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ABSTRACT

The prime concern of actuaries has been always 1life
assurance. Nowadays, their active role is well recognised
in non-life business and has gained more importance.
Nevertheless, they have given aviation insurance the
least of their attention, although the actuarial approach
is highly needed. This could be due to the large number of
different factors that influence this class of insurance,
such as the difficulties of collecting the data, the
revolutionary changes in the aviation field and the number
of aircraft and the risks involved.

This research on aviation insurance aims at achieving
premium rates for airline hull insurance based on scien-
tific approach to and statistical analysis of the avail-
able data.

Technical developments of aircraft, international avia-
tion associations and aviation risks represent the intro-
duction to this research.

The aviation insurance policy, the factors affecting the
premium rates, the general aspects and the model used to
calculate the hull rates in London market will be studied
as well.

This study indicates that the data of each airline is not
by itself large enough to be used to calculate its premium
rate. Therefore the rate for each airline is readjusted
by the market's final result.

Credibility theory will be introduced as a statistical
method for rating.

Its basic concept is similar to that used in the market,
where collateral data is needed to adjust the calculated
rate based on the data available for a particular risk.

The developments in credibility theory will be studied

and introduced for application in aviation insurance
premium rating.
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CHAPTER ONE

INTRODUCTION

The first decade of the twentieth century witnessed the
birth of aviation and the successive years marked its
rapid and dramatic development which included aircraft
technicalities, aviation associations, international

agreements, and the airlines' financial systems.

1.1 Aircraft Technical Development:

Historically hopes and trials for aviation had started
many years before the Wright brothers flew the first
'heavier than air' powered aircraft.

Almost fifteen years later, the engine was developed to
an acceptable technical and commercial level, and the
aircraft was accepted as a means of transport.

During these fifteen years, many aircraft factories were
established e.g. Boeing in U.S.A and Rolls Royce in U.K.

In 1919, following the first World War, the need for
aircraft for fighting and transport, triggered rapid
developments.

The development took place in two main stages:

1.1.1 Aircraft Engine:
Many different engines were tried including the aircooled
radial engine, Junker's engine and the Bristol Jupiter

engine.
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Up to 1939, the speed record figures was 469.142 m.p.h
(German Messerschmitt -Bfl109R) for the maximum ceiling the
recorded figure was 56,046ft (Italian Caproni 161) and

7,158m for distance (British Vickers Wellesley) * *.

The Turbo-props Engine:

In the early 1950s, the Turbo-prop engine was fitted to
the British Aerospace 1-11 to be used as a short/medium
range aircraft with cruising speed 541 m.p.h at 21,000 ft
and 2,500m maximum fuel and reserves. Within the next few
years the Turbo-prop engine was so successful, that other
major companies such as Antonov Bureau, Max Holstein and

others began to use them.

1960 the Arrival Of Jet Power:

In the 1late 1950 's, while the Americans were
concentrating on developing the Piston four engines
aircraft and improving the turbo prop engine, English
aviation leaders were concentrating on developing the jet
engine, which was designed at the end of the second world
war.

One of the first turbo Jjet aircraft was the Aerospacial
Caravel, Which flew in 1960 as a short/medium range
transport plane and in less than two years American
aviation changed to jet power starting a new generation of
jet engine aircraft i,e B.707.

(1) For further reading see, G.Smith (1985) and D.Mondey
1980
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Meanwhile Focker and Lockheed were manufacturing the F-28
which started to fly in 1969, and the L10-11 which started
in 1972.

In 1979, English and French aviation introduced the
faster super sonic aircraft called Concorde with cruising

speed 1,354 m.p.h and maximum ceiling 60,000ft.

The Introduction Of The Jumbo Jets:

In 1969, a new generation of jet power was launched when
Boeing flew the first wide-body jumbo jet B747, with
maximum capacity 452 passengers for 5,988m fuel and
reserves.

Two years later, Douglas launched its first wide-body
aircraft DC-10 with 500 seats.

In Europe, France and Germany established together the
airbus industry and produced the AB-300 in 1970, followed
by the AB-310 in 1983 and AB-320 in 1986. (Bonn 1987)

More recently in June 1987, the airbus industry launched
its new production programme for the long range AB-340, to
be in service in 1992, and the medium/long range AB-330 to

start flying in 1993. ( Mondey 1983)

1.1.2. Aircraft Safety:
Systematic safety is defined as the system that observes
and devolves failure, which might happen in any part of

the aircraft while the engine is in motion.
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Systematic safety was first introduced in 1940-1950. Most
of the early systems were comparatively simple in design
and self-contained. The failure of one part was not
reported to other parts to enable them to adjust to its
effect and consequently enable a journey to be safely
completed.

The arrival of the turbine engine, in the early 1960s,
had profound effects on systematic safety, mainly in
respect of the automatic landing control and the fuel
system. These systems were much more complicated. Also,
there was a considerable increase in the number of
interfaces and cross connections between systems and the
effect of these on the aircraft.

For those early systems, the evaluation of success was
based on their ability to satisfy the Airworthiness
requirements such as, British Civil Airworthiness {BCAR}
and Federal Civil Airworthiness requirements in the U.S.A.

However, the experience proved that these earlier
requirements were too primitive and insufficient to secure
safety. Therefore, it became necessary to have some
basic, adequate and detailed objective requirements
related to the level of safety. These requirements could be
applied to any system or function.

In mid-1980, the Federal Aviation Regulation {FAR-25} in
the U.S.A, and the Joint Airworthiness Requirement in
Europe followed that new approach. Their objective

requirements were supported when necessary Dby
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supplementary material relevant to particular types of
systems. (Lloyd at al'l982)

The development of the aircraft engines from piston to
turbo-prop and finally to turbo-jet, as above mentioned,
was very fast, making remarkable changes in aircraft speed
and maximum ceiling. Also, systematic safety systems

followed to secure these developments.

1.2 Aviation Association and International Agreement:

Many questions were raised on the international 1level
relating to aviation and its development, the aerospace
rights of countries had to be defined and preserved and
the responsibilities of airlines had to be clearly spelt
out. These questions and problems were far beyond the
ability of any individual government or airline to solve.
The international community have agreed to handle these

matters through associations and international agreements.

1.2,1 The International Air Transport Association

In 1919, with commercial air transport in its early
stages of development, the International Air transport
association (IATA) was founded by an agreement of six
European airlines.

The association was formed with the aim of cooperation in
the organisation of international aerial traffic and for
the mutual interest of the international community.

Since the beginning, IATA was known as a free association

of the interested companies, and no attempts were to be
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made to establish monopolies or to divide continents into
spheres of influence.- (Brancker 1977)

In 1939, the association opened its membership to other
world airlines, and in 1947, the association provided for
a new category of non-scheduled operators. Articles of

membership are shown in Appendix 1.

IATA Activities:

IATA was faced with a large number of problems that
needed to be solved. These problems have increased and
become more widespread with the development of
aviation. IATA continued to develop new methods and
ways to tackle these problems and to set up bases for the
various activities and fields such as: technical, finan-
cial, 1legal, traffic control, statistics and research
activities. IATA publishes a yearly statistical periodical
which includes a list of the IATA members, number of
aircraft, flying hours, and number of passengers for each
member.

In the early 1970s, IATA began to discuss insurance
policies and the premium rates that were charged by
insurers to cover the fleets. In 1985, IATA went further
by resolving to launch a captive insurance company named
Airline Mutual Insurance (AMT) (Airclaim 1987). The
company started to operate in January 1987, with a maximum

capacity of 5% from the memberships in hull and liability
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coverage and an aim to increase that share gradually. In
the meantime, the association invited non member fleets to
join it.

The idea behind AMI was to provide an extra capacity in
the insurance market, to increase competition and to put
pressure on the market to reduce premium rates.

The launch of AMI was timely because of the wvery good
accident record of 1986, after which airlines asked
underwriters to reduce premium rates, a request that was
responded to favourably in 1987. Some of the airlines
have already insured part of their fleet through the
IATA company, while others are still considering the

matter carefully.

1.2,2 The International Civil Aviation Organisation:

In 1919, nineteen European nations formed the first
international association called " International Commis-
sion for Air Navigation " known as " ICAN ".

The association aimed at dealing with international
flight problems but its sphere of activity was limited
because air transportation was still in its early stages
of development in Europe.

In 1944, the United States invited fifty five nations
for a conference to be held in Chicago to discuss aviation
problems.

The conference, attended by fifty two countries took

important resolutions regarding a convention tabulating
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the privileges and restrictions of all contracting states
arising from the adaption of international standards.

Also, it recommended practices regulating air navigation,
installation of navigation facilities by member states
and the reduction of customs and immigration formalities.
A main aim of the conference was to establish "The right
to any aircraft of any signatory power to fly over or to
land for technical reasons in the territory of any other
signatory state, also to forbid any aircraft to be regis-
tered in more than one signatory state".

The convention approved the establishment of a temporary
organisation namely {PICAO} to start applying the conven-
tion articles until twenty six states had ratified the
convention.

By 1947, the convention was ratified and a permanent
organisation named ICAO came into existence with the
following aims and objectives " (@ To ensure the safe
and orderly growth of international civil aviation
throughout the world; (b) to encourage the arts of
aircraft design and operation for peaceful purposes; (o)
to encourage the development of airways, airports, and air
navigation facilities for international civil aviation;
(d to meet the needs of the peoples of the world for
safe, regular, efficient and economical air transport; (e)
to prevent economic waste caused by unreasonable
competition; (f) to ensure that the rights of contracting

states are fully respected and that every contracting
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state has a fair opportunity to operate international

airlines; (g0 to avoid discrimination between contracting

states; (h) to promote safety of flight international air
navigation (i) to promote generally the development of all
aspects of international civil aeronautics". (Memorandum

on ICAO 1987)

1.3 Airline Financial System:

1,3.1 Banking:

At the beginning of commercial flying, airlines were
dependent financially on bank loans, since the aircraft
cost and their operation's expenditure were high.

In the mid 1970s, the banks began a new involvement in
aviation, when some airlines sold some of their aircraft
to banks and leased them back. More recently, the airlines
issued new aircraft orders through banks. The new system
was applied and welcomed by both the airlines and the
banks. The banks looked at it as a new profitable
investment field and the airlines have saved the high loan
interest and taxation which the aircraft owner used to
bear

This system might appear simple for the airlines, but for
banks it was not the same, as it needed a complete
understanding of all aspects of aviation, and the risk

protection that had to be arranged.
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In 1987, British Airways started selling its capital in
the shape of public 'shares of which banks have taken a
major part. Also, in 1989 Air Canada was privatised.

Thus, these trends have demonstrated the banks'
increasing interest in aviation, especially in the last

ten years.

1.3.2 Aviation insurance:

In 1911, Lloyd's of London issued the first policy to
cover crash and third party legal 1liability. In 1912, a
group of non-marine syndicates in Lloyd's agreed to share
a part in aviation insurance cover. The small number of
aircraft and relatively 1large losses persuaded the
syndicate to withdraw from any further underwriting. 1In
1914, the first world war put an end to the interest in
aviation insurance. After the war, many companies in the
U.S.A and in the United Kingdom announced a comprehensive
insurance programme for different aviation risks but once
again the 1lack of experience and the bad losses curbed
this programme
After the second world war, a large number of fighter
aircraft were moved to civilian flying. At the same time,
the development in systematic safety and aircraft engines
stimulated fast improvement in aviation insurance. Many
insurance companies mainly in the U.S.A, United Kingdom,
Germany, and France expanded considerably in size and

volume increasing their interest in the aviation field.
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1.4 Purpose of the study:

The purpose of this study is to calculate the pure premi-
um rate for aviation hull insurance. This will involve
investigating aviation risks, aviation insurance policy,
and the insurance market, and choosing an appropriate
statistical method to calculate the pure premium for

different airlines.

1.5 Outline of the rest of thesis:

Chapter 2 provides an introduction to aviation insurance
rating, aviation risks and the types of insurance policy.

Chapter 3 introduces American credibility theory, its
basics and developments.

Chapter 4 deals with European credibility theory,
introducing the Bayesian theory, its approach to credi-
bility theory and the further development of the theory
which led to the Empirical Bayes credibility theory.

Chapter 5 provides an introduction to the data sample,
including the classification of the data into different
groups and the subsequent analysis and fitting of the
data

Chapter 6 applies Empirical Bayes theory to the sample
data from chapter five.

Finally, chapter 7 includes the conclusion and sugges-

tions for further research.
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1.6 SUMMARY:

The development in aircraft techniques, aviation
associations international agreements, and airlines'
financial systems which began early in this century
creates a common need to provide insurance cover against
the risks involved.

In aircraft techniques, the developments in engine from
piston to turbo-prob and finally turbo-jet has led to a
rapid improvement in aircraft range, size, and value.
These developments have brought with them different types
of risk.

The increase in the banking interest in aviation has
developed rapidly.

On the aviation insurance side, owing to the high risks
there were heavy losses in the early stages.

However the development of aviation, the increase in
number of aircraft and the development in aircraft system-
atic safety have brought aviation insurance into being and

affected its course of development.
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*CHAPTER TWO

Aviation Insurance Cover

2,1 Introduction:

Dreams to develop the manufacturing of aircraft to make
them bigger, faster and fly higher have edged into
reality. Each progress and development in this respect
necessitated solutions for new problems, mainly regarding
aircraft safety. So, systematic safety developments have
taken place to mitigate the effect of risks surrounding
the aircraft and to secure an acceptable level of its
operation.

So far, aviation experience has proved that, despite the
efforts to prevent or avoid risks, aircraft accidents
still happen, so risk transfer through insurance is
essential, and risk evaluation is required. This
evaluation requires the careful definition of the risk and

its assessment.

2.2 Risk Definition:

It is important to pay great attention to risk defini-
tion, such as uncertainty of the outcome, the possibility
of loss and the chance of loss.

Until today, there is no universal definition of risk
which can be applied for all different insurance branches.

In aviation insurance, risk may be defined as " Any

situation arising out of an organisation's activities,
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which can give rise to loss, injury, damage, liability or
impairment of growth in social, moral and financial
terms." ( Muckleston 1977)

However the following risk concepts should be fulfiled in

the risk definition:

A The definition should be concerned with the
possibility and the chance of loss arising after all the
necessary measures taken to avoid the damage.

B) It should define risk as an objective proba-
bility, that the actual occurrence of an event will differ
significantly from the expected one.

(©) It should indicate the outcome in financial
and non-financial terms.

In the above risk definition, concept (C) has been fully
covered but for concepts @) and (B) the definition did
not fulfil these concepts.

Identifying the risks in insurance is prerequisite. It
represents the first step which is followed by classifying
them into groups. This enables the insurer to estimate the
size of each risk and the chance of loss and to measure
the equivalent pure premium to cover the risks.

In aviation insurance, the term "Aviation risks" could
include War risks, Manufacturing risks and aeroplane
operation risks. Accordingly, Aviation risks ought to be
classified into groups and the insurance policy is issued

to cover a specific group of risks.
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2.3 Aircraft Types And Their Operation :
The study of aviation hull risks requires a
classification into aircraft types, type of use, aeroplane

operation.

2.3.1 Aircraft Types:

There are two types of aircraft (a): Lighter-than-air
craft (@) : Heavier-than-air craft.

In general, the term lighter-than-air craft includes all
types of aircraft that depend upon the buoyancy produced
by the gases with which they are inflated, the kite,
balloon and airship are examples of lighter-than-air
craft.

To define Heavier-than-air craft, it may be advisable to
explain the natural forces surrounding the aircraft body:

(@ Gravity: the name given to the downward pull,
which forces all bodies towards the centre of the earth.

) Lift: is an upward force, which counteracts the
pull of gravity produced by the action of air passing
around an aircraft section such as the aeroplane wing.

(c) Drag: is the backward force, produced by the
resistance of the air against the plane.

(d Thrust: is the forward force produced by means of
power to overcome the force of drag. ( E1L Din 1978)

The action of the four forces in relation to flight may

be summarised as follows; aircraft engines have to develop
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a sufficient thrust to exceed the drag, meanwhile, the
aircraft wing must generate enough lift to exceed the
force of gravity, so that the aircraft can fly.

In general, whenever the aircraft is designed to deal
with these four forces it is named a heavier—than—air
craft, such as the helicopter, seaplane, flying boat and

aeroplane.

2.3.2 Categorisation By Usage:
According to this categorisation aircraft are classified
as follows:
(@ Military aircraft, which include fighters and all
military transport, passenger, and training aircraft; and
(o) Civilian aircraft, which are used for different
purposes like agriculture, training, air taxi and airline

scheduled services.

2,3.3 Aeroplane Operation:
Airplanes operations are usually classified as follows;
(&) ground operation, that includes aeroplanes in
hangars, parked in the open and taxiing.
B) air operation, that includes take-off, landing and

during flight.

27



Table (2.1) shows number of classified accidents

according to aeroplane operation

Table (2.1)
1 1 1 1
Year | Number of| take-off & 1 during | accidents
1 accidents I landing 1 flying | on ground
1 1 1 1
1 1 1 1
1983 | 63 | 45 i 11 1 7
1 1
1984 | 68 i 35 1 16 I 17
1 .
1985 | 65 i 36 1 16 | 17
1 1
1986 | 56 i 36 1 11 i 9
1987 | 71 % 50 1 12 | 9
1 1
1988 i 54 i 43 1 11 i =
1989 | 62 | 39 i 15 | 8
1 1 1 1

From the table can be seen the concentration of
accidents during the take-off and landing *

The classification according to the aircraft types and
their operation shows the different types and their
diversity of usage.

This research is concerned only with the heavier-than-
air planes, used in scheduled services, and the risk
involved in their operation.

2.4 Aviation Risks:

According to the above points, aviation risks will be
classified as follows;

(1) Some of the accidents were caused by engine failure or
other reasons during flight, forced the aeroplane to land.

Where the crash was during landing, it has been classified
under landing.
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Bad weather

- Risk on - Runway risks
the ground
-Accumulation of
risks
-Stalling
speed
Aviation risks- -Airplanes -Airplanes
hazards —-——  equipment
failure
-Type of
engine
-Airplanes
construction
- Air
operation
risks—-— -Human error
-Icing

-Weather and

geographical -Bad

area—— > weather
-Wind storm

Mountain
-Other risks - range

It should be noted that, war risks are not included in

this risk clssification.

2.4.1 Risks On The Ground:

Although the chance of risk in flight is the most likely
one, the chance of some risks on the ground still exists
For example ; (A) Bad weather, such as strong winds,
hailstorms and sand storms could cause a lot of damage
especially for an aeroplane parked in open areas. The

hailstorm at Munich
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airport on 12th July 1984 is a good example. *

(B) Runway risks, Although the development in airport
traffic control has achieved a high level of security for
aircraft while taxiing, the chance of collision is still
possible. An example of this is the Tenerife accident of
27thMarch 1977 12) .

Also, in operation runway lights and conditions could
lead to accidents.

© An Accumulation of risk, e.g aeroplane collapse while
under tow, fire inside the hangars, earthquake, typhoon or
flood might lead to high losses especially in busy

airports.

2,4.2 Air operation risks:

() Airplane hazards:

(I) Stalling speed: This is the minimum speed to support an
airplane's 1lift. If the aeroplane speed falls below that
minimum speed at any stage of flight, the gravity will be
greater than the lift and will pull the plane down. The
minimum speed varies from one aeroplane to another accord-
ing to its weight. For example, a very 1light aeroplane

requires 30 air miles per hour to fly, while that speed

(1) In 12-7-84 a severe hailstorm at Munich airport
caused damage to 24 parked aeroplanes, it is believed that
the airport didn't succeed in warning the airplanes'
owners. (AISL 1984)

(2 Two B747s operated by KLM and Pan American crashed on
the runway. The cause of the accident was a combination of
pilot error, airport tower error and bad visibility. (AISL
1977)
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increases to 150 air miles per hour for a heavy aeroplane.

The risk of failure to reach the stalling speed is
greater during the take-off *

(II) Aeroplane equipment failure ;

Aeroplane stability during its operation could be affected
by any failure in the aeroplane equipment, e,g doors,
anti-icing systems, auto pilot, radio systems and radar.

One of the major factors that increases the aeroplane's
equipment failure is the age. A study of the age of
aeroplane involved in accidents during twenty years is
shown in Fig (2.1). This shows that the average age was
less than six years for airplanes involved in accidents
in the years from 1965 to 1975, whereas it was between six
and fourteen years for the period that followed up to year
1985. That indicates the development and progress that
took place in durability and age factor.

Aeroplane age on its own does not in general contain all
the information related to the hazard. Other factors
affecting the depreciation of the machine, such as number

of takeoffs and flying hourshave to be considered.2

(1) On 18L”"Sep 1984 a DC-8-55f operated by AECA was re-
ported to have lost power on take-off and crashed into a
church at Quito. (AISL 1984)

(20 Aeroplane's age was fixed by using the manufacturers'
delivery date, which is the date the new aeroplane was
delivered to its first operator, and the accident date.

(3 In the U.S.A a large number of the flights are short
trips, especially the internal ones which produce larger
number of takeoffs and landings, while in Australia most
of the flights are long trips recording larger number of
flying hours. (IATA 1987)
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Year .

Fig 2.1 Average aeroplane age for
the accidents from 1965 to 1985.



(I11) Type of engine. As discussed in chapter one, the
aeroplane engine has-passed through many developments
until the turbo-prop and the jet engine were manufactured.
Today, Jjet aeroplanes represent the vast majority.
Figure 2.2 represents a comparison between number of jet
and turbo-prop aeroplane and the total loss accidents for
each type of them, while the percentage of total loss to
number of aircraft were calculated and represented in
figue 2.3. From the two figures 2.2 and 2.3, it can be
seen that the number of jet aircraft has increased faster
than the turbo-prop, meanwhile the the percentage of jet
total loss were less than that of the turbo-prop

The development in jet engines has led to higher
aeroplane speed, a wider range,a higher service ceiling
and a larger number of passengers. These factors have
affected the chance of losses by adding new risks, for
example the need for long runways, and risks either when
the aeroplane is on the runway or during high altitude
flights.

Meanwhile, developments have improved aeroplane
systematic safety and so reduced the chance of engine
failure.

Also, the new jet aeroplanes have affected the size of
risk as the price of a jet aeroplane is much higher than
that of a Turbo-prop.

Table (2.2) demonstrates the development in jet aircraft

and its prices. It include a list of different types of
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Number of aircraft

—— 9--- Jets in Hundred
Jet T/L
—_—— - Turbo-Prob in Hundred

Turbo-Prob T/L

Fig 2.2. Number of Jet Aircraft in Servivce and their TL.
and Number of Turbo-Prop Aircraft in Service and their TL.

Source of data: Brokerage insurance company.



Figure 2.3. Percentage of Jet Total Loss to number of Jet aircraft and
Turbo-prop Total Loss to number of Turbo-prop aircraft.

Year.

fo R Jet Total Loss.
e Turbo-Prop Total Loss.



