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1.1 How lasurance Works

Our first objective {s io understand why insurance companies are better sble to
bear risk than i{ndividuals. That is, why will an insurance company allow you
to shift the risk of an accident? One possible answer 1s that insurance com-
panies are less risk averse than others. However, it is unlikely that the own-
ers of insurance companies are inherently less risk averse than those that seek
iasurance. This point.f{s clear if you recognize that the owners of stoek in-
surance companies are shareholders (which may include you and me) and owners of
mutusl insurance companies are the policyholders.

This discussion leads one to the conclusion that it is not inherent differences
between individuals chat allows one individual to shift risk te another. In-
stead, the insurance company does something to allow it to accept risks. 1In
Particular, an insurance company is sble to pool risks and therefore reduce the
asount of risk. To understand how risk is reduced by pooling we must examine

& mathematical concept called the Law of Large Numbers (LLN).

Intuitively, the LLN states that as the sample size increases, the average out-
come from the sample approaches the expected outcome of the population. In
other words, the sample mean approaches the population mean. Another way of
thinking about the LLN is that as the sample size increases, the variance about

the expected outcome decreases.

Law of Large Nuambers

Mathematically, the LLN can be stated as follows:

Let X|, ..., Xy be independent random variables having a common distribution
with finite mean, u, and set Sy = ¢ Xy» Then, for any ¢§ > 0,

lim MIS/N -yl >6)=0 .
Ne—> = ’ B
To illustrate the LLN, flip a fair coin N times. For the Lth flip, let
1 if heads.
!1 -
0 1if cails

Thus, each Xi is independent and has a mean of 0.5 (Leec, y =.,5),

SN.:XI

Choose § to be small, say .00l. Then the LLN implies that P([sy/N - .5 >
+00l) —> 0 aga N — =,



Intulction about the LLN can de obtained by considering the variance of the
average outcome:

Var(sy/N) = 1/N’ Var(sy) = I/N Var(X,).
S0, as N ——=> =, Var(s,/N) —> 0.

Thus, as N gets large, the variability of the average outcome gets very small.

The diagrams below 1llustrate what happens to the distribution of Sy/N aa N
increases.

Nel ¥ =20 N = 1,000
1 N ¥ N W N

Thus, the LLN states that if a large number of‘lndependent identically distrib-
uted risks are pooled together then the average loss will be highly predictable.

Risk Pooling

The following example illustrates some important points about risk pooling.
Let X, = loss on house for person !

xz = loss on house for person 2.
Assume
E(X) = u  and Var(X) = o?, for t = 1, 2. _
What 1f 1 and 2 get together and decide to split the ocutcome evenly? Then
Za= (xl + xz)/z = outcome of sach person.
Then,
E(Z) » y, and
var(z) = (.5)% Yar(x) + (.97 var(x) + 2.5 (.9 Cou(X,, X,).
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Rewrite,
Cov(X,. X,) = pg a0, = paz,
where p is the correlation coefficient between xl and xz.
Then, Var(Z) = (.5)2[02 +0% + Zoozl
- .Saz(l + p)
If p = 0, that is, the losses are not correlated, then

Var(zZ) = .502

In this case, risk {s cut {n half by getting together. If 5 = 1, then

Var(Z) = az-

In this cass, there i3 no gain to getting together. If p < 1, then

VII.'(Z) ( Gzo

In this case, there is a gain to getting together. If p = =1, then
Var(Z) = 0
In this case, getting together eliminates risk sitogether. Thus, whenever

losses are less than perfectly correlated, tisk (variance) can be reduced by
pooling. .

Implications of the LLN for Insurance Pricing

Assume chere are no costs associated with selling insurance and that profits
are zero.

Example 1: Independent Identically Distributed Losses.
Probability of injury = .0l.
Insurer pays $1,000 1f illness occurs.

Let N = number of individuals insured.
Let xi = claim of individual {.

Assume the Xi'l are independent and that

0 w/probability = .99

1,000 w/probability = .01
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Then,
E(xi) = 10

SN -1 Xi = total payout by insurer

LLN ==} SN/N ——> 10 in the probabilicy limitc.

Assuming no transaction costs, the insurer can charge a premium equal to $10 to .

each individual and be relatively certain to have enough money to pay all the
claims.

If N was small and the insurer got several bad draws, it conld not pay all of
the claims.

Thus, the LLN allows an insurer to charge premiums that are close to the ex—
pected outcome and still make the insurance credible. *AIMPORTANT POINT#*#

A premium that is equal to the expected outcome Is called an actuarially fair
premium.

Exanple 2: Correlated Identically Distributed Losses.

Notice that the previous exanple assumes that the claims are independent from
one another. Suppose instead that the risks were positively correlated. That
is, claims tend to occur together. An exazple would be claims due to an epi-
demic. In this case, the insurer is not able to reduce risk to zero by pooling
only these risks.

Let xi represent the loss from policy {, {1 = 1, ... ,N. Assume
E(xi) =y =310

2

Var(xi) - g

Cov(xi. xj) - poz. where p is the correlation coefficient.

N
Let SN/N = I/N t X = average loss per policy.

g1 1
1 N 2 N N 2
Var{S. /N] = T o + ¢ T o0
(M) = 5 o 5 5 o)

2 - 2
Var(sy/N) = “;2 s M= D po
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Var(SN/N) = 1/N (variance) + X ; L (covartance).

A N —> &, VUar (SN/N) —> (covariance).

Thus, the insurer is bearing risk even if there are an infinite number of
policies.

Intuitively, a bad state could occur in which a large number of the {nsured
filed clafms. - Suppose 25 of the policyholders filed claims. If N = 10,000,
then the insurer would have to pay (2,500)($1,000) = $2,500,000 in claims. This
sum could not be paid-by only charging the expected loss ($10) per customer.

This example illustrates a potantial problem if an insurer sells policies
against losses that are correlated. There are two possible responses for the
insurer. First, the insurer can charge premiums that exceed the expacted loss.
Io this way, the {nsurer will be compensatad for baaring the riek that is not
diversified away. Second, the insurer can attempt to diversify the risk asso-
clated with these correlated policies with other types of policies, such as

fire insurance or auto insurance. Reinsurance among insurance companies faci~
litates the second response.

Also note that the second response is the more efficient cutcome, because risk
is diversified away. Consequently, compatition agmong insurers would lead co
the second outcoms.

Also note that there are some risks that simply cannot be diversifiad away no
macter how large and diverse a portfolic of policies is put together. Such
risks are called systematic risks. If a risk is systematic, there are likely
to be losses to all policies at the same time. A nuclear war would be one
exampla.

A problem arises with insuring systematic risk. A loss that is systematic
occurs to all people at the same time. Thua, these types of risks cannot be
credibly {nsured by paying premfiume to an {nsurance company each year because
the loss 2ay occur in an early year. Since the loss occurs in an early year,
the insurer has not collected enough yearly premiums to pay out all the claims.
To make the fnsurance credible, the insurer would have to put up capital and
invest the funds in risk free securities in otder for consumers to believe they
will be covered if a loss occurs. The insurer would have to be compensated (in
terms of higher premiums) for the risk that all of the capital is lost. In
other words, the insurer would have to be compensated for the systematic risk
that it {s bearing. Notice the similarity to the Capital Asset Pricing Model
from the finance literatura.

Systematic risks may be well suited to be insured by a stable government. If a

loss occurs in an early year the government can pay the claims by borrowing
money and levying taxes in future years.
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