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Introduction

In this introductory paper, I would like to start
with an overview of the worldwide and Euro-
pean growth in regional operations and the
accident record and trend. I would then like
to discuss the implications of the work of the
Joint Aviation Authorities (JAA) regarding new
and harmonized requirements and, finally, to
suggest possible future regulatory initiatives.

Growth Rate

Complete statistics on corporate and regional
operations are not easily available. However,
the European Regional Airlines Association has

provided figures for their recent growth in
Europe:

% Growthin % Growthin  Average Aircraft % Growthin

Year Passengers Seats Seat Capacity Flights
1987 30.0

1988 24% 26% 315 18%
1989 22% 23% 35.0 10%
1990* 14% 16% 36.0 9%

* first 9 months

The recent European growth rate in flights has
thus been around 10-20 percent a year; one
might expect this growth to continue in 1991,
but at a reduced rate.
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I have no data on the worldwide growth. I
suspect, however, that it would be a safe as-
sumption that growth in the United States has
been at least of that magnitude. It is quite
clear, therefore, that regional and corporate
operations are very much a growth industry.

Accident Data

The worldwide accident trends continue to
improve. International Civil Aviation Organi-
zation (ICAOQO) statistics show that the airliner
hull losses per million departures have fallen
from 45, at the beginning of the jet age in the
late 1950s, to 1.4 in 1990. However, the fatal
accident statistics for commuter aircraft, when
compared to larger airliners, do give cause for
some concern. U.S. data, for the decade 1980
to 1990, show that the fatal accident rate for
commuter aircraft was approximately seven
times greater than that for the larger airline
operations. If we also accept that 75 percent
of all aviation accidents are caused by human
errors, it becomes clear in which direction any
future initiatives should be going. One area
where we can see a real safety benefit is in the
fitment of ground proximity warning systems
(GPWS), but I will return to that subject later.

CAA carried out an analysis of the generic
causes of worldwide fatal accidents for differ-
ent classes of aircraft (see below). This con-
firmed the ICAO figure of around 75 percent
of accidents being of operational origin, showed
maintenance to be a relatively minor cause,
and indicated that airworthiness failures were
much more significant in helicopter accidents.

Commuter Light Large Large

Airplanes  Twins  Jets Helicopters
Airworthiness 24% 16% 17% 40%
Operations 73% 77% 77% 50%
Maintenance 1% 6% 5% 10%

A further analysis of the airworthiness causes

in the aeroplane accidents is also of interest:

Joint Aviation Authorities (JAA)
The Development of JAA

The emergence of cross-border leasing of air-
craft, multi-national manufacture, liberaliza-
tion of air transport economic regulation, and,
for Europe, the implications of the Single Eu-
ropean Act (effective January 1, 1993) now means
that the aviation industry needs safety require-
ments to be common throughout Europe, to
be specific in detail, and to be given the same
interpretation by the member States. Within
Europe, the inescapable logic of this argument
has caused a number of safety authorities —
known as the Joint Aviation Authorities (JAA)
— to work with industry to develop common
procedures, practices, and safety regulations
covering design and certification, continued
airworthiness, and operational standards which
will maintain safety levels and generally im-
prove them, and which will also be as close as
possible to the U.S. requirements (U.S. Fed-
eral Aviation Regulations — FARs).

The current JAR situation on requirements is
shown in Chart 1.

Considering the scale of the work involved,
progress on the Joint Requirements has been
rapid. The airworthiness design codes appli-
cable to large aeroplanes and engines (and
certain other codes) have been completed without
any national variants and are in full use.

The arrangements signed in September 1990
by the European Joint Aviation Authorities has
an objective to enable all member countries to
adopt Joint Aviation Regulations (JARs) as their
“sole codes,” not just as an acceptable alterna-
tive to their previous national codes. JAA
now has 18 members; the present member-
ship is summarized in Chart 2.

Work on JAR 23 (excluding commuter category)
is close to completion. The first draft has been
finished, but further consultation and processing
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Operations (helicopters)
Operations (other than public transport)
Airworthiness Directives

Joint Aviation Requirements

Purpose Code Status
Large aircraft design JAR 25 Complete
All-weather operations JAR AWO Complete
Engine design JAR E Complete
Propeller design JAR P Complete
APU design JAR APU Complete
Sailplanes & powered sailplanes JAR 22 Complete
Very light aircraft design JAR VLA Complete
Equipment JARTSO Part complete
Light aircraft and commuter design JAR 23 Part complete -
in consultation
Helicopter design JAR 29} To be started in 1991.
JAR 27} Preparatory work in hand
Certification procedures JAR 21 In preparation
Maintenance organizations JAR 145 In consultation
Operations (commercial air transportation) JAR-OPS Part 1 In preparation
Certifying staff qualifications JAR 65(E) In preparation
Recreational aircraft maintenance JAR 91 Not started
Operators maintenance JAR 121(L) Prepared awaiting JAR 121

JAR-OPS Part 2
JAR-OPS Part 3
JAR 39

In preparation
Not started
Not started

Chart 1

has been delayed to try to achieve greater har-
monization with FAR 23. It is intended that
this will be published by the end of 1991. The
extension to cover commuter aircraft will fol-
low and is due for completion in 1992. JAA
countries are now not only adopting identical
requirements but are working together in joint
teams to certificate aircraft types through a
single evaluation on behalf of all the member
countries. To underline its commitment to
work in the European framework, CAA has
shelved the introduction of its Phase 2 heli-

copter performance requirements (designed to
ensure safety in the event of an engine failure
at any stage of the flight) so that they can be
considered in a European context for JARs.

Maintenance Requirements

JAR 145, Maintenance Organizations, has been
agreed upon by the authority and industry
members on the Joint Committee and will shortly
be sent out on formal consultation. This will
enable all countries adopting this code to ac-
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Graphic not available

Chart 2

cept maintenance carried out by organizations
(expected to number 2,000) approved in ac-
cordance with the agreed procedures. Staff in
authorities responsible for approval will be
trained in common procedures and the ap-
provals granted against JAR 145 will be sub-
ject to an international standardization sys-
tem. The complementary Advisory Circular
with essential interpretative material to JAR
145 is now agreed upon and is therefore to be
published as an “Orange Paper.” JAR 121(L)
is virtually complete although work has yet to
start on the associated Advisory Circular, and
the table shown earlier indicates the position
on other codes.

