of ice detection / |airlines/operators should
and reporting safety-related protection system state on the |conduct a focused safety or risk
problems. (OE 2.0) flight data recorder. (FAR 121 |assessment of all accidents
requires recording of ice and incidents to determine the
detection) (OE NR) need for immediate resolution.
(See 254) (OE 2.8)
537 |REGULATORS — 79 Airlines/operators should 372 To ensure that in-service
Known critical flight implement a reliable process to [ problems are reliably assessed
safety information not c_ommunicate information to the [for their safety implications and
. flight crew that may affect flight |corrected, regulators,
ayallable to the or aircraft operations. (OE 2.7) |operators, and manufacturers
fllghtcrew due to the should develop and implement
failure of the a standard set of criteria for
regulators to ensure determining whether or not a
that the information problem is safety-related and
was disseminated. for timely corrective action.
(OE 2.4)
538 REGULATORS - 505 To ensure that safety 506 To ensure that the
Timely flight safety related incident information is  |airworthiness authorities know
information was not shal_'gd b_etween va_ll!datlng and |and under_stant_i the importance
shared between the certificating authorities, of complying with the
L R regulators should develop a international agreements, ICAO
validating authority system to review the terms of |should distribute annual notices
and certificating and compliance to bilateral to the authorities emphasizing
authority due to a lack |airworthiness agreements. (OE|the importance of mutual
of compliance with the [1.0) distribution of continued
terms of the bi-lateral airworthiness information. (OE
airworthiness 10)
agreement.
539 REGULATORS - 457 To ensure full protection 458 To enhance the safety of 459 For a full understanding of |516 To ensure full protection
Insufficient icing throughout the icing envelope, |all aircraft, regulators should aircraft performance and throughout the operational
certification regulators / manufacturers ensure that appropriate revised |handling qualities in icing envelope, regulators /

requirements to
ensure safe flight
throughout the
atmospheric icing and
expected operational
environment.

should expand icing
certification criteria to include
ice accretions due to residual,
intercycle, delayed activation
and system malfunction to
ensure that icing protection
equipment and/or procedures
provide full operational
envelope coverage. (See 459,
516) (OE 4.6)

icing certification criteria apply
to FAR Part 23, 27 and 29
certificated aircraft in addition
to FAR Part 25 aircraft. (OE
NR)

conditions, research should be
conducted to define the effects
of all ice accretions, with
particular emphasis on the roll
effect due to ice contaminated
wings (intercycle or
residual).(See 457, 516) (OE
NR)

manufacturers should expand
icing certification criteria to
include performance and
handling qualities testing which
considers ice accretions due to
residual icing, intercycle icing,
delayed system activation
and/or system malfunction.
(See 457, 459) (OE 4.6)
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540 |AIR TRAFFIC 467 To reduce unstabilized
SYSTEM — Ineffective approaches, air traffic quality
use of traffic assulraTce prlograms ShOLfJf|d
regularly evaluate Air Traffic
management . . _|Control System Command
programs by Air Traffic| center / Traffic Management
Control System Unit (ATCSCC / TMU's) to
Command Center / ensure traffic management
Traffic Management |programs and initiatives include
Unit due to lack of all traffic elements(i.e. tower
comprehensive ten;?lu)te clea}ranlce / etnrgute
. raffic), are implemente
Workmg.knOWIedge of properly, effectively utilized and
the traffic personnel are adequately
management program. | trained. (OE 2.1)
541 [FLIGHTCREW — 20 Airlines/operators should
Distracting cockpit ensure that command oversight
activities due to lack of |training for captains is provided
PR during the upgrade process
cockpit d_'SC_'p""e . and ig recurfegnt traiﬁing and
feSl!lted In inattention | first officer responsibility for
to aircraft and monitoring are reviewed during
environment. recurrent training. (OE 2.3)
542 MANUFACTURERS/R|457 To ensure full protection 459 For a full understanding of (516 To ensure full protection
EGULATORS — Some |throughout the icing envelope, |aircraft performance and throughout the operational
regulators / manufacturers handling qualities in icing envelope, regulators /
gg;Taat':g/ng?coumered should expand icing conditions, research should be |manufacturers should expand
. . X certification criteria to include |conducted to define the effects [icing certification criteria to
configurations, in ice accretions due to residual, |of all ice accretions, with include performance and
icing, not addressed |intercycle, delayed activation  |particular emphasis on the roll |handling qualities testing which
during airworthiness  [and system malfunction to effect due to ice contaminated |considers ice accretions due to
certification. ensure that icing protection wings (intercycle or residual icing, intercycle icing,
equipment and/or procedures |[residual).(See 457, 516) (OE |delayed system activation
provide full operational NR) and/or system malfunction.
envelope coverage. (See 459, (See 457, 459) (OE 4.6)
516) (OE 4.6)
543 |FLIGHTCREW — 154 Airlines/operators should 460 To ensure a better 499 To make flightcrews 500 To ensure that flightcrews 510 To better understand the

Flightcrew failure to
recognize the
seriousness of ice
accumulation and it's
affect on aircraft
performance and
controllability.

improve/increase training to
increase awareness of icing
effects on airplane type
including dynamic simulator
training. (OE 3.1)

understanding, by air crews, of
appropriate procedures for use
of ice protection systems,
operators, manufacturers and
regulators should expedite the
modification of training
programs and distribution of
media, to include ice bridging
and deicing boot operation.
(OE 2.4)

aware of the possibility of
airframe ice accretion, research|
should be conducted to
develop reliable means of
aircraft surface ice detection,

as well as ground and aircraft
based means of detection of
meteorological icing conditions.
(OE NR)

initiate correct in-flight icing
procedures, the regulators
should require installation of ice|
detection system that provides
annunciation that alerts the
crew to respond appropriately
to the icing hazard. (ref 243)
(OE 2.8)

effects of super-cooled large
droplets (sld) icing research
should be conducted on ice
protection system design and
operation in this weather
phenomena. (OE NR)
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544 MANUFACTURERS — |501 To assist flight crews in 502 To insure flight crews can |515 To warn of impending loss
DESIGN — Autoflight avoiding loss of control, identify possible upset of control with the autoflight
design masks the manufacturers should develop |conditions, airline/operators system fully engaged,
onset of slowly and regulators should require  |should implement flight crew manufacturers should develop
] autoflight system auto- training programs that and regulators should require
developing adverse |gisconnect logic which does not|demonstrate the operation of a [annunciation of an airplane
flight control disconnect when the autoflight |normally functioning autoflight |flight condition which
conditions and does  |system is properly attempting |system under non-standard significantly differs from that
not provide adequate |to correct an abnormal flight flight conditions (e.g. out of trim [being commanded by the
cues to aid flightcrew situation/condition. (ref 363) airplane/contaminated wing). selected autoflight system
situational awareness. (OE 3.5) (OE 2.8) mode. (ref 243) (OE 3.1)
546 |MANUFACTURERS — [459 For a full understanding of
DESIGN - Ice aircraft performance and
i handling qualities in icing
ggastiz(r:]tlv?,gs%%ttem conditions, research should be
. conducted to define the effects
appropriate for of all ice accretions, with
conditions particular emphasis on the roll
encountered. effect due to ice contaminated
wings (intercycle or
residual).(See 457, 516) (OE
NR)
547 |MANUFACTURERS - [357 To insure crews have the [358 To provide optimal upset |359 To improve effectiveness [384 Since it is possible to enter [409 To enhance stability during |501 To assist flight crews in
DESIGN — Autopilot ~|adequate skills to recover from |recovery training and to of upset recovery training, a stall, airlines/operators should |the approach and landing avoiding loss of control,
limit logic caused the extreme attitude upset_s, minimize negauve training, research should identify the develop and |mp|em_ent a phase, alrllne_ operators shc_Ju_Id manufacturers should devglop
system to disconnect regulators should require, and [regulators, aircraft and most effective methodology for |ground school and simulator develop and implement policies |and regulators should require
. " operators should immediately |simulator manufacturers and upset training. (OE NR) training program to train pilots |and procedures that address autoflight system auto-
while the aUtO_ﬂ'ght implement, initial and recurrent |operators should insure that to handle post stall recovery as [mixed mode flight (e. g., disconnect logic which does not
system was still upset recovery training. (OE  |training devices replicate part of advanced maneuver autothrottles in manual flight) [disconnect when the autoflight
applying proper 4.0) aircraft performance and training. (OE 3.3) with specific emphasis on system is properly attempting
control inputs. response necessary for pitch/thrust coupling and to correct an abnormal flight
effective training. (See 386, aircraft control problems. (OE |[situation/condition. (ref 363)
475) (OE 2.8) 2.1) (OE 3.5)
547 504 To provide more tactile 515 To warn of impending loss |575 To provide the flightcrew
Cont. cues to flightcrews on of control with the autoflight with a more positive indication

turboprop aircraft in icing
conditions, airlines/operators
should develop SOP’s calling
for flightcrews to disengage
autopilot during maneuvering,
when workload permits. (OE
1.5)

system fully engaged,
manufacturers should develop
and regulators should require
annunciation of an airplane
flight condition which
significantly differs from that
being commanded by the
selected autoflight system
mode. (ref 243) (OE 3.1)

