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This essay attempts to explore the demend for and supply of insur-
ance through the uge of simplified mathematical models. The theoretical
analysis uses an expected utility-portfolio aprroach in order to derive
implications for static equilibrium in the insurance market. In addition
to the theoretical models, there are suggested applications of the theory
for urban core insurance problems. Scme of the major conclusions of the
essay ae (1) given the apparent risks involved in urban core areas, the
government will probably be called upon to be the insurer or re-ingurer
for significent quantities of property insurance, (2) governmental price
regulation in the insurance market is likely to be a partial cause for
iné&equate urban core coverage, and (3) Fair Access to Insurance Require-
ments plans (FATR) and Excess Rates plans either currently in effect or pro-
posed will be non~optimal and inadequate solutions to urban property
insurance problems.

The essay is presented in two principal parts, The Theory of
Insurance and The Applications of the Theory of Insurance to Urban
Problems. These parts are divided in several main sub~sections:

The Theory of Insurance

I - Optimal Property Insurance for an Individual
II - Expected Utility and Variable Coverage
ITY ~ Insurance Company Behavior

The Applications of the Theory of Insurance to Urban Problems

I - The Statement: Urban Core Insurance Problems

II - Elements of the Optimal Solution



ITI - Private Market Approaches to the Solution

IV -~ Existing Public Programs as Solutions

The Theory cf Ingurance

Economic thecrists recently have lucubrated about the relationship
between asset preferences and expectations regarding future events or
future opportunities.l Expectations are mudti-faceted; a world in which
individuals have expectations a2bout future states or conditions generally
can not be described by a simple "parametric"” index. We are not affected
merely by what we suspect is the most prcbable ocutcame of a set of
possible outcomes, or even by the average outcome (i.e., expected value);
our behavior is determined by our expectations about less probable, or
even the most improbable of possible outcomes, as witnessed by the
public's demand for Irish sweepstakes tickets or certain Canadian uranium
mining companies’ stock. One of the most important aspects demonstrating
the interconnectedness of expectations and asset preferences in the real
world is the demand for insurance protection, and the resulting robust-
ness of insurance campanies’ wealth. nfortunately, the theory of
insurance demand and supply are scmewhat neglected in the literature.2
This paper will explore, through the use of simplified models, the
theoretical determinants of the demand for and the supply of insurance,
and the implications for static equilibrium in the insurance market.
The theory will be applied in subsequent sections to several problems

3, &

associated with urban areas and insurance arrangements.



I. Optimal Property Insurance for an Individual

Congider an individual who owns real property as one of his assets.
His total wealth, W, consists of the sum of the values of his piece of
real property, H, and 31l his other assets, A, Tn our simplified world,
we will assume this individual believes he faces the risk of, say, theft
of H with a probability of =; and all other assets are theft free (i.e.,
riskless)., We shall alsc assume that theft results in complete, non-
recoverable loss of H. If insurance against theft is available at the
premium rate of p per dollar of insured value, with the stipulation that
insured value can not be greater than the actual value, what will be the
optimal insurance coverage?

p

Assume that the individual is an expected utility” maximizer with
wealth being the independent variable of the utility function:
u=u (W) (1)
The situation depicted above without insurance yields
A with probability of
W ={ (2)
A + H with probability of 1 - 1
An insurance policy can be contracted such that the insurance company
will reimburse you for 3H if 4 is stolen (0 s = 1) for the modest cost
of p A H. That is, for a premiwm payment of p A H, the wealth distri-

bution will be

A + AH(1 - p) with probability =

W (3)

A + H(1 ~ %p) with probability 1 - ¢
In other words, the quest for optimal insurance coverage against theft
is equivalent to discovering the optimal proportion of self- or co-