Operational Requirements

A JAA operations committee was established in
May 1989 to deal with the whole range of op-
erational requirements. Work aimed towards
public transport aeroplanes is being conducted
in equipment and flight operations sub-com-
mittees and in several associated study groups.
The aim is to produce common standards and
the general format of ICAO Annex 6 is to be
used as the authorities and industry have agreed
that FAR 121 and the associated codes have de-
veloped in a rather illogical and confusing form.
A cross-reference index will be provided and
the detailed requirements will be identical to
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FAR paragraphs wherever possible. JAR-OPS
Part 1 is due to be completed in draft by the end
of 1991 and published by the end of 1992.

Similar work is proceeding on helicopter op-
erating requirements but work has not yet started
on a JAR-OPS for general aviation aeroplanes.

The JAA will, of course, affect corporate and
regional operations in many ways; most of
them, we believe, for the good. New aircraft
types will all be jointly certificated by the JAA
so this should result in very few additional,
national certification requirements — hope-
fully none. The result should be a reduction
in the costs of modification and an improve-
ment in international standardization — spares
would be common in all countries. Costs should
also be reduced by the JAA’s efforts to harmo-
nize standards with the U.S. Federal Aviation
Administration (FAA). The JAA is also com-
mitted to charging for its work, with a uni-
form system in all countries, and to achieving
full cost recovery; this would at least provide
a “level playing field” in Europe. Flight time
limitations are being tackled as part of JAA-
OPS and they are at this stage using the frame-
work of the U.K.’s scheme; the separate EC
Commission initiative on flight time limita-
tions (FTL) appears to be concerned with so-
cial issues as well as safety and its future is
uncertain. The Commission now sends a rep-
resentative to the JAA FTL Study Group — as
an observer.

Future Regulatory Initiatives

In the first part of this paper, I mentioned the
subject of ground proximity warning systems
(GPWS). Amove to the more widespread fitment
of GPWS is an example of a probable future
regulatory initiative.

Beginning in the 1970s, a number of studies
conducted by the U.S. National Transporta-

tion Safety Board (NTSB), the U.K. Civil Avia-
tion Authority and independent researchers
looked into accidents that were classified as
“controlled flight into terrain” (CFIT). In this
type of accident, an aeroplane, under the con-
trol of a fully qualified and certificated crew,
is flown into the ground (or water, or obstacles)
with no apparent awareness on the part of the
crew of an impending disaster. The studies
led to the mandatory fitment of GPWS to the
big jets. More recent studies by the NTSB
have shown that a number of CFIT accidents,
involving turbo-propeller powered aeroplanes,
might have been avoided had they been fitted
with GPWS. Statistics certainly seem to sup-
port the studies. For the decade 1980 to 1990,
CFIT fatal accidents involving commuter aero-
planes world-wide occurred 1.94 times per
million hours (45 percent of the total fatal ac-
cidents); this compared with 0.17 times per
million hours (24 percent of the total) for the
larger jet airliners. In other words, the com-
muter CFIT fatal accident rate was approxi-
mately ten times that of the larger jet airliners;
U.S. statistics match this almost exactly. In
April 1990, the FAA published a Notice of Pro-
posed Rule Making requiring that all turbine
powered (rather than just turbojet) aeroplanes,
with ten or more seats, be equipped with GPWS.
This rule is expected to become final in Sep-
tember of this year. This would seem to me to
be an essential and well justified safety im-
provement.

Conclusion

In my short introduction, I hope I have shown
that the commuter industry plays a vital and
growing role in the aviation scene. Continued
effort is needed further to lower the accident
rate to match that of the major airlines. I hope
that I have also given you some indication of
the implications for the industry of the work
of the JAA and the possible direction in which
future regulatory initiatives might go.
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Air Safety in Regional Airlines —
Who Owns the Problem?
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Introduction

Safety in airline operation is not something
which just happens. It must be planned into
the operation, and the plans must be managed
and their effectiveness monitored. This paper
sets out some of the reasons which lead to
those conclusions, and examines some of the
ways in which plans can be implemented in a
small airline with necessarily limited resources.
It suggests ways in which those resources can
be usefully deployed. The structure of an or-
ganization to safeguard and monitor the safety
objectives of the organization will be looked
at, and some possible problems identified. Fi-
nally, the relationship with the regulatory au-
thority will be reviewed.

The Objective

Aviation has a good record of safety, though
at the 1990 Flight Safety Foundation Seminar
in Rome, several speakers made the point that
the safety record is no longer improving and
may in fact (on a world basis) be worsening.
There is clearly no room for complacency.

The safety of any particular operation — by
which I mean the safe arrival of that airplane
at an airfield — depends on the people con-
cerned with that flight doing their job prop-
erly. Everyone in aviation knows that, and
everyone is concerned to see that it happens.
Moreover, the key personnel involved hold
licenses from their regulatory authority, and
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the organization itself has undergone some
sort of scrutiny before it was allowed to offer
a service to the public. Is there a need to do
more?

I believe that there is. The aim must surely be
to create within the organization a climate which
makes as sure as possible that everyone will
do his job properly, and that if he fails, for
whatever reason, the failure will be identified
and corrected before it matters.

Let me give two examples of occasions where
things have gone wrong in organizations which
had the best possible intentions.

In November 1987, a disastrous fire occurred
at King’s Cross Underground station in Lon-
don which cost 31 lives. The report of the
accident states that “Many witnesses empha-
sized that safety was enshrined in the ethos of
railway operation, and that staff at all levels
were aware of their responsibilities for pas-
senger safety.” Nevertheless, London Under-
ground developed a blind spot to the hazard
of fire on wooden escalators, due at least in
part to lack of clear thinking as to who was
responsible for what.

In December 1988, British Rail had a collision
at Clapham Junction which cost 35 lives. The
report of that accident states “BR’s commit-
ment to safety is unequivocal. The accident
and its causes have shown that bad workman-
ship, poor supervision and poor management
combined to undermine that commitment. The
appearance of a proper regard to safety was
not the reality.”

I have reviewed these two accidents with oth-
ers in a paper presented at Rome, so I do not
propose to develop that analysis further in the
present paper. I will simply remark that a good
intention coupled with an assumption that
everyone is aware of the need for safety is no
guarantee that safety will, over a period of
time, be achieved.