of autopilot engagement /
disengagement, the
manufacturer should develop
and provide an active and
positive annunciation of
autopilot engage status which
appears after flightcrew
initiation of a go-around. (OE
0.2)
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548 |REGULATORS — 357 To insure crews have the |358 To provide optimal upset |359 To improve effectiveness |368 To enable pilots to develop | 384 Since it is possible to enter |386 To support advanced
Current practical test adequate skills to recover from |recovery training and to of upset recovery training, situation awareness with a stall, airlines/operators should | maneuver training,
extreme attitude upsets, minimize negative training, research should identify the respect to aircraft performance |develop and implement a manufacturers should develop
standards
overemphasize regulators should require, and [regulators, aircraft and most effective methodology for | capability, regulators should ground school and simulator simulator models that faciliate
L p ltitude | operators should immediately |simulator manufacturers and upset training. (OE NR) require and manufacturers training program to train pilots |post stall recovery training (see
m'n_'mum altitude loss implement, initial and recurrent |operators should insure that should provide angle of attack |to handle post stall recovery as |358). (OE NR)
during approach to upset recovery training. (OE  |training devices replicate display. (OE 1.8) part of advanced maneuver
stall recovery that may|4.0) aircraft performance and training. (OE 3.3)
lead to a negative response necessary for
training transfer for a effective training. (See 386,
; 475) (OE 2.8)
stalled wing recovery.
549 |AIRLINES/OPERATO [134 Airlines/operators and 305 Regulators should require |444 To ensure procedural
RS — Failure to regulators should ensure check |airlines/operators to outfit compliance, research should
i list designs, prioritize critical aircraft with electronic be conducted to develop 'smart]
consider human
factors in checklist items as recommended by checklists. If unable to install |checklists which detect failures
N NASA study, and arrange items|electronic checklists, use and provide the proper flight
design. in a manner that enhances mechanical checklists or, at a |crew actions. (OE NR)
checklist implementation. (OE |minimum, develop a process to
1.2) reinforce challenge and
response checklists. (OE 2.7)
550 |REGULATORS — 519 To ensure pilot proficiency
Regulations in basic airmanship skills and
; knowledge, regulators should
inadequate to ensure o training/standardizati
: require training/standardization
prOPe_r flight crew programs that emphasize these
proficiency for the type|sypjects during initial and
of operations being recurrent training. (See 111)
conducted. (OE 1.8)
551 |REGULATORS — Lack|357 To insure crews have the [358 To provide optimal upset |368 To enable pilots to develop|386 To support advanced 522 Since it is possible to enter [525 To mandate stall
of regulatory adequate skills to recover from |recovery training and to situation awareness with maneuver training, a stall, regulators should recognition and recovery
requirements for post extreme attitude upsets, minimize negative training, respect to aircraft performance | manufacturers should develop |mandate the implementation of |training, regulators must modify
stall recognition and regulators should require, and [regulators, aircraft and capability, regulators should simulator models that faciliate |a ground school and simulator [the appropriate regulations.
9 . operators should immediately |simulator manufacturers and require and manufacturers post stall recovery training (see |training program to train pilots |(OE 4.2
t
recovery training. implement, initial and recurrent |operators should insure that should provide angle of attack [358). (OE NR) to handle post stall recovery as
upset recovery training. (OE training devices replicate display. (OE 1.8) part of advanced maneuver
4.0) aircraft performance and training. (See 384) (OE 2.7)
response necessary for
effective training. (See 386,
475) (OE 2.8)
552 |AIRLINES/OPERATO (384 Since it is possible to enter
RS — TRAINING — a stall, airlines/operators should

Failure to provide post
stall recognition and
recovery training.

develop and implement a
ground school and simulator
training program to train pilots
to handle post stall recovery as
part of advanced maneuver
training. (OE 3.3)
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553 FLIGHTCREW - No interventions cited
TRAINING — Failure to
properly interpret
cues/indications of
main wing stall versus
tail plane stall due to
inadequate training
and experience.

554 |REGULATORS/MANU|49 Regulators should establish [495 To improve aircraft failure |496 To enable failure analysis
FACTURERS — criteria for, and manufacturers [tolerance, manufacturers and |which is based upon realistic
DESIGN — Aircraft shoulq e\{gluate anq improve, regulators should condgct levels of flightcrew reliability,
design and the reliability and failure fa|lu_r9 ar_]alyses for design anq researc.hers should develop

20 . tolerance of flight systems. certification that reflect realistic |and validate models of human
certification failure (includes hardware, software  |levels offlightcrew reliability. |error. (OE NR)
analyses do not and human performance). (See | (OE 1.2)
adequately address  [332) (OE 1.0)
the potential for
flightcrew error or
inaction.

555 |[REGULATORS - Icing (457 To ensure full protection 459 For a full understanding of |516 To ensure full protection |458 To decrease the
roughness on throughout the icing envelope, [aircraft performance and throughout the operational probability of ice buildup,
protected surfaces regulators / mapgfacturers hand]mg qualities in icing envelope, regulators / manyfacturers should design
during normal shot_JI_d e_xpand_ icing conditions, resea_rch should be _m_anufact_u_rers_ shou_ld t_axpand and |nst.’_;1l| a system that

o certification criteria to include |conducted to define the effects [icing certification criteria to automatically detects and
Operatlpn In Icing IS ice accretions due to residual, |of all ice accretions, with include performance and sheds ice from flight-critical
not defined for intercycle, delayed activation |particular emphasis on the roll [handling qualities testing which |surfaces. (OE NR)
certification. and system malfunction to effect due to ice contaminated |considers ice accretions due to

ensure that icing protection wings (intercycle or residual icing, intercycle icing,
equipment and/or procedures |residual).(See 457, 516) (OE [delayed system activation
provide full operational NR) and/or system malfunction.
envelope coverage. (See 459, (See 457, 459) (OE 4.6)
516) (OE 4.6)

556 |AVIATION 460 To ensure a better 461 To reduce the adverse 499 To make flightcrews
COMMUNITY — understanding, by air crews, of |effects of ice accretion aware of the possibility of

Misunderstanding and
misinformation about
the existence of ice
bridging is prevalent
within the aviation
community.

appropriate procedures for use
of ice protection systems,
operators, manufacturers and
regulators should expedite the
modification of training
programs and distribution of
media, to include ice bridging
and deicing boot operation.
(OE 2.4)

roughness, the regulators and
NASA should conduct research
leading to improved ice
protection technologies. (OE
NR)

airframe ice accretion, research|
should be conducted to
develop reliable means of
aircraft surface ice detection,

as well as ground and aircraft
based means of detection of
meteorological icing conditions.
(OE NR)
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557 AVIATION 459 For a full understanding of (460 To ensure a better
COMMUNITY — aircraft performance and understanding, by air crews, of
Characteristics and handling qualities in icing appropriate procedures for use
effects of ice accretion conditions, research should be |of ice protection systems,
! ft conducted to define the effects |operators, manufacturers and
on aircra of all ice accretions, with regulators should expedite the
performance not fully |particular emphasis on the roll | modification of training
understood. effect due to ice contaminated [programs and distribution of
wings (intercycle or media, to include ice bridging
residual).(See 457, 516) (OE [and deicing boot operation.
NR) (OE 2.4)
558 |AIRLINES/OPERATO |79 Airlines/operators should 225 Airlines/operators and 464 To ensure proper
RS/REGULATORS — |implement a reliable process to|regulators should ensure identification of flight critical
Failure of or communicate information to the |necessary manuals issues, manufacturers,
inadequate flight crew that may affect flight |(operational & maintenance) operators and regulators must
! o qu or aircraft operations. (OE 2.7) |are complete, accurate, develop consistent criteria to
airline/operator available and appropriately properly identify and
process tO_ determine used. (OE 3.1) disseminate (in a timely
the criticality of manner, including manual
operational _revision§) flight safety critical
information and to information. (OE 2.3)
identify the proper
distribution method to
address the
information.
559 |AIRLINES/OPERATO |[225 Airlines/operators and
RS — MAINTENANCE [regulators should ensure
_ Failure of or necessary manuals
. (operational & maintenance)
madecéuate forth are complete, accurate,
procedures for the available and appropriately
maintenance and used. (OE 3.1)
replacement of
airframe components.
560 |REGULATORS — 94 Implement real time (digital) [122 Air Traffic service 465 To reduce flight crew 466 To further improve the
Requirements for transmission of airport and providers should implement workload in downloading voice |quality of weather information
ATIS to have all weather information to the transmission of ATC ATIS information regulators, provided to the flight crews, the
. aircraft. (OE 2.0) instructions/information through consensus with the regulators should implement
ynpubll;hed NOTAM (between the ground and aviation community, should recommendations from the
information places an aircraft) via a computer link as |reexamine and limit the content |weather product working group
excessive burden on opposed to voice of ATIS broadcasts. (OE NR) |of the 1999 FAA Inflight Icing
the voice broadcast. communications. (OE 0.5) Operations Conference. (OE
NR)
561 |AIR TRAFFIC 13 Air Traffic service providers |21 Establish/enhance quality 42 Airlines/operators and air 106 Air Traffic service providers|124 Air Traffic service providers|240 To reduce the possibility of

SYSTEM - Air traffic
system practices that
may compromise
safety or increase
flight crew workload
(see 46)

should enhance ATC training to
emphasize the dangers of
rushed approaches and
performance characteristics of
jet transports. (See 115, 157)
(OE 2.1)

assurance checks/training to
ensure that timely and accurate
communication between
controllers and flight crews is
occurring. (OE 1.2)

traffic service providers should
implement a monitoring
program to ensure the
consistent use of the ICAO
phraseology. (OE 1.2)

should train and monitor ATC
adherence to established
communications procedures
including hearback problems.
(See 240) (OE 1.2)

should implement a Quality
Assurance program to ensure
adherence to established
procedures. (OE 2.1)

error, confusion and workload
increase related to ATC
clearances, regulators should
require and operators ensure
that flight crews utilize proper
phraseology and readbacks.
(See 88) (OE 0.6)
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561 241 To eliminate hearback 467 To reduce unstabilized 468 To ensure the highest 497 To minimize exposure to
Cont. errors, ATC should reexamine |approaches, air traffic quality quality of air traffic services, flight operations in icing

and implement improvements |assurance programs should regulators should establish conditions, air traffic service

to address hearback problems. [regularly evaluate Air Traffic policies that require additional |providers should initially and

(See 240) (OE 0.6) Control System Command oversight and training of air periodically train controllers on
Center / Traffic Management traffic controllers that the hazards / impacts of icing
Unit (ATCSCC / TMU's) to repeatedly commit operational |on aircraft performance when
ensure traffic management errors. (OE 1.6) holding or vectoring aircraft to
programs and initiatives include the final approach course in
all traffic elements (i.e. tower areas of known or reported
enroute clearance / enroute icing conditions. (OE 2.1)
traffic), are implemented
properly, effectively utilized and
personnel are adequately
trained. (OE 2.1)

562 |AVIATION 457 To ensure full protection 459 For a full understanding of [460 To ensure a better
COMMUNITY — Lack |throughout the icing envelope, |aircraft performance and understanding, by air crews, of
of information regulators / manufacturers handling qualities in icing appropriate procedures for use

. . should expand icin conditions, research should be |of ice protection systems,
available regarding thej certificatiopn criteriagto include |conducted to define the effects operat%rs, manufaycturers and
effects of delayed ice accretions due to residual, |of all ice accretions, with regulators should expedite the
pneumatic boot intercycle, delayed activation |particular emphasis on the roll |modification of training
operation in icing and system malfunction to effect due to ice contaminated |programs and distribution of
conditions. ensure that icing protection wings (intercycle or media, to include ice bridging

equipment and/or procedures |[residual).(See 457, 516) (OE [and deicing boot operation.
provide full operational NR) (OE 2.4)

envelope coverage. (See 459,

516) (OE 4.6)

