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ABSTRACT

Motor insurance is only the insurance which is compulsory by law. The National
Insurance Commission (NIC) which has the responsibility for the insurance industry
currently supervises about 21 insurance companies, 2 reinsurance companies, 37
insurance brokerage companies and about 4,500 insurance agents. This number is
currently not elnﬂugh for the ever growing population of the nation. With the collapse of
some insurance companics, there has been the problem of how to handle most of the
claims. Also the mere fact that industries in Ghana do not put emphasis on some of the
risk factors in estimating motor insurance claims would give room for unfairmess in

making claim,

It is in line with the foregoing claim problems of motor insurance that this study 1s
designed to consider and critically examine some pertinent characteristics (called here
risk factors) of the an insured vehicle attributing to motor claims. This was achieved by
establishing a logistic regression model using these risk factors: sex of the policyholder,

make of vehicle, age of vehicle at point of entry. and cubie capacity of vehicle,

The data were obtained from the Motor Claims Department of SIC Insurance Company

Limited (SIC) for the period, 2007 — 2008, The results from the various analyses revealed

that only the two risk [actors: the vehicle make (FIAT, NISSAN, TOYOTA. BMW), and

vehicles aged at least 6 years at point of entry contribute significantly to the prediction of

a motor insuranma-::;afrﬁ. The edds—ratios analysis also showed that these makes of

vehicle make more claims compared to OPEL while all the relatively old insured vehicles
il

are less likely to make a claim compared (o insured vehicles not more than five years old.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND
The motor insurance business dates back to Ghana's colonial past. Prior to country’s

independence in 1957, the motor insurance sector was largely dominated by British
insurance companies which introduced strict and professional underwriting standards.
Following the withdrawal of the colonial insurers about 50 years ago and with little or no
official supervision of the local market insurers at that time, the entire industry struggled
o successfully market their products. In the process. public confidence in motor
insurance, in particular, was severely affected by opportunistic companies that entered
the market with a strategy of low premiums and poor, or non-existent claims service
(Amoo, 2002). Several Government enquiries into the insurance industry in the 1980°s
led to the establishment of the National Insurance Commission (NIC) in the early 90°s.
The NIC was empowered to protect Policyholders® and Third Parties’ rights under
insurance contracts and to cnsure that insurance companies were financially sound and

conducted their business in a professional manner.

S‘Since its creation more than a decade ago, the NIC has taken a number of bold initiatives
that have significantly restored public confidence in the insurance industry, particularly in

the motor vehicle imsurance sector. Now the motor insurance business accounts for about
_._',_.-r""
30% of the premium-income of Ghara'sinsurance industry. Since certain level of motor

Insurance cover is compulsory, it is the most popular and, regrettably, the most
i

controversial of all services provided by the country’s insurance sector (Amoo, 2002),

1
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The national economy is run on all the four modes of transportation, namely: Road. Rail,
Aviation and Maritime & lake. However, the road transport sub-sector constitutes the
- major mode of transportation for both passengers and goods within the country, This sub-
sector accounts for 97% and 94% of all national passenger and freight traffic
respectively. A total of 215,537 vehicles operated in the economy in 1998. However, this
figure far cxceeds the total number (154,347) of insurance policies written (TRI-STAR,
2001). This discrepancy can be attributed to either some of the operating vehicles
contravened the law by not taking any insurance policy within the year, or data capturing

and/or processing by the authorities are improper thereby producing wrong statistics.

The road transport industry is, however, beset with a number of related and unrelated
risks that must be borne by one or more of the stakeholders. These could be the owner of
the vehicle, passengers on the vehicle, a third party who may be affected in one way or
the other by the user of the vehicle or an insurance company. Fortunately, some of these
risks can be shared among some of the stakeholders, The government enacted laws,
Motor Vehicles (Third Party Insurance) Act 1957, making it compulsory for every
mechanical propelled vehicle plying Ghanaian roads to have some form of an insurance
cover, It is primarily aimed at protecting the third party who may be affected by the use
\m" the said vehicle (TRI-STAR, 2001). This has been the basis upon which the risks
| associated with motor transportation have been categorized and insurance products

developed thereto. Based on the categorization, the Ghanaian motor insurance market has

Some various insurance covers in 1its [_J_urlfo_lip, These are the Aet Only Cover (which is

e _,_,-:-"""':._-__-_ :
compulsory), Third Party, Third Party Fire & Thefi &Liability, and Comprehensive

Covgr—"""
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The Act Only Cover is the most basic motor insurance product in the Ghanaian market. It
allows the policyholders to pass on the risk of providing unlimited compensation for
injury or death to a third party by the insured vehicle to the insurance underwriter, The
underwriting company assumes only the risk of injury or death to a third person, arising
out of bodily injury. This third party can either be passenger in the said insured vehicle or
a pedestrian. In Ghana this cover is compulsory for all vehicles except those of the police

service, government departments or the military (TRI-STAR, 2001).

The Third Party Cover enables the underwriting company Lo assume the risk of providing
unlimited compensation [or bodily injury/ death or proper damage, or both, caused by the

insured vehicle to a third party.

The Third Party Fire & Theft & Liability Cover is that segment of motor insurance
coverage that encompasses the third cover for liabilities to third parties plus damage or

loss of the policyholder’s own vehicle caused by the fire or theft (TRI-STAR. 2001).

The Comprehensive Cover is the most extensive form of motor insurance cover available
in the marketplace. [t permits the policyholder to transfer all the risk associated with the
use of insured vehicle onto the underwriting company. These risks include bodily injury
to passengers and pedestrians, third party property damage, and accidental loss or damage
‘of the whole or part thereof of the insured vehicle as a result of fire, theft. or accident

(TRI-STAR, 2001)..

The premium paid for-these covers are based on the type and/or use of the said motor
T _'_‘_,_,_,--'—-'-'-'-_'_ .

vehicle. The insured vehicles are broadly classified either Private or Commercial Use,

Furtherclassification is made on the engine capacity of the vehicle (TRI-STAR, 2001).



The risk factors associated with claims have been the topic of many rescarch papers
| appeared in the actuarial literature. The lon gitudinal (or panel) data model is often used in
this context due to the randomness of the annual expected claim frequency, influencing
the number of accidents reported to any company. However, this research work is
interested in a policyholder ever making a claim or otherwise, which would be used as a
basis for developing a generalised linear regression model, predicting frequency of motor

insurance claims,

1.2 PROBLEM STATEMENT

Insurance is by naturc an ultra competitive business. There is nonetheless, concern about
the “over desire” by some insurers to win market share at a cost, thus leading to
underwriting indiscipline. This is not uncommon in other insurance environment, but the
use of tariff system in Ghana has, for now, militated against such tendencies. Howewver,
concerning the aggressive nature with which some companies arc clamoring for increase
market share, these problems could still come about if measures are not taken to stem

such tendencies.

The motor Tariff Regime being employed in Ghana comprises the rating guidelines set
]Quwn by the NIC. These guidelines set oul minimum rates that all insurers must follow,
with adjusiments for discount. Thus under this regime, underwriting skills have mainly
been relied upon in assessing those factors affecting level of discounting appropriate for a
particular policy, The+¥arious diswﬁcabk are No Claim Bonus Discount, Fleet
Discount on Fleet Policy and “Special”” Discount. which a discretionary discount offered

. ""---_-_ - - 3 ' -
by insurers under special circumstances. For instance, where an insured has been a client
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successively with an insurer for a long time or where a client holds multiples policies

with one insurer, a special discount could be offered

Arising out of the problem of minimal utilization/application of underwriting ptinciple
(inherent with the Tariff regime) as earlier mentioned, is the fact that the only data
analysis donc at present is not based on accurate figures or specific information.
However, it is recognized that eventually the Tarift may have to be done away with (as it
has in other development markets). This may be followed by a rating “war™ between
imsurers as they strive to increase market share. The mere fact that industries in Ghana do
not put emphasis on some of the risk factors in estimating motor insurance claims would

give room for unfairness in making claim.

It is in line with the foregoing claim problems of motor insurance that this study tries to
consider and critically examine some important characteristics of the insured vehicle and
its driver. 'The study therefore seeks to address issues of the aftitudes and views of the
insurance companies regarding estimation of motor insurance claim as well as factors that
underwriting companies consider in premium rating. The pertinent risk factors or
characteristics being considered here to model the problem understudy include the sex of
the policyholder. make of vehicle, age of vehicle at point of entry, and cubic capacity of

vehicle.



s

1.3 RESEARCH OBJECTIVES
To ensure sanity and professionalism in the way motor insurance is underwritten and

sustained for profitable growth of the industry while meeting clients’ expectation, it has
undoubtedly become imperative to put forth some quantitative arrangements or measures
that will accelerate efficient and prudent underwriting. This, it is believed, would help
assess clients fairly and equitably, based on their risk characteristics, which will then
allow the underwriting companies to charge adequate and sustainable premiums.
Undercutting of rates based on spurious unproven rationale would be checked, thus

improving the financial solvency of such companies,

The consideration of future for the estimation of motor insurance claims would entail a
variety of areas of investigation. This research is conducted as a way of undertaking this

exploration, In particular, the goals of this research study are:

* To have a thorough knowledge and understanding of the motor insurance industry

and how the industry operates in Ghanaian market.

e To establish a logistic regression model with the ultimate goal of determining the
key risk factors associated with the motor insurance claim as well as predicting

the frequency of making claims,

e To make some recommendations based upon the various analyses performed and

conclusion of the study for policy implementation.

* To contribute to promotion efkpewledge in motor insurance claims with a view

to, among others, stimulate further research.
_—-.'-'.-.-_



1.4 JUSTIFICATION OF STUDY

A lot of people have researched into motor claims insurance and contributed to
knowledge immensely. The study is to bring to attention such contributions as well as

that of mine with a view of, among other things. stimulating further research.

It would be suggested that SIC Insurance company Limited give relatively high premium
to new cars as compared (o older ones due to their higher demand of claim. thus helping
SIC to increase their financial gains. The different various influential effects of risk
factors should motivate the drivers or policyholders to be cautious in driving so as to
avoid high premiums, This will help the professionals in the motor insurance industry in
their informed decisions by appreciating the problems underground and also advise the

underwriters from this position of knowledge.

1.5 RESEARCH METHODOLOGY

The data for the analysis of the siudy were obtained from the Motor Department of SIC
Insurance Company Limited (SIC), The data collected were on insured private vehicles for the
period. 2007-2008. indicating their make or type. cubic capacity, age of entry. and sex of driver
(the policyholder). The National Insurance Commission (NIC) was also contacted for
some literature materials concerning the estimation of motor insurance claims in Ghana,
To achieve the objectives of this research, the logistic regression analysis was employed
Ras the main statistical methodology for analyzing the data. The response variable, in this
case, indicates whether a claim is made or not by an insured vehicle. This binary variable

is regressed on the risk factors (make, cubic capacity, age of entry, and sex of policyholder

of vehicle) as the predictor variables for the meodeling process. These predictor variables



are individually categorized into different levels to suit some required analyses like the

estimation of the odds ratios.

The results from the various analyses performed were obtained using the R software
package (version 2.8.1) which implements the logistic regression analysis. The results
show that sex of policyholder and the cubic engine capacity of vehicle have no significant
impact on claims made, though female drivers are 1.26 times as likely to make a claim as
their male counterparts. The odds ratios of the vehicle cubic capacity indicate lesser
claims as size of engine increases. Also, after adjusting for all the levels of a car age, it
was found that they were all less likely to make a claim as compared to cars that are not
more than five years. They are nevertheless statistically significant. The established
model used only two risk factors: the make and age of vehicle, indicating the various

levels tound to be significant to the prediction of a motor insurance claim.

1.6 SOME BASIC CONCEPTS IN INSURANCE RISKS

1.6.1 Insurance
Insurance 1s a contract (policy) according to which one party (a policy holder) pays an

amount of money (premium) to another party (insurer) in return for an obligation to

compensate some possible losses of the policy holder. The aim of such a contract is to

provide a policy holder with some protection against certain risks. Death, sickness,

disabﬂity, motor vechicle accident, loss of property, ete, arc some typical examples of

such risks. Each policy contract specifies the policy term and the method of

compensation. Usﬁai_ly compensation is provided in the form of payment of an amount of

money—aay event specified in the policy contract that takes place during its term can



result in such an insurance claim. If none of the cvents specificd in the policy contract
happen during the policy term, then the policy holder has no monetary compensation for
the paid premiums, Insurance helps individuals and organisations to reduce the [inancial
risk of adverse event. An example is the cost of hospital care in the event of illness,
Insurance involves two parties, namely the insurance company, also known as the
insurer, and policy holder, insured.

The policy holder purchases an insurance policy by paying a premium to the insurance
company and reflects the level of risk. In return for the premium the insurance company
promises to pay the policyholder an amount of money (called a benefit or claim payment)
if the policyholder were to suffer a financial lost due to a specific event. The premium for
each risk should commensurate with the risk. Those who are more likely to have losses
should pay higher rates; those insuring for higher amount should pay higher premiums,

The outgoings of the funds are mainly the payment of loses.

Insurance is therefore a method of sharing the losses of the few individuals in a group
who suffer them among the many members of that group who do not (IIC, 2006).

Insurance is based on risk. If there is no risk there can be no insurance.

Risk
\

The word risk implies both doubt about the future and the fact that the outcome could
leave us in a worse position that we are in right now. In our daily lives we are constantly

exposed to risk. Very little is certain. We risk our lives when we cross the street, being

responsible for inj_ur_}: to others w’ﬁmn or drive an automobile, losing our property

—
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il we are careless with fire or the security of our home, the lost of fortunes when we go

into business for ourselves, and we risk failure when we do not study for an examination.

There are two classes of risks, speculative risk and pure risk. Speculative risk exists
where there is a chance of loss and a chance of profit. A business operation is a
speculative risk, it could fail or be successful. Such risks are not insurable. Pure risk

entails a chance of loss but no chance of profit.

1.6.2 [Insurable Risk
So far we have talked of risk in a very general way using a wide range of examples. As

we said earlier the study of risk is to be a foundation for a more detailed examination of
insurance and so we must now turn our attention to those risks that are insured.

Insurable risks may be classed as personal, property, or liability risks.

» The personal risks are based on the loss of life or loss of income arising from

premuture death, or physical disability.

» The property risks are those arising from the destruction of, or damage to
property, These losses may be direct- the cost to repair or replace the property, or
indirect - the loss of use of the property caused by the damage or destruction of

the said property.

o The lability risk arises from one’s obligation to pay damages because of bodily
injury to or death of another person (known as the third party) or damage to his

property. Thisobligation would be based on one’s negligent acts in relation to the
e _‘_'_,_,_.-—-'"-'-_

operation of vehicles or equipment, the ownership or oceupancy of property, the

manufacture of products and the rendering of services. A person may take action

10



1.6.3

against the insured for damages allegedly caused by the insured. The insured may
have insurance protection (legal liability) for such an action and will be
indemnified by the insurer for any damages found against him. The person who

brings the action is called the third party.

Risk Management

Risk management is the minimization (at a minimum cost) of the detrimental effects of
tisk by identifying, measuring and controlling the risk. Risks are identified by inspection,
through the use of inspectors, engineers and surveyors employed by the business. Once
the risk have been identified and measured the risk manager must develop a method of

controlling them. There are several alternatives available. These are:

Reduction of Risk by Preventive Effort: 1f the risk is such that it can be reduced or
eliminated by preventive effort it would be wise to do so. While the initial cost 10
reduce the risk may be high, when these costs are amortized over a period of time,
there can be a substantial savings in lives and money. An cxample is the use of
sprinkler system to reduce the possible effects of tire.

Assume or Retain the Risk: A business operation may due to circumstances,
choose to assume or retain the risk, self-insurance may be used where the
business’s operations are geographically scattered, when the type of risk is
difficult or impossible to insure. when insurance is provided but the deductible is
quite large. or where it is found to be the most economical method of controlling

the risk, some businesscs may set up a fund into which money is periodically paid

_r""_’r---_'_
to provide money should the event occur.

e
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* Transfer the Risk: Risk managers frequently decide that the best method to deal
with the specific risk is by transferring it to another person or corporation, which
may have better financial resources and thus a better ability to withstand loss.