In my view, the objective of an airline with
regard to safety can be stated very simply. It

is the primary aim that a safe operation be
achieved at all times. Of course, an airline
will, very properly, have a number of other
objectives. Making a profit is obviously likely
to be one of them, unless there are special
circumstances. But I suggest that even the
most profit-conscious airline must have safety
as its first objective, for if it fails in that, it is
unlikely to survive for any length of time.

Management of Safety

I have already said that good intentions will
not, of themselves, produce safety and it may
be useful to look at some of the reasons why
this may be the case.

There is no doubt that employees often iden-
tify very closely with the aims of their com-
pany, and such identification is usually to be
applauded. However, it can sometimes prove
counterproductive. An employee may consider
that getting a service away on time has a very
high priority and that a short cut (which ap-
pears to him at the time to be adequately safe)
will be in the best interests of the company.
On a rare occasion he may be tragically mis-
taken — the short cut omitted some check or
procedure which, on that occasion, was vital.

Or consider the supervisor who knows well
the excellent quality of one of his staff, and
does not make sure that he really has under-
stood an instruction on how to perform a cer-
tain task.

And what about the occasion when the time to
do a job was misjudged, and a tired employee
misses an important check, due to fatigue?

You may think the above examples are hypo-
thetical, and somewhat theoretical. In fact,
they all come from accidents involving major
organizations over the past five years or so.

Safety will not just happen. It must be man-
aged. Of course, an airline will not be allowed
to operate unless it has some safety manage-
ment arrangements in place to the satisfaction
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of its regulatory authority, but my point is
that the perception must be that we have this
machinery in place because we need it to do a
good job, not because the authority says we
must. Of course an authority should not im-
pose standards without good reason, and must
be able to demonstrate that reason to the op-
erator, but it is also essential that the operator
takes ownership of the result. No “we do it
because we must, but we don’t understand
why.”

Safety of staff in their workplace, at least in
the United Kingdom, is governed by different
legislation. However, from the point of view
of the attitude to safety in the organization,
the two are really indivisible, The machinery
may be different. The aim must be the same.

Therefore, the following are the essential ele-
ments of safety management:

¢ The safety objectives of the organization
must be clearly defined

* The organizational structure to achieve those
objectives must also be clearly defined, with
a clear definition of the role of each com-
ponent of the whole

¢ The terms of reference of staff must explic-
itly define their responsibilities on safety
matters

¢ There must be machinery for assuring the
senior management that what they intend
to happen is indeed happening.

This may look ponderous for a small organi-
zation. I do not believe that it is in reality. A
big organization may need specialists, full-
time staff in various roles. In a small organi-
zation it is usually possible for the safety role
to be combined with some other task, pro-
vided that it is made clear that time must be
provided for the safety duties, and that they
may not be set aside or deferred for other,
apparently more urgent tasks. A council of
perfection? Not if there is proper monitoring
of what is happening, so that senior manage-

ment can become aware if something is being
omitted or skimped.

The Structure of a Safety
Organization

With the above thoughts in mind, we can now
think about the structure of a safety organiza-
tion. I will first look at the general principles
involved, and then consider their application
to a modest size airline.

Any airline has two essential operational ele-
ments — engineering and flight operations.
This is true even if the engineering work is
sub-contracted to another organization. Clearly
the needs of these two arms of the company
differ, and great care must be taken that they
communicate properly with each other, and
that they have compatible safety objectives,
even though they may be expressed differ-
ently.

I'suggest that the only satisfactory way of achiev-
ing this is to have a cascade arrangement,
whereby the objectives of the company are set
out in a document which is ‘owned” by the
Board of the organization, and then each arm
sets out its own objectives which are drawn
from those of the company, elaborated as ap-
propriate to suit the needs of the particular
part of the organization. In turn, each sub-
department should have its own objectives,
again based upon those for the department as
a whole and appropriately set out to suit its
needs.

Such a structure of documents carries with it
another aspect of the task. The documents
must, in my view, be living documents, regu-
larly reviewed and amended to accommodate
the ever changing circumstances of any real
organization. There must therefore be some-
one responsible for maintaining the documents,
both at corporate level and at departmental
level. Also, it is necessary for there to be a
positive and continuing check that the vari-
ous documents are compatible with each other,
and, very importantly, that there are no gaps
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between them. It is also appropriate to have a
way of ensuring that some departments which
may appear peripheral on safety matters are
drawn in on any aspects which are safety re-
lated. For example, in many airlines, cabin
crew report to a commercial department. They
have, of course, a vital safety function to per-
form, so that aspect of their work must be
correctly woven into the safety structure. And
finally, all parts of the organization have re-
sponsibilities relating to health and safety at
work objectives. While this may diverge from
the operational safety stream at Board level, it
may none-the-less be seen as appropriate for
the general structure to incorporate these as-
pects also.

Finally, and very importantly, there must be,
built into the safety structure, means of check-
ing that it is working, and of reporting that
this is the case to the highest levels of man-
agement.

All the above may seem very bureaucratic and
sound horribly like ‘management by objective.’
I do not believe this to be the case.

First, the actual arrangement in terms of people
must be visibly related to the task in hand.
Secondly, the people whose task it is to achieve
the objective should either write the local in-
structions, or be responsible for agreeing with
them, so that they have ‘ownership.” More-
over, the question of ‘ownership” must start at
the very top, as I have already indicated. The
Board cannot avoid its responsibility for safety,
even though it may have experts such as a
Flight Operations Director or an Engineering
Director who will in fact be responsible for
most, if not all, of the day-to-day preservation
of safety.

What does this mean in the small airline?

First, the Board must make its intentions clear.
It can do this in more than one way. It can and
should issue a statement on its overall objec-
tives showing safety as the highest priorities.
I believe that in this respect it is necessary for
the objectives to be comprehensive, so that it

is clear to staff where safety stands in the pri-
ority order. If a statement such as “Safety is
paramount in our operation” is issued in iso-
lation, there is the risk that it may neverthe-
less be seen as equal to, or even subservient to
some other objective expressed in a different
way on a different occasion. The Board must
make it clear that, if a responsible member of
staff decides that a particular flight cannot be
carried out safely and aborts it, or that a par-
ticular aircraft is no longer airworthy and should
be withdrawn from service, he will be sup-
ported, even if subsequent more leisurely study
suggests that he had acted over-cautiously.