563 |AIRLINES/OPERATO [357 To insure crews have the |358 To provide optimal upset 359 To improve effectiveness [384 Since it is possible to enter
RS — TRAINING — adequate skills to recover from |recovery training and to of upset recovery training, a stall, airlines/operators should
Approach to stall extreme attitude upsetls, minimize negative training, research should identify the develop and implemgnt a
training inadequately regulators should require, and |regulators, aircraft and most effective methodology for |ground school and simulator

operators should immediately |simulator manufacturers and upset training. (OE NR) training program to train pilots

addresses pre-stall implement, initial and recurrent |operators should insure that to handle post stall recovery as
audible and tactile upset recovery training. (OE [training devices replicate part of advanced maneuver
cues. 4.0) aircraft performance and training. (OE 3.3)

response necessary for

effective training. (See 386,

475) (OE 2.8)

564 |AIRCRAFT 453 To help prevent future

EQUIPMENT - FDR
not fully functional
during the accident
(for future accident
prevention)

accidents, airlines/operators
should implement maintenance
procedures to ensure proper
functioning of the DFDR at all
times. (Note: this intervention
was recorded as a potential
intervention of future accidents,
it would not have prevented the
subject accidents.) (OE NR)
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566 |AIRLINES/OPERATO [No interventions cited
RS — TRAINING —
Failure to provide
adequate training for
distinguishing between|
main wing stall versus
tail plane stall.
567 |AIR TRAFFIC 124 Air Traffic service providers
SYSTEM - Failure to |should implement a Quality
follow vertical Assurance program to ensure
separation procedures adhersnce © %Séaghlshed
(SOP) (ref SPS 8, 30) |P°°°¢ e (O£ 2
568 [MANUFACTURERS/R|380 To reduce the risk of 383 To ensure adequate time
EGULATORS — Stall |inadvertent entry into stall, margin between stall warning
warning systems are manyfacturers should deve!op and actual stall, manufacturers
g and implement stall protection |and regulators should develop
not _d_eS'gned and features in all transport and implement stall warning
certified to account for [ careqory airplanes, (e.g. stick ~ |systems that account for
asufficiently wide pusher, alpha protection). (OE |various entry rates/conditions
range of entry 3.1) to stall. (OE 2.3)
conditions.
569 |MANUFACTURERSI/A [372 To ensure that in-service [423 To ensure that recurrent,
IRLINES/OPERATOR |problems are reliably assessed [intermittent failures are not
S— for their safety implications and |allowed to persist, regulators
corrected, regulators, should revise MEL dispatch
operators, and manufacturers [requirements so that certain
should develop and implement [intermittent failures are
a standard set of criteria for considered to be full failures, if
determining whether or not a  |warranted by safety
problem is safety-related and |implications of the failures and
for timely corrective action. frequency of occurrence. (OE
(OE 2.4) 3.5)
570 |[Economic and 128 Airlines/operators and 490 In order to ensure that

operational pressures
conflict with safety
considerations

regulators should implement a
no blame safety reporting and
data sharing system with
appropriate protections from
litigation and prosecution
concerns. (OE 2.8)

relevant information is shared
during the pilot hiring process,
airlines should implement and
regulators require a storage
and retrieval system that
contains pertinent standardized
information on the quality of
airline pilot performance during
training and service.
(Reference ‘Pilot Records
Improvement Act’ — FAA AC
120-68) (OE 2.8)
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571

AIRLINES/OPERATO
RS/REGULATORS —
Lack of objective no-
fault reporting and
sharing of pertinent
standardized
information on pilot
performance,
qualification, and
safety history.

491 To ensure adequate flight
crew competency,
airlines/operators should
establish more effective pilot
screening and Capt. upgrade
criteria to identify candidates
with demonstrable flying skill
deficiencies. (See 335) (OE
1.8)

572

AIRLINES/OPERATO
RS — Selection
process for initial hire
and upgrades allowed
the hiring and upgrade
of unqualified pilots

490 In order to ensure that
relevant information is shared
during the pilot hiring process,
airlines should implement and
regulators require a storage
and retrieval system that
contains pertinent standardized
information on the quality of
airline pilot performance during
training and service.
(Reference ‘Pilot Records
Improvement Act’ — FAA AC
120-68) (OE 2.8)

573

AIRLINES/OPERATO
RS — Failure to
maintain all
relevant/required
training records.

128 Airlines/operators and
regulators should implement a
no blame safety reporting and
data sharing system with
appropriate protections from
litigation and prosecution
concerns. (OE 2.8)

574

AIRLINES/OPERATO
RS — Lack of safety
culture that
encourages threat-free
reporting of safety
information (including
repeated errors and
poor performance)
within the airline.

492 In order to ensure pilot
medical fitness for duty,
airlines/operators/regulators
should establish a structured
process for return to flight
status after sick leave that
includes medical clearance.
(OE 1.2)

575

AIRLINES/OPERATO
RS/REGULATORS —
Failure to require
structured return to
duty requirements
after sick leave. (i.e.

medical clearance).

529 To avoid negative training,
airline operators should ensure
that their training curriculum
correlates with the AOM and
other relevant manuals. (OE
1.7)
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576 |AIRLINES/OPERATO [482 To prevent inaction when
RS — Training not the PF is confused or
consistent with the Enresgon_sil\_/e tc; an in-flight

S - azard, airlines/operators
airline operations should develop and train clear
manual. and explicit procedures to

define when/how the PNF
(especially the F/O) will take
control of the airplane. (OE
1.0)

577 |FLIGHTCREW — 501 To assist flight crews in 515 To warn of impending loss
Eailure of first officer avoiding loss of control, of control with the autoflight
to take control of the manufacturers should devglop system fully engaged,
aircraft when it is clear and regulators should require  |manufacturers should develop

- autoflight system auto- and regulators should require
that the'captaln IS NOt | gisconnect logic which does not|annunciation of an airplane
performing disconnect when the autoflight |flight condition which
adequately. system is properly attempting [significantly differs from that

to correct an abnormal flight being commanded by the
situation/condition. (ref 363) selected autoflight system
(OE 3.5) mode. (ref 243) (OE 3.1)

578 |AIRCRAFT 225 Airlines/operators and 387 To ensure that airplane
EQUIPMENT - regulators should ensure systems function as designed,
Autopilot design does necessary manuals airlines/operators should
not warn of (operational & maintenance) develop processes to ensure

inappropriate aircraft
response to autopilot
input (i.e. roll input
versus a/p command,
etc) or approaching
autopilot control limits.

are complete, accurate,
available and appropriately
used. (OE 3.1)

adherence to manufacturer's
recommended maintenance
procedures. (OE 1.5)

579 |AIRLINES/OPERATO [497 To minimize exposure to |511 To reduce the number of [545 To provide the national
RS — Failure of or flight operations in icing hazardous icing encounters airspace system with accurate,
inadequate conqitions, air tra‘ffiAc_ service and to keep air traffic apprised realtime inflight wether
procedures for the providers should initially and of current weather conditions, |conditions (automatic or

. periodically train controllers on [regulators should recommend |manual), a system should be
maintenance and the hazards / impacts of icing |that flight crews report all icing [developed and implemented to
replacement of engine |on aircraft performance when [conditions to air traffic control |effectively transmit airborne
controls. holding or vectoring aircraft to |and be required to report the weather related information to

the final approach course in occurrence of moderate to air traffic facilities. (OE 2.8)
areas of known or reported severe icing conditions. (ref.
icing conditions. (OE 2.1) FAR 91.183) (OE 2.8)

580 [AIR TRAFFIC No interventions cited

SYSTEM - Lack of
awareness on the part
of the controllers of
existing weather
conditions at altitude
resulted in an
inadvertent hold in
hazardous weather
conditions.
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581 |REGULATORS - No interventions cited
Failure to provide
adequate oversight of
operator training to
distinguish between
various stall onset
triggers (see 566)

582 |REGULATORS — Lack|450 To ensure the aircraft can |[550 Since handling qualities 571 To ensure the aircraft can |551. In order to develop “best
of sufficiently objective|be safely flown by pilots with  |evaluations are subjective and | be safely flown by pilots with | business practices” throughout
handling qualities norma! §k|II levels, regglatory §ubject to non-technical norma! §k|II levels, regglatory the.contlnyum of certification,

Y e authorities should require that |influences, the regulatory authorities should require that |major design changes, and
C”ter'a in certification handling quality tests and authorities, manufacturers, tests and demonstrations operating history of aircraft
requirements (See demonstrations intended to research organizations, and intended to show compliance |types, industry and
456) show compliance with operators should work together |with applicable regulations Government should conduct a

applicable regulations include |to develop improved, include representative line joint, proactive, lessons-
representative line pilots as test|quantitative, objective metrics |pilots performing representativglearned, review of the MD-
subjects. (OE 2.2) and acceptance criteria to line-type operations. (OE NR) |11/MD-10 certification process
ensure safe handling qualities. and operating history.
(OE NR)

583 |AIRLINES/OPERATO |[554 Because it is important that|555 Because it is important that
RS — TRAINING training reflect the realities of training reflect the realities of
Training environment line operations, airlin_e training |line operations, airline tr_aining
and practices not fully departments should include departments should review and

. Y instructors who regularly fly in | modify, in consultation with line
a“gneq with line line operations. (OE NR) pilots, training curricula to
operations. reflect realistic line operations

scenarios and conditions. (OE
NR)

585 |AIRLINES/OPERATO [541 To reduce the risk of loss
RS — Use of flight idle |of control during flight with a
following propulsion P’Ct’pugz';’::)psﬁi‘zgﬁmﬁ'mzc“o”

. in tur ,
system malfu_nctlon on engine failure procedure is not
aturboprop airplane  |completed, airline operators
can result in increased|should review the
drag and possible loss [consequences of the
of control (if the malfunctioning propulsion
engine is not shut system being placed in flight
down and the idle. (OE 0.9)
propeller is not
feathered)

586 |AIRLINE 540 To ensure completeness,
OPERATORS/MANUF|avoid erroneous procedures

ACTURERS - Correct
procedural information
on the use of
pneumatic boots was
not disseminated to
the operators.