AIR CRAFT

TYPE

B7 07
A.S.
caravel
DC- 8
HS .COMET
CONVAIR
/880
B727

H-S
TRIDENT '
BAC 1-11
DC- 9

B7 47

F -28
DC- 10
L10-11
AB- 300
CONCORDE
B757
B767
AB-310

Ifirst|

1fly IRANGE
I19581 L
I 19591 S-M
1 1
I19591 L
I 19591 -
119601 M
1 1

I 19631 S-M
I 19631 S-M
1 1

I 19651 S-M
| 19651 S-M
119691 L
I19691 M

| 1971| L
1 1972| L
I 1974| L
I19801 L
1 1982| S-M
| 1982] M
I 19831 M-S
I 19831 S

Source of material :
1- Lloyd's aircraft
2- Concise guide to

TABLE

(2.2)

THE DEVELOPMENT IN JET AIRCRAFT.

| MAXTMUM
| SPEED

|627 mph
|513 mph
1

| 600
I

| 616
1

|632
1605
1

1541
1575
1602
|298
|564 mph
| 605 mph
|566 mph
| 1354mph
|528 mph
|506 mph
|414 mph
|500 mph

mph
mph

mph
mhp

mph
mph
mph
mph

SERVICE
CEILING

39, 000ft
25,000ft

30,000£ft

41,000ft

30,000£ft
30,000£ft

25,000ft
30,000£ft
45,000£ft
29, 500ft
30,000£ft
30,000£ft
'25, 000ft
60,000£ft
38,400ft
39,000£ft

30,000ft

1
IPASS|

1147
1 50
1
1-—
192
1160
1

1 -—-
1100
1
1119
1132
1452
144
i 500
413
1351
1100
1224
i289
1234
171

1

types and price guidelines
commercial aircraft of the world

NO OF
ENGIN

4
2

[ -

BNNNBENWWNDNBAENDN w w

(1987) .

| FUEL
| RESERVE

—H—H—R—H—— HHR HHER HR HR R—

5,755m
2,153m

4,500m
5,400m

2,303m
2,500m

1,865m
2,0 65m
5,988m
1,197m
7,490m
5, 683m
3,685m
4,090m
2,380m
3,200m
2,110m
1, 647m

1 RANGE OF |
1 PRICES US $|
IN MILLION |
10.1 1.5 |
1 no price I

1

1 0.5 RS

1 0.75 %.ﬁ
10.1 1.5

1

12.0 17.5 |
10.75 1.5 |
1

11.0 3.0 |
13.0 12.0 |
1 16.5 123.01
12.1 12.0 |
118.0 23.0 |
1 10.0 32.0 |
118.0 66.0 |
1 no price |
145.0 58.0 |
136.0 68.0 |
159.0 70.0 |
1 23.0 41.6



jet aircraft and the range, maximum speed, service ceil-
ing, number of engines, fuel reserve and price for each
type.

From the table it can be recognised the sharp
developments in Jjet aircraft especially the Concorde
aircraft.

In terms of number of passengers the DC-10 is capable of
carrying 500 passengers.

In terms of aircraft maximum speed and service ceiling
Concorde has reached 1354 m.p.h and 60,000 ft service
ceiling.

While in terms of prices the B747 has been evaluated at
$123.0 million.

(IV) Airplanes' construction:

The majority of the new Jjet aeroplanes “%* have been
designed 1locating their engines down the wing where the
fuel is stored.

From the insurance point of view, a greater risk could
face the aeroplane due to that design, especially in the
case of a belly landing or the engine catching fire.

(B) Human error:

Human error is a main factor that may result in disas-
ters. Despite the minimum technical qualification rules

for pilots, errors of judgment and mistakes are still made

(1) The B707,727,737,747,757,767, DC-8, AB300 and AB310
are example of aircraft where engines are 1located down
the wings
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by the pilot who is responsible for the aeroplane, passen-
gers and crew.

Cockpit crew members have an important role to play in
supporting the pilot during flight. Because of human
nature the chance of making mistakes is there causing

disaster as well.*

(C) Weather and Geographical area:

Aviation accidents reports have proved that bad weather
was an effective factor in aeroplane accidents.”

In some of the accidents weather was the main cause,
while in the others it represented an additional factor
that increases the risk. It takes different shapes as
follows;

l1- Icing. The main risk of icing is when it builds-up
over the wings, changing the wing shape and adding extra
weight to the aeroplane.

Another risk of icing is the ice forming on the aircrew
blades or in the carburettor, thus reducing engine power
output. (EL-DIN 1978)

2- Bad visibility. Bad visibility produces great risk to
the aeroplane especially during take-off and landing.

(1) On the 24+ of January 1979, A Nord 262A operated by
air Algeria experienced an accident. The report was "While
on final approach the aircraft struck the ground about
15Km short of airfield. Possible factors were, failure to
comply with prescribed procedure, 1lack of crew co-
ordination, faulty functioning of the pilot's altimeter
and crew fatigue". (AISL 1979)

(20 On the 21st of June 1982 a B707 operated by Air India

experienced an accident. The report was "Left the runway
after attempting to land in very heavy rain". (AISL 1982)
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3- Wind storm and Sand storm. Severe risks are presented
by the violent pattern's of weather, which are not easy to
predict by weather forecasting, even in those places where
weather forecasting is well covered.

4- Mountain ranges. Usually mountain ranges are well
identified, and the minimum flying altitude over the
mountains are fixed. A combination of bad wvisibility
with ice formations over the mountain can produce a new
risk.”

(D) Other risks:
There are some other risks which could face the
aeroplane during flight like a bird strike” , which can

cause serious damage to the engine.

2.4.3 Aviation Risk Characteristics:

From the early study of aviation risks and accident
reports the following risk characteristics could be noted:

1- There are multiple causes of most of the accidents.

2- According to the previous characteristic, classifying
accidents according to the cause of loss and measuring
the probability of a loss is a very difficult task.

3- In general terms, aviation hull risks produce high
losses.

(1) On the 1sL of August 1980 a DC-9 operated by Aeromex-
ico experienced an accident. The report was "Struck a
mountain at about 8000ft, approximately 40Km from Zihua-
taenjo ". (AISL 1980)

(20 On the 4thof Sept 1985 a DC-10 operated by KLM expe-

rienced an accident. The report was" Bird strike during
climb out from airport". (AISL 1985)
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4- Aviation risks are affected by the developments in
airplanes' design and -its safety system. For example, some
of the risks such as icing have been reduced by using

anti-freezing systems.

2,5 Aviation Insurance Contract:

In aviation insurance, as in marine insurance, there is
no standard form of policy to be used for the different
airline risks.

The practice in the London market is to place the risk
contract in written slips or policies. It is worth noting
that the aviation contract varies according to the
covered risk and sometimes it varies according to the
insurers themselves. However, there are two policies
frequently used in the London market i.e the Lloyd's
Aircraft Policy and the Aviation Insurance Offices
Association Policy (A.I.O.A ).

The Lloyd's aircraft policy will be taken as a base for
the study while comparison will be made to show examples
of the differences and extra covers that could be
provided. It is worth noting that the main concern of this
research is the loss or damage to the aircraft section.

2.5.1 The Lloyd's Aircraft Policy

Loss or Damage to Aircraft:

According to the policy, the underwriter has the option

to pay for replacement or to make good the accidental loss

of or damage to the aircraft from whatsoever cause arising
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whilst the aircraft is in flight, taxiing, on the ground
or moored.

This option is only avilable to the underwriter for
choosing between the methods of settling the claim, having
the right to enquire with the insured if they wish.

The policy lists the covered operations, followed by the
underwriters' right not to be liable for the cost of
making good any element of" wear and tear" for any of the
aircraft parts.

It excludes any loss or damage to the aircraft by bur-
glary, theft, larceny or malicious damage, if it were
caused by a servant or agent or person under the as-
sured' scontrol.

Sometimes, the insurance contract is written on an agreed
value basis in place of the market value.

In the case of aircraft total loss or constructive total
loss, the policy deletes the above option giving the
insured the right to claim the agreed value as described
in the policy schedule while the liability of the under-
writer under this section will be restricted by the agreed
value as a maximum, less any amount to be borne by the

assured.

General Exclusions
The policy has a number of exclusions that can be

summarised as follow:
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(I) There is an exclusion for illegal use, for any
purpose other than that stated in the policy or out of the
agreed geographical limits. But, if the aircraft needs
salvage services, or in the case of force majeure the
policy risks are held to be covered.

(II) There is an exclusion for aircraft flown by any
person other than those mentioned expressly, or by
implication, in the policy.

(ITI) There is an exclusion for aircraft being
transported by any means of conveyance. An exception to
this is that the required transportation after an
accident would produce an admissible claim.

(IV) As the standard insurance policy covers the normal
flying hazards, any abnormal flying which causes an
increase in risk will be excluded.

(V) War risks are excluded. These would usually be
insured under a special policy.

(VI) There is an exclusion in the case of any other
policy covering the same subject matter. An exception
would be if the other policy does not cover the whole of
any claim.

(VII) There is an exclusion in the case of any damage
done by the insured or any person under his control acting

within the scope of his authority.
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Warranties :

The policy includes two warranties. Firstly, the insured
should comply with all airworthiness requirements and take
reasonable steps to ensure the aircraft safety during
every flight. Secondly, no insurance additional to the
policy should be affected during the currency of this
policy except, (&) Insurance on terms and condition
identical with those contained in the policy; (B)
Insurance for total loss only up to 10% of the value of
the aircraft.

General Conditions:

The general conditions in the policy are the terms to
secure the insurer's right during the period covered by
the policy; for example, the insured must duly observe all
the policy conditions, the insured must take the same
protection as if he were not insured, the insured must

protect the aircraft in the event of loss.

Schedule :

The Schedule is to be used to list the following risk
details: the purpose for which the aircraft is to be used,
geographical 1limits, pilot information and aircraft de-

tails .

Definitions :
The main intention is to dispel any misunderstanding

regarding the main terms, for example the flight, taxiing,
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moored, ground, accident definition. Appendix ( 2 ) shows
the Lloyd's aircraft policy.
2.5.2 The Aviation Insurance Offices

Association Policy (A.I.O.A):

The A.I.0.A policy follows the Lloyd's policy in the
general lines and differs in a few respects.

In the section covering loss or damage to the aircraft,
the policy provides cover for the temporarily standard
component parts to be used for aircraft being overhauled
or repaired, which is not included in the Lloyd's policy.
While the A.I.0.A policy excludes hydraulic breakage or
breakdown, the Lloyd's form does not.

The policy covers the cost of removing the aircraft to a
safe place after the forced landing even if no damage has
been sustained, while the Lloyd's policy does not cover
that cost. In the general conditions, the A.I.O0.A policy
also provides up to 10% in addition to the sum recoverable
by the insured for the repairs for any action necessary to

protect the aircraft after the accident.

2.6 The General Aspects In London Market:

The London Insurance Market accepts the two policies and
uses them widely. Two main aspects are well recognised in
the market.

The first is to consider the aircraft engine as a complete
entity. According to this fact, the underwriter will not

be liable for any engine mechanical failure under any of
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those policies. Whenever a part of the engine fails during
any of the aircraft'-s operation, the damage would be
excluded. An exception would be in the case of engine
failure causing damage to the aircraft when the damaged
part from the engine would be covered. The other exception
is in the case of total loss or engine damage as a result
of any risk other than mechanical such as a bird strike or
a crash in which case the damage would be included.

The second issue is to fix minimum excesses to be borne
by the insured.

For example the following minimum excesses have been
applied for 1988 ;

Wide Body aircraft Whilst in flight, taxiing or

loading passengers 1% of value

subject to a minimum of U.S
$ 1 000 000 for each claim.

Other Jet Aircraft Whilst in flight, taxiing or
loading passengers 1% of value
subject to a minimum of U.S
$ 500,000 for each claim, and
for groun risks subject to (other
than loading passengers) a
minimum of U.S $ 100,000 for each
claim.

2.1 Placement procedure in London Market:

Placing the risk in London Market usually takes the
following steps.

Firstly : The insured being an airline or an insurance

company approaches the broker to handle the cover.
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The broker collects the required risk data and
information to fill the proposal form and the cover slip.

He presents the slip to a leading underwriter, usually
one who possesses the reputation in that type of risk.

The leading underwriter carries the responsibility to fix
the premium, after studying the risk and negotiating the
conditions with the broker.

The following model of fixing the rate, is used

(Total claims) . (1 + K%)
Rate =

Average hull value during 3 or 5 or 7 years.

That model includes two important points. The first one
is the experience period. Usually a three, five or seven
year period is used. The importance of this point appears
for example in the case of an insured who faced bad losses
during the last three years while his record before that
was good. In such a case it will be to his benefit to
increase the experience period to five or seven years in
order to decrease the rate.

The second point is the maximum or the minimum percentage
to be added to total claims. This percentage is fixed by
the leading underwriter according to the claim experience
of the fleet.

The other formula often used is described as "70/30 or
80/20". This standard formula is used in case of the
insured altering the aircraft wvalues, so the rate should

be divided into two parts, to cover the total loss of the
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aircraft and any partial loss. An example explaining this
model is shown in appendix 3.

After calculating the rate on these bases the 1leading
underwriter readjusts it according to two important
factors i.e., the condition of the market and the
airline's position.

The broker approaches other underwriters at Lloyd's or
in the market, to complete placement. Each will sign for
his share of the risk without any further negotiations for
the rates, the terms or the conditions of the cover.

Once the risk is fully subscribed, the broker prepares
the policy, informs the policyholder and collects the
premium. Appendix 4 illustrates these procedures.

Meanwhile, the broker plays the same role in the case of
any change in the risk” which requires a change in the
risk cover. Also in the case of loss, the broker takes
all the required steps to collect the claim as
intermediary. Appendix 5A & 5B shows the steps the broker
takes in case of any change of the risk cover and in case
of loss. However, placing the risk as mentioned above
brings up two questions, 1i.e.

What are the main factors that affect the rate ?
What is the result of applying the current rate

model *?

(1) Examples of changes in the risk could be, buying or
selling some of the fleet's aircraft, or flying over a new
geographical area not listed in the policy.
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These questions are considered in the following para-

graphs .

2.7.1 Factors Affecting The rates :
The factors affecting the rate which the 1leading
underwriter takes into consideration could be classified

as follows.

2.7.1.1 Factors related to the airline:

These factor are mainly:

() The airline's previous experience, which includes
claim frequency and claim severity.

B) New aircraft, which would involve either the airline
flying a new type of aircraft with no experience for that
type before, but known in the market or the airline flying
a brand new model or generation with no market experience.
The leading underwriter would take into consideration the
airline size and its experience in flying different types
in assessing the premium rate. Large fleets are assumed
to have skilful pilots and satisfactory systems of train-
ing .

© Change in the number of aircraft from one year to
another within the fleet, which affects the airline's
experience record in terms of claim frequency . Changes
can also occur as a result of buying, selling, leasing,
having Jjoint airlines on one insurance policy, or

splitting compound airlines into smaller ones.
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(D) Market pressure made by the airlines to reduce the
rates or ensure no-claim bonus. That pressure could be
exercised by the airlines individually or collectively
through IATA as explained befor.

E) Risks to be covered especially the geographical
areall The study of the Lloyd's policy and the A.I.O.A
policy in the earlier section shows some of the extra
risks that could be provided which require extra premium.
Special attention is paid by the underwriter to the
geographical area. Although the majority of the airlines
have a world-wide geographical 1limit, some areas are
still taken into account, as they are exposed to constant

bad weather.

2.7.1.2 Factors related to the market and underwriters:
Underwriters are usually concerned with the following:

1- Adequate premium to cover the risk and other extra
cover expenses.

2- The deductibles borne by the airline.

2.7.1.2.1 The market capacity:

In general the market capacity is identified as the
subtotal of all the underwriters limits.

In aviation insurance, underwriting limits vary from year
to year according to the market result. After profitable
years, underwriters retain profits to increase the reserve

for unexpected loss and to increase the capacity for
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future bussiness which it is hoped will generate future
profits, this helps to increase their underwriting lim-
its. Also the

profitable market encourage other underwriters i.e marine
underwriters to underwrite in aviation. Accordingly after
profitable years, the market capacity increases and vice
versa. These fluctuations will have an effect on the final

premium rate.

2.7.1.2.2 The competition among insurance markets:

The London aviation market is considered to be one of the
largest insurance markets in the world. Its capacity is
able to absorb a large fleet policy without any need to
resort to other markets. In 1991, the estimated maximum
world aviation insurance capacity was 200%, while the USA
market presented 40%, the European markets presented 60%
and other world markets presented 10% of this capacity,
London aviation market (including the Lloyd's) presented
90%. (Aviation research centre 1991)

However, the competition between the London market and
the other aviation markets (for example, France, Germany,
U.S.A) to write the business represents a pressing factor

that will affect the premium rate.

2.8 Results of applying the current method of rating:

To indicate the result of applying the current method of
rating both the changes in the gross hull rate” and the
underwriters' final results will be used.

(1) Gross rate: Rate inclusive of commission..........
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2.8.1 Changes in the gross premium rates:

During the last few years, the aviation insurance market
has experienced high fluctuations in the gross premium
rate. To analyse the changes in the hull rate, The IATA
members have been chosen as a sample to represent world
fleet airlines. Data of 91 airlines were collected, mainly
the premium rate for each airline for the period from
1982-83 up to 1986-87. The 91 airlines were classified
geographically into five different groups. The changes in
the gross premium rate were calculated for each airline
then the yearly average for each group was calculated. Fig
(2.4) Shows the change in average gross hull rate for the
five groups while figure (2.5) shows London market total
claim amount during the same period.

From the two graphs, a relation between the claim amount
and the change in the hull rate can be seen: a 20-30%
increase in the premium rate for 1983-84 followed the high
loss record of 1983. In 1984, the claim amount dropped to
the lowest level in the five years followed by a 3-10%
increase in the premium rate. (Pitron 1985)

The year 1985 recorded a high level of losses but the
increase in the rate in the previous year was enough to
cover 1985 losses and to retain the hull rate for 1986 at
the same level. A good claim experience was recorded in
1986, making 1986 a profitable year. As a result, it

appeared that aviation underwriters extended their
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Fig 2.4. The change in the gross hull rate from 1982-1983 +to 1986-1987.

Source of data: Brokerage insurance company.
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capacity, and some marine underwriters started to
underwrite aviation insurance. This expansion of market
capacity led to a sharp drop in the 1986/87 premium rate
with an average decrease of 14-25% for all the groups,
while some policies were renewed with 50% discount.

In 1987, the claim record was higher than 1986, even
though the market indicated further discounts in the rate
issued to insure the airlines for 1987/88.

It is worth noting that a yearly increase in the hull
rate has to be taken into consideration to allow for
inflation, therefore when a policy is renewed at a rate
10% lower than the previous year, the discount is the 10%

+ inflation %.

2.8.2 The underwriter's final Results:

It is a normal response for pressures to be exercised to
reduce the rates when profits have been realised. The
insureds show their concern regarding the previous years
while the insurer is taking into consideration the proba-
bility of catastrophes that he might face in the coming
years in addition to the airlines' previous experience.

Fig (2.6) shows the Lloyd's aviation underwriter's**
position including transfer between years and exclusive
of both expenses, investment income and other debits and
credits.

(1) The Lloyd's results were studied as a sample of

aviation market underwriter result.
(2) Lloyd's operate a three year open account.
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Fig 2.6 The Lloyd's Aviation Underwriter final credit

Brokerage insurance company.
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A three year's moving average was plotted to refine the
fluctuation in the yearly curve. The curves could be
examined in two parts: before and after 1972. The profit
percentages before 1972 were clearly high, while after
1972 the percentages were falling as sums insured were
increasing, with the arrival of jet aircraft especially
the wide body ones. From 1977, the curve went down showing
a loss for three successive years ended in 1981, while
the moving average curve shows that the profit in 1981-82
have not been enough to cover the loss in the previous
year. These fluctuations in the hull rate and the under-
writers' final credit explain the need for a new rating
model, which would rely on statistical methods that take
into consideration both the airline's individual experi-
ence and the market experience.

Accordingly the credibility theory will be introduced and

studied.

2.9 The Credibility Theory

In this section the historical development in credibility
theory will be studied, while the models developed within
the theory will be studied in chapter 3 and chapter 4.
Credibility theory was first introduced in North America
earlier this century as a technique to solve some premium
calculation problems.

Since the early papers in 1914 until recently, several
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detailed studies have been carried out to develop
credibility theory and to apply the theory to real world
problems.

In 1974 G.C Taylor reviwed the credibility theory. The
paper discussed the aims of credibility theory and brief-
ly reviewed " American credibility theory". "European
credibility theory" was studied in detail, especially the
Buhlmann-Straub model.

In 1974, a conference was held at The University of
California under the topic of credibility theory and
applications. The principal objective of the conference
was to exchange ideas on the foundations of credibility
and its applications to experience rating in 1life and
casualty insurance. The application of credibility theory
to group life insurance, reinsurance, and such casualty
problems as the determination of reserves for claims
incurred but not reported (IBNR) were also discussed.
P.H.Khan edited the papers discussed in this conference in
a volume published in 1975.

In 1979 a remarkable paper by R.Norberg presented a study
of credibility theory and its approach to experience
rating. The problem of experience rating and the objective
of credibility theory were briefly introduced, while the
European credibility theory was studied in detail. The
difference between the Empirical Bayes theory and the

Bayesian approach to credibility was included.
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In 1986 a very useful source of reference was issued
on credibility theory by the journal: " Insurance:
Abstracts & Reviews". The issue consists of a
bibliography with abstracts on credibility theory to cover
publications using the word "credibility" or referring to
credibility literature. Also, it contains concepts from
credibility theory in connection with actuarial science or
insurance.

In 1987 a note by H.Waters presented an introduction to
credibility theory as part of the course of reading for
the Institute and Faculty of Actuaries examinations. This
note introduces the basic credibility technique of "
American credibility theory ", and then studies the
development in credibility theory by considering the
Bayesian approach to credibility and Empirical Bayes
credibility theory.

Recently, much research has been carried out to apply
credibility theory to insurance problems.

In 1983, a Ph.D thesis by M. Kandil presented a study of
credibility theory with application to fire insurance
using Egyptian data.

In 1984, a study by J.Straub applied credibility theory
to fire insurance using German industry data.

In 1986, B.Sundt published a paper titled "Some
Credibility regression models for the classification of

individual passenger car models " . The main object of
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this paper was to show how a credibility estimator based
on data from only thfe most recent years may under very
weak assumptions be improved by incorporating a credibili-
ty estimator based on older data.

In 1987, O.Hesselager presented a credibility model with
random fluctuations in daily probabilities for the
prediction of IBNR claims. A study of the Buhlmann-Straub
model was followed by a model of the exact credibility,
where the linear approximation of the premium turns out to
be the optimal premium. Finally two applications were
presented. The first application is a case of a loss
reserving method in which IBNR claims are forecasted. The
second application deals with the determination of the

optimal trimming point in case the data contain outliers.
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2.10 Summary:

Aviation hull insurance like any other insurance was
produced to cover a group of risks. It has its own
specific characteristics.

Firstly, Aviation risks vary from time to time according
to different factors, causing difficulties in measuring
the chance of 1loss.

Secondly, different types of aviation contracts have
been wused in the London market to cover the risk.

Thirdly, there is no tariff for aviation hull cover. So,
in order to fix the basic rate, the leading underwriter
uses the airline experience, while the final rate is fixed
according to the leading underwriter's experience taking
into consideration a group of factors.

Fourth, the difficulties in measuring the chance of
loss, the method used to fix the rate and the factors
governing the rate lead to a wide range of fluctuations in
the hull rate and the underwriters' final results.
Credibility theory will be introduced in this thesis as
a rating method that will take into consideration the
airline experience as a unit and a similar group of air-
lines' experience as a unit and measure the degree of
correspondence between the two units to find the premium

rate.

60



CHAPTER THREE

CREDIBILITY THEORY AND EXPERIENCE RATING

3.1 Introduction:

Premium rates for aviation insurance vary considerably
from year to year. These fluctuations have negative
effects on both insurance companies and airlines. To
calculate the premium rate for an airline ,for a said
year, one of the following methods may be used:

(1) The self-rating method ; by using the formula as
explained in chapter two and giving full consideration to
the previous experience of the said airline. That method
is traditionally applied in practice. However, the result
of the application may be misleading whenever the airline
experience size is very small and the available data are
not adequate.

(20 The usage of a wide range of data related to very
similar airlines instead of using the available data of
the specific airline. This method may appear better than
the previous one but still has its weaknesses. Thus, it
lessens the weight of experience of the said airline and
the rate calculated accordingly may change yearly, with
the possibility of wide fluctuations.