Second, the Board should make clear its con-
tinued interest in safety matters. There may
be a number of ways in which it can do this,
depending upon the particular skills and re-
sponsibilities of the Board members. The con-
cept of a Safety Committee chaired at Board
level and having some independent member-
ship — such as non-executive directors — is
one which has been adopted by a number of
airlines.

The role of the Chief Executive is an impor-
tant one on safety related matters. He may be
someone with little technical knowledge, in
which case he will be very reliant on his se-
nior management for advice. In this case, he
must make it clear that he is a part of the
safety team, even if only in the sense of aiding
and supporting his managers. If, on the other
hand, he is someone with operational experi-
ence, he must be very careful not to usurp the
roles of his senior managers and appear to
second-guess their decisions. In each case,
great tact and skill must be displayed by the
Chief Executive.

Below the Board and the Chief Executive will
be a number of departments, some of which
will have operational safety responsibilities,
and all of which will have general safety re-
sponsibilities. The responsibilities of each de-
partment must be set out, and the responsi-
bilities for safety of the various key staff must
also be defined. Thus, the Director of Flight
Operations should have something like “To
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achieve and maintain a safe operation” as one
of his terms of reference. The manager re-
sponsible for recruiting may not need any ref-
erence to safety in his job description.

Within each department, there must again be
a structured set of objectives, cascaded down
as far as is appropriate. It may not be neces-
sary to carry this to the same level in all parts
of the organization. For example, there may
be safety support for a particular task at a
main base which has to be provided differ-
ently at a line base, and so the terms of refer-
ence may need to be different in the two cases.

Someone must be responsible for making sure
that the various documents knit together properly
and do not contain gaps. In a small organiza-
tion this is unlikely to merit full-time atten-
tion, and so someone must be picked who will
have that responsibility even though he may
also have departmental responsibilities. As I
have already said, I believe that, to the fullest
extent possible, the documents should be written
by those who have to apply them. In a small
organization this may not always be possible.
If it is not, then the author must develop a
close relationship with those for whom he is
writing, so that what emerges is indeed ap-
propriate and applicable.

Someone must also be responsible for ensur-
ing that the Board is supplied with the infor-
mation which it needs in whatever form is
defined. While the information will undoubt-
edly largely emerge from the line departments,
there must be a way in which concerns (per-
haps from junior staff) that a safety gap exists
can be highlighted and properly dealt with. If
the Board has a safety committee this may be
the right place to report any such matters.

It is important to recognize that an organiza-
tion such as a safety committee exists to keep
the Board informed. It must not become an
executive body, taking away responsibility from
the nominated directors (who may or may not
be Board members). At the same time, it must
be properly serviced and should meet (and be
known to meet) at regular intervals.

An operational incident form which has been
found to work well in practice will be found
at Appendix 2.

The Role of the Senior
Management

Much of the role of senior management has
already been described above, but it may be
helpful to summarize here.

¢ The Board must make known its objectives
for safety and must keep itself informed as
to the achievement of those objectives

¢ The senior executive management must en-
sure that the overall objectives are inter-
preted into departmental objectives, and
that the terms of reference of staff are clear

¢ Middle management must in turn ensure
that they understand their own role and
that those reporting to them are also clear.

The experience of accidents shows quite clearly
that it is not enough to assume that everyone
will understand the need for safety and the
means by which it is to be achieved. Without
laboring the point, each level of management
must from time to time remind those report-
ing to them of the objectives. For example, if a
notice is issued drawing attention to the need
to improve timekeeping, it could be coupled
with a reminder that this must not be at the
expense of safety. A further quotation from
the report of the Clapham accident may not be
out of place. Mr. Hidden, the author of the
report, states:

”...it is the task of management to be aware of
the working practices to which its workforce
works and to ensure that those standards are
of the highest. It is the task of management to
ensure that its instructions to its work force
on how work is to be done are clear and that
they are in fact being obeyed. It is the duty of
management to see that its workforce is prop-
erly trained and that such training is renewed
from time to time. It is the duty of manage-
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ment to ensure that the efforts of the workforce
are properly monitored and supervised so that
the quality of the work may be maintained at
the proper levels.”

Relationship with the
Safety Authority

A temptation to think that none of the above
applies to an airline would be understand-
able. A great deal of effort is devoted both by
the airline and by its supervising authority to
ensuring that good systems are in place and
working. I am not advocating any change in
this system which has served the industry well
over a long period of time. However, it is not
a perfect system. The resources of any author-
ity are limited — indeed, tiny compared with
those of the airlines which it supervises. Sadly,
experience demonstrates that airlines, even with
those disciplines, can still suffer accidents.
Earlier, I remarked that the safety record may
no longer be improving. What I am now sug-
gesting is that some improvement may be had
if all airlines act in accordance with the tenets
of the best. This means making clear beyond
any misunderstanding the company’s aim for
impeccable safety, and also emphasizing that
this is the company’s wish, not simply an act
of compliance with the edict of one outside
body.

Who Owns the Problem?

The title of this paper poses that question. I
hope that I have shown here that many people
in an airline own part of it. The greatest de-
gree of responsibility, as in so many other matters,
lies with the Board, who must ensure that their
wishes are clear, followed through and effec-
tively implemented.

“Ask not for whom the bell tolls. It tolls for
thee.”

Acknowledgements

I am grateful to colleagues in ERA and Bir-
mingham European Airways for the many con-
structive suggestions which they made dur-
ing the preparation of this paper. The opin-
ions expressed therein are my own and must
not be taken as necessarily representing the
views of either body mentioned. I also ac-
knowledge with thanks permission from Bir-
mingham European Airways to reproduce their
Air Safety Report form and the terms of refer-
ence of their Air Safety Committee.

Reference

1. Chaplin, J. C., “The Management of Safety
— Some Lessons from Accidents.” Flight Safety
Foundation, Proceedings of the 43rd International
Air Safety Seminar, Rome 1990.

FLIGHT SAFETY FOUNDATION e FLIGHT SAFETY DIGEST e JUNE 1991

11



Safety Challenges in the '90s

Appendix 1

Air Safety Committee
Terms of Reference

Function

The Air Safety Committee (ASC) will report to the Board. The function of the ASC is to stimulate
thought and action towards promoting safe methods of operation and to encourage preventive
action against unsafe operation. It will monitor the safety performance of the airline and ensure
that appropriate action is taken to correct deficiencies. The ASC does not reduce in any way the
responsibility of the General Manager, Flight Operations * or of the Chief Engineer * under the
terms of the Air Navigation Order * or the conditions of the Company’s Air Operators Certifi-
cate.