insurance an individual should undertake (i.e.,, 052 -2 <1 is the



proportion of self-insurance he indulges in) given his utility function,
his subjective expectations about loss, the values of the risk and
riskless assets, and the premium rate structure.
a) Insurance and the Range of Wealth
As an example consider the item to be insured against theft is a
necklace valued at $10,000. If the probability of theft is .01, without
insurance your expected wealth would be A& + $9,900. The range of Wealth
would be $10,000 (i.e., A + $10,000 in the case of no theft and less A
in the case of theft). An insuresnce policy costing $1 per $100 of
coverage (i.e., an actuarial fair policy, given your expectations), and
covering $5,000 of value in case of theft will have a total premium of
$50. Expected wealth will be exactly the same at A + $9,900 but the
range of wealth will have been altered to $5,000 {i.e., A + $9,950 less
A + $4,950). Increments in insurance do not reduce expected wealth,
while they do reduce the range of wealth by lowering the value of the
upper extreme event and raising the lower extreme event. In our simple
theft~protection model, the raznge of wealth R is
R=(1-A)H (1)
and the expected wealth is
E(W) =m- (A +2H(2 - p)) + (T - m)-(a + B - 2p)). (5)
Clearly, the relevant measure of risk in our simple example is the range
of wealth. Also, we would expect the insurance premium rate to be
greater than $1 per $100 of protected value.6
b) Full Coverage and Maximum Premium Rate
What would be the maximum premium rate one would be willing to pay

for protection, and accept complete coverage against theft? The valus



of the maximum premium rate would occur when the expected utility of the
non-insured risk situation was equal to the utility of the completely
insured situvation (i.e., A = 1), Mathematically we can discover the
appropriate p = pX by solving the following equation.

mu(A) + (1-7) n(A+H) = w{A+H(1- %)) (6)
T we assume that marginal utility of wealth is positive, and it is
decreasing as wealth increases,7 it is clear that p* will be actuarially
unfair in favor of the insurance company. Figure 1 demonstrates this
graphically. An actuarially fair premium rate for full coverage would
reduce the range to zero with a wealth level (for certain) of nA +
(1-7m) (A+H) = C. This yields an expected utility of E' versus I for the
uninsured situaticn. The maximum an individual would be willing to pay
for full coverage insurance (i.e., no range of wealth) has to yield the
identical utility as the risk situation, E. At position C a premium rate
p =1, or a total premium payment for full-coverage of nH = pH represents
the actuarially fair policy. At point B, the total insurance bill
would be C-B greater than mH. Therefore,

p¥ = C—;I-B- + 11 {(7)
If there are no administrative costs,g-ﬁE represents "pure” expected
return above the expected costs per dollar of coverage.
c) States of the World and Uncertainty

The individual attempting to maximize his expected ubility is

presumed {o have an immutable subjective notion of 7, the probability
of theft. This assumption8 is not essential for reaching our analytic

conclusions, but is maintained in order to simplify our graphics and

mathematics. Yor example, suppose the probability of theft during the



future period was considered dependent upon who was in charge of the
police force. That is, if the mayor next year were the "Iaw and Order”
candidate rather than the "Rad-Symp" candidate, presumably he would
reduce burglaries through more stringent law enforcement policies. The
probability of election of a particular candidate in our example ig
called the "state" probability, and the sum of the state probabilities
must be unity (i.e., some one will be elected mayor). If there are
only the two aforementioned candidates, and we were to assess the prob-
ehility of election of the Iaw and Crder candidate ags P, the probability
of the Rad-Symp candidate becoming mayor is (1-P). In addition, if the

Rad-Symp wins our conditional probability of theft is m and conditional

o3
upon the Iaw and Order candidate's election, our theft probebility is ﬂl.
Presumably, with O = ﬁl < ﬂ2 5 1, our problem of finding an appropriate
insurance coverage solution can be conducted as before., The maximum
premium rate p¥* that an individual would be willing to pay for complete

insurance coverage is dependent uwpon U, P, T Wg, A and H, and can be

l,

discovered by the solution of

Pl UA) + (T-my) U(A+D)] + (3-P)Lm,U(A)+(1- 1) U(A+H) J=U(A+H(1-c¥)) (8)
Fquation (8) represents the balancing of total expected utility from the
uninsured situations with the two states, each with different underlying
thef't probabilities, and the utility derived from tne completely insured
situvation. The uninsured situation is equivalent to a double lottery:
the probebility of participating in lottery 1 is P, and the probablility
of participating in lottery 2 is 1-P, If lottery 1 chtains, we can
discover its expected utility using ey {ag we did for v in figure 1

above ) yielding an expected utility level (such as Z); lottery 2 can be
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analyzed similarly using m The expected utilities of these two

5
lotteries are then treated as the utility extremes (i.e., such as U{A)
and U(A+H) in figure 1.). The combined expected utility of the two
lotteries is the sum of the expected utilities of each of the lotteries
weighted according to its.state probability.

In essence, uncertainty about the ftrue value of n does not affect
our analysis, if we assume that the individual has a subjective asgess-
ment of the probability distribution for the potential values of 7.