These two methods are not based on a mathematical
approach which measures the level of reliability of the
previous experience, and estimates how much it could be
considered to determine the future net premium rate.
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Therefore, the introduction and application of the
credibility theory becomes of great importance to enhance
the mathematical and statistical approach in calculating

the aviation insurance rate.

3.2 Credibility Theory:

Credibility theory is a statistical method to test the
reliability of data. It measures the weight of the risk
experience and that of the collateral data.

When the test proves that the available data are
sufficient and reliable the self rating method could be
used confidently to attain a correct calculation of the
pure premium rate. Conversely, when the test proves the
sparseness and unreliability of data the 1lack of risk
experience should be complemented by considering a similar
source of data. The question of how much weight should be
given to the risk experience and how much to the collater-

al data is also answered by the credibility theory.

3.3 Advantages of using the credibility theory:

Using the credibility theory has several advantages. It
helps to utilise the risk experience no matter its size to
calculate the premium rate. It also enables one to control
the chance of a dramatic fluctuation in the premium rate
that may happen in the case of having two or three major
losses in one year. Also credibility theory might be used
as an experience rating technique. In such a case, it has

been called ' Great Accuracy Credibility'.
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It could be used as well as a rate revising technique and

it has been named ' Limited Fluctuation Credibility'
(Norberg 1979)

Also, credibility theory has been applied successfully to

fire and motor insurance for a long time in the U.S.A.

3.4 Development of credibility theory:

The Dbeginning of credibility theory occurred in North
America. One of the early papers about the theory was
written by Moubry in 1914. The theory passed through many
developments afterwards in the U.S.A, producing what is
called now " American Credibility Theory".

The first step in applying the American Credibility is to
measure the level of full credibility: actuaries believe
that risk experience of one year or several years could

develop a sufficient exposure to be self rated.

3.4.1 Level of full credibility

The methods of determining the level of full credibility
have been widely discussed” for a long time.

In the U.S.A the adopted method is based on assuming that
the claim frequency is small, therefore it follows the
Poisson distribution, where the probability of n claims

during a given period is

(1) For further reading see:L .Longley Cook 1962, A.Mayer-
son 1964, B.Benjamin 1977, M. Kandil 1983, and H.Waters
1987.
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PMm = gn .e~q 3.4.1
n!

with mean = variance = q.

Using the normal distribution approach, the probability
that the number of exposure units lie within + 100K% of

the expected number of claims will be,

A kK vg - 3.4.2
P = , S e" t/2 dt
~7J_T *x Vq

Where the standardised deviate is K. v M
The normal distribution is a two parameter distribution,
but for credibility it is customary to assume that the
mean and the variance are both equal to q. (Mayerson 1964)
By using the standard normal distribution table, and
giving K and P the values 0.05 and 0.90 respectively
that will yield to g = 1082 In this approach, it is
assumed that;
() The claim frequency will follow a Poisson
distribution,
B) The probability P is equal to 90%.
© It was also assumed that the mean and variance are
both equal q.
Generally, the claim frequency in the long term may follow

another distribution such as the binomial or negative

(1) Longley-cook 1964 stated that, "In the U.S.A the
credibility table commonly used for automobile 1liability
insurance is based on P=90% and k=5%"
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binomial distribution. Thus different models for the level
of full credibility h'ave been set up for the different
distributions.

For the second assumption taking P equal to 90% could not
be 100% accurate as the probability of accidents may
change, especially in the case where the experience
available refers to a 1long period. However a table for
the number of expected claims using various combinations of
the range parameter K and the probability p has been set
up. This table can be seen in appendix (6). This table
shows high variation in the number of expected accidents,
having 30 accidents when P=90% and K=30% while the number
of accidents becomes 108,274 when P=99.9% and K=1%. 1In
other words, the number of claims required for full credi-
bility depends critically on the choice of P and K
However, G.Taylor 1974 stated that the standard of at
least 1082 expected claims for full credibility is a
popular one.

Finally, assuming that the data mean is equal to the
variance is not 100% accurate. In some cases the variance
might exceed the mean. In such a case the negative binomi-

al distribution will be more suitable.

3.4.1.1 Level of full credibility in terms of
claim frequency and claim amount:
In the above method the claim frequency solely is used

whereas both the claim amount and the claim frequency
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should be considered for the credibility for the pure
premium.

To do so, let M represent the mean for the claim amount
distribution with standard deviation S, the normal
distribution formula will become:

1 k .MgWKRr X2,
p=—— § /2 dx  3.4.3
T -k Mji/tr &

Where o-* is the wvariance of (M.n)

It has been shown by Perryman (1932) that using the
normal approximation, the number of claims required for
full credibility will increase by a factor of (1 + S )/S and

the standard deviation then becomes,

1/2

M.g'/?
& 3.4.4

If S = 0 the standard deviate becomes ql1*. Accordingly

- 1/2
12 - . 3.4.5

1 + 3.4.6

aqx = q M
where g* represent the new number of claims.

Perryman also indicated that the factor S/M usually
lies between 4 and 6, so the expected number of claims in
the case of S/M=5, P = 90% and K = 5% is 27,000, while in
the case of S/M = 4, P=90% and K=5% the number becomes
4325 .
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The previous methods of calculating the level of full
credibility show that the number of observations required
for full credibility is high and varies according to
certain factors. In practice, the number of observations
might be very small and far from the level of full credi-
bility .

Therefore, a set of collateral data will be required and
the model should be established to determine the level of
partial credibility and the weight to be given to the risk

experience and to the collateral data.

3.4.2 Partial credibility:
To calculate partial credibility different models have
been formulated.
Good examples of these models are the following:
(1) Partial credibility rate revision
(20 The models of partial credibility experience
rating plans
(A) Experience rating with non-split plan
(B) Experience rating with split plan and
(©) Experience rating with multi-split plan

(Perryman 1938)

3.4.2.1 Partial credibility - rate revision model:
This model was described by Longley-Cook (1962). It is

used when the available data consist of loss frequency
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based on the past experience and similar” sets of data
based on different experiences. The combination of the
two sets of data will produce the new rate as follows. The
probability of accident in the risk experience is P =A,/N,,
and the probability of accident in the collateral data is

Py= Ay/Ny where Ax,Ay represent the number of claims in
the risk experience and collateral data respectively,

Nx ,Ny will represent the number of exposures in the risk
experience and collateral data as well. Combining the two
probabilities then P, the new probability, will be equal

to:
Ax + Ay

However, this model is very simple and could be misleading
as its mathematical base is very preliminary to produced
Px . Also, it does not produce P equal to P , when Py has full
credibility.
Therefore, the credibility factor Z could be added to the
previous procedure, accordingly P will be equal to:
P = Px (1 - Z) + PYZ

P

Px + Z (Py-Px )

0 < z2 < 1

Replacing Z with the value of N¥7/ M@.+ Ny) .

P = Px + { (Ny/ NX+ Ny) . ( Py - PX )}
(1) The similarity among the data could be realised either
through the similarity of type of business or the circum-

stances that control the claim frequency.
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Different ratios could be used for the relationship

between Ny and Nx such as 1:2 or 1:3.

3.4.2.2 Partial credibility experience rating plan:

The term " Experience rating plan" means that determining
the rate for the risk depends entirely or partially on the
self-experience of the risk. Perryman (1932) dealt with
the question of partial credibility using the experience
rating plan. This plan was developed initially for the

premium rating of workmen's compensation risk.

3.4.2.3 Partial credibility with non-split plan:

The non-split plan is set up to calculate the pure
premium rate using credibility theory and the underlying
risk experience. Its main feature is its simplicity, as
all losses are used with equal weight.

The ordinary formula for the modification is:

1 -2+ 2 .A/E 3.4.10

Where P represent the premium rate, A and E represent the
actual and expected losses and Z is the credibility
factor. This formula is a simple linear model. 1In
practice A and E are known but Z is an unknown factor.

In practice to calculate the value for Z the following

formula has been widely used;

Z =E / &+ K 3.4.11

It is obvious from (3.4.11]) that the Z value will never

reach one, and to calculate its wvalue the constant K
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should be determined. It seems that no mathematical model
was formulated for the calculation of K. However, Perryman
(1938) stated that the value of the constant K is deter-
mined from the consideration of the risk size.
However, a group of general conditions should be observed
so that Z should be satisfactory;
(1) The credibility factor Z should lie between zero
and one, 0Kzl
(20 The Z value should differ according to the size of
the risk and
3) As the size of the risk increases the percentage
charged for the inclusion of any loss of given size should
decrease. ( Perryman 1938 ).
The first and second conditions are fulfilled by formula
(3.4.11) . Note that K is a constant. Z gets closer to one
as E gets larger. On the contrary Z gets closer to zero as
E gets smaller.
The third condition is fulfilled as well from formula
(3.4.11) . (Z .A/E) is the charge for the actual 1loss. Its

percentage will decrease as E gets larger.

3.4.2.4 Partial Credibility with split plan:

The idea behind the split plan is to divide the losses
into normal and excess. In other words the risk size is
divided into two ranges. The first range will include the
small and usual losses. The second range will include the

large losses which are severe but not frequent. The reason
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for this classification is to give more frequent 1losses
much more weight than the less frequent ones.

According to this classification, each range will have a
different rate and the final rate will be an aggregate of the
two rates.

Assuming that En, An, Zn represent the expected losses,
actual losses, and credibility factor respectively for
normal loss. Ee, Ae, Ze represent them for the excess
range

Then the formula for the new rate will be ;

En Zn An+ (1 -2n )En +E .Z +2+ (i- 2 ) Ee

E En E Ee
3.4.12
Zn.An.+ -_ + + AN
(1 -2z ) EhE Ze e + (1 " Ze )Ee 3.4.13
Note, -
En + Eg - E & %n + AC = A

As in the non-split plan the Z value could be estimated

by using
E Ec
Z = —————-——= and Z = ————=—=-=
n E_+ K e E + K
n n e ‘e

Where K is the constant.
3.4.2.5 Credibility with multi-split plan:

In the previous model the expected loss were devided into
two ranges the normal range and the excess range, and the
credibility formula for the pure premium was calculated on

the basic of given the normal range more weight than the
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excess range.

In the multi split plan the expected loss will also be
divided into a normal and an excess range, but for the
pure premium model the multi-split plan reduces the excess
loss into a normal loss by deducting part of each loss in
this range. It is assumed that, by reducing the claim
amount in the excess range, the claim frequency in both
the ranges will become equal. In other words all the
losses will become normal.

However, in the multi-split plan, the first step is to
decide the highest expected claim cost, which will be
divided into ranges. In the first range the expected claim
amount will be considered as a normal one. The expected
claim amount in the second range will be adjusted to be
less than that in the first range, and that in the third
range will be adjusted to be less than that in both the
first and second range. Therefore the plan deducts a
percentage to be fixed of the claim cost for the second
and third range.

For example, with a claim of $15 million and with three
equal ranges, the first $5 million will be taken at its
face value. Suppose we deduct i1/3 from claims in the
second range and ;/g(l/3)from claims in the third range.
Accordingly the amount which will be taken into consider-
ation will be

5m + (5m . 2/*) + ( 5m .4/qg)

Applying the said method regadless of the percentages
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used the claim cost will be considered as normal. In
other words the claim frequency will be considered a
constant in the three ranges. It is noted that, the number
of ranges, the size of each range and whether these ranges
will be equal are left to be determined according to the
risk size and the risk frequency.
The second step is to set the modification to calculate
the premium rate. Assuming that:
Z will represent the credibility factor
E will represent the expected 1loss, S will
represent the self rating point, where E is very
large and 2 =1

Q will represent an arbitrary point.

0 Q

Figure 3.3. The relation between Z and E
(after Perryman .1933)

The relation between Z and E has been plotted in figure
3.1. The figure shows that, if Z is plotted as a function
of E, Z moves along a branch of an hyperbola which has Z=1

as an asymptote.
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By choosing an arbitrary point Q ,where 0 < Q < S, and
drawing a vertical line at q the area under the curve will
be split into two parts E < Q and E > Q.

Accordingly, the modification for the pure premium will
be calculated as follows:

Using formula (3.4.13), the credibility factor for the
excess range was represented by zo. Using the multi-split
plane this range has been reduced to normal, accordingly
Ze will equal to zero, and formula (3.4.13) will equal

%é% + (1- Zn)nE + EC §.é.f4

For simplicity, Z could be replaced by Ej(e+k) instead of

En / (En + Kn ), so the modification will equal
A+ E + K
n\e
E + K 3.4.15

This modification will be used in the case of E < Q and
Ze=0. Consequently, if Q < E < S, (in other words if the
expected claim cost was higher than the arbitrary point Q)
the previous modification would not fit. To represent the
area from Q to E the value of A - (An + Ee + K) or A0 -
Ee - K should be added to the numerator and subtracting
(K+K)-K or K from the demoninator. The modification will

be
A+ E + KW (A-E-K)
n e e e
E+K - W.K

3.4.16

where W is a function of E (to be determined) equal to

zero for E = Q and rising from 0 to 1 as E goes from Q to
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S. The need for W is to make the credibility factors 3joins
smoothly between E < Q and E > Q. A mathematical model has
been formulated to calculate the value of W. (Perryman

1938)

It should be noted that, if Q is made equal to 0, 3.4.16
will represent the area from 0 to S.

Different formulas could be set up for determining the
modification using the multi split plan (Perryman 1938).
But for the interest of this research, the previous modi-
fication might be sufficient to explain the basic idea of
the plan.

3.5 Conclusion:

During the study of the American credibility theory in
this chapter, some of the weaknesses have been identi-
fied. In particular:

(1) The lack of a statistical foundation. Most of the
models were very simple. There is no clear method for
estimating parameters from the data observed.

(2) The methods used for determining the level of
full credibility have been discussed for a long time,
epecially the relation between K and P. The result of this
discussion was Jjust a recommendation for the value that
could be used, but no mathematical model has been
formulated.

Furthermore, the methods used to determine the
credibility factor Z in the case of partial credibility

are not fully satisfactory. However, The American
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credibility theory has led to a distinct bifurcation in
approach although it was useful in practice. It has been
exposed to criticism mainly for the limitation of its
statistical foundation.

In 1967, Buhlmann formulated some solutions for many of
the problems of credibility theory, based on a formal
statistical development and thereby establishing a new
branch which is now known as the European credibility

theory.
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CHAPTER FOUR
EUROPEAN CREDIBILITY THEORY
4.1 Introduction
European actuaries examined the merits and demerits of the
credibility theory which had been established in America.
They started to evolve the basic foundation and the concepts
of the theory. They linked Bayesian theory with credibility

theory to overcome the lack of a statistical basis.

4.2 The Bayesian Theory
To clarify and identify the aforementioned Bayesian theory,

it may be advisable to recall that in the simple and basic

classical statistical analysis, the observed data is fitted to
one of the statistical distributions. Thus by using the
distribution models, parameters could be estimated and used as

an indication of the model which represents the data.

The Bayesian theory is a technique that merges prior news
about the parameters with the distribution indicated by the
observations to reduce a posterior distribution which reflects

both the prior distribution and data distribution.

4.3 The Bayesian Approach to Credibility Theory
Bailey (1950) was the first paper that indicated the relation
between the Bayesian approach and the credibility theory. He
examined the generalised Bayesian rule assuming that:
An event H is a result of a set of mutually exclusive

conditions F



K is the prior probability of the existence of ,

P(H|X) is the prior probability that when exists

the event H will occur,

The problem under consideration is to obtain E(X|H), the
expected value of a variable X which corresponds to the
origin or cause of an observed event H.

Then, the posterior probability P (Fa |H)that the particular

condition F was the origin of cause an event H will be
a

p (F 11) = K@) .pe(ula /x (K@ .r» @mx )
4.3.1
and when Fl'E J e , F gas the value 1,2,... the expected

value E(X|H) will be written as follows,

X X.K(X) P (H |X)

E(X|H = X X . P (X|H) = X K (X) P ("

4.3.2
From equation 4.3.2 it could be seen that the expected value

of E (X |H) will be the sum of X values and the probability of

existence P(X|H). The true regression of X on H will result in
a group of points that may produce a straight line or
continuous curve. Bailey showed that wunder certain cases the
regressionwould produce a straight line. Accordingly the

formula Z.A + (1-2).B could be derived.

The main concern of actuaries in insurance 1is to estimate the

expected value E(X|H) in order to reach a balance between the

premium and the claims. Bailey (1950) recommended the least
squares method for estimating the expected value of X
conditional on H, alleging that the use of maximum likelihood

78



would not be an accurate method of estimation. Buhlman's
(1967) approach was based on approximating the posterior mean
by a 1linear function of the prior mean and the mean claims
data. Credibility factors were obtained applying one of the
Bayesian models, such as Beta-Binomial, Poisson-Gamma or

Normal-Normal model.

Miller and Hichman (1975)

could be obtained using the

family with a

asserted

linear

suitably detailed mutual

that the same results

multivariate exponential

conjugate prior.

Generally, it appears that the data distribution and the
prior distribution parameter should be known before
using the Bayesian theory to credibility theory.

This 1issue provokes two important gquestions:

- First: How large should the data be in order to be
considered reliable data *?
- Second: How is the prior probability distribution

chosen *?

In a bid to answer these questions,

is given.

and the

4.3.1 The Bayesian Approach

of full credibility
It is demonstrated in chapter three,
were much concerned about the 1level

of full

the following explanation

concept

that American actuaries

credibility.

Bayesian theory relies on the observed data to express its
size through the analysis naturally. As the amount of
collected data increases, Z will get closer to one and vice
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versa. It assumes that if the prior distribution H modified
by some observed data is large enough, the probability P(H|X)
will remain closer to P (X).

On the contrary, if the prior distribution H modified by some
observed data 1is not large enough P (H|X) will move closer to
P®H)-

Mayerson (1964) indicated that when the data becomes larger,
not only the family of prior data will increase, but also the
independence of the posterior from the prior is substantially
true and the only reguirement will be to predict the number of

claims to which our prior knowledge 1is eguivalent.

However, the Bayesian approach does not take into
consideration the probability of Z being equal to one, in
other words, the term "full credibility " has no meaning in

the Bayesian approach.

4.3.2 Choosing The Prior Probability Distribution

Traditionally to calculate the prior probability, the previous
premium rate will be assumed as the mean of the prior
distribution to be modified by the experience of the
individual risk. To achieve meaningful results not only the
mean of the prior probability but also the variance of
the expected losses should be estimated. (Mayerson (1964))

For example if the data are believed to be the result of a
Bernoulli process, the probability P(H) may be assumed to be a
Beta function where:

P (h) = K hr (1 - h)n r where 0 < h < 1

4.3.2.1
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with r favorable and n-r unfavorable outcomes, then h has mean

_ r+ 1
m = n + 4.3.2.1

with wvariance

o2= T+ 1 n-r+1) 4.3.2.3
n + 2r n + 3
m (1 - m 4.3.2.4
oo 3

The required number of claims n which is equal to the prior
distribution could be achieved as a function of the mean and

the wvariance

n . I (1 -m) . 3 4.3.2.5
<
Equation (4.3.2.5) shows that &2 will have a significant
effect on the number of claims, as «2 gets larger the number
of claims gets smaller.
However, once the prior distribution has been chosen and the
data distribution is known the model for the pure premium rate

will be derived as follow.

4.3.3 The Poisson-Gamma Model:
Assuming that,
n is the number of observations with number of claims X
where X =X X ,...... ,X
X is a random variable representing the number of
claims in the coming year. Its distribution depends
on the value of the unknown parameter A.
A will be recognised as a random variable taking any
negative value, and will be regarded as a Gamma

distribution with parameters 2 and ;3.
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Finally, the marginal distribution of X will be recognised as
Poisson with parameter A. Estimating the unknown paramcter A
will be the main concern in such a case.

The Baveslan estimate of A with respect to a guadratic loss
function given these data is E(A|X}, and the posterior density

af A given ¥ is proporticnal bto,

n

e — 1
( f.4) L =0

4.3.3.1

I S
k=1 HI "'}

To calculate the vwalue of A, which is the main concern, terms

that do not invelve A will be ignored; accordingly this

posterior density is proportional tao

exp {—f@ + n} a* 4.3.3.2
whore A = & +.§: xl - 1.
Fram (4.3.3.2}, it can be  seen that the posterior

m
distribution of A iz Gamma with paramcters (o +|51 xl} and

i + n).

Hence f
(o + X X ]}
1=1 1

E (A | X =
(F + 1)

which could be rewritten as follows,

E(A | X) =2 (M )+ (1-2) a s 9.3 4
£ — ;
where 2 = nf (F 4+ n 4.3.3.4

4.3.4 The Hurmui:ﬂHEEE}myndel:

Waters ({1987) has described the Normal-Normal moedel in his

special note. It takes into consideration koth the claim
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amount and claim frequency. This gives the model more
importance since the concern of actuaries is to estimate not
only the claim frequency but also the pure premium in
particular for certain risks.

There for it will be assumed that:

X is a random variable denoting the total claims with
mean p and variance a”, the distribution of X depend on
the value of unknown parameter 0. Although the value of
Q is fixed for this risk, its value is not known. 0
will be regarded as a random value.

It is important at this stage to note that,
X ,s are identically (unconditionally) distributed, given
0, X”,s are conditionally independent and both 0 and (xX10)
distributions will be assumed to be normal.
Accordingly, The conditional distribution of X given 0 is
XI0 ~ N (0 ,cr2)

and the prior distribution of 0 is

o N (P ,02 )
Where a 17 i, a@ have Known values.
As in the previous model, the main issue 1is to estimate the
pure premium E(X|0). Which in this case will equal O.
Also, it will be assumed that the number of observed data

will equal n.

The Bayesian estimate of 0 given X is E(0]|X) and posterior
density of 0 given X 1is proportional to,

n

1/2 (x. - 0 )2/ (-1 /2 (0 - p )2 *2
Hn exP (- D1 exp ' P
4.3.4.1
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To calculate the value of s ,which is the main concern, terms
that not involving 0 will be ignored, accordingly this

posterior density is proportional to,

afy
IN)
+a
=}
o,
N
o]
A
+
A
»
»
N

e L 71 o }
2 aq a ., + n O

172 1 2 4.3.4.2

and from equation (4.3.4.2) the posterior distribution of 0

given X is

P cr.f+ n 0'22X_ dl 0'22
o x N LT 2, 2
o' + n O o' n o\
& 2 1 2 4.3.4.3
Where
X =X X./ n
N 1"
Hence

E{0 | X>=(po-"*+nstX)/ (a & n o 2)
4.3.4.4

Which can be rewritten as
E(O0O|X) =2X + (1-2)p 4.3.4.5
where
Z=n 0'24’ o‘i + n 0'22
The other Bayesian model used to obtain the credibility
factor is Beta-Binomial. For the interest of this research,
the study of the Poisson-Gamma model and the Normal-Normal
model might be sufficient to explain the basic idea of the
Bayesian approach.
On studying the Bayesian approach to credibility, the
following points became evident:
Firstly, in comparison with the American credibility theory,

the Bayesian approach does not require the premium decision

probability P for the purpose of defining the volume of
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experience needed for credibility to egual one.

Secondly, partial crédibilit}r does not represent a problem
within the Bayeslan approach, as welghting the claim data and
the prior mean to produce the posterior mean are handled
automakbically.
Finally, the Bayesian approach has left a question mark in
case of the Poisson-Gamma model, where it was assumed that the
value of § i= known and also in the case of the Hormal-RHormal
model where it was assumed that F? and U: have Known values.

AfLter applying Byes theorem to coredibility theory, the
development in the theory has taken a hew direction leading to
what is known as the Empirical Bayes credibllity theory, which
1= the =subject of section 4.4 and 1s applied to the case of

aviation insurance premium rating in chapter 5.
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4.4 Empirical Bayes credibility theory :

4.4.1 Introduction

The basic idea of the Empirical Bayes approach began with the
work of Buhlmann (1971) . This paper solved some of the
difficulties in the theory, by making clear the assumptions
made to derive the credibility premium formula.

