
Insurance: Accounting, Regulation, Actuarial Science

by Alain Tosetti,� Thomas BeÂhar,�� Michel Fromenteau��� and SteÂphane MeÂnart����

We shall be examining the following topics: (i) basic frameworks for accounting and for
statutory insurance rules; and (ii) actuarial principles of insurance; for both life and non-
life (i.e. casualty and property) insurance.

Section 1 introduces insurance terminology, regarding what an operation must include in
order to be an insurance operation (the legal, statistical, ®nancial or economic aspects), and
introduces the accounting and regulation frameworks and the two actuarial models of
insurance (life vs non-life) developed in the following sections.

Sections 2 and 3 deal with legal or statutory rules of `̀ solvency'', and thus with the
situation called `̀ insolvency'' or, more often, `̀ ruin'', by the actuary profession.

Sections 4, 5 and 6 address the same three questions:

± Assuming the insurer has perfectly priced the risks he insures, his future result is a random
variable; what can be said about it?
± How was this pricing established (by the insurer, or by a pool of insurers, or by authorities)?
What uncertainty results from it?
± At the end of the year, what is to be deduced from the pro®t or loss? In particular, is it
advisable to change the pricing?

Remark: this article provides a bird's eye view of the book entitled Assurance:
comptabiliteÂ reÂglementation, acuriat (Economica, 2000) by the same authors; section 1
(which introduces terminology of insurance) is extensively reproduced, while others are
dramatically summarized.

Foreword

Everyone knows that a euro in the hand is worth more than the promise of a euro later. An
actuary is a person whose job is to quantify this statement. In the case of insurance, the
promised euro is delivered only under speci®c conditions. The actuarial science of insurance
is at the core of this article, which is addressed to three categories of reader:

· Those who, even though they do not intend to become insurance actuaries, need to
understand their somewhat esoteric language and way of reasoning, in order to have a
mutually pro®table dialogue with actuaries. This category of reader is large, and includes
®nance actuaries and insurance professionals such as accountants, auditors, lawyers,
technicians in the various classes of activity, sales managers (who need to integrate the
actuarial point of view in their marketing approach), data-processing specialists, as well

� Alain Tosetti is Commission de ControÃle des Assurances, Commissaire ControÃleur.�� Thomas BeÂhar, Caisse des DeÂpoÃts et Consignations; in charge of a Strategic Survey of Insurance and
Pensions.��� Michel Fromenteau, Insurance Commissioner, director of training for insurance inspectors.���� SteÂphane MeÂnart, Director, Foncier Assurance.

The Geneva Papers on Risk and Insurance Vol. 26 No. 2 (April 2001) 232±251

# 2001 The International Association for the Study of Insurance Economics.

Published by Blackwell Publishers, 108 Cowley Road, Oxford OX4 1JF, UK.



as students preparing for these professions. It should also be of interest to top managers of
insurance companies.

· Professional actuaries and students in actuarial science,
· Statisticians, such as university researchers in statistics, many of whom are becoming

increasingly interested in actuarial science and its extremely concrete (but often
unknown) applications.

This article will relate the following topics which are usually treated separately: (i)
accounting and statutory rules of insurance, subjects not understood by enough people; of
course, what an actuary really needs is to understand the basic framework of these rules,
without getting lost in technical details; and (ii) actuarial principles of insurance; both life
insurance and non-life (i.e. casualty and property) insurance are here brought together and
uni®ed, whereas generally they are treated in distinct and specialized works, or in theses of
limited scope.

To explain the actuary's profession for this rather large audience is a Herculean task. It is
a very mathematical ®eld, and the majority of concepts utilize formulas which may be
unappealing to non-scienti®c readers. We will try to solve this problem by presenting the work
on two levels, which have been developed through years of teaching in various places in the
world, within various professional and university contexts:

· for students in economics (two or three years of university), for example students of the
I.N.S.E.A. of Rabat, or the `̀ magisteÁre'' Bank-Finance-Insurance of the Dauphine
University of Paris;

· for graduate engineers (four to eight years of university) who have at least two years of
professional experience, for example the students of the Centre of Actuarial Studies of the
French Institute of Actuaries.

The two levels appear in the co-existence of a main text, and additions.

· The main text gathers together the concepts considered essential for every category of
reader, and explains them with a minimum of mathematics. When possible, formulas are
accompanied by numerical examples: searching for the numerical result of a concrete
example is always highly pro®table for the reader. Moreover, these results can be found
simply by the use of a calculator and spreadsheet, no special computer programs are
necessary. Sometimes we have even tried to clarify a dif®cult problem by including
numerical examples without formulas.

· Additions (appendices and complements) on subjects such as the problem of pricing with
more than one criterion, the adjustment of a mortality table, techniques of scoring and
credibility. These topics are far from being accessories, yet did not have a place in the main
text, either because they required mathematics, which excludes some readers, or because
they can wait for, as we say, `̀ a second reading''.

This article comprises an introductory section (with all aspects of insurance needed to
understand actuarial matters), then ®ve sections which can be read in various combinations:
sections 2 and 3 (accounting and regulation), sections 4 and 5 (non-life insurance) and section
6 (life insurance).

Section 1 introduces insurance terms used thereafter, regarding the aspects an operation
must include in order to be an insurance operation. Legally, an insurance operation includes a
`̀ contract''; statistically, the insurer uses the `̀ law of large numbers''; ®nancially and
economically, the technique used is such that the insurer is an `̀ institutional investor''. The
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section then describes the accountancy and actuarial interpretations of these aspects, which
are developed in the following sections.