The uncertainty about T can be transformed into an expected utility
analysis with the state probabilities weighting each expected utility

9

combination for appropriate values of ™. Therefore, the analysis
Presented can be extended without additional theoretical concern to
conditions of uncertainty.

There 1s another important case in which 7 may not be constant.
The probability of theft may be altered by behavior of the insured, such
as the ingtallation of more effective locks or placing valusbles in
safety vaults. Put differently, the insured may expend resources in
order to reduce the probability of the undesired event occuring. We will
defer discussion aboul the relationship between sctions which alter
probabilities and the optimal insurance purchasing policy to a subsequent
section,
d) The Maximm Premium Rate and Parametric Changes

It is interesting to note the effects of a change in one of the
given parameters on the value of p¥., If the probability 7 increases,
say, because of an alteration in expectations, the maximum o¥% will in-

crease. This follows because when m increases, the expected loss from



the uvninsured situation (TH) will increase causing expected wealth and
expected utility to decrease. Therefore, the insurer could reaci by
increaging p¥ in order to cover at least part of the greater expscted
loss. The insurer can conduct this new policy as an individuzl's ex-
pected utility is decreased by the altered probability distribution of 1
and therefore decreased expected wealth because the insured is willing
to pay a larger proportion of his maximum wealth (A+H) in order to reduce
the range of wealth fto zero. This could be seen in figure l: if T were
to increase, points B and € would shift to the left causing E to decline,
and implying p¥* will increase.lo

It is also clear that as H, the value of the risky asset increases,
the ftotal an individual is willing to pay for full-insurance will in-
crease.ll Of more interest is the effect of change in the value of A
vpon the maximum premium rate. If A constitutes the bulk of the wealth
of the individual, we will be tracing the "wealth" effect upon his
willingness to purchase full-insurance coverage.

If we totally differentiate (6) and solve:

do¥ _ =(mu'(A) + (1-7) w'(A+H) - u'(A+H(1- %)) 9)
aA. He u' (A+E{I- %))

The denominator is always positive. Therefore, the sign of eguation
(9) depends upon the sign of the numerator, which can be shown to be
negative if we assume decreasing risk aversion.12 Therefore, an indi-
viduzl's maximm total payment and premium rate for full-insurance
coverage against the theft of H will decrease as his total wealth (H
constant) increases.

IT. Expected Utility and Variable Coverage

a) Expected Utility as a Function of Range and Wezlth.



Expected utility has been shown to be a convex linear cambination
of the utility levels of the extremes of wealth. Also, 1f we reduce the
range of wealth the individual can remain as well-off by lowering his
expected wealth level. In other words, an individual who has the assumed
utility function will pay something to eliminate the vagaries of wealth
associated with risk assets through an insurance Program. Using Figure 2,
we can demonstrate this in the Wealth-Range plane. In this problem an
individual will pey to reduce the range, which is the relevant measure
of risk of total wealth. |

E(U) =7 U(A+s) + (1-7) U(A+H-¢ ) (10)

where for each 0 £ §, we can solve for an appropriate € = O.13 For any
value of expected utility given the utility function on wealth, A, H, and
T, there exists a unique ¢ for each §, such that:
n(a4e) + (1-m) (Atte) = - An(2or) (avn).
That is, the expected wealth which maintains the same level of satig-
faction will decline as the range of wealth declines. Finally, expected
wealth will be a minimum for the given utility level wheu the range is
identically zero (i.e., B in figure 2). In figure 3, this information
has been trensformed into the W - R plane, Additional indifference
curves could be derived in the same manner.15 An example is illustrated
on figure 3 as B'E'. Note that B'E' is clearly preferred to BE because
at each level of expected wealth it has a syaller range, and at each
level of range, it has a higher expected level of wealth.
b) Opportunities to Buy Insurance

For the moment, assume that insurance protection against theft can

be bought according to the insurer's book rate of $0 per dollar of
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coverage. Expected wealth will be a function of the proportion of H you
choose to insure. In general:

E(W) = m(At H(1-p)) + (1-m) (A+H(3~pA)) (11)
The range of wealth varies according to your coverage:

R = H(1-) (12)
The opportunity line for purchasing insurance can be found by solving

(12) for A and substituting into (11):

E(W) = A+H(1-p) + H(1-A)(p - )
or (13)
E(W) = (A+H(1-p}) + R{p- )

Figure 3 depicts equation (13).16

Point B represents full-insurance
(i.e., the range is reduced to zero) and point I shows the totaly un-
insured individual. Note if the insurer charges a premium rate exactly
equal to the actuarial cost 1, IJ will be the opportunity line. (In
equation (13), the range term becomes idenfically zerc when g = 1.) In
general, we would expect insurance companies to charge more than the
acturarial costs of insuring, therefore p > T, and BI will be a straight
line with a positive slope.