Within the Empirical credibility theory, different models have
been developed. The model that will be studied in this chapter
is one of the most practical and useful models. This model
traces 1its origins to Buhlmann's paper and is one of the models

described in the Special Note of Waters (1987)

4.4.2.The credibility premium formula using the Empirical
Bayes theory:
To calculate and form a formula wusing the Empirical Bayes

theory, it will be assumed that:

(A) N represents a group of risks.
(B) y y BR...y represents aggregate claim amounts produced
by each risk during n years where n= 1,2,3...
(C) pi, p2 ...... is a corresponding seguence of known constants
i.e number of aircraft inside each airline, or number of

policies issued every year for the same risk

(D) X , X ...... X is a random variable where X=y [/ p

The distribution of X depends on the value of a parameter 0.

(E) 0 is a random variable with unknown distribution

function U ( ).

(F) X~1|O0 for 3 = 1,2,.... are independent
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(G) It will be assumed that the mean and the wvariance of the
X |0 are given by,

m (0) =E [ X%*e) 1] 4.4.1.1
and

s2 (0) = [X*~Q) 1 4.4.1.2

So that neither E [X* ]| (0)] nor p v[X | (0) 1] depend on j

The target now is to estimate m(0) given X where X is a set
of n observed wvalues, X1,§ P...Xn

In the Bayesian approach the pure premium formula was
achieved by estimating m(0) with respect to a quadratic 1loss
function 1leading to E [m(0) |X] 4.4.3

In the normal-normal model and the Poisson-Gamma model,
4.4.3 turned out to be linear in the observed values as
demonstrated in sections 4.3.3 and 4.3.4, eguation (4.3.3.1)
and 4.3.4.1. In general (4.4.3) need not be linear in the

observations.

In this model, the linear function of the observed values will

be of the form

n
a + F a X 4 .4 .4
° . 3 g
J=1i
where the a* are constants to be determined for j = 0,1,...,n.

The <c¢credibility theory premium will be defined to be such a
linear function which gives the best approximation to E.

The guestion now is how to find the constants a , a
a2.”an.

The criterion used is to find the constant which minimizes

E B E(m(e)X_) a -

4.4.5
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It can be proved (for example, see Waters (1987)) that equation

4.4.4 1is equivalent to

n
E ((m (0) - aQ- I X})21 = 0 4.4.6

By differentiating the expected value in (4.4.6) with

to ao,al,a:2 ..... arl and putting each of the (n+1)
derivatives equal to zero, the result will be
n
E[ m(8) - aQ- £ a X ] = 0 4.4.7
n
E X . 0) - X - X X = 0
£ klné)' aok & aj Jj k }
J=i
where k =1,2,....n

noting that

E [Xj] = E(E [ XjKO©)] ] = E [m] (0) 4.4.8

E [Xk.m(0)] E[E [ X .m(0)]|0)] ] = V(m|O0) + E2(m|O)

E [X2] E [s2(0) ]/ pk+ E [m2(0) ]
E [Xk.Xj] = E [m2(0) ]

4.4.6 and 4.4.7 could be tidied up to be
n

ag= \1- £ a ~ E(m(0) 4.4.9
F J
2 2 n 2
E[m (0) —-a E [m(0)]-a E [s (0)]/p - £ a E [ m2(0)] = 0
i=i 4.4.10
substituting from (4.4.8) into (4.4.9 )
n
pkv [m(0)]{ 1 - £ a V= ak E [ s2(0)]
J=1 4.4.11
By summing 4.4.10 for k=1,2, ....... n then
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n n
Ea =E©P / o E P+ E [s2(01/ V [ m(8)]
H iyt = .
4.4.12
Using (4.4.12) in ( 4.4.9) and (4.4.11) the final model will
be
ag= E [m (0) 1 . E [ (82 (0) 1 / Vv [m (0) 1/
n
{ Eprj+ B [(s2(00] / v [ m(o ]
H 4.4.13
n
=pk / \ EP +E (5 ()1 / V [ m(0)] »
J=i
4.4.14
replacing aQ and a* with its wvalue in 4.4.3. the estimate of

the pure premium will equal

E [m (0 1 . E [ (s2 (0) 1/ Vv [m (0) 1+ E Y /
Ji J
n
{ E P + E [Ss2(0)1 / V[ m (0)] } 4.4.15
J=i
For simplicity let F represent E [S2 (0)/ V(0) and D will
represent E [ m (0) ] then 4.4.14 will become,
n
D . F zZ y
j=i i
4.4.16
F . Z P
j=1i j

From 4.4.15 it could be seen that the model contains two main

factors. The first factor is the total claim amount for one
n

airline during the experience period represented by

and adjusted by F and D. The second factor is the total number
of aircraft for the same airline during the same experience

period adjusted by F. F and D will vary from one year to
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another according to the group result, but it will remain the

same for all the airlines within the group in one year.

By increasing the number of observation inside the sample and
accordingly inside each group E(m(0)), E(S2(0)) and V(m(0))
will be more accurate and reliable. It could also be noted
that, decreasing the value of V(m(0)) will reduce the
fluctuation in the pure premium. And most important of all,
n n
increasing the data from the airline , ( £ Y and Yr )
j=i J j=i o~
will indirectly reduce the effect of D and F on the pure

premium.

However from (4.4.15) it could be seen that, to calculate the
pure premium the remaining difficulties that need to be
concluded concern how to calculate the parameters E(m(0)),

2 . -
E [S (0)] and V[m(0)]. These can be estimated from a suitable

set of data as follows:

(A) The pure premium formula is set to rate a risk as part of

a collective of N risks. The values Yy , Y represent the aggr-
egate claims where P", P will represent the corresponding
sequence of risk volumes which are assumed to be known
constants. | 0~ X[2] 0; are independent

By assuming that,
(A) the distribution of X depends on the unknown but fixed

value of risk parameter 0 (.

(B) Oi# 0~--- 0% are independent and identically distribute
(C) (0~, X(j) and 0*, X are independent where i * k

(D) E [ 3j| 0] and vI[X* |] 0] do not depend on i or Jj so that

E ﬂﬂﬁ 1 0£h= mQOil 4.4.17
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Vo[ :-[”| 81 = 5‘*{5:-.};’ P, 4.4.16

By dencting the data walue as H” where j = 1,2,.....n and
i = 1,2, (... M and assuming that the corresponding wvalues of
P are Known, then the reguired parameters can be estimated.

|

Waters (1987) has demonstrated that the following estimates

are appropriate.,

E m(B) = X 4.4.19
M
where X =Ep X / p
L =1
n
p=LrLp
byt !
— N _—
P=L P,
b=k
F . em H mn
—_ F _ T ¥ P X
A j=1 T t b=1 I=1 1 t
P P
o -1 N =t n = K
E(s"(e))= N L (n=1)7 L p, (X~ X)°
1=1i =1
4.4.20
& 34 o n ™ o 2
vimia)) = p | {Nn-1}) r r [‘ijix\- £y — ‘
1=1 J=1 !
-1 : -1 n by 2
N 1E1 {n=1} le B, ) } 4.4.21

-1

* R _ 2 B
where p =(Hn -1} aE: p {1 - p Tl

Az a result of studying the Empirical Bayves theory, and in
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comparison with the Bayesian theory The Empirical Bayes might
prove to be very useful. The following points summaries the
advantages of the Empirical Bayes theory.

1- In the Bayesian approach, the model discussed assumes that
the observed data is a linear function which cannot be
generalised.

2- It is not known how to determine some of the parameters in
the Bayesian pure premium formula i.e °€/a§ using the
Bayesian theory. These parameters have been calculated wusing

Empirical Bayes.

3- Using Empirical Bayes there 1is no assumption concerning
the precise distribution of X |10 or 9 whereas in the
Bayesian approach normal-normal model it is assumed that both

the distributions were normal.

4- Applying the Empirical Bayes theory, the expected value of

given 9 will be considered as a function of 9 , m(0), not just

9 as in the Bayesian theory.

However the study of the credibility theory, starting with the
American credibility theory, Bayesian approach and finally the
Empirical Bayes theory shows the vast and rapid development in

the theory.

In conclusion, each of the credibility models introduced has
its own merits and demerits.
The size of data, and the statistical features of the data will

decide the most appropriate method to be used.
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Chapter Five

DATA COLLECTION AND ITS ANALYSIS
5.1 Introduction
The aim of this chapter is to introduce the data which
will be used to calculate the premium rate. It includes
data analysis and introduction of the statistical distri-

butions appropriate for claim frequency and claim amount.

5.2 Data Sample

The IATA members have been chosen as a sample to repre-
sent the world airline fleets in order to avoid bias.
IATA has imposed no restriction on the airline size, loss

record or its operation for those airlines wishing to

join. It has opened the door for all airlines to Jjoin as
members. In 1987 IATA members reached one hundred and
sixty airlines, either active or associated members. The

data required for this research has been available for

ninety one airlines.

5.3 Data Homogeneity and Its Classification

Homogeneity 1is a very important concept in insurance. The
basic premise of risk classification plans is that within
a heterogeneous population of insured there are homogene-
ous groups of policy holders. For such groups the 1loss-
producing characteristics are expected to be identical,
and loss experience is expected to be similar. In aviation

insurance, dividing the sample into homogeneous groups is
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not an easy target, with the different methods of classi-

fication and the 1lack‘'of required statistical information

creating considerable difficulties. Adding to that, is

the difficulty of observing the realisation of the 1law of

large numbers, when fixing the premium rate and applying

the credibility theory.

In aviation insurance, most of the airlines are too small

to be self rated. Therefore, grouping airlines of similar

features and composition assists in applying the 1law of

large numbers. Meanwhile, classifying the airlines into

groups enriches the loss experience and helps to predict

more reliably yearly averages and future losses.

The demerit of this approach is the reduction in the
individual differences between the airlines. However, the
advantages of classifying airlines into groups outweigh

the disadvantages.

The classification could be done according to

(A) Airline size.

(B) Aircraft types,

(C) Airline's 1loss ratio,

(D) The geographical area or

(E) A combination of these.

Every one of these ways of classifying has its advantages

and disadvantages. However, the geographical classifica-

tion is considered more appropriate for the following

reasons : First, the number and type of aircraft may

differ largely from year to year, that might 1leave
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the airline in a different group every year. Although the
geographical classification does not overcome the problem
completely, it reduces its effects. Secondly it takes into
account ,even indirectly, some of the rating factors, such
as the number of takeoffs, flying hours and number of
aircraft.

Thirdly, using the airline loss ratio might also leave
the airline in a different group every year, while using
the geographical classification and applying the credibil-
ity theory the airlines' 1loss ratio and aircraft types
could be considered.

Fourth: using a compination of the above methods
will increas data reliability and will help including most
of the different rating factors. On the contrary data
avilability will gepradise the use of this method.

Finally, there is a practical aspect in that great
attention is currently paid to the geographical classifi-

cation in the awviation insurance markets.

5.3.1 The Geographical Classification

The standard geographical classification approved by the
aviation insurance market and used in the IATA periodical
is as follow:

Group (@) South America and the Caribbean,

Group ([B) Asia and Australia,

Group (C) Europe

Group (@) Middle East and Africa.
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Group (E) North America.
Within the said groups the IATA members have been

classified as follow

Group (@)

- Aerolianes Argantina AR
2- Aeromexico AM
3- Avianca AV
4- Cruzeiro de sull SC
5- Cubana CU
6- Lacasa Leneas LR
7- Lan-Chile Lineas LA
8- LLoyd Aero Boliviano LAB
9- Mexican MX
10- Trans Brasil TR
11- Varig RG
12- Vasp VP
13- Viasa '"Venezuela" VA
Group (B
1- Air India AT
2- Air New Zealand TE
3- Ariana Afghan Airlines FG
4- Garuda Indonesian airways GA
5- Indian Airline IC
6- Iran Air IR
7- Japan Airlines JL
8- Pakistan International PK
9- Philippine Airlines PR
10- Trans Australia TAA
11- Talair PTY 1ltd GV

Group (©
1- Air Lingus AL
2- Air France AF
3- Air Malta KM
4- Alitalia Linee aere AZ
5- Australian Airline Qs
6- Aviaco AO
7- British Airways BA
8- British Midland BM
9- British Caledonian Airways BR
10- Iberia Lineas IB
11- Iceland Air FI
12- Jugosloveski Aerot Transport JAT
13-Nether Lines BV-WU
14- Polskie Linie Lotnicze LOoT
15- Lufthansa LH

16- Maleve MA

96



17- Olympic Airways

18- The Royal Dutch

19- Sabena, Sobelair J
20- Scandinavian Airlines
21- Swissair

22- Turkish airline

23- Union Des Transport
Group (D)

1- Air Afrique

2- Air Algeria

3- Air Liberia

4- Air Mali

5- Air Tanzania

6- Air Zaire

7- A Lyemda

8- Cameron Airways

9- Comair- Commercial Airways

10- Cyprus Airways
11- Egypt air
12- Israel Airline

13-

Ethiopian Airline

14- Ghana Airways

15-

Gulf Air

16- Iraqi Airways

17- Jamahirya Air-transport

18- Kenya Airways

19- Kuwait Airways

20- Lesotho Airways

21- Linkas Aereas De Mocambique
22- Nigeria Airways

23- Royal Air Morocco

24- The Royal Jordanian

25- Saudi Arabian Airlines

26— Solair Solomon Island Airways
27- Somali Airlines

28- South African Airways

29- Syrian Arab Airline

30- TAAG Angola Airlines

31- Yemen Airways

32- Zambia Airway

Group (B)

1-Air Canada

Air Nuigini

American Airlines
CAILM Air International
Continental

CP AIR

Eastern Airlines
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KLM
SN
S.A.S
SR
THY
U.T.A

EL-AL
ET
GH
GF
IA

KQ

AT
ALIA
Sv
SSA
HH
SD

DT

QZ

AC
PX

OoX
Cco
CP
PV



8- Flying Tigers FT

9- Pan American World Airways PA
10-Quebec-air [ | OB
11l- Trans World Airlines TWA
12- United Airlines UA

After having the sample defined and classified, the data

was collected as follows.

5.4 The experience period

The collected data covered a period from 1979 to 1989.
The eleven year period has been considered in order to
have a reasonable experience period that gives a better
idea about the loss ratio and increases the degree of
accuracy for the predicted loss as a yearly average. In
the meantime, enormous changes and developments have been
taking place in the world of aviation and the aircraft
industry. Many old types of aircraft have been shifted
from civilian flight into cargo service, and some are not
flying at all. Therefore, taking an eleven year period ,as
from 1979, ensures the continuity of the still reliable
data. In addition it was extremely difficult to obtain
data from years before 1979.

The collected data mainly included number of aircraft
of each airline, number of accidents and the claim amount
for each accident. Before starting to analyse the data,
the following points are worth mentioning

(1) One of the main characteristics in aviation insurance

is the small number of units and accidents in comparison
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with other types of insurance such as motor or fire
insurance . * *

(20 As the IATA members have been chosen to represent the
world airline fleets, the Russian airlines are not
included.

(3) Number of aircraft in each airline was collected
mainly from the IATA yearly periodical. In each year there
were a few figures not published (not known). In this
case, figures were collected from World airline fleets
hand book, World airline fleets and airline-fleets.

(4) For the accident record and the claim amount,
personal contact has been carried out with different
brokerage companies, insurance companies and Information
service offices in the London insurance market to collect
the required data. Because of data confidentiality only
three insurance brokerage companies two insurance under-
writer companies and two information offices have greed to
supply the data*.

(5) Using different sources of data has its merits and
demerits. Thus, it fills the gaps that might be found in
one source and ensures the data accuracy through cross-
checking. On the other hand different sources usually use

different methods of calculation. For the data collected

(1) The yearly number of aircraft is around 7000 aircraft
while number of accidents from 1958 up until 1987 is
around 2000 accidents.

(2 Also because of data confidentiality the names of the
data supplier will not be 1listed.
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in this research the claim record and claim amount figures
will not change from one source to another. For the number
of aircraft, each figure was checked through two or three
different sources.

(6) The claim amounts for some of the accidents were very-
difficult to trace either due to their small size or
because of their being uninsured. Therefore, these claims
have been dropped from the claim amount tables.

The actual number of aircraft and accidents are given in
table 5.1 and 5.2 and the claim amount distribution is
shown in table 5.3.

Table 5.1 included the number of aircraft inside each
airline in the five groups. Table 5.2 includes the yearly
total number of aircraft with no accidents and those
aircraft with one accident in each group. '

In table 5.3, the claim amount distribution is divided
into 5.3a claim amount distribution for claims within the
range of 0 up to $15 million, for each group, while table
5.3b includes a claim amount distribution for claims
within the range of $16 million up to $64 million for the
five groups. The Minitab Statistical package will be used

to analyse the data.

5.5 The Claim frequency Distribution
A study of the accident record ,the aircraft nationality
registration marks (REG) proved that none of the airlines'’

aircraft has faced more than one accident in one year.
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1979
1 32
2 26
3 26
4 14
5 32
6 8
7 11
8 10
9 34
10 14
11 52
12 27
13 12
Total 287

Table 5.2

80

34

37

29
16
34

10
42
17
47
32
16

321

For Each Airline in G(3)

81

35
39
28
16
34

5
13
11
45
17
52
32
11

325

82

35
37
32
15
35
6
14
12
41
20
55
32
13

333

101

83

32
40
27
14
33

5
12
10
43
23
54
31
18

330

84

35
42
25
14
37

5
11

9
44
19
60
29
15

334

85

36
43
28
14
41

4

7
11
46
32
56
30

7

348

86

35

47

26
14
45
4
11
11
45
42
59
31
9

368

Yearly Number of Aircrafts

87 88
36 35
43 42
27 27
14 14
45 37
5 5
9 10
10 10
45 44
22 20
71 63
33 30
9 9
360 336

89
35

27
14
39

10
10
45
21
64
30

9

342



Table 5.2 Yearly Number of Aircrafts

For Each Airline in G(B)

1979 80 81 82 83 84 85 86 87 88 89

1 17 17 17 19 18 18 17 20 19 28 28
2 35 34 35 30 31 31 33 33 34 31 32
3 3 4 4 3 3 3 2 2 3 3 3
4 61 69 70 77 76 74 74 75 73 74 74
5 42 47 45 45 5 48 48 52 47 66 66
6 25 24 24 27 26 24 25 25 26 28 28
7 81 80 83 82 84 83 82 90 88 83 85
8 29 30 27 28 32 31 34 36 39 33 36
9 43 48 42 38 38 37 36 36 37 31 35
10 39 34 36 32 32 29 29 29 31 28 30
11 42 40 39 41 47 48 46 47 48 63 60

Total 417 427 422 422 392 426 426 445 445 468 477
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Table 5.2 Yearly Number of Aircrafts

For Each Airline in G(C)

1979 80 81 82 83 84 85 86 87 88 89

18 21 19 20 19 22 22 22 24 22 23
95 96 93 85 920 91 93 98 105 97 98
7 5 8 8 7 6 6 6 7 7 8
60 67 6l 56 53 54 86 66 139 139 124
14 14 16 18 19 19 17 19 19 19 19
27 27 29 32 31 30 30 31 25 25 28
181 176 162 138 137 137 136 147 131 131 135
29 30 25 27 25 25 29 28 31 31 30
94 90 88 88 88 86 85 76 86 86 86
74 12 8 9 8 10 11 11 10 10 11
25 28 26 28 26 26 27 32 39 39 39
53 53 52 51 52 51 52 58 51 51 51
46 46 47 40 38 39 40 42 51 51 51
91 9 9% 100 105 101 110 112 101 101 161
17 19 19 24 24 22 22 24 24 24 23
42 40 44 48 50 51 53 48 48 48 50
25 26 26 24 23 24 24 25 30 30 30
76 83 86 86 85 84 95 96 101 101 102
48 51 50 51 54 48 50 58 48 48 48
22 21 22 27 29 30 29 30 37 37 37
20 20 20 15 17 12 10 10 12 12 12

NNRRRRPRRRPRRBEREBEBOONIOAUIBRWNR
HFowoJdontnihWwWNRO

Total 997 1019 997 975 980 968 1027 1039 111!') 110!) 111
J
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1979
1 11
2 32
3 10
4 5
5 13
6 11
7 121
8 5
9 4
10 20
11 17
12 18
13 17
14 6
15 22
16 11
17 9
18 10
19 12
20 8
21 9
22 7
23 20
24 25
25 13
26 48
27 8
28 6
29 38
30 13
31 9
32 14
33 9
34 9
Total 481

12
26
10

12
11
14

16
20
19
15

21
11
23
10
14
10

22
25
13
48

38
13
18
13

497

Table 5.2 Yearly Number of Aircrafts

81

13
28
10

11
11
18

10
23
17
19

23
13
20

14
10

21
25
16
57

40

10
25

514

For Each Airline in G(D)

82

13
35
9
6
9
11
19
5
7
10
24
18
18
4
21
16
22
8
17
12
5
5
21
30
17
6l
6
3
40
12
11
25
7
5

532

83

11
27
9
7
8
11
18
6
7
8
28
21
22
4
20
14
28
7
17
9
4
5
20
28
17
6l
6
3
40
12
11
25
7
5

526

104

84

11
27
9
7
8
11
18
6
7
8
28
21
22
4
20
14
31
7
21
9
5
4
14
39
17
76
5
3
39
10
14
29
7
5

556

565

86

15
25
7
5
8
11
17
6
9
9
27
21
27
4
21
16
28
10
24
7
6
4
12
17
19
92
4
6
41
10
13
21
8
6

556

87 88
8 11
21 31
8 2
6 6
8 8
11 11
18 18
6 6
9 9
9 9
28 28
22 21
28 22
4 4
29 20
16 64
33 31
10 9
21 21
7 9
5 5
5 4
14 19
17 28
21 21
107 107
5 5
5 5
43 43
11 11
14 14
23 23
7 7
6 6
585 638

20
76

39
10
11
20

601



1979
1 116
2 14
3 252
4 10
5 66
6 28
7 250
8 29
9 98
10 16
11 199
12 334
Total 1412

Table 5.2 Yearly Number of Aircrafts

For Each Airline in G(E)

80

114
13
264
9
83
30
270
39
98
18
204
318

1460

81

117
14
256
6
84
36
272
36
128
13
194
296

82

118
13
231
6
86
31
260
31
137
13
160
317

83

117
12
234
8
102
31
283
43
133
15
156
329

127' ' 1403 1463

105

84

117
10
260
10
%6
31
284
39
120
17
158
317

1459

85
115

267
10
109
40
289
34
109
16
165
325

1487

86
116

259

115
42
290

117
16

116
243

1366

87
111

410
153

284
37
125
17
213
378

168-

88
123

260
22
113
31
284
36
120
20
158
317

89
119

263
16
119
31
286
37
122
20
169
302

149 ;! 14!




Year

1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989

Total

Table 5.2 The Actual Number Of Aircraft

Acc = Accident.

106

And Its Accidents.

G@® G @B GO
Zero one Zero one Zero one Zero
Acc Acc Acc Acc Acc Acc Acc
282 5 409 8 990 7 477
313 8 421 6 1012 7 487
317 8 416 6 990 7 506
327 6 415 7 268 7 519
327 3 388 4 970 10 514
325 5 417 9 960 8 550
342 2 422 4 1023 4 558
363 5 442 3 1035 4 546
355 5 442 3 1115 4 580
332 4 466 2 1106 3 633
335 7 473 4 1101 5 595
3684 67 4767 61 11336 72 6160

one
Acc

10

13

12

96

G E)
Zero one
Acc Acc
1403 9
1453 7
1270 7
1395 8
1455 8
1456 3
1483 4
1361 5
1678 6
1490 3
1486 7

16252 71



Table 5.3a The Actual Number of /
Claim Amounts Distribution.

iltion S® c® G © cm  ¢@®
0.0 8 o 25 27 36 44 32
g o' o 10 13 13 17 15
§ 0n 8 © 7 8 9 7 6
9.0- 12.0 6

12.0-15.0 2 1 3 4

Table 5.3b The Excess Of Loss

Range Frequency
16.0- 24.0 21
24.0- 32.0 8
32.0- 40.0 7
40.0- 48.0 3
48.0- 56.0 2
56.0- 64.0 2

It should be noted that, no accident were recorded between

the range of U.S $15.00 and 16 million.
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This leads to a claim frequency distribution with zero or
one accident #

Accordingly the binomial distribution might be suggested
to be fitted to the actual data. But the result of this
attempt was poor in terms of goodness of fit.

