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Abstract

The systemic origins of many accidents have led to heightened interest in the way in
which organisations identify and manage risks within the airline industry. The
activities which are thought to represent the term “organisational accident”, “safety

’

culture” and “proactive approach” are documented and seek to explain the fact that

atrlines differ in their willingness and ability to conduct safety management. However,
an 1mportant but yet relatively undefined task in the airline industry i1s to
conceptualise the safety mechanism in proactive safety, and its influential factors.
What is required is a model of a proactive safety mechanism which builds upon
existing knowledge of what 1s thought to contribute to safety by adding an increased
knowledge of the organisational factors. These factors not only serve to influence the

safety mechanism, but also serve to be the predictors of the performance of safety

management system.

This thesis aims to fill that gap. It firstly conducts an overview of the current airline
safety management system literature and identifies the strengths and weaknesses of
the current system. Given the need to explore the important but undefined field, a

proactive safety mechanism model is then developed and tested to identify the

organisational factors which exert an influence upon the safety mechanism.

Four hypotheses were set out to be tested in an attempt to justify the
multi-dimensional and complex nature of the safety mechanism model. The model is
then tested by applying it to a past accident (case study) and a survey of opinions with
questionnaire. The results of this research work show that the safety mechanism
model 1s a model of the evolution of safety management system in the context of
proactive safety management. Further study can apply the proposed model to the
re-organisation of an airline safety management system and evaluate the impact upon
the company’s system. It leads to the suggestion that an airline’s safety health and
performance needs the co-ordination of both retroactive and proactive safety

management, and concludes that the ultimate contribution of this research is to
provide airlines with reliable data, applicable references and a practicable

methodology to enable their safety management system to evolve at a fundamentally

“genetic” level.
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CHAPTER 1

Introduction

“How, then, do we get this company ahead of change,
ahead of these strong global players, permanently out in front
in the "90s? How do we set the pace.”

~ Jack Welch, 1989

1.1 Research Background

Air transport is experiencing increasing growth year by year, with passenger air
transport, in particular, becoming more affordable and feasible for both short journeys
and long haul flights (Shorrock and Kirwan, 2002). During the past decade, although
the growth in air travel varied from region to region, global demand for air travel
increased strongly according to the statistics of IATA (2001). Doganis (2001) stated that
long-term traffic growth from 2000 to 2010 will average close to 5 percent per annum.
Boeing, too, predicts that world air traffic, measured in Revenue Passenger Kilometres

(RPKs) ! will grow by 4.7 % annually over the next 20 years” (Boeing, 2001).

1 Revenue Passenger Kilometres (RPKs) are obtained by multiplying the number of fare paying
passengers on each flight stage by the distance of that stage.

2 IATA (2002) has stated in its new interim five-year forecast that the global airline industry will
recover by 2003 from the effects of September 11%, and traffic demand might return to the long-term
predictions based on the relationship with GDP (Gross Domestic Product), which is forecasted to

grow by 3 percent over the next 20 years, during which period air travel will grow about 2
percentage points faster than economics will grow.
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Advanced aecronautical technology and the reliability of aircraft constitute great
achievements of human ingenuity, but the increasing demand for air travel presents the
air transport industry with some of its greatest challenges. Statistics showed that
aviation industry has achieved a remarkable safety record, making it currently the safest
form of mass transportation in the world today (Muir and Thomas, 2003). However, if
the risks are measured by comparing numbers of casualties with the number of trips

made, rather than the miles covered, air transport is less safe than ground transport (The
Economist, 1997). As passenger numbers rise, at least one major accident is predicted

to occur every week by 2010 (IFA, 1998), and this 1s unlikely to be acceptable.

For the airline industry, transport and safety constitute value; each 1s mutually

dependent on, and worthless without, the other. It is taken for granted that the airline
has done everything practically possible to maintain safety standards by proper
maintenance, operations and training. Nonetheless, even following the greatest
advances in airframe designs, and the hardware and electronics in commercial aircraft,
accidents still occur. With each accident, public fears about air safety are magnified,
regardless of the cause of the accident. Moreover, risks in the aviation industry are
usually associated with threats to life and body, so an aircraft accident always attracts a
great deal of public interest, frequently resulting in enormous media coverage and a
high impact on the airline’s performance. The possibility of a serious and costly impact
on business, perhaps including the company’s demise, makes safety an airline’s largest

area of concemn.

Profit (1995) summarised the situation clearly: ‘“Aircraft accident rates are usually
expressed as accidents per million flying hours, aircraft or passenger kilometres flown,
and there has been a dramatic reduction in the commercial air transport accident rate
since the 1950s. However, ... as air traffic is expected to double over the next decade in
terms of annual passenger hours flown, the number of accidents per annum due to all
causes could rise, even though the accident rate remained constant. Hence there i1s a
perception that flying is becoming more dangerous. The downward trend 1n accident
rates must therefore be maintained if high public confidence in air transport safety is to

be sustained.”
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Given the concerns of carrniers in this decade, Hollnagel (1993) claimed that past
accidents should be studied more closely, to see whether something can be leamed that
can prevent future accidents. Maurino (2001) also noted that the most widely used tool
for documenting operational performance and defining remedial strategies is the
investigation of accidents. Fatal or serious accidents/incidents often catalyse the
improvement of a safety system, because a thorough accident investigation can reveal
how specific behaviours, including errors and error management, can generate an
unstable or catastrophic situation. Such events can cause an airline either temporarily or

permanently to change the management of its safety system.

Consequently, the analysis of the behaviour of operational personnel in accidents and
incidents was traditionally adapted to assess the impact of human performance on
safety. Investigators seek to discover the potentially detrimental behaviours of
operational personnel, in order to identify and manage risks. Such investigations of
human performance enjoy the benefit of hindsight. Risk management tools have been

accordingly developed to collect safety information and prevent the recurrence of

identified errors.

However, looking only at data after the fact (i.e. after an accident) is a little like trying
to design a good celebration by focusing on the “sweeping up after the parade™
(Maurino, 2001), and 1s a retroactive approach to safety. The causes of accidents and
the primary contributory factors that are identified through accident investigation do
constitute a form of risk management, especially if the lessons learned are properly
applied. However, so few accidents occur that analysing trends and patterns with such
limited data is difficult. Savage (1999) indicated that another way of preventing the

next accident is needed. One must look beyond the visible manifestations of errors in

designing remedial strategies, to uncover the mechanism that underlies human

contributions to failure (and success) in aviation safety.

It 1s increasingly recognised that organisational risk management requires the active

support of managers and employees at all organisational levels. Effective prevention
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strategies must focus upon the identification, removal or amelioration of systematic risk

factors. The control of operational risk in the aviation system may require greater

proactive intervention by airline management in the future. Reason (1995a) and
Johnston (1996) proposed that proactive and systematic risk management approaches
will be more effective in preventing accidents than ad hoc reactions to individual

failures or, than reactive interventions directed towards individual workers.

Within the airline industry 1n particular, systematic study of the origins of accidents and
incidents have led to heightened interest in the way in which organisations identify and
manage risk. The activities which are thought to represent the term “organisational
accident”, “safety culture” and “proactive approach™ are well documented in the
literature, and have been used to explain the fact that airlines differ in their willingness
and ability to manage safety. However, an important but yet relatively undefined area in
the airline industry 1s to conceptualise the *safety mechanism’ in proactive safety, and

the factors that influence the mechanism.

1.2 Research Objectives

Accordingly, this thesis 1s designed to contribute to the pool of knowledge, by meeting

the following objectives:

2 To evaluate current airline safety management systems and become a reference

text which can be used by academics and industry.

> To investigate retroactive and proactive approaches to safety and their

application within the airline industry.

2 To develop a model for a ‘safety mechanism’ in the context of proactive safety

management.
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2 To venfy organisational factors which affect the safety mechanism, and

investigate the relationship between the factors.

2 To make recommendations concerning how airlines can fit the proposed safety

mechanism model to the industry for the evolution of a safety management

system.

1.3 Thesis Structure

In keeping with the aims of this research project, this thesis is divided into seven
chapters. Chapter 2 1s the literature review and empirical industry analysis. The
rationale behind this section 1s to explore the framework of the airline safety
management system. The results of the analysis serve to explore what has been done 1n

airline safety management, to identify the problem generated from the current system,

and to verify what is needed for the continual improvement of airline safety services.

Chapter 3 states the methodologies applied in the research, such as the interview study
and how the safety survey is designed and conducted, in the thesis in order to achieve
the aims stated in Chapter 1 and the problem identified in Chapter 2. Chapter 4 1s
designed to develop the safety mechanism model and further determine its influential
factors by employing a safety survey. Chapter 5 presents a qualitative and quantitative
study to test the model and the results, including a case study and a survey. of opinions
with questionnaire. Chapter 6 serves to analyse the survey results, to discuss the
structure underlying the model and the implication of results. It also probes into the
applications and limitation of this model. Chapter 7 summarises the knowledge
obtained from this study project as a whole with respect to the development of
proactive safety mechanism, as well as the recommendations for future research areas

to improve airline safety management system.