Constitution
The ASC will have at least the following membership:
Chairman*
Managing Director*
Non-executive member
Secretary: Air Safety Officer

In regular attendance:

General Manager, Flight Operations*
Chief Engineer*

The ASC will meet at monthly intervals. (Author’s note: in practice once every two months
may prove adequate). If GMFO or CE are unable to attend, they will send deputies.

The Air Safety Officer will be responsible for collating and delivering all items of safety for
review by the Committee.

Procedure

In its function as a recommending body for safe practices, the ASC will give its findings on
correction or prevention to the Departmental Heads concerned. Departmental Heads will in
turn advise what corrective/preventive action has been taken on the various matters before the
Committee.

* These titles, and other references (e.g. CAA) will need amendment to suit the structure of the
relevant organization if the text is used as a model for other airlines.
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The ASC has the power to investigate any incident affecting the safety of either flight or ground
operating practices. It will maintain a regard for the experience of other operations relevant to
the BEA operation. It is totally independent of either the Operations or Engineering Depart-
ments and has direct access to CAA should the need arise.

On matters such as hijacking or bomb threats, the purpose of the ASC is to investigate how the
airline responded. Security will investigate how such an incident happened.

A record will be kept of all meetings of the ASC.

Matters for the Committee
The ASC will review, as a matter of routine, the following:

Mandatory Occurrence Reports

ADDs and in particular the reason for any adverse trend.

Any safety report from any member of either the airline staff or their agents not thought to
warrant an MOR.

It will keep these matters under review until they are closed.

In addition, the Air Safety Officer will bring to the attention of the ASC any reports from other
operators which may be relevant to the BEA operation.

All members of the Committee should be alerted in the event of an accident involving serious
injury or equipment damage.

Action

Because the ASC is not an executive body, all actions will be taken by the appropriate staff in
accordance with normal procedures. It is important, however, that safety actions are not de-
layed pending a meeting of the Committee. The ASC is a reviewing body only.

Conclusion

It is important that the Committee is accessible to anyone who has a safety concern. To that end
excessive formality in approaching the Committee is not appropriate, and staff should be
encouraged to put forward worries without ponderous paperwork. The Committee is, however,
the mechanism by which the Board’s dedication to the safe operation of the airline is made
known to staff.

FLIGHT SAFETY FOUNDATION e FLIGHT SAFETY DIGEST e JUNE 1991
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Appendix 2

Graphic not available
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The Potential for a Major Improvement
In Aviation Safety

Photo not available

JoHN P. DESMOND
President
Flight Dynamics Inc.

Aviation safety has improved significantly since
the introduction of commercial jet aircraft 30
years ago. Much of this improvement is at-
tributed to major technological advances, im-
proved maintenance and training, and the wide-
spread introduction of regulated safety equip-
ment. Following this trend of equipment and
services improvement, most accidents are now
attributed to pilot error. With recent advances
in airborne technology and an increased un-
derstanding of human factors, the opportu-
nity exists for another significant advance in
air transport safety: improving flight crew situ-
ational awareness and their ability to recog-
nize and cope with adverse conditions.

This paper reviews the distribution and con-

tributing causes of airline accidents. It ad-
dresses the specific problem of pilot aware-
ness and control of the vertical flight path.
Enabling information for addressing this problem
is presented. The verification of the effective-
ness of this information and its potential for
improving commercial aviation safety is re-
viewed.

Commercial Jet Aircraft Accident
History, Projections

With the introduction of the jet aircraft to com-
mercial aviation in the 1960s, the initial fatal
accident rate, nearly 15 per million departures,
was reduced to roughly two per million de-
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partures by the end of the decade. The next
reduction in fatal accident rates came in the
mid 1970s, following the regulatory require-
ment for the installation of ground proximity
warning devices, when the rate declined to
between 1.5 and 2 per million departures. This
is where it remains today.

Because of the stabilized accident rate and an
increasing number of departures, Boeing has
projected that by the year 2005 the number of
fatal accidents worldwide could increase from
15 to 20 per year.!

Accidents Attributed to Pilot Error

Of those accidents with known causes, nearly
70 percent are attributable to pilot error (Fig-
ure 1), and over 50 percent of all accidents
occur in the approach and landing phase (Fig-
ure 2). Weener recently reviewed 83 accidents

for one commercial aircraft type and found
that 40 of the 83 occurred during approach
and landing; these accidents were nearly evenly
distributed between short off-airport ground
impacts, short on-airport ground impacts, hard
landings, and overruns. “The first two, land-
ing short on and off the airport, involve acci-
dents in which the airplane was lined up with
the runway approach. These two categories
plus hard landings and overruns typically in-
volve problems with vertical guidance or speed
control. They can also result from a poor tran-
sition from instrument to visual flight at or
near approach minimums.”?

In 1977 Bateman?, reviewed 25 large air carrier
undershoot accidents and incidents occurring
between 1972 and 1977. He found that 66
percent occurred at night, 66 percent were con-
ducted to a runway where ILS was available,
and over 75 percent occurred with restricted
visibility.

Graphic not available

Figure 1
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Graphic not available

Figure 2

Miscues for the Outside World

In late 1965 and early 1966, four accidents in-
volving Boeing 727s occurred at Chicago, Cin-
cinnati, Salt Lake City and Tokyo. In each
accident the aircraft descended below the de-
sired glide path and struck terrain or water
short of the runway. After simulating these
accidents, Kraft concluded that the common
cause was “an error in pilot space perception,
i.e., avisual illusion...In making a visually guided
approach at night, the pilots rely on the rela-
tively unchanging visual angle provided by
the distant light pattern to judge altitude. If
the terrain is flat such cues are adequate and
the estimated altitude is accurate. However,
when the terrain is sloping the pilots never-
theless respond as if they were approaching
flat terrain, with the result that they overesti-
mate their actual altitude. This misleading

cue is potent enough to induce experienced
pilots to descend to dangerously low altitudes.”*