This transfer is called insurance.

The individual or business seeking to formulate a method to control the risk will be
strongly inﬂuencgd by the perils to which it may be subjected to and the hazard that
exists. A peril is an event, which may cause a loss, such as a fire, lightening or explosion.
The peril may cause a direct loss - damage to property, orfand indirect loss of income

resulting from the damaged or destroved property.

A hazard is a condition, which may cause a peril to occur. There are two categories of
hazards, physical and moral. Physical hazards are those which pertain to physical state of
the property and which may lead to the occurrence of a peril. Moral hazards are
characteristics of individual or firms, which may increase the probability or severity of
loss while the physical hazard can usnally be reduced. a moral hazard is not only difficult

to determine but difficull to prevent because it relates to human element of the risk.

1.6.4 Reinsurance
An insurer tries to develop a book of business by spreading its liabilities in such a way

\that no single incident will affect all its risk at the same time, Insurers would rather write
1% of all homes, businesses or vehicles in all the towns and cities in Ghana than write
100% in say Accra or Kumasi. The amount of premium that would be generated either
way may be quite _sTﬁmﬂr but WIF of being wiped out in one accident is

disproportionately higher with the greater concentration of exposure
——
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Reinsurance is an arrangement between the underwriting insurer and a professional
reinsurance company. The insurer transfers all or part of a risk to another insurer known
as a reinsurer in return for a portion of the premium generations by the underwriting
insurer. The insurer would absorb an agreed proportion of the claims. The reinsurer

transacts business only with insurance companies. The reasons for reinsurance are:

® To increase the insurer's capacity to write business: Reinsurance allows the

insurer to write a higher level of risk than it would be to its own accounts.

* To reduce the effect of a catastrophic loss: While every insurer is prepared to
accept ordinary loss in a course of its business, events like the 1995 floods in
Accra may seriously strain its financial resources particularly insurers with large
retention (they keep more of each risk than they reinsure). Reinsurance on a

catastrophe basis is available for such an eventuality.

* To provide stability in a fluctuating market: Reinsurance will not prevent

underwriting losses but it can smoothen out the effect on the insurers in any given

year.

¢ To enable an insurer to cease operation: For reasons other than bankruptcy an

\ insurer may wish to withdraw from the market. To do so, it must remain until all

business has run off and the outstanding claims have been settled which could be

a very long term and expensive proposition or to reinsure its outstanding portfolio

of business with another insurer. This is not reinsurance in the strict sense but it is
— e =

a transfer of risk from one carrier to another.

e
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The insured is not a party to a reinsurance contract. Reinsurance arrangements are
contracts between the primary and other insurers or professional reinsures. The original
insured is not a party to this contract and usually knows nothing about it until the time
that the insurer is financially unable to pay a claim and the reinsurer may be called upon
| in most cases, the arrangement made remain private. The spirit of utmost good faith with
which insurers transact business with their agents, brokers and insured also extend to
their transactions with their reinsurers and they therefore feel that these transactions
, should remain private because they would only enter into agreement that were in the best

interest of their clients

1.7 BACKGROUND OF STUDY AREA

: 1.7.1 Introduction
SIC Insurance Company Limited (SIC) is one of the oldest non-life insurance companies
in Ghana. It traces its roots to the year 1955, when the Gold Coast Insurance Company
was established. It was renamed Ghana Insurance Company (GIC) in 1957, when Ghana
attained her independence. In 1960, GIC which was primarily a life assurance company,
set up a subsidiary company — Ghana General Insurance Company (Ghana General) to

underwrite fire and motor businesses. The Government of Ghana in February 1962, per

\

A

an executive instrument, took over the Ghana Cooperative Insurance Company and
reconstituted it into the State Insurance Corporation to await the completion of takeover
negotiations with Ghana Insurance Company and its subsidiary Ghana General.

Subsequently after a successful takeover of the two private companies — Ghana Insurance

——
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and Ghana General — the new company, State Insurance Corporation, commenced

business in November, 1962.

In 1995, SIC was converted into a public limited liability company as part of the
Government of Ghana's divestiture programme. The company became known as State
Insurance Company of Ghana Limited with the Government of Ghana as the sole
shareholder. The State Insurance Company of Ghana Limited took over all the business

assets and liabilities of the State Insurance Corporation of Ghana. By a special resolution

- passed on 22nd October, 2007 the name of the Company was changed to SIC Insurance

Company Limited. In accordance with the provisions of the current insurance legislation.

- the Insurance Act, 2006, SIC has duly separated its general business from the life

business with the mcorporation of SIC Life Limited. By a special resolution, SIC
transferred the life business and assets to SIC Life Limited and in consideration of those

80,000,000 ordinary shares were issued to the Government.

SIC is a leading provider of general or non-life insurance products in Ghana. Its business
operalions cover fire, motor, marine and aviation, and aceident insurance. SIC also
provides specialty insurance products such as hoteliers and leisure policy, a policy for the
hospitality industry. With roots dating back to 1953, the Company has been operating for
more than 52 years and has developed long-standing relationships with insurance
brokerage firms and some independent agents, who constitute some of its primary

distribution channels,

e fH—P""_-_—

SIC’s business is national m scope with a visible presence in all ten regions of Ghana.

The {joﬁfﬁ_ﬁ;has consistently, over the span of its business life, maintained steady
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market leadership. In 2006, SIC had approximately 40% of the insurance industry’s total
market share. SIC's vision is to maintain its dominance in the insurance industry and
position itself as the most profitable, innovative and customer friendly insurance
company. Its mission is to provide innovative and competitive insurance and other
financial services to its clients through a highly skilled and motivated workforce with a

commitment to be a good corporate citizen.

The Technical Operations committee consists of three (3) directors. The Head of
Technical Operations of SIC is required to attend meetings of the committee. The
committee holds bimonthly meetings to discuss various issucs to do with the core
business activities of the Company. The principal duties and responsibilities of the

Technical Operations comumittee are as follows:

I. Formulate policy on technical operations for the attention of the board of
directors;

2. Monitor the performance of the Marketing and Technical departments;

3. Ensure that all expenditure relating to technical matters is within the approved
budgetary limits;

4. Ensure that the appropriate mfrastructure and equipment is available for to the
various departments to assist in the achievement of the goals and largets;

5. Monitor compliance with the relevant legal and regulatory framework;

6. Discuss any problems or reservations arising from any relevant reports and any

T

matters the relevant supervising authority may wish to discuss.
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The Technical Operations committee has the authority of the Board of Dircctors to
investigate any activity within its principal duties outlined above. It also has authority to
seek any information it requires from any employee, past and present, and such employee
is required to cooperate with any request made by the committee. The Technical
Operations committee has the authority of the board of directors to obtain outside legal or
other independent professional advice and if it considers it necessary to secure the
attendance of outsiders with relevant experience and expertise. SIC's investment
portfolios are managed by SIC-FSL, a wholly-owned subsidiary of SIC, and an
authorized investment advisor with a broker-dealer certification from the SEC., SIC-FSL
provides investment advisory and assel management services to SIC, other corporate
clients, and high net worth individuals. SIC’s investment philosophy is to adhere to the

guidelines under the Insurance Law and the Company’s investment objectives.

' 1.7.2  The Structure of the Investment Portfolio
The Insurance Act, 2006 (Act 724) requires that general insurance companies invest 25%
of their gross premiums written in Government bills and notes, and the remainder in

securities approved by the National Insurance Commission. Investments are also

structured to meet the company's profitability objectives and solveney requirements.

§IC places emphasis on optimizing investment returns over the long term. SIC's
investment portfolio mix as of May 31, 2007 consisted largely of high quality, fixed

deposits and foreign currency cash equivalent and short-term investments, as well as a

-
=

significant amount of tisted and ushsted equity securities, The company believes that

prudent levels of investments within its investment portfolio are likely to enhance long
_—--#_.
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term total returns without significantly increasing the risk profile of the portfolio, The

table below presents the composition of SIC’s investment portfolio as of May 31, 2007,

Table 1.1: Composition of SIC’s Investment Portfolio at May 31, 2007

Investment Type

Percent of Total

Cash and Cash Equivalents (Domestic)

Government Securities (Treasury bills and Notes)
Fixed Deposits and Foreign Currency Cash Equivalent

Long-Term Investments (excluding Real Estate)

Total

10%

25%
40%
23%
100%

1.7.3 Insurance Products and Marketing Channels

Despite a highly competitive insurance market, it is significant to note that SIC continues

to dominate the market with a market share of ahout 40%. The table below shows SIC’s

market share for the various insurance business lines for the years ended December 31,

2002 to 2005,
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Table 1.2: SIC's Market of Insurance Products

Product At Year Ending December 31
20058 2004 2003 2002 -
Fire 26 16 23 19
Motor 41 42 | 43 47
Accident 23 25 24 33
Marine & Aviation | 70 68 69 60
Total 40% 37% 38.1% 39.3%

SIC offers its products through registered brokers, company-employed sales
representatives, and marketing field staff. It also. to a large extent, depends on walk-in
customers, SIC’s marketing strategy is to appeal to customers who desire a feature-rich
product at a competitive price, The Company uses broadcast, print media, community

events, and the internet to offer its products to its target markets.

The company has a broad marketing reach because of its comparatively larger number of
agents. It has approximately 600 in-house trained agents who market its products all over

the country to catet for the special needs of its geographical markets.

-
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SIC’s marketing field officers do not only offer products to its target markets, but also
collect market data for the company to use to enhance its existing product base and
develop newer lines of policies. Additionally, the Company uses thirty-seven registered
independent insurance brokers to offer its products, particularly for its fire. marine and

general accident lines of business.

SIC has a consistent history of paying dividends to its shareholder. The Board of
Directors, in accordance with the provisions of the company’s code has the authority to
recommend and pay dividends on ordinary shares. As a policy the minimum dividend
payable is 40% of profit after tax. Any recommendation to pay dividends will be at the
discretion of the board of directors and will be dependent on SIC’s operational results,
cash flows, financial position, capital requirements and any other factors the board of
chrectors deem relevant. The average dividend payout ratio over the last five years has

been approximately 43% of profit after tax.

1.7.4 Dividend History

Set forth in Table 3.3 is SIC’s dividend history for the years ended December 21, 2002 to
2006. The dividend trend reveals a company that has continuously rewarded its
shareholder for capital provided. During the five year period, spanning from 2002 to

2006, dividend payout ratio averaged 43%.

Payment of claims is perhaps one scope in which SIC continues to excel thereby assuring

clients of her dependability and swiltness in responding to their plights. SIC has a
e ) -'_F'_,_;—l"'._--_._ =
consistent history of paying dividends to its shareholder.

—
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Table 1.3: SIC Dividend (2002 -2006)
Year Dividend Paid ~ Dividend per  Payout Ratio (%)

(GH¢ "000) share (GHg)

2006 1,300 0.03 44
2005 800 0.02 35
2004 400 0.01 23
2003 600 0.01 40
2002 400 0.01 73

L7.5 Documents Required When Liability Is Accepted Injury Cases

The insurance industry is regulated by the National Insurance Commission (NIC), which
administers the Insurance Act, 2006 (Act 724). The NIC has broad supervisory and
administrative powers over such matters as licenses. standards of solvency, premium
rates, policy forms, investments, minimum capital and surplus requirements, periodic

examinations, annual and other report filings.

Claims management is the carrying out of the entire claims process with particular
emphasis on the monitoring and lowering of claims review, investigation and negotiation.
A claim is a request to be reimbursed (or compensated) filed by the insured and
addressed to the insurer. Effective claims management is a eritical factor in achieving
satisfactory underwriting results. The procedure for handling claims varies according to
the type of cover, amount of claim, and whether it is a personal or commercial claim.
SIC maintains in-house investigators, engineers and surveyors to handle most of the

-

claims, in orderto detect any-frand or abuse in the processing of claims. Furthermore, in-
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house lawyers aid claim management procedures and law enforcement investigations in

an attempt to reduce insurance fraud and litigation.

1.7.6 SIC Motor Insurance

SIC’s motor insurance business is the biggest in Ghana. More than 50% of its grossl
premiums written come from this category with an average industry market share of 43%
for the period 2002-2005 (Latest data available from the NIC). The Company’s motor
insurance business is national in scope and covers both private and commercial motor
users. Motor premium rates vary according to usage and the less extensive the cover, the
smaller the premiums. SIC’s dependence on motor premiums is diversified across a broad

customer base and no one single customer influences more than 2% of gross premiums,

Apart from the standard coverage of third-party liability and comprehensive insurance,
the Company also handles additional perils for both private and commercial motor uslers
under both its comprehensive and third-party liability coverage. Examples of perils
include, flood, voleanic eruption, earthquake or other convulsions of nature, strikes. riots
and civil commotion. SIC has motor gratuitous passengers/members of insured's
household coverage, which pays full compensation for bodily injury or death to

occupants of the motor vehicle other than the insured or the person driving,
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CHAPTER TWO

2 MOTOR INSURANCE

2.1 INTRODUCTION
The first mechanically propelled motor vehicle appeared on the British roads in 1894 and

by 1898 the Law Accident and Insurance Society Limited were offering policies to motor
vehicle owners. The business was new and many of the early companies did not survive
in the competition, The mushrooming use and development of the motor car followed the
First World War during which the advantages of motor vehicles had been established. By
the 1920s there were so many motor vehicles on the roads and so the legislation which

passed in 1930, the Road Traffic Act, was inevitable.

In Ghana. insurance business started in the colonial era where it was done through
foreign trading companies in the country acting as chief agents of insurance companies in
the United Kingdom and elsewhere. This was concentrated in few towns such as Accra,
Sekondi and Kumasi. However, the growth of Ghana’s insurance industry took a turning
point in 1962 when bold and revolutionary steps were taken to improve the insurance
industry in the country. This resulted in the formation of the State Insurance Corporation
leading to the spread of insurance centres to all the regional capitals and to some of the
district capitals and beyond in the late 1980’s. In recent times there has been an increase

in the number of insurance companies in the country which totals 22.

The insurance market consists of insurers (insurance companies), intermediaries
(insurance brokers and agents), and the insuring public (government institutions,
T —— _.___,..-—"-_'_'__

corporate bodies, and individuals). Products that are offered on the insurance market are

‘broadly categorised into two — Life and Non-Life (also referred to as General Business).
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While the range for Life products varies, underwriting for Non-Life centres on Motor,

Marine, Aviation, Fire, and General Accident.

A developed and functioning insurance sector is a fundamental condition for economic
success. The objective of insurance is to provide financial stability to individuals,
organizations and businesses. As a risk pooling and transfer mechanism, insurance allows
the insured to mitigate pure risks (i.. risks that involve only the possibilities of loss or no
loss). Examples of such risks are fires, flooding, ill health and unintentional damage o a
third party. Insurance helps business to stay open and individuals to continue their work
or education by providing financial compensation if an insured risk occurs and causes
damage. Even when no loss occurs, insurance provides peace of mind, a service of
considerable, if un-quantifiable, value, (Yuengert,, 1993). As financial sector, insurance 1%
a major investor. The insurance sector covers long and short-term risk activities. It
comprises three basic activities: “life insurance” which includes common life insuiiance
and life reinsurance with/without a saving component. “Non-life insurance”, comprising
insurance and reinsurance of non-life insurance business, ¢.g. accident, fire, health,
property, motor, marine, aviation, transport, pecuniary loss and liability insurance, and
“Pension funding” which includes the provision of retirement incomes, but non-
contributory schemes where the funding is largely derived from public sources.
Reinsurance activities are included in one of the three sections, according to the kind of

the risk reinsured (Fecher.et al, 1993)

The insurance sector is onc of the most important service sectors regarding its basic
g _H_'___..-——'_'_

{uriction .for the whole economy and society. Modern, highly industrialized and
A e
technology driven economies are threatened by higher risk than ever; and individuals
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need to protect themselves against private risks as well as saving individually for their

retirement. Insurance companies also play an important role as investors and

shareholders.

2.2 MOTOR INSURANCE CLAIMS AND COMPLIANCE

This section presents some research works done in motor insurance claim and compliance

of rules.