Figure 1-1 demonstrates the research structure and methods used in thesis.
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Figure 1-1 Research Structure and Methods Used
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CHAPTER 2

Literature Review &
Empirical Analysis

“Disasters do not cause effects.
The effects are what we call disasters.”

~ W. R Dombrowsky, 1995

2.0 Role and Definition of Safety

The primary objectives of an airline are associated with profitability, namely providing
services and receiving monetary remuneration. While flying is widely accepted as an
extremely efficient means of quickly transporting people, cargo or equipment, and
performing a wide range of various other activities, safety 1s not only the compulsory

responsibility of an airline but “safety” also supports airline profitability, for example

through brand image.

However, exactly defining safety 1s rather difficult. According to the Flight Safety

Foundation (1999a): “Safety is an abstraction, and in a sense a negative one - the
absence of accidents and incidents - which makes safety difficult to visualize”. Indeed,
compared with risks and hazards, hazards a_.fei usually easter to 1dentify than nisks, and
thus are easier to measure through practical approaches.

Previous literature defines safety as freedom from danger or risk (Profit, 1995). Prof'J

Reason notes that “safety 1s a dynamic non-event, so we have to work hard to make

nothing happen™ (IFA, 1998). Moreover, McIntyre (2002) argues that safety is more
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than the absence of accidents. Safety is also a goal of reducing the levels of risk that are

inherent in all human activity.

It is a fact that no human activities or man-made systems are absolutely safe. Instead, all
that can be discussed 1s relative safety and acceptable risk. This concept is reflected in
Lowrance’s (1976) argument that “safety is a judgment of acceptability of risk” and the
definition of safety of the International Civil Aviation Organisation (ICAO) that holds
that safety is where: “risks are minimized to an acceptable level”. This ICAQO

definition of safety 1s commonly adopted in the modem aviation world.

2.1 External Impact on Airline Safety

Figure 2-1, developed by Dannatt (2000), 1s used as a guide to understanding the
complexity of the variables that determine the effectiveness of the government
regulation of air transport safety. It illustrates the systematic interactions between
airlines and government, the regulatory agency, airlines, air travellers, the legal system,
the insurance industry, and infrastructure, which, in turn, determine the safety
relationship in the air transport system. The safety relationship concept in this diagram

is found to be useful as a guide to understanding the organisations which exert an

influence on airline safety services.

Most of these organisations in Figure 2-1 have differing, and sometimes conflicting
objectives. However, these relationships also reveal the supply and demand
relationships within this system, which decide the sustainability of the air transport
industry. As atrline services have gone through a period of historical development and
have therefore formed through a process in which professional, political and economic
interests have played a part, there is no easy solution to the question of the right way to
manage airline safety. Therefore, following sections will firstly discuss the external
impact of these organisations which are categorised from all elements in Figure 2-1
including manufacturers, travellers (the public), and regulatory agencies, on airline

safety.
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Figure 2-1 Safety Relationships in the Air Transport System
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2.1.1 Technological Innovation and Its Impact

The most important milestone in the history of aviation occurred in 1903, when the
Wright brothers flew a heavier-than-air craft for almost one minute, thus launching the
era of the power plane (Kuang Fu publishing, 1988). By 1910, numerous aircraft
manufacturers were already in business. Sixteen years after the Wright Brothers flight,
the first scheduled air transportation service was launched in Germany in 1919 (Chang,
1998). However, during this period the development of aircraft engines was mainly

driven by speed competitions and trials rather than human transportation.
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World War I & II further drove the development of aircraft capabilities, and caused
increased attention to be paid to expand their function. It was because military victory
depended on faster speed and extensive damage when belligerent states conducting
offensive military operations In WWI, aircraft were initially used for reconnaissance;
later their combat and bombing role became important in the war (Chang, 1998).
Especially in WW I, in order to control the air supremacy, squadrons of fighters of
belligerent states frequently fought each other or dropped bombs on the trenches when
they could not find enemy fighters to shoot at. Consequently, the aircraft manufacturers
were motivated to develop more advanced fighters to achieve military need, such as

B-17, B-24, etc. Durnng the last few years of the war, pure jets were developed in the

end (Kuang Fu publishing, 1988).

Although in WW 1I, jet engines did not contribute greatly toward overall success on
either side, in the aftermath of World War II, the use and evolution of jet engines not
only accelerated aircraft speed, but also stimulated a boom in civil aviation. The
increased reliability of aircraft stimulated a rapid rise in passenger travel from the
1940s, while cargo transportation grew significantly owing to the development of the
large freighter Boeing 747 in the 1960s (Doganis, 2002). Flying thus became a
convenient and rapid means of mass transportation, which simultaneously created a
global village. In 1976, an even more advanced technology, supersonic aircraft in the
form of Concorde, entered the service market (Kuang Fu publishing, 1988), marking a
new chapter of aviation. With the growing air traffic in recent years, aircraft
manufacturers are competing to develop new aircraft to satisfy more and more air travel
demand, including A380, supersonic transport aircraft (SSTs), Boeing 7e7 etc. In
particular, the 1dea of SSTs 1s to fly as fast as Concorde, but be able to carry more
passengers and consume less fuel and moreover, satisfy strict environmental

requirements (Muir and Thomas, 2003).

Doganis (2002) expressed that: “In the last fifty years technological innovation in air
transport has far outstripped that in any other transport mode.” Particularly in civil
aviation, compared to the era of the piston engine, turbo-prop aircraft have significantly

improved productivity, while the arrival of turbo-jets has dramatically increased speed
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and reliability. Statistics from 1960 to the early 1980s show that the introduction of jet
engines helped to reduce the rate of fatal accidents per 1 million landings from around
50 to 2. In 2000, a new safety figure revealed that big-jet hull loss accident figures from
1991 to 2000 showed a reduction in the loss rate from 1.5 to 1 per million flights; a 33.3

percent drop in the hull loss accident in a decade, which is quite impressive (Learmount,
2001).

2.1.2 The Growing Traffic and Airline Safety

Although the technological developments in aviation were beneficial in aircraft safety
improvement, the increasing size and capacity of aircraft and the speed with which new,
larger aircraft were introduced, created two main problems for airlines, according to the
analysis of Doganis (2002). One is the strong downward trend on load factor, and the
other is the problem of financing the new capital investment. However, paradoxically,
for the last fifty years, the airline industry has been characterised by continued and

rapid growth in demand for its services, given the problems.

The rate of growth of air traffic seems to follow closely developments in the world’s
gross domestic product (GDP), and there would be no slowing down according to the
air traffic forecasters’ (Doganis, 2001). Although air travel growth varied in different
regions, strong growth was evident in the worldwide demand for air travel in the last
decade (IATA, 2001). In this new decade, Doganis (2001a) and Boeing (2001) also
predict that world air traffic measured in Revenue Passengér Kilometres (RPKs) will
grow around 5 percent annually within the next 10 and 20 years respectively. Before

September 11, over the 20-year forecast period, 2001 to 2020, the market is predicted
to be worth $3.1 trillion (Boeing, 2001). |

3 For example, in the 1990s both short-term, like IATA (1998), and long-term forecasts, such as Airbus
(1995), agree with the fact that international traffic would increase steadily world-wide at around 5.5
percent per annum until the year 2000, and remain at 5 percent per annum well into the twenty first

century. This should culminate in the world international scheduled passenger traffic rising to a
forecasted 789 million by the year 2010 (Watkins, 1997).
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With the growing traffic of air travel in the long-term, the demand for safety services is
simultaneously rising. It is because speed and safety are the airline industry’s coin of
value, each a mutuvally dependent value that is worthless without the other. Becker
(1992) revealed, “Public awareness of airline safety issues 1s likely to increase in the
1990s. The growth will 1n part be simply a function of an increased number of
passengers and frequency of travel.” In addition, 1t 1s found at least 30 percent of air
travellers use perceptions of an airline’s safety record as a basis for deciding which
airline to choose; at least 85 percent of respondents would pay more for increased
airline safety procedures. Fifty-five percent of respondents have a clear idea of what
safety information is important and what details they want before choosing an airline
(Becker, 1992). The perception towards airline safety remains an important issue for
the public and the media over these years (Taylor and Hsu, 2001b). In particular, when
passengers consider air travel 1s unsafe, they will choose other modes of transportation
or rather stop travelling. Taking September 11™ the terrorist attack in the US in 2001
for example, although not the fault of the airlines involved®, the strong impact on the
airline industry caused a decline 1in air traffic flow to a large degree and consequently
shook the air transport business to the core®. Also the Gulf war in 1991 had a similar

effect but to a lesser degree.

After September 11%, the forecast of future demand had to be reproduced as a result.
IATA (2002) is forecasting 1n its new interim five-year forecast that the global airline
industry will recover 1n 2003 led by traffic on Europe-Middle East, transatlantic and
transpacific routes. Traffic demand might return as predicted in the long-term according
to the relationship with GDP. Given the homogeneous nature of the airline product
(Doganis, 2002), no matter what the result will be, the demand for safety and obligation
of providing safety services to ensure passenger safety is still a prerequisite of airline

business.