and prevent misinterpretation,
manufacturers/operators
should ensure and regulatory
agencies should check that the
guidance and procedures in
AOM's are complete, clear and
correct. (OE 1.7)
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587 REGULATORS - 400 In order to promote safe
Inadequate aircraft crosswind Iandings, .
certification criteria. me}nufacturers WI”.IFl)r.OVI[Ije and
- airline operators will implement
.GUStS nOt. considered aircraft crosswind landing
in grosswmd limitations, including
limitations. considerations for flight control
effectiveness and gust
conditions. (OE 3.1)
588 |FLIGHTCREW - Over |15 Airlines/operators should 504 To provide more tactile 520 To ensure flight crews 542 To preclude over-reliance
reliance on automation|ensure that their cues to flightcrews on have a comprehensive on automation,
during critical phase of training/stgndardization turbo_p_rop air_cr_aft inicing knowledge of the automatic_)n airlines/operators and
flight due to programs instruct when to conditions, airlines/operators system(s) functional operation, [regulators should create and/or
N disengage automated systems |should develop SOP’s calling |airlines/operators should clarify a definition of
automation and fly manually. (See 246) for flightcrews to disengage ensure that their training “appropriate levels of
dependency (OE 3.1) autopilot during maneuvering, |/standardization programs automation,” to include the
when workload permits. (OE |emphasize these skills. (OE [need to validate against other
1.5) 2.8) information sources and insure
that the resulting definition is
published and included in all
appropriate flight crew
publications, manuals and
training programs. (OE 2.1)
589 |AIRLINE 368 To enable pilots to develop |369 To provide adequate stall |382 To provide improved pilot |383 To ensure adequate time
OPERATIONS / situation awareness with warning, regulators should awareness of airspeed, margin between stall warning
REGULATORS — Lack respect to aircraft performance |require and manufacturers manufacturers should provide |and actual stall, manufacturers
of common industry capability, regulators should should develop, stall warning flight instruments with more and regulators should develop
require and manufacturers systems for new/derivative effective airspeed trend and implement stall warning
Sta_nda_rds fand_ should provide angle of attack [aircraft that provide accurate |indications and alerting. (OE |systems that account for
guidelines in aircraft |display. (OE 1.8) information throughout the various entry rates/conditions
angle of attack / low certificated flight regime. (OE to stall. (OE 2.3)
airspeed indicator 1.3)
system design,
equipage and training
500 |REGULATOR - 548 In order to provide flight

Regulators failed to
adequately identify
training requirements
that include engine out
training in the initial
takeoff climb phase.

crews with engine out training
on takeoff without visual
outside reference, regulators
should require, and operators
should conduct, takeoff engine
out training and evaluation
during the portion of the takeoff
after rotation through initial
climb. (OE 2.1)
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591

FLIGHT CREW —
Pilot's excessive
attention to factors
that were
inconsequential to the
completion of a safe
flight let them to
execute a more
difficult, non-standard
procedure/piloting
technique than was
warranted by
conditions.

572 Research should be
conducted to improve
understanding of how/why
pilots misprioritize or become
fixated upon concerns and
tasks, and to develop strategies
to counteract this effect. (OE
NR)

592

MANUFACTURER -
DESIGN — Automated
systems designs are
based on a limited set
of assumptions which
do not cover all routine
operations.

110 Airlines/operators and
regulators should ensure that
their training/standardization
and monitoring programs
emphasize the importance of
adherence to standard
operating procedures and
identify the rationale behind
those procedures. (See 99)
(OE 3.7)

562 Airlines/operators should
develop processes to identify
and thoroughly review (seeking
"no technical objection" from
manufacturer, when
appropriate) informal pilot
techniques to ensure that they
have no unacceptable
unintended consequences.
(OE 1.6)

564 To reduce the need for
pilots to work around the
automation, manufacturers
should ensure that systems
designs and safety analyses
consider the full range of
operations. (OE 1.6)

593

MANUFACTURER —
Failed to provide
sufficient
documentation and/or
training regarding a
design feature or

563 Manufacturers should
provide airlines/operators with
training material designed to
explain to pilots how and why
systems work the way they do.
(OE 0.8)

operational
characteristic.
594 |[AIRLINE/OPERATOR [567 To minimize potential
— Failure of company negative safety implications of
to realize the p.r?.cec“;ra' Changesh' »

h airlines/operators shou
unintended develop processes to review all
consequences of new proposed operating procedures
flight operations in order to uncover and
policies. evaluate potential unintended

consequences. (OE 0.8)
595 MANUFACTURERS — |501 To assist flight crews in 504 To provide more tactile 513 To preclude undesired 515 To warn of impending loss

DESIGN — Lack of a
powered control
system allowed
uncommanded control
deflections and high
recovery forces.

avoiding loss of control,
manufacturers should develop
and regulators should require
autoflight system auto-
disconnect logic which does not
disconnect when the autoflight
system is properly attempting
to correct an abnormal flight
situation/condition. (ref 363)
(OE 3.5)

cues to flightcrews on
turboprop aircraft in icing
conditions, airlines/operators
should develop SOP’s calling
for flightcrews to disengage
autopilot during maneuvering,
when workload permits. (OE
1.5)

flight control displacement
manufacturers should design
flight controls so that the
airplane does not experience
uncommanded, adverse flight
control deflections that are
beyond the control of the
flightcrew. (throughout the flight
envelope, including
aerodynamic stall). (OE 1.7)

of control with the autoflight
system fully engaged,
manufacturers should develop
and regulators should require
annunciation of an airplane
flight condition which
significantly differs from that
being commanded by the
selected autoflight system
mode. (ref 243) (OE 3.1)
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708

AIR TRAFFIC
SYSTEM — Control
Judgment (Anticipated
Separation). Failure
to correctly anticipate
separation.

13 Air Traffic service providers
should enhance ATC training to
emphasize the dangers of
rushed approaches and
performance characteristics of
jet transports. (See 115, 157)
(OE 2.1)

467 To reduce unstabilized
approaches, air traffic quality
assurance programs should
regularly evaluate Air Traffic
Control System Command
Center / Traffic Management
Unit (ATCSCC / TMU's) to
ensure traffic management
programs and initiatives include
all traffic elements (i.e. tower
enroute clearance / enroute
traffic), are implemented
properly, effectively utilized and
personnel are adequately
trained. (OE 2.1)

468 To ensure the highest
quality of air traffic services,
regulators should establish
policies that require additional
oversight and training of air
traffic controllers that
repeatedly commit operational
errors. (OE 1.6)

497 To minimize exposure to
flight operations in icing
conditions, air traffic service
providers should initially and
periodically train controllers on
the hazards / impacts of icing
on aircraft performance when
holding or vectoring aircraft to
the final approach course in
areas of known or reported
icing conditions. (OE 2.1)

709

AIR TRAFFIC
SYSTEM - Control
Judgment.

(Prioritization). Failure
to correctly prioritize
control actions.

13 Air Traffic service providers
should enhance ATC training to
emphasize the dangers of
rushed approaches and
performance characteristics of
jet transports. (See 115, 157)
(OE 2.1)

21 Establish/enhance quality
assurance checks/training to
ensure that timely and accurate
communication between
controllers and flight crews is
occurring. (OE 1.2)

42 Airlines/operators and air
traffic service providers should
implement a monitoring
program to ensure the
consistent use of the ICAO
phraseology. (OE 1.2)

106 Air Traffic service providers
should train and monitor ATC
adherence to established
communications procedures
including hearback problems.
(See 240) (OE 1.2)

124 Air Traffic service providers
should implement a Quality
Assurance program to ensure
adherence to established
procedures. (OE 2.1)

467 To reduce unstabilized
approaches, air traffic quality
assurance programs should
regularly evaluate Air Traffic
Control System Command
Center / Traffic Management
Unit (ATCSCC / TMU's) to
ensure traffic management
programs and initiatives include
all traffic elements (i.e. tower
enroute clearance / enroute
traffic), are implemented
properly, effectively utilized and
personnel are adequately
trained. (OE 2.1)

709
Cont.

468 To ensure the highest
quality of air traffic services,
regulators should establish
policies that require additional
oversight and training of air
traffic controllers that
repeatedly commit operational
errors. (OE 1.6)

497 To minimize exposure to
flight operations in icing
conditions, air traffic service
providers should initially and
periodically train controllers on
the hazards / impacts of icing
on aircraft performance when
holding or vectoring aircraft to
the final approach course in
areas of known or reported
icing conditions. (OE 2.1)
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716

AIR TRAFFIC
SYSTEM —
Communications/Pract]
ices/Procedures
Increased Flight Crew
Workload During a
Critical Phase. ATC
practices/procedures
caused a disruption in
crew activities and
contributed to an
increased flight crew
workload during a
critical phase of flight.

13 Air Traffic service providers
should enhance ATC training to
emphasize the dangers of
rushed approaches and
performance characteristics of
jet transports. (See 115, 157)
(OE 2.1)

21 Establish/enhance quality
assurance checks/training to
ensure that timely and accurate
communication between
controllers and flight crews is
occurring. (OE 1.2)

42 Airlines/operators and air
traffic service providers should
implement a monitoring
program to ensure the
consistent use of the ICAO
phraseology. (OE 1.2)

106 Air Traffic service providers
should train and monitor ATC
adherence to established
communications procedures
including hearback problems.
(See 240) (OE 1.2)

124 Air Traffic service providers
should implement a Quality
Assurance program to ensure
adherence to established
procedures. (OE 2.1)

157 Airlines/operators,
regulators, air traffic service
providers should establish
policies or programs to address
rushed approaches, including
elimination of rushed
approaches, recognition and
rejection of rushed approaches
and training for those
encountered. (OE 3.1)

716
Cont.

240 To reduce the possibility of
error, confusion and workload
increase related to ATC
clearances, regulators should
require and operators ensure
that flight crews utilize proper
phraseology and readbacks.
(See 88) (OE 0.6)

241 To eliminate hearback
errors, ATC should reexamine
and implement improvements
to address hearback problems.
(See 240) (OE 0.6)

467 To reduce unstabilized
approaches, air traffic quality
assurance programs should
regularly evaluate Air Traffic
Control System Command
Center / Traffic Management
Unit (ATCSCC / TMU's) to
ensure traffic management
programs and initiatives include
all traffic elements (i.e. tower
enroute clearance / enroute
traffic), are implemented
properly, effectively utilized and
personnel are adequately
trained. (OE 2.1)

468 To ensure the highest
quality of air traffic services,
regulators should establish
policies that require additional
oversight and training of air
traffic controllers that
repeatedly commit operational
errors. (OE 1.6)

497 To minimize exposure to
flight operations in icing
conditions, air traffic service
providers should initially and
periodically train controllers on
the hazards / impacts of icing
on aircraft performance when
holding or vectoring aircraft to
the final approach course in
areas of known or reported
icing conditions. (OE 2.1)
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APPENDIX J PROBLEM STATEMENT FREQUENCY MATRIX

Appendix J: Problem Statement Frequency Matrix
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2 FLIGHTCREW — SOP - Failure of the flight
crew to provide complete responses
(callbacks, position reports, etc.) using
standard phraseology in accordance with
established procedures (FAA, ICAO,
Company, etc.)