However, it was stated earlier that m was a subjective evaluation
of the probability of theft. Moreover, it is possible for individuals
to systematically misestimate T. We assume that insurance companies
with their wider renge of insuring experience can rredict accurately
the true loss probabilities, and charge higher rates (p) than the true
loss probabilities in order to cover administrative costs as well as to
clear a profit and accumulate cash reserves. Therefore, it is possible

for BRI to be downward sloping because 11 1s substantially overestimated
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(i.e., ™ > p) by individuals seeking coverage, even after insurance
company loadings are considered,
¢) Choosing Your Optimal Coverage
A very strong distaste for risk would imply that the individual's

indifference curves would. be steeper than the opportunity line at all
points. Therefore, this individual might engage in a fully insured
brogram where risk is reduced to zero. Clearly, an individual might
choose to insure a fraction of H rather than all or nothing. An indi-
vidual who finds "risky" situations disquieting is likely to insure a
larger proportion of the risky asset's value than one who possesses
more of & gambler's nature. That is, if he has distaste for risk, it
1s possible that he will engage in some partial coverage, such as point
T in figure 3. Point T has the same expected utility es any other point
on B'E', which mathematically is

E(U) = Constant = MU(ARH(1-p)) + (l—TT)U(A+H(1-pJ’L))17 (1)
For small changes around the optimal A, the proportion of H that would
be insured would obey the following "marginel" rule:

m(1-p)U' (ARH{1-p)) - p(1-7) U (A+H(1Ap)) = O (15)
The first term of (15) indicates the gain in expected margiral utility
that accrues to the insured for the last dollar of coverage at cost p,
leaving (1 - n), if the theft occurs with the probability . When the
theft does not oeccur (i.e., the DProbability of this event is 1 =- n),
the last dollar of insurance coverage, p, represents a loss of wealth
and utility. Therefore, the second term represents the expected loss of
utility at the margin caused by the purchase of insurance when no theft

occurs. The first term is 2 gain in expected utility, and in equilibrium,
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it will be balanced by the second term, the loss in expected utility.
That is, the costs and benefits weighted by the appropriate probabili-
ties and marginal utilities will be precisely equal in equilibrium.
Graphically, the optimum at point T is tangent to the opportunity
line BI, with the slope of each being {p - m). Note that point T has a
certainty equivalence of B', which is greater than B, the point repre-
senting full-insurance, and is simultaneously on a higher utility-
Indifference curve than point I, which represents no insurance.
Mathematically, the optimal insurance purchasing plan by the indi-
vidual is discovered by differentiating (1L) with respect to A, yielding
{16) which is eguated with zero if we assume a tangency solution and

second order conditions are satisfied.l8

L) = E (1)U (AR H(L0) )= (1- ) BpU® (A+H(10)) = O (16)

Note that the tangency solution (16) yields our marginal rule (15) for
individual behavior. Of particular interest are the conditions for full
coverage insurance and no coverage. For cdmplete coverage,

%U) = (m -~ p) HU'(A+H(1 - p)) 2 O for A =1
That is, full coverage will occur if p < T, which implies that the
premium is no worse than actuarially fair, given the subjective evalua-
tion of theft by the insured. A corollary of this is that if the premium

rate is not at least actuarially fair, given the subjective evaluation of

theft by the insured, less than full-insurance coverage is optimal. Also,
given any 0 < = 1, there exists some p > 0, which will engender complete
insurance coverage by the individual.