4 Although the argument between security and safety remains controversial, the measure of the former
is for safety purposes without a doubt, which makes it necessary to include in the context of safety
SEIVICES.

5 Global international passenger traffic in October 2001, the month after the September 11 attacks, fell
23.5% (1ATA statistics, 2003). In addition, airlines, like Sabena, Swissair, and Canada 3000 were
closed down; some others were caved by capital injections from their government, such as Air New
Zealand, LOT, etc. By the end of 2001, the airline industry was in turmoil (Doganis, 2002)
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2.1.3 The Regulatory Environment

The roots of today’s aviation safety programmes extend back to the early days of

commercial aviation following World War I (Wells, 1991). In 1919 Paris convention

accepted that states have sovereign rights in the air space above their termtory, and

directed the government intervention in air transport. Since then, the airline industry
subsequently expanded and the regulatory environment was required for improvement.
Accordingly, a framework of international regulation has gradually evolved in response

to the technical, economic and political developments in air transport in the period
1919-1949 (Doganis, 2002).

Prior to World War 1, international aviation issues were mainly agreed by bilateral
agreements between governments. The “Chicago Convention”, signed in 1944, formed
the basis for international standards and recommended practices, and aimed to improve
all aspects of civil aviation world-wide through the providing the framework for the
orderly and safety development of international air transport (Berendsen, 2000;
Doganis, 2002). In 1944, International Aviation Transport Association (IATA) evolved
as a result of the Chicago Convention. The IATA’s members are airlines, the parties
working with the results of agreements on a day-to-day basis (Berendsen, 2000). In
1947, the International Civil Aviation Organisation (ICAQO), based in Montreal, Canada,
became the world authority. ICAO’s standards are incorporated into the programmes of
the authorities, like UK Civil Aviation Authority (CAA), etc. The members of ICAO

are governments who signed the Chicago Convention (The function of ICAO will be

introduced in next section).

The sanction of IATA and ICAO together with bilateral agreements and inter-airline
pooling agreement created a highly regulated operating environment till the 1970s.

Broadly speaking, the regulatory environment contains two kinds of regulations. One is

those which are economic in nature and concerned with regulating the business and
commercial aspects of air transport; the other is regarding technical standards and
regulations, which cover every aspect of airline activity and aim to achieve very high

levels of safety 1n airline operations (Doganis, 2002). Yet in 1979 and the following two
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decades, the gradual liberalisation of the economic regulations consequently affects

international air services. In the next sections, the non-economic regulation

environment will be outlined as well as the repercussions of the economic regulations

on airline safety.

2.1.3.1 The current regulatory environment of non-economic regulation

There have been many other international aviation organisations formed to provide
effective solutions for airline safety since World War II. In Figure 2-2, Berendsen (2000)
portrayed the structure of current regulatory environment in safety. It can be
circumscribed by Doganis’ (2002) non-economic regulations which deal with airlines,
such as flight operations (aircraft airworthiness, performance, etc), engineering and
maintenance, personnel traming and qualification, as well as the third parties, such as

airport and air traffic.

As shown in Figure 2-2, ICAOQ is situated at the top. The underpinning philosophy of
ICAO 1s to have aviation safety directly supervised by national civil aviation
authorities, who adapt the ICAO framework within their countries and assist the
development of practical aspects of the implementation of the Standards and
Recommended Practices (SARPs) 1ssued by ICAO. For example, CAA in the UK has
powers to cover aviation In the United Kingdom, while the Federal Aviation
Administration (FAA) acts in a similar role in the US. Besides, although FAA is a
national civil aviation organisation, 1t can span much of the aviation transport chain.
For example, FAA had launched 1its own “safety oversight” procedures to inspect and
monitor if safety regulations are adequately implemented in certain countries. If the
airworthiness standards are deemed as inadequate, aircraft from such countries will not

be allowed to fly into the US.
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Figure 2-2 Current Regulatory Environment
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In addition to national regulators, Berendsen (2000) explained that the need for
harmonisation has resulted in the formation of several supra-national organisations.
One of the most successful examples within Europe is the Joint Aviation Authorities
(JAA). JAA produces Joint Airworthiness Requirements (JARs). The aim of JAA 1s to
foster the harmonisation of aviation safety across its member States, by implementing
these common regulations and their joint application. Recently, the JAA has worked
closely with the FAA 1n an attempt to achieve some degree of standardisation between
JARs and Federal Aviation Regulations (FARs), with the intention of harmonising
regulations globally:.

[t is worth noting that it 1s up to each state to decide whether it wishes to adopt each
JAR by incorporating 1t into its own legislation, i.e. JARs are not mandatory, which

arguably result in the shortfall of JAA. As such, the need for the European Aviation
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Safety Agency (EASA) seems to be apparent and has been considered to establish since
2002. From 28 September 2003, EASA, with mandatory power, has become

operational for certification of aircraft, engines, parts and appliances. It aims to help to

maintain a high level of safety and environmental protection 1n civil aviation®.

In addition, EUROCONTROL is another successful supranational organisation which
provides regional upper airspace ATC services within Europe, and harmonises ATC

services across its member States (Berendsen, 2000).

There are other groups called Professional Organisations in Figure 2-2. Normally they
are independent, non-profit making international organisations offering international
aviation safety resources. For instance, the Flight Safety Foundation (FSF) 1s known
internationally for providing timely, practical and objective information to its members
and everyone concermed with the safety of flight. Its independence provides the
aviation industry with a neutral forum to meet and identify safety concems, determine
solutions and implement ideas and actions to improve safety on a non-competitive

basis’.

2.1.3.2 The impact of economic regulation on airline safety

The consequence of globalisation, privatisation & deregulation

Traditionally, governments are concerned with many aviation issues. These include
ownership of airlines, regulation of domestic routes and fares, limits to foreign

ownership, etc. and most notably with the safety of air transport.

With the increasing demand and expansion of networks, globalisation and privatisation
encourages nations to adjust to the regulatory environment. Since liberalisation has

been adopted by the US in 1978, followed by key European countries and European

6 Reference from EASA website: http://www.easa.eu.int

7 Reference from FSF website:_http://www.flightsafety.org

W
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Union after the mid-80s (Doganis, 2002; Chang, 2002), deregulation is becoming a

worldwide trend and frees airlines to pursue strategies that offer air travellers greater
value. Many countries have removed restraints within their national boundaries and
revised rules of allowable foreign investment, like the US (Chang, 2002). As a result,
airlines are free to choose where to fly, what services to provide and how much to

charge. Passengers benefit from the offers regarding lower prices and more convenient
flight times (Boeing, 2001).

While airlines now have flexibility to pursue strategies that meet the needs of the next

century’s global community, it also comes with the responsibility of ensuring that each
operation 1s safe. A series of questions such as: Have the risks increased as a
consequence of economic deregulation? Has the deregulated market raised financial

pressures on existing companies causing a reduction in their safety standards? Both

need to be answered.

Research has been carried out to find the relationship between deregulation and safety
performance after deregulation occurred in 1978 in the US. The conclusion reached
after a 1987 conference at Northwestern University was that “subject to conditions,
safety performance does not appear overall to have been impaired by deregulation™

(Moses and Savage, 1990; Dannatt, 2000). Morrison and Winston (1988) support the
conclusion that the secular improvement in safety has not been interrupted by
deregulation because they found a reduction in insurance expense association with
deregulation. Wells (1991) also states “Deregulation is not directly related to aviation
safety, however some industry observers are concerned about its unintended negative
impact.” Some studies generally conclude that while air transport safety has become

safer after economic deregulation in 1978, it might have been safer still in the absence

of deregulation (Barnett and Higgins, 1989; Barnett and Wang, 1998; Savage, 1999).

Although most research results reveal the non-negative aspects stemming from
deregulation, there are still some concerns. Rose (1992) argued that improvements in
airline safety do not appear to have slowed appreciably since deregulation....

Nevertheless, the possibility that regulatory effects may operate with long lags, through
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such mechanisms as reduced maintenance or increased aircraft age, suggests that
scrutiny of aggregate safety performance over the next few years 1s essential. So
Dannatt (2000) pointed out that an important vanable likely to have influenced the
safety outcome was the effect of the safety regulator, and regulation’s effect on safety is
likely to be the outcome of chosen policies, changes taking place in the industry and the

segments of the industry to which they are applied.

However, in terms of safety issues, regulatory authorities have been criticised for being
untimely and unresponsive, and existing frameworks, with local and regional structures,
do not have the flexibility to adapt to a dynamic, changing market place and
environment (Berendsen, 2000). From a 1985 safety review, a task force reported that
the area in most need of improvement was that of timeliness in identifying and
responding to safety issues (FAA, 1997a). In addition, the cost-cutting strategies, profit
coﬁcems, the effect of mergers and alliance between airlines, etc., resulting from the
competitive environment might also cause airline mission and structure to change. As a

result, some regulators have taken action to ensure that appropriate skill levels are
maintained, like UK CAA. Aside from that, regulations and safety action should not be
perceived as a burden by the airlines. It is also of importance to harmonise the

regulation throughout the industry while maintaining adequate scope for competition.