From the statistical analysis of the actual data in table
5.1, it can be shown that the difference between the
sample mean and the variance is very small in the five
groups. This fact is an indication of the suitability of
the Poisson distribution.

Consequently, this distribution will be fitted to the

actual data as follows.

5.5.1 The Poisson Distribution

The Poisson distribution is a non-negative, integer-
valued distribution which plays a prominent role in
statistical theory. In insurance the Poisson distribution
plays an important part in describing the claim frequency
and measuring the probability of accidents. (Hossack et al
(1983))

The random variable X is said to have the Poisson
distribution with parameter q if,

P(X=x) = e-q gX/xi (x=0,1,2,...,n)
(1) However there is the possibility of having more than

one accident but it did not appear in the record due to
() The difference between calendar year and policy

year.
(B) The possibility of having more than one accident for
the same aircraft, ©but with different insurance policies

in the case of the aircraft being sold to a new owner.
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The parameter q must be positive, and the mean and the
variance of the distribution will be equal to:
E® =V =q

5.5.1.1 The Test For goodness of Fit

The Poisson distribution was tested to the actual data
using the common chi-square test as can be seen in table
5.4. The result of that test was acceptable. Even with
one degree of freedom the goodness of fit was higher than
90% in the five groups, and the actual data were believed

to be following the Poisson distribution.

5.5.2 The Claim Amount Distribution

The main aim of this section is to fit a statistical
distribution to the observed claim amounts.

The claim amounts recorded from 91 airlines were found to
be laying within the range of 0 up to $92 million. Within
this range the claim amount may be distributed into three
classes. The first class includes claims less than $15
million, table 5.3a. The second class includes claims more
than $16million and less than $ 64 million. Within this
class, out of five groups only 44 claims were recorded, an
average of 8 claims per group.. Accordingly, these claims
were gathered in table 5.3b, which will represents the
excess of loss class for the five groups.

The third class, includes claims of more than $64
million. Within this class only three accidents were

recorded, these accidents were dropped from the analysis.
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Table 5.4 X test for goodness of fit
for the claim frequency distribution;
For group (a) ]
Range (1) (2) (1) (3)(2) = (3)2 = (4) I (4) / {1)= (5) |
0 4041 4041.42 -0.58 0.3364 0.00
1 67 66.58 0.42 0.1764 0.002
Total 4108 0.002
Number of intervals=2
D.F = 2 - 1 =1
Xa = 90% “ °-01579
For group (B)
Range (1) (2) 1),8,(2) = (3)2 = (4) 1 (4) /(1) = (51
VWil
0 5147 5147 .42 -0.58 0.3364 0.00
1 61 60.58 0.42 0.176 0.1764
Total 5208 0.1764
Number of intervals=2
D.F = 2 - 1 = 1 0.01579
a = 90%
For group (C)
Range (1) (2) (1)(3)2) = (3)2 = (4) 1 (4 / (1)= (51
. 0 12833 12883.6 -0.4 0.16 0.00 T
elft-
72 71.4 0.6 0.36 0.005
: ) m
Total 12955 > v oY = ,.1® . 0.005 . £
Number of intervals=2 i 4
D.F =2 - 1 =1 = 0.01579 Xl e
90% .
b SH D> i !
For group (D) K'X'4 2§ 1
Range (1) (2) <1) (3)<2) = (3)2 = ,(4) I (4) / (1)= (5)
0 6287 6287.79 -0.79 0.624 0.00
1 96 95.21 0.21 0.0441 0.0005
Total 6383 0.0005
Number of interva.ls=2
D.F = 2 - 1 =1 X 0.01579
a = 90%
For group (E)
Range (1) (2) (1) (3) (2) = (3)2 = (4) I (4) / (1) = (5)
0 17953 17953.13 -0.13 -0.172 0.00
1 71 70.15 0.15 0.0245 0.003
Total 18024 0.003
Number of intervals=2
D.F = 2 -1 =1 X2 on = 0.01579
a = 90%
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However, this classification will leave us with two sets of
claim amount distribution to be fitted.

The first step in fitting the distribution is to present
the observed data: see figures 5.1 to 5.6

The graphical representation of the actual data shows a
sharp drop in the curve. This fact could be used as an
indication that the data might follow an exponential

distribution.

5.5.3.1 The Exponential Distribution
A random variable Y taking non-negative values is said
to have an exponential distribution with parameter B if

the cumulative probability function is:

P(y) =1 - e (~y/B)

The probability density function is

£(Y) = 1/B e~ (y/B) B >0

Given the value of this parameter the entire
distribution is determined.

The mean of the exponential distribution is equal to B.
The actual data was tested to the exponential
distribution using chi-square test.

The result of this test was not perfect because of the
small number of intervals, which was reflected in the
number of degrees of freedom, and because of the kink in

the middle
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.F =5

.Point

Total
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of
F =5

X ;
<x=50i

The X2 statistic test for the goodness
of fit for the claim amount distribution
G (a)
(1) (2) (1) - (2) = (3)2= (4) 1 (4)/ (1) =
(3) (5)
25 2*%4 .4 0.6 0.36 0.0144
10 12.5 -2.5 6.25 0.625
7 6.39 0.605 0.366 0.13396
6 3.27 2.73 7.452 1.2
2 1.677 0.323 0.104 0.052
50 2.0252
intervals =5
- = 3.357
t=a Xa=50%
G (B)
(1) (2) (1) - (2) = (3)2= (4) | (4)/ (1) =
(3) (5)
27 28 -7 1 0.037
13 12.5 0.5 0.25 0.0192
8 6.14 1.862 3.467 0.433
2 3.32 -1.32 1.74 0.056
b3 0.81 0.195 0.031 0.031
- 51 i = ©0.5832
intervals =5 A D.:v:' 2
X2 i9. = 0.711
a=8%@ .
. VL
G (C)
(1) (2) (1) - (2) = (3)2= (4) | (4)/ (1) =
(3) (5)
36 34.078 1.922 3.69 0.1026
13 16.49 -3.49. 12.18 0.937
9 7.59 1.41 1.988 0.2209
4 3.76 0.24 0.0576 0.0144
3 1.717 1.28 0.164 0,.5486
65 1.8236
interva Is =5
-1 = 4 3.357

oo

g



Mib .Point (1) (2) = =
5
1.5 44 41.2 2.8
J
4.5 17 19.17 -2.17
7.5 7 8.906 -1.906
10.5 5 4.139 0.861
13.5 4 1.925 2.075
Total 77
Number of intervals
D F=5-1=14
G (E)
Mid.Point (i) (2) 1) - (2) =
(3)
1.5 32 31.11 0.89
4.5 15 14.4 0.6
7.5 6 6,.59 -0.599
1
10.5 2 3.027 -1.027
* i, > ,
13.5 3 1.385 1.615
Total 58
0 %k
' ‘vitoi [
Number of intervals =5
D.F =5-1 =.4
]
|
The excess of
Mid.Point (1) (2) (1) - (2) =
o . -
. (3)
20 21 24.145 -3.145
_ 28 8 9.8 -1.8
36 7 3.449 3.55
44 3 2.616 0.384
52 2 1.986 0.014
60 2 1.5 0.5
Total
Number of intervals =6
D.F =6 - 1 =75

(3)2=(4) | (4) / {1)=
(5)
7.84 0.178
4.7089 0.276
3.633 0.519
0.7413 0.148
4.305 1.076
2.197
*a=h0% = 3%
(3)2=<4) | (4) / (1) = I
(5)
0.792 .025
0.36 .024
0.359 .0598
1.055 .527
/
2.608 .8694
. [ ] .
C-h- t‘
l -«?'>r rl.505 '
J
1 WwW-
- 1.§§9
oc=80% _fﬁﬂwl
iua
loss class
(3)2= (4) | (4)./(1) =
: (5)
9.891 0.471
3.24 0.405
-12.6 1.801
0.147 0.049
0.0001 0.0009
0.25 0.125
2.8519

3.00%.



of the curve specially in group (C), (@) and the excess of
loss class.

However, the chi-sq test supports the hypothesis that
the the actual data follow the exponential distribution

as shown in table 5.5

5.6 The Result of The Data Analysis
The previous data analysis included three section,
(A) Classifying the data into different groups,
(B) Fitting a statistical distribution to the claim
frequency,
(C) Fitting a statistical distribution to the claim
amount
In the first section, the study of the different methods
of classification i.e airline size, aircraft types,
airline loss ratio and the geographical classification, it
was believed that the geographical classification would be
more reliable for aviation data than the other methods of
classification
From the second section, it was realised that, the number
of aircraft vary considerably from year to year. Merging
airlines, changing the airline plan and replacing large
aircraft with smaller ones, 1leasing aircraft from one
fleet to another, growing small airlines and financial
difficulties facing large fleets, or the effect of outside
factors such as the war between Irag and Iran and its
effect on airlines are some of the factors that might

cause the fluctuation in number of aircraft inside the
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fleets from one year to another. This fluctuation was
reduced by using the -geographical classification. Leasing
or selling an aircraft from one airline to another
airline in the same group and merging airlines in the
same group will not change the total number of aircraft in
this group, also expansion of the smaller airline on one
hand and financial difficulties facing large fleets on the
other hand will reduce the level of fluctuation.

However the Poisson distribution was fitted
successfully to the actual data on claim frequency.

From the third section, fitting the claim amount into one
distribution was a difficult task. This is because of the
nature of aviation accidents. The small number of acci-
dents, the small number of intervals, the large gap be-
tween the claim amounts and the large range produced
difficulties in fitting the claim amount distribution.
Also, the table of the excess of loss, which includes
claims from the five groups, has produced difficulties.

Statistically, using the maximum likelihood method the
data of two distributions could be joined together. To
apply that method to the table of excess of loss jointly
with the claim amount distribution of each group will need
an assumption that the table of the excess of loss is the
result of each group. This assumption will not be accept-
able .

The other alternative is to calculate the pure premium in

two parts. The first part represents claims less than $15
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million, and the second part represents claims in the
range between $16m up 'to $64m.

The second method is preferable to the first method. Some
of the accidents were higher than $64 million. Both the

methods have neglected these claims.

5.7 Conclusion:

Among the results the following points might be
concluded,

Firstly: the nature of aviation insurance data includes a
high level of variation from year to year.

Secondly: The data from each airline is very small and

cannot be used on its own.
Thirdly: Merging the airline data into groups might help
decrease the variation from year to year with the risk of
producing a heterogeneous group. However, using the earlier
classification and applying the Empirical Bayes credibili-
ty theory ,where the main factor in calculating the pure
premium is the airline experience, will reduce the risk of
heterogeneity among the group.

Fourth: the difficulties in producing a distribution that
represents all the claim amounts might also suggest the use
of the Empirical Bayes credibility theory where no assump-
tion was made concerning the data distribution.

Finally: In view of the previous four points it might be

concluded that the Empirical Bayes credibility theory will



be the most appropriate method for calculating the pure
premium for aviation insurance.
Accordingly applying the Empirical Bayes theory will be

the subject of the next chapter.

123



CHAPTER SIX

AN EMPIRICAL STUDY

6.1 Introduction:

Recalling the aviation insurance market method of rating
as mentioned in chapter two of this study and the credi-
bility theory included in chapters three and four, the
similarity between both appears quite clear. Applying the
market method the rate is calculated primarily according
to the airline experience and amended increasingly or
decreasingly due to the overall market result in terms of
either profit or loss, whereas the credibility theory
stresses that the reliability of the data could be in-
creased by using collateral data.

The main difference 1lies in the type of the statistical
analysis and the mathematical approach. Therefore the
credibility theory has been chosen to be used.

Following on from chapters three and four, where differ-
ent credibility models have been studied, and the results
of the analysis of the data collected and the result of
this analysis in chapter five, recommended the Empirical
Bayes theory to be the most reliable to be applied to
aviation insurance.

Accordingly, the Empirical Bayes model will be used to
calculate the pure premium using the following

assumptions.
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1- Each airline is insured under one policy.
2- Leased aircraft- whether it is dry lease or wet
lease * are insured under the same airline policy.
3- Using the Empirical Bayes theory, the pure premium
will be calculated for each airline in its own group.
4- The final pure premium will represent the pure premium
for each aircraft inside each airline.
5- To calculate the pure premium using 4.4.14 it will be
assumed that:
N will represent number of airline inside each
group, where N = 1,2,....
n will represent the number of policies issued
to each airline during the experience period,

where n = 1,2,...

Yij will represent the claim amount produced by
airline i in year j,
Pij will represent the number of aircraft inside
airline i in year j,
Finally; the parameter E{ S *~ (0)} and V {m (0)} will be

calculated using formula 4.4.19 and 4.4.20.

(1) Dry lease: when the airline leases only the aircraft
Wet lease: when the lease contract includes the
aircraft with the pilot and the crew.
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In table 6.1, P ,X ,~X and P(1l-P /]U will be calculated
i i i P
where P* represents the total number of aircraft inside
airline i.
~P-represent the total number of aircraft inside the

group,

Xyrepresents the claim amount per aircraft for airline
Total claim amount

ZI: ! ;total number of aircraft
P represents weighted average of number of aircraft
for airlines included in the group.
In table 6.2 the expected value E(S2(e)) was calculated,
using equation 4.4.19 , while in table 6.3 the variance
V(M () ) was calculated.

Finally, using equation 4.4.14 the pure premium for each

airline was calculated in table 6.4.
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Table

Pi

340
439
302
172
412
55

116
114
474
220
633
337
128

Xi
.0335
.0695
.0625
.044
.01214
.10901
.1035
.1224
.036
.170
.0348
.2098
.000

[eNeoNoNoNoNoNoNoNoNoNoNoNe

Where P =.2.Pi = 3742
i-i

Group (@)

X

.00304
.008
.0055
.002
.00133
.0016
.00331
.00373
.00456
.00999
.005886
.02114
.0000

[eNeoloNoNooNoNoNooNoNoNe)

Xi =5 Pij Xij / Bi
Fi

N

IT =2 °%; X;/ p

*

280

23.65
11
13

= 0.07008
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309
387

277.

le4

366.

54

112.
110.
413.

207

525.
306.
123.

( 6.1 ) Parameter estimation for
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Table ( 6.1 ) Parameter estimation for

Group (B)

Pi Xi X Pi 1 - Pi/ P )
218 0.255 0.01157 208
359 0.005 0.00037 332
33 0.227 0.00155 32.99
797 0.069 0.01145 664.77
551 0.099 0.01136 487.8
282 0.0471 0.0028 265.45
921 0.0597 0.01145 744 .4
355 0.187 0.0138 328
421 0.0101 0.00088 384.1
346 0.003 0.00029 321
521 0.0033 0.00036 464

n =11

N = 11

P = 4804
X;= 0.06588
P = 35.2709
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Table ( 6.1 ) Parameter estimation for

Group (©
Pi Xi X
232 0.0418 0.00086
1041 0.1959 0.018
75 0.00 0.00
680 0.0211 0.0013
187 0.01614 0.00268
320 0.0281 0.00079
1631 0.0188 0.00223
306 0.00 0.00
950 0.033 0.00279
109 0.0381 0.00379
329 0.0234 0.000696
578 0.0574 0.00295
522 0.0134 0.00062
1153 0.0513 0.0053
240 0.0387 0.00083
527 0.0154 0.0007
287 0.0251 0.00064
999 0.011 0.00097
558 0.0179 0.00089
513 0.063 0.0017
195 0.339 0.00059
n =11
N =21
X = 0.04258
p = 11234

P*= 46.86
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Pi (1 - Pi/ P )
227.2
944.5
74.46
638.8
183.9
310.9
1586.5
297.
869.
107.
319.
548.
497.
1034.7
234.9
502
279.66
910
530
489.5
191.6
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Table ( 6.1 ) Parameter estimation for

136
306

65
99
109
293
6l
79
118
282
219
238
46
130
251
287
18
200
98
66
56
201
303
190
799

55
439
110
123
244
86
75

v X238

e
*

Group (D)

Pi Xi X
0.00 0.00
0.00 0.00
0.06 0.0009
0.0115 0.00012
0.010 0.0016
0.078 0.0014
0.036 0.00176
0.057 0.0005
0.0317 0.0042
0.0398 0.00078
0.613 0.0288
0.00 0.00
0.0084 0.00
0.043 0.00033
0.13 0.0028
0.00 0.00
0.01567 0.00075
0.021 0.00034
0.01 0.00033
0.0117 0.000191
0.106 0.00116
0.00 0.00
0.0162 0.0054
0.308 0.01553
0.006 0.00019
0.07 0.009
0.019 0.0003
0.117 0.00107
0. .25 0.0183
0.0322 0.0006
0.014 0.00028
0.31 0.01258
0.0186 0.0004
0.033 0.00042

= 34

= 11

= 0.10592

= 6008

= 15.03
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Pi

@ - Pi/ P )

132.9
283
89.6
64.3
97.4
107
283.4
60.4
77.96
115.7
268.8
211
228.6
45.6
127
240
273
1-7.8
199.99
96.4
65.3
55.5
194
287
183.99
692
61.36
54.5
406.9
107.9
120.5
234
84.8
74.06
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Table

1283
139
2956
112
1126
370
3052
398
1307
181
1892
3476

= 12

= 11

= 0.04258
= 11234

106.2

( 6.1 ) Parameter estimation for

[eNeooNoNoNoNoloNoNoNoNe)

.0178

.0344
.0134
.0046
.00
.01512
.2324
.022
.0099
.0029
.0117

Group (E)

[eNeoNoNoNoloNoNoNoNoNoNe]
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X

.0014
.00
.00624
.00
.00323
.00
.00283
.00567
.001765
.001
.00034
.0025

@ - Pi/ P )

1181.9
138
2419.6
111.23
1048
361.6
2480
388.28
1202
178.9
1672.3
2734 .4



TABLE 6.2 Estimation of

Pij ( Xij - 1) For Group (a)

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

.0359 0.497 0.003 0.0393 0.0359 0.0393 0.0404 0.124 0.035 .0008 0.010
.1256 0.179 3.873 0.179 0.1932 0.2029 0.2077 0.8267 0.211 0.203 0.208
.1016 0.003 0.093 0.003 0.293 0.1054 0.098 0.0926 .0002 0.165 0.122
.027 0.031 1.154 0.029 0.2812 0.027 0.027 0.027 0.027 0.027 0.027
.0047 0.005 0.005 0.0052 0.0049 0.0055 0.4174 0.0066 0.007 0.006 0.008
.095 0.034 0.091 0.07 0.0595 0.0595 0.0476 0.0476 0.059 0.691 0.059

.1178 0.086 0.139 0.1499 0.1285 0.1178 0.0749 0.1178 13.6 0.107 0.107

.0015 0.176 0.068 0.0018 0.0015 14.414 0.0017 0.0017 0.002 0.002 0.002

10

11

12

13

132

.044 0.006 0.058 0.0256 0.056 0.0077 0.0596 2.17 0.058 0.057 0.058
.0405 .262 .49 .578 .665 0.262 .663 .694 7.992 0.578 4.14
.513 .057 .027 .067 .0654 0.006 L0279 .029 11.98 0.024 6.97
.0106 2.84 .842 .787 .515 1.276 .766 .0079 1.45 1.321 6.262
.00 .00 .00 .000 .00 0.00 .00 .00 0.00 0.00 0.00
(s2 (s) = 111 1 106.5976 = 0.8074



TABLE 6.2 Estimation of

2
Pij ( Xij - Xi ) For Group (B)
1979 1980 1981 1982 1983 1984 1985 1986
1 1.1 1.1 1.1 1.1 0.59 1.17 0.72 1.3

2 0.0008 .0008 .0008 0.0008 0.0008 C .0008 0.0008 0.0008

3 0.154 0.087 6.48 0.154 0.154 0.154 0.154 0.154
4 0.505 0.03 0.002 0.0019 0.0006 0.647 0.35 0.357
5 0.0047 0.005 0.005 0.0052 0.0049 0.0055 0.4174 0.0066
6 0.677 0.001 0.101 0.108 0.47 0.212 0.292 4.68

7 0.055 0.637 0.053 3.066 0.2 0.053 0.053 0.057

8 0.2887 0.288 0.29 0.292 0.0002 0.1443 1.0002 0.32

9 0.25 1.05 35.89 0.979 1.119 1.1 1.077 4.74
10 0.004 0.005 0.015 0.009 0.0039 0.1198 0.0037 0.0037
11 .00035 .0003 .0003 0.025 0.0003 0.0003 0.0003 0.0003

12 0.00 .0005 .0004 .0004 .0004 .0005 .0005 .'00059

E (S2 () = 11-1 . 10 1 . 77.48 = 0.7
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1987

1.235

.0008

0.007

0.45

.0003

0.48

1988

.0008

0.006

0.00

.0003

.0007

1989

.0007

.0003

0.008

.0003

.0007



10

11

12

13

14

15

16

17

18

19

20

21

1979

.0315

.569

.00

.0267

.0036

.0212

.0319

.00

.0102

.0178

.175

.0083

.0597

.0255

.0099

.0157

.0092

.74

.594

.298

(52 (®)

1980

0.037

0.294

0.0014

0.021

0.034

0.015

0.175

0.077

0.247

0.028

0.48

1.184

0.01

0.016

= 12

1981

0.00

0.027

0.004

0.023

0.066

0.014

0.171

0.319

0.253

1.94

0.01

0.005

0.016

Pij

11

TABLE 6.2 Estimation of

( Xij

1982

.8669

.5152

.00

.025

.0047

.025

.00006

.00

.095

.0131

.0153

.168

.0072

.036

.0114

.0151

.01

.0163

.1072

.724

- Xi )

1983

0.033 0.
3.38 3.
0.00 0.
0.0234 0.
0.0049 0.
2.133 0.
0.0484 1.
0.00 0
0.26 0
0.0116 0.
0.014 0.

2.0067 0.

0.0068 0.
11.4 0
0.036 0.
0.0012 o.
0.0145 0.
0.0104 0.
0.0173 0.
3.928 0
1.95 1
196.23 =
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For Group

1984 1985
0384 0.0384
419 46.53
00 0.00
024 0.0383
0002 0.0044
0235 0.0235
39 1.394

.00 0.00

.0937 0.0705
0145 0.0159
014 0.0148
68 0.0791
007 0.0072

.496 0.2895
033 0.1235
0011 0.0126
0151 0.0151
0295 0.0115
054 0.016
.0159 0.0265

.38 0.7344
1.4866

(C)

1986

.6496

.761

.00

.0294

.0049

.0243

.052

.00

.005

.232

.0175

.191

.0075

.295

.036

.0114

.0157

.0032

.0186

.1191

.149

1987

.042

.03

.00

.395

.005

.024

.027

.00

.094

.017

.018

.178

.007

.334

.033

.017

.197

.017

.123

.264

1988

.041

.723

.00

.062

.005

.019

.0009

.00

.094

.015

.021

.168

.009

.266

.036

.011

.017

.012

.015

.147

.38

1989

0.041

54.08

0.005

0.022

0.016

0.021

1.486

0.009

0.305

0.034

0.035

0.017

0.012

0.015
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©o
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0.00
0.00
0.036
0006
.001
.067
.808
.016
.004
.513
.388
.00
0013
0069
0.372
0 .00
0022
0044
0012
0011
0 .01
0 .00
0 .324
2 .372
00047
.235
.0025
.068
.25
.01
00176
0.096
0.003
0.0098

O oo ©O O © 4 O o

o N O ©O O

15550
0.00
0.00
0.036
.0006
0.001
0.007
0.085
0.016
0.004
.0002
7.033
0.00
.001
.0035
0.355
0.00
.0056
.0044
0.139
.0014
0.01
0.00
0.356
1.299
.0005
54.91
0.003
0.109
5.92
0.014
.0016
1.085
0.005
0.01

TABLE 6.2 Estimation Of

Pij ( Xij

198!"