The end result for the insurer is a `̀ random''variable: he hopes to make a pro®t but he can
also take a loss, or even be ruined (or become `̀ insolvent''). It is essential that even if he cannot
avoid a loss, he succeeds in limiting his potential losses to an amount he can tolerate. What
constitutes a loss, and what constitutes insolvency, is not a matter of judgment, these concepts
are de®ned by a precise legal framework, presented in sections 2 and 3.

Sections 4 and 5 describe the risks of non-life insurance, ®rst in the simplest case where
the amount of a claim is known in advance, then in the general case where it can take on
various values. Moreover, in the general case, the value of the claim incurred must be
estimated before being calculated exactly. The example of death insurance, used throughout
section 4, may lead some readers to believe that it is a preamble to section 6. They are right.
However, in section 6, the need to quantify the value of a euro in the distant future,
substantially modi®es the study.

Life and non-life actuarial sciences are split into different actuarial professions. In order
to understand what distinguishes them, it is essential to make an effort to compare them point
by point. This is why sections 4, 5 and 6 all unfold in a similar way, in three parts: (i) supposing
the insurer has perfectly priced the risks it insures, ex ante (at the stage of underwriting) its
result is a random variable. What can be said about that? (ii) how was this price established (by
the insurer, or a technical pool of insurers, or by authorities)? What uncertainties result from
it? What are the possible errors? and (iii) considered ex post, what is to be deduced from the
pro®t (or loss) for the ®nancial year? In particular, is it advisable to change the tariff?

It has been necessary to include calculations about the risk of loss and ruin of the insurer
within the accountable and legal framework which deals with what the actuary profession
calls ruin and regulation insolvency. To make calculations of insurance without knowing this
framework, can be compared to playing bridge without knowing how to count the points.

After having said what is in the article, a ®nal remark must be made about what is not in
it. In particular, readers with knowledge of ®nancial theory must be warned: the modelling of
the variability of interest rates has been deliberately omitted (to be left for the second plan), to
give priority to the modelling of the risks guaranteed by the insurer. Modern ®nancial theory
indeed has made substantial developments with the ¯uctuations of interest rates, and
abundant literature on this subject is available. At the risk of disappointing certain readers, we
generally assume that interest rates do not vary over time.

1. The three aspects of insurance

The object of this article is to present the actuarial aspects of insurance. Before going on,
one may wonder what the words `̀ actuarial'' and `̀ actuary'' mean. There are two ways of
de®ning them: through reading on or by opening a dictionary. The Small Illustrated Larousse,
for example, de®nes actuarial science as a technique practised by actuaries, specialists in the
application of statistics, mainly in the theory of probability, regarding ®nance and insurance
operations.

This de®nition calls for two comments. First of all, if there are two different actuarial
sciences (one in ®nance, the other in insurance), this article focuses on the second, which is
itself a vast subject. Secondly, actuarial science consists, more or less, of statistics as applied
to insurance. This means that, to be an actuary, one must have an adequate understanding of
statistics on one hand, and of insurance operations on the other. Therefore this article begins
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with an introduction to the various aspects of insurance, knowledge of which is necessary for
the reasonable practice of actuarial science.

This introduction could thus be called insurance terminology. Indeed, insurance means
different things to people in different ®elds; such as lawyers (1.1), statisticians (1.2), and
economists (1.3). Moreover, these three aspects of insurance must be adapted to the context of
accountants (1.4) and, last but not least, actuaries (1.5).

Knowledge of these various aspects of insurance should be kept in mind throughout.
This is not to say that one will use them in any and all circumstances, but that they may prove
useful at times.

1.1 The legal aspect of insurance

From a legal point of view, an insurance contract is ®rst of all a contract. We will draw up
a general outline of insurance (1.1.1). We will then bring in precise details of vocabulary
(1.1.2), a classi®cation of guarantees (1.1.3) and of companies (1.1.4).

1.1.1 General outline of insurance

Let us take, to start, three examples that are as simple and as diverse as possible:

· A, a farmer, who faces the risk of seeing his harvest destroyed by hail.
· B, a hunter, who faces the risk of wounding somebody.
· C, the father of a family, who faces the risk of dying before his children are old enough to

earn a living.

Should these situations occur, A will be unable to assume the loss of a year's revenue, B
will not be able to afford the medical expenses of the victim, and C's widow will be unable to
carry the burden of several years of food, clothing, and education for her children.

In each of these three examples, people face a risk, and decide to insure themselves. As
these three risks are fairly common, A, B and C will be able to ®nd an insurer who is willing to
underwrite them.

The two parties involved in the contract (the insurer and the policyholder) undertake a
reciprocal commitment: facing the risk of an event,

· the policyholder pays a premium;
· the insurer guarantees that, if the event takes place, he will pay a claim.

In general terms, then, insurance comprises three things: the risk, the premium and the claim.

policyholder

Premium ; : claim

insurer

These are the two obligations (payment of the premium against possible payment of the claim)
which constitute the insurance contract.
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1.1.2 Details of vocabulary

Is the preceding diagram true?
Yes, the diagram

policyholder

Premium ; : claim

insurer

is true, as true as the sentence `̀ birds ¯y''.
However, everyone knows that it is true that `̀ birds ¯y'', and that the ostrich, which is a bird,
doesn't ¯y.

In the same way, it is advisable to know that the policyholder, who signs the contract, is
not always the one who pays the premium, or who receives the claim.

The word `̀ claim'' is used if the event is a misfortune, but it is not so in every case.
The general outline needs many add-ons and quali®cations of vocabulary to be legally

accurate.

1.1.3. Classi®cation of guarantees

As in our examples, three categories of insurance can be distinguished: property
insurance (example A), liability insurance (example B), and personal insurance (example C).