2.2 Airline Safety Management System

2.2.1 Flight Safety Risk

The airline business is a high risk business (Smith, 1996; Doganis, 2002). The airline
industry’s risk encompasses factors such as operation efficiency, industry fundamentals,
competitive position, evaluation of management, financial flexibility, etc. Table 2-1
lists the business risk proﬁlé in the airline business. Due to the geographical range and
complexity of “real-time” operations, the nature of the risk profile in the airline industry

is far wider than most other businesses.
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Table 2-1 Airline Industry Business Risk Profile

T e T P e

Technical Accidents
= Increasing system sophistication - )
Economic Financial exposure (currency, interest, insurance)

Loss of vital systems or information
mpact on value of brand '
Commercial Destructive competition

| Loss of key markets

Denial of access to key markets

— —1_

Impact of legislation or regulation

Political Terrorism or hijack

Requirement to operate uneconomic services
B . ~ Strikes - -
Human Loss of key personnel

Error or iIncompetence
1§ Personal injuries (health and safety risk)

Operation_al Inadequate monitoring of control systems
Lack of control over suppliers
‘Noise e
Pollution

Environmental Congestion

Natural disasters

Source: Compiled from Smith (1996) and Sadgrove (1996)

Within the business risk listed above, risks regarding flight safety, whether technical or
operational types, often attract lots of attention by the public, because these are most
commonly associated with threat to life and limb. The consequences are accidents or

incidents (see appendix A for the ICAO definitions of accident and incident).

Figure 2-3 presents the yearly number of accidents and fatality accident rate from 1950s

to 2003, which reveals two trends since 1990: one 1s the decreasing number of accidents
and the other is the flat accident fatality rate” in fatal aviation accidents’ according to
aircraft accident statistics (Aviation Safety Network, 2003). The former 1s decreasing

owing to the industry having invested heavily in developing advanced technology to

increase aircraft reliability and productivity. However, it’s almost impossible to

¢ Accident Fatality Rate: average percentage of occupants involved in fatal airliner accidents that did
not survive the accidents.
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achieve zero accident rate even with the advanced technology because other factors,

lo . o . o
and environmental factors, can still cause incidents and fatal

like human factors
accidents. If taking a closer look at the fatality rate 1n fatal accidents, it shows that in
average 70 percent occupants didn’t survive 1n the fatal accidents, and the trend seems
to grow upward since 2000. The observation demonstrates that the consequences of
fatal accidents may become more and more massive given the advanced aircraft
capability and productivity. The dramatic nature of aircraft accident not only always
attracts the media and grabs the headlines, frequently resulting in enormous media

coverage' ', but also has become a matter of great public interest and concern.

sometimes resulting in more serious business risk.

Figure 2-3 Annual No. of Accidents vs. Fatality Rate
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9  Accidents are classified into fatal event and non-fatal event. For fatal event, any circumstance where
one or more passengers die during the flight from causes that are directly related to a civilian airline
flight. The fatal event may be due to an accident or due to a deliberate act by another passenger, a
crew member, or by one or more persons not on the aircraft. These events include sabotage,
hijacking, or military action and exclude cases where the only passenger deaths were to hijackers,
saboteurs, or stowaways.

10 Muir and Thomas (2003) state that when discussing passenger safety in very large transport aircraft
(VLTA), also pointed out that VLTA will increase passenger capacity and flight duration, but
emergency evacuation in the event of a survivable crash poses a challenge for aircraft manufacturers
and authorities.

11 For example, data reveal that from 1978 to 1994, the New York Times disproportionately reported
fatal events involving jet aircraft and fatal events in the U.S. or involving US carriers (Curtis, 1997).
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The impact of aircraft crashes with the associated loss of life is important for the public,
who have the power of veto for a particular airline. Not only do crashes cause loss of
human life, they also damage the viability of an airline. The aviation industry tends to
measure the accident rate according to the rate of fatal accidents per 1 million landings.
However, the perceived accident rate of the public, the media and the investment parties
is the number of accidents per month or per year. Consequently, an increase in the
perceived accident rate may result in many airlines suffering financially as the public
refuse to patronise airlines perceived as less safe. These risks can have a serious

commercial impact on the business of certain airlines, and at worst can cause their
demise (Taylor and Hsu, 2001b).

Accidents like the Valulet crash in Flonida Everglades and loss of the TWA B747 off
Long Island (NTSB, 1997) represent the most tragic risk faced by the airline business.

The airlines managed to remain in business but paid a very high price. In other cases,

airlines such as that of Air Florida, which failed to emerge from bankruptcy in late
1980s in the aftermath of a B737 crash in 1982 (NTSB, 1983), were not fortunate

enough to survive (Smith, 1996; ATI). This is the most serious business risk resulting

from flight safety risk.

2.2.2 The Impact of Accidents on Airline Safety Performance

No matter how severe an accident is, the airline performance in terms of company
reputation, airline operation, fiscal problems, safety commitment, etc. will be affected

to some degree. Figure 2-4 was developed in order to 1dentify the influence of accident

on airline performance by demonstrating the sequence of causes, event, effects, and

influenced performance following an accident.-
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Broadly speaking, three main aspects are identified which contains the operation
performance- crisis management, safety performance, and the financial performance-
costs of accidents. The scale of the impact stems from the effects of an accident. The
result of Hsu and Taylor’s work (1999, 2001b) shows that with the growth of
globalisation and integration, airlines face new problems in the matter of accident; most
importantly, lack of planning, training, and preparation will contribute towards greater
financial loss. It leads to the conclusions that the most important influence of accidents
on airline performance 1s the safety performance, and the suggestions for airline

operation and safety improvements.

Figure 2-4 The Impact of Accident of Airline Performance
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Source: Hsu, 1999; Taylor and Hsu, 2001b
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2.2.2.1 Safety improvement and management

One of the problems in the aftermath of accidents is the failure of safety commitment.

What are these safety deficiencies and how to improve them in order to prevent
accidents from recurring are issues that airlines are eager to know. Meanwhile,
following an accident, the public and the media are always desperate to know who

should be blamed, who should take the responsibility and who should make the

improvements.

Figure 2-5 shows “The Safety Trinity”’, demonstrated in the ICAO Accident Prevention

Manual. These are the bases of all activities in aviation safety and also the main causes

of an aircraft accident.

Figure 2-5 The Safety Trinity
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Source: ICAO Accident Prevention Manual

Tracing back the causes of accidents in the early years of aviation, the causes of
accidents were mostly associated with catastrophic structural failures (Machine) or
adverse weather conditions (Environment). Investigators tended to focus on the
technical aspects of the mishap under investigation because the reliability of aircraft
systems was not always guaranteed. There were, therefore, very good reasons for
investigators choosing that approach at the time. Consequently airlines were led to

focus on the technical approach to safety (Taylor and Hsu, 2001a).

When commercial jets became common transport in the seventies, technology reached

a level of maturnity. Accidents caused by hardware failures appeared to steadily decline
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as a result. The attention then moved to the role of human crew (Man) as a result of a
number of high-profile accidents (see Figure 2-6). It became apparent that accidents
were occurring where the primary cause of the accident could not be associated with a
mechanical failure. It was not until then that the science of “Human Factors in
Aviation” was truly born (Taylor and Hsu, 2001a). Safety responsibilities are therefore
allocated to those at the operational end: flight crews, air traffic controllers, technicians
and others. Nevertheless, this view should be changed when the whole aviation system

i1s concerned.

Figure 2-6 Man Causes and Machine Causes
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Source: ICAO Accident Prevention Manual

As Robert W. Sweginnis, a specialist in accident investigation and system safety, said,
“Mishaps normally have both technical and management causes. Technical causes

identify deficiencies 1n the operational system. Management causes identify

deficiencies in the management system which allowed the operational deficiencies to

exist.” (quoted from Aarons, 1998).

Management has great leverage in affecting operational safety within a company.
Through its attitudes and actions, management influences the attitudes and actions of

all others 1n an airline. No one would deny that senior management commitment ranks
among the top requirements, and that good communication, employee empowerment

and a high value placed on safety are also considered to be very important.

In addition, outside the company, regulators and countnies are increasingly recognising
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the role of management in air safety by holding the management accountable for a

serious incident or accident (like corporate killing). Therefore, management must put
safety into perspective, and must make rational decisions about where safety can help to
meet the objectives of the organisation in the light of the impact of accident on safety
performance. As such, the following sections are served to explore the safety

management concept extracted from accident/incident and how these measures act in a

loss control system.

2.2.3 Definition of Safety Management

Safety improvement and management are part of the countermeasures of a loss control
system (accidents/incidents), which result from changed public awareness and

expectation, regulatory changes, and the development of both civil and criminal

liability.