0.000
0.00
0.036
.0008
.001
.067
.023
.016
.535
.002
.64
.00
.0013
.0046
0.389
0.00
.0049
.0035
.0014
.0014
.089
.00
.131
.904
.0006
.279
.003
.367
.5
.009
.011
.303
.003
.067

o ® O B O O O o

- O O O

O O oo oN r oo

1982"

0.00
0.00
0.033
.0008
.009
.067
.025
.98
.007
.002
.916
.00
.0013
.0046
0.355
0.00
.0054
.0035
.0017
.0016
.056
.00
.34
.176
.0005
.314
.002
.068
.625
.344
.39
.435
.004
.008

©O O O oo o oo

- O © o

©O O 0O O oN o o o

1

O O O © o .

0.

1
0

8
0

- Xij

983"

.00
.00
.005
0005
.009
.012
.025
.016
.007
002
0.52
.00
0014
0046
.53
.00

.589

.0031
.0017
.0012

1
0
0
0
0
0
0

2.

2
1
0

8.92
.00
.043
.407
0006
.298
.002
.041
5
001
.134
.822
.002
0005

2
) For

1984

0.00
0.00
0.095
.0009
0.001
2.404
0.025
0.02
25.18
0.002
10.52
0.00
.0015
.0046
0.338
0.00
.0076
.004
.0021
.0012
0.056
0.00
0.307
3.889
.0006
.37
.002
.041
.44
.015
.002
.042
.47
.007

H WO oNOoOo®°

135

Group

TO9FS5-

0.00
0.00
0.032
.0041
0.008
0.06
0.011
0.072
.007
0.013
10.14
0.00
.0019
.0058
0.338
0.00
.0076
.0044
.0018
.0011
0.056
0.00
0.227
3.699
.0007
.288
.001
.041
.5
.01
0.003
1.039
0.002
.005

o N o o ©

(D)

TO9BIT

0.00
0.00
0.025
.0006
.008
.067
.022
.02
.009
.013
.836
.00
.0019
.0046
0.355
0.000
.0069
.0044
.0024
.163
.067
.00
.194
.613
.051
.451
.001
.109
.56
.086
.003
.70s
.002
.007

O O O OO0 O o o

opmoONOO©OOHROOOO

1987

0.00
0.00
0.029
.0008
.o008
.067
.023
.02
.009
0.013
11.36
0.00
.0019
.0046
0.321
0.00
.0081
.0044
.0021
.0009
0.056
0.00
0.227
210.1
.0008
0.524
0.002
0.068
131.7
0.01
0.003
2.21
0.003
.007

o o © o o

TOF8 -

0

0

.00
.00
.007

.0008

O O o o o

0.

.008
.067
.023
.02

.009
013

10.52
0.00

0015

.835

0
0

.338
.00

.0076
.004

.0021
.0012

0

.056

0.00

0.308

4.42
.0008

0

0
0
0
2.
0
0
1

.372

.002
.096
44
.01
.002
.922
.002
008

1ws5

0.00
0.00
0.022
.0008
.008
.067
.023
.02
.66
0.013
12.02
0.00
.0015
.0046
0.338
0.00
.0076
.364
.0021
.0012
0.056
0.00
0.308
1.339
.0007
.417
.002
.43
.56
.01
.002
.018
.002
.008

oo © O o ©

onvo ©NNO o
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11

12

E

1979

0.0367

0.0018

13.604

0.0127

3.2928

0.0184
0.0122
.00017

0.0308

(s2 (®)

1980

0.036

0.312

0.002

0.57

0.00

.0002

12_

1981

1.

0.

917

00

.303

.001

.178

.00

.036

.887

.039

.001

.0016

0.

041

Pij ( Xij - Xi K
1982 1983
0.247 0.522
0.00 0.00
0.0273 0.2769
0.336 0.0014
0.0246 0.216
0.00 0.00
0.059 0.0003
1.237 0.0064
0.065 0.763
0.0203 0.0017
0.0013 0.0013
0.4339 0.0104
10 1 111.276

TABLE 6.2 Estimation of

For Group
1984 1985
0.037 0.036
0.00 0.00
0.1098 0.0545
0.0018 0.0018
0.203 0.231
0.00 0.00
0.0649 0.9
2.899 1.83
0.008 0.053
0.0016 0.0073
0.0013 0.0098
0.0434 0.0449
= 0.9273

136

(E)

1986

0.0367

0.00

1.88

0.0013

0.2433

0.00

0.0033

0.0566

0.0016

0.0098

0.0125

1987

.035

.00

.485

.001

.0 60

.00

.078

.00

.06

.002

.0266

.052

1988

.039

.00

.33

.004

.239

.00

.065

.937

.058

.002

.0013

.125

1989

0.003

0.163

.0029

0.117

0.065

63.35

0.059

0.002

.0014

1.823
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TABLE 6.3 Estimation ol

|
1975 [1980 |1961 | 1%e2 | 1983 | 1984 | 1985 | 1986 | 1387} 1988|1989 |
1la.157 [o.m11|0.026i0.172 |9.157 {0.172 |o.1v7 |p.oo9 fo.1szlo.o060|0.o01e
zla.izvr|o.taz|3.esalo.1617]0. 196 |o.206 |0.2112{0.82 |0.207|0z063|0.21%
3la.1277|0.776|0. 083 |0 00370 252 [0.133 |0.1228]0.127 [o.o0r|o-z3s|o. 057
alo.peaz|o.nre|o.ve o o736|o.1a72|0. 06ar|o.eeav|o.06e7|0.069|0. 068 |0. 069
slo.157 |o.166|0.16700.172 [0.162 |o.1e17|0.1103)0.22  |o.22 |o.1az|o.192
elo.osealo.ora|o.eeqlo.0295|c.0ve |o.074 |0.0106|0.0196|0.024|2 664 (0. 025
7|o.05a {n.p39|n.cea|o.oss7|o. oseala.05a |0.034aj0.054 |14.36|0. 048]0, 048
alo.cas ‘o.o7sio.oos|o.osee|o.pas |23.19 |0.0ss lo.0s4 |g.0do|c.048|0. 049
alp.167 |0.0z1|0.221|0.0034[0.2112|0.008700.226 |1.55 |o.22 |0.216|0.23:
10i1.0188!0.853/0.083|c. 098 |o.1129|0.006 lo.1129l0.31179]10.86|0.088|5.70
11{0.1067]0.731[0.008|0.27 |0.265 |0.1712{0.275 [0.28% |0.125(0.309]0.475
120,633 [0.157|0.157(12.92 |2.237 [0.1424/0.1916|0.752 |0.162|0.147 |10 6B
13]0.0589]0.079)0 054 |0 pe3s|0 ona |0 0v37]0 03440044 [0.044]0.044[0. 044
voin (00 = (613 % . 117} - 1y 8p.749  } = 0.8074 . 22.65 tu 0.GE465
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11

1979

.736

.1498

.0129

.54

.081

.35

.33

.186

.169

.182

1980 1981
0.736 0.736
0.147 0.149
0.382 8.23
0.04 0.04
0.028 0.153
3.46 0.078
0.32 0.359
0.129 43.84
0.208 0.057
0.147 0.01
0.179 0.168
= {(11 1

TABLE 6.3 Estimation of

Pij ( Xij

1982

.0028

0.1298

0.0129

0.0071

0.1947

2.73

0.0049

0.3194

0.06

0.0387

0.1817

11 1

1
- bl )
1983
.0778 0.
.134 0.
.0129 0.
.017 0.
.1947 0.
.1245 0.
.0052 0.
.1385 0.
.1644 0
.1255 0
.203 0
1) 264

138

For Group

1984

0021

134

0129

0029

096

078

051

1372

.1587

.1255

.2076

.414

1985

15.83

0.

1428

.0129

.32

.111

.081

10.64

.13

.01

.1255

.199

(B)

1986 1987
.0865 .082
.1428 .147
.0068 .007
.33 .71
.774 .151
.081 .081
.389 .383
.44 .169
.01 .16
.134 .134
;199 .044
32.54

1

1988 1989
.121 0.121
.134 0.138
.013 0.013
.32 44.87
.112 0.6
.112 0.112
.359 0.368
.143 .0003
.134 0.003
.121 0.129
.273 0.259
0.046
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033
172
013
109
025
049
249
053
187
013
76

096
083
107
031
76

045
138
32

75

036

OO KPR OOOOOO0OOHOOOOOOOOODO

vV (n (®))

OO0 0O 000000000000 O0OO0OO0OOoOOOoO

1980 1WT~ T97T2
038 0.027 0 861
174 0.169 6 993
009 0.015 0 015
134 0.111 0 102
025 0.029 0 033
049 0.052 0 058
319 0.002 0 083
054 0 .45 0 049
163 0.159 0 048
029 0 .09 0 016
051 0.047 0 051
096 0.094 0 093
006 0 .133 0 072
170 0.174 0 181
034 1.889 0 044
272 0.079 0 087
998 .0004 0 044
15 0.156 0 156
092 0.091 0 906
038 0.039 0 049
036 0.036 0 027

= (111 211 -1

TABLE 6.3 Estimation Of

Pij

( Xij

X

2

For

1984

.39
.165
. 0l1li
. 098
.034
054

O O O O oo

[y
Q-
[,
(84}

.045
. 156
. 018
. 047
. 092
. 071
. 627
. 039
. 026
. 044
. 138
. 098
.0002
0. 022

O OO OO0 00000 O o

219.1

139

Group

1985

0

.39

68 .88

0
0
0
0

011
156
031
054

01265

0.
. 316
. 019
. 049
. 049
. 073
. 199
. 33

. 096
. 044
. 172
. 087
. 003
. 219

WO OOOO0OO0OOOO0OOoO oo

4

053

(

<C)

1986""'T 9 F T

OO0 0000000000000 O0OO0OOOOOoO

64

177
011
119
034
056
267
051
657
218
058
105
076
203
044
087
045
134
105
054
018

1.4866

OO0 0000000000000 O0OO0ODOOOO

1988
044 0 039
19 0 176
013 0 013
041 0 252
033 0 034
054 0 045
274 0 059
049 0 056
15 0 156
022 0 002
059 0 071
098 0 093
073 0 091
23 0 183
039 0 044
096 0 087
054 0 054
014 0 183
094 o0 087
056 0 067
019 0 022
46 .86 1 )

T9F9

0. 042
78 .7

. 015
. 225
. 034
. 051
. 244
. 054
. 156
. 019
. 071
. 95

. 091
. 210
. 042
. 042
. 054
. 185
. 87

. 067
. 022

o

OO0 0000000000000 OO O

= 0.921
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O O H O O 0O O O OO0 O0OO0OO0O OO0 O0OO0O 0O OO0 O 0O Oo0O OO OoOOoOUuLULOoOo oo oo

mg -

0.124
.359
1122
.056
.146
.123
.58
.056
.045
177
.191
.202
.191
.067
.247
.123
.101
112
.135
.089
.101
.078
.224
.281
.146
.54
.079
.056
.404
.112
.101
.15
.101
.101

(n (@)

TADLE 6.3 Estimation Of

Pij ( Xij
1980 1981 1982
0. 134 1 750 1.75
0.292 0 314 0 .339
0.112 0 112 0 .101
0.56 0 067 0 .067
0.135 0 123 0 .101
0.063 0 123 0 .123
0.16 0 202 0.213
0. 056 0 056 0.776
0.045 2 76 0 .078
0.069 0 112 0 .112
0.16 0 258 11.98
0.213 0 191 0 .202
0.168 0 13 0 .202
0. 034 0 045 0 .045
0.24 0 26 0 .24
0.123 0 146 0 .179
0.258 0 224 .0.25
0.112 0 089 0 .089
0.019 0 157 0 .191
0.112 0 112 0 .135
0.101 0 089 0 .056
0. 067 0 056 0 .056
0.25 0 017 0 .236
0. 017 0 137 .0005
0.146 0 179 0 .168
49 .6 0 64 0 .72
0.089 0 078 0 .067
0. 067 1 426 0 .056
11 .03 0 449 0 .47
0.146 0 101 0 .117
0. 089 0 002 0 .122
3.64 2 47 0 .178
0. 146 0 089 0 .067
0. 101 0 003 0.079

1
= (111 34

X

1983

O O Ul WO O O OO0 O NOOKH OOOOO Y O O O O O O OO o oo o o o

. 247
. 35
. 502
. 027
.101
. 04

19

.056
. 078
. 112
. 314
. 224
. 224
. 045
. 222

16

. 048
.78
. 191

101
.81

.056
. 213

915
191
68

. 067
. 034
. 449
. 135
. 836

62

. 078
. 188

)

2

For

1w4r"

123
303
022
79

003
09

212
067
823
089
314
236
247
045
224
16

35

78

236
101
056
079
459
459
191
85

056
034
437
157
123
942
105
067

O O b OO OO O O O 0O O 0O 0O OO0 0O 0O OO0 O OO O OoOokr ooNhNooooo

650

Group (D)

198-5"T W T
0 101 0 168
0 28 0 286
0 101 0 078
0 035 0 056
0 089 0 089
0 112 0 123
0 035 0 19
0 022 0 404
0 078 0 101
0 101 0 101
0 303 2 96
0 236 0 236
0 314 0 027
0 056 0 045
0 224 0 24
0 16 0 179
0 095 0 314
0 112 0 112
0 202 0 27
0 089 0 024
0 056 0 067
0 045 0 045
0 157 0 135
0 437 0 191
0 202 0 044
0 75 1 032
0 045 0 089
0 034 0 067
0 449 0 459
0 112 0 004
0 157 0 145
0 006 5 028
0 079 0 089
0 056 0 067
(1.8677

140

1987"

. 089
. 236
. 089
. 067
. 089
. 123
. 202
. 404
. 101
. 101
6 .65
. 247
. 314
. 045
.213
179
.37
. 112
. 24
. 079
. 056
. 056
. 157
34.9
. 236
.2

. 056
. 056
4.3
. 123
. 154
. 258
.79
. 067

O O OO O OO K ONOOOOOOOOOOOOWOOOOOO®©O©OOoOOo o
. .

15.03

1988"

123
. 348
. 022
. 067
.089
123
. 202
. 404
. 101
. 089
. 314
. 236
. 25
621
. 224
.72
. 348
. 101
. 24
. 079
. 056
. 045
. 213
0 .06
. 236
. 853
. 056
. 078
. 44
. 112
123
.22
. 079
. 079

O O O OO 0O OO0 O O KHOOOOOOOOOO©OO©OOOOO©OOOoOOoOOoOOoOo

) =

1989

O O O O O O OO 0O O OO O 0O 0O 0O 0O 0O 0O OO0 O OoOoOOoO O uUooo oo o o o

123
325
067
067
089
123
202
404

101
359
236
23

045
224
696
348
266
24

101
056
045
213
008
224
954
056
899
459
112
146
236
079
079

.26
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11

12

1979

0.067

0.008

0.799

0.0057

14.95

0.0162

0.0643

0.0134

0.0028

0.0814

1980 1981
0.065 0.012
0.008 0.008
0.153 0.148
0.005 0.004
0.789 0.48
0.017 0.02
0.156 0.002
0.03 0.094
0.031 0.048
0.104 0.008
0.118 0.112
0.184 0.171

-1

= { (11

TABLE 6.3 Estimation of

Pij ( Xij - X )

1982 1983
0.183 0.429 0.
0.0075 0.0069 O.
0.1335 0.135 0.
0.306 0.0046 O.
0.0022 0.0589 0.
0.018 0.018 0
0.15 0.0278 0.
0.002 2.084 0
0.053 0.722 0
0.0075 0.0076 O.
0.09 0.09 0
0.183 0.106 0
12 1) 111.

141

For Group

1984

067

0057

027

0057

0555

164

.0226

.0127

0098

.913

.183

2767

1985

0.066

0.0046

0.16

0.0057

0.069

0.636

0.0196

0.165

0.0093

0.0298

.0001

(E)

1986

0.067

0.0046

2.369

0.004

0.0066

0.024

0.1775

0.0007

0.0925

.9273

1987

0.064

.0052

.0007

.0211

106.2

1988

0.071

.0052

0.065

0.018

0.012

1= 0.

1989

0.016

.0052

0.01

85.09
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Table 6.4 The Pure Premium For The Five Groups

GROUP (A) GROUP (B) GROUP (C) GROUP (D) GROUP (E)

P.P N P.P N P.P N P.P N P.P
o.0r707 1 0.2834 1 o0.0428" 1 o0.52177 1 o0.5277
0.05609 2 0.0328 2 .2052 2 0.00112 2 0.8438
0.13608 3 0.3755 3 0.0009 3 0.00005 3 0.3249
00.0356 4 0.0829 4 0.02115 4 0.0616 4 0.8598
0.00979 5 0.216 5 0.01627 5 0.0137 5 0.535
0.088 6 0.0634 6 0.02819 6 o0.01156 6 0.73%4
0.0835 7 0.0695 7 0.0188 7 o0.0606 7 0.314
0.0988 8 0.1542 8 0.00022 8 o0.0363 8 o0.77376
0.02896 9 0.03975 9 ©0.03107 9 0.0616 9 0.49104
0.1376 10 o0.032 10 0.03826 10 0.3176 10 o0.8407
0.02806 11 o0.0074 11 o0.0235 11 o0.0412 11 o0.3937
0.1694 12 o0.0574 12 o0.237 12 0.27528
0.00631 13 0.01349 13 0.0007

14 0.05138 14 0.00904
15 0.03877 15 0.0465
16 0.0136 16 0.1317
17 0.0252 17 0.0006
18 0.01066 18 0.0336
19 0.0179 19 0.14515
20 0.0383 20 0.0108
21 o0.0313 21 0.0642
22 o0.1079
23 0.00274
24 0.0169
25 0.34787
26 0.0066
27 0.06988
28 0.0217
29 0.11946
30 0.2666
31 0.0336
32 0.06776
33 0.03105
34 0.02033
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Coments on the analysis:

Using the Empirical Bayes theory to calculate the pure
premium of the five groups of airline, the following
points have been noted:

(1) The variance calculated in table 6.3 for the
five groups and the number of aircraft listed in table 5.1
show that the largest sample and the smallest wvariance is
that of group (E).

(20 The variance in group (C) has been inflated due
to the large claims such as that of airline number 2 iji.e
Air France "U.S $ 28 million in 1982, $84 million in 1985
and $ 92 million in 1989".

(3) In group (D) the variance was also high as a
result of the small number of aircraft.

Finally: taking one of the airlines in any group say
airline number 11 in group @) (Egypt Air) and from table
5.2, it will be seen that, the number of aircraft in this
aircraft lie in the range of 17 to 28 aircraft. From
table 6.3 it will be noted that the number represent part
of the variance fluctuat between 0.191 and 3.59 but in
1982 and 1987 the number Jjumps up to 11.98 and 36.65. The
reason for that is the large claims in these years. This
means that, the variance of each group fluctuates accord-
ing to the number of aircraft in each airline, the total
number in the group and according to the claim severity
as well. The pure premium rate will decrease if the number
of aircraft increases, also when the claim severity de-

creases and vice versa.

143



CHAPTER SEVEN
CONCLUSION

The fast development in aircraft manufacturing in the
last six decades ,mainly the invention of turbo-prop and
jet power, has led to revolutionary changes in the
aviation field.

On the one hand aircraft speed and the maximum ceiling
have increased remarkably, while aircraft safety system
have developed to control and reduce aviation risks. On
the other hand, aviation associations such as IATA and
ICAO have been established to tackle and overcome problems
associated with aviation.

Aviation insurance has passed through many developments
to secure the required cover for all aviation risks.

The final results of the aviation market have fluctuated
from one year to another, consequently the premium paid by
the individual airlines have also fluctuated. These fluctu-
ations have been caused by the following factors:

() The movement within the airline i.e changing aircraft
prices, number of aircraft, aircraft type, £flying hours
and numbers of take offs. These factors have a great
effect on the kind of risk and probability of accident.

(B) The absence of a fixed tariff and the tendency to
rely on the experience of the lead underwriter to evalu-
ate the risk and to calculate the hull rate using a simple

pricing model.
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© The competing pressures produced by the airline and
aviation associations from one side and the aviation
underwriter and market capacity from the other side.

In a bid to reduce the fluctuation in the pure premium
which in consequence might reduce the fluctuation to the
market final results, this research was carried on.

To overcome the difficulties of the small number of
aircraft and their record of accidents, to take into
consideration the numerous factors that affect the rate
and to utilise a formal scientific and statistical ap-
proach, an approach to premium rating based on credibility
theory has been introduced in this thesis.

Within the study of the three branches of credibility
theory different models have been introduced.

Each one of these branches has its own merits and demer-
its .

The American credibility theory is the simplest one, but
it lacks a formal statistical foundation.

The Bayesian credibility theory is a statistical method,
but there is a serious and unanswered question as to how
to estimate some of the critical parameters.

The Empirical Bayes credibility theory is also a statis-
tical method that overcomes the lack of statistical foun-
dation in the American credibility theory and also provide
a way of estimating the parameters not calculated by the

approach of Bayesian credibility theory.
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The choice of a sample of one hundred and forty one air
lines ,even with the possible data for only ninety one
airlines, and classifying them in five different groups
increases data reliability and reduces the fluctuations
among the yearly rates.

The study of credibility theory and analysis of the data
have indicated the advantages of applying Empirical Bayes
theory to aviation insurance premium rating.

Accordingly, the Empirical Bayes credibility was applied
to the data.

As a result the pure premium for each airline has been
calculated, taking into consideration for each airline the
experience of claim amounts and the number of aircraft
adjusted by the experience of its own group.

Finally, in chapter 6, the changes in number of aircraft
and claim severity have shown its effect on the calculated
variance in each group, which affected the calculated pure
premium. However, the pure premium has been calculated for
each airline of the 91 airlines included in the data

sample.

7.2 Suggestion for further research:

In this research, the researcher relied on London market,
insurance underwriters, insurance offices and aviation
brokers for collecting the data. It is believed that all

the required data is handled among these three sources.
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Success in collecting the data was limited because of
confidentiality nature of some of the data.
However, there are a few suggestion for further research

if the data become available.

Firstly, the geographical classification was used in this
research. Different bases for classification such as
airline size might be useful.

Secondly, each airline in this research has been consid-
ered to be a single unit. Research could be carried out
into classifying the sample fleets into subgroups iden-
tified by type of aircraft i.e small, medium, and large
aircraft.

Thirdly, in statistics it is well known that the larger
the data the more confident the result will be. The
researcher hopes to apply the same research using a larger
number of airlines.

Finally, during the last five years the idea of
establishing an international insurance pool for some Arab
and Middle -East airlines to insure their fleets under one
policy has been under discussion. This idea is 1likely to
be faced with difficulties. The smaller fleet tries to
encourage the larger one to join the pool whereas the
larger fleets are always trying to avoid that. Using a
approach based on credibility theory, it is likely that

these difficulties could be avoided.
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appendix (1)

THE Articles of Association of IATA were adopted in the English text by the
International Air Transport Operators Conference at Havana, Cuba, April
16— 19, 1945, at which the Association was founded. The French and
Spanish translations were approved by the subsequent First Annual General
Meeting of IATA at Montreal in October, 1945. Since that time, succeeding
Annual General Meetings have enacted a number of amendments which have
been incorporated in the English, French and Spanish texts here reproduced.