Mertens® found a natural tendency to overes-
timate the approach angle when only lights
are visible. Moreover Nagel, in his article on
Human Error in Aviation Operations, concluded
“The lesson from all of this is that the visual
scene, although adequate for aircraft guidance
when visual information is excellent, may mis-
lead when the quality of the information de-
grades for a variety of reasons. The errors
which occur are systematic; under conditions
of reduced visibility, the misrepresentation of
both static and dynamic visual cues leads pi-
lots to fly low approaches.”®

The Control Problem

In an extensive review of operational require-
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ments and problems concerning the pilot’s vi-
sual task relating to cues used for approach
and landing, Jenney, et al. concluded, “To con-
trol the approach and landing path, the pilot
needs information on the displacement, rate
of displacement, and acceleration (rate at which
displacement is changing) of the aircraft with
respect to the desired path in the horizontal
and vertical dimensions — making a total of
six variables. Successful accomplishment of
these control tasks by visual reference alone
depends primarily upon the pilot’s ability to
see and interpret cues derived from the rela-
tive position and movement of the horizon,
the extended centerline, the zero-velocity point
(X-point), and the aiming point on the run-
way. Supplementary information in the form
of instrumental indications of altitude, rate of
descent, and airspeed may be needed to cor-
roborate these visual judgments. The effect of
reduced visibility is to obscure or confuse the
visual cues, creating control problems — pri-
marily in the vertical dimension. This leads to
the conclusion that some way is needed to
enhance the visual cues or to replace them so
as to assure the safety of VFR as well as IFR
approach and landing.””

Enabling Information

Tests conducted by Douglas,® the FAA and
NASA,’ Boeing," and Flight Dynamics Inc."
all demonstrate that there is a significant po-
tential for improvement in pilot cognizance
and control of aircraft flight path when cer-
tain out-the-window cues are provided, espe-
cially in reduced visibility and in difficult en-
vironmental conditions.

The following describes enabling information
that allows the pilot to determine directly the
climb or descent angle of the aircraft with re-
spect to the desired angle (displacement), the
flight path or velocity vector of the aircraft
with respect to the desired flight path (dis-
placement rate), and aircraft acceleration avail-
able to adjust flight path or speed.

Figure 3 is a photograph taken on an approach

Approach to Portland

Photograph not available

Figure 3

into Portland, Oregon’s runway 28R. It repre-
sents one example of an approach path diffi-
cult to judge because of restricted visibility
and, in this case, low clouds obscuring the
horizon. Figure 4 is from the same position on
the approach with an inertially defined artifi-
cial horizon and vertical scale overlaid on the
visual scene. Since the information is iner-
tially stabilized, the horizon enhances attitude
awareness and the vertical scale permits accu-
rate estimation of the approach angle to the
runway. The dashed line, adjustable by the
pilot, is used to determine approach angle. In
Figure 4 it is set to 3°. This information alone,
an airborne VASI, is useful in improving ap-
proach precision because the position of the
desired touchdown point on the vertical scale
provides an accurate indication of approach
angle, or displacement from desired angle.

Two relatively new and very significant flight
information symbols are depicted in Figure 5.
The circle with the angled legs is the instanta-
neous flight path of the aircraft. When this
symbol is centered on the horizon (horizon
through the circle) the aircraft has zero verti-
cal speed. With flight path above the horizon,
a climb is indicated and the climb angle can be
determined accurately from the position of the

FLIGHT SAFETY FOUNDATION e FLIGHT SAFETY DIGEST e JUNE 1991
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Artificial Horizon and Vertical Scale

Photograph not available

Figure 4

symbol against the vertical scale. Figure 5
shows a descent angle of 3°. This information
allows the pilot to determine not only that the
aircraft is positioned on the desired 3° approach
path, (zero displacement), but also that the
velocity vector of the aircraft is along the ap-
proach path (zero displacement rate).

Flight Path Symbology

Photograph not available

Figure 5

Projected flight path provides advance infor-
mation — out-the-window conformal to the
real world. When maintained on the runway
and at the 3° mark of the vertical scale it pro-
vides a precise 3° approach. A deviation of the
aircraft’s velocity vector from either of these
two requirements is instantly indicated by a
repositioned flight path symbol. From the dis-
played flight path symbol the pilot is able to
determine and control flight path directly. (A
more conventional attitude display provides
pitch information, only one factor affecting
flight path.)

Once the pilot is controlling flight path, speed
and potential flight path become controllable
from a fortunate bit of physics; an aircraft’s
differential flight path is equivalent to the
aircraft’s acceleration along its actual flight
path. When differential flight path is displayed
relative to actual flight path, it indicates po-
tential flight path (see Figure 6). The poten-
tial flight path symbol, the chevron in Figure
5, is scaled to indicate achievable flight path
with airspeed held constant. With this infor-
mation the pilot is able to determine constant
airspeed potential climb or descent angles from
the position of the potential flight path sym-
bol against the inertial vertical scale. A poten-
tial flight path below the current flight path
indicates a deceleration and therefore a po-
tential, or soon-to-be-realized, flight path be-
low the present one. A potential flight path
above the actual flight path indicates accel-
eration and therefore climb potential (Figure
7).

Since the pilot is able to directly view flight
path and flight path acceleration, it is possible
to immediately determine if sufficient thrust
is available to achieve the desired flight path
and whether the aircraft is accelerating or de-
celerating to the desired speed. To assist in
attaining a selected speed, a speed error indi-
cation has been added. Figure 8 shows the
speed error symbol, indicating a present speed
above the selected speed by the symbol rising
from the left leg of the flight path symbol. A
speed below selected speed is indicated by a
speed error symbol below flight path. Con-
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Gra;hic not available

Figure 6

stant flight path speed corrections are made
by adjusting thrust so that acceleration op-
poses speed error, as in Figure 8.

To complete the display, information from the
basic “T” has been added (Figure 9). Aircraft
attitude, boresight with respect to the hori-
zon, is indicated by the gull wings near the
center of the display; pitch is determined from
the vertical distance of the gull wings from
the horizon. Roll information is enhanced by
the semi-circular scale at the top of Figure 9.

The boresight symbol represents the extended
center line of the fuselage (the fuselage refer-
ence line in Figure 6). If the aircraft centerline
were projected forward, it would run through
the center of this symbol. From this symbol
the pilot can determine where the aircraft is
pointing; however, in a dynamic environment

this is of small assistance. Figure 10 shows
the relative position of boresight and flight
pathin a crosswind approach; flight path over-
laying the runway, boresight pointing into the
wind.