Since safety is a judgment of acceptability of nisk, safety management should be the
technique or practice of managing safety or controlling risk. Overall (1999) points out
that a common definition for Safety Management is “A systematic management of
activities to secure high standards of safety performance”. Akhurst and Vivian (1997)
also put it “Safety Management is a mechanism that could be employed to address the
lessons by providing for effective monitoring and auditing of safety and the allocation
of responsibility and accountability in safety critical organisations.” In other words,
safety management simply involves giving safety the highest priority possible 1n a

safety significant business.

In the airline industry, the exact definition of safety management may vary a little in
different airlines according to their business plans or safety aims. For instance, Bisson
(1997) pointed out that Britannia Airways defines Safety Management as “all those
activities which underpin the safety and worthiness of the aircraft” in accordance with

the strategic safety aim of Britannia - to continue to be safe and reliable airline.

Nevertheless, in the aviation industry, regulatory authorities around the world have
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defined safety management in greater detail. The United Kingdom’s Civil Aviation
Publication (CAP) 712 defines safety management as “the systemic management of the
risks associated with flight operations, related ground operations, and aircraft

engineering or maintenance activities to achieve high levels of safety performance.”

(UK CAA, 2001).

- The definition provided by UK CAA 1s a complex and complete explanation of safety
management in the current aviation industry. It focuses on the nisks associated with
business, not focusing on safety but a lack of unsafe incidents/accidents. Moreover, it
emphasises that management is systematically in association with all nisks stemming
from aircraft-related activities. Meanwhile, it contains the concept of systems for the

management of safety.

2.2.4 System Safety and Safety Management System

A study of systems for the management of safety (System Safety) or Safety
Management System (SMS) raised consideration of the three constituent parts -
management, safety and systems. Edwards (1999) puts it “A company’s Safety
Management Systems define how the company intends to manage air safety as an
integral part of its business management activities. A Safety Management System is
aeﬁned as a systematic and explicit approach to managing risk, and is largely a loss

control management system.”

In the US, the System Safety discipline emerged on the engineering and management
scene in 1962 with the dawning of the space transportation era. System safety principles
emphasise the rigorous development of effective safety rnisk mitigation strategies based
on comprehensive and thorough risk assessment and its management is a long-term,
comprehensive approach that assures that systems and techniques have safety destgned

in from the outset (McIntyre, 2002).

Canadian’s civil aviation authority, Transport Canada (2001b), says 1it: “A safety

management system is a businesslike approach to safety. It is a systematic, explicit and
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comprehensive process for managing safety risks. As with all management systems, a

safety management system provides for goal setting, planning, and measuring

performance.”

The United Kingdom National Air Traffic Services (NATS) began the introduction of
formal safety management system (SMS) in 1991 (Profit, 1995), largely because of the
increasing attention on safety matters and airspace capacity from outside groups,
including the public, the media and Parliament. Profit (1995) states, “A safety
management system is no more than a systematic and explicit approach to managing

safety - just as a quality management system is a systematic and explicit approach to

improving the quality of a product to meet the customer’s requirement.”

In CAP 712, a safety management system 1s defined as “an explicit element of the
corporate management responsibility which sets out the company’s safety policy and

defines how it intends to manage safety as an integral part of its overall business.” (UK
CAA, 2001).

UK CAA also provides an analogy between SMS and financial management system

of a company.

“The features of a financial management system are well recognised. Financial targets
are set, budgets are prepared, levels of authority are established and so on. The
formalities associated with a financial management system include checks and
balances. The whole system includes a monitoring element so that corrections can be
made if performance falls short of set targets. The outputs from a financial management

system are usually felt across the company. Risks are still taken but the finance

procedures should ensure that there are no business surprises.”

Edwards (1999) also provides a comparison of the financial management system and
safety management system (see Figure 2-7). The management of safety should fill a
similar place in the organisation’s management, in the same way that a financial system

deals with the control and use of money, providing a framework for managing one of
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the potential loss generators. In other word, the objectives of SMS are to act as a loss
control system and to be focused on actively managing the key nsks to an aircraft

operator.

Figure 2-7 The Comparison of Finance and Safety Management System

Company Board Establishes

Management & Direction Safety Management

Financial Management System

System

Establishes Objectives

Business plan Safety Plan

& Targets

Set Policy

Targets & Objectives Targets & Objectives

Budget Delivers the business Budget

Raises and Approves Budgets

Accountabilities Accountabilities

Levels of Authority Allocates Resources

Line Management Authority

Procedures

Procedures Management of Major Loss

Generators Makes Business

Checks and Balances Monitoring/ Line checks

Audit -tants Audit

Safety

Committee

Audit Audit Safety
Findings Sheet Findinas Achievement

Profit/ Loss

Profi/ Loss

Source: Edwards, 1999
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2.2.4.1 The Components of a safety management system

The commitment, organisation and assurance of continuing safe operations are

achieved through a SMS. As such, a Safety Management System must be top

‘management led and is a systematic approach to managing all aspects of safety in the

business using a structured approach. Profit (1995) descnibes that in an organisation,
the policies, principles, accountabilities, directives and procedures constitute SMS (see
Figure 2-8). The safety management actions required by the policies and principles are
implemented by directives, as shown by the bubble diagram within the figure.

Directives and their associated procedures can be grouped under the broad headings of

policy issues, incident investigation, safety cases and safety auditing as shown. The
total picture in Figure 2-9 illustrates and rationalises the components of a typical safety

management system in the aviation industry.

Figure 2-8 The Components of a SMS
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2.2.4.2 The characteristics of a safety management system

Researchers and organisations (Edwards 1999; Overall 1999; GAIN 2000; and CAP
712) have provided definitions of the basic characteristics (prerequisites) of SMS.

Common characteristics are:

1. Comprehensive corporate approach to managing safety
2. Effective organisation for delivering safety

3. Robust systems for assuring safety

The top management of the organisation is responsible for establishing the
comprehensive corporate approach to safety, but it will fall to the Chief Executive to
ensure that there is an effective organisational structure below Board level to deliver
safety. Meanwhile 1t is the management’s responsibility to make sure that the system is

robust enough to provide safety assurance.

In reality, these features cannot be presented without the practice of the components of
a SMS. As mentioned in the previous section, the main components of a SMS are Policy,
Principles, Accountabilities and Directives, which appear sequentially but work
interactively. Policy and Principles define the corporate approach and the Board has the
corporate approach shown in the statements. This approach is embedded in the
structure of an organisation and everyone is assigned his or her accountabilities.

Eventually, the structured approach 1s implemented by Directives, and aims to create a

robust system to ensure safety.

In other words, the characteristics of a SMS are the prospects of how the components
work and demonstrate. Therefore, a model is constructed by combining the main
components and characteristics of a SMS (see Figure 2-9). This model presents a more
explicit interaction between these three sequential characteristics of a SMS and other

elements in the proceeding periods.
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Figure 2-9 The Interaction of Characteristics and Components of a SMS

Characteristics Components

Comprehensive l—PoIicy + Principles
- corporate - -
approach tos i) Safety policy statement
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| systems Directives
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safety i Instructions

Source: compiled from various authors

1. Policy and principles: corporate approach to safety

Corporate approach to safety 1s about the involvement of Board/Top management to
show leadership and commitment to safety by clear policy objectives and safety

improvement targets. The “Place™ allowing the Board to show leadership and

commitment to safety 1s “safety policy statements”.

In other words, the Board defines and details safety objectives and intentions for safety

standards. These generic 1deas are reflected in safety policy statements, which enable

M
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management to demonstrate the fundamental approach to managing safety that is to be

adopted in the organisation. As such, the policy statement 1s a vital starting point.

Safety management principles contemplate the policy statements

In the policy statements, safety management principles, decided by the Board to be
applied within the organisation, are fundamental requirements that define the scope of
the SMS. “What is required and what is achievable™ are key questions of the safety

objectives in order to provide a framework for processes to identify safety

shortcomings so that remedial action can be taken (Profit, 1995).

In addition, a safety improvement programme, approved by the Board is an important
and powerful way of keeping the Board’s attention on safety. It forces the Board to
review the safety standards and the development of a SMS with regulatory minima. As

such, a company’s safety statement should include the following:

v'  Safety objectives

Arrangements for the achievement of safety objectives
Flight safety principles

Health principles

Quality principles

NN N N X

Corporate and safety standards

2 Effective organisation for delivering safety versus accountabilities

Edwards (1999) pointed out seven key areas for effective aviation organisations to

deliver safety.

=  Committee/structure for overseeing safety management

= Management review mechanism

s Clarity of line management responsibilities

= Coherent cascade of accountabilities for safety

» Role of Accountable Manager (CEO) and a SMS custodian
« Change management process in place

s Effective company and training requirements
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In accordance with these key points, Overall (1999) presented a relative organisational
structure (see Figure 2-10). The consideration of safety is systematically designed into
the management structure, the committee and business of planning, and operation for

an effective organisation. The objective is to ensure that everyone involved in a

safety-significant role 1s left with no doubt as to his or her individual accountabilities

for safety. The committee is, in the meantime, allowed to oversee safety management

and the management can review mechanismes.