1.1.4 Classi®cation of companies

There are two major types of insurance company: life insurance companies (or `̀ long-
term business''), and non-life insurance companies, which were once called damage
insurance companies (or `̀ short-term business'').

In many countries, such as France, the same company cannot practise life insurance and
non-life insurance at the same time (with an exception limited to health and disability
insurance). This is also the case for any company created since 1976 in the European Union.

Why does a company have to specialize in life or non-life? It is so that the long-term
promises made to life policyholders are not jeopardized by a tempest or ¯ood.

Is not specialization an illusion?

The vast majority of major insurance groups include both life and non-life companies: is
not specialization an illusion?

On the contrary, these companies have distinct assets, distinct liabilities, and offer
distinct guarantees of solvency (see section 3): the bankruptcy of one of the components does
not necessarily mean the bankruptcy of the whole.

1.2 The statistical aspect of insurance

Insurance is a way of making all policyholders pay in advance to compensate for the
misfortunes of some (1.2.1). Mathematicians, in theorems called the law of large numbers
(1.2.2), have laid down the conditions of this compensation, or mutualization (1.2.3).
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1.2.1 Compensation for misfortune

Reduced to only one contract, with only one policy-holder, the operation described
previously

policyholder

Premium ; : claim

insurer

would be a gamble for the insurer.
Let us take a real-life example. An insurer insures a driver, D, for damage to his car and

for civil liabilities, for a premium of approximately $800. A few weeks after the signing of the
contract, D's car stalls on a railway track and causes the train to go off track. The insurer deals
with the damage to D's car, but also with the damage to the train, to the railways, and to the
cargo on board the train: several million euro in damages. To be able to pay them, the insurer
must have received enough premiums from contracts without claims: from 10,000 contracts,
in our example, providing it 10,000 times $800, that is $8,000,000.

In order to make sure that each insurance operation is not a gamble which may cause the
insurer to go bankrupt as soon as a disaster occurs, the insurer must have a large number of
policyholders.

policyholder S

Premium S; : claim S

insurer

This large number of policyholders is a mutuality within which the insurer mutualizes (or
compensates for) risks. This expression simply means that the insurer will pay, with the
premiums received from everyone, the claims of the unlucky persons.

Some notations

In this article, i is the index designating the policyholder number i. The number of
policyholders will be indicated by na, and i will thus vary between 1 and na.

Each policyholder i pays a commercial premium indicated by ð 0i and includes a pure
premium indicated by ði to pay the claims. The remainder of the commercial premium
includes loadings intended to ®nance general expenses of the company.

The sum of the pure premiums will be noted
Pna

i�1ði. This sum, known in advance, is
®xed.

The claim of a policyholder i is designated as X i. It can be null or positive. It is a random
variable. The sum of the claims is indicated by

Png

i�1 X i and is a random variable. The actuary
seeks to forecast it with maximum possible precision.

An appendix reviews the concepts of probabilities which the reader should acquire
before reading sections 4 to 6.
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1.2.2 The law of large numbers

The insurer has received premiums
Pna

i�1ði to pay claims
Pna

i�1 X i. Has his situation
improved, compared to that of an insurer with only one contract, or has he only increased the
risk of catastrophe?

It is the law of large numbers which makes it possible to answer this question.
For example, an insurance contract guarantees a capital of $100,000 in the case of death.

It is subscribed to by na � 10,000 policy-holders, each one having the probability q� 1% of
dying within the year. The number of deaths within the year is thus a binomial random variable
which we will designate as ND.

The expected value of the number of deaths is E(ND) � 100
One can thus say (cf. appendix ) that it is almost certain that the number of deaths will be

between 67 and 133; therefore ND will be equal to 100� 33. Regarding ND, the relative
uncertainty is 33 per cent.

If the insurer receives 10,000 premiums of $1,000 and has no other expenses besides
claims, the result will be between ÿ3:3 M$ and 3:3$ M$.

If the insurer made na � 1,000,000 policyholders subscribe, the same formula would
make it almost certain that the number of deaths will be between 9,672 and 10,328. Therefore,
ND will be equal to 10,000� 328. Regarding ND the relative uncertainty is 3.3 per cent. If the
insurer receives 1,000,000 premiums of $1,000 and has no other expenses besides claims, the
result will be between ÿ33 M$$ and 33$ M$.

If one multiplies the number of policyholders by 100, the standard deviation between
expected and future result is multiplied only by 10. Relative uncertainty is divided by 10.

When the X i are identical and independent, the law of large numbers says, under certain
conditions, that the random amount

Pna

i�1 X i can be better forecasted if the number of
policyholders na is larger.

More precisely, the theory of probability says that if one multiplies the number of risks by
na,

· the standard deviation is multiplied not by na but by
�����
na
p

· relative uncertainty is divided by
�����
na
p

.

The law of large numbers thus makes it possible to decrease the relative uncertainty which
weighs on the accounts of the insurer. It means that there is little variation in the number of
unlucky persons compared to what was initially expected, which allows for the mutualization
of risks.

1.2.3 Conditions for applying the law of large numbers

The law of large numbers is valid for identical and independent risks. It can be extended
to risks which are suf®ciently homogenous and suf®ciently independent, which we will
describe through counter-examples: in ®re insurance,

· a house and a factory are not homogeneous risks;
· 100 apartments in the same building are not independent.

If there are not enough policyholders, if they are not suf®ciently both homogenous and
independent, so that the insurer can forecast the sum of the claims correctly, in short, if the law
of large numbers does not apply, the insurer must reinsure. Reinsurance is insurance for
insurers.
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1.3 The economic aspect

Insurance is a service (1.3.1) which holds a signi®cant place in the economy (1.3.2).
Insurance works within a competitive framework: the insurer cannot and may not rely on
future premiums to honour past guarantees: it is said that insurance functions by
capitalization, as opposed to Social Security, which functions by distribution (1.3.3) or
`̀ pay-as-you-go''.