[EEN

w| Total

=

5 AIR TRAFFIC SYSTEM/FLIGHTCREW —
Inability of air traffic control and the flightcrew
to effectively communicate.

6 AIR TRAFFIC SYSTEM - Failure of air traffic

control to provide 1 1 1 1
instructions/information/clearances using
standard phraseology in accordance with
appropriate regulatory directives.

7 AIR TRAFFIC SYSTEM - Inadequate l

situation awareness (horizontal). Failure of
air traffic control to correctly identify aircraft
position over the ground

8 AIR TRAFFIC SYSTEM - Failure of air traffic l 1 1
control to follow established procedures
(SOP).

10 |FLIGHTCREW — SOP - Failure of flight crew 1 1 1 1
to follow established procedures (SOP).

11 [FLIGHTCREW - Inadequate situation l

awareness (vertical). Failure of flight crew to
correctly identify aircraft height above
ground.

12 |FLIGHTCREW - Inadequate situation 1

awareness (horizontal). Failure of flight crew
to correctly identify aircraft position over the
ground.

13 |FLIGHTCREW - Flight crew misinterpreted l 1 1 1
instrument presentation and failed to cross
check other available instruments

14 |AIRCRAFT EQUIPMENT — EQUIPMENT 1 1

FAILURE — Failure of instrument and/or
warning system during critical phase of flight
(e.g. takeoff, approach, landing, approach to
stall, etc.)
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No.

Problem

~| Problem

]

FLIGHTCREW — CRM - Lack of CRM
training or failure to follow CRM practices.

[y
~

AIRLINES/OPERATORS - SOP - Failure of
the airline/operator to provide adequate
standard operating procedures (SOP) that
address situations and environments that the
flight crews operate in.

19

FLIGHTCREW - Lack of basic piloting skills
or knowledge required to successfully
perform a flight maneuver or a procedure or
understand its consequences.

20

AIRLINES/OPERATORS — TRAINING —
Airline/operator training failed to adequately
address operational requirements necessary
for the flight crew to safely operate the
airplane

21

FLIGHTCREW - Flight crew disregard of, or
failure to recognize cues to terminate current
course of action or maneuver (“PRESS-ON-
ITUS").

22

FLIGHTCREW - Pilot Not Flying (PNF) failed
to perform monitoring function and other PNF
responsibilities

23

FLIGHTCREW - Flight crew intentional
disregard of and failure to respond to
flightdeck warning

24

FLIGHTCREW/AIRLINES/OPERATORS —
Disregard of aeromedical factors (fatigue,
sleep cycles, medications, alcohol, etc.)

26

AIRCRAFT EQUIPMENT — CVR not fully
functional during the accident (for future
accident prevention).

28

AIR TRAFFIC SYSTEM - INFRASTRUCTUR
— The air traffic system lacked equipment that
might have helped prevent the accident (DME
radar, etc.)

30

AIR TRAFFIC SYSTEM - Inadequate
situation awareness (vertical). Failure of air
traffic control to correctly identify aircraft
height above the ground.

31

FLIGHTCREW - Preoccupation with
automated systems (FMS) to the exclusion of
alternative navigation systems
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No.

Problem

«| Problem

N

AIRLINES/OPERATORS - SOP - Failure of
or inadequate airline/operator procedures for
disseminating flight-critical information within
the organization.

AIR TRAFFIC SYSTEM - Failure of, or
inadequate air traffic system procedures for
disseminating flight-critical information.

34

FLIGHTCREW - Failure of captain to
exercise command authority.

38

FLIGHTCREW - Flight crew preoccupation
with inappropriate tasks or failure to correctly
prioritize the critical tasks under time
constraints.

39

MANUFACTURERS — DESIGN - Design not
error tolerant. System design does not
provide adequate redundancy to counteract
errors or alerting of the effects of errors.

2

FLIGHTCREW - Failure of the flight crew to
recognize and take appropriate action to
mitigate combinations of circumstantial
factors, hazards, and/or non-normal system
conditions.

43

FLIGHTCREW - Flight crew failure to
recognize and counteract complacency that
may exist when operating at home
aerodrome. (‘HOME AERODROME
COMPLACENCY”)

44

FLIGHTCREW - Flight crew failure to
recognize and correct unstable approach.

45

FLIGHTCREW - Failure of the flight crew to
understand the impact of inoperative or
degraded aircraft systems on aircraft
performance (e.g. due to maintenance
actions).

46

AIR TRAFFIC SYSTEM - Air traffic system
procedures that may compromise safety or
increase flight crew workload (e.g. noise
abatement procedures, slam dunk
approaches, inappropriate taxi routes during
low visibility operations, etc.).

47

FLIGHTCREW - Flight crew failure to
maintain aircraft systems status awareness.

48

AIRLINES/OPERATORS - Airline/operator
lack of stabilized approach criteria and
mandatory go-around/rejected landing policy.
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- Problem

o

AIRLINES/OPERATORS - Airline/operator
failed to effectively correct known procedural
non-compliance issues.

|_\

[
fuy

AIRLINES/OPERATORS - Airline/operator 1
failed to correct systemic complacency and
non-standard conduct within the company.

52 |REGULATORS - Ineffective oversight of l
procedural non-compliance

54 |AIR TRAFFIC SYSTEM/FLIGHTCREW — 1 1 1

Flight crew actions or inactions contributed toj
increased workload (e.g. missed checklist
items causing a rushed approach).

55 |AIRLINES/OPERATORS — Airline/operator 1

policies burdened flight crew with non-flight
related tasks (e.g. paperwork requirements
while flying; communications with dispatch
and/or air traffic control requests for info not
related to safe flight and landing).

56 |MANUFACTURERS/AIRLINES/OPERATOR 1
S — Failure of manufacturers and

airlines/operators to appropriately prioritize
checklist items to ensure critical items
receive proper emphasis.

57 |MANUFACTURERS — DESIGN — System 1 1 1 1
design was not appropriate for conditions
encountered.

100 |REGULATORS - Insufficient regulatory 1 1 1 1 1
oversight of air carrier operations including
management and training practices.

101 |AIRLINES/OPERATORS — MAINTENANCE 1 1

— The airline/operator culture did not reflect a
proactive approach to maintain systems fully
operational in a timely manner.

102 |FLIGHTCREW - Inadequate 1
planning/briefing by the flight crew.

103 |AIR TRAFFIC SYSTEM - Inadequate l 1 1
weather information provided to the flight
crew by air traffic services.

104 |AIRLINES/OPERATORS/REGULATORS — 1

SOP - Lack of airline operator procedures
and lack of regulations to identify flight crew
that are "qualified” but who have a history of
test/check ride failure and demonstrated
weaknesses.
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| Problem

05 |[AIRLINES/OPERATORS - SOP - Lack of
airline operator policies/procedures to
prevent pairing inexperienced pilots together
(total time, time in type, etc.).

[EEN

106 |FLIGHTCREW - Flight crew failure to 1 1 1 1 1 1 1 1 1 1 1

recognize the state of the airplane (speed,
energy state, power setting, pitch attitude,
relevant elements of the pilot surroundings,
including aircraft systems and the pilots
intentions).

107 |FLIGHTCREW - Flight crew failure to use all 1 1 1
available information resources.

204 |FLIGHTCREW - Flightcrew not adequatel 1 1

prepared for the task (inadequate briefing,
inadequate assessment of weather factorg
and/or not mentally prepared).

206 |FLIGHTCREW - Flightcrew faiIl_Jre to 1 1 1 1
respond to and/or process the flight deck
warning.
207 |FLIGHTCREW - Flightcrew failure to use the 1 1

appropriate level of automation to reduce
workload and complexity in flight deck.

301 [AIRLINES/OPERATORS/MANUFACTURER 1 1 1
S — Recommended operational procedures
are inconsistent and/or not reconciled.

303 |FLIGHTCREW - Failure to process and
interpret available relevant data. 1 1 1 1 1 1

400 |AIRLINES/OPERATORS — TRAINING — 1 l 1
Inadequate flightcrew training due to
economic/cultural pressures.

401 |AIRLINES/OPERATORS - Airline/operator 1

standards failed to ensure adequate
instructor/check airman qualifications
(proficiency/skill) prior to conducting training.
(see 20)

402 |AIRLINES/OPERATORS — TRAINING — 1 1
Flightcrew inadequately prepared for the type
operation or level of training conducted.

404 |FLIGHTCREW — SOP - Failure to follow 1
procedures — not announcing transfer of
control. (see 10)
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| Problem

06 |AIR TRAFFIC SYSTEM - Failure to follow
IFR separation and clearance procedures
(SOP). (see 8)

H

407 |AIR TRAFFIC SYSTEM - Inadequate
situation awareness (horizontal). Failure to
request and/or correctly interpret appropriate
aircraft position information (see 7)

H

408 |AIR TRAFFIC SYSTEM - Failure to follow 1
position reporting procedures by not

requesting appropriate aircraft position

information.(SOP) (see 8, 406)

409 |AIR TRAFFIC SYSTEM - Failure to follow
proper sequencing procedures. (see 8)

410 |AIR TRAFFIC SYSTEM/FLIGHTCREW —
Inadequate communications due to blockage
of radio transmission. (see 5)

Rl PR

411 |FLIGHTCREW - Failure to monitor aircraft 1
energy state due to self-induced high
workload/confusion (see 106)

412 |[FLIGHTCREW - Failure to follow the 1
"approach to stall" procedures (see 10)

H
H

413 |FLIGHTCREW — Not prepared for post stall
recovery task. (see 204) 1|11 111 1

414 |AIRLINES/OPERATORS — TRAINING — 1
Training failed to adequately develop first
officer/captain piloting skills. (see 20)

415 |[REGULATORS - Inadequate oversight of 1
airline/operator check pilot
selection/qualifications.