Figure 2-10 The Suggested Organisational Structure
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Source: Overall, 1999
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The coherent cascade of accountabilities for safety 1s from Board level down through
the management structure. Each safety éccountability, within a job specification,
requires certain knowledge, skills and experience. The organisation needs to ensure that

everyone understands his or her individual and collective responsibilities and

accountabilities.

The Board séfety policy committee should have inputs from all the senior fleet
managers and other senior managers of the departments. However, the executive
responsibility for safety management rests with the Chief Executive Officer (CEQO).
The CEO 1s the Accountable Manager and 1s the link between the Board and the
executive. GAIN (2000) defines the Accountable Manager as the person acceptable to

the country’s regulatory authority who has corporate authority for ensuring that all

operations and maintenance activities can be financed and carried out to the standard

required by the Authonty, and any additional requirements defined by the operator.

An airline’s resources are controlled by its headquarter and how the resources are
allocated has a direct impact on the company’s safety management programme. Some
regulators have mandated the appointment of an independent safety expert directly
reporting to the CEO/Accountable Manager of the airline. There are two reasons for
this. One is to enable the organisation’s head to allocate necessary resources on safety

and the other is to provide a Custodian of the SMS when any safety project is planned.
In FAR part 121 (1996), the expert 1s named the Director of Safety while in JAR-OPS 1
(1998), it is called Accident Prevention Advisor who could be the Quality Manager of
the organisation. The exact placement of the safety manager function can vary from
airline to airline, but the cntical elements of access to top management should be

maintained because safety reports can then be assured of the proper levels of

assessment and implementation.

To ensure the safety manager retains a clear and objective view of the safety of the
operation, ideally he/she should have no operational responsibilities, but the incumbent
should certainly have considerable operational management experience and the

technical background necessary to understand the engineered systems that support the
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operation (Profit, 1995). The role of a safety manager is reéponsibility for the
development and maintenance of an effective SMS, promotion safety management,

reporting shortcomings and monitoring remedial actions.

Generally speaking, operational effectiveness will not be obtained without the adoption
of a ngorous approach to identifying accountability for safety, which is exercised

through an organisation’s hierarchical structure of management committees and

meetings, and its consultative arrangements with its workforce.

3. Robust systems for assuring safety by practising directives

The previous corporate approach and organisational structure have helped to build a

basic framework in which to deliver safety. In addition, safety directives, shown in

Figure 2-8, offer the practices to complete the objectives mentioned and assure safety

for a robust system.

Safety directives are instructions or procedures for implementing the SMS after

developing the policies, principles and accountabilities suitable for the organisations.

According to his experiences, Profit (1995) indicates Directives which include:

Incident investigation: internal investigation and major investigation.
Safety auditing: intemal surveys and external review and inspection.

Safety cases: unit safety case, system safety case and facility safety case.

B W b -

. Policy issues: accountabilities, safety groups, safety manual and

organisational change.

No sequence exists for these four directives as long as they are kept to the minimum
essential to implement the SMS. Before the important managerial issue in SMS-risk

management 1s 1ntroduced, there 1s a need to see the link between quality and safety

management.
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2.2.5 Linking Quality with Safety'?

Understanding and recognising quality in the spectrum of civil aviation is important.
From the customer point of view, quality has influence on travel demand and market
share. For both regulators and carriers, the performance of camers 1s of concern.
Knowing the information and position can help to enhance the quality of carriers,
especially when the outcomes of a specific aspect of quality, such as air safety, are

engaging people’s curiosity.

In 1987, after carrying out a study for more than 5 years, Dumas discovered that quality
programmes and safety programmes have the same components, 1.e. successful safety
programmes and successful quality programmes are based on the same solid
foundations (Dumas, 1987). This accounted for the first contribution relating to the
integration of quality with safety (Herrero et al., 2002). Using this idea, Manzella (1997)
affirmed that SMS and quality management system are in need of integrating together.

Figure 2-11 shows that quality and safety principles are essentially the same.

Accordingly, based on the ICAO recommended practice (Annex 6 partl), JAR-OPS
states that an operator shall establish an accident prevention and flight safety
programme, which may be integrated with the quality system, including programmes to
achieve and maintain risk awareness by all persons involved in operations. They
instruct the operator to design and run a “quality system” with its “quality assurance

programme” to demonstrate regulatory compliance. In addition, the ISO 9000

international standards also help to implement quality systems. It offers some useful
advice that procedures should be documented only where a lack of documentation may
detract from quality. Yet it 1s worth noting that the decision as to whether or not it does
detract from quality (or safety) 1s a crucial one and thus one that should only be taken by

a person or committee fully competent to make such a decision.

12 Please refer to Appendix C for the academic background of quality and safety.
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Figure 2- 11 The Principles and Relationship of Quality and Safety

SAFETY VS. QUALITY

Goal: Zero accidents Goal: Zero defects

Incident analysis Event analysis

Written policies, procedures Documented policies, procedures

and guidelines and work instructions

Safety committees Quality circles, employee
iInvolvement team

Employee participation Empowerment

Statistical analysis Control charts, statistical process
control

All accidents are preventable All non-conformances are preventable

Source: Manzella, 1997

In terms of organisational structure, FAA (GAIN, 2000) suggested that the Flight Safety

Officer has a similar position to Quality Manager. When the management functions of
safety and quality are the same, these two positions can be combined in one, as some
airlines do. Also CAP 712 (UKCAA, 2001) indicated that in most small and medium
sized companies 1t 1s expected that the Flight Safety and Quality tasks will have many

common points and there can be no objection to the combination of the roles in one staff

member.
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2.3 Risk Management

2.3.1 Definition of Risk and Risk Management

There are various definitions of “Risk” (Profits, 1995; Janic, 2000; Transport Canada,
2001a) and they are all worded 1n slightly different ways. Yet the underlying concept

remains the same: a chance causing injury or loss. This concept implies that risk may
involve objectively or subjectively known or assumed exposure probabilities in relation
to space, people and time-dependency. And the degree of risk will be based on the
likelihood that damage or harm will result from the hazard' together with the severity

of the consequences. As Paries (1996) states “A risk is the product of a given

probability and a given amount of damage”.

Civil aviation is an activity where four types of risks are present (Janic, 2000).
Identified by Sage and White (1980), these four risks are as follows:

- Real risk to an individual, which may be determined on the basis of future
circumstances as they develop;

2  Statistical risk, which may be determined by the available data on the incidents
and accidents in question;

»  Predicted risk, which may be predicted analytically from the models structured

and relevant historical studies;

2 Perceived risk, which may intuitively be felt and thus perceived by individuals.

To the airline industry, the occurrence of an incident/accident constitutes a known
statistical risk when flying has its inherent real nsk. To manage risk involves the
prediction of risk by anticipating and making changes in equipment when the risk is
perceived. As such, risk management is a technique to manage all these four risks in

this industry.

13 Ahazard can become a risk because of people, procedures, aircraft and equipment, and acts of nature
(GAIN, 2000). Itis an event that has the potential to result in damage or injury.
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Organisational risk management

Risk management relies upon the premise that the likelihood of an event happening can

be reduced. In the aviation industry, risk management is defined by aviation authorities

and organisations as:

% The identification, analysis and economic elimination, and/or control to an

acceptable level, of those risks that can threaten the assets or earning capacity of
a commercial airline (GAIN, 2000).

2 The process of identifying risks, assessing their implications, deciding on a
course¢ of action and evaluation the results. In civil aviation, the term 1s
frequently used in the context of decision-making about how to handle

situations which affect aviation safety (Transport Canada, 2001a).

Modern airlines face a formidable range of risks, ranging from strategic changes in the
commercial environment, through to the adverse commercial impact of accidents and
public relations disasters. Management of nisk is, therefore, the essence of safety
management. Knowing the risks enables resources to be more efficiently allocated to
the concerns, and assessed on the basis of severity and frequency so that effort can be

put into the areas of greatest risk and of significant safety concems.

Risk management activities and the failure to manage risk involve the expenditure of
resources (FSF, 1999a), whether for the airlines or society. In terms of the former,
Taylor and Hsu (1999, 2001a) have identified the impact of accident on airlines’
financial performance and safety improvement activities. It is a truism that effective
organisations actively attempt to manage those risks which potentially impact upon
organisational survivability. That is why Janic (2000) points out that a practical
problem in air transport is how to manage risk and safety. However, the difficult task for

management 1s to determine which risks carry the most potent dangers (Fischoff, 1994;
Hood et al, 1992).

Therefore, a thorough and systematic risk management process should be made

assoclated with resources targeted accordingly, in order to make the best risk allocation.
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2.3.2 Risk Management Process in Safety Management System

As risk 1s manageable, it 1s termed risk management. Global Aviation Information
Network (GAIN)(2000) depicts the system approach to risk management 1s known as
system safety, implying that the process of risk management, which 1s used throughout
industry and commerce, involving identifying work activities and hazards and
estimating, evaluating and controlling the associated risk, 1s the just tool used to
achieve a SMS. International Federation of Airworthiness (IFA)(1998) used to suggest
a safety loop, which 1s a cycle of activities including hazard identification, risk
assessment, risk control and recovery, and feedback in order to implement SMS (see

Figure 2-12).