Similarly, we can state that no insurance coverage is optimal (i.e.,
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L) = (10" (8)-p(1-m)u' (A+1) < O
Clearly this condition is impossible if ¢ = 1. 1In other words, if the
subjective belief of theft ig certain some insurence is optimal. (If
p <1, our case akove for full insurance is met.) However, if 1> n > O,
one cannot state a priori if being unirsured is optimal. As a corollary
of this, given 1 > 7 > 0, it is always possible t0 set some rate p >0
for which no insurance coverage will be optimal, For T = 0, the case
when one believes theft is impossible, no insurance coverage is optimal.
d) Variable Insurance Coverage and Wealth

We will assume that an individual has purchased some insurance
coverage (i.e., 0 <)X < 1). That is, given his total wealth, asset
composition between risky and riskless assets, utility function, sub-
Jective belief zbout theft probabilities, and the premium rate structure,
he has chosen his optimzl coverage such that 0 < AE < H. It is interest-
ing to analyze the effects of a change in wealth, A, upon the individual's
optimal insurance coverage. This can be accomplished by differentiating
(16), the first order optimization condition, with respect to A. This
yields

@ _ p(I-mu(A3H{I-Ap)) - m{(1-8)U"(ARH(1-p))
H(Pg(l"ﬂ)Un(AJfH(l‘f\p))*9\(l—p)U"(A-F?\.H(l—p)))

2 (17)

The denominator of (17) is clearly negative because U"(W) < O. Hence,
the total effect of (17) depends upon the sign of the numerator. This
can be discovered by substituting from (18) into the numerator, G(A), for

T and (1-m):



1k

Gg(x) =

p(1-p)U" (A H(1-p DU {(A+H(1-1p)) |-U"(ARH{1-p)) -U"(A+H(1-Ap)) g
(1-p)U" (AR H(L-0) = o0 (A+ii(1ehg)) | T EAR(I5)) - T (ii(ing)y | (18

It is clear that if we assume decreasing risk aversion, (18) will be
positive because the bracketed term is pogitive since

ARH(1-p) <A+H(.l-—l.0) for » € (0,1).
Hence, (17) will be negative, signifying that an increase in total
wealth (I constant)} will lead to a decrease in the optimal coverage A,

In other words, ceteris paribus richer individuals optimally co-insure

more than poorer ones. In micro-economic terminology, the insurance-
consumption/wealth function is a declining function of wealth for risk
averters.
e) Variable Insurance Coverage and the Price of Insurance

The quantity of insurance purchased is related to price per dollar
of coverage, p, by the demand function. Changes in the price p, ceteris
paribus, will generally be accompanied by an adjustment in the quantity
of insurance protection,AH, which is consiéered optimal, Asgume O < < 1
is the current proportion of H which is insured. One can examine the
static equilibrium adjustment by an individual in terms of A by differ-
9

entiating (16) with respect to pzl

a
dp

TTU* (A HQL~p) HISTU (AL A o)MAE(L0) U, H{ 1= o) = p(Lm)U" (A4 (A o)) (19)

H{1-P )gnU” (AR H(L-p) }+Hp2 (1-m U (A+H{1-Mp))
If U'(W) < O the denominator is always negative for O <A < 1. Hence,
the net result of a change in p upon A will depend upon the numerator's

sign. Define T(A) as the numerator of (19). Then substitute for 77 and
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(1 - m) from (16), the original static equilibrium solution, into
7()) yielding:
T(A) =

7&Hp(l-_c-)[?(AﬂH(l-o))U’(A»iH(l—lo})I:E_._ JU"QMH(l—m)) -UM (AR H{1-p)) (20)
(1-p)U" (A H(I-g)+ U BN o) | UTAFE{T ) T U ERE(I-p))

for A ¢ (0,1). The sign of T()) is not determinate. The term outside
the brackets is constant and positive. The first term inside the
brackets is positive. The sum of the two terms in the parenthesis
inside the brackets, assuming decreasing risk aversion,is negative
because

A +AH(1-p) <A + H(1-Ap) for O <) < 1.
Therefore, a change in o can either increase or decrease ) in (19).
Only if the terms in the brackets are a rositive sum will the insurance
coverage decrease with an increased p. It should be noted therefore
that U"(W) < O is not a necessary or sufficient condition for & normal
demand curve. Teking the term outside of the bracket in 7{(\ )} and di-
viding it by the denominator yields a function F(L) < 0. Therefore (19)
can be represented as