416 |AIRLINES/OPERATORS — TRAINING — 1
Non-compliance with regulations (training)
(see 40)

419 |[AIRLINES/OPERATORS — TRAINING — 1

Failure of the airline/operators to provide
adequate training to ensure compliance with
SOP. (see 10)

420 |REGULATORS - Regulatory oversight failed 1 1
to insure airline/manufacture procedures
were consistent and reconciled. (see 301)

421 |FLIGHTCREW - Increased workload in 1
cockpit due to use of multi-language phrases.
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APPENDIX J PROBLEM STATEMENT FREQUENCY MATRIX

Airline/operator training failed to adequately
address methods to recover from unexpected
autoflight mode changes.

423 |MANUFACTURERS - DESIGN - Lack of 1
intuitive clarity (transparency) of how to
change autoflight modes.

424 |AIRLINES/OPERATORS — Lack of a
mandatory go-around policy for unanticipated
mode changes during approach. (see 48)

425 |REGULATORS/AIRLINES/OPERATORS — 1
CRM — Lack of culturally appropriate CRM
training.

426 |AIRLINES/OPERATORS - Airline/operator
did not adequately evaluate the safety
aspects of service bulletins.

I

427 |MANUFACTURERS/REGULATORS - Did
not properly assign service bulletin (SB)
category to reflect the level of operational
urgency.

428 |AIRLINES/OPERATORS — Operational 1

procedures and training did not adequately
reduce the requirement for knowledge-based
solutions. (Rule-based rather than
knowledge-based)
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422 |AIRLINES/OPERATORS — TRAINING — 1 1 2

[ —

429 |FLIGHTCREW — Inappropriate crew
response during critical flight regime or 1 1 1 1 1 1 8
situation. (see 10)

430 |FLIGHTCREW — CRM — Lack of 1 1 2
communication skills.

431 |FLIGHTCREW — CRM - Lack of crew
coordination skills . 1 1 1 6

432 |FLIGHTCREW — CRM - Lack of workload

3 management skills. l 1 1 1 5

433 [FLIGHTCREW - CRM — Lack of planning 1 1
skills.

434 |FLIGHTCREW — CRM - Lack of decision 1 1
making skills.

435 [FLIGHTCREW - Failure to understand the 1 2
operation/limitations of Automation Mode(s)

437 |FLIGHTCREW — Inappropriate use/reliance 1 1 2

on automation to recover the airplane from
unusual attitude or unusual in-flight
situations.
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~| Problem

39 |AIRLINES/OPERATORS - Airline/operator
failed to ensure that pre-flight maintenance
procedures were accomplished.

|

440 |MANUFACTURERS - Failure to provide a
non-normal/emergency procedure for a
known failure condition.

[ —
[

441 |FLIGHTCREW — SOP — Failure to properly 1
confirm system status prior to responding to
checklist challenge (see 106)

442 [MANUFACTURERS — DESIGN — Aircraft 1 1

design allowed the display of misleading
information without appropriate annunciation.
(see 57)

443 |AIRLINES/OPERATORS — TRAINING — 1 1
Failure to ensure adequate and standardized
training for their pilots. (see 419)

444 |[MANUFACTURERS/AIRLINES/OPERATOR 1 1 1
S — Safety assessment methods do not

adequately identify the operational safety

consequences of system failure conditions.

445 |MANUFACTURERS — Failure of, or 1
inadequate procedures for disseminating
safety information between manufacturers.

(see 32)

446 |AIRLINES/OPERATORS - Failure to disable 1
automation systems with known problems.
(see 207)

447 |AIRLINES/OPERATORS — Over reliance on 1

crew procedures to work around unresolved
intermittent airplane failure conditions.

448 |REGULATORS - Lack of a formalized 1

system for threat free reporting of safety-
related incidents from operators to
manufacturers.

449 |MANUFACTURERS - Lack of a reliable 1 1 1 1

process for reviewing/revising system safety
assessments based on field data collected
after certification.

450 |[AIRLINES/OPERATORS — MAINTENANCE 1

— Airline/operator does not provide a logging
process that requires flight crews to report
recurring events.

228

\'
H
(0]
H
©
N
N
=
N
N
N
N
~
N
ol

China A/L

Midlands F-27

TAROM A310

USAIr B737

Jetstream 32
—| Total

B747
Air France

B747
TransAvia

British
B757
A300-600
Incident
Am. Eagle

8

N




APPENDIX J PROBLEM STATEMENT FREQUENCY MATRIX

=
N
=
w
=

5

=
N
w
N
631
(o]
\'
(00}
(]
[ERN
o
=
[ERN
(o]
=

1

Problem © ° ~ c = %)
g Slo N I~ [} : a
g |2 (B82S o |8 o = o, |© g P =
s [T [E3|F |s¢l= |8 |B Slgalm (D2 _[2 | |s
: I~ |%o|S0|(2 Erols |2 Slol|290|a C =3 g5 |Z
c £ S(< x| T asla EAl=C = x
) SR|IE8|cz|lo |[EE|s |& |2RISS|E%|e (22| |28 |d
Z naolo<|zalg |B<|O |[F |@o|<@d|SW|(0 |O3|Fd|e [O<|<

~| Problem

51 |AIRLINES/OPERATORS - Failure to
address the problems associated with the
flight crew transition from Eastern built
aircraft to Western built airplanes.

[EEN

453 |FLIGHTCREW - Pilot Flying (PF) failed to 1 1 1
perform monitoring function and/or other PF
responsibilities. (see 22)

454 |MANUFACTURERS - Failed to recommend
appropriate aircraft systems calibration
intervals.

455 |AIRLINES/OPERATORS — Kept and/or
entered inadequately prepared aircraft into
service due to economic pressures.

456 |REGULATORS - Inadequate
regulation/guidance establishing minimum
conditions for critical aircraft handling
maneuvers. (See 582)

457 |FLIGHTCREW - Lack of upset recovery 1 1 1 1
(Advanced Maneuver) skills and knowledge.
458 [SIMULATOR/AIRCRAFT l l

MANUFACTURERS - Lack of simulator
fidelity and aerodynamic models that
adequately support upset recovery
(Advanced Maneuver) training.

459 |FLIGHTCREW - Failure to recognize the 1
performance effects of ice accumulation on
the aircraft.

460 [MANUFACTURERS — DESIGN - Failure to
provide adequate instrumentation to optimize
performance during recovery from unusual
attitude.

461 |MANUFACTURERS — DESIGN - Previously
certificated designs may not meet current
minimum performance standards.

462 |REGULATORS/AIRLINES/OPERATORS —
Lack of consistent defined method of
calculating stall speed.

464 |[REGULATORS - High risk maneuvers 1
permitted during training due to regulatory
requirement/lack of requirement. (see 490)

465 |REPAIR FACILITY — MAINTENANCE — l
Failure to develop adequate repair and
inspection procedures.
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~| Problem

66 |REPAIR FACILITY — MAINTENANCE — 1
Failure to follow/supervise established repair
and inspection procedures.

N
o]
g

AIRLINES/OPERATORS — MAINTENANCE 1
— Insufficient airline/operator oversight of
contract repair facility operations including
management and training practices. (refsps
100, 2-53)

468 |[REGULATORS - Insufficient regulatory 1

oversight of repair facility operations,
including management and training practices.
(see 100)

469 |[REGULATORS - Lack of a reliable process 1 1 1 1

for reviewing/revising safety decisions based
on field data collected after certification. (see
449, 2-53, 536)

470 |REGULATORS - Lack of appropriate 1

knowledge and experience necessary for
Principal Operations Inspector (POI) to
perform air carrier oversight function. (see
19)

471 |MANUFACTURERS/REGULATORS — 1

Limited flight data recording capability
hampers understanding of accident
sequence. (For future accident prevention
(see 26)

472 |REGULATORS/MANUFACTURERS — 1

DESIGN - Stick-shaker system fails to
provide adequate time margin between
activation and stall in an accelerated stall
condition.

473 |REGULATORS - Regulator failed to identify 1 1 1

need for training in recognition and recovery
from unusual flight regimes/attitudes. (see
437, 457, 458)

474 |MANUFACTURERS - DESIGN - Inadequate
consideration of the human factors aspects
of failure recognition and/or annunciation.

475 [MANUFACTURERS/AIRLINES/OPERATOR
S — TRAINING - Inadequate training
materials relating to modern propulsion
system malfunction recognition.

477 |REGULATORS - Failure to establish
standards/requirements for propulsion
system malfunction recognition training.
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B757
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No.

~| Problem

79 |[SIMULATOR MANUFACTURERS - Lack of
realistic simulation of propulsion system
malfunction and aircraft response.

481 |REGULATORS - Failure to require realism in
simulator representation of propulsion
system malfunction.

483 [MANUFACTURERS — DESIGN — Cockpit
indicators alert for thresholds (exceedances),
but only provide passive indication of trends

487 |AIRLINES/OPERATORS — TRAINING —
Training program failed to recognize and
offset negative transfer.

491 |AIRLINES/OPERATORS — MAINTENANCE
— Failure to ensure pertinent maintenance
history is made available to the crew.

492 |MANUFACTURERS — DESIGN - Decreased
crew vigilance due to modern flight deck
automation and low-stimulation environment.

493 |AIRLINES/OPERATORS — Operating
limitations are less stringent than ICAO
recommendations.

494 |AIRLINES/OPERATORS - Airline/operator
did not adequately evaluate the safety aspect
of NOTAMS.

495 [AIR TRAFFIC SYSTEM — Accurate weather
information not available to Flight Crews and
air traffic system.

496 [MANUFACTURERS - DESIGN — Runway
wind information not presented in cockpit
displays as headwind and crosswind
components.

497 |REGULATORS/AIRPORT OPERATORS —
Inadequate precautions taken regarding
effects of terrain, obstructions, and building
placement on wind conditions on runway.
(see 564)

498 |MANUFACTURERS - DESIGN — No 1

annunciation provided to flight crew when
operating in a non-standard flight instrument
configuration

499 |[REGULATORS - Inadequate regulatory 1
oversight of airline/operator
checklist/procedures changes.
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a| Problem

00 |AVIATION COMMUNITY — Lack of
experienced/skilled pilots due to limited
aviation career training programs.

[EEN

501 |AVIATION COMMUNITY — Lack of
experienced/skilled pilots due to high costs of
aviation pilot training and experience
acquisition.

[EEN

502 |[AIRLINES/OPERATORS — 1

Inexperienced/junior pilots able to
transition/upgrade to new equipment due to
economic pressures/contracts that preclude
more experienced/senior pilots from
upgrading.