Referring again to Figure 9, the rest of the
information from the basic “T” is presented
on the display digitally. The heading num-
bers along the horizon indicate 30° of the mag-
netic compass. Airspeed is displayed on the
left and barometric altitude on the right. Ver-
tical speed is displayed below. Groundspeed
has also been added at lower left and radio
altitude, when less than 500 feet, is displayed
at lower center. A wind direction and strength
indicator is provided at the upper right.

Whenever performance is limited by aircraft
or environmental conditions (e.g., engine fail-
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Climb Potential

Photograph not available

Figure 7

ure, a misconfigured aircraft, or windshear)
operation near stall limit may be required. To
assist the pilot in coping with these condi-
tions, a symbol indicating margin to stall is
displayed when this margin is reduced. This
symbol (shown in Figure 11 just above flight
path), in conjunction with flight path and the
horizon, presents a performance limit, or es-

Airspeed Control

Photograph not available

Figure 8

cape window, if one exists.

Windshear

Flight path, potential flight path and speed
error combine to describe the windshear. An
increasing head wind is indicated by increas-
ing airspeed and a decreasing potential flight
path; an increasing tail wind is indicated by
an increasing potential flight path and decreasing
airspeed. In either case, the shear is indicated
by the opposite movement of these two pa-
rameters. Downbursts are indicated by a de-
pressed flight path.

Primary Display Symbology

Photograph not available

Figure 9

In an extreme windshear, where aircraft climb
potential is severely affected, the word
“WINDSHEAR” is displayed along with an
aural warning and a flight path based recov-
ery guidance command, the solid ball shown
in Figure 12.

Flight Performance Improvement
Evaluations

To evaluate the improvement in flight perfor-
mance resulting from this enhanced informa-
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tion, Flight Dynamics Inc. (FDI) conducted a
test program!> which provided airline pilots
with conventional head-down instrumentation
and the flight path information described above,
by means of a wide field of view head-up
display. The tests were conducted in a Boeing
727 simulator, the “M-Cab” at Renton, Wash-
ington. Each pilot flew a number of difficult
approaches (day, night, varying visibilities down
to 1200 RVR, mild shears, sidesteps, snow cover
obscuring texture) using both types of instru-
mentation. Figure 13 compares touchdown
dispersions achieved with conventional dis-
plays to those achieved with an advanced flight
path display head-up, the Head-Up Guidance

Flight Path and Crosswinds

Photograph not available

Figure 10

System (HGS) developed by FDI. Note the
elimination of go arounds using head-up flight
path.

Boucek conducted a similar test program to
compare approach and touchdown precision
using conventional head-down instruments with
head-up flight path displays. He concluded:
“The primary objective of the study was to
evaluate the use of a head-up display and flight-
path information in a variety of visual
conditions...The most general statement that
can be made is that when compared to either

Escape Symbology

Photograph not available

Figure 11

head-down flight-path display or conventional
instruments, the head-up presentation resulted
in superior performance, both in accuracy (i.e.,
smaller errors) and precision (i.e., smaller varia-
tions) on all flight parameters at each point in
the flight path for the low visibility condi-
tions. The touchdown performance showed
that, even in conditions of low and no visibil-

Windshear Symbology

Photograph not available

Figure 12
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Graphic not available

Figure 13

ity, the pilots were able to put the aircraft on
the runway at a much higher rate of accuracy
with the HUD and head-down flight path dis-
play than with conventional instrumentation.
The scatter at the threshold was less; the land-
ing footprint showed the least scatter; and the
sink rate was the least with the HUD.”"?

Other Flight Crew Benefits

In addition to providing enhanced informa-
tion for evaluating and controlling the approach,
head-up information eliminates the required
transition from head-down instrumentation to
real world cues. Using panel instruments the
pilot views displacement and then must esti-
mate displacement rate and correlate this in-
formation with the out-the-window view of
the real world.

From the Douglas tests, Stout and Naish re-
ported: “The HUD buys the pilot time. Time
is the most precious commodity on board the
aircraft, especially during the last 200 or 300
feet before touchdown. A few seconds saved
at points scattered along the approach course
is all that is needed to appreciably lower the
pilot’s workload. Lowering the workload au-
tomatically decreases the anxiety buildup. A
low anxiety level increases a greater degree of
pilot confidence both in his own ability and in
that of the total system.”"

Accident Review

The Flight Safety Foundation (FSF), as one of
its functions, reviews emerging technologies
“that have potential to reduce human error by
providing valuable information to flight crews.”
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From a recent FSF review: “Each reported avail-
able commercial jet Total Loss and Major Par-
tial Loss Accident that occurred between 1959
and 1989, inclusive, was reviewed for the po-
tential of HGS to prevent the accident.” They
concluded: “For all Total Loss Accidents Re-
viewed, HGS could have prevented or posi-
tively affected the outcome of 33 percent. For
all Major Partial Loss Accidents reviewed, HGS
could have prevented or positively affected
the outcome of 29 percent.”"

Economic Benefits

At FDI we have developed a flight path dis-
play technology for the commercial airlines
which enhances operational capability. Flight
path information is presented on a wide field
of view holographic display incorporating a
sophisticated flight guidance command (the
circle within flight path in Figure 14) and a

Head-Up Guidance Display

Photograph not available

Figure 14

patented monitoring function'® to allow the
pilot to control and land the airplane without
ever seeing the runway. The system has been
certified by the FAA to provide stand alone
landing operations in visibilities as low as 700
feet and take off operations in visibilities of

HGS® on Alaska Airlines Boeing 727

Photograph not available

Figure 15

300 feet. Alaska Airlines is operating its fleet
of 23 Boeing 727s with the HGS (Figure 15) to
minima of 700 feet landing and 400 feet take-
off. Federal Express is installing the systems
in aircraft to be operated in Europe, and Canadair
has selected the HGS to provide low visibility
capability for the Regional Jet.
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Regional Airline Command Training
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Joun C. BEst
Training Captain
Air UK Ltd.