% = FA) 4 50 (R(a4H(100)) ~ R(AE(1-p))) (e1)

where R{W) is the risk aversion function of wealth. The first term on
the right hand side is negative, and is similar to the substitution
effect, For example, an increase in p for a person who has constant

risk aversion (i.e., bracketed term in (21) is identically zero), will
cause a decrease in his purchase plan for insurance. The wealth-security
effect (the second term on the RHS of 21) for risk averters is always

positive. This occurs because an increase in p effectively reduces
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wealth at each A that is, it reduces the opportunity to have both
expected wealth and the certainty of wealth. Moreover, a risk-averter
with this apparent decrease in wealth will place a higher subjective
weight upon security. The obverse holds true, too. A decrease in p is
equivalent to an opportunity to buy increased security and increased
expected wealth. However, increased wealth with decreasing risk aversion
leads the individual to reduce his insurance coverage because security

in the form of insurarce protection of H becomes subjectively less
attractive. In addition, the wealth-security effect will diminish as H
becomes smaller in absolute value as well as a proportion of total wealth.
On the other hand, the smaller H is the larger will be the substitution
effect,

If the wealth-security effect is weak relative to the substitution
effect (assuming decreasing risk aversion), an increase in p will result
in a decrease in A. In the parlance of micro-exongiics, insurance will
be a normal good. 7This case is demonstrated in Figure 4. The initial
insurance opportunity line BI is tangent to the utility mep at X. A
decrease in p, alters the slope of the insurance opportunity to NI (see
equation {13) above). The new tangency solution for insurance occurs at
7, and represents increased insurance protection (l.e., the range,
H(1-A), is reduced). This equilibrium agdjustment from X to Z may be
decomposed into a wealth-security effect of XY whevre W'W' is constructed
parallel to BI and tangent to B"E", the level of satisfaction equal to
point Z, and & price-substitution effect of Y tc Z. As previously noted,
the substitution effect is negative (i.e., a decrease in p leads to an

inerease in A), and the wealth-security effect is positive (i.e., decrease



17

in p leads to a decrease in ). Moreover, the substitution effect over-
whelms the wealth-security effect, leading to a net increase in insurance
coverage with a decrease in the premium rate.

£} Market Demand for Insurance

A typical individual's demand for insurance can be analyzed using
Figure 5. We will suppose that an increase in the premium rate, his
subjective expectations being constant, will result in a steepening of
the opportunity line BI through successive positions B'T and B'T. The
equilibrium points trace out a locus T, T', and T", indicating that the
higher premium rate results in a smaller proportion of the risky asset
being insured. The total market demand for insurance can be determined
by summing the demand for all individuals at each 0.

Casual empirical observation indicates that our model of insurance
demand hag several apparent drawbacks:

(1) Insurance companies do charge actuarially "unfair" rates, which,
according to our analysis should lead to less than full ccverage. This
is not the way people appear to behave in the "real-world." There are at
least two plausible explanations for this. First, people do not "balance
at the margin.” In other words, they are not rational economic decision-
makers. Second, claims are not limited to the value of the object or the
exact value that will be paid by the insurance upcn submission of a claim
is also not always clear. (Also, we assume negligible transaction costs.)

(2) Insurance purchasing does change bebavior. Many an auto fender-
dent has been’ repaired because the individual wes "covered." The medical
insurance industry has been confronted with a similar type of problem:

It takes the form sometimes of a patient going to a doctor, when he would
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not have if insurance did not pay for the visit; perhaps a doctor will
administer more medical services to a patient who is covered by insur-
ance than he might have otherwise. A1l of these can be classified as
problems of "Moral Hazard.”eo Cur analysis has by-passed this issue,
but it is not difficult to understand that moral hazard is the result-
ant from inadequate economic or — philoscphically speaking — moral
incentives. In our thef: problem, thieves might be more likely to steal
from insured people than from uninsured people because "insurance com-
panies are large and can absorb the loss.” To correct this, an insur-
ance company might insist upon, say, an alarm system against theft as a
Precondition for a policy contract.

We will discuss this type of situation in section (i} below from a
slightly different but related vantage point. That is, we shall examine
how an individuval's optimal insurance rurchasing program will be affected
by the possibilities of actions which make the undesired event either less
Ukely to occur or, if it occurs, less costly to the individwal. It will
be shown that our analysis can readily include such circumstances with-
out difficulty; in generzl we omit it from our analysis in order to
simplify our presentation.

(3) The analysis does not take into account either variable loss
(i.e., thefts resulting in less than full loss) and deductibility clauses.
Our next two sections are directed specifically to these issues. It will
be shown that both characteristics can be included without vitiating our
general conclusions.

g) Variable Random Loss and Optimal Tnsurance Coverage

The magnitude of the loss cauged by, say, theft might itself be =
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rendom event. When a theft occcurs, it is possible that a portion of
your possessions will be stolen, while the remainder is left untouched.
This type of situation is relevant to most autcmobile accident ilnsurance,
medical illness coverage, and fire insurance, where partial damage is
possible. Fortunately, variable random loss can readily be incorporated
into our analysis. It has a marked similarity to the discussion about
uncertainty and probability states above in section I-c.