503 |REGULATORS - Current regulations allow 1
inexperienced/junior pilots to
transition/upgrade to new equipment due to
economic pressures/contracts that preclude
experienced/senior pilots from upgrading.

504 |AIRLINES/OPERATORS/REGULATORS — 1
TRAINING - Lack of a simulator limited the

level of flightcrew training that could be
provided in a given time period and the
training syllabus did not compensate for this
loss of training effectiveness.

505 |REGULATORS - Regulators failed to 1 1
disseminate pertinent flight safety
information.

506 |REGULATORS - Lack of adequate 1 1
regulations to prevent pairing inexperienced
pilots. (total time, time in type, etc.).

507 |MANUFACTURERS — DESIGN - Failure to 1 1
provide adequate audible/visual annunciation
to the flightcrew of trim change/travel.

508 |REGULATORS/OPERATORS — Failure to
require/maintain sterile cockpit environment
during critical flight regimes.

509 [AIR TRAFFIC SYSTEM - Failure to provide
proper radar vectoring to the instrument
approach.

510 |AIRLINES/OPERATORS — TRAINING —
Training does not cover range of possible
events that could lead to loss of control on
the ground.

511 [REPAIR FACILITY — MAINTENANCE - Use
of part not approved by the manufacturer.
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ol Problem

12 |MANUFACTURERS — DESIGN - Improper
assessment of failure modes and effects
analyses.

513 |FLIGHTCREW - Flight Engineer (FE) failed
to perform monitoring function and other FE
responsibilities.

514 [MANUFACTURERS — DESIGN — Alerts not 1
provided to indicate when pilot flight control
inputs are inhibited due to design.

515 [REGULATORS - Failure to require data
recording capability sufficient to understand
accident sequence. (For future accident
prevention ) (see 471)

516 |AVIATION COMMUNITY — Some
characteristics and effects of wake
turbulence not fully understood.

517 |REGULATORS - Certification criteria do not
adequately address effects of external
influences (wake turbulence, gusts) on
aircraft controllability.

518 |REGULATORS/MANUFACTURERS - Flight
control authority under crossover conditions
was not adequately addressed during
certification.

519 [MANUFACTURERS - DESIGN — System
design does not provide adequate
redundancy to circumvent malfunction. (not
malfunction tolerant)

520 |MANUFACTURERS — DESIGN — Design
does not provide sufficient trend information
to permit the flight crew to
analyze/understand conditions encountered.

(See 483)
521 |MANUFACTURERS — DESIGN — Does not 1
provide alerting of a flight critical malfunction.
522 [MANUFACTURERS/REGULATORS — l 1

DESIGN - Insufficient appreciation of
implications of new technology applications
merged with older/existing design (e.g.,
Relaxed Static Stability (RSS), Longitudinal
Stability Augmentation System (LSAS).

523 |[MANUFACTURERS/REGULATORS — 1

DESIGN — Aircraft design allowed critical
flight controls to be moved inadvertently and
inappropriately.
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ol Problem

24 |SIMULATOR/AIRCRAFT
MANUFACTURERS - Lack of realistic
simulation of aircraft handling characteristics
likely to be encountered during normal
operations. (see 458)

H

526 |MANUFACTURERS/REGULATORS — 1
DESIGN — Lack of reliable process for

performing system fault analysis during

original design or subsequent modification.

527 |MANUFACTURERS/REGULATORS — 1
DESIGN — Design does not comply with
certification standards.

528 [MANUFACTURERS — DESIGN - Failure to 1
provide warning of flight critical system
unsafe status .(see 14)

529 [FLIGHTCREW - Lack of communications.
Failure to adequately differentiate items
requiring action from items that are
informative.

531 |REGULATORS - Failure to evaluate and/or
establish requirements for standardization of
flight deck information/controls to prevent
negative transfer effects on flight critical
systems.

532 |[AIRLINES/OPERATORS — TRAINING —
Improper, incomplete, and/or inadequate
training.

534 |FLIGHTCREW - Failure to refuse clearance
that is in conflict with desired aircraft energy
state and/or standard operating procedures.

535 [MANUFACTURERS — DESIGN — Multi- 1
function computer internal logic precluded
flight control usage at a critical time.

536 [REGULATORS - Insufficient analysis of 1 1
previous incidents and lack of available
incident information to the operators due to
lack of oversight on the part of the
regulator(s). (see 32, 469, 505)

537 |REGULATORS - Known critical flight safety 1

information not available to the flightcrew due
to the failure of the regulators to ensure that
the information was disseminated.
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ol Problem

38 |REGULATORS - Timely flight safety
information was not shared between the
validating authority and certificating authority
due to a lack of compliance with the terms of
the bi-lateral airworthiness agreement.

|_\

539 |REGULATORS - Insufficient icing 1
certification requirements to ensure safe

flight throughout the atmospheric icing and

expected operational environment.

540 |[AIR TRAFFIC SYSTEM - Ineffective use of 1

traffic management programs by Air Traffic
Control System Command Center / Traffic
Management Unit due to lack of
comprehensive working knowledge of the
traffic management program.

541 |FLIGHTCREW - Distracting cockpit activities 1
due to lack of cockpit discipline resulted in
inattention to aircraft and environment.

542 [MANUFACTURERS/REGULATORS — Some 1

normally encountered operational
configurations, in icing, not addressed during
airworthiness certification.

543 |FLIGHTCREW — Flightcrew failure to 1 1
recognize the seriousness of ice

accumulation and it's affect on aircraft

performance and controllability.

544 [MANUFACTURERS — DESIGN — Autoflight 1 1

design masks the onset of slowly developing
adverse flight control conditions and does not
provide adequate cues to aid flightcrew
situational awareness.

546 |MANUFACTURERS - DESIGN - Ice 1
protection system design was not appropriate
for conditions encountered.

547 |[MANUFACTURERS — DESIGN — Autopilot 1 1 1

limit logic caused the system to disconnect
while the autoflight system was still applying
proper control inputs.

548 |REGULATORS - Current practical test 1

standards overemphasize minimum altitude
loss during approach to stall recovery that
may lead to a negative training transfer for a
stalled wing recovery.

549 |[AIRLINES/OPERATORS - Failure to 1
consider human factors in checklist design.
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ol Problem

50 |REGULATORS - Regulations inadequate to
ensure proper flight crew proficiency for the
type of operations being conducted.

[EEN

551 |REGULATORS - Lack of regulatory
requirements for post stall recognition and
recovery training.

[EEN
=

552 |AIRLINES/OPERATORS — TRAINING — 1
Failure to provide post stall recognition and
recovery training.

553 |FLIGHTCREW — TRAINING — Failure to 1
properly interpret cues/indications of main

wing stall versus tail plane stall due to

inadequate training and experience.

554 |REGULATORS/MANUFACTURERS — 1

DESIGN — Aircraft design and certification
failure analyses do not adequately address
the potential for flightcrew error or inaction.

555 |[REGULATORS - Icing roughness on 1
protected surfaces during normal operation in
icing is not defined for certification.

556 |AVIATION COMMUNITY — Misunderstanding 1

and misinformation about the existence of ice|
bridging is prevalent within the aviation
community.

557 |AVIATION COMMUNITY — Characteristics 1
and effects of ice accretion on aircraft
performance not fully understood.

558 |AIRLINES/OPERATORS/REGULATORS — 1

Failure of or inadequate airline/operator
process to determine the criticality of
operational information and to identify the
proper distribution method to address the
information.

559 |AIRLINES/OPERATORS — MAINTENANCE 1

— Failure of or inadequate procedures for the
maintenance and replacement of airframe
components.

560 |REGULATORS - Requirements for ATIS to 1

have all unpublished NOTAM information
places an excessive burden on the voice
broadcast.

561 |AIR TRAFFIC SYSTEM — Air traffic system 1 1
practices that may compromise safety or
increase flight crew workload (see 46)

236

\'
H
(0]
H
©
N
N
=
N
N
N
N
~
N
ol

Midlands F-27

TAROM A310

Air France

USAIr B737

Jetstream 32
—| Total

China A/L
B747

B747
TransAvia

British
B757
A300-600
Incident
Am. Eagle

N




APPENDIX J PROBLEM STATEMENT FREQUENCY MATRIX

1(2(3(4|5|6|7|8|9|10|111(|12|13|15|16|17(18(19|20|21|22(23(24|25
e Problem P 5 ~ £ o o N|S N
() 2 - 783 & 7] & 7] a) _| e - e B bt © o )
— £ g( - 2] ™ n = g = |~ @ N s %) 3 S ~ 8 E)E
o s |< el s s5Q(s |@ a |8 plm |Wo|2 < (5 < 9|2 S | |® |oE(s8|®
: Enl8o|28|2 [ER|E |2 [§n|a8(S2|c |s9|32]|5 |50l |en|G8|0 |Tnl|én|=s |o8w2|3
So SCIEQ|IEE|S |EE|E |BE |22|5S|E2|8 |E2|29|3 |£8(a |EX|=22|E |=N|sgld [8%|eg|o
oz nao|0<L|zalx |H<|O0 |[F |go|<a|E0|0 |OS|FL|L |[O<L|<w|0Oo|asS|F |Zao|Fo|D |<£|(<3|+
562 |[AVIATION COMMUNITY - Lack of 1 1
information available regarding the effects of
delayed pneumatic boot operation in icing
conditions.
563 |AIRLINES/OPERATORS — TRAINING — 1 1

Approach to stall training inadequately
addresses pre-stall audible and tactile cues.

564 |[AIRCRAFT EQUIPMENT — FDR not fully 1
functional during the accident (for future
accident prevention)

566 [AIRLINES/OPERATORS — TRAINING — 1

Failure to provide adequate training for
distinguishing between main wing stall
versus tail plane stall.

567 |AIR TRAFFIC SYSTEM - Failure to follow l
vertical separation procedures (SOP) (ref
SPS 8, 30)

568 |MANUFACTURERS/REGULATORS - Stall 1

warning systems are not designed and
certified to account for a sufficiently wide
range of entry conditions.

569 [MANUFACTURERS/AIRLINES/OPERATOR 1
S —

Economic and operational pressures conflict
with safety considerations

570 |AIRLINES/OPERATORS/REGULATORS —
Lack of objective no-fault reporting and
sharing of pertinent standardized information
on pilot performance, qualification, and safety
history.