1.3.1 The safety industry

The essential role of insurance is to provide security for households and companies.
The following quotation illustrates this:

New York was not created by men, but by insurers ...

Without insurance, there would be no skyscrapers, because no workman would attempt
to work at such heights, at risk of falling to his death and leaving his family destitute.

Without insurance, no capitalist would invest millions to build similar buildings that a
single cigarette can reduce to ashes.

Without insurance, nobody would drive his car through the streets. A good driver is
conscious at every moment of the risk of running over a pedestrian. (Henry Ford)

This need for security creates three kinds of insurance: property insurance, personal
insurance, and liability insurance, as in our examples A,C,B.

1.3.2 The place of insurance in the economy

One may wonder about the importance of insurance in the economy. For example, in
France, does insurance represent 1 per cent of the Gross National Product (GNP)? One-tenth?
Or a third?

Each of the three preceding ®gures has a meaning. Let us review them in turn.
Let us start with the second ®gure, one-tenth, for it is the answer most frequently given.

Insurance premiums constitute roughly one-tenth of the GNP: that is to say that if, in 1996,
one compares the sales turnover (premiums), 770 GF, to the GNP, 7 861 GF, one will ®nd that
770 divided by 7,861 is approximately `̀ one-tenth''.

The ®rst objection to this statement is the following. The sales turnover of insurance
companies does not constitute a part of the GNP. It is the value added by insurance which
constitutes a part of the GNP. It constitutes approximately 1 per cent (0.8 per cent in 1996):
indeed, 200,000 people in France work in insurance, that is to say one French worker in every
100.

The second objection is the following: the sales turnover of insurance does not include
Social Security (health, injuries at work, retirement, etc.). However, Social Security provides
security to households, much like insurance. The current role of Social Security in France was
previously assumed by insurance companies, as is still the case in other countries. When
Social Security was created in 1947, one-third of the sales turnover of the insurance
companies was transferred to it. In another example (in Anglo-Saxon countries), life
insurance occupies a more signi®cant place, where retirement programmes are less extensive.

Thus, if one adds in Social Security, which has an annual sales turnover three times
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higher than that of insurance, one obtains a total sales turnover, equivalent to one-third (34 per
cent) of the GNP.

But while insurance and Social Security have the same function, these two branches of
the `̀ safety'' industry differ in their way of operating. Insurance functions by `̀ capitaliza-
tion''. The Social Security way of operating is called functions `̀ distribution'' or `̀ repartition''
(or `̀ pay-as-you-go'').

1.3.3 `̀ Capitalization'' v. `̀ repartition''

In `̀ repartition'', premiums received in a given year are used to pay claims paid in the
same year, even if these claims were generated by events which occurred earlier. (To pay, later
on, the claims generated by events which occurred in the year, the organization will need
further premiums.)

In `̀ capitalization'', premiums received in a given year are used to pay claims generated
by events occurring in the same year. (The insurer may pay for claims years after the
premiums are paid to him by the insured.)

Let us rewrite the general outline of insurance by taking account of its `̀ capitalization''
way of operating as time passes:

policyholder S

Premium S; : claim S

insurer
ÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿ ! time

Let us take the example of (a) an organization which works on a `̀ repartition'' basis like Social
Security, and (b) an insurance company, both created in the year 2000 (in two different
countries), which must pay for bodily injuries caused by car accidents.

To simplify things, we will suppose that each claim is paid two years after the accident.
(In fact, in France, two years is the average wait time for injuries to be determined as
permanent, and for the judges to settle the liabilities and the amounts.) We will assume that
there are no overhead costs.

Repartition (Social Security)

The following table gives, year by year, premiums deposited in the bank account of the
organization, the claims withdrawn, and the balance in the account at the end of each year.

Year
Deposit

(premiums) Withdrawal (claims) Balance

2000 100 100 (accidents from the year 1998) 0
2001 100 100 (accidents from the year 1999) 0
2002 100 100 (accidents from the year 2000) 0
2003 100 100 (accidents from the year 2001) 0
2004 100 100 (accidents from the year 2002) 0
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From the day it is created, in 2000, the organization can pay the claims for which the victims
await money (i.e. victims of accidents which occurred in 1998).

On the other hand, if the organization ceases to receive premiums in the year 2005, the
claims from accidents which took place in 2003 and 2004 cannot be paid. (Over the years, the
organization was unable to build up any provisions or reserves, as the balance in the bank
account was null at the end of each year.)

In general, Social Security thus allows for immediate solidarity. Within the context of
retirement or disease, this solidarity reaches across generations: in the case of retirement, for
example, young people pay for old people. With sickness, a similar situation occurs: people in
good health pay for sick people, and are on average younger.

Capitalization (insurance)

The following table gives, year by year, premiums deposited in the bank account of the
organization, the claims withdrawn, and the balance in the account at the end of each year.

Year
Deposit

(premiums) Withdrawal (claims) Balance

2000 100 0 100
2001 100 0 200
2002 100 100 (accidents from the year 2000) 200
2003 100 100 (accidents from the year 2001) 200
2004 100 100 (accidents from the year 2002) 200

The insurance company does not pay for people injured in accidents which occurred in 1998
or 1999.

Premiums received in the year 2000 are used to pay (in the year 2002) the claims related
to accidents which occurred in the year 2000; premiums received in the year 2001 are used (in
the year 2003) to pay the claims related to accidents which occurred in 2001, and so on.