Figure 2-12 Safety Loop

1. |dentify the
hazards

2. Assess the
risks

Safety

4. Feedback Management

information on

the performance

of these measures

to enable appropriate
organisational
learning

3. Put in place
measures to
control risks (or to
recover if things go
wrong)

Source: [FA, 1998

[n aviation operations, not all of risks can be eliminated; some risks can be accepted and
some can be reduced to an acceptable level. Figure 2-12 demonstrates the sequential
procedures to a robust SMS are the processes by which risk can be identified, measured,
evaluated and controlled so that the highest standards of safety can be achieved. The
whole process follows a logical pattern. The first step 1s to 1dentify the hazards. The
second step 1s to assess the risk stemming from hazardous activities and determine

whether the organisations are prepared to accept the rnisk. The third step 1s to find and

40



Chapter 2 Literature Review & Empirical Analysis

1dentify the defences that can control the risk. The fourth step is to examine whether

risks are appropriately managed and use the feedback information to evaluate

organisational changes.

In other words, risk management is SMS in the making. It is effective risk management

that contribute to the robust SMS. Profit’s (1995) model, previously presented in Figure
2-8 (page 29) which shows a robust SMS can be achieved by maintaining safety levels

(eliminating nisks) through the directives and procedures (practices), provides a

discussion base for the following sections, which will explore these four steps

describing in Figure 2-12 in detail and investigate current risk measures used in the

airline industry.

2.3.2.1 Hazard identification

Hazard 1dentification 1s a systematic examination of potentially hazardous activities to
establish safe, effective procedures and practices. There are many ways to identify
hazards, which might be obvious or latent in operations. The most important thing is
that hazard 1dentification should be undertaken on a frequent basis depending on the

complexity of operations and associated risks. The following are some useful methods

of identifying hazards:

1. Incident/accident investigation

Incident/accident investigations help to find out the causes of mishaps or serious
occurrences. This 1s also classified as one of the most important identification processes
for hazards. As such, this section aims to firstly introduce how accidents are analysed in

order to 1dentify the accident causes and then illustrate the role of incident investigation

on hazard 1dentification.

Analytical methods for accident investigation

An accident 1s always deemed as a failure of risk management and is a brutal eruption

into damage management (Paries, 1996). As such, accident investigation has a clear
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role within the safety process. Accident investigation is the appropriate tool to uncover
unanticipated failures in technology or rare, bizarre events. A proper accident
investigation can reveal how specific behaviours, including errors and error

management, can generate an unstable or catastrophic state of affairs (Ho, 1996; Hsu,

1999).

Ferry (1988) distinguishes over 20 types of accident analysis approaches, including:

 Events sequencing

¢ Known precedent

e All cause/multiple cause

e Codes, standards, and regulations (CSR’s)
 The four M’s of man, machine, media, management
» Re-enactment

e Reconstruction

e Simulation

e Epidemiological

e Hazard analysis documentation

e Inferential conclusions

' Programme evaluation review technique (PERT)

e (ritical path method (CPM)
e Failure mode and effect analysis (FEMA)

e Technique for human error rate prediction (THERP)
e Fault tree analysis (FTA)

 Change analysis

e Management oversight review (TOR)

e . Scenario modelling

e Preliminary hazard analysis

Two most common accident analytical approaches are “Event Sequencing” and “All
cause/multiple cause”. The former is to select the cause initiating the sequence of
events that lead to an accident. The latter 1s to identify the primary cause which is most

responsible for the accident.

Importance of incidents

Although the analytical tools of an accident are many, and experts can use them
successfully to trace the causation, accidents are too rare to provide enough data for

research. Therefore, an incident investigation is called. According to the Heinrich
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Pyramid (see Figure 2-13), for every major accident in a given endeavour, there will be
3-5 less significant accidents and 7-10 incidents but there will be at least several

hundred unreported occurrences (the exact numbers may vary in different airlines).
Figure 2-13 The Heinrich Pyramid

AC d‘:l NTS

INCIDENT

UNREPORTED
OCCURRENCES

Source: Adapted from Hart, 1999

Apart from the reason that incidents outnumber accidents, so they provide more data for
analysis and investigation, there are another two reasons to investigate and study
incidents. Firstly, incidents reveal similar hazards as accidents, but they are not as
severe as accidents and they will not result 1in serious adverse legal or financial

consequences. Secondly, more information 1s available from the people involved (Ho,

1996).

Safety investigation seeks to identify causes of the incident and recommend the
necessary remedial action to reduce the risk of recurrence. For a complex system like
the airline industry, it needs to conduct a more formal and detailed investigation using

an investigation team from a higher formation in the organisation with specific

investigation or technical experience.

2 Incident reporting systems

In 1947, the proneering work of Fitts and Jones in developing the “Critical Incident
Technique™ helped to establish the value of the investigation of incidents. Interviews

and written surveys were used to examine errors made by crewmembers in utilising

W
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cockpit instruments (Nagel, 1988). Their research systematically showed the
significance of poor human engineering in incident generation and accident causation.
Lauber also stated the importance of incident and an incident databases which he
described “...is a veritable gold mine of information waiting to be tapped” (quoted from
Ho, 1996). Clearly, this shows that the incident investigation 1s important but the source

of incident database - incident reporting systems are even more important to develop.

National reporting systems

ICAO Annex 13 recommends to its member States the provisions about the incidents
reporting system:
1.  Therequirement to establish incident reporting systems

2.  Arequirement for the investigation of serious incident.

Some countries have set up their own national reporting systems, for example, ASRS
(Aviation Safety Reporting System) (U.S.), MORs (Mandatory Occurrence
Reports)(U.K.), EUCARE (European Confidential Aviation Safety Reporting System)
(Germény), CAIR (Confidential Aviation Incident Reporting Network) (Australia), and
SECURITAS (The Confidential Transportation Safety Reporting System Program)
(Canada), etc. The quality of their databases is attributed to the cooperation and
provision of airlines, and the information provided by airlines is attributed to the

established reporting system in their companies.

Reporting systems of airlines

The existence and health of a reporting system in a company can create access to top

management and ensure that safety deficiencies are recorded. Reporting systems, such
as BASIS (British Airways Safety Information System) and ASAP (Aviation Safety
Action Partnership) '*, are created for airline operation with two major goals: to identify

safety concern and to provide methods of corrective action.

14 BASIS: Created by British Airways. Gather, categorise and analyse safety information including
incident reports and digital data using modular system. |

ASAP: A joint project between the Allied Pilots Association, the FAA and the American Airlines.

M
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Take BASIS " for example. It 1s used by over 100 organisations for safety management.
BASIS was developed by safety professionals to answer such questions as “How safe

are we?”’, “Where should we put our limited resources to become even safer?” The

modules used contain:

1. Air Safety System

This module 1s used to process flight crew generated reports of any safety-related
incident. This was the original BASIS module and provides analysis in an
exceptionally easy-to-use format.

2. Auditing System

The BASIS Audit module has been designed to store and analyse details of JAR Ops
(Flight Operations, Engineering, and Ground Operations) and Health and Safety audits.

3. Cabin Safety Reporting
Safety incidents in the cabin are now starting to receive the attention they deserve.
Violent, abusive and/or unsafe behaviour by passengers are among the issues that the
aviation industry 1s trying to better understand and ultimately address.

4. Ground Found Occurrence Reporting
Aircraft maintenance plays a vital role in ensuring if aircraft are airworthy for services.
It is therefore essential that reports raised by ground mechanics related to aircraft safety

are taken seriously then stored and analysed 1n a similar way to air safety reports (ASRs)

generated by flight crew. This module was developed to collect and analyse such
maintenance reports.

3. Ground Handling Reporting

There i1s an increased awareness of Ground Handling events within the aviation
industry and this, together with the financial cost of damage and the operational

disruption caused by delays, has made Ground Handling Reporting a key element of an
organisation’s safety management programme.

6. Human Factors Reporting

In safety management the ultimate tool would enable the Flight Safety Managers to

know all the causal factors behind their next incident before the investigator has a
rcason to write a report.

15 Sources are from GAIN (2000) & BASIS website: http://www.winbasis.com/
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7. Maintenance Error Investigation
Before an organisation can hope to tackle maintenance error it must first identify what
maintenance errors are occurring and more importantly why; i.e. what were the
contributory factors? This module uses information derived from an interview process
known as MEDA (Maintenance Error Decision Aid) which was jointly developed by
Boeing and a number of airlines including British Airways.

8. Safety Information Exchange

Users extract and send their data quarterly to the BASIS team. The data is de-identified
at source and merged into one global database which is then distributed to those users
who have contributed data. The merged database is sent out every quarter and contains
incidents occurring during the preceding 12 months.