571 |AIRLINES/OPERATORS — Selection process
for initial hire and upgrades allowed the hiring
and upgrade of unqualified pilots

572 |[AIRLINES/OPERATORS - Failure to
maintain all relevant/required training
records.

573 [AIRLINES/OPERATORS - Lack of safety
culture that encourages threat-free reporting
of safety information (including repeated
errors and poor performance) within the
airline.

574 |AIRLINES/OPERATORS/REGULATORS —
Failure to require structured return to duty
requirements after sick leave. (i.e. medical
clearance).
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ol Problem

75 |AIRLINES/OPERATORS - Training not
consistent with the airline operations manual.

FLIGHTCREW - Failure of first officer to take
control of the aircraft when it is clear that the
captain is not performing adequately.

[&)]
J
o

577 |AIRCRAFT EQUIPMENT - Autopilot design 1

does not warn of inappropriate aircraft
response to autopilot input (i.e. roll input
versus a/p command, etc) or approaching
autopilot control limits.

578 [AIRLINES/OPERATORS - Failure of or 1
inadequate procedures for the maintenance
and replacement of engine controls.

579 |AIR TRAFFIC SYSTEM - Lack of awareness 1
on the part of the controllers of existing

weather conditions at altitude resulted in an

inadvertent hold in hazardous weather

conditions.

580 |FLIGHTCREW - Failure to perform duties 1
due to emotional state, i.e., tension, anxiety,
etc.

581 |REGULATORS - Failure to provide 1

adequate oversight of operator training to
distinguish between various stall onset
triggers (see 566)

582 |[REGULATORS — Lack of sufficiently 1
objective handling qualities criteria in
certification requirements (See 456)

583 |AIRLINES/OPERATORS — TRAINING 1
Training environment and practices not fully
aligned with line operations.

585 |[AIRLINES/OPERATORS - Use of flight idle
following propulsion system malfunction on a
turboprop airplane can result in increased
drag and possible loss of control (if the
engine is not shut down and the propeller is
not feathered)

586 [AIRLINE OPERATORS/MANUFACTURERS
— Correct procedural information on the use
of pneumatic boots was not disseminated to
the operators.

587 |REGULATORS - Inadequate aircraft
certification criteria. Gusts not considered in
crosswind limitations.
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588 |FLIGHTCREW - Over reliance on automation 1 1
during critical phase of flight due to
automation dependency
589 |[AIRLINE OPERATIONS / REGULATORS — 1 1
Lack of common industry standards and
guidelines in aircraft angle of attack / low
airspeed indicator system design, equipage
and training
590 |REGULATOR - Regulators failed to 1

adequately identify training requirements that
include engine out training in the initial
takeoff climb phase.

591 |[FLIGHT CREW - Pilot’s excessive attention 1

to factors that were inconsequential to the
completion of a safe flight let them to execute|
a more difficult, non-standard
procedure/piloting technique than was
warranted by conditions.

592 [MANUFACTURER — DESIGN — Automated 1

systems designs are based on a limited set
of assumptions which do not cover all routine
operations.

593 |MANUFACTURER - Failed to provide 1

sufficient documentation and/or training
regarding a design feature or operational
characteristic.

594 |AIRLINE/OPERATOR - Failure of company 1
to realize the unintended consequences of
new flight operations policies.

595 [MANUFACTURERS — DESIGN - Lack of a 1

powered control system allowed
uncommanded control deflections and high
recovery forces.

708 |AIR TRAFFIC SYSTEM — Control Judgment 1
(Anticipated Separation). Failure to correctly
anticipate separation.

709 [AIR TRAFFIC SYSTEM - Control Judgment. 1
(Prioritization). Failure to correctly prioritize
control actions.
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Communications/Practices/Procedures
Increased Flight Crew Workload During a
Critical Phase. ATC practices/procedures
caused a disruption in crew activities and
contributed to an increased flight crew
workload during a critical phase of flight.

716 |AIR TRAFFIC SYSTEM —




APPENDIX K: ICING

Appendix K: Icing

The JSAT data set was modified, in response to direction from CAST, to include
specific loss-of-control accidents where aircraft icing was a factor. CAST did not
intend that this JSAT complete a definitive study of icing, but to identify icing-related
contributions to loss of control and recommend interventions. CAST requested that
the product of this JSAT related to icing also be passed to the follow-on Weather
JSAT which will conduct a more exhaustive study of icing issues. The LOC JSAT,
therefore, separated icing-related interventions to provide a special focus on this
subset of the accidents examined. Icing was a contributing factor in the events that
led up to 3 of the 24 accidents reviewed. The 3 that the LOC JSAT analyzed were:

ACA 6291, J4100, Columbus, Ohio;
Simmons Airlines 4184, ATR-72, Roselawn, Indiana; and
COMAIR 3272, EMB120, Monroe, Michigan.

Some common features of the accidents were:
Twin-engine, turboprop airplanes;
Pneumatic deicing boot ice protection systems on wings and tail;
Commuter/regional routes below 20,000 feet; and

Airplanes certificated to fly in icing conditions per FAR Part 25, Appendix C
icing criteria.

Nineteen of the Loss of Control interventions were developed exclusively to address
aircraft icing problems. The interventions address four broad areas of activity:

Icing Certification and Regulation (Certification)

Ice Detection/Protection System Design and Operation (Icing Protection
System)

Icing Effects Training (Training)

Icing Weather Tool Development (Weather)

Twelve of the 19 interventions were rated in accordance with the JSAT Process
Handbook, as described in Section IV. Five of the 19 icing-related interventions
require some type of research and were ranked according to the process described
in the Research-Related Interventions section. Another unrated intervention
recommends that FDRs record the detection of ice and the status (on/off) of ice
protection systems. Below is a list of all 19 icing-related interventions.
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1. Icing Interventions
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IS#

Intervention Strategy

OE

457

457 To ensure full protection throughout the icing envelope,
regulators/manufacturers should expand icing certification
criteria to include ice accretions due to residual, intercycle,
delayed activation and system malfunction to ensure that icing
protection equipment and/or procedures provide full operational
envelope coverage.

4.6

516

516 To ensure full protection throughout the operational
envelope, regulators/manufacturers should expand icing
certification criteria to include performance and handling
gualities testing which consider ice accretions due to residual
icing, intercycle icing, delayed system activation and/or system
malfunction. (See 457, 459)

4.6

154

154 Airlines/operators should improve/increase training to
increase awareness of icing effects on airplane type including
dynamic simulator training.

3.1

500

500 To ensure that flight crews initiate correct in-flight icing
procedures, the regulators should require installation of ice
detection system that provides annunciation that alerts the crew
to respond appropriately to the icing hazard.

2.8

511

511 To reduce the number of hazardous icing encounters and to
keep air traffic apprised of current weather conditions,
regulators should recommend that flight crews report all icing
conditions to air traffic control and be required to report the
occurrence of moderate to severe icing conditions. (ref. FAR
91.183)

2.8

498

498 To ensure safe operating speeds in icing conditions,
regulators shall require that minimum safe operating speeds in
icing conditions be published in the aircraft flight manual
(section 1) for all aircraft operating configurations.

2.7

460

460 To ensure a better understanding by air crews of
appropriate procedures for use of ice protection systems,
operators, manufacturers and regulators should expedite the
modification of training programs and distribution of media, to
include ice bridging and deicing boot operation.

2.4

497

497 To minimize exposure to flight operations in icing
conditions, air traffic service providers should initially and
periodically train controllers on the hazards/impacts of icing on
aircraft performance when holding or vectoring aircraft to the
final approach course in areas of known or reported icing
conditions.

2.1

504

504 To provide more tactile cues to flight crews on turboprop
aircraft in icing conditions, airlines/operators should develop
SOP’s calling for flight crews to disengage autopilot during

maneuvering, when workload permits.
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IS# Intervention Strategy

OE

508

508 To ensure that flight crews have and use all necessary
weather information, airlines/operators shall train flight crews
and airline dispatchers on the importance of reviewing weather
information for potential in-flight icing.

15

446 |should design and install a system that automatically sheds ice

446 To decrease the probability of ice buildup, manufacturers

from flight-critical surfaces

1.3

466 provided to the flight crews, regulators should implement

466 To further improve the quality of weather information

recommendations from the weather product working group of
the 1999 FAA In-flight Icing Operations Conference.

0.0

2. Icing Research & Development Recommendations

IS#

Intervention Strategy

Priority #

499

499 To make flight crews aware of the possibility of airframe ice
accretion, research should be conducted to develop reliable means of
aircraft surface ice detection, as well as ground and aircraft based
means of detection of meteorological icing conditions.

459

459 For a full understanding of aircraft performance and handling
gualities in icing conditions, research should be conducted to define
the effects of all ice accretions, with particular emphasis on the roll
effect due to ice contaminated wings (intercycle or residual).

509

509 To reduce the risk of encountering hazardous weather conditions
(e.g. super-cooled large droplets (sld), thunderstorms, etc.) research
must be conducted to develop methods for accurate prediction and
identification of these conditions.

461

461 To reduce the adverse effects of ice accretion roughness,
regulators and NASA should conduct research leading to improved
ice protection technologies.

510

510 To better understand the effects of super-cooled large droplets
(sld) icing research should be conducted on ice protection system
design and operation in this weather phenomena.

458*

458 To enhance the safety of all aircraft, regulators should ensure
that appropriate revised icing certification criteria apply to FAR Part
23, 27 and 29 certificated aircraft in addition to FAR Part 25 aircraft.

NR

462

462 To enhance the ability to analyze, identify and take corrective
actions for preventing accidents, manufacturers should include, and
regulators should require, the recording of ice detection / protection
system state on the flight data recorder. (FAR 121 requires recording

of ice detection) (See 576.)

NR

*Note: Intervention (458) addressed general aviation certification. Consequently, the JSAT

did not rate that recommendation but forwarded it to the General Aviation Joint Steering
Committee.
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Though the interventions discussed in this section are specific to icing, a number of
standard interventions cited elsewhere in this report also can relate to icing under certain
circumstances. For example, the highest ranked intervention is to develop and implement
flight envelope protection. However, flight envelope protection needs to consider the effects
of icing because the presence or absence of icing will significantly modify the available
envelope and the performance of sensors that influence the boundary of envelope
protection. Similarly, higher fidelity simulators for upset recovery training should also
consider an iced aircraft model since icing would affect recovery characteristics. Therefore,
although icing-related problems and interventions may be a subset of the total accident data
set, there is value in recognizing the icing aspect in developing other interventions to gain
the maximum leverage from the “standard” interventions.
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