Source of data Branckek, j.w.s 1977
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v) Approve the budget for the succeeding year

and may

vi) Direct that technical or other committees be
organized by the Executive Committee as
provided in Article IX, Section 6.

Consideration of vii) Transact such other business as may be on

matters not included
on Agenda.

the agenda for the meeting or as may be
proposed by the Executive Committee. Any

other matter may be considered at the
meeting only upon a two-thirds vote of the

active Members present.

THE 27TH ANNUAL GENERAL MEETING APPROVED
THE FOLLOWING TERMS OF REFERENCE FOR THE
NOMINATING COMMITTEE.

1. Before the conclusion of an Annual General Meeting
the President shall appoint a Nominating Committee to
make recommendations to the following Annual General
Meeting for appointments to the Executive Committee.

2. Such Nominating Committee shall be composed of 10
appointees: 5 from the current membership ofthe Executive

Committee and 5 from outside the Committee. In addition,

the President ofIATA at the time ofthe appointment of the
Nominating Committee shall be ex officio a member of the
Committee and shall serve as its Chairman.

3. Members of the Nominating Committee shall serve for
a period ofone year and shall themselves be ineligible for
nomination to Executive Committee membership during
that period.

4. At a date subsequent to 1st January of the year
following the appointment of the Nominating Committee.
Members shall be asked to submit names of suitable
candidates for consideration. When submitting such
names. Members shall furnish background information on
candidates similar to that required for nominees to

Standing Committees.
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The Executive
Committee

Determination o f
date and venue.

Notice

Submission o f
items for Agenda.

Functions

2. The Executive Committee elected by the General
Meeting, as provided in these Articles of Associa-
tion, shall exercise the executive functions of the
Association within the framework of these Articles
and with such additional powers as may from time
to time be vested in it by resolution of the General
Meeting.

ARTICLE VIII

GENERAL MEETINGS

La)

b)

A General Meeting of the Association shall be
held annually at a place and time determined at
the preceding General Meeting or at a General
Meeting two years earlier. If no place and time
have been determined at either of such prior
meetings, they shall be determined by the
Executive Committee.

Notice of the Annual General Meeting, includ-
ing the Agenda of the matters to be submitted at
such Meeting as prepared by the Executive
Committee shall be mailed to the Members not
less than thirty days prior to the date of the
Meeting. Active Members may submit to the
Executive Committee matters for inclusion in
the Agenda not less than sixty days prior to the
date of the Annual General Meeting. Any
matter so submitted by an Active Member
which shall not have been included in the
Agenda may be considered at the meeting upon
a majority vote of the Active Members present.

The General Meeting shall:
i) Elect the President.

ii) Elect the members of the Executive Com-
mittee.*

iii) Receive and consider reports of the Execu-
tive Committee or other committees or

officers of the Association.

iv) Pass upon the accounts for the past year.
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ARTICLE VI

MEMBERSHIP DUES AND BUDGET

Date and method 1.

of assessment

Active Members

Associate Members 2.
Entrance fee 3.
Interest on 4.
outstanding
obligations.

Waiver of interest
provision

Notice that 5,

interest payable.

ThQ annual dues of Active Members shall be fixed
annually for the next calendar year by the Annual
General Meeting upon the recommendation of the
Executive Committee and shall bear, as far as is
practicable, a fair relation to the amount of such
Members’ international air operations. The dues for
an Active Member for any year shall not be less than
the amount fixed under Section 2. for Associate
Members.

The annual dues of all Associate Members shall be a
sum determined from time to time by the General
Meeting on recommendation of the Executive
Committee.

The entrance fee to be paid by Active or Associate
Members will be determined from time to time by
the General Meeting.

Interest shall accrue and fall due at the rate
determined from time to time by the Executive
Committee, according to prevailing market rates,
upon any dues, fees, subscriptions and/or any other
amounts owed by Members, from the day appointed
by the Executive Committee for payment of any
such dues, fees, subscriptions and/or amounts,
unless in exceptional circumstances the Executive
Committee waives this requirement.

The dues of all Members shall be computed annually
in terms of United States Dollars. The Executive
Committee shall notify the Members of the amount
of dues payable as soon as possible after this amount
has been determined and the Members shall pay
such dues within such reasonable time after receipt
of this notice as may be specified by the Executive
Committee. This notice shall also specify that dues
payable to the Association shall bear interest at the
rate determined from time to time by the Executive
Committee if not paid on or before the day
appointed by the Executive Committee for the
payment thereof.
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Requisition of data

Failure to
provide data.

Failure to pay dues.

Submission and
contents of
annual budget

Approval of
annual budget

Whether monies
paid by Member
repayable on
cessation of
Membership.

General Meeting

The Executive Committee, through the Director
General, shall be entitled to require of all active
Members such reports and data as may be found by
it necessary to calculate such dues. Failure or refusal
of a Member to furnish full and correct data so
required may be considered by the Executive
Committee as a breach of these Articles.

The failure to pay such dues within the time
specified by the Executive Committee, and failure to
pay interest on the same at the rate so fixed may be
considered by the Committee as a breach of these
Articles.

The Executive Committee shall, prior to the annual
meeting of the Members, prepare a budget for the
succeeding calendar year, showing the estimated
expenses and revenues, which shall be submitted to
the Active Members at their annual meeting. The
budget expenses shall include the costs of establish-
ing and maintaining the Head Office and branch
offices set up by the Executive Committee; the
salaries and expenses of the executive officers and
the secretariat; the expenses of the business sessions
of the General Meeting; the transportation costs of
the members of the Executive Committee while
travelling on business of the Executive Committee;
and such other expenses as may be authorized by the
Executive Committee or any General Meeting. The
Active Members shall approve the budget for the
succeeding calendar year.

On the cessation of membership by resignation or
otherwise, a Member shall not be entitled to the
return of any monies paid into the Association
provided, however, that the Executive Committee
may authorize the return of a pro rata part of current
Membership Dues for the year in which the
membership ceases.

ARTICLE VII

AUTHORITY

The ultimate authority of the Association is vested in
the General Meeting, composed of representatives of
the Active Members of the Association.
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Costof
arbitration

Failure to meet
financial obligation

Effect of limitation.

Attendance at
meetings.

Voting rights and
service on
Committees.

Failure to comply
with arrangements
for setting

financial obligation.

after appointment of the third arbitrator. The
decision of the majority of such arbitrators shall be
final and binding on the Association and the
Member concerned. If the decision of the arbitrators
is in favor of the Association, the membership of the
Member concerned shall immediately terminate and
such Member shall bear costs of such arbitration. If
the decision of the arbitrators is in favor of the
Member, the decision of the Executive Committee
which gave rise to the arbitration shall become void
and costs of such arbitration shall be borne by the
Association.

ARTICLE V (A)
LIMITATIONS ON RIGHTS OF MEMBERSHIP

The membership rights of a Member which shall fail
to pay any fee, fme or other financial obligation to the
Association within 180 days of the date upon which
such fee, fine or other financial obligation became
payable, and shall fail to make arrangements within such
180 days satisfactory to the Executive Committee to pay
such obligations shall be automatically limited until such
fee, fme or other financial obligation be paid. The
Secretary shall notify all Members of such limitation. A
Member whose membership rights have been limited
may continue to attend all meetings and conferences
which it was entitled to attend prior to limitation, but
shall have no right to vote at any such meeting or
conference, nor shall its representative act as a member
of any committee, including the Executive Committee;
otherwise its rights, duties and obligations under these
Articles or Provisions for the regulation and conduct of
IATA Committees and Conferences shall not be abated
by the limitation of its membership rights. A Member
which has made arrangements satisfactory to the
Executive Committee to pay any fee, fme or other
financial obligation to the Association shall be automati-
cally limited upon failing to comply with the terms of
such arrangements.
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Readmission after
Exclusion of
Member’s State
from ICAO

Exclusion where
Member operates
under flags of two
States and both
States excluded
from ICAO.

Effectiveness of
termination

Request for
arbitration

Decision by X
majority of
arbitrators.

ii) Notwithstanding any other provisions of
these Articles as to eligibility to members-
hip, a Member whose membership has
been terminated under this section shall not
be re-admitted to membership of the
Association until the State under whose
flag it operates scheduled air services ceases
to be excluded from membership in the
International Civil Aviation Organization.

iii) In any case, where a Member of the
Association operates a scheduled air service
under the flags of two or more States the
provisions of sub-paragraphs 2. b), i) and ii)
shall not apply to or in respect of that
member unless all the States under whose
flags it so operates have been excluded from
membership in the International Civil
Aviation Organization and such exclusion
is recognized to the extent contemplated in
the proviso to the said sub-paragraph 2. b),

j).

The sole recourse of any Member air transport
enterprise whose membership the Executive Com-
mittee has determined should be terminated under
Section 2. of this Article shall be to seek arbitration
as hereinafter in this Section 3. provided. Such
termination shall take effect and become final sixty
days after notice in writing to the Member concern-
ed of such determination unless within that period
the Director General has received from such
Member a written demand for arbitration, which
demand shall contain the name of an arbitrator
chosen by such air transport enterprise prepared to
serve. Within thirty days after receipt of such
demand, the Executive Committee shall designate its
arbitrator prepared to serve. The two arbitrators so
named shall designate a third arbitrator, also
prepared to serve, and in case of their failure or
inability to agree on such third arbitrator within
thirty days, he shall be chosen by the President of the
International Chamber of Commerce. The arbitra-
tors shall proceed without delay to consider all
matters submitted by the Member of the Association
and must hand down a decision within ninety days
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Resignation.

Effectiveness of
resignation.

Termination by
Executive Committee

Breach of Articles

Breach of Conference
Regulations

Bankruptcy

Exclusion of
Member’s State
from ICAO

TERMINATION OF MEMBERSHIP

1. Any Member may resign by giving notice to the
Director General of such resignation either by
registered letter or by cable. Such resignation shall
be effective thirty days after the transmission of such
resignation by registered letter or by cable, but the
effectiveness of such resignation shall not discharge
the obligations of such Member to the Association
for membership or other dues which are owing by
such Member on the date when the resignation
becomes effective.

2. a)

b)

The active or associate membership of a
Member may be terminated by the Executive
Committee after providing the Member with
adequate notice and a hearing, for the following
reasons:

i)

A breach by the Member concerned of one
or more Articles of the Association, or a
regulation adopted pursuant thereto;

Failure by the Member concerned to
comply with any procedures of the Asso-
ciation adopted to deal with breaches of
Traffic Conference action;

A Member is declared bankrupt, placed in a
receivership or makes an assignment for
the benefit of its creditors or ceases to hold
the authority under which it is operating.

The Executive Committee shall terminate
the active or associate membership of any
Member operating under the flag of a State
excluded from membership of the Interna-
tional Civil Aviation Organization; provid-
ed that all the members of the said
Organization under whose flag scheduled
air services are operated by the Members of
the Association, other than the State
exclud- ed, recognize such exclusion as
valid and binding upon them.
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Associate

Cessation of
eligibility

Transfer

Change of operation

Application

Effectiveness

Appeal
Procedure

Any air transport enterprise as defined in the Act of
Incorporation which is operating an air service as
defined in the Act of Incorporation is eligible for
membership as an Associate Member provided that
it is not eligible for membership as an Active
Member.

Six months after a Member ceases to be eligible for
the class of membership it holds, such membership
shall be automatically terminated, unless during
such period the Member shall have applied to the
Executive Committee for transfer to the class of
membership for which it is eligible; in the latter
event, the existing membership shall remain in force
until the Executive Committee has approved or
disapproved the application for transfer to a different
class of membership. Any Member which changes
its operation in such a manner as to change its
eligibility for membership shall notify the Secretary
in writing; provided, however, the absence of such
notice shall not cause this paragraph to be ineffec-
tive.

Application for membership in the Association shall
be submitted to the Head Office in the form and
detail required by the Executive Committee for the
consideration and action of the Executive Commit-
tee. If the application is found in order, and the
applicant eligible for election to the Association, the
applicant shall be duly elected by the Executive
Committee to the class of membership to which it is
entitled, otherwise the application shall be rejected.
The election to membership shall be effective upon
payment of entrance fees and dues for the current
year.

Any applicant for membership whose application is
rejected by the Executive Committee may appeal to
the Association at the next General Meeting of
Members, and the action taken at that time shall be
final.
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Name

Head Office

Promotion of safe,
regular & economical
air transport

Collaboration among
air transport
enterprises.

Cooperation with
ICAO

Categories

Active

NAME

The name of this Association is INTERNATIONAL
AIR TRANSPORT ASSOCIATION.

ARTICLE 1T
LOCATION

The Head Office of this Association shall be
maintained in the city in which the Headquarters of the
International Civil Aviation Organization is located, or at
such other place as the Association may determine by
amendment of the Articles from time to time.

ARTICLE I

AIMS AND OBJECTS

The aims and objects of this organization shall be:—

1. To promote safe, regular and economical air
transport for the benefit of the peoples of the world,
to foster air commerce, and to study the problems
connected therewith;

2. To provide means for collaboration among the air
transport enterprises engaged directly or indirectly in
international air transport service;

3. To co-operate with the International Civil Aviation
Organization and other international organizations.

ARTICLE 1V

MEMBERSHIP

1. Members of the Association shall be classified as
follows:— a) Active, and b) Associate.

2. Any air transport enterprise as defmed in the Act of
Incorporation which is operating an air service as
defmed in the Act of Incorporation between the
territories of two or more States, is eligible for
membership as an Active Member.
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LLOYD’S AVIATION UNDERWRITERS’
ASSOCIATION

Standard Policy Forms,
Proposal Forms and

Clauses, Etc.

Included is a selection of Forms and

Endorsements commonly used in the

Aviation Market and reproduced by

kind permission of Lloyd’s Under-

writers' Non-Marino Association and

the respective Underwriters and
Companies.

Second Edition, 1971

LLOYD’S
LIME STREET, LONDON, EC3M 7HA

Secretary: Telephone:
E.W. Dalby 01-623 8527
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Il'IOW' IUUCW Ji/C XEbnt Vi« the ITmlorwrilors. Members of the Sjndicates whoso dofinilive numbers in Uio aflor-
monliened List «f Underwriting Mrmbors of Llnjd's aro set out in the allachod Tabla, hereby bind oursolvcs each for hie own
I»Hrl and not oja for another, our Ileira. Executors and Administrator«, and in respect of his duo pro|K>rlion only, to pay for,
replace «r make good to the Assured or tin* Arsmed'a Executor*. Admini*truler« or Aniens or to indoinnify him or them against
all resell Tjo««, Damr.ge or Liability as afore»nid subject always to the terms, conditions and limitations contained heroin or endorsed
hereon or attached hereto, and the duo projmrtion for which aaeh of ns. the Underwriters, it liable shall bo ascertained by rcforence
to hi* share, as shown in the said List, of the Amount, Percentage or Proi>orLion of (bn total sum assured hereunder which
ir. iu the Table set opposite the definitive number of tho Syndicate of which such Underwriter is a Member AND VURTDKR
THAT the List of Underwriting Mornl*era of Lloyd’s referred to above shows their rc*i»cctive Syndicates and Shares therein,
is deomed to be inrorimralod in and to form part of this Iloliey, hears the number specified in tho atlachod Tabla-and is
available for inspoction at Lloyd's Policy Signing Ofiicq by tho Assured or his or their representatives and a true copy of tho
matorinl part* of the maid List corliliod by the Ocneral Manager, of Lloyd's Policy Signing Ofilco will be furnished to tho
Assured on application.

111 THHEtnQOO whereof the General Manager of Lloyd’s Policy Signing Ofiice lias subscribed his name on behalf of each of us.
LLOYD'S POLICY SIGNING OFFICE,

Dated io London, tho GENERAL MANAGER.

THE SCHEDULE.

“FLIGHT” »ball I* deemed to mean from the tirao the Aircraft moves forward in taking off or attempting to take off for the actual
air transit, whilst iu the air. and until the Aircraft completes its landing ruu after contact with the earth aud/or watar.

“TAXYING * shall 1-i deemed to mean when the Aircraft u moving along the ground whether under its own power or momeutum or in process
of leiuc towed but not iu flight as defined; but in the caae of aircraft whilst afloat, “ TAXYING " «hall be deemed to mean when such
Aircraft is uot in (light or mooted as defined.

“ON THE GROUND* (not applying to aircraft whilst afloat) »hall be deemed to mean whilst the Aircraft is uot iu flight or latyiug as
defined.

“MOORED ” ahull lie defined to mean whilst the Airvrafl u afloat and safely secured and shall include the risks of launching and hauling up.

“AIRCRAFT” »hall laj deemed to mean the Aircraft sjiccificd in the Schedule hereto together with its «*ngiiio(s) aud atauJar.l ju»!runu-nis
and e«juipr.ieiit including any estra equipment or accessories si>ccificalljr meutionod in the Schedule.

“SALVAGE SERVICES" ahall I* decaad to meau any services rendered by or in relation to the Aircraft iu, on or over the sea or any
tidal wat.-r or on or over the ahoree of the tea or any tidal water, in all cates in which they would ha»e bevu salvage services, whether
maritime or uu<hr coulract, had th»y boon rondcrv] by or iu relatiou to a voaacl.
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formapproved by Lloyd's Aviaitoo Urvderenter«' Aauociation.

(e

Lloyd’s Aircraft Policy

SSfjtrtafi the Insured named in the attached Schedule has paid the premium
specified in the Schedule to the Underwriting Members of Lloyd's who have hereunto
subscribed their Names (hereinafter called "the Underwriters"),

i*oh) 52k fijt SIntlertoritcrf hereby agree to insure against loss, damage or
liability arising from an Accident occurring during the Period of Insurance to the
extent and in the manner hereinafter provided.

iioto ItnofcD £>C that We the Underwriters, Members of the Syndicates whose
definitive numbers in the after-mentioned List of Underwriting Members of Lloyd's
are set out in the attached Table, hereby bind ourselves each for his own part and .not
one for another, our Heirs, Executors and Administrators and in respect of his due
proportion only, to pay or make good to the Insured or to the Insured's Executors or
Administratorsortoindemnifyhimorthemagainslallsuch loss, damage or liability as
herein provided,after such loss.damagc or liability is proved and the due proportion
for which each of Us, the Underwriters, is liable shall be ascertained by reference
to his share, as shown in the said List, of the Amount, Percentage or Proportion of
the total sum insured hereunder which is in the Table set opposite the definitive
number of the Syndicate of whichsuch Underwriterisa Member ANDFURTHER
THAT the List of Underwriting Members of Lloyd's referred to above shows their
respective Syndicates and Shares therein, is deemed to be incorporated in and to
form part of this Policy, bears the number specified in the attached Table and is
available for inspection at Lloyd's Policy Signing Office by the Insured or his or
their representatives and a true copy of the material parts of the said List certified by
the General Manager of Lloyd’s Policy Signing Office will be furnished to the Insured
on application.

'3n (SHttneg'S whereof the General Manager of Lloyd's Policy Signing Office
has subscribed his Name on behalf of each of Us.

\}BOSSA/YE,

LLOYD'S POLICY SIGNING OFFICE.
Genfral Manager
7/
o V.
. 0
A

J,,cy stG”

Primed «i Lloyd'». Loodon. Lxv*laod by Lloyd» of London Puntini Service» Ltd
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SECTIONT L0O5SS OF OR DANMACE TO AIRCRAFT

Coverape
1. fah The Undersrieers will a2 sher n-,_-mun pay e, reglace ar Ir:pmr. actidenlal -
It el o damepe o Che Aircrafl descnbed o e Schefule arising froen Ik rivks

cavered, Includiapg dsappearasce il 1he aircrafl is wnreponed for slhoy days afier @

the commencement of Aighd, el nog cscccding Lhe amsount insuweed .u:huwn Ilacrun :
and subject Lo the amounts Lo be deducied shown below.

LB I the Aircralt is insured herety for the rishs of Fliphi_ che Usderwriers will,
ine ndulieion, pay reasonabde emesgency espenses secesanly lecurred by the Insured -
for the immedizie safety of the Aircrait conssqoens upon demape of forced lnn:lmg
up i 10 per cent. of 1he amewnl specifed n Pan 2(4) of the Sckedule.

. Exchesns app'llnlrl: to thes Section saly

2. The Unicezwriters thall mol be Tizble [or ) . -
[} wisr amt 1, delgrigrplion, breakdewn, defoct or Miore hawancver |
S in uny Linid (kerzinalier delined) af the Airsrall and the cneajucntsy
chiceal wirhon sesch Ui,
] (Al damagr i amy Unil by anything which has a prl:lgru:m ar l:um.uhlm
T ellem bur dusige amributahle 2o a ;lnblt recanaded uu.:dem i enpored n:d'l-q-
paragragih | {e] atnwe.
HOWENTH acciesal fess of or damnpe ge the Aircrafi :unsqrucnl: ugwan 2 [.u}
ar (i) ahnve is covened under parzgraph | (og hereol.

Candlibans applicable 1o dhis Seclion only - -
3 fil BF ik Adrorafl is damaged :

£l no dismardlise os rrmims shall b sommensed without the corsent of
the Uinidereritors exoepl whaieeer is noiessary in Lhe inlencsls of zafdly, or to
provenl Turther damage, or o compiy with arders issucd by Lhe appropriate
authurily.

[B] The [lnaderwrileri will 11.':5' anly o rrF|.1l|:-| anil I'.r.1n|.|_1'rr'|. i lbaur
mind maesnials hy the mose eoesnmicel mezhod unlees the Linderwriters agres
caherwise with 1he Insured.

[iib IMthe Undorsrivers exercise 1heir optios 4o pay lar or replace the Aircral

{5} The Undorwrigers may fake 1tha &ircmal [logeiber with all documesds of - i

recared, Feprlsagion and title 1hersn 55 salvaps
[¥) dhe cowver alfosded by this Secrlon is eerminated in respect of the Aircrade
wue i the Aireralt i recained by the ]I'H.l.ll'l!ﬂ far walunble cocssderation ar
atherwizs
) {c} the replacoment airomil shall be af Ihe same make and Lype and in
reasonably ltke condition unles othereise agrecd with the Insured.
. {s) Excepl where the Undereribers exeroise 1hair option to pay for or seplace
ihe aircredt, there shall be deducied from the claim wnder prragraph 1 (2] of this
Seclionz—
{a} the ansoum ified in I'zrt & [IL] ol the Schedule and
[hd sach eepnrisnn of the Craerhaul Cnst {heresnafier defined) ud'nn.:r Lnie
fepaiced ar reploced a3 chie wgad ninse bears 1o ke Cvezpasl Lile dkeresaficr
defined) of the Unia
fivh Undess the Underwriters elect 1o lake Lhe Aircrafl as salvage che Adrcraft
thall i all times remain the property of fhe Entumd who shall kase no tight of
ahandanmmenl 1o the Llndererilcrs,
[} Pen clkim shidl be payabite under dhls Socchos IF eaher Dinsoranee which B payable
In concequence ef loss or damape covered mader dhls Secrlem has been or chll be effestod
by or on beholf of e Ergmred without the knowledpe or onsent of e ed sreeii s
See olso Scetien 1Y

SECTHIN IT LEGAL LIABILITY TO THIRD I"ARTIES
(OTIER TELAM PASSENGERS)
Coverese
. The Uaderwritars will indemnifly the [nsurcd for all sures which the Insizred shall
beecicemie legally liabde o pay, amd shakl pay, ascomporeatnry damapes Cincluding cosls
zwarded againset ik Insaredin resprel of acridendal bodely imjury (latal or olbenwise}

Wit dind Faevisl faficor aef nivvtal B i Porpiir d ca neeea? Sefridand vallr dud’ oes asl fa kyp
ilpvarl’ fad] Al hii Banienda e,
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&l aecidenial dumaze te propoiy eausad hy i Aircrallon by Sny peckan or objecn
faltang therefrom,
Esclmaom spplicablc ba by Section pnly
L The Undsrwriion shall mal be liable for claims arisisg fram
i [{}] h'lgnr:rtﬁ-l'.tl [ mh:r-w:}w lows susLainalk by any ﬂ-ll"tmﬂ-l' o€ emplu]-ne
of the lruied ar [ rider in ghe Iniyged's bojanzay whibs) actisg in ke course of
hiz emgloyment with or dutse foe The Insysed,
Liip injpary (facal or aiherwisel or loss setained by 2wy memeber of the ng_hl.
cabin or othee crew whilss oagaped in the operation of the Aincraly. -
- (@i} inpary {fdal or cthoreiscl or loas suslaiesd Ly any passenger whily
- endtrime, an board, or atighteng from e Aircall.
{ow] Bk ol o Il.l.1'r|.l.5: llr:.n:l ill'ﬂp:ll_'«' bl;hnslnr‘ I i fhe LIr:_-Eullnd:r ar
© goarigod ol B laguped

3. The Dndereriters ghall pot B lialde Far ik digestly ga :m:l.:rcnl}' accasianed
by hapeening, |l.n:-u_gh af B conseguee ol —
{0} noix (whehar audibdz to the human cacsar not), '-'lb.r—:lll:'n. sonis hooen
ind amy phentmena -I‘!-J-:'lrl'lll.-ﬂ therewilh,
L)) Pj'lu“gn and saplaminalsn ;d';mrr kil 'ﬁllll‘im'-‘ﬂ
(] elezicizal gad slecrainopneic |n|;q.r|r.-rem.'e
 [d) incerference with 152 use of propony;

_- unks: caused oy or m:ulun[.' in a crash firc i:l.|1||:|5|-:-n or rdlu-l-l:l.n ar o fegurded

in-fligha emerpeney causing abnuronal aircrali cperation,
Moghing in ki ]:lnng,r:lph il v erenidc w.llmurl- Tal Becim 17 I'I-I-
Limits ul'lud-lmnll:r splicallo go 2his Srclion

4. The Kahiljity ol 1he Lnderwriesrs weder this Semioa shall not cwceed che ameunts
staled in Pari 6 L §Cp of ke Schedale, lew any amouncs under Parl & 11 (B). The

" Linderwricers will delmy in addition amy kegal costs and expenscy incurced with their
* writlen consent in defendicg any aciio which may be browghl againat the [nsunzd in

respect of any claim for compessacory damages cowered by this Soclion, but ssauid
the amaunt paid ar zwarded in seqikzment of suck claim exceed the limsi of indemnity
Lhen dbe liakildly of 1he Undoowriters in cespect of such lepal cosds and cepenscs shall
k& limiled to such peeporlion of dhe said legal cosls and expenscy as Lthe lishil of

|mkrnml:p beara ko the amewnt paid for compensaioey damages.
: See alkn Sectjon BV

1 SII"I”!GH I LEGAL LIABILTTY TO I'.q.E.‘:.E"-.‘GEFtE-
Coverape
i. The Underwriters will indemnily the lnsered in respect of all sams which the
Insured shall becomes begally liakble 1o pay, and shall pav, a5 compensatory damapes
lincluding oosls awarded ag-:.in:l the [nsurcd} in mspecl of
- {a) accidenial besdily injury {Faial or otharwisch Lo passengers 1i‘|'|:I|I|.tlI1|.ErIrIE.
on boxrd, cr alipghtiag froen he Simcrall and -
(&) Bass afar ﬂimﬁbt |17 barf_-giﬂ.; sl p:rs:vun'll arbiches of Fuw:ng.en. J.rmu.g;
ol o as accldeng 1o |I|r.- Adrcra
Froridpd Almays the
(i} bafore a pamenpgor boards the Adreralt the Insercd shall Lats sech
MRS i Bre pecsszary 1o exclwde or limil liakdlite i claims snder <) 2ng 1B
abuirve b the exient perminad Ly law
(] If che measures eeferned oo jn prmim (i1 zhowe anclude che e of o
Passesper ‘Tickeijllopgare Check, ik sanie shall bhe delivered correcly
compleied Lo Lhe passengar & sreasanzhble cime before dhe passenzer boards
the aircrafi.
Tn dhe weent of Taibarg 10 €omply r|lh provisn i) g (i) e liaid ol Jﬂ-ﬂllllﬂll.!. &1 che
Undgrerilern vedyr this sectios a8 nof pocred (he asstean of 1he k2pal llablisy, ICany,
ihat would hare cxiied had che provisy teen enmplad willi.
Frohoind saipleable fo this Socblon sols
L The Umlerwriters dwlh not e $izhls Tor inpary OF oot sustatdd by ony
{if dieestor o srapliges ol ghe insueed & purines jn b2 Insuecd s husins
whalil dting in Ghe S o g emplogmen with of duies for che Dnsuned.
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El'f-mh:r
UIMTYEIEE
Larddiap ared
Tabe-tf &rraa

Crni s
Liakakiy

Marridey o
) Faucrgzm
Had-
Coainbutar
ﬁld-'-bl-d-l'-'ilr'

War, Hejacking
ared Uliker
Perils

LG

i) member af the fighl. cuking or Ol%er crew whild cngaged i e
omeralin of Eic Adnzrall.
Limics of mdeainiiy xpglicable to this Soeriea
3, The hahaloy o 1he Liderseiseds wnder 1his Sectian shall nod engeed Ul @ideaunt
slardd in B B EN QO of 1R Schedule, ks any asnns wider Pact & BT, The
Underwriiers will gy in addivion any kegal cosis and expenges icucned wink iheir
writlen consend in delonding any acdivn which may e broughl agnies the Issurcd in
respecl of any claim Tor compensatory damagzes covered by 1his Scdliom, bl shuuid
tha amousd paild or swarded in sceibeiient of such claim ¢xeeed dhe limid ofindemnity
Then Uhe Bahility of the Ueskerwrilers in respec] of spch kgal cosly amd cxpenies. s2all
T Rermned mu smch poogenism of he caod Tegad @ity amd eapenses a6 Uhe Bic o
spdeenniny bedes ns 122 aiicant paid For compgnsatary Jansges, -
: See also Seclien 1Y

SECTION 1Y (A) GENERAL EXCLUSIONS APPLICABLE
T ALL SECTIONMNS :
This pralicy dust Aot Lfply - :

1. Whilst the Aircrafl is being vsed foc any illega! purpose oF for any
purpues alher dhan o slaved indhe Schedube and a5 defined indhe Dcnitions.

I Whilst the Awcradl is vwiside e gongraphical limits staded ia the
Schedule enlzsy Jue 1a Toree rn:ljl;ur:_

A Whilal the Adreralt is l=:ing pelaiee] By any persun aihier than ay stacal m
fhe Scledob: sxcef chi che Ainrult iy £ npr.-:un! i 1k Emu.—u:l h:,- any .
R Loonerent [ar shal prpose.

+ Whilsl 12e Adrcrall is being cranspoecsd by aney gnedng of conveyance .

©eacep a4 the et ol an oozident giving nae o a clam undsr Section 1 ol chis
Potay,

A whilst the Aircrali & landizg on oc wking off or attemisg o da 5o
from a place which docs ol comply with ke recommendations laid down by
the manulaciurer of the Airczall excepd as a resul of fovce majoare.

4. To liakility assumed or riphls waived by the Insured under amy agreemesd
[other tham passcnger Sicket:barzape cherk isoed under Sociion [ hesal)
excepd Lo e cxbent ibat such liablily would have atlacted Lo the Insarcd in Lhe
abacnes ol such agresment.

. Whilsl che wial ramber of passcngers being curricd in the Alrcralt
caceeds Hhe declarod mazinwam nuenber of passanpeee slated in the Schodole

d. To cluims wiich are payabl: usder any alber policy ar poficies excepl in
respect of any excem beyond the amount which would have been payable urder
such caher policy or policies kad this insuranoe col been effecied. -

4. T hoss, damage or liabilicy darocely of indirecily coused by or costritued
12 by or arising from ionising radiations ar conaminatian by radicactivity.

19. Ta chims caused by

I&] War, invasion. acts of Jemign enomies, hostilities {wheiber war
bo declared or noll, civil war, cebellion, revobsicn, tnsucrection., martial Law,
milisary or usurped puwer or 2llemyls al vsurpatico of power.

1% Anyw hesdle dewonetsan of oy weapan af wir emipdaying alveds
ar nuckesr xsion andior fesion o other like feLeisn o raduaciave fgrce of
EnaiLEr.

] Snasies, cuals, givil commntivgs v Inhmser distierhs moes,

(d] Ary adl of one o Mo persins. whelher or ol aprods of a
sovercipn Poswe, For pelilicd] or Jerrarisl purposcs and wheliber she loss
o7 damape msulliag Uherelmam s saehléntal vr inkondienal.

[ah .-'|.||:|' inaliceEiuy B0 e T al S.I!HIIJE:_

|'__|"_| Cunirealios, sationaliuiive, weicuge, reslrmdnl, derodios, appra-
Priulluu. FEarknicd for nicle ar use by oo ey ehe ander of any Caverf-
i fwhesher coal melilary oe de faclod or pubdss ar local amboriy,
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ix] Hijacking or any unlawla] seizupe pe werpapful eseicie gl comipod of
jhe Aecradt oF crew o :ﬂighl: [iru.lm.‘.mg amy aUengn 1 such fciemre Or
conergl) enade by Lny persoes oF perioe e buaed the nlrwﬂﬂ aiting withuug
the canses al” the Insiered,

Fianthermoee this palicy docs not coves clain arising whilit the Aircall i
outside il contral of the Lnsurcd by reason of any af the aboae perils.

The Aircrall wbsall be deemed 10 bave boon reatursd 1o ke contral of the Ensarcd
on the safe return of ke Airerafl to the Inswrcd at an ascficld not excduded by the
geapraphical |l of dhis Policy, aml enlircly suisable for the opcration of the
Aircraft (such gafe retim shall sequire 1hat the Aircmfl he parked with cogines sban
dows knd winder ne durail,

(B GENERAL CONDITLOMS APPLICABLE T ALL SECTIONS

1. The dup sbesrrmnce aad fullibment of the lovms conditicas and endorsements of
s policy shall be & evodilion precedenl bu any ||:|:.|J|I:3' ol e Linderarider: (o maks sap
puyaeent under ihls pelicy.

2. The lmsured shall ar all tisnes use due dnl.r_t;zm.: and do wnd Cosur in daing
wrerything reasonably praciicablo 12 avoil or dinnacish any less hereons

3 The Inturcyd shakl comply with all air mavigation and asrswsthisess orden aoed
fequiresienty ittund by amy ¢urnp=ll=nl pulkarity 1I|-|.'I.Iln_; the h-ll'c vperalios af the
Airczall and shall ensers that - -

~ [d} the aircralt is alrwrl.ll}' a1 Lhc cesmmencement of cach :|'|||,'_h[

(B} all Log Dooks amd ciher reconds in connecuian with the Abrcrali which
are required by any official ropulations in forer from fime 1o limo shall be Sepe
up b dats ased shall be prodwcal 16 1he Uniderwritars v heir Apesils on reyaes _

[¥) the emplayes lnlJi :lg:ﬂnrrﬂlc [nsured eemply with juch snlces and
FeqiremE NS,

4, Immediale netics of any svenl lEkely Lo give risc to a <laim onder this Policy shall
b EEvEn &8 Raled an Part Eal the Schiedule. Tnall egecs che Digmed shal?

3] Tugeaih Tl ]:Itrln!uhrl- inwritang al iech event ond foewzrd icmedialely
gailate oo wny eladin [hy 2 Therd I-"trl.l_l.' oof [ragseagen ) wilks any I|:1|:-=|.': ixr daCuments
reladiap :'h-u'ﬂn

] gﬂ.‘- nlics ol any 1n|p¢nl1-1n,g Profeulng

e} render such Furiker information and assistanm as the Undoreriters may
reasomahly nequire

[} ool sod dn any way b0 the delrimesd or |:-r-:]|.|.-:[-r:u of the inlencst of dbe
Elaederwrilers.

Tt Taciserid byl i pucibi ey milsidriian of Eabiling or payssent or afler urrmnk-e of
payment eighe) the wri|brn Somenl of Qe Dedorrrilers. ;
5, The Underuigess shald e epiinled {if they so el=ct) 24 any dime and for so lang as
ey dodice to bake absolue somped of 0l nepouations end procesdings and in uhe
narmse of (he Insared Go setds, defend o pusies sny k.

fi. Tlpon an indemmily beinp given ar & puyment being mgde by the Underweiders
ureder ihils Pilicy, they sdall ke subropeied 1o ohe righos and remedies al the Insured
whe shall co-aperals with wnd da all shings escessary oo assisl the Underwrnioers o
caemcies buch rights sed remed s

T.  Showhl thore be any chinpe bh (he circusmiances or navare of Lhe ricks which ace
1be bz ol this codlrasy the Inswred shall pve imanediate negice thereal 1o Lhe
Underwriters and no laim silsing subsequent 1o swch change shall ke recoverable
hencundhs undess such chanige hak freen aocepges hy the Undawrilcrs.

3. This Palicy may be tameedlal hy eicher abe Uladersrivees oo the Insured giving 10
days moLicn in wrilimg of sk canesllaizan. I ancelial hy the Underwricers, thay wdl
relurn 2 pro rala poaticn of the priepsum = vespert af the usexpined pericad of she
Falicy. [l canccilcd by the Tmmral o refuen af premiem shall be at ik discresicn o che
Unedcewriters. There will be ma ferurn of peennisn o regpect of any Adromabl an whck
a loss is paid or i payahle wmler 1kas Palcy.
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Assignment
Not Marine
Insurance

Arbitration

Two or More
Aircraft

Limits of
Indemnity

False and
Fraudulent
Claims

16(H

9. This Policy shall nol be assigned in whole or in part except with the consent of
the Underwriters verified by endorsement hereon.

10. This Policy is not and the parties hereto expressly agree that it shall nol be
construed as a Policy of marine insurance.

11. This Policy shall be construed in accordance with English Law and any dispute
or difference between the Insured and the Underwriters shall be submitted to
arbitration in London in accordance with the Statutory provision for arbitration
for the time being in force.

12. When two or more aircraft arc insured hereunder the terms of this policy apply
separately to each.

13. Notwithstanding the inclusion herein of more than one Insured, whether by
endorsement or otherwise, the total liability of the Underwriters in respect of any or
all Insureds shall not exceed the limit(s) of indemnity stated in this Policy.

14. If the Insured shall make any claim knowing the same to be false or fraudulent
as regards amount or otherwise this Policy shall become void ar.d all claims hereunder
shall be forfeited.

(C) DEFINITIONS

(«) “ACCIDENT” means any one accident or series of accidents arising out of
one event.

() “UNIT" means a part or an assembly of parts (including any sub-assemblies)
of the Aircraft which has been assigned an Overhaul Life as a part or an assembly.
Nevertheless, an engine complete with all parts normally attached when removed
for the purpose of overhaul or replacement, shall together constitute a single Unit.

(c) “OVERHAUL LIFE” means the amount of use, or operational, and/or
calendar time which, according to the Airworthiness Authority, determines when
overhaul or replacement of a Unit is required.

(d) "OVERHAUL COST” means the costs oflabour and materials which arc or
would be incurred in overhaul or replacement (whichever is necessary) at the end of
the Overhaul Life of the damaged or a similar Unit.

(c) “PRIVATE PLEASURE” means use for private and pleasure purposes
but NOT use for any business or profession nor for hire or reward.

(/) “BUSINESS" means the uses stated in Private Pleasure and use for the
purpose of the Insured’s business or profession but NOT use for hire or reward. *

(g) “COMMERCIAL" means the uses stated in Private Pleasure and Business
and use for the carriage by-the Insured of passengers, baggage accompanying
passengers and cargo for hire or reward.

(/i) "RENTAL" means rental, lease, charter or hire by the Insured to any
person, company or organisation for Private Pleasure and Business uses only, where
the operation of the Aircraft is not under the control of the Insured. Rental for any
other purpose is NOT insured under this Policy unless specifically declared to
Underwriters under SPECIAL RENTAL USES in the Schedule.

Definitions (e), (/), (g) and (A) constitute Standard Uses and do not include
Instruction, Acrobatics, Hunting, Patrol, Fire-fighting, the intentional dropping,
spraying or release of anything, any form of experimental or competitive (lying,
and any other use involving abnormal hazard, but when cover is provided details
of such usc(s) arc slated in the Schedule under SPECIAL USES.

(/) "FLIGHT" means from the time the Aircraft moves forward in taking off
or attempting to take olT, whilst in the air, and until the aircraft completes its landing
run.

(k) “TAXYING” means movement of the aircraft under its own power other
than in flight as defined. Taxying shall not be deemed to cease merely by reason of a
temporary halting of the aircraft.

(/) "MOORED" means, in the case of aircraft designed to land on water,
whilst the aircraft is afloat and is not in flight or taxying as defined, and includes the
risks of launching and hauling up.

(m) “GROUND" means while the aircraft is not in flight or taxying or moored as
defined.
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PAiT

PART
2

PA§T

PART

PART

Policy No.

Name of Insured

Address

*Period of Insurance

From

Particulars of Aircraft

(uv
Wake &Type

(Insert ” Land"."Sca" or
"Amphibian” as applicable)

Purposes of Use
Standard Uses

glnse_rt "Private Pleasure".
"Business", "Commercial",
"Rental for Private Pleasure

and Business only”
as applicable)

Pilots

Geographical
Limits

AVN 1A

(2)

Year of

Manu-
facture

16(9)

Proposal dated

SCHEDULE
To
3 “
" Registration Declared *
¢ Marks Max. No.
of Passen-
gersat any
one time

Special Uses
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<5)
Amount
Insured

. both days inclusive

@]

Risks covered
(Insert "Flight”. “ Taxying ,
"Moored”, "Ground *as
applicable)

Special Rental Uses



APPENDIX (3)

Examples of the 70/30 or 80/20 formula

Theoretically, the insurance premium rate is calculated to
cover two different kinds of losses, total 1loss and partial
loss.

In some cases, the insured asks to change the sum insured
during the year, due to buying, selling, leasing aircraft or
readjusting the estimated aircraft values to match market
prices.

In such cases if an aircraft insured with a sum inured of
$5,000,000 faces a total loss accident, this sum insured will
be paid. But if the accident 1leads to partial 1loss for say
$100,00, the underwriter will pay the claim $100,000 whether
the sum insured is $5000,000 or was reduced to 3,500,000.
Accordingly, whenever the aircraft wvalue changes the premium
rate should change with the rate (%), increasing when the sum
insured increases and the rate decreasing when the sum insured
increases. The standard formula often used to calculate this
change is "K/100-K" where K is a percentage to be chosen by
the underwriter. This formula is applied as follow:

First, the leading underwriter uses his experience to examine
the size of this change, and airline record within the last
few years to decide the percentage to be used. This percentage
could be 70/30 or 80/20.

Secondly the chosen percentage is applied as follows,

Suppose the aircraft's existing value is $250,000 and the
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existing premium rate is 1.75%. The airline asks to reduce
the existing wvalue to $200,000. The leading underwriter

decides to use the percentage 70/30

The existing premium is $ 250,000 . 1.75% $ 4,375

The difference will be $50,000 . (70%.1.75) $ 612.5

The premium required therefore is $ 3762.5
. . $3762.5

and the premium rate will be $20,000 $ 1.88%

The same method will be used if the airline increases the sum
insured. Suppose the existing value is § 150,000 with a
premium rate of 2.5%. the airline asks to increase this value
up to $ 190,000 and the leading underwriter decides to use the

" 80/20" formula,

The existing premium is $ 150, 000 . 2.55% - § 3750
The difference will be $40,000 . (20%. 2.5) = §$ 200
The premium required therefore is = $ 3950.5

and the premium rate will be giggoooo = §$ 2.08%
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{APPENDIX 4)

Fipgure 1

PLACEMENT OF RISK

AIRLINE UHNDERWRITER BROKING TECHNICAL PROCESSING ACCOUNTING

Firm Order

\

S1lip Production

/

Placing

Cover Note

i ¥

Debit Note

ient
Accounting
To Airline
Payment
Closing to
Underwriters
\”,
Underwriting
Aocountlng
Policy
Documcntation
To Airline

Source of data: Brokerage insurance COmMpany.
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{APFENDTIX

Filpure 2

CHANGES OF RISK

ALHLIMNE BROY.IHG TECHHICAL PROCESSTHG ACCOUNTING

Request Underwriters

Change Agreegszi\\\\\\\:’

Cover Note

Addendum
Debit/Credit
Note
To : | Client
Airline Accounting
Payment
Closing to
Underwriters
Underuric ing
Adoocounting
Folicy Endorsoment
To Alrline

Source of data: Brokerage insurance company.
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LONDON MARKET INSURER

— May appoint Surveyor etc. if Joss likely to bo
substantial.

— May appoint Lawyer If third party Involved.

— Brief details entered Inrecords.

— Advises Reinsurers if necessary, of brief
details.

— Notes expert*« comments.

— May await further reports/developments.

— Recommends course of action regarding
repairs’replacements etc.

— Makes a “Reserve™ J.e. sets aside money, in
bo%ks, to cover loss amounts for when it is
paid.

— Agree to settle.
— Notification to Accounts dept, that debit will
occur.

(APPENDIX 5b)
CLAIMS

FLOW CHART BROKING HOUSE

— Opons Claims file

— Collects details of loss e.o. type of
loss/dAmage. when, where and how it
occurred, estlmalo of cost If known.

— Claims form only usod tor personal claims
e g. Motor, contents, lowellory otc.

— Chock loss (alls within policy Ootails (date,
location etc.)

— Discuss with Leading, or all. Underwriters on
slip.

— If straightforward claim, may sottle to client
at this stago.

— May advise Underwriters claims ofticos

a) LU.C.O.
LLoyd's Underwriters* Claims Offrce
(Marino)

b) LU.N.C.O.

Lloyd's Underwriters* Non-Marino Claims
Office (Non-marine)

C LA.C.C.
Lloyd's Aviation Claims Centre (Aviation)

— Broker contacts experts as required and
gives ail known details including copy policy
etc.

— Discuss with Underwriters.
— Show to LUCO, LUNCO. or LACC as
appropriate.

— Obtain agreemont from all Underwriters to
settle.
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Source

Dally tabulation* and monthly summarlo»
«ant to (naure/s UomCentral Accounting
computer».

Underwriting records and statistics updated.

— Inaurerd Account« dept. chacK off all anUiat
agalnat daily labuUtluni Irom Cantiai
Accounting Ouresux.

— Etch Insurer debftad by IPSO. ILUor PSAC.

N.Q. "Special" Satllamanta do nol go
through monthly aystorn.

Submit IInal coal tUtall* ate. to Anlnaurora
on Bordereau* or Treaty StalarnanL

of data:

Brokerage

insurance
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company,

— Instruct» Accounta rUpl to draw chequa.
Cheque to Cmant with Credit Note giving
d«l«al» o pewmen<

— Separala cheque* to Surveyor ate. I
tnvoirad.

Aaaambta« all doeunwtla a o. policy,
rcfyorl*. txila. conatpondanca etc.

Claim andoraad on policy.

CUlmy alatamani prepared »howlng amount
Of iota, application o( eacetees ate. and
curvey laaa.

Hacorda and atatlatlCB updated.

All documenta aubmiUed to IPSO. ItU,
PSAC and individuai companiaa lor
alamping. Claim» cotlechoo ahaala removed
and aiiocaiad sainement number» ana dale».

— Daily tabulation» and monthly aumnw let
aent to Accounta dept

Account» rupi, check O»l all antrU» in their
o «m record» again»l dally tabulation* irom
Central Bureau*.

Monthly statement of account of all claim»
aent to Broker» by IPSO. ILU. PSa C.

fitiAar» account Ciedited with Claim» money.
N.B. Cheque» noi Issued. unlike premium
paymenty.
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