Factors affecting implementation

To obtain a high degree of incoming reports, the most important characteristics for a
good reporting system should contain three characteristics including Confidentiality,
Anonymity and Feedback (Ho, 1996; Bacchi et al, 1997). Confidentiality is the number
one guideline that must be strictly obeyed in any working place. Confidentiality means
the reporter’s name will only be known by those authorised by the system. Keeping the
reporter’s identity from being disclosed or discussed by the third party should also
receive higher prionty than the reported case itself.

It is also important to inform the reporter as each stage proceeds and assure the reporter
that his/her work is lghly appreciated. Trust in the system must be encouraged by
direct and indirect feedback to the aviation community. Reporters must be allowed to
see the value 1n their programme participation through feedback, which can foster their
willingness to continue reporting their experiences, i.e. feedback must demonstrate

results and value of contributing.

Meanwhile, during the implementation of a voluntary reporting system, a reporter’s
trust 1s the main key to the success of any reporting systems. Bacchi et al (1997) point to
some issues such as programme publicity and the availability of the reporting forms,
saying that cannot be underestimated although publishing the reports is a good way to
enhance the exchange of information. For example, the forms should be designed as

postage-paid and should be available to all potential users. Additionally, the provision

46



Chapter 2 Literature Review & Empirical Analysis

of a structured guide would enhance the quality of the reports’ information and prevent

returned reports being incomplete.

To sum up, if everyone in the company is able to discuss the incidents frankly without
fear of punishment, and have access to the reporting system with confidence, similar
incidents might not occur and future accidents can be avoided. Anonymity should be

the last resort. Freedom from job loss 1s the key. This is the major aim in developing

incident reporting systems.

3. Safety audit

During the 1950s and 60s, safety professionals created a different measure to assess
safety effectiveness - the audit, when problems with accident measures became obvious
(Petersen, 1998). The theory behind the audit 1s: Accidents are either unforeseeable (the
true accident) or unforeseen (oversight). If firms can dictate what actions to take in
order to prevent accidents in advance, it can then measure how well these
predetermined actions are executed. As such, the prime objectives of any safety

auditing are to determine safety standards and enhance safety, according to Hamilton
(1998).

There are various types of audit, such as checklist; yes-no type audit; quantified audits;
and audits that end with scores or points awarded, etc., just like quality management
systems eliminate risks as a matter of routine by objectively examining all aspects of a
unit’s activities that impinge on quality. Auditing means the checking of compliance
with working practices against procedures and standards. It is one of the tools used to

check the quality of safety programmes and 1dentify any hazardous situations.

Safety auditing can be also fulfilled by internal safety surveys, and external review and

inspection because an honest and critical self-audit is one of the most powerful tools
that management can employ to measure flight safety margins (FSF, 1999b). The

methodology of self-audit 1s used by senior airline management to identify

administrative, operational and maintenance processes and related training that might
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present safety problems. The results are used to focus management attention on areas
that require remedying to prevent incidents and accidents. Most of important of all,
Arbon et al, (1990) argue that audits have confirmed that organisations which have
deliberately fostered an attitude of mutual respect between vanous categories of
employees enjoy a higher level of morale, and operational reliability and maintenance

standards.

2.3.2.2 Risk assessment

After identifying the hazards, the next step in the process is to critically assess and rank
risks. Since a general conception of nisk i1s the chance, in quantitative terms, of a
defined hazard occurring, it therefore combines a probabilistic measure of the
occurrence of the primary events with a measure of the consequence of those events
(Warner, 1992), i.e. two considerations are in need: the likelihood of the hazard and the
severity of the consequences. These are reflected in the hazard analysis techniques

introduced below.

Hazard (risk) analysis

Hazard analysis 1s the application of methods to identify hazards and associated risk
(UKCAA, 2001). It is based on prediction, and the accuracy of the results is dependent
on the correct identification of all significant potential hazards, and on the accuracy of
the data analysed (Profit, 1995). This enables defences (risk control) to be developed
and contingency plans to be produced and implemented. There are various techniques
to perform risk analysis. The following are some tools frequently used in the airline

industry (See Appendix D for the details):

Probabilistic Risk Assessment (PRA)
Hazard Mode and Effect Analysis (HMEA)
Fault Tree Analysis (FTA)

Event Tree Analysis

Flight Operation Risk Assessment (FORAS)
Risk Analysis Matrix (RAM)

Risk specific safety index products - performance indicators

N AR WN O~
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2.3.2.3 Risk control/recovery

The essence of this stage 1s to develop and implement appropriate measures to prevent

occurrence (risk control) or to recover if things go wrong (risk recovery). As long as

defences can be 1dentified, risks are under control.

Identify the defences

The objective of the hazard identification is to provide the organisation with a
technique for early identification of the risks to which it 1s exposed. Risk management
requires that once hazards are identified and their risks are ranked, the defences, which

may exist as suitable physical or procedural controls to prevent an unplanned release of

the hazards should be identified. Therefore, introducing the identification of control 1s
to reduce the severity and likelthood of a hazard, to levels of “as low as reasonably
practical” (ALARP). This is obtained by using methodologies for the removal,

reduction, or control of the hazards or the threats that could release them.

Table 2-2 demonstrates some risk control programmes existing in airline operations to
prevent the top two accident causes: CFIT (Controlled Flight into Terrain), ALA
(Approaching and Landing Accident). These programmes are diagnostic tools designed

for remedial actions.

Take CFIT for example. It is described by the Flight Safety Foundation as “When an
airworthy aircraft, under the control of the flight crew is flown unintentionally into
terrain, obstacles or water, usually with no prior awareness by the crew.” It can happen
at anytime during the flight but most often occurs when an aircraft is preparing to land.

CFIT has been a large focus for several years but still remains a large killer 1n aviation.

Studies have shown that the industry could prevent more than 80 percent of total

aviation fatalities by eliminating CFIT and approach/landing accidents (Cooper, 1996).

Several recommendations have been made to ICAO to help control this problem.

Among the suggestions 1s that of implementing Ground Position Warning System

(GPWS). First developed 1n the early 1970s, the GPWS concept was one aspect helping
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to slim down the number of CFIT accidents and 1t began appearing in large aeroplanes
by 1973. ICAO mandated GPWS in the 1970s and today more than 95 percent of the
world’s airline fleet have them installed. Furthermore, the NTSB has encouraged the
use of Enhanced Ground Proximity Warning System (EGPWS) which some of the

major US carriers have begun using on a voluntary basis (Air Safety Week, 2001).

Meanwhile, the use of Flight Data 1s of significant importance. It not only increases
safety by looking for and addressing weakness 1n operation, but also helps management
to make sound decisions and monitors the effectiveness of those decisions. Flight
Operation Quality Assurance (FOQA) data provides a precise record of flight
parameters and crew actions. It 1s a routine downloading and systematic analysis of

aircraft parameters that were recorded during flight either by the crash-protected

recorder or the Quick Access Recorder (QAR).

Table 2-2 Risk Control Tools for Top Accident Causes

Top accident | ‘Analytical programme e
causa Iy ?.' iS¢ a Ay (ﬂSk O!‘a — R et el o BV S & "-?;*Fii?[g;
. _ _ | Stmilar to DFDR (Digital Flight
FOQA (Flight Operation Quality Assurance) Bists Recondes)
TAWS (Terrain Avoidance Warning Systems) |, , ssid. By the and of March
o 2005, the total US fleet will be
1.CFIT [RGEWS (Cahanced Ground Proximity retroitted with TAWS (EGPWS)
(Controlled Flight e * y | Some airlines in the US
Into Terrain) GPWS (Ground Position Warning System)  |implement it on a voluntary basis
already
MSAW (Minimum Safety Altitude Warning)
2. ALA ALAR
(Approaching and |( Approaching and Landing Accident Reduction)
Landing Accident)
TCAS (Traffic Collision Avoidance System)
QAR (Quick Access Recorder) \"Llluqb]c d;ugnmlig tools
3. Oth Providing information from
: €IS normal flights
Precision-like approaches
Services difficulty report

Source: compiled from AIR SAFETY WEEK, 2001 and various journals
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Holtom (1999) stated from a Flight Operation perspective, a FOQA programme could
identify the following:

* Non-compliance and divergence from Standard Operating Procedures (SOPs)

* Inadequate SOPs and inadequate published procedures

* Ineffective training and briefing, and inadequate handling or command skills

* Fuel inefficiencies and environmental unfriendliness

The ultimate aim of FOQA 1is to identify these operational shortfalls so that risk

prevention strategies can be conducted and safety significance events can be avoided in

the future.

2.3.2.4 Feedback & organisational learning

Effective feedback is an important construct if organisations decide to prevent incidents
and accidents. There are two main tasks in this stage according to Figure 2-8 (page 29)
and Figure 2-12 (page 40):

@ Thoroughly document the process and its results (Safety case)

@ Feedback information on performance to enable organisational learning

1. Safety case development

The concept of Safety Cases has been adopted in several industries, such as nuclear,
chemical, rail, air transport and so on as a means to demonstrate safe operation. More
specifically, the safety case is a systematic and structured demonstration by an
organisation to provide assurance, through comprehensive evidence and argument, that
the aircraft operator has an adequately safe operation. It aims to identi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>