As we in the European Regional Airlines ap-
proach the prospect of greater liberalization
from 1993 onwards, many of us have experi-
enced, and will continue to experience some
difficulties in recruiting and training pilots
able to meet the standards we require, and
from the available pool of acceptable candi-
dates we must find aircraft commanders and
potential commanders of the highest quality.
I hardly need to tell anyone here that the pas-
senger, our customer, when seated in the back
of an aircraft that has suffered an engine fire
and is descending into an airport in moun-
tainous terrain with a low cloudbase and hori-
zontal rain has every expectation of, and in-
deed a right to, the same level of care and skill
from his regional airline captain as he would

from the commander of an aircraft of a heavily
funded state carrier. Marketing men may have
a neat stereotype of the “regional passenger,”
but to us in the flight-deck, a passenger is a
passenger, whatever his provenance. To para-
phrase the famous quotation: “If you cut him,
he bleeds just the same.”

How then do we in the regional airlines, with
limited resources, ensure that our captains are
of the highest quality? I would not dream of
telling you how “it should be done,” but I
would like to share the Air UK approach to
these problems with you in hopes that some
of our ideas may provoke discussion within
your own training departments. Before I be-
gin I would like to deal briefly with who we
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are and what we do.

Air UK is a scheduled regional carrier whose
route network is shown in Figure A. You may
be acquainted with our sister airline, Air UK
Leisure; although within the Air UK Group,
they are operationally separate with their own
training department.

We have a mixed turboprop and jet fleet com-
prising 2 Shorts SD360s, 14 Fokker F27s and
(by the end of 1991) 14 BAe 146s.

Recruitment is exclusively to the turboprop
fleets and therefore all BAe 146 pilots are drawn
from the SD360 and F27. Although we have a
provision in our “Pilot’s Agreement” for di-
rect-jet recruitment, it has never occurred. Over

Graphic not available

Figure 1

90 percent of command training takes place
on the F27 fleet, since the preferred company
career progression is F/O Turboprop to F/O
Jet to Captain Turboprop to Captain Jet. It is
not possible to progress from Captain Turbo-
prop to F/O Jet as in some airlines, our prin-
ciple being “Once a captain, always a cap-
tain.” However, some F/Os are able enough
to progress from F/O Turboprop to Captain
Turboprop and, very rarely, F/O Jet to Cap-
tain Jet. We have also recruited a large num-
ber of direct-entry captains to meet the de-
mands of our continuing expansion. I will
return to this subject later.

In conducting all of our training, we have been
very fortunate, firstly in having an enlight-
ened commercial management who has the
vision to see that their pilots, and particularly
their captains are part of, and inseparable from,
the commercial product; and secondly, in hav-
ing a strong training department with a man-
ager who is strong enough, and silver-tongued
enough to talk on budgetary matters authori-
tatively, and sell the vital importance of safety
training at boardroom level.

I cannot stress enough the importance of these
two assets. If you cannot make the commercial
department see beyond the bare bones of the
balance sheet, your pilot training will be back in
the dark ages. There are still too many airlines
whose command conversion course consists of
a few circuits in the spare aircraft on a Sunday
afternoon followed by sewing a couple of extra
gold rings on a uniform jacket. In today’s avia-
tion environment, this is no longer good enough.
In fact, it never has been good enough.

We believe that a training program is only as
good as the people who run it and so our
training staff is selected extremely carefully.
Seniority is not taken into account at all when
considering a new training captain, and nei-
ther is the requirement to have thousands of
hours on type. Personal qualities and demon-
strated ability are the prime criteria.

For the pilot employed by Air UK as a first
officer, assessment of command potential com-
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mences at the initial interview and command
training effectively starts on his first day with
the airline. Recruitment is, therefore, one area
where we may differ significantly from a large
state carrier. We, although employing first
officers, are not looking for first officers. Whereas
the state airline’s recruitment may be aimed at
the individual who is psychologically com-
pletely comfortable with the prospect of 10 to
15 years as a co-pilot, our recruitment is geared
to the person who has obvious qualities of
leadership and maturity which can be devel-
oped within a much shorter timescale. Clearly,
we cannot always succeed in this aim, indi-
viduals do not always fulfill their early prom-
ise, but our success rate is high enough to
justify continuation of this recruitment phi-
losophy.

The Air UK first officer’s first step to the left-
hand seat is an initial training course which
involves all the extra aircraft handling ele-
ments to permit the aircraft type rating to be
in the “pilot-in-command” section of the pi-
lot’s license. No first officer in Air UK has a
“co-pilot” type rating. In this way, we estab-
lish the aircraft handling qualities of our crews
at an early stage. Anyone not able to cope
with the higher demands of the “pilot-in-com-
mand” type rating is rejected. This system
also enables us to fulfil a British legislative
requirement (set out in CAA Civil Air Publica-
tion No. 360) that the biannual recurrent check
for captains and first officers must be of the
same content.

During this time as a first officer (and to di-
gress, I very much include her time as a first
officer) the pilot is encouraged to participate
in the decision-making process at all levels
during the flying day. When he is the han-
dling pilot on a sector, he is expected to act as
if he were the pilot-in-command (although clearly
under supervision); indeed, under British leg-
islation, the entries in the F/O’s logbook after
flight indicate that the co-pilot acted in this
capacity. We expect him to decide such mat-
ters as non-standard flight levels and descent
and approach profiles without waiting for in-
structions from the left-hand seat. In short,

we try to avoid the captain flying the sector
using the F/O’s hands, and company policy is
to fly “leg and leg about” as far as possible.
We believe that an individual does not be-
come a pilot merely to push a pen around a
flight-log and for our part, we want a candi-
date for a command course who has been ex-
posed to as many of the problems faced as a
captain as possible; given the confines of the
right-hand seat. Obviously, we have to exer-
cise discretion and restraint in these areas, es-
pecially with very junior pilots and particu-
larly with difficult weather and difficult air-
fields. At Innsbruck, for instance, we restrict
landing to captains only. We do try, however,
to place as few restrictions on the F/O as pos-
sible within a sensible framework of defined
duties.

We note with dismay, a recent trend in some
regional airlines to reduce the role of a first
officer to that of captain’s secretary; indeed,
one company will not allow its F/Os to start
engines, taxi or handle the aircraft when the
cloudbase is lower than 1,000 feet. They are
not even permitted to speak to the passengers
on the public address system. It must be as-
sumed that these restrictions are imposed in
order to reduce risk, but I believe the long-
term effects are likely to be highly counter-
productive. Restrictions like these are classic
symptoms of the defensive approach to train-
ing, where the crew is surrounded by such
rigidly defined areas of responsibility and so
many “do not(s)