Each possible random loss, 11, where O < Li < H, is associated with
a state probability ﬂi = 0. The expected utility of the complete self-
insurance (i.e., no insurance purchased) is

E(U) =Z i U(A+H~Li)

with the side condition T ﬁi = 1. An insurance policy can be introduced
into the expected utility analysis as before

B(U) = £ 7, U(AHH(L-1)) + w'h U(AHH(1 (1-0))-L, ) (22)

where % m,ot moo=1; mys Ty 2 Oand ie¢ I =s.%, 0= Li < AH and

h
he Is.t. AH < L, = H. The probabilities m are partitioned into two sub-
sets i and h according to the proportion of H that is insured. Subset 1
represents loss events {including L = 0), which are completely insured;
subset h represents loss events which are not entirely covered through
insurance. If an event h occurs, the loss is greater than AH resulting
in a net loss to the insured of L - AH.

The optimal insurance policy can be found by differentiating (22)

with respect to A;

dg)\[}) = - pH U (AHH(1Ap)) + H(1-p)Xm U' (A+H(1A (1-g)-L)  (23)

The terms containing T represent, up to the margin, the loss in expected
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utility by having paid for insurance which is more than adequate to
cover losses. The terms containing N represent the gain of expected
utility caused by disbursement by the insurance company 1o the individual
for the last marginal dollar speni on coverage, conditioned on a theft
larger than AH occurring. This is completely analogous to the binary
loss model optimum, equation (16). In equilibrium, (23) will be zero
for the optimal A'gg

The condition for complete self-insurance is algo similar to our
earlier results. Evaluating (23), at A = 0 yields:

= oH 2 U (A+H) + H(1-p)gm U' (A+H-T, )

which must be non-positive23 to be a static equilibrium solution. Note
that Eﬁi is the probability that no theft will occur, and clearly if
that sum is unity our condition is met for seif-insurance. If gﬁh > 0,
& priori one can not claim that complete self-insurance is opbtimal. On
the other hand, if ZWh =1, it is always oﬁtimal to purchase some insur-
ance for 0 < p < 1,

Full~insurance coverage requires that (23), evaluated at A = 1, be
non-negative. That is,

HU' (A+H(1-p)) [om - p] =2 O.

For this to occur, the probability of any type of loss must be no less
than the premium rate. However, this is to say that the premium is at
worst actusrially fair, which is analogous to our results in the binary
model. In like fashion, the other results derived fram the binary-theft-
no-theft model apply to the random~-variable loss model.zu
h} Deductibility Clauses and Insurance Coverage

Another common feature of insurance plans for medical, fire, theft
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or automobile coverage is a deductible clause, where the insured pays the
first d dellars of a loss, and the insurer pays a prespecified proportion
of the loss above d. Returning to our binary-theft-no-theft model,25
this can be accounted for in our expected utility analysis:

E(U) = nU(anE(1-p(a))-a) + (1-m)U(A+H(1Ap(d))) (2k)
where p(d) is the premium rate charged per dollar of coverage above the
deductible 4, and, as before, A is the proportion of H, the risk asset,
which is insured {above the deductible). p'(d) < 0, denoting that the
larger deductible is associated with a less expensive premium rate.

Professor Arrow has demonstrated, if insurance is purchased, the
optimal insurance policy for the risk-averting individual is a full-
coverage program above some deductible, depending only that all actuar-
ially equivalent insurance risks have equzl total premium bills.25 (or
course, this does not preclude that the deductible be identically zero,
and ;therefore,the insured has full coverage against loss.)} Hence, our

analysis will fix A = 1 and discover the appropriate deductible, 4, by

differentiating (2k):

E(U)

3d

It

U (A+E(1-p(a) )=d) [Ho ' (d)+1]-Hp' (a) (1-m)U'(A+H(I~d@))) =0  (25)

et X

It

A+H(1-p(d))-d = A+H(1-p) = Y, the following holds upon rearrange-~
ment of (25}, where clearly
U'(X) =2 U'(¥) and U'(X)(3~8) = U'(Y)
for some § » O and 0 5 4 < H.
{-p"(a)H(1~8 « (1-7))-m]U'(X) = O (26)
In equilibrium, an individual will have full-coverage above the deductible,

and the premium rate need not be actuarially fajr. That is, if w-p(d)<0,
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the bracketed term may be positive. In other words, the premium rate has

to be not too unfair in order that equation (26) be positive. This con-

clusion appears to be contrary to our earlier results, which claimed that
full-coverage (without a deductible) could be optimal cnly when 1 > p.