2.2.1 Motor Insurance Claims
The service of claims settlement provided by insurance firms are correlated with loss

aggregates. Nonetheless, this empirical proxy also has its drawbacks (Cho, 1989). First,
the stochastic nature of non-life losses is likely to create an ‘errors-in-variables problem’
that would distort the measurement of scale economies, particularly where the insurance
includes catastrophe risk, Second, when claims incurred are used, the output quality of
loss control and risk management is ignored, which is undesirable. As a result, an insurer
that is very successful in loss-prevention would be measured as having less output, Given
that both premiums and claims incurred are imperfect measures of insurance oulput, we
follow the suggestion that says alternate between both measures of insurance output

(Cummins et al, 2000},

Estimating loss severity distributions (i.c. distributions of individual claim sizes from
historical data is an important actuarial activity in insurance. In this situation it 1s
essential to find a good statistical model for the largest observed historical losses. It 1s
less important that the model explains smaller losses. In fact, a model chosen for its
overall fit to all .l-;i-étﬂriuéﬁcm;}r not provide a particularly good fit to the large

Josses—Such a model may not be suitable for pricing a high-excess layer. It is obvious that
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extreme-value theory is the most appropriate tool for this job, either by using extreme
value distribution to model large claims or generalized Pareto distribution to model

exceedances over a high threshold.

In his comprehensive paper entitled “A General Survey of Problems Involved in Motor -
Insurance”, Dr. Carl Philipson discusses two methods of statistical estimation of Third
Party Motor Insurance claim reserves, These methods can also be used for Car Damaged
Insurance, since reserve determination for these rapid settlement property coverage 18
simpler than for Third Party lines. Dr. Philipson mentions the two main purposes of claim
reserves —balance sheet loss reserves which shall be estimated on the safe side for
financial reasons, and those reserves needed for risk statistics. However, this research

work would confine its subject to risk factors associated with claims.

There is another paper that examines the validity of some stylized statements that can be
found in the actuarial literature about random effects models. Specifically, the actual
meaning of the estimated parameters and the nature of the residual heterogeneity arc
considered. A numerical illustration performed on a Belgian motor third party liability
portfolio supports it. It is one of the important principles that applies to the contract of
insurance thus, contract uberrimae fidei. It refers that both the parties involved in
insurance contract should make the disclosure of all material facts and figures relating to
the subject matter of the insurance contract. If either party does not disclose the utmost
good faith the other party may avoid the contract. The insured’s duty is to disclose all

material facts kriown to him but unknown to the insurer. Similarly, the insured’s duty of
e e =

utmost good faith is disclosing the scope of insurance at the time of contract. Any

_-_----_ & = . 1 *
concealment, misrepresentation, fraud or mistake concerning the material facts to the risk
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should be disclosed. No important material facts and figures must be concealed. Thus,
responsibility of disclosure of both parties should be a reciprocal duty i.c. disclosure is
absolute and positive. In an efficient, competitive insurance market, higher risk drivers
face higher insurance premiums to reflect the higher expected accident costs that they
impose on the insurance system (Englund et al, (1997). But a system of purely cost-
based pricing may lead to degrees of price variation that are politically unacceptable or
that undermine the goal of premium affordability for some drivers. Therefore regulators
intervene in automobile insurance markets to reduce rate levels for high-risk drivers, to
limit average rate increases for all drivers, and in some cases 10 reduce rate variation
across drivers. The end result is that high-risk drivers pay less and low-risk drivers pay
more than they would under a purely cost-based rating system, and the links between

driver loss experience and rate changes are weakened.

With limited premium income, there will inevitably be restricted amounts available for
compensation awards. In addition to the adequacy of compensation awards, there also
appears to be a problem with few casualties claiming and collecting compensation.
Victims will also be dependent on solicitors for their claims and it will not always be in

the solicitor’s interest to settle quickly.

2.2.2 Motor Insurance Compliance
Of the four LIC case studies, the insurance industry is involved in three of the national

road safety management bodies. In terms of funding road safety, South Africa’s RAF has
- .‘_'___.-l—_'___
agreed to contribute 2.5 per cent (o prevention activities and Ghana's motor insurers are

'f-_ w " & - -
expected to donate a percentage of premium income. The statc insurance provider in
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Costa Rica has also invested in large publicity campaigns while the insurance industry in
Karnataka has not been involved in either promoting road safety or investing in
prevention efforts (Aeron-Thomas, 2002). Very little road safety research appears to be
underway in the LIC case studies with the motor insurers still in the process of
computerising claim data. Research centres do exist elsewhere, (Motor Insurance and
Road Safety Scoping Study Final Report TRL 44 April 2002), especially in Latin
America, and while focused on vehicle repair, they are also concerned with casualty and

crash reduction.

Many countries, especially LICs, have problems with motor insurance compliance.
However, it has been possible for several HICs to achieve good results. Earlier World
Bank project reports included insurance coverage estimates of Peru (22%), Pakistan (10-
20%), Zambia (15%) and in Vietnam, one quarter of motorcycles and half of four wheel
motor vehicles were estimated to be insured (Eijbergen 2001, Aeron-Thomas 1999): In
many countries, the owners of older commercial vehicles can have problems obtaining
insurance. In France, if a metor vehicle owner has difficulty finding an insurer, the

Central Rating Office will require a company to insure it (A Aeron-Thomas 1999).

As with vehicle inspection, many countries use a windscreen decal to show insurance
coverage. This measure has been popular in Europe for several years and has recently
been implemented in Ghana, The UK rejected the windscreen decal approach because it
was considered too easy to replicate false decals, Instead, the insurance industry

collaborated and funded the establishment of a Motor Insurance Database where
—— = e

insurance details are centralised and access allowed by police, insurers, etc.

e

28



With one agency, ICBC, responsible for licensing as well as mandatory insurance in
British Columbia, insurance compliance can be checked any time a license is issued and
renewed every five years. British Columbia is believed to be the only jurisdiction which

has these two responsibilities under one agency.

The enforcement of insurance coverage is rarely a priority of traffic police. In Karnataka,
the police announce motor insurance checks in advance. Driving while uninsured in
Ghana can résull in one-year imprisonment or a one year driving disqualification. These
penalties are not believed to be implemented and the number of motorists fined for

driving while uninsured was not available from the Traffic Palice.

As in Ghana, driving in the UK while uninsured can incur more than just the fines, for
example, between 6-8 penalty points on a driving license. However, a survey of the UK
Magistrates courts found two third of the fines for uninsured driving were for £200 or
less. The UK government arguably suggested that communily sentences and permanent
or temporary vehicle forfeiture be extended for driving while uninsured (Home Office, et
al, 2000). A survey funded by the Insurer Direct Line found 44% drivers want more
roadside checks to trap insurance cheats, 30% drivers say that the fines for uninsured
drivers are too low and 28% favour imprisonment for persistent offenders (Williams,
2002). Sweden does not fine drivers for use of an uninsured motor vehicle but adds a

surcharge of up to 10 per cent to the next policy which must be purchased from the state.
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2.2.3 Premium Rating of Motor Insurance
In another development, following widespread positive feedback on the achievements of

the General Insurance Reserving Issues Taskforce (GRIT), the General Insurance Board
of the Faculty and Institute of Actuaries established GRIP in 2005 to review actuarial
involvement in premium rating issues, pricing being one of the key areas in which -
actuaries work. The initial terms of reference as suggested by the General Insurance
Board (GI Board) were refined following discussion within GRIP and wider consultation
with the Faculty and Institute of Actuaries (the Profession) at GIRO in October 2005. The

final terms of reference agreed with the GI Board can be summarised as follows:

e To review the areas in which UK actuaries are currently involved within the
overall premium rating process, and to identify any arcas where actuaries might
be able to improve their contribution and/or add further value.

e To summarize, in broad terms, current methods used by actuaries in GI premium
rating, to identify areas where types of methods and approaches could potentially
be improved or used more appropriately, and to suggest polential areas for further

research.

« To consider whether and how improvements could be made to the way Gl pricing
actuaries communicate with others.

e To consider whether existing professional guidance should be modified/clarified
to make its application to premium rating clearer and to consider whether there is
a need for more detailed best practice guidance from the Profession setting

minimum standardsfor a direct business pricing assignment,
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¢ To consider whether there are any implications for professional guidance or
communication resulting from commercial pressures within organizations.
e To consider trends in the area of Treating Customers Fairly and to consider what
the Profession might need to consider in preparation for issues arising in this area.
¢ To consider whether the content of the exam syllabus is adequate to prepare
actuaries to work in the pricing area.
Although it was initially proposed that GRIP should not consider London Market
reinsurance pricing, feedback from the profession clearly suggested that there was a
desire that this area also be covered. Thus it was agreed that GRIP should consider
wissues of relevance to Faculty and Institute members involved in pricing direct insurance

(individual and account level products) and reinsurance”.

In most countries, the government after consulting with the insurance industry determines
the cost of motor insurance premiums. In many developing countries, the third party
premium charges are influenced by transport fleet operators. The lowest third party
premium for a private car was reported 10 be approximately £16 while in India, it was
about £10 for a motor vehicle with greater than 1500¢e (£7 for less than 1500 cc). Such
low premiums obviously affect not only the potential compensation amounts available
but also on the sensitivity of the premium to any pricing incentives. Adjusting insurance
premiums to reflect perceived risk Is the traditional, if not necessarily effective, road
safety intervention adopted by insurers. It is standard practice to base the insurance
premium on the vehicle type, and many countries also consider geographical location.

— '_._._..—--_'_ 7 =
Both Sweden and the UK allow premiums to be set by the insurers and many factors can

infruence the price. UK insurers offer premium reductions on the basis of age. sex.
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e To consider whether there are any implications for professional guidance or
communication resulting from commercial pressures within organizations.
e To consider trends in the area of Treating Customers Fairly and to consider what
the Profession might need to consider in preparation for issues arising in this area.
e To consider whether the content of the exam syllabus is adequate to prepare
actuaries to work in the pricing area.
Although it was initially proposed that GRIP should not consider London Market
reinsurance pricing, feedback from the profession clearly suggested that there was a
desire that this area also be covered. Thus it was agreed that GRIP should consider
missues of relevance to Faculty and Institute members involved in pricing direct insurance

(individual and account level products) and reinsurance".

In most countries, the government after consulting with the insurance industry determines
the cost of motor insurance premiums. Tn many developing countries, the third ﬁarry
premium charges are influenced by transport fleet operators. The lowest third party
premiium for a private car was reported to be approximately £16 while in India, it was
about £10 for a motor vehicle with greater than 1500ce (£7 for less than 1500 cc). Such
Jow premiums obviously affect not only the potential compensation amournts available
but also on the sensitivity of the premium to any pricing incentives. Adjusting insurance
premiums to reflect perceived visk is the traditional, if not necessarily effective, road
safety intervention adopted by insurers, It is standard practice to base the insurance
premium on the vehicle type, and many countries also consider geographical location.
Both Sweder_l_alr-ld ';i'.le UK’ﬂmm_imns to be set by the insurers and many factors can

imftience the price. UK insurers offer premium reductions on the basis of age, sex,
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additional driver training, and just recently, an insurer is offering to charge on the basis of

mileage with a black box fitted to the vehicle (Thomas, 2002).

Sweden was the only case study identified which gives a discount to teetotaller drivers.
Other countries use penalties to discourage drink driving, In the UK, drivers convicted of .
a drink driving conviction will experience difficulty in finding an insurer and their
premiums will double in price. The impact of a drink driving conviction will also affect

the insurance premium for several years.

Five southern African countries (South Africa, Botswana, Swaziland, Namibia, and
Lesotho) currently collect third party bodily injury motor insurance through the fuel levy,
which virtually eliminates the possibility of driving without insurance. In another
development, the “bonus malus’ system refers to the use of premium discounts for claim-
free driving and surcharges for crash involvement. No-claims discounts (NCD) are still
popular in the UK, British Columbia and Sweden, with discounts up to 75 per cent
available in the UK. However, NCDs are easier to justify as a marketing tool rather than
as an effective safety intervention. The effectiveness of NCDs has been doubted, if not
rejected, for many years (OECD, 1990). Even in countries where NCDs are popular, such
as the UK, it is acknowledged that NCDs are not thought to be effective in reducing
collisions. NCDs are believed by many to encourage non-reporting of claims, especially

minor claims, rather than safer driving (Thomas, 2002).

The risk factors of motor insurance in Ghana, by reports of the National Insurance
Commission—are ‘Marital Statas;No Claims Discount percentage, Policyholder age,

Ea_:_li_gxhplﬂer sex, Type of Insurance (e.g. comprehensive), Vehicle age, Engine capacity,
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Value of Car, Model Year, Accident in the past year, Vehicle use by driver — pleasure or

business, Previous accidents, and Vehicle Make.

23 MOTOR INSURANCE COVERS

2.3.1 Introduction
Many different classes of insurance have evolved and will continue to evolve because of

the diverse needs of the insured. The prominent ones are motor, property, liability, fire,
marine, inland transportation, crime, business interruption, boiler and machinery and life
insurance. The intention of the 1930 Act, inter alia, was to ensure that funds would be
available to compensate the innocent victims of motor accidents. This was to be provided
by means of insurance against legal liability to pay damages to injured persons. The
insurance requirement applied to all users of mator vehicles except where some special
legal arrangement was in force. Further legislation followed in the Road Traffic Act 1960
and the Motor vehicles (Passenger Insurance) Act 1972, so that today insurance must be
in force to cover legal liability to pay damages to any person, including others in the car,

arising out of injury.
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2.3.2 Types of Motor Insurance Cover
The motor insurance includes private cars, commercial vehicles, motorcycles, motor

trade, and special types. The policies of these motor vehicles are also classified as into

various covers which are discussed in the following sequel.

Private Cars Insyrance: The minimum requirement by law is to provide msurance
in respect of legal liability to pay damage arising out injury caused to any person.
A puliclj,r for this risk only is available and is termed an “Act only”™ policy, Such
policies are not at all common and are usually reserved for a situation where the
risk is exceptionally high. A “third party only” policy would satisfy the minimum
legal requirement and in addition would include cover for legal liability where
damage was caused to some other person’s property. An addition to this form of
cover is where damage to the car itself from fire or theft is included, the familiar
“third party, fire and thefi” policy. The most popular form of cover, accounting
for about 66 per cent of all private car palices, is the “comprehensive policy™. It
covers all that has been said above with the addition of loss of or damage to the
car itself, This policy also includes certain personal accident benefits for the
insured and in some cases the insured’s spouse. It also provides cover for loss of
or damage to personal effects and medical expenses for passengers in the car,

Commercial Vehicles, Motorcyeles and Motor Trade: All vehicles used for
commercial purposes, lorries, taxis, vans, hire cars, milk floats, police cars, etc,
are not insured under private car policies but under special contracts known as
cummcrciai-ve]_q.i_cla policies.

e .__._,_...--'-_'_
This is a growing sector of motor insurance business and may well continue to be

— S0 if fuel prices become more and more expensive, The type of policy depends
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upon the machine, whether it is a moped or a high-powered motorbike, and on the
age and experience of the cyclist. The cover is comparatively inexpensive relative
to motor car insurance.

Special policies are offered to garages and other people within the motor trade to
ensure that their liability is covered while using vehicles on the road. Damage to
vehicles in garages and showrooms can also be included under such policies.
Special Types: The present classification of insurance business refers to “land
vehicles other than railway rolling stock™ and many such vehicles fall under a
category known to insurers as *Special types”. These will include forklift trucks,
mobile cranes, bulldozers and excavators. Such vehicles may travel on roads as
well as building sites and other private ground. Where special Lype vehicles are
not used on roads, and are transported from site to site, it is more appropriate to
insure the liability under a public liability policy as the vehicle is really being

used as a “tool of trade” rather than a motor vehicle.

The common types of insurance covers are:

- Third Party Cover: This policy insures you against claims for bodily injuries or

deaths caused to other persons (known as the third party), as well as loss or

damage to third party property caused by your vehicle.

« Third Party, Fire and Theft Cover: This policy provides insurance against claims

for third party bodily injury and death, third party property loss or damage, and

loss or damage to your own vehicle due to accidental fire or theft.

o

— =2 A
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« Comprehensive Cover: This policy provides the widest coverage, i.e. third party
bodily injury and death, third party property loss or damage and loss or damage to
your own vehicle due to accidental fire, theft or an accident,

Automobile insurance provides protection against financial loss incurred because of
personal injury and property damage claims involving insured’s motor vehicle. The
significant number of vehicles on the road combined with the increasing number of
claims arising out of auto accidents makes it virtual necessity that every car owner
protects him/herself with auto insurance. In most countries, there are mandatory
minimum amounts of coverage that every car ownet must purchase. Essentially there are

two categories of automobile insurance.

e Liability or Compulsory (or sometimes third party) insurance, which includes

coverage for bodily injury and property damage and

 Optional insurance, which includes collision and comprehensive coverage along
with medical payments, optional bodily injury, optional property damage and

uninsured motorist coverage.

The liability insurance is sometimes called third party cover. The insurance company is
the first party, the vehicle is the second party and the passengers and other peoples’
properties is the third party. The bodily injury coverage meats the insurance company
will pay damages 10 people injured or killed by your motor. The limits of the coverage
are expressed as a fraction, for example 10/20. Coverage such as this would mean that the
insurer will p'aj?‘ up to 10.008-for iAjury to one person per accident or a total of 20,000 for

injurics suffered by two or more persons per accident.
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The property damage coverage means the insurance company will pay for damages done
to other people autos, buildings, trees, ete. Coverage stated as 10,000 per accident means
that the insurance company will pay up to 10,000 for any damages to other property.
Insurers base their auto insurance rates on the territory lived in, the driver classification,

use of auto, how much the car is driven, and age and model of the car.

Motor insurance is probably the largest single class of insurance sold in Ghana. It
provides coverage for legal liability to third parties and direct damage to the named
vehicle. Motor insurance is actually a combination of three distinctly different coverage, -

liability, accident and disability, and property damage.

A standard motor insurance will not cover certain losses, such as your own death or
bodily injury due to a motor accident, your liability against claims from passengers in
your vehicle (except for passengers of hired vehicles such as taxis and buses) and loss or
damage arising from an act of nature, such as flood, storm and landslide. However, you
may pay additional premiums 10 extend your policy to cover flood, landslide, land slip as

well as cover your passengers. It is important {0 check your policy for the exclusions.

2.3.3 Purchase of Motor Insurance
The following gives some important points to consider when buying a motor insurance

policy,
o [nsured Value/Sum Insured: If buying a policy against loss/damage to your
vehicle,-ensure that your vehicle is adequately insured as it will affect the amount

—— _,__,_,--""-_-_._—
you can claim in the event of loss/damage. For a new vehicle, the insured value

i
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will be the purchase price while for other vehicles, the insured value is the market

value of the vehicle at the point you apply for the insurance policy.

o Under-insurance: If you insure your vehicle at a lower sum than its market value,
you will be deemed as self-insured for the difference, i.e. in the event of
loss/damage, you will only be partially compensated (up to the proportion of

insurance) by your insurance company.

e Over-insurance: Should you insure your vehicle at a higher sum than its market
value, the maximum compensation you will receive is the market value of the

vehicle as the policy owner cannot ‘profit’ from a motor insurance claim.

e Duty of Disclosure: You should disclose fully all material facts, including
previous accidents (if any), modification 1o engines, etc. When in doubt as to
whether a fact is relevant or not, it is best to ask your insurance company. If you
fail to disclose any material fact, your insurance company may refuse to pay your
claim or any claim made by a third party against you. In such cases, you are

personally liable for such claims,

e Price: The price you pay for your motot insurance will depend on the type of
policy selected. The msurance premium charged by your insurance company is
the standard minimum rate in accordance with the Motor Tariff. However, in
addition to the standard minimum rate, your insurance company may impose
additional premiums known as loadings to the premium payable in view of higher
risk facib_;fé involved such as age of vehicle and claims experience. Loadings are

S F'_F._._,_.--_'_
poverned by DBank Negara Malaysia (BNM) and no insurance company Mmay

e i —

charge loadings higher than the levels permitted by BNM.
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e No-claim-discount: The premium payable may be reduced if you have no-claim-
discount (NCD) entitlement. NCD is a ‘reward’ scheme for you if no claim was
made against your policy during the preceding 12 months of policy. Different
NCD rates are applicable for different classes of vehicles. For a private car, the

scale of NCD ranges from 25% to 55% as provided in the policy.

o FExcess: Fxcess is also known as deductible. This is the amount of loss you have to
bear before your insurance company will pay for the balance of your vehicle
damage claim. The types of excess applicable are the compulsory excess of
RM400 and other excess. The Compulsory Excess of RM400 a vehicle is driven
by a person not named in your policy or a person named in the policy but under
the age of 21, the holder of a provisional (L) driving licence or the holder of a full
driving licence of less than two years. The other excess is the applicable at the
discretion of your insurance company and in some cases, No excess is imposed.

You can negotiate with your insurance company on this excess.

With the implementation of e-cover note in 2005, insurance companies will transit motor
insurance information electronically to the Road Transport Department (RTD) and you
will receive confirmation slip containing details of your motor cover as confirmation of

\ the purchase of your motor insurance. Thereafter, within one month, you should receive:

« the schedule which shows your name and address, details of the vehicle, the sum
insured (for comprehensive and third party fire & thefi policies), the period of
insuranee, the policy number, your NCD entitlement, premium breakdown, excess

— - —
and named drivers;

—_-—-'#_
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. the certificate of insurance which shows your name, vehicle model, registration
number and cubic capacity, period of insurance, authorised drivers and limitations
of use. In some cases, this may be issued at the point of purchase in place of the
cover note: and a motor policy which shows the terms and conditions of cover
provided by your insurance company. If you do not receive your policy within

one month, you should check with your insurance company.

24 INSURANCE CLAIM PROCEDURE

In the event of an accident/loss:
e Take notes of the accident, that is, the names and addresses of all drivers and
passengers involved, vehicle registration numbers, make and model of each
vehicle involved, the drivers’ license numbers and insurance identification as well

as the names and addresses of as many witnesses as possible.
o Lodge a police report within 24 hours of a road accident. This is required by law.

e Notify your insurance company in writing with full details as soon as possible.
Depending on the type of claim you intend to make, you may have to notify the
other insurance company. If you fail to report the accident, you will be liable for

your own loss as well as any third party claim against you.

e Send the damaged vehicle to a workshop approved by your insurance company. If
the accident occurs during office hours, you may call the hotline/emergency
assistance numbers provided by your insurance compamy. Otherwise, you may

ik e —
call your insurance company for the nearest approved workshop. Should the

e —

aceident occur outside office hours and you are making a claim against your own
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policy or a third party claim, you should ensure that the vehicle is towed to an

approved workshop.

When involved in an accident, you may either make an own damage claim or a third

party claim against the insurance company.

e The own damage claim refers to making a ¢laim on your own insurance policy.
That is, you have a comprehensive policy. However, you will lose your NCD
entitlement. In notifying your insurance company of the accident, enquire about
the names of approved workshops to send your vehicle for repair. Submit the
fully completed Motor Accident Report Form together with all supporting
documents as soon as possible to your insurance company. The workshop will
commence repairs on your vehicle upon the approval of your insurance company.
Upon completion of repairs, you will be informed by the workshop to collect

your vehicle.

e For the third party claim you may make a third party claim if you are not the
party at fault in the accident and you can retain your NCD entitlement. There are
two ways of making a third party claim. i.e. submit the claim directly to the
insurance company of the party at fault or, if you have a comprehensive policy,
submit the claim to your insurance company. You are encouraged to submit your
claim to your own insurance company for speedier claims processing. As the
third party claimant, you are required to mitigate your loss (i.e., you must act to

minimize your loss). Appoint a licensed adjuster to assess the loss. The workshop
— = _,--"'_'_-_-__ =

-

or the third party insurance company may advise you on this. Submit the

adjuster’s report and the fully completed Motor Accident Report Form together
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with all supporting documents as soon as possible. You are eligible to claim from
the third party insurance company for ‘compensation for actual repair time’
(CART) and compensation of excess. For the actual repair time of your vehicle,
this is based on the adjuster’s recommendation on the number of days required
for your car to be repaired. Insurance companies, at their own discretion, may

allow an additional seven working days for any unforeseen or unavoidable delay.

e The theft claims can also be made after submission of the claim form, you must
cooperate fully with your insurance company or its representative during the
course of investigation of the theft claim. In view that the police and your
insurance company will require time to investigate your claim, you will receive
the offer of settlement from your insurance company within six months from the
theft notification or upon completion of pohice investigations, whichever is
earlier.

Generally all insurance policies conlain a condition, which lays down the procedure Lo be
adopted in the event of a loss. An insured which fails to comply with this procedure
places him/herself at the mercy of the company. Normally the Claims Department is
established in an insurance company to see to the claims of the insured. Claims

seitlement as they apply broadly fo all classes of insurance entail the following

procedures

e Notification: You will notice from all insurance policies that the insured is

required to notify the company of any occurrence that might give rise to a claim
o _,__.-'—"'"_--_'_'__

under the policy. This notice must be sent 1o the company immediately. Some

policies stipulate that the aotice must be sent within a specified number of days.
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Failure to give the notice within the stipulated period constitutes a breach of the

terms of the policy by virtue of which the company could repudiate liability.

The notice could be in writing or by telephone. Most often the insured or his
representative calls to report an accident or a loss. On the receipt of notice of an
incident, the Claims Department must ascertain whether the policy is in force at
the material time and that it covers the occurrence, which is the subject of the
claim. If satisfied, a claim file is opened and :a number is allocated which would

feature on all correspondence pertaining to the claim.

An estimate is allocated for the claim and a claim form is dispatched to the
insured for completion. The notification enables the company to make provision
for the loss, take the pre-requisite steps to ascertain the course and the extent of
the loss. It makes it possible for immediate steps to be taken to mitigate the
consequences of the loss. When the completed claim form is returned then the
stage is then set for the investigation of the claim. In some cases it is even

necessarily for the investigation lo commence before the completion of the form.

Proof of Loss: Tt is the responsibility of the insured to prove his loss and he must
do this by satisfying the company that the loss has occurred and that is a loss
caused by an insured peril. If the insured proves d loss within the provision of the
policy any allegation by the company that the loss was caused by an expected
peril must be substantiated by the company.

Serf!emem; ;ﬁﬂ‘ién a loss+sproved and the amount of the loss i ascertained then

the claim is settled, Claims are usually settled by cheque - a crossed cheque for
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that matter, and normally marked account payee only. This is done after a
discharge has been obtained from the insured. Legally the insured is entitled to be
paid in cash but as what could be called the tradition of the trade, cheques have
become the accepted mode of payment,

» Ex-Gratia Payments: These payments are made out of grace most often the
company make payments to its policyholders or other claimants in respect of
losses for which the company is not legally liable. These payments are made
gither in cases of hardship and out of sympathy for the insured or claimant as a

means of’ promoting the reputation of the company for fair dealings.

The principle of indemnity is very crucial in insurance claim. Based on this prineiple. the
insurance cover will compensate your loss by putting you back to the same position you
were in immediately before the loss. As you will be compensated only for the loss
suffered, you cannot 'profit' from a motor insurance claim. Therefore, if your vehicle ié
more than five years old, betterment will apply. Betterment occurs when in the course of
repairing an accident-damaged vehicle, an old part is replaced with a new franchise part.
In line with the principle of indemnity, you will have to bear the difference in costs as
you are in a better position after the accident with the new franchise part. However, the
application of betterment is at the discretion of your insurance company. Should your
insurance company apply betterment, it will be in accordance with the standard scale of

betterment adopted by the industry as follows.

44



CHAPTER THREE
REVIEW OF BASIC MODELS

3.1 REVIEW OF PROBABILITY MODELS

3.1.1 Probability Models for Claims Estimation
In situations where each policyholder is observed over a period of time, longitudinal data

model could be used to estimate the frequency of claims. This consists of repeated
observations of individual units that are followed over time, Each individual is assumed
to be independent of the others but correlation between observations relating to the same
individual is permitted. Here, it is assumed that the number of claims per year obeys to a

Poisson distribution with a parameter specific to each policyholder. Specifically, ¥V , is
assumed to be Poisson distributed with mean #A4, i=1,....T. The expected annual
claim frequency is a product of a static factor @ and a dynamic factor4,, (64 ,). The

former accounts for the dependence between observations relating to the same insured.
The latter introduces the observable characteristics (that are allowed to vary with time).

In general, In 4, is expressed as a linear combination of the observable characteristics,
that is A, = exp(B, + f x,,), where f, is the intercept, § =(4,.5,,....f,) is a vector
of regression parameters for explanatory variables x, =(x,.X ;... . %, JpjT (Boucher

and Denuit, 2005).

Another technique, known as Accident Year, embraces the entire population of claims
incurred with a;:&den’ts dates _ia—=particular calendar year, whether reported to the

company in that year or subsequently. Under the Accident Year method of establishing
_——#-.--.
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claim reserves, there is an automatic segregation of all like accident year claims through
successive calendar years as the total population of reported claims for each accident year

moves to ultimate settlement status (Masterson, 1960).

Again, the Accident Year Method of establishing aggregate reserves involves procedures
for making successive annual estimations of probable settlement costs of remaining
unpaid claims in each accident year grouping of claims received. The general method is
to determine, for each accident year, the estimated total losses incurred, say (m cedis).
From this total, m cedis is subtracted from the actual total losses paid for each respective
accident year giving a balance, which is the claim reserve for unpaid claims

(Masterson,1960).

The Poisson-Gamma model assumes the random variable 6 which follows the Gamma

distribution with mean 1 and variance l, the joint probability function of N,,.... N, is
v

given by

F[Nu o = Wi *'“NI,' T n*'-T']

1:,1“”"‘) ;(: U][Z; v{n J (Zr A +v) ™

ol 5

wheren = 3, and E[N, =22 <V [N, ]= A% (45 1

1=l
The maximum likelihood estimation of parameters and variances can be obtained as

follows:

— _ ppaar——

The first osder conditions for parameters ;" and £ and v lead to the system:
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The solution to the above system is obtained by numerical procedures.

The Inverse Gaussian distribution is another good candidate to model the heterogeneity
parameter (Willmot (1987), Dean, et al (1989) and Tremblay (1992) for an application
with insurance data. Shoukri et al. (2004) showed that the Poisson with Inverse-Gaussian

heterogeneity of mean and variance equal to | and T respectively, has the joint probability

function
P[Nm =Wy eoes N = Wiy ]
e (2 12 N L g
N SR DT

where K, (.)is the modificd Bessel function of the second kind, s, =», —0.5,and

-
% i ‘1+2r22ﬁ£
3 -
The modified Bessel function of the second kind has some useful properties that can be

used to find maximum likelihood estimators (Shoukri et al., 2004).
. = ___,_,_.--'-'-_'—__
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Now, V[N ;,.]" e *f(ﬂrﬁ } and the maximum likelihood estimators of £,° and g™ are

solved by the equation:

T

22 A M(n )=Zn',ix,l.(n,l,~J,I,M(n,l_]} =0

=1 =] =1 =1

where the function M(.) can be expressed as the ratio of the modified Bessel function of

the second kind.
n.+ 1a) —.e'l)if ]+ETZ AE..L
K'n,,- Il{"" \/ :

The estimator of the parameter r canbe found by solving

Slzr’i’r.r_JralﬂEKr.(er:U

2r 142234, aT

where the derivative of the functionK is equal to:

1
ﬂlogK.,(E.}_ M \/1_11 - EJT
T8 i (n.) 1+ rz,ﬂﬂﬁm

oz, ¥4 1+27) 4,

Tt fi+2:3 4, e

Again, numerical procedures are needed to obtain the solutions.

In the fixed effects model, all characteristics that are not time-varying are captured by the

individual heterogeneity term@, . In our case, the intercept g has to be removed (and 6
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is included in@"® ). As sex of the driver has been removed from the model, the remaining

explanatory variables do vary with time and enter the fixed effects model.

The Poisson fixed effects model has been propesed by Palmgren (1981) and Hausman et
al. (1984), The standard way of evaluating the parameters of this model is the conditional

maximum likelihood of Andersen (1970). The idea of the conditional method is to obtain

an estimator of B ™ without having to estimate each 8" .

As proved in Cameron and Trivedi (1998), the maximum likelihood and conditional
maximum likelihood estimation methods always yield identical estimates for covariates
parameter p FE in case of Poisson distribution. Specifically, the estimated parameters are

obtained by solving the equation:

ZZ i [”ﬂ.i = ’:I'r,l i %::;‘Ll;] =0

=1 =l

Note that only insureds with varying characteristics (and at least one claim) are used in

the estimation of p 7¥ . Estimates of ™ can then be obtained from

&.l-n': = Z;nf.f
Ak

Both estimates of p " and 6" are consistent when T — o and N—> oo, but only the

estimate of B ™ is consistent for fixed T and N — oo, as for insurance data.

e __.___,_,--'-_'_'_
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3.1.2 Probability Models for Premium Calculation
The problem of premium calculation is one of the key issues in the insurance business if

the premium rate is too high, an insurance company will not have enough clients for
successful operation. If the premium rate is too low, the company also may not have
sufficient funds to pay all the claims. To study this problem we need some of the
following basic and widely used probability distribution functions. The technigues
reviewed in section 2.5.1 arc all variations of these basic probability models.

* The Poisson distribution,

X

PHo: X =x))= e L x= 012,
often used for modeling the number of claims.
» The Binomial distribution,
P({e:X =x}}="C p'(-p)"*, x=012,...,m
used for the number of claims for a portfolio of m independent policies, where p

is probability of receiving a claim (if m = 1, then it is called Bemnoulli

distribution);

e The Exponential distribution,

ax

Pila: X < x}) =1 -e=5220,1 50,
has various applications, for example, models the distribution of jumps of a

Poisson process with intensity 4;

—— e _,_,_.--"'"_._-_'_

e The Pareto distribution,

e —
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Pllow : X £ x})

'l -
I—( ).J:Eﬂ,ﬂ".hﬂ,i?ﬂ.
A+ x

has a ‘heavy” tail, and hence is often used in modeling large claims;

s The Lognormal distribution,

1 1
P({o : X < x}) = [——=e 27 dx,
5 2rno
Often used in the distribution of the risk process.
¢ The Gamma distribution,
P{{m:Xﬂx}}=j x“ e Vdx, > 0;
o Lia)
e The Normal distribution,
P 1 _-l—ll;..'uf
Pliw : X < x}) = I——E g dx,
-Nino
— -r._'_.--'--_-__
e ——
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3.1.3 Distribution of Risk Process
The distribution of the risk process is denoted by

Fo(X(t)=P({o: X <x}) - P({@ Z X, < x}),

To compute F, (X(r)) one needs some additional assumptions. Usually processes, X,

and N(') are assumed to be independent. Then we can write

v

F (1) = plie: X sx}) = Z pk(1)F (x), where

F',[I}=P({GZX1+.,.+X* < x}).

Premium calculation of process (1) is one of the most essential and complex tasks of an
insurer. Premium flow must guarantee payments of claims, but on the other hand,
premiums must be competitive. One of the most widely used ways of computing 7 on
interval [0, 1] is given by

m(t) =1 +0) E(N())E(X)
where X is a random variable with the same distribution as X, and @ is the security

loading coefficient, This formula says that the average premium income should be greater
than the average aggregate claims payment. If they are equal. then such premium is called
net-premium and the method of its computing is referred to as equivalence principle.

The bonus-malus system is an example of a different approach to premium calculations.
In this case, all policy holders are assigned certain ratings according to their claims
history, and they can be transferred from one group to another. This system is typically

used by the motor vehicle me_anmpanies. Calculation of adequate premium
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consists in construction of process Z(f)given F(X(r)), the distribution function of the

risk process. The process, T which will be written x(x), has the following properties:

» m(a)= a,forany constanta if #= 0,

o m(aX)=an(X), for any constant a;

o a(X+Y)Sa(X)+x(Y)

o 7(X +a)=n(X)+a, for any constant a,

o IfX<Y then m(X)<x(Y)

e forany p€[0,1]and any random variable 7{.X') = a(}). implies that

a(pFX + (1 - p)FZ) = n(pFY +(1- p)FZ)X)

3.2 LOGISTIC REGRESSION MODEL

3.2.1 Introduction
The generalised linear regression (GLR) models together with the statistical package R

have revolutionised graduate statistics and the carrying out of daia analysis in practice.
The (GLR) models are a natural generalisation of the familiar classical linear models, The
class of GLR models includes, as special cases, linear regression, analysis-of-variance
models, log-linear models for the analysis of contingency tables, logit models for binary

data in the form of proportions and many others.

The use of classical linear models in actuarial work is not new. Thus, such models have

become an established part of the description of claim frequency rates and average claim

costs in motor insurance - as evidenced by a number of papers in the British actuarial
E _..-a—"'-__-__

literature, including (Mullahy, 2001). However, the use of generalised linear models in

actuarial work is relatively new. Thus, McCullagh and Nelder(1989) in their excellent
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and comprehensive monograph give a number of examples of the fitting of generalised
linear models to different types of data. One of these relates to data from Baxter et al on
the average claim costs in a motor insurance portfolio (originally modeled by Baxter et al

using a weighted least squares approach).

In this thesis we apply the use of generalised linear model, specifically, logistic
regression model to the estimation of motor insurance premiums claims. This is being
done using age of car, cubic capacity of vehicles, type of vehicle and sex of policyholder

as the predictor or influential variables of a claim.

3,2.2 Definitions of Logistic Regression Model
The logistic regression model is a generalized linear model with two components namely,

random and systematic. The random component is the response variable which is hinar}fl

variable, ¥'=1 or 0 (claim made or claim not made). In this case, we are interested in the
probability that ¥, =1, (that is, 77(x,)= P(¥, =1}), which has the Binomial distribution.
The systematic component is a linear predictor, £, +f8x +fx,+...+fx,. The

explanatory variables may be quantitative (continuous), qualitative (discrete), or both

(mixed). The outcome variable in this analysis is claim. The fitted regression models

takes the form:
o ?r{le
logit(m(x)) =log| ——— |= s+ fx, + foxs + ...+ B x..
o 1-7(x,) <3 (3.1)
i = _'_'_,_.--"---__ =2

Clearly the above is the log of the odds the response taking the value one. The above

model could be rewritten as
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T I Exp[ﬂﬂ+ﬁ|x|+.'32x:'+~---li-.3q-rq}
U lvexp(B + fx + Bix, 4+ .+ Bx,) ar

The logit function can take any real value, but the associated probability always lies in

the required [0, 1] interval. In a logistic regression model, the parameter S, associated
with explanatory variable x, is such that exp( £, ) is the odds that the response variable

takes the value one whenx, increases by one, conditional on the other explanatory

variables remaining constant. The regression coelficients, [ = ( Bl B g, ] ;

which are the parameters of the logistic regression model estimated by maximum

likelihood method.
In this thesis the response and predictor variables are defined as follows. considering the

problem under study of which the logistic regression model is being applied variables:

5 1, if a claim has been made
i 0, if a claim has not been made

X 's=risk factors associated with the elaims. These are sex of a policyholder, vehicle

age, make of a vehicle and vehicle cubie capacity

The standard multiple linear regression model is inap propriate to model this data for

\ the following reasons:
s+ The model’s predicted probabilities could fall outside the range 0tol.

» The dependent variable is not normally distributed. Tt follows the Binomial

probability model. ==
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o If we consider the normal distribution as an approximation for the binomial
model, the variance of the dependent variable is not constant across all risk

variables.

The logistic regression model is therefore developed to account for all these difficulties.

3.2.3 0Odds Ratio
The odds ratio compares the likelihood of an event between two groups. Consider the

following data on survival of passengers on the Titanic. There were 462 female
passengers: 308 survived and 154 died. There were 851 male passengers: 142 survived
and 709 died (see table below).

Table 3.1 Survival Data

Sex Alive Dead Total
Female 308 154 462
Male 142 709 851

Total 450 863 1,313

Clearly, a male passenger on the Titanic was more likely to die than a female passenger,
but how much more likely? The odds ratio compares the relative odds of death in each
group. For females, the odds were exactly 2 to 1 against dying (154/308=0.5). For males,
the odds were almost 5 to 1 in favor of death (709/142=4.993). The odds ratio is 9.986

(4.993/0.5) which means that there is about ten folds greater odds of death for males than

for females.
_,--""'---_-_ 3
The logistic regression model
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logit(7(x))= lﬂg(%}ﬂﬂLﬂx (3.3)

can be written as a multiplicative model by taking the exponential of both sides, thus
exp(a + Bx) =e%e™

This gives us a model for odds, where the odds increase multiplicatively with X, A unit

increase in X leads to an increase in the odds of exp( ).

So the odds ratio for a unit increase in x equals

{[r(x+ 1)/ =z(x+1)]/[r(x) /(1 -z (x)]} = e’ (3.4)

When B=0, " =1 and so the odds do not change with X. The logarithm of the odds

changes linearly with X

3.2.4 Statistical Model of Claim

A closer look at statistical modeling of binary response variables for which the response
measurement for each subject is “success” or “failure”. Binary data are perhaps the most
common form of categorical data and the methods are of fundamental importance. The
most popular model for binary data is logistic repression. For a binary response " and a
quantitative explanatory variable X, let 7 (x) denote the “success” probability when A’
takes value x. This probability is the parameter for the binomial distribution, The logistic

regression model has linear form for the logit of this probability
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n(x)= lng(ﬂJ =a+ fx (3.5)

| —m(x)
The formula implies that x(x) increases or decreases as an S-shaped function of x. An

alternative formula for logistic regression refers directly to the success probability. This

formula uses the exponential function exp (x) = ¢* in the form

exp(a + Bx)

mix)=
1+ exp(a + fx)

(3.6)

The parameter B determines the rate of increase or decrease of the S- shaped curve. The
sign of P indicates whether the curve ascends or descends, and the rate of change
increases as | B| increases. When the model holds with B = 0 the right- hand side of
equation (3.5) simplifies to a constant. Then 7 (x) iz identical at all x so the curve
becomes a horizontal straight line. The binary response Y is then independent of X.

3.2.5 Confidence Intervals for Effects and Significance Testing
A large-sample confidence interval for the parameter B in the logistic regression model,

logit(m(x))=a+ fx 1s ,E;' + Z‘ﬁ .Se{ﬁ}

Exponentiating the endpoints of this interval yields one(1) for e’ the multiplicative

effect on the odds of a unit increase in x.

We next discuss significance test for the effect of x on the binary response. For the

logistic regression model, the null hypothesis H,:p =0 states that the probability of
= N e

-

success is independent of x. For large samples, the test statistic Z = A?ﬁ{ﬁ} ; which
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has the standard normal distribution when §=0. One can refer Z to the standard

normal table to get a one-sided or two-sided p-value in the usual manner. Equivalently,

-

z
for the two-sided alternative H,:f#0, Z* =[ p } becomes the Wald statistic

ASE(f)

having a large-sample chi-squared distribution with degrees of freedom 1.

Though the Wald test works well for very large samples, the likelihood-ratio test is more
powerful and reliable for sample sizes used in practice. The test statistic compares the

maximum Ly of the log-likelihood function when p = 0 (thus, logit (7(x)) = e ) is when
(ie. m (x)) is forced to he identical at all x values) to the maximum of the log-
likelihood function for unrestricted P (thus, logit(w(x))=a~ A ). The test statistic -2( Lo
—1,), also has a large-sample chi-squared distribution with degree of freedom(df)=1.
Most software for logistic regression reports the maximized log- likelihood L, and L,

and the likelihood-ratio statistic derived from those maxima.

3.2.6 Probability Distribution of Estimates
The estimated probability that ¥ =1 al fixed setting x of X equals

(#(x)) =_EK__II"15-’A+_¢"3E;'_ 3.7
| +expla + fx)

Most software for logistic regression can report such estimates as well as confidence
intervals for the true probabilities. One can construct confidence intervals for the

probabilities using the covariance matrix of the model parameter estimates. The term
— _H__._____.-——-—'__

(¢ + fx) in the exponents of the prediction equation (3.7) is the estimated linear

e

58



| predictor in the logit transform (3.6) of n(x). This estimated logit has large-sample ASE

given by the estimated square root of
Var((é + Bx) = Var((@) + X*Var(f) +2xCov(d, B) (3.8)

A 95% confidence interval for the true logit is (cx + fix} +1.96 ASE( ﬁ}. Substituting the
endpoints of this interval for a + fx in the exponents gives a corresponding interval for
the probability. One could ignore the model fit and simply use sample proportions 1o
estimate such probabilities. When the logistic regression model truly holds, the model-
based estimator of a probability is considerably befter than the sample proportion. The
model has only two parameters to estimate, whereas the non model based approach has a
separate parameter for every Jistinct value of X. The estimated standard error is

(1-p)
n

In practice, any model will not exactly represent the true relationship between 7i(x) and X.
Thus, as the sample size increase, the model-based estimator may not COnVErge exactly to
the true value of the probahility, This does not imply. however that the gample proportion
is actually a better estimator in practice, If the model approximates the true probabilities
decently, its estimator still ends to be much closer than the sample proportion to the true
value. The model smoothens the sample data, somewhat dampening the ohserved
variability, The resulting estimators tend to be better unless each sample proportion is

based on an extremely large sample. If the logistic regression model approximates well
e - _H_'______-—— —_—

—_—

the true dependence of m(x) on X, point interval estimates of m(x) based on it are quite
ds. LS
useful, (Nelder,et al (1989))
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3.2.7 Goodness of Fit and Likelihood-Ratio Model Comparison Test
' The likelihood-ratio statistic —2(L,—1,) for testing whether certain parameters in a

model equal zero. The test compares the maximized log likelihood (L,) for the model to
the maximized log likelihood (L,) for the simpler model that deletes those parameters.
Denote the fitted model by M, the simpler model for which those parameters equal zero
hy M, .The goodness-of- fit statistic G* for testing the fit of a logistic regression model
M is the special case of the likelihood-ratio statistic in which M, = M and M, is the

most complex model possible. That complex model has a separate parameter for each
logit and provides a perfect fit to the sample logits. It is called the saturated model. In

testing whether M fits, we test whether all parameters that are in the saturate model are
not in M equal zero. Denote this statistic for testing the fit of M by G*(M). In GLM
terminology, it is called the deviance of the model. Let L denote the maximized log

likelihood for the saturated model. Then, the deviances for models M,and M, are G’
wyy= 2L—L) and it = 2Ly L) i

Denote the likelihood-ratio statistic for testing M, given that M, holds, by
G’ (M, |M ). This statistic for comparing this model equals
G2 (M, |M) = —2(Ly — L)~ (2L, = L) = GH(M,)-GH(M,) (3.10)

a difference in G* goodness-of —fit statistics for the two models. That is, the likelihood-
ratio statistic for comparing two-models is simply the di [ference in the variances of those

models. This statistic is large when M fits poorly compared to M, . [t is a large sample
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chi-squared statistic, with df equal 1o the difference between residual df values for two

models.

The likelihood-ratio method can be used to test hypotheses about parameters in multiple
logistic regression models. More generally, one can compare maximized log- likelihood

for any pair of models such that one is a special case of the other.

3.2.8 Residuals for Logit Models
Goodness-of fit statistics as G* and X° are summary indicators of the overall quality of

fit. Additional diagnostic analyses are necessary to describe the nature of any lack of fit,

Residuals comparing observed and fitted counts are useful for this purpose. Let ¥,
denote the number of “successes” for n trials at the ith setting of the explanatory
variables. Let 7 denote the predicted probability of success for the model fit. Then nﬁ _

is the fitted number of success. For a GLM with binomial random component, the
Pearson residual for the fit at setting is

=n T
i G.11)

LA (-1

Each residual divides the difference hetween an observed count and its fitted value by the

estimated binomial standard deviation of the observed count, The Pearson statistic for

testing the model fit satisfies X e ZEF.
4 i=|

-

s  g——

-
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Each squared Pearson residual is a component of X¥*- When the binomial index n, is

large. the Pearson residual e, has an approximate normal distribution. When the model

holds, it has an approximate expected value of zero but a smaller variance than a standard
normal variate. If the number of model parameters is small compared to the number of
sample logits, Pearson residuals are treated like standard normal deviates, with absolute
values larger than 2 indicating possible lack of fit. Graphical displays are also useful for
showing lack of fit one can compare observed and fitted proportions by plotting them
against each other, or by plotting both of them against explanatory variables, We have
noted that X* and (7 are invalid when fitted values are very small. Similarly residuals

have limited meaning in that case. When explanatory variables are continuous, often n; =

1 at many settings. Then, ¥, can equal only 0 or 1, and e, can assume only two values.

One must then be cautious about regarding either outcome as “extremc” and single
residual is usually uninformative.

3.2.9 Logit Models for Qualitative Predictors

Logistic regression, like ordinary regression, extends to models incorporating multiple
explanatory variables, Moreover, some or all of those explanatory variables can be
qualitative, rather than quantitative. Suppose that a binary response Y has two binary
predictors, X and Z. If the two levels for each varigble are denoted by (0, 1), then

logit() = @+ B, X + p,Z has separate main effects for the two predictors. It assumes

an ahsence of interaction, the effect of one factor being the same at each level of the other

factor. The variables x-and z in this model are dummy variables that indicate categories

—— ———
for the predictors. At a fixed level z of Z, the effect on the logit of changing from x =0 to

y=15Ta+ B () +pzl-[a+ B0 +5,z]=5
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This difference between two logits equals the difference of log odds, which equals the log
of the odds ratio between X and ¥ at a fixed level of Z. Thus, exp(/,)describes the
conditional odds ratio between X and ¥. Controlling for Z, the odds of “success” atx =1
equal exp(/5,)times the odds of success at x = 0. This conditional odds ratio is the same
at each level z of Z.

3.2.10 Model Selection and Test for Adequacy
Several model selection procedures exist, no one of which is “best”. Cautions that apply

to ordinary regression modeling of normal data hold for any generalized linear model.
For instance, a model with several predictors has the potential for multicollinearity,
strong correlations among predictors, making it seems that no one variable is important
when all the others are in the model. A variable may seem to have little effect simply

because it “overlaps” considerably with other predictors in the model.
The following criteria are used to test for the model adequacy:

e Deviance Residuals: Deviance residual is the measure of deviance contributed
from each observation and is given by r, = sign(r.)\/d, , where d| is the individual

deviance contribution. The deviance residuals can be used to check the model fit
at each observation for generalized linear models. The standardized and

studentized deviance residuals are

P

rf.ll' AN
F i % ,and rﬁur = = {3.12]
T Jbo 1)

—— - i ==

—
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o Akaike's Information Criterion (AIC); This is used for choosing between

competing statistical models. For, categorical data like in our case, this amounts

to choosing the model that minimizes G* —2v, where G? is the likelihood-ratio
goodness-of-fit statistic and v is the number of degrees of freedom associated with

the model.

s Confidence Interval: Confidence intervals are used to indicate the reliability of an
estimate. [Tow likely the interval is to contain the parameter is determined by the

confidence level

3.3 THEORY OF ESTIMATION OF PARAMETERS.

3.3.1 Introduction
Suppose we have a random variable X which has probability density function, f(x,6)

where & is either a real number or a vector of real numbers. Assume that # = ) which

i< a subset of R”, for p 1. Forexample, & could be the vector (u,0°) when X has a
N(u,o?) distribution or 0 could be the probability of success p when X has a binomial
distribution. Our information about £ comes from the sample X,..X,,... . X, We often

assume that this is a random sample which means that the random variables

XXy d, 8IC independent and have the same distribution as X that is,
X v X sk, BYE independently and identically distributed (fid). We may use the
statistic T = T(X,, X3,.nX, ), & function of the sample to estimate 6 and say that T'is a
point estimatot gcr_rﬁ‘ For exujnj_lg_ﬂp_pgse X, , XypnX, 188 random sample from a

distribution with mean and variance, o*. Then the statistics X and §* (the sample
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‘mean and variance of this random sample) are point ecstimators of u and o’

respectively.

In order to decide which point estimator of a parameter is the best one to use, we need to
examine their statistical properties and develop some criteria for comparing estimators
and also gives the most economical information. Ideally, we want an estimator which
generates estimates that can be expected to be close in value to the parameter. These

properties are presented in Section 3.3.3.

The two of the most commonly used approaches to the statistical estimation of
parameters are the least squares method and method of maximum likelihood. The later is
usually used for generalized linear models, where the estimates are usually obtained
numerically by an iterative procedurc which turns out to be closely related to weighted
least squares estimation. This method would be used to estimate the parameters of the

logistic regression for the motor insurance claim.

The section will then develop statistical inference (estimation and testing) based on
likelihood methods. We show that these procedures are asymptotically optimal under
certain conditions (regularity condition).

3.3.2 Method of Maximum Likelihood

Suppose that X, X;,....%, &C independent and identically distributed (iid) random
variables with common probability density function, f(x;6).8 € Q.. The basis of our

inferential procedures is the likelihood function given by,

—— —

1@ =]/ x:0) 0D (3.13)
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where X =(x,x,,.. -ux"]r', and the likelihood function which is a function of & is

simply denoted by L(#). The maximum likelihood estimator (é] of the parameter & is
obtained by maximizing L(#). Usually, for mathematical convenience, we rather work
with /(@) = log L(&), which interestingly gives us no loss of information in using /(&)

because the log is a one-to-one function. Thus
1(8) =log L(B) = D log f(x,:8), BeQ. (3.14)
i=l

For example, given the iid random sample, ¥.%,,. .., %, from the logistic density ,

exp{—(x—6)}
(1+exp{~(x-}"’

—wex<wm,—w<f <.

J(x.0)=
the log of the likelihood simplifies to

&)= i log f(x,:6)=n@ - nx — Zi log(l + expi{—(x, —€)})

=l I=|
Using this, the first partial derivative is

. d_exp{—{x,,—ﬁf)}
Eif 2§1+exp{—m -8)}'

\

Setting this equation to 0 and rearranging terms results in the equation,

i
Sltexpl-(x,-0)} 2

— e

i exp{—(x, =)}
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The above has a unique solution, The derivative of the left side of the above equation

simplifies to,

i[i exp{~(x ~0)} |_<&_ expi-(x, -6}
80\ = L +expl—(x, —6)} ) T (1+exp{-(x -6

g T —(x, -8
Thus the left side of equation z SAp{Ar b)) = isa strictly increasing function
T lrexp{-(x,—-9)} 2

of @. Finally, the left side of the same equation approaches 0 as £ —— and approaches

M

nas @ —» o, Thus the cqua’ciunz expla 19) =~ hasa unique solution, Also the
=1 1+EKF'{._':.I: FE)} 2

second derivative of [(0) is strictly negative for all 8; so the solution is a maximum,

Also, iid random sample, x;,%;,. . .. X, from the random variable x which has the
4 P ‘ " 2 R
Bernoulli distribution gives an unbiased maximum likelihood estimator, p=-gIven as
#

follows:

flep)=p-p)"

Lx,nx,, p)=p=" (1= p) o

L (505, P)= (X3 imp (0= 25 i1 = )

dlL _ZIJ_(H—ZI,}
E(xh....x,,,p)— - =

B8
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3.3.3 Concept of Likelihood
If the probability of an event X dependent on model parameters p is written P [X |§), then

we would talk about the likelihood, L[S

X ),that is, the likelihood of the parameters

given the data. For most sensible models, we will find that certain data arc more probable
than other data, The aim of maximum likelihood estimation is to find the parameter
value(s) that makes the observed data most likely. This is because the likelihood of the
parameters given the data is defined to be equal to the probability of the data given the
parameters. We are much more ‘nierested in the likelihood of the model parameters that
underlie the fixed data. For example, how would we go about this in a simple coin toss
experiment? That is, rather than assume that p is a certain value (0.5) we might wish to
find the maximum likelihood estimate (MLE) of p, given a specific dataset. Beyond
parameter estimation, the likelihood framework allows us to make fests of parameter
values. For cxamphi,_ we might want to ask whether or not the estimated p differs

significantly from 0.5 or not. ThisTest is essentially asking: is there evidence that the coin
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is biased? We will see how such tests can be performed when we introduce the concept of

a likelihood ratio test in Section 3.3.5.

Say we toss a coin 100 times and observe 56 heads and 44 tails. Instead of assuming that
p is 0.5, we want to find the MLE for p. Then we want to ask whether or not this value
differs significantly from 0.50. How do we do this? We find the value for p that makes
the observed data most likely. As mentioned, the observed data are now fixed. They will

be constants that are plugged into our binomial probability model:

« n=100 (total number of tosses), x = 356 (total number of heads)

If p=0.5, then our binomial probability model gives:

100!
561441

L{p=0.5|data) = 0.5°0.5" = 0.0389

But if p = 0.52 instead, the model gives:

100
56144!

0.52%0.48% = 0,0581

L(p=0.52|data) =

So from this we can conclude that p is more likely to be 0.52 than 0.5. Tabulating the

likelihood for different parameter values to find the maximum likelihood estimate of p:

Table 3.2 Likelihood Estimates for Various Values of p
Probability, | 048 |0.50 052 [054 |0.56 [0.58 " 0.60 |0.62

’ |

[ikelihood, | 0.0222 | 0.0389 | 0.0581 [ 0.0739 | 0.0801 | 0.0738 0.0576 | 0.0378
L e e e d | |
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1f we graph these data across the full range of possible values for p we see the following

likelihood surface.

Maximum Likeliheod Estimation

0.o09 P e s I
B ey

o.ug o
0D.07 4
008
0.05 4

004 4

Likelihood

0o.03 4
o0z 4
0.01 4

Figure 3.1: Maximum Likelihood Estimation of P

We see that the maximum likelihood estimate for p seems to be around 0.56. In fact, it is
exactly 0.56, and it is easy to sce why this makes sense in this trivial example. The best
estimate for p from any one sample is clearly going to be the proportion of heads
observed in that sample. (In a similar way, the best estimate for the population mean will
always be the sample mean). So why did we waste our time with the maximum
likelihood method? In such a simple case as this, nobody would use maximum likelihood
estimation to evaluate p. But not all problems are this simple! As we shall see. the more
complex the model and the greater the number of parameters, it often becomes very
difficult to make even reasonable guesses at the MLEs. The likelihood framework

conceptually takes all of this in its stride, however, and this is what makes it the work-

—r

S _,_.o-"".---_._
horse of many modern statistical methods.(Craig, et al (2005)).

——

71



\

3.3.4 Properties of Point Estimators
The desirable properties of point estimators: unbiasedness, efficiency, consistency, and

sufficiency, which can also be satisfied by a maximum likelihood estimators, are

presented as follows:

3341 Unbiasedness
Let X,,X,,....X, be arandom sample from the random variable X with the probability

distribution function, f(x,8), where £ Q. Let 6=h(X,,X,,....X,) be a statistic.
We say T is an unbiased estimator for @ if E(f)=0,forall B If @ is not unbiased

(that is, E(é} # 8 ), we say that T'is a biased estimator for6.

3.3.4.2 Efficiency
Selecting among several unbiased estimators is to choose the one with minimum

variance, minimum variance unbiased estimator (MVUE), The lower bound for the
variance of an unbiased estimator can be established if the appropriate derivatives exist
and can pass under the integration sign. A remarkable inequality, called the Rao-Cramer
Lower Bound (CRLB), gives a lower bound on the variance of any unbiased estimator.
We then show that, under regularity conditions, the variances of the maximum likelihood

estimates achieve this lower bound asymptotically.

Assumptions (Regularity Condi rions):

e The probability density functions (pdfs) are distinct,
e The pdfs have common support for all 8.
—— R : e
e The point 8, (the true value of 8 ) is an mnterior point in €, the parameter space.

o _The-pdf, f(x,0) is twice differentiable as a function of 6.
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e The integral _L f(x,8)dx can be differentiated twice under the integral sign as a

function of 8.
Theorem (Rao-Cramer Lower Bound):

Lel X1, Xz ..., Xn be independent and identically distribution (iid) with common pdf
f(x,0),for 8€Q and Tbe an unbiased estimator for 6. then under the regularity
conditions,

Var(T) 2 [n1(0)] ",

[ B1og f(x.0)Y 8% log f(x.0
T | Pt e O R EBD 9 log f(x,6) s
where 1(6) L[ 20 } :l E[ 07 } (3.13)

The proof for the continuous pdf f(x,8)is given as follows:

- _[ f(x:8)dx , since f(x,0)is probability density function.

=il

Taking the derivative with respect 10 @ results in,
= | o (x:0)

The latter expression can be rewritten as

af (x:0)/ 60
U__!, f(x;0) IR

Or, equivalently,

0= jalﬂgﬂx 9) ¢ (x:0)dx (3.16)

T

N o R = e :
Writing this last equation as expectation, We have established,

T
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dlog f(X;6)
E —_— | =

that is, the mean of the random variable :ﬂﬂé’{?’_ﬂl is zero(0). If we differentiate

equation (3.16) again, it follows that

b 6?1 ' ',f? o 5 -g
0= j——“g—“ﬂ’:ﬁ—l f(x;e)dx+_jm“5£"’m.51"2';:;*’ ) fB)dx  (3.18)

The second term of the right hand side of this equation (3.18) can be written as an

expectation, This is Fisher information, denoted it by

“(dlog f(x:0) ) dlog f(x:0) Y |
I = = A AL - — SRR | T 3.19
(©) i[ = ] (x:0)dx E[[ ) | (3.19)
Clearly, from equations (3.20) and (3.21), we have
L & log f(x:8) : - ﬁ']{.‘-gf(X,(ﬂ]J 3.20)
1(8) = j_'—__aaf f(x,ﬂ}dx-—lfar(——-————-aa . (3:20)

. - - i X;
which means that the Fisher information is the variance of ’ﬂ_ﬂg%ﬂ :

Note that the important function, @g{%ﬂﬂ s called the score function. Recall that it

determines the estimating equations for the maximum likelihood estimator, that is, the

\ maximum likelihood estimator, @ solves

il alngf{x,;ﬁ'_]_=n for 8.

=1 ag
'—-ﬂ'-'.-. = S | .0

Now let T = h(x,.%;, - - 1,x,,}bt‘fﬁ'éﬂu;1ﬁ&_scd estimator for&, Z = Z——————uggéx‘ ) , and

i=1

— i
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define T = g(T,6), where and define E(T) = _[Tg(T, ) dT. Then

balZ) 7 a6’

i=1

i J o
E(Z} = E[ZM] =0 and VGV(Z) ZFHZE lﬂgf{xnﬂ'}

Under the regularity conditions and differentiation under the integral sign:

2z

5] a8
_[1 = log f(x,.0)dx G _[:]Ug f(x ,B)dx

Cow(T,Z) = E(IZ) - E(T)E(Z) (3.21)
Cov(T
o = Corr = D) 204 po,or, + ET)E(Z) =1
a, 0,
po,0, =l,and p’e’ o’, <l.since E(Z) =0 and ot =l (3.22)

2
i

o',z

= 1 s 1 5 A
o 56

e the consequences of the CRLB inequality:

Definitions: The following ar
An unbiased estimator T is said to be efficient if it attains the CRLB.
CRLB

—_————

e For any unbiased estimator T, its efficiency is defined by eff (1) =
Var(T)

o Often T = £(x1, X2, ., %) i5 efficient at n = eo. Specifically, T is said to be
asymptotically efficient.

For example, if X has the Bernoulli distribution, B(1.6), we obtain [(¢#) as follows:

log f(x:0)=xlogl +(1 - x) log(l - 8),

dlog f(x;8)— x 1-x

gg— 8 1-——
g & log f(x:6) LEE l—x
86 6 (1-0)
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e ot A L Gl RN oA SRR el
o (1-6) | & (1-9) € (1-6) 6(1-9)

3343 Consistency
Let X,,X,,....X,be a random sample from the random variable X with cumulative

distribution function, F(x,@), 8 e .. The statistic 6 is said to be consistent if it
converges to @. In other words, the estimator6), is said to be a consistent estimator of &

if, for any positive &,

lirnP(‘E:'" - 9[ < 5)] =1, or equivalently, llﬂ P[lﬁiﬂ = H\ > f;) =0,

P

This means that an unbiased estimator@, for @ is a consistent estimator of @ if

lim Var(8,) =0

H=pm)

3344 Sufficiency
The property of sufficiency provides methods for finding statistics that in & sense

summarize all the information in a sample about a target parameter. Such statistics are
said to be sufficient. Often, sufficient statistics are used to develop estimators that have

minimum variance among all unbiased estimators.

e Definition:

The statistic 7'(X,, ¥3,..s%,) 18 said to be sufficient for #if and only if, for each value
of 1. the conditional distribution of the random sample (x,,X,,....x,) given T =1 does

(x,,X W
not depend on 5 S %y e %y | T=1) =:£ l hzhf?)

= g%+ Xy yeens x;)

——ar— __._,-I"'---_-_-_
The following serves as an illustrative example: Let x,%,...,x, be a sequence of

——

independent random sample drawn from the Bernoulli distribution, B(1,6), where
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P(x,=1)=0and f(x,0)=0"(1-0)"",x =0,1.To show that T=D2x s
sufficient for @we have the following:
The statistic T = Zx, 0 B(n,@) =[n]9'{l -
t
F Ty 8) = 65 (16 2" =0 1= )"
P(X, = %, X; = %y X, =%, [T =1)

Plnx =) e )
P(T =1) & hit,0)

61—

!
["]e‘ (1-0)" f”
t !

Neyman Factorisation Theorem:

_ which is independent of ¢

This theorern which states as follows may also provide a convenient means of.
identifying sufficient statistics:

A necessary and sufficient condition for the statistic 7(x;,%,,...,x,) 10 be sufficient

for @ is that the joint probability distribution function of the random sample

X, %554 %, can be factorised into two non-negative functions:

X X 0= AT (X, s Xgrens %, 0, 8) B2 %5) (3.25)

where g(%,,%;.-X,) 18 independent of 6.

o

The Proofi et X = (X, Xyere?6yyand X = Xy sna g
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P(T=1)= Y P(X=x)=h(t0) 7 gx)

Tix)ms Fixp=t

P(X=xT=1)_ hx)
P(T =1) ): h(x)

Tx)=

P(X=x|T=i)=

which does not depend on #. To show that the conclusion holds in other direction,

suppose that the conditional distribution of X' given T is independent of &. Let

W, @) = P(T =1,0) and g(x)=P(X =x|T =1)
P(X =x|0)=P(T =t.0).P(X =x|T =t

= hi1,8).g(x)

3.4 The Maximum likelihood Test
Let X,,X,,...,X, be iid with pdf f(X.@) for @ € £, where 8 is a scalar.

Consider the two-sided hypotheses H, : 8 = 68, versus Hy :8%+8,,

where 8, is a specified value. The maximum likelihood function and its log are given by:

10) =T/ (x-0) and 16)= logf(x,.0) .

i=

Let 8 denote the maximum likelihood estimate of . To motivate the test, if 8, is the true

value of 0 then, asymptotically, L(8,) is the maximum value of L(8). Consider the ratio

of two likelihood functions, namely

—
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A=)
L(#)

‘Note that < 1, but if H, is true A should be large (close lo 1); while H, is true, A should

be smaller. For a specified significance level o, this leads to the intuitive decision rule,

Reject Hy in favour of Hy if A < ¢ where ¢ is such that o = Py u[ﬁ < ¢|. This testis

called the fikelihood ratio test.

In the multi-parameter case, hypotheses of interest often specify € to be in a sub-region

of the space. Suppose X has a N(u,o?) distribution. The full space is
Q={(uo?)ic’ >0~m<pu<omo}. This is a two-dimensional space. We may be
interested through in testing that u = u,, where 2, is a specified value. Under Hy, the
parameter space is the one-dimensional space @ = u.o™): g* > 0}, We say that H,, 15

defined in terms of one constraint on the space €2.

In general, let x,....x,be jid with pdf f(x;0)for #eQc R’. The hypotheses of
- terest here are, H, '8¢ @ versus H 16 € QN w°, where @ c Q is defined in terms of
q,.0<g < p, independent constraints of the form, g,(0)=a - &,(0)}=4, The
functions g,8;s -+ g, must be continuously differentiable. This implies wis a p—¢
dimensional space. Based on Theorem;

Lgx)= H f(x,:0), @ell, the true parameter maximizes the likelihood function, so

an intuitive test statistic is given by the likelihood ratio.
S 2 _,--"'"--_-_.__ -

R = M = (3.26)
maXg.n L(m
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Large values (close to one) of A suggests that H is true, while small values indicate
H, is true, For a specified level @, 0 < a <1, this suggests the decision rule reject H; in
favor of H,,if A <C, where C is such that & = max,_, P[A < C]. As in the scale case,

this test often has optimal properties; To determine C, we need to determine the

distribution of A or a function of A when H is true.

Let @ denote the maximum likelihood estimator when the parameter space is the full

A
space Q and let' @, denote the maximum likelihood estimator when the parameter

A A A s
space is the reduced space @. For convenience, de fine L(Q)=L(@) and L(w)= L(6,).

J‘I.
e I3 v
Then we can write the test statistic as A = {T) .. Mckean, et al 2005)
L(L)
— _.--"'_'-.-_._-_-__
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CHAPTER FOUR

LOGISTIC REGRESSION MODEL OF MOTOR CLAIMS

4.1 INTRODUCTION.

' In this chapter we obtain the logistic regression model for the motor insurance claims of

- SIC. This will be done by first looking at the distribution of the various risk variables

- contributing to the claims. We then proceed to perform the odds ratio analysis, predicting

- claims for the various risk variables and then estimate the parameters in the model using

the method of maximum likelihood. This will be done with the help of the R software

package (version 2.8.1).

The data for the study were obtained from the Motor and Claims Department of the S1C
Insurance Company Limited (SIC). The data included the following relevant information:
claim by an insured vehicle, categorized into two - yes or no, and the characteristics of
insured vehicle making the claim - sex of driver (policyholder), vehicle make, age and

cubic capacity of engine.

The data collected are summarized using the variables ¥ and X ,. The variable ¥ defines
the claim by an insured vehicle and X ,defining ith level of risk factorj, where
i=12,...,m, and j=12,....k. Each risk factor or variable is also categorized into

m levels.

A section of the summary of detailed data collected from the Motor and Claims

-

Department of the SI€ is displayed-imAppendix A.1.
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under study.

4.2 DESCRIPTIVE ANALYSIS OF CLAIM DATA
The descriptive analysis performed in this section gives the important features of the data

i Table 4.1: Distribution of Vehicle Make by Claim

obtained. The tables presented below give quick descriptive summary of all the variables

No Yes
Vehicle Make Number  Percentage Number Percentage
OPEL 2915 23.4 38 15.6
' AUDI 189 15 2 0.8
BMW 625 5 15 6.1
CHEVROLET 80 0.6 1 0.4
DAEWOO 162 1.3 1 0.4
' FIAT 166 1.3 15 6.1
FORD 300 24 4 1.6
GEO 189 1.5 5 2
HONDA 227 1.8 8 3.3
HYUNDAI 364 2.9 4 1.6
ISUZU 90 0.7 0 0
KIA 308 2.3 4 1.6
LANCIA 59 0.5 1 0.4
LANDROVER 50 0.4 0 0
MAZDA 239 L9 0 0
MERCEDES 858 6.9 21 8.6
MITSUBISHI | 276 2.2 4 1.6
NISSAN —| — 1539 _—123 43 17.6
OTHERS 164 1.3 2 0.8

——
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PEUGEQOT 180 1.4 1 0.4

RENAULT 186 18 5 2

SEAT 66 0.5 0 0
SUZUKI 76 0.6 2 0.8
TOYOTA 1870 15 49 20.1
VOLKSWAGEN 1195 9.6 19 7.8
VOLVO 100 0.8 0 0
Total 12473 100 244 100

Table 4.1 shows that NISSAN and OPEL cars made 43 and 38 claims respectively which appear

to be the highest, accounting for about 33.2 percent of

2008. It is also observed that ISUZLU, LANDROVER, MAZDA, VOLVO and SEAT never made

a claim. Generally, it appears that the vehicle make with very high number relatively made higher

claims.

Table 4.2: Distribution of Car Age by Claim

the total claims within the period, 2007 -

No Yes
Vehicle Age Number Percentage Number Percentage
1-5 3818 30.6 119 48.8
6-10 2427 19.5 40 16.4
11-15 3360 269 49 20.1
=15 2868 23 36 14.8
Total 12473 100 244 100

The trend in makin gfciiii__rr_tsb

greatest claim.

g

e
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3 Table 4.3: Distribution of Engine Capacity by Claim

No Yes
Engine Number Percentage Number Percentage
Capacity
1-1.6 5018 40.2 89 36.5
1.7-1.3 2877 23.1 76 3l.1
1.9-2.0 2080 16.7 30 12.3
=2.0 2498 20 49 20.1
Total 12473 100 244 o . -

From Table 4.3 we noticed that 89 (36.5%
capacity made a claim which appears 10 be
capacity between 1.8 and 2.0 made the lowest claims d

)} of cars that are not more than 1.6 cubic

the highest. However, cars that have cubic

4 Table 4.4: Distribution of Sex by Claim

ue to the number that registered.

Sex of No Yes
policyholder
Number Percentage Number Percentage
Male 9735 78 180 718
Female 2738 22 64 26.2
Total 12473 100 244 100

Table 4.4 show that 180 (73.8%) of male policyholders

than that of their female counterparts.

24
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43 LOGISTIC REGRESSION MODEL OF MOTOR CLAIMS AT SIC

4.3.1 Estimation of Logistic Regression for Motor Claims
The generalized linear regression model, in this case logistic regression model, is being

employed to predict the likelihood of making a motor insurance claim at SIC. The
dependent variable (claim) is a binary variable and assumes the values, 0 and 1, therefore
the entirc claims conform to the Binomial probability distribution. The claim, ¥ is

regressed on the risk factors, X, which are some basic characteristics of an insured
vehicle. These are sex of the driver or policyholder (X, ), make or type of vehicle (X ;).

cubic capacity of vehicle (X,;), and entry age of vehicle (X ,).

The stepwise technigue employed produced the first model which involves all the risk
factors and the second model which gives the last iterative step. These results are shown
in Table 4.5 and Table 4.6. The models obtained are adjusted for the effect of other
variables. This is done using the odds ratio analysis.

Table 4.5: First Logistic Regression Model Results
glm(formula = claim ~ SEX + makel + eng.ccap + car.age, family = binomial}

* Predictor variable (X ;) Coefficients( ‘,-ng] Std. Error 7 —Value Pr(> lZ |}

Intercept -(.87066 0.21219 J18241  <2e-16***
Female (Xa1) 0.13242 0.14962 0.885 0376157
AUDI (X22) -0.27529 0.73482 0375 0.707935
BMW (X32) 0.65248 0.31485 2.072 0.038231 *

CHEVROLET (Xa2) -0.47692 1.02409 -0.466 0.641430

DAEWOQ.(7) — 096296 101772 OBHT 0.374949
FIAT (X&) - 1.80998 032244 5613  1.98e-08%#*

~TFORD (Xn) -0.05139 053356 0.096 0.923265
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GEO (X32) 0.46384 0.48606 0.954 0.339944
HONDA (X52) 0.76712 0.40067 1.915 0.055544
HYUNDAI (Xj2) -0.18277 0.52976 -0.345 0.730088
ISUZU (X112) -14.15397 681.65815  -0.021 0.983434
KIA (Xi22) -0.13826 0.53213 -0.260 0.795000
LANCIA (Xi32) 0.28668 1.02422 0.280 0.779554
LANDROVER (Xi42) -14.37077 91232612  -0.016 0.987432
MAZDA (X52) -14.16239 41830122  -0.034 0.972991
MERCEDES (Xi52) 0.53235 0.28834 1.846 0.064858
MITSUBISHI (X72) 0.08311 0.53478 0.155 0.876502
NISSAN (Xiz2) 0.66671 0.23035 2.894 0.003799 **
OTHERS (X102) -0.16863 0.73408 -0.230 0.818313
PEUGEOT (X3¢2) -0.83719 1.01821 -0.822 0.410954
RENAULT (X3 2) 0.69050 0.48307 1.429 0.152887
SEAT (X222) -14.29234 796.86662  -0.018 0.985690
SUZUKI (X33 2) 0.63331 0.73693 0.859 0.390127
TOYOTA (X342) 0.45263 0.22743 1.990 0.046569 *
VOLKSWAGEN (X3512) 0.06158 0.28859 0.213 0.831015
VOLVO (X362) -14.28967 647.57923  -0.022 0.982395
eng.ccapl.7-1.8 (X23) 0.31996 0.17281 1.851 0.064101
eng.ceapl.9-2.0(X) -0.25295 0.22570 -1.121 0.262403
eng.ccab>2.0 (X4) -0.12946 0.19991 -0.648 0.517228
car.age6-10(Xa4) -0.58051 0.18943 -3.064  0.002181 **
car.agel1-15(X34) -0.70092 0.18049 -3.883  0.000103***
car.age>15(Xa) -0.82087 0.20152 -4.073 4.63e-05%**

e
TC=7367.2, Significance levels “*++'=0.001, **¥'=0.01, *+’=0.05.%"=0.1
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Table 4.6: Second Logistic Regression Model Results

glm(formula = claim ~ SEX +car. make + eng.ccap + car.age, family = binomial)

Predictor variable (X, )  Coefficients( ﬁ.-;} Std. Error 7 —Value Pr(> | z|}
Intercept -3.83518 0.20792 -18.446 < 2e-16 ***
AUDI (X3;) -027918 0.73468 -0.380 0.70395
BMW (X3) 0.64814 0.31478 2.059 0,03949 *
CHEVROLET (X,) -0.46810 .02401 -0.457 0.64758
DAEWOO (X3,) -0.89788 1.01770 -0.882 037763
FIAT (X2) 1 .82408 032182 5668  1.44e-08 ***
FORD (X:3) -0.04748 0.53349 -0.089 0.92909
GEO (Xa2) 0.47595 0.48588 0.980 0.32730
HONDA (X2) 0.77985 0,40035 1,948 0.05143
HYUNDAI (Xi03) -0.17853 0.52970 0337 0.73609
ISUZU (X 2) -14.15633 681,81758  -0.021 0.98344
KIA (Xi23) 012442 0.53186 0234 0.81504
LANCIA (X;32) 0.28165 1.02411 0.275 0.78330
LLANDROVER (X,2) -14.37698 912.47690  -0.016 0.98743
MAZDA (X)s2) -14.16280 41834567  -0.034 0.97299
MERCEDES (Xi52) 0.52740 0.28823 1.830 0.06728
MITSUBISHI (Xi72) 0.08395 0.53476 0.157 0.87525
NISSAN (Xg2) 0.67094 023027 2914 0.00357 **
OTHERS (X191) 0.17053 0.73408 -0.232 0.81630
PEUGEQT (Xa02) -0,83886 1.01822 -0.824 0.41002
RENAULT (X212) 0.69906 0.48293 1.448 0.14775
SEAT (X21) -14.28235 797.11979  -0.018 0.98570
SUZUKL (X33~ 0.64590 0.73677 0.877 0.38066
TOYOTA (Bdd) —ase67 022731 2.009 0.04453 *
VOLKSWAGEN (Xas2) 0.06272 0.28850 0.217 0.82789
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VOLVO (Xy2) -14.29467 647.57423 -0.022 0.98239

eng.ccapl.7-1.8 (Xn) 0.32088 0.17276 1.857 0.06326
eng.ccapl.9-2.0(X) -0.25544 0.22562 -1.132 025758
eng.ccab>2.0 (Xu) -0.13854 0.19957 -0.694 0.48755
car.age6-10(X3) -0.58381 0.18937 -3.083 0.00205 **
. car.agel 1-15(Xs) -0.70687 0.18030 -3.921 8.83¢-05 ***
car.age>15(Xu) -0.82087 0.20152 -4.073 4.63e-05 ***

AIC= 2366.0, Significance levels ****'= 0001, ***'=0.01, **'=0.05,*."= 0.1

We notice from the first model (in Table 4.5) that the inclusion of gender (female) and
cubic capacity of engine did not produce any significant influence on the claim. The other
predictor variables were significant, the highly being (at 0.001 significance level) the
vehicle type: NISSAN and age of vehicle: 10-15 and more than 15 years. The model

produced an AIC value of 2367.2.

After obtaining Model 1 (Table 4.5), we apply the stepwise regression technique where
the iteration of the estimation process and other inferential analyses resume. The results
obtained are similar to that of the first model but with a slight improved AIC value of

2366.0. These are shown in Table 4.6 (Model 2). The final model established is given by:

Y = B, + AVehicleType + yCarAge

Thus



 ==3.83518+0.64814 BMW — 0.58381CarAge

(6=10)

¥, =-3.83518+0.64814BMW — 0.70687CarAge,,, ..,
y =—3.83518+ 0.64814BMW - 0.82087CarAge

¥, =-3.83518+1.82408 FIAT - 0.58381CarAge

(410}

¥, =-3.83518+1.82408 FIAT - 0.70687CarAge,,, .,
¥, = -3.83518 + 1 82408 FIAT — 0.82087CarAge, .,

Y, =-3.83518+ 0.67094 NISSAN - 0.58381CarAge,_,,,
¥, = -3.83518 + 0.67094 NISSAN —0.70687Cardge,, ;,
Y, = =3.83518 + 0.67094 NISSAN - 0.82087CarAge,, s,
¥, =—3.83518+0.45667TOYOTA — 0.58381Cardge,, .,
¥, =-3.83518 + 0.45667TOYOTA - 0.7068 7Cardge,, s,

Y, =-3.83518 +0.45667T'0YOTA - 0.82087CarAge,, 5,

(»15)

Where Y=response and [, =constant parameter

4.3.2 0dds Ratios Analysis of Risk Factors
The computation of the crude and adjusted odds ratios for the risk factors, ', is given by

the estimate, exp[ﬁg]. The crude odds ratio of a risk factor determines the influence it has
on the claim outcome while the adjusted odds ratio accounts for the inclusive effect of the
other risk factors. The Wald’s and log likelil'_md ratio tests are also performed to
ascertain the significant effect of the risk factors. A probability value of less than or equal
to 0.05 was considered to be statistically significant. Hence, the inclusion of that risk
factor is important in determining the claim’s outcome, Y=0orl.

——— L
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Table 4.7: Odds Ratio Analysis Predicting Claim for Sex Levels

Model 1 Model 2
Sex Crude OR  Adjusted  P-value | Crude OR  Adjusted P-value
(95% CI) (95% CI)
Female 1.26 1.14 0.376 NIL NIL NIL
(0.95,1.69) (0.85,1.53)
Ref. Male P(LR-test) =0.381 NIL

Table 4.7 shows an odds ratio of 1.26 and 95% interval estimate of (0.95, 1.69),

indicating that the females are 1.26, as likely to make a claim as 10 their male

counterparts. Finally, after odds ratio adjustment has been effected, the odds ratio

slightly reduces to 1.14 with a 95% interval estimate of (0.85, 1.53), giving a similar

statistically significance result, The confidence interval includes 1. which means that the

sex predictor variable is not significant, so it is excluded in Model 2.

Table 4.8: Odds Ratio Analysis Predicting Claim for Vehicle Make Levels

Type of Model 1 Model 2
Vehi
e Crude OR  Adjusted P-Value | Crude OR Adjusted  P-Value
(95% CT) (95% CT)
AUDI 0.81 0.71 0.708 0.81 0.76 0.704
(0.193.39) (0.18,3.19)
(0.19,3.39) (0.183.21)
BMW 1.84 1.92 0.038 1.84 1.91 0.039
(1.01,337) (I 04,3.56) (1.01,3.37)  (1.03,3.54)
CHEVROLET |- 096 0.62 0.641 0.96 0.63 0.648
4(0.13,7.07) —0-08462) (0.13,7.07)  (0.08,4.66)
DAEWOO 0.47 0.41 0375 0.47 0.41] 0.378
(0.06,3.47)  (0.06,2.98)
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FIAT
FORD
GEO
HONDA
HYUNDAI

ISUZU

KIA

LANDROVER
MAZDA

MERCEDES
MITSUBISHI
NISSAN
OTHERS
PEUGEOT

-RENAULT

SEAT
SUZUKI

m————

6.93
(3.74,12.86)

1.02
(0.36,2.89)

2.03
(0.79,5.22)

2.7
(1.25,5.86)

0.84
(0.3,2.38)

0 (0,Inf)

1
(0.35,2.81)

0 (0,Inf)
0 (0,Inf)

1.88
(1.1,3.22)

1.11
(0.39,3.14)

2.14
(1.38,3.33)

0.94
(0.22,391)

0.43
(0.06,3.12)

2.06
(0.8,5.3)

0 '{[I_,lnf)

2.02
(0.48,8.52)

6.11
(3.25,11.5)

0.95
(0.33.2.7)

1.59
(0.61.4.12)

2.15
(0.98,4.72)

0.83
(0.29,2.33)

0 (0,Inf)

0.88
(0.31,.2.5)

0 (0.Inf)
0 (0,Inf)

1.7 (0.97,3)

1.09
(0.38,3.1)

1.95
(1.24,3.06)

0.84
(0.2,3.56)

0.43
(0.06,3.19)

1.99
(0.77.5.14)

0 (0.Inf)

1.88
(0.44,7.99)

51

<0.001

0.923

0.34

0.056

0.73

0.983

0.815

0.987
0.973

0.065

0.877

0.004

0.818

0.411

0.153

0.986

0.39

(0.06,3.47)

6.93
(3.74.12.86)

1.02
(0.36,2.89)

2.03
(0.79,5.22)

2.7
(1.25,5.86)

0.84
(0.3,2.38)

0 (0,Inf)

1
(0.35,2.81)

0 (0, Inf)
0 (0, Inf)

1.88 (1.1,
3.22)

1.11
(0.39,3.14)

2.14
| (1.383.33)

0.94
(0.22,3.91)

0.43
{0.06,3.12)

2.06
(0.8,5.3)

0 (0, Inf)

2.02
(0.48,8.52)

(0.06,2.99)

6.2
(33.11.64)

0.95
(0.34,2.71)

1.61
(0.62,4.17)

2.18
(1.4.78)

0.84
(0.3,2.36)

0 (0,Inf)

0.88
(0.31,2.5)

0 (0, Inf)
{0 (0, Inf)

1.69
(0.96,2.98)

1.09
(0.383.1)

1.96
(1.25,3.07)

0.84
(0.2,3.55)

0.43
(0.06,3.18)

2.01
(0.78,5.18)

0 (0, Inf)

1.91
(0.45,8.08)

< 0.001

0.929

0.327

0.051

0.736

0.983

0.815

0.987
0.973

0.067

0.873

0.004

0.816

0.41

0.148

0.986

0.381



TOYOTA 2.01 1.57 0.047 2.01 1.58 0.045
(1.31,3.08) (1.01,2.46) (1.31,3.08) (1.01,2.46)
VOLKSWAGEN 1.22 1.06 0.831 1.22 1.06 0.828
(0.7,2.12) (0.6,1.87) (0.7,2.12) (0.6,1.87)
VOLVO 0 (0,Inf) 0 (0,Inf) 0.982 0 (0, Inf) 0 (0, Inf) 0.982
Ref: OPEL P(LR-test =0.001 P(LR-test) =0.001

The odds ratios in Table 4.8, for BMW, FIAT, NISSAN, and TOYOTA clearly show that

they are statistically significant for both models. The odds ratios recorded for Model 2

are respectively 1.91, 6.2, 1.96 and 1.58 as likely to make claim as OPEL. Their confidence

intervals do not include 1 and so they are statistically significant.

Table 4.9: Odds Ratio Analysis Predicting Claim for Engine Capacity Levels

Engine Model 1 Model 2
Capacity Crude OR  Adjusted P-value | Crude OR Adjusted  P-value
(95% ClI) (95% CI)
1.7-1.8 1.49 1.38 0.064 1.49 1.38 0.063
(1.09,2.03) (0.98,1.93 (1.09,2.03) (0.98,1.93)
)
1.9-2.0 0.81 0.78 0.262 0.81 0.77 0.258
(0.54,1.23) (0.5,1.21) (0.54,1.23) (0.5,1.21)
220 1.11 0.88 0.517 .11 0.87 0.488
(0.78,1.57) (0.59,1.3) (0.78,1.57) (0.59.1.29)
Ref = 1-1.6 P(LR-test) =0.026 P(LR-test) =0.024

Table 4.9 shows that after adjusting for the effect of other levels of engine capacity, none

was found to be significant at-significance level of 0.05. The odds ratios together with

their_95%-confidence intervals for engine capacity
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1.38 (0.98, 1.93), 0.77 (0.50, 1.21), and 0.87 (0.59, 1.29) respectively. The log likelihood

test rather gave a significant result at significance level of 0.05.

Table 4.10: Odds Ratio Analysis predicting claim level for Car Age

Model 1 Model 2
CARAGE | CrudeOR  Adjusted P-value | Crude OR  Adjusted  P-value
(95% CI) (95% CI)
6-10 0.53 0.56 0.002 0.53 0.56 0.002
(0.37.0.76)  (0.39,0.81) (0.37.0.76)  (0.38,0.81)
11-15 0.47 0.5 < (.001 0.47 0.49 <0.001
| (0.33,0.65)  (0.35071) (0.33,0.65)  (0.35,0.7)
>15 0.4 0.45 < 0.001 0.4 0.44 <0.001
(028,0.59)  (0.3,0.66) (0.28,0.59)  (0.3,0.65)
Ref: 1-5 P(LR-test) =0.001 P(LR-test) =0.001

In Table 4.10, the adjustment for all the levels of the vehicle age entry produces results
which indicate they are all less likely to make a claim as compared to cars that are not
more than five years, The odds ratios of increasing age vehicle are 0.56, 0.49 and 0.44
respectively with confidence intervals which do not include 1, showing a highly

statistically significant inclusion of this risk factor.
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CHAPTER FIVE
CONCLUSION AND RECOMMENDATIONS

51 INTRODUCTION
The thesis seeks to develop a logistic regression model with the ultimate goal of

determining the main risk factors associated with the motor insurance claims at SIC
Insurance Company Limited (SIC). This is tried to be achieved by reviewing pertinent
materials for thorough knowledge and understanding of motor insurance industry and
how it operates, especially in Ghana. The logistic regression modeling which was

employed in the data analysis has its pertinent concepts well-discussed.

The Motor and Claims Department of the SIC Insurance Company Limited (SIC)
provided the data for the study which were solely on private insured vehicles. The data
included claim or otherwise by an insured vehicle, and its characteristics: sex of the
driver (policyholder), make of vehicle, age and cubic capacity of engine. The claim is

denoted by the response variable, Y =0, orl, the characteristics, called predictor variables
or risk factors, and categorized levels, by X, , defining ith level of risk factor j. The R

software package was used to perform the required logistic analysis of the data.

52 SUMMARY OF FINDINGS
The descriptive analysis showed 26.2% of female went for claims, compared to their

male counterparts of more than 70% in the same period of study. Vehicles that have small
cubic capacity relatiﬁ]y' make the larger share of the claims (36.5%.). It is interesting to

see the trend as the cubic capacity becomes great, the claim rate goes down. The
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frequency of claims made by OPEL (15.6%), NISSAN (17.6%), and TOYOTA (20.1%)
are the relatively the high claims, However, cars like ISUZU, LANDROVER, MAZDA,
SEAT and VOLVO never made claims within the registered year. The rest ranges from
0.4% to 8.6%. It was also noticed that 48% of cars not more than 5 years made claims.
The claims made for cars aged 5-15 averaged 18.25% whereas claims by cars aged more
than 15 years is 14.8%. It is also interesting to find that as vehicle gets old, the claim
becomes less likely,

The predictive model established for the SIC motor claims was found to be attributed to
make of vehicle and its entry age and were all statistically significant at most 0.05 level
of significance. The prominent among vehicle make are FIAT, NISSAN, TOYOTA and
BMW whose entry age is least 6 years. The sex of polieyholder and engine capacity of
vehicle did not seem to have significant impact on the claims. These results are as
summarized in Table 5.1, shown below:

Table 5.1: Established Model Results
Risk Factor Coefficients  Sid. Error Z- value Pri=\Z]) Qdds Ratio

Intercept -3.83518 0.20792 -18.446 <2e-16 0.02160
BMW (.64814 0.31478 2.059 0.03949 1.91198
FIAT 1.82408 0.32182 5.668 1.44¢-08 6.19709

NISSAN 0.67094 023027 2914 0.00357 1 95608

TOYOTA D.45667 0.22731 2.009 0.04453 1.57881

-car.age6-10 -0.58381 0.18937 -3.083 0.00205 0.55777
car.agel 1-13 0. 70687 0.18030 -3.92] 8.83e-05 0.49319
car.age>|3 - "'—"U:ﬁ__Z!}ET 0.201 5_2 -4.073 4.63e-05 0.44005
o = —ene B
_——
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The motor insurance model for SIC (from Table 5.1) is given by:
Y = B, + AVehicleType + yCarAge
Thus

Y, = =3.83518 + 0.64814BMW ~ 0.58381CarAge,, .,

Y, =-3.83518 + 0.64814 BMW — 0.70687CarAge,,, 5,

Y, =-3.83518 + 0.64814 BMW - 0.82087CarAge,.,.,

Y, =-3.83518 +1.82408FIAT — 0.58381CarAge,, ,,

¥, =~3.83518 +1.82408FIAT ~0.70687CarAge, s,

Y, = -3.83518 + 1.82408FIAT - 0.82087CarAge, s,

Y, = ~3.83518 + 0.67094 NISSAN —0.58381CarAge; ,q,
¥, =—3.83518 + 0.67094 NISSAN —0.70687CarAge,, _ys,
¥, = —3.83518 + 0.67094 NISSAN — 0.82087CarAge,,;s,
Y, =-3.83518 +0.45667TOYOTA ~ 0.58381CarAge .10
¥, =-3.83518+0.4566770YOTA ~0.70687CarAge;,, ;s,
Y, = -3.83518+0.45667TOYOTA — 0.82087CarAge ,.s,

Where Y=response and [j, =constant parameter

53 CONCLUSION

The study has revealed that there is difference in the contribution level to making claims

by the various categories of the risk variables or factors considered. This allowed for an

in-depth analysis of claim variables which required statistical modeling, called logistic

regression analysis to assist in understanding the motor insurance claims in Ghana.

— ,.F-"'"-__-—_

The established model for the motor (given in sections 4.3.1 and 5.2) is mainly attributed

o the Telatively old vehicles of the following makes: FIAT, NISSAN, TOYOTA, and
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BMW, It is our belief, the model if implemented, would go a long way of improving

efficiency at the Motor Department of SIC,

54 RECOMMENDATIONS AND FURTHER WORK
In line with the detailed analysis of the data obtained from SIC and also other

observations made in the course of this study, we make following recommendations:

s The SIC Insurance Company Limited should give relatively high premium to new
cars as compared to older ones due to their higher demand of claims, thus helping

SIC to increase their financial gains.

e The risk factors could be structured to take into account explicitly the underlying
assumptions involved in claim. This could help actuaries concerned with motor

claims to appreciate the problems and advise the underwriters accordingly.

e The users of OPEL, FIAT, NISSAN, TOYOTA, and BMW must be educated to

be more careful since they consists majority (about 66%) of the claims made.

e The Information Bill which has been with our law-makers in Parliament (the
legislature) for long be passed by the law makers with the view of removing the
bottlenecks associated with data acquisition which was a a serious challenge of

this study.

o i is also recommended that further study be done in other insurance companies
with the view of appreciating the discrepancies that exist in valuing risk, thus help

_National Insurance Commission (NIC) to fairly price motor premiums.
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