For 2000 and 2001, the insurer must invest the premiums he has received, 200 M$ in all.
Every year from 2002 on, if there is no change, the insurer will have this provision or

reserve of 200 M$. This is why insurance companies are important investors on the stock and
real estate markets. They are called institutional investors.

However, this money does not belong to the insurer: if he ceases to have clients in 2005,
the claims from accidents which occurred in 2003 and 2004 can be paid with the 200 M$.

The `̀ capitalization'' method also puts solidarity into practice, but with one difference:
solidarity is between the premium payers of 2000 and the people involved in accidents in the
year 2000, while in `̀ repartition'', solidarity is between the premium-payers of 2000 and the
people involved in accidents in the year 1998.

1.4 How the three aspects are re¯ected in accounting

An insurance company, like any other company, keeps books with a balance sheet and an
income statement. The general principles of accounting must therefore be respected (1.4.1).

However, the inversion of the cycle of production speci®c to insurance leads to important
peculiarities in accounting (1.4.2) and in the role of the state (1.4.3).
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1.4.1 General principles of accounting

The balance sheet. For a company, assets are everything the company owns (including
amounts owed to the company by others, called debtors). For an insurance company, these
assets are mainly investments. By convention, the assets are indicated on the left side of the
balance sheet.

The liabilities (debts or commitments) of a company are the amounts owed by the
company to others, called creditors. For an insurance company, these liabilities are mainly
commitments to its policyholders. The estimated amount of these commitments has a speci®c
name, the technical provisions. By convention, the liabilities are indicated on the right-hand
side of the balance sheet.

The balance sheet makes it possible to compare the amount of the real assets with the
amount of the real liabilities. The difference between the real assets and the real liabilities is
called the net assets. Those net assets must be positive: in this case, the real assets of the
company are greater than its debts; otherwise, the company could not pay its debts with its
assets, and would thus be insolvent. From another point of view, net assets are also referred to
as capital and reserves.

By convention, net assets are indicated on the right-hand side of the balance sheet, so that
the two columns have the same total.

Balance sheet displayed with two columns

assets A Net assets (capital and reserves) K � Aÿ L
liabilities L

total A total A

Of course this balance sheet could be displayed as a list:

Balance sheet displayed with one column

assets A
ÿ liabilities L
� Net assets (capital and reserves) K � Aÿ L

Net assets change from one ®nancial year to the next:

· They increase if the company made a pro®t for the year, and if that pro®t is not entirely
distributed to the shareholders (in the case of a commercial company), but added to the
reserves.

· They decrease if the company took a loss for the year.

It is essential that, even if a company is hit by a loss, the net assets remain positive.
Otherwise, if the real assets are less than the liabilities, the company would be insolvent.

It is important to specify that insolvency we are speaking of differs from the bankruptcy
recognized by the court of justice. The above mentioned company, which on 31 December
2004, owes 200 M$, is insolvent if it does not own 200 M$ or more (even if it owns 199): in
order to meet its commitments, it should then call its shareholders or the national guarantee
fund (if such a fund exists) for help.
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The Pro®t and Loss account and the Pro®t (or loss) for the ®nancial year The Pro®t and Loss
account explains the pro®t (or loss) for the past ®nancial year by comparing pro®ts to losses.
In insurance, these pro®ts consist mainly of premiums and investment income, and losses are
due mainly to claims (precisely claims in non-life insurance, or guarantees in life insurance)
and operating expenses.

Pro®t and Loss account (displayed in one column)

Premiums P
� Investment income I
ÿ Claims ÿC
ÿ Operating expenses ÿPE
� Pro®t(�) or Loss (ÿ) for the ®nancial year �PL

This Pro®t and Loss account can also be displayed in two columns, losses on the left side,
pro®ts on the right side, pro®t on the left side, so that the two columns have the same total:

Pro®t and Loss account (displayed in one column)

Claims C Premiums P
Operating expenses OE �Investment income I
Pro®t for the year P� Iÿ Cÿ OE if Loss for the year jP� Iÿ Cÿ OEj if

P� Iÿ Cÿ OE . 0 P� Iÿ Cÿ OE , 0
Total T total T

This explanation of past pro®t (or losses) is the ®rst step in forecasting the future.

1.4.2 The reverse production cycle

In a normal production cycle of a normal (i.e. non-insurance) company, the price of
purchases is ®xed (and paid for) before the price of whatever the company sells gets ®xed (and
paid for).

For an insurance company, the opposite is true: the selling price of the service (i.e. the
premium) is ®xed (and received) before the price of the main purchase (i.e. the claim) is ®xed
(and paid for). This is called the reverse production cycle of insurance.

This considerably modi®es our reading of the balance sheet and the Pro®t and Loss
account.

The reverse production cycle and the balance sheet The balance sheet re¯ects the fact that
premiums are received before the corresponding claims are paid for; it shows how
commitments towards policyholders (called technical provisions) are covered by invest-
ments.

· In a normal company, production requires certain assets (factories, machines, stocks), and
the liabilities side of the balance sheet explains how the company ®nances these assets;
activity is illustrated mainly on the assets side, and one can read the balance sheet from left
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to right and say that the balance sheet shows how the assets have been ®nanced by the
liabilities.

· In an insurance company, production consists of underwritten commitments towards
policyholders, and the assets side of the balance sheet shows how the company uses funds
received and how it will be able to pay these commitments; activity is illustrated mainly by
the liabilities side, and one can read the balance sheet from right to left. The balance sheet
shows how the liabilities have been invested.

The reverse production cycle and the Pro®t and Loss account The Pro®t and Loss account
includes pro®ts (premiums) which were ®xed before the losses (claims), which are their
counterpart, are known with precision.

In a normal company, expenses are known ®rst: in forecasting pro®t or loss for the
®nancial year, sales, the company's ability to sell, are an unknown pro®t factor.

In an insurance company, conversely, sales are known ®rst. In forecasting the pro®t or
loss for the ®nancial year, claims expenses will be settled after (and sometimes a long time
after) the premiums, and may lead to a pro®t, or not.

1.4.3 Statutory rules and state supervision

Fundamentals In most countries, in order to undertake insurance operations, a company
needs an authorization (called a state agreement) given by the state. This agreement can later
be revoked as soon as it appears that the insurance company cannot fully meet its
commitments towards policyholders. This state supervision is based on the need to protect
consumer interest.

A decision by the European Court of Justice in Luxembourg makes clear the reasons for
this protection: the Court states that insurance is a highly sensible matter, from the point of
view of protecting consumer's interest in terms of underwriting a policy and receiving a
guarantee. It gives four reasons:

1. Insurance is very speci®c because it depends upon future events. Whether those events
will happen or not is uncertain at the time of underwriting the policy.

2. The situation of the policyholder may become hazardous if, when a claim is due to him,
this claim is not paid.

3. It is very dif®cult for the policyholder to understand all the clauses in a contract and to
forecast the ®nancial situation of the insurer.

4. Insurance has become a mass phenomenon and safety for the third parties involved is
essential as well.

From these motives, the Court has restated what is obvious: a guarantee given by an insurer is
a promise. This promise can be of utmost importance for the one who has bought it (the
policyholder). Should the insurer refuse or be unable to pay, it could turn into a disaster, for
example, for:

· the holder of a life insurance policy, who might see his savings disappear;
· the holder of a ®re insurance policy, who will not have his home rebuilt after a ®re;
· the third-party victim of an accident caused by a holder of a car insurance policy.

Organization of state supervision In France, a licence to sell insurance guarantees (this
licence is referred to as the `̀ agreement'') is given by the minister of Economy and Finances,
and supervision of solvency has since 1990 been overseen by an independent administrative
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commission, the Insurance Control Commission (`̀ Commission de controÃle des assurances'',
the CCA).

The CCA has a permanent mission: to ensure that enterprises are able to keep their
commitments and will be able to keep them in the future. It veri®es, for example,

· the estimated commitments toward policyholders in the accounting documents;
· the quality of the assets (more precisely investments) the company holds to meet these

commitments;
· the existence of a solvency margin to face future losses.

It should be understood that this supervision for ensuring solvency is distinct from other goals
(and inspections for achieving such goals) which the state may have, such as:

· ensuring that insurers investments re¯ect general public interests and induce economic
development;

· taxing this economic activity (or, as with life insurance, to provide ®scal incentives).

1.5 How the three aspects are re¯ected in actuarial science

We stated previously that the general outline of the insurance was:

policyholder S

Premium S; : claim S

insurer
ÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿ ! time

In 1.3, we added time to this general outline. We did not say how; there are in fact two different
models, used according to the relative importance of time v. risks.

These two different models are re¯ected in two different actuarial sciences (and two
different actuarial professions):

· actuarial science over the short term, in which the randomness of claims is a major issue,
which we will study in sections 4 and 5 (simple model and car insurance model); and

· actuarial science over the long term, in which the randomness of claims is a minor issue,
which we will study in section 6 (life insurance model).

1.5.1 Short-term model

Let us take once more the example of a contract which guarantees the payment of a
capital c � $100,000 in the event of death. This contract is subscribed to by na � 10,000
people, each having a probability of death within the year q � 1%.

Let us model the result, disregarding returns on investments, and overhead costs, using a
premium of $1,050:

· the number of deaths within the year is a random variable ND, with an expected value
naq � 100.

The pro®t or loss of the year to come is a random variable R � na:ðÿ c:ND. It is the
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difference between the premiums (known) and the claims (a random variable because it
depends on the number of deaths N D. R � na:ðÿ c:ND � 1,000 3 1,050ÿ 100,000 3 ND.

With E(R) � 1,000 3 1,050ÿ 100,000 3 100 � 500,000.

Modelling of the return on investment and overhead costs The expected pro®t or loss of the
year does not change if the premium is raised to $1,400, and the overhead costs minus the
return on investments are 25 per cent of the premiums, which is $350.

1.5.2 Long-term model

Suppose that on date t � 0, the insurer subscribes na � 10,000 identical contracts, each
one with a premium ofð � 63,000$. The insurer promises to pay c � $100,000 on date t � 8
years to every policy-holder alive at that date.

To model this contract, we will suppose that the revenue from investments is 6 per cent a
year, that each policyholder has a probability p� 0.98651 of being alive at t � 8 (overheads
are disregarded).

On date t � 0, the insurer receives nað � M$630 which he invests at 6 per cent per year.
On date t � 8, the insurer will thus have times 1:068 with which to pay c:NV to the

survivors, NV being the random number of survivors, binomial distribution. Its mean value
E(NV ) � na p � 9:865, 1.

The pro®t or loss of the year is a random variable because it depends on the number of
survivors NV :

R � na:ð 3 1, 068 ÿ c:ND � 1,004,124,287ÿ 100,000 3 ND:

With E(R) � 1,004,124287ÿ 100,000 3 cp � 17,614,2871.

1.5.3 Comparing these two models

The difference in time between premiums paid to the insurer and payments made by him
is:

· short (six months) in the ®rst example, which made it unnecessary to make an explicit
model of return on investments;

· long (eight years) in the second example, which necessitates an explicit model of return on
investments.

There is another difference: in both cases, the number of deaths can vary by plus or minus 10
or 20.

· It is of utmost importance in the ®rst example, because 10 or 20 is signi®cant compared to
the small (100) mean value of claims;

· It is of less importance in the second example, because 10 or 20 is not much compared to
the large (9,851) mean value of survivors, almost equal to the number of policyholders.

Choice of model Traditionally, the short-term model is used in non-life, while the long-term
model is used in life insurance.

The long-term/short-term cleavage results from the fact that much more time passes
(between premiums paid to the insurer and payments made by him) in life insurance than in
non-life insurance situations. In the French market, this time period is about ®ve years for life
insurance, compared to only 1.5 years in non-life insurance.
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Moreover, the randomness of the risk is much less important in life than in non-life
insurance, because, as in our example, most payments in life insurance depend on the survival
of the policyholder, an event with greater probability, while in non-life insurance, claims
depend on events with small probabilities.

What about death insurance? As appropriate,

· Sometimes, as in section 4, insurance in the event of death (of one year's duration) will be
modelled on non-life insurance. (To treat death as non-life should be no surprise!) The
simple model in section 5 will be based on an insurance contract in case of death.

· Sometimes, as in section 6, insurance (of unspeci®ed duration) in the event of death will
be one of the components of life insurance, the other component being insurance in the
event of survival.

2. The accounting framework of insurance

Accountants of Sienna, Florence and Venice [in the XIIth century] triumphed
technically over common sense and over language . . . As for terminology, the inversion
of the signs has puzzled the minds of men for hundreds of years; but technically, the
reform was successful enough to be adopted by all accountants. (Jean FourastieÂ)

The ®rst duty of the accountant is to account for every ®nancially signi®cant act the
company makes: acts of purchase and sale, reception and emission of invoices, withdrawals
or deposits. Records must be meticulous and perfectly reliable, because they constitute proof
of, and provide data on, interactions between the company and others (customers, suppliers,
tax authorities, banks), and even between various departments of the company.

Although this aspect of accounting occupies most of the accountant's time, it will be
touched upon only brie¯y (an understanding of the main principles will suf®ce), before we
consider the second task of the accountant.

The second task of the accountant is to synthesize (or take stock of) the situation
periodically, ®rst with information from the above-mentioned records, but also with other
information, namely, any and all information available in the company. More precisely, in
insurance, he concerns himself with the amount of the commitments made toward policy-
holders (estimated value of claims in non-life insurance, or current value of the capital or
annuities that the insurer is committed to pay in life insurance).
This synthesis is in two parts:

· a description of how rich the company is, summarizing its assets and liabilities in the
balance sheet;

· an explanation of the pro®t, or loss, of the year (enrichment, or impoverishment, of the
company during the past year), comparing pro®ts and losses of the past year in a document
called the Pro®t and Loss account.

This synthesis, and especially the balance sheet, interests the actuary because he wishes to
understand the ability of the company to meet all its commitments toward policyholders. Here
the actuary meets the accountant and the lawyer, because respecting legal requirements of
solvency is one condition of the state's operating agreement. In a vast majority of countries,
the insurance industry's compliance with the terms of this agreement ensures that the
consumer's interests are protected.

In the book in studying the regulations framework of insurance, the subject of the
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following section, we will ®rst treat the mechanisms of accounting and the characteristics of
insurance. Next we will illustrate, using an example, the operations of inventory, so peculiar in
insurance, and ®nally we will comment on the information given by the annual statements of
any insurance company.

3. The regulatory framework of insurance

One has to obey the laws of one's country even if those laws are unjust. (Socrates)

Let us recall the accounting framework introduced in the preceding section.
The situation at the date of the inventory is described by the balance sheet which

compares assets (property owned by the company, amounts owed to the company by debtors)
to liabilities (amount owed by the company to creditors), and thus aims to indicate whether the
company was solvent on this date.

The income statement aims to explain the pro®t, or loss, for the preceding year, by
comparing pro®ts and losses. Analysing the past is a starting point for forecasting the
likelihood of losses for future years (this also depends on contracts, pricing, and reinsurance).

The likelihood of negative results is a function of three things, all of which are speci®c to
insurance:

· potential losses related to the `̀ liabilities''section of the current balance sheet: technical
provisions, even if they were well calculated, can prove insuf®cient, due to changes in
jurisprudence, or in¯ation, which are currently unforeseeable;

· potential losses related to the `̀ assets''section of the current balance sheet: investments,
even while meeting every standards of security, liquidity and pro®tability, can lose value,
due to an unforeseeable economic crisis;

· other losses can result from future insurance activity:

· insuf®cient prices (unanticipated burden of claims or general expenses, without
unanticipated exceptional claims;

· hazard (exceptional claims, together with defective reinsurance).

It is, however, essential for the policyholder that his insurance company is solvent and remains
so until it has ®nished ful®lling its commitments.

The solvency of an insurance company rests on three pillars, which are no more than
principles of common sense:

· ®rst, know one's debts: the company must be consistently able to calculate the amount of
its commitments to its policyholders (technical provisions}, which are better referred as
technical debts); however, knowing one's debts is not enough, one needs to have money
with which honour them;

· secondly, pay one's debts: the company must have a suf®cient amount of secure, liquid and
pro®table assets, to represent its commitments, i.e. an amount at least equal to the amount
of commitments to policyholders. These assets should be of good quality, obeying the
rules of evaluation and dispersion; but representing its (regulated)commitments is not
enough, it also must be able to face possible future losses;

· thirdly, the company must have more real assets than real liabilities, i.e. it must have a
solvency margin to remain solvent even when an unexpected loss occurs.

In the book we will end this section with some remarks on the range and the limits of the
regulations.
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4. The simple model of insurance

Anything simple is false, anything complicated is unusable. (Paul ValeÂry)

Before dealing with the complete (and complex) model of insurance in section 5, we will
start by studying a simple model.

The assumptions of this model

The contract is underwritten by na individual policyholders. (Similarly, an underwriter
may insure na individuals within the context of a collective contract, this amounts to almost
the same for the actuary.)

The contract guarantees to each policyholder i(i � 1 . . . na), in exchange for a
commercial premium ði, the payment of Xi if a speci®ed event happens during the year.

All the assured risks are of comparable nature. They are even supposed to be identical
and independent (or at least homogeneous and not very dependent).

Why these assumptions?

These assumptions enable us to expose clearly the various mechanisms of short-term
insurance (in this case short term is a year). We will thus avoid introducing heavy actuarial
notations, and will easily be able to analyse the risks on the pro®t or loss of the insurer for the
year.

Moreover, this model is based on a real contract: temporary life insurance (more
precisely, a one-year guarantee of capital in the event of death.

However, there are times when we will depart from these assumptions in order to see how
the pro®t or loss is affected.

In the book, within the framework of this simple model, we will see ®rst that, even if the
risk is correctly priced, the insurer himself faces the risk of loss, or even, more seriously, the
risk of ruin. This situation worsens if the pricing was incorrect. Once the year is over, the pro®t
or loss for the year sometimes leads to a modi®cation of pricing.

We shall use the particular example of a guarantee in the event of death as our thread of
ARIANE, making it possible to carry out the numerical applications.

5. The automobile insurance model

The general study of random losses, explained in the simple model, holds true for every
branch. But for any branch other than temporary life contracts, after each point examined a
new problem appears, calling for additional methods. This is the case with automobile
insurance: where the guarantee is unlimited, and where the cost of the eventual claim disaster
is therefore far from being known in advance.

It is necessary to complicate each of the three points examined in the preceding section:

· The study of the random aspect of claims in 4 does not separate the study of the random
number of claims from the study of the random cost of a claim. In the guarantee in the
event of death, set out in 4, this was unnecessary, as each claim had a ®xed cost, c. In
general, however, as with automobile insurance, each possible claim has a random cost. It
thus becomes appropriate to model separately the number of claims and the cost of a
claim.
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· The study of pricing in 4 will be supplemented by `̀ segmenting'' the pricing according to
several factors: if, in 4, we have only taken age into consideration (as is usual in the
guarantee in the event of death exposed in this section), in general, as with automobile
insurance, we consider several factors (age of the driver, power of the vehicle, area of
habitual use).

· The study of the pro®t/loss from the preceding year in 4.3 will be supplemented by
introducing, in the accounts, the concept of the outstanding claim: if, in the guarantee in
the event of death, set out in 4.3, we assumed that the Pro®t and Loss account for the past
year re¯ected the exact cost of claims, in general, as with automobile insurance, ®xing this
cost may take several years, and the company must evaluate outstanding claims as best it
can, in order to modify (lower or increase) its pricing before it is too late.

In the book, we will reassess the entire study, without modifying the sections: even if the risk is
correctly priced, the insurer has to face the risk of loss even of his ruin. We will study these
risks, distinguishing this time the number of claims and the cost of a claim. This situation
worsens if the pricing is incorrect: pricing will be discussed again, but using several factors.
At the end of the year, the pro®t or loss of the year sometimes leads to a modi®cation of
pricing: this time, the insurer must evaluate outstanding claims.

6. The life insurance model

Traditionally, the model presented for short-term insurance in the two preceding sections
neglects, at least initially, to formalize the price of time, i.e. investment income generated by
capitalization (1.3). This is because short-term actuarial science is primarily concerned with
the randomness of the claims.

The relative importance of the price of time and the randomness of claims is reversed in
the life insurance model (1.5). Indeed, the life insurance model cannot overlook the fact that
most contracts for the policyholders have a savings function. They are long-, even very long-,
term, and their pricing is not revisable during this period.

Moreover, the random nature of claims is much less important in life insurance than in
non-life insurance: in life insurance, the payment of a claim by the insurer depends generally
on the survival of the policyholder, an event with great probability, while in non-life insurance
claims depends generally on events with little probability. This is perhaps why traditionally,
where prudence would counsel adding a safety loading to the premium (a load increasing the
premium in order to decrease the risk of loss and of ruin), actuarial use differs:

· In non-life insurance, the safety loading is explicit, and it is noted r;
· In life insurance, the safety loading is usually implicit, and comes from a prudent choice of

interest rates and mortality tables.

Of course, the variability of the interest rates could be considered a source of randomness.
But, as already stated in the foreword, the modelling of the variability of interest rates was
deliberately left to one side to make room for the modelling of the risks guaranteed directly by
the insurer. We will thus consider the future interest rate of investment income as a parameter
in pricing (which can appear as an assumption, and, like any assumption, lead to errors in
pricing).

In this section, the random pro®t or loss for the preceding year includes a premium
calculated with assumptions about future

· ®nancial income, an annual interest rate;
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· life probabilities, a mortality table; and
· operating expenses.

In the book, the study of this pro®t or loss for the year will lead us to compare the
consequences of the risk of mortality with the consequences of an erpare the consequences of
the risk of mortality with the consequences of an error in the interest rate or in the mortality
table. Pricing makes assumptions on interest rates (simple assumptions allows us to study
easily the risk incurred by the insurer if rates drop, or in the contrary if they rise), and
assumptions about future expenses, as well as assumptions about mortality table. To be able to
examine the pro®t and loss account from the preceding year, the insurer must know how to
quantify his commitments by calculating a mathematical provision.
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