It is not because, if 4 =0, U'(X) = U'(Y), which implies § = O, and is
consistent with the previous conclusion for full-coverage insurance, that
is, m =2 p.

i} Optimal Insurance Coverage and Moral Hazard?7

To this point we have neglected that there may be alternatives to
the Insurance market for protecting your risky assets. A protection
alternative might reduce either the probability of the unfavorable out-
come or the magnitude of the loss if the uwnfavorable cutcome occurs.

(In fact, a protection alternative might do both simultaneously.) For
example, placing steel bars on your windows (hopefully) reduces the
probablility of burgulary, but not the expected loss if one occurs. Pur-
chasing a hand fire extinguisher for home use isnot expecied to alter the
likelihood of a fire, but is expected to reduce its effects. Building a
fire resistant structure reduces the likelihood of a fire and the size
of the loss from a fire.

Conceptuvally related to the possibility of asset protection in a
form other than the insurance market is the problem of "moral hazard.”
If individuals are rational expected utility maximizers, and if there
exist techniques for altering the probabilities of events or their
expected outcomes, the insurer must take these into consideration when
determining his premium rates. Put differently, the insurer must be

aware of the opportunities confronting the insured in order to create
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appropriate pecuniary incentives between insurance and alternative pro-
tection purchases.

Suppose we change our binary model such that an individual could
reduce the proportion, £, of hishitherto risky asset, H, which will be
suoject to loss by expending S: presumably, £(5=0) =1, 0< ¢ £ 1, and
£'(S) £ 0. The expected utility, under these circumstances, will be

E(U) = m U(A+H(I+ (A (1-p)~1) )-8 )+(1-71) - U(A+H({1-pr £)-5) @7)

The individual may purchase insurance and/or loss reducing protectiocn.
(We are assuming for the moment that the probability of loss, T, is
unchangable.) If second order conditions are satisfied, the marginal

conditions for expected utility maximization are

%x(l&w(l-p)tl' (A+H(1+4 (A (1-p)~1) )-8 )+p (1-m)U" (A+H(1-ph 2)-S)=0  (28)

Z) — (40 (1-p)-1)2 (8)-1)U" (L4 ( (1-6)-1))-5) -
(1-m)(Hor g ' (8)+1)U" (A+H(1-pr4)-8) = 0 (29)
The first marginal condition is similar for equation (15) above. That
is, 1f we knew the optimal amount of resources S¥% to spend on loss re-
duction, the solution of (28) would yield the optimal A* which would
balance the gains and losses of expected marginal utilities created by
insurance coverage between the unfavorable and favorable events. Equa~
tion (29) can be interpreted similarly; if we knew A¥, the solution of
this equation would yield S%*, which would balance the losg and gain of

expected marginal utility from the last dollar spent on loss reduction

activities. The simultaneous solution of these equations will maximize

the expected utility of equation (27). Also, we can use the two marginal

conditions to produce the general condition (30).
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p = ﬂTlS T (30)

This implies that the value of loss reduction expenditures will, at the
margin, be the same as the cost of insurance. For example, if H = $1000
and the cost of insurance were 10¢ per dollar of coverage, then for S%,
- 2'(8¥) = .0L. 1In other words, the last dollar spent on insurance
"protects” the individual as much as the last dollar spent on loss re-
duction.

In a similar fashion, we could assume that the probability, 7(S),
iz alterable through appropriate expenditures. We will not elaborate on
this line of thought now. However, the relationship among insurance
coverage, probability reducing expenditures, and "moral hazard” has been
explored elsewhere by Ehrlich and Bec}ser.28 Their basic conclusion is
that alternatives to the insurance market for protecting ones agsets may
be a prime cause of "moral hazard" faced by insurers.

For our purposes, we shall agsume that the insurer, where necessary,
takes into account the alternative responses of individuals., In fact,
insurers at times 1ssue insurance contracts contingent upon stipulated
behavