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1. Introduction

In a competitive market, what should the rate of return on
insurance companies' equity be? What premiums should insurance
companies charge? Traditionally, the answers to these questions
have been based on actuarial and accounting concepts.! More
recently financial models of the insurance firm have been
developed. Ferrari (1968) suggested a descriptive model which
allowed an algebraic expression for the rate of return on equity
as a function of the premiums charged to be derived. Combining
this with the capital asset pricing model (CAPM) meant that an
equilibrium value for the return on equity and the corresponding
level of premiums could be found. This model is known as the
insurance CAPM.? The development of other asset pricing models
in finance has also led to insurance counterparts. Thus the
arbitrage pricing theory, and option pricing models have been
used to derive the return on equity and the level of premiums.?

Although the approaches based on asset pricing models have
advantages compared to those based on traditional actuarial and
accounting concepts, they are not ideal. One of the most
important problems is that they are not well suited for finding
premiums when an insurance company has multiple divisions. The
difficulty is that it is not clear how earnings on reserves
should be allocated among the various divisions of the firm.

The other financial method of Pricing insurance is the
Discounted Cash Flow approach. There are two versions of this.

Myers and Cohn (1987) have suggested an adaptation of the



adjusted present value method for calculating the price of
insurance. The premium is found by discounting the expected cash
flows associated with the insurance at the appropriate discount
rates. The other method is the NCCI (1987) approach which uses
an internal rate of return methodology. This involves finding
the discount rate such that the net discounted cash flow is zero.
The fair premium is the one such that this discount rate is equal
to the opportunity cost of capital. Cummins {1990c) shows that
these models are essentially the same if properly applied and the
choice between them is a question of which is easier to use.
Unfortunately, as with the approaches based on asset pricing
models, neither of these methods is well suited to finding
insurance premiums when a company has multiple divisions. The
problem is again how to deal with reserves and allocate the
earnings from these to the different divisions.

Existing financial methods of pricing insurance take the
structure of the insurance firm as given. It is argued below
that a more fruitful approach is to start with the question of
why insurance firms have the particular structure that they do.
In an ideal world there would be no need for insurance companies
to be involved in financial markets. TIf contracts were
costlessly enforceable, it would not be necessary for premiums to
be paid in advance. Instead, premiums could be paid by those
that did not suffer losses at the time when payouts were

necessary. In this case, the insurance company would simply be a



conduit for premiums from those who did not suffer any loss to
those that did.

In practice, of course, this type of insurance company could
not survive because contracts are not costlessly enforceable. It
would be very difficult, if not impossible, to force the people
who did not suffer a loss to make payments. For this reason,
insurance companies require payment for insurance at the
beginning of the period rather than at the end. It is this
problem which causes insurance companies to be involved in
financial markets since they invest the premiums they receive
until payouts are necessary.

Although the case where payments are made at the end of the
period is unrealistic, it is nevertheless important as a
benchmark. It means the insurance aspects of the problem can be
separated from the investment aspects. Among other things, this
allows the level of premiums to be determined when an insurance
company has multiple divisions. It also allows a theory of the
competitive rate of return on insurance companies' equity to be
developed.

Section 2 starts with the benchmark case where there are
perfect contracts and capital markets. Section 3 considers what
happens if contracting possibilities are imperfect but capital
markets are perfect. In Section 4, imperfect capital markets are
introduced into the analysis. Section 5 focuses on the role of

shareholders, Section 6 introduces risky insurance liabilities



and Section 7 considers the effect of taxes. Finally, Section 8

contains conclusions.

2. Perfect Contracts and capital Markets

If contracts are costlessly enforceable, insurance firms
will not need to collect premiums until losses are incurred.
This benchmark case is analyzed first. Frictionless capital

markets and advance collection of premiums are then introduced.

Perfect Contracts

Initially, consider a simple scenario. There are two dates
t =0, 1. The number of consumers is very large. They all have
the same initial wealth and the same opportunities. They are
risk averse with identical utility functions U(W,) where U' >0,
U''<0 and W, is wealth at date 1. At date 0, each faces a
probability 7 of a loss L at date 1 so the expected loss is EL =
nL. This loss is observable to an insurance company. The risks
consumers face are independent so that the variance of the
aggregate loss is zero. Every consumer is made better off by
insuring against the risk and guaranteeing a level of consumption
of W, - EL.

The loss can be thought of as a property loss such as a
house burning down. An alternative interpretation is that
households are the relevant unit and one of the members of the
household dies with a resultant loss in earning power. The model

is thus applicable to both property and to life insurance.



As far as the insurance industry is concerned, there are no
barriers to entry, the market is competitive and there are no
costs in setting up and running an insurance company. This
implies that profits will be zero in equilibrium. The prices
referred to below are equilibrium prices.

There is perfect contracting in the sense that all contracts
are costlessly enforceable. As a result, insurance companies can
ensure that everybody receives W, - EL at date 1 by issuing
contracts of the following form. At date 0, before consumers
know whether they will suffer a loss or not, they sign a contract
promising to pay EL at date 1 if they do not suffer a loss. 1In
return, the insurance company will promise to pay L-EL to all
those consumers who do suffer a loss at date 1. In this way the
risk associated with the loss I, can be entirely eliminated and
consumers' welfare is maximized. Competition among the insurance
companies ensures that payments are set at this level and their
profits are zero since revenues are (1-7)EL and costs are 7 (L-EL)
= (1-m)EL.

This equilibrium will be referred to as the benchmark
equilibrium. Its assumptions essentially correspond to the
Arrow-Debreu framework and the allocation that results is
therefore Pareto efficient.

In the simple case presented, the only issue in pricing the
insurance is the expected loss. There is no need for a cost of

capital because all payments are made at the same time.



The insurance contracts with payments at date 1 do not, of
course, correspond to actual insurance contracts where payments
are required before the insurance starts. The reason that
advance payments are necessary in practice, is obviocusly that
contracts are not costlessly enforceable. It would be very
difficult for insurance companies to make those consumers who do
not suffer a loss pay EL at date 1. This problem is overcome by
requiring all consumers to pPay a premium at date 0 and then
making pay outs to those consumers suffering a loss at date 1.
The complication that this introduces is that the premiums can be
invested in financial markets between dates 0 and 1. Section 3
examines the effect of relaxing the assumption that contracts are
perfectly enforceable. However, before doing this it is helpful
to consider what happens if capital markets are introduced into

the analysis and premiums are paid at date 0.

Perfect Capital Markets

Suppose that in addition to perfect contracting, capital
markets are perfect. In other words, all agents have equal
access so both firms and consumers face the same interest rates
and investment opportunities. There is no difference between
borrowing and lending rates, all agents have the same
information, the market is perfectly competitive, there are no
transaction costs and so forth. In addition, markets are
complete so that there are full risk sharing possibilities.

There are no taxes.



In these circumstances, there are a number of different
types of insurance contract which allow consumers to eliminate
the risk associated with the loss L. One alternative is the
benchmark case where insurance contracts are signed at date 0 but
all payments are made at date 1. 1In addition to arranging
insurance at date 0, consumers use their initial wealth to
purchase an optimal portfolio Z*. The ex post return on this
portfolio is denoted R* and the expected return is ER*. At date
1, consumers use the proceeds from their investment to pay out EL
if they did not suffer a loss. TIf they did suffer a loss they
receive L-EL from the insurance company. Their total wealth at
date 1 is therefore R*-EL whatever happens. Consumers thus have
insurance against the loss L they face and so do not have to bear
any of this risk but they do bear an optimal amount of investment
risk.

The existence of perfect capital markets means that an
alternative arrangement is for premiums to be paid at date 0 and
for the insurance companies to invest them. The interest and
dividends earned ensures a premium lower than EL will be charged.
For example, suppose the ﬁremiums were invested in a risk free
asset yielding r,. 1In this case the premium at date 0, denoted
Py, could be set at

Py = EL/ (1+ry) (1)
and the company would still have sufficient funds to cover its
liabilities. However, notice that the allocation of resources

- would be exactly the same as before. The only difference would



be that policyholders would reduce their holdings of the risk
free asset by EL/ (14r;) between dates 0 and 1 and would pay the
premium a period earlier.

This is just an application of the well-known Modigliani and
Miller (1958) result from corporate finance. The theorem asserts
that with perfect and complete capital markets the value of a
firm does not depend on its capital structure because investors'
opportunity sets are not affected by its capital structure. TIf
the firm takes on more debt, for example, shareholders will not
be any better off because if they had wanted levered equity they
could have borrowed on their own account.

In the insurance context, policyholders can offset any
action of the insurance company in terms of the timing of the
premium by adjusting their holding of the risk free asset
appropriately. No matter what the spread of payments between
dates 0 and 1 the policyholder's opportunity set and hence the
allocation of resources will not be affected.

What happens if an insurance cbmpany were to require a
premium at date 0 and instead of investing it in the risk free
asset invested it in a risky asset with random return r and mean
return Er? The insurance company could charge a premium

Po = EL/(1+Er) (2)
and on average have enough to cover their liabilities. The "on
average" is important here since some of the time the realization
of r will be such that they have more funds than they require to

meet their liabilities and other times there will be a shortfall.



In order to ensure they can always meet their liabilities,
companies can use contracts which require policyholders to make
extra payments when there is a shortfall. Any surplus at date 1
can be paid out to policyholders. To see how this might work,
suppose the funds an insurance company has available at date 1 as
a result of investing the premiums at date 0 are aEL. If a < 1,
those who did not suffer a loss would be required to pay (l1-a)EL
each and those who did suffer a loss woﬁld receive L-(2-a)EL. If
@ > 1, those who do not suffer a loss receive a refund of (x-1)EL
and those who do suffer a loss receive L-(2-a)EL > L-EL.

Are the policyholders any better off because of the
reduction in the average premium? The Modigliani-Miller analysis
is again applicable here. Since markets are complete, all that
would happen is that the policyholders would alter their
portfolios to offset the position the insurance company takes.
Overall, the allocation of resources would be the same as in the
benchmark equilibrium when all insurance payments are made at
date 1. Policyholders would consume the same amount for every
possible realisation of r and the insurance company would make

zero profits. This discussion gives the following result.

The Insurance Modigliani and Miller Theorem

If insurance contracts are perfectly enforceable, capital
markets are perfect and complete and there are no taxes, an
insurance company's investment strategy does not affect its

policyholders' welfare.



One immediate corollary of this result is that even when
there is only one type of loss being insured there is more than
one level of premium that is optimal. an equivalent way of
putting this is that the cost of capital at which firms should
discount expected liabilities to arrive at the breakeven premium
is not unique. It depends on the investment strategy the firm
has decided to pursue but does not affect pelicyholders welfare
since they will simply take offsetting positions. When there are
multiple divisions in the insurance company, the same result will
be true. There will be no sense in which there is a unique

optimal premium or a well-defined divisional cost of capital.

3. Imperfect Contracts and Perfect Capital Markets

In this section the case where payments at date 1 cannot be
enforced but capital markets are perfect is considered. In the
previous section there were many different policies that an
insurance company could follow. One of these policies stands out
in the current context. It guarantees that there will be no
shortfall of funds at date 1 so the fact that payments can only
be collected at date 0 does not affect its feasibility. Suppose
the insurance company charges a premium

Pp = EL/ (1+ry) (3)
at date 0 and invests all its funds in the risk free asset. At
date 1 it pays out L to all those that suffer a loss and nothing
to those that do not. 1In this case there is no risk that it

cannot meet its liabilities. Moreover, the allocation of
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resources is the same as the benchmark case when payments at date
1 are costlessly enforceable. The policyholders simply adjust
their holdings of the risk free asset to offset the fact that the
insurance company is effectively investing in the risk free asset
on their behalf. They bear the same degree of capital market
risk as they do in the benchmark equilibrium where all contracts
are fully enforceable.

The cost of capital the insurance company should use in this
case in determining its premium is the risk free rate. This is
true if it has one division or many divisions.

The other important point here is that investing in the risk
free asset is the best thing an insurance company can do for its
policyholders. Investing in risky assets may allow it to lower
its premium but this will not affect the welfare of its
pelicyholders. To see this, consider what would happen if an
insurance company were to invest the premiums in risky assets
with expected return Er > rp and with lower bound on the return
of 0 < 1+4r, < 1+r;. To ensure that it can meet its liabilities
at date 1 it must charge a premium of

Po = EL/(1+r,) > EL/(l+rg). (4)
Except when the realized return is r,, the insurance company will
be able to refund part of the dividends to its policyholders. On
average, the average effective cost of the insurance in date 0

dollars, denoted Cp, Will be

Gy = EL/(1+Er) < EL/(1l+ry). (5)
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The important point here is that even though the average
effective premium is lowered, none of the firm's policyholders
are made better off. They will simply adjust their portfolios to
offset the investments made by the insurance company. Thus with
perfect and complete capital markets the insurance company cannot
do any better than invest in the risk free asset and use the risk

free rate as its divisional cost of capital.

4. Imperfect Contracts and capital Markets

The next obvious case to consider is what happens when there
are imperfect capital markets and all policyholders cannot simply
adjust their portfolios to offset the investment strategy of
insurance companies. The imperfection that is most likely to
lead to this is when policyholders cannot borrow and short sales
are not possible.

For those policyholders who hold sufficient quantities of
the risk free asset in their portfolios, the analysis in the
previous section remains valid. They will reduce their
investment in the risk free asset to offset the effect of raying
a premium at date 0. 1In equilibrium, insurance companies will
offer this clientele of consumers a policy with a premium and
effective cost of

Po = G = EL/(14ry) (6}
and will invest the proceeds in the risk free asset.

What about consumers who do not hold sufficient quantities

of the risk free asset to do this? They will not be able to
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adjust their portfolios if the only policy that is offered
Corresponds to investing premiums in the risk free asset. It
will be necessary to offer these people a different policy.
Suppose these consumers all hold an optimal portfolio Z*, with
expected return ER* and a lower bound on the return of 1+R, > 0.
In order to guarantee it can meet its liabilities the insurance
company must charge a premium of

Py = EL/(1+R,) . (7)
As in the example in the Previous section, it will also refund
any return on the investment portfolio above R, to consumers.
Hence the expected cost of insurance in date 0 dollars is

Cy = EL/ (1+ER%*). (8)
In this case, consumers are made strictly better off by insurance
companies offering this pdlicy in addition to the risk free
policy. They can now adjust their portfolio to offset the
investments of their insurance company and can have the overall
portfolio that is optimal for them.

What happens if consumers have different optimal portfolios
because, for example, their degree of risk aversion or level of
wealth differs? 1In equilibrium, competition ensures each group
of consumers will be offered a policy tailored for its particular
preferences. Premiums will be set to guarantee that the company
can meet its liabilities and the investment policy of the firm
will mirror the optimal portfolio of the clientele the policy is
designed for. The expected cost of the insurance will depend on

the expected return of the consumers' optimal portfolio.
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The analysis thus indicates that when there are multiple
groups the same type of insurance will be priced differently both
in terms of the premium and the expected cost even though the
risk of loss that is being insured is the same. Even when there
is one division there will therefore be many values for the cost
of capital. Essentially it is policyholders that bear the
investment risk and the appropriate discount rate is their
opportunity cost of capital. The premium has to be paid at date
0 because of the enforceability problem. However, the insurance
company is effectively acting on each policyholder's behalf and
is investing the premium in assets the policyholder would have
invested in if there were no enforceability problem.

In the scheme described, the premium is set at a
sufficiently high level to ensure that there will be no
shortfall. 1In practice, the situation where it is perhaps
easliest to do this is life insurance. Here the policies
typically last for many years and the probability of a claim is
low initially. This means that even with moderate premiums it is
relatively easy to build up a surplus. When the policy
eventually expires the surplus can be returned to the

policyholder.

5. The Role of Insurance Company Equitvholders

In the analysis of Section 4, it is assumed that there is a
lower bound R, > 0 on the returns to consumers' optimal

portfolios. By setting a premium of Po = EL/(1+R,) it is possible

14



to guarantee that the company can meet its liabilities. If 1+R,
is small this premium could be large and might exceed the
available wealth of the consumers the insurance is targeted at.
If 1+R, = 0 it will clearly be impossible to charge a premium
which will guarantee that liabilities can be met. How can a
company meet its obligations in these situations?

Insurance companies have been modelled so far as competitive
firms which make zero profits no matter what happens. The owners
or equityholders of the companies have not played a role at all.
When there is a pPossibility of a shortfall this is no longer the
case. The equityholders will have to bear this risk and will
receive an appropriate return to compensate then.

How would such equityholder guarantees work in practice?

One possibility is for there to be unlimited liability and for
the equityholders to guarantee to make good any shortfall that
occurs at date 1. In Sections 2 and 3 it was argued that it
would not be possible in practice to write contracts with
policyholders requiring those that do not suffer a loss to make a
payment at date 1. 1In contrast, with insurance company
equityholders this type of contract is observed. 1In essence this
is the way that Lloyd's of London operates. People above a
certain threshold of wealth apply to be "names" and pledge all
their wealth to make good any shortfall when claims come due.
Since the wealth threshold is set at a high level the costs of
enforcing payment at date 1 are relatively low. Thus the system

where equityholders' payments occur at date 1 is of interest in
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its own right. As in Section 2 it is also of interest as a
benchmark.

The people that bear the residual liability in a Lloyd's
type of system receive income to compensate them. Suppose the
residual risk is represented by the random variable ¢ with mean
Ee and variance ¢2. The income received by the people that bear
this risk has two components. The first is to compensate them
for the expected residual risk and is just Ee. The secoﬁd is to
compensate them for the remainder of the risk. It is shown in the
Appendix, which contains an analysis of the market for residual
risk, that for small risks this component will only depend on o?.
If the price that is paid for each unit of variance borne is 0,
the amount that is given at date 1 to compensate the person for
bearing the risk is

Y: = Ee + ec2. (9)
It is alsoc shown in the Appendix that the demand for residual
risk by individuals is 8/a where a is the person's coefficient of
absolute risk aversion. The equilibrium value of © is the value
such that the demand for bearing residual risk is equal to
supply. If the risk borne is large, the income required to
compensate the residual will also depend on the third and higher
moments of €. In the analysis below it is assumed that only mean
and variance are of any importance.

Consider how the required payment for the residual risk
borne by equityholders affects the pricing of insurance. The

case of interest is where policyholders invest in a portfolio
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where 1+R, = 0 or is sufficiently small that the guaranteeing
premium EL/(1+R,) would be too large to be affordable. Here
policyholders must compensate the equityholders for bearing the
residual liability.

In the current framework the reason residual risk arises is
that the insurance company is acting as the policyholder's agent
in investing the premium between dates 0 and 1. If a cost must
be paid for this residual risk it may be that the policyholder's
optimal portfolio is changed so that less risk is borne. In some
cases it may be that they prefer a policy where the insurance
company bears no risk and always invests the premiums in the risk
free asset. For example, if markets are complete there will be
no advantage from insurance company equityholders bearing the
risk. However, in general when markets are incomplete both
equityholders and policyholders will bear risk.

The other decision concerns the level of the premium. The
higher the premium the lower the equityholders' residual risk and
hence the less compensation that must be paid by policyholders.
The level of the premium will be determined by the ability of the
policyholder to tie up wealth in the hands of the insurance
company relative to the cost of compensating equityholders for
the residual risk they bear. If there are constraints on
borrowing and short sales, the ability of policyholders to pay
large premiums may be severely limited and this may often be the

determinant of the level of premiums.
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Suppose the mean of the residual risk borne by the
equityholders given the optimal premium and the optimal
investment strategy for the policyholders' funds is u and the
variance is o’, Then the policyholders must pay u+ec’? at date 1.
The average cost of the insurance in date 0 dollars will be

Co = EL/(1+ER*) + (u+80%)/(1+rg). (10)
Notice that this assumes that the part of the premium to cover
liabilities, EL/(1+ER*), is being held on the policyholders!
behalf and is invested at expected return ER*. The rart of the
premium to cover the cost of the residual risk, (u+60?)/(1l+ry),
is held on the equityholders' behalf. For simplicity, it is
assumed these equityholders do not face any capital market
imperfections and it is therefore optimal (i.e. as good as any
other strategy) to invest it in the risk free asset.

As far as the level of the premium is concerned, it will
depend on the amount of residual risk that it is optimal for
equityholders to bear. 1In general, the higher the premium the
less residual risk equityholders will bear and the smaller p+eo?
will be.

The cost of capital (i.e. the value liabilities should be
discounted at) corresponding to Cp in (10) is the value of ¥ such
that

EL/(1+y) = EL/(1+ER*) + (u+60?)/(1+r;). (11)

As before, there is not necessarily a single cost of capital

even when there is one type of loss being insured. Policies are

designed for particular clienteles and the cost of capital used
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in pricing the insurance will be clientele specific. When there
are multiple divisions this will be true for each division.

Apart from a Lloyds-type system of equityholder payments at
date 1, the other way to guarantee that an insurance company can
meet its liabilities is for the shareholders to put up the
necessary wealth at date 0 to guarantee payment at date 1.
Similarly to Section 2, this avoids the problem of securing
payment from them after the event. Conceptually, the money is
being held on behalf of the equityholders. If it is not required
at date 1 to meet insurance liabilities it is returned to them.
These funds should therefore be invested on their behalf. As in
Section 2, if the equityholders do not face any capital market
imperfections or incompleteness a Modigliani-Miller type of
analysis is again relevant. The precise way these funds are
invested will be irrelevant as far as the shareholders' welfare
is concerned because they will be able to take offsetting
positions. Given the purpose of the funds is to assure
liabilities at date 1 can be met, investing reserves in the risk
free asset is prudent. If equityholders face capital market
imperfections then investing in risky assets on their behalf may
simply result in the necessity of putting up more funds at date 0
to guarantee liabilities at date 1. For simplicity, it will be
assumed below that all funds held on behalf of equityholders are
invested in the risk free asset.

The crucial point here is that the funds are held by the

insurance company to overcome problems of collection at date 1.
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In terms of compensating equityholders for bearing the residual
risk, the analysis for the Lloyd's type of situation is still
valid. The equityholders in the insurance company will require
compensation in the same way and the premium and cost of capital
will be calculated as above. Thus the return on the reserves
collected at date 0 to guarantee payment of liabilities at date 1
should not be factored into the premium at all. The cost that is
important for the premium is that incurred in bearing residual
risk.

The expected return that shareholders receive is a
combination of the expected return earned on reserves held by the
insurance company on their behalf and the compensation for
bearing the residual risk. For example, if shareholders put up
guaranteeing reserves of G (and these are invested in the risk
free asset) the fair rate of return ry would be given by

rp = [(1+rp)G + u + 002]/G - 1. (12)

An implication of this analysis is that the issue of how to
allocate earnings on reserves to particular types of policy or
divisions does not arise. What is important in determining the
cost of insurance in different divisions is the residual
liability that equityholders bear. What is important in
determining the fair rate of return to equityholders is that they
are appropriately compensated for the residual risk they bear.
For example, suppose that a company has two divisions. The
residual risk in division i (= 1, 2) has mean u; and variance ol.

If the expected loss being insured in division i is EL, and the

20



expected return on the portfolio the premiums are invested in is
ER*, the average cost of the insurance would be
Cou = EL/ (1+ER*) + (u;+607)/(1+ry). (13)
The fair rate of return for shareholders who put up a total ¢ of
guaranteeing reserves is
g = [(4rp)G + 4y + 802 + p, + 00,%)/G - 1. (14)
The extension to the case where there are more than two policies

or divisions is straightforward.

6. Risky Insurance Liabilities

An important assumption of the analysis above is that the
risks that are insured can be pooled so that the aggregate
variance is zero. 1In many situations this may be an appropriate
assumption. However, in others it may not. Even after pooling
the policies, there may be residual risk. How does this affect
the analysis of the cost of capital?

It is again helpful to address this question by considering
the benchmark situation where contracts are costlessly
enforceable. It is then possible to have all payments at date 1
so that the insurance component can be separated from the
financial market component in the usual way. Let the aggregate
loss be represented by the random variable A with mean EA and
variance o,2. Equityholders in the insurance company will be
needed to ensure that the residual risk that remains after
pooling is covered. This is again like the Lloyds-type system in

Section 4. As there, Suppose there is a price © per unit of
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variance at date 1. The date 1 payment in this case for
policyholders that do not suffer a loss will be

P, = EA + 80,2 (15)
rather than p, = EL. Those policyholders that do suffer a loss
will receive L - (EA + 60,?) rather than L - EL.

The next step is to suppose that premiums are collected at
date 0. In this case the analysis will be the same as above but
with EA + 60,? replacing EL. It will be assumed initially that
there are perfect capital markets so all premiums are invested in
the risk free asset. The date 0 premium will be

Po = (EA + ©0,%) /(1+1y). (16)
The cost of capital (i.e. the rate for discounting the expected
liabilities) alone will be the value of v such that
EA/(1+y) = (EA + €0,%)/(1+ry). (17)
For different divisions the residual risk born by equityholders
will differ and so 0,2 and hence the cost of capital will differ
across divisions as in the previous section.

In the case where there are capital market imperfections and
policyholders do not hold a sufficient amount of the risk free
asset to offset the premium but instead hold a portfolio of risky
assets, insurance companies will offer a range of policies
depending on the clientele that is sought. Suppose that the
expected return on the portfolio the premiums are invested in is
ER*, then the expected cost of insurance is

Co = EA/(1+ER*) + 60,2/ (1+ry). (18)

The corresponding cost of capital is the value of ¥ such that
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EA/(1+y) = EA/(1+ER*) + 80,2/ (1+ry) . (19)
Again there will be multiple costs of capital within each
division. Across divisions 0,2 will vary so for a given value of
ER* the cost of capital will also differ.

As far as the premium is concerned, this will depend on the
value of R, as before and the amount of residual financial risk
that is optimal. If there is to be no residual financial risk
then the premium must be sufficient to cover all liabilities and
payments to the equityholders, as in Section 3, so

Py = EA/(1+R,) + 80,2/ (1+ry). (20)

If R, = 0 or is small then it will not be possible to have a
guaranteeing premium and in addition to the residual risk from
the insurance, there may also be residual risk from the
investment of the premium. 1In this case the average cost of the
insurance will be

G = EA/(1+ER*) + (80,2 + u + 80%) / (1+1y) (21)
and the premium will depend on the amount of residual financial
risk that is optimal.

An implicit assumption of the analysis above is that
equityholders either have unlimited liability or the funds that
they pledge at date 0 are sufficient to cover the highest
realization of the residual risk. If this is not the case there
is a real possibility of bankruptcy of the insurance company.
There is then another residual holder namely the fund which in
most states guarantees the liabilities of insurance companies.

This extra level of risk bearing could be added to the analysis.
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However, in most cases the probability of bankruptcy is

sufficiently small that it is not worth including.

7. Taxes

An important assumption in the derivation of the Insurance
Modigliani and Miller theorem is that there were no taxes. The
introduction of taxes adds a number of dimensions to the
analysis. If there is a difference between the way in which
investment income is taxed when the investments are held directly
and when they are held by the insurance company the Insurance
Modigliani and Miller theorem will no longer hold. Typically,
insurance companies are taxed less heavily in this respect than
individuals and there may be opportunities for tax arbitrage. 1In
this case, premiums will be higher than they need to be for pure
insurance purposes to increase the investment component. Once
again policies will be tailored to clienteles, but here the
important thing will be tax status rather than the investors'
optimal portfolios. 1In a competitive insurance market, it will
be policyholders that obtain the benefits from the tay avoidance
opportunities provided by insurance policies.

The main impact in terms of the effect on premiums and the
cost of capital will be the fact that investment income and
residual risk premia will be taxed. To illustrate, consider the
Case where capital markets are perfect, premiums are invested in
the risk free asset and there is some residual risk from the

liabilities. Here the counterpart of (16) is
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Po = [EA + (1-t)€0,’]/[1+(1-t)1,] (22)
where t is the tax rate on insurance companies' income. The
after-tax cost of capital will, similarly to (17), be the value
of ¥ such that

EA/{1+y) = [EA + (1-t)80,2)/[1+(1-t)r;]. (23)
As before o0, will vary across divisions and so the divisional

cost of capital will differ. Other cases can be similarly

analyzed.

8. Conclusions

Traditional financial analyses of the divisional cost of
capital which take the structure of the insurance firm as given
have not adequately dealt with the issue of how to allocate the
earnings from surplus to different divisions. fThis paper starts
with the benchmark case where contracts are fully enforceable.
This allows the insurance market component of companies'
activities to be separated from the financial market component
and leads to the notion of there being a market for residual
risk. It is the price of residual risk and the amount of
residual risk in each division that determines the compensation
insurance companies'’ equityholders receive. As a result the
allocation of earnings from a firm's surplus to the various
divisions does not arise and it is possible to calculate a
divisional cost of capital.

One important issue that does arise is how the scheme for

estimating the divisional cost of capital described here could be
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implemented in practice. The main problem in this respect is
finding an empirical estimate for the price of residual risk.
This could be done in two ways. First of all data from markets
where residual risk is directly guaranteed such as Lloyd's of
London could be used. Alternatively, the excess premium earned
by insurance company equityholders could be estimated and
compared with the residual risk that they bear. Once the price
of the residual risk has been found using it to estimate the

divisional cost of capital is relatively straightforward.
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APPENDIX

The Market for Residual Risk

Consider a simple case where an investor has wealth W, at

date 1 and von Neumann Morgenstern utility function U(W,).
The person's coefficient of absolute risk aversion is defined to
be
a(W) = -U''(w) /U’ (W) (A1)
Suppose the residual risk ¢ is normally distributed with mean Ee
and variance o2. If the investor assumes a part of the residual
risk Xe, then he or she receives an amount X(Ee + 602) at date 1
in return. The person's expected utility is
EU = EU[W, - Xe + X(Ee + 60.2)). (A2)
Using a Taylor's series expansion it cén straightforwardly be
shown! that for small Xe this can be written in the form
EU = U(W, - 0.5aX%0? + X607?)]. (A3)
Choosing X to maximize this gives the demand for residual risk as
X = 9/a. _ (A4)
As might be expected intuitively, the less risk averse the person
and the higher the price the greater is the demand to bear the
residual risk.

The price of residual risk © will be determined by the total
demand for bearing it from individuals and the total supply of
residual risk from insurance companies.

When the risk borne by each person is large, (A3) will no
longer hold and it will be necesssary to use more terms in the

Taylor's series expansion. The risk premium individuals require
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to bear the residual risk will then depend on the third and

higher moments of € as well as the mean and the variance.
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Notes

1. See, for example, Cummins and Chang (1983).

2. See Cooper (1974), Biger and Kahane (1978), Fairley (1979) and
Hill (1979).

3. For surveys of this literature see D'Arcy and Doherty (1988)
and Cummins (1990a; 1990b).

4. BSee Pratt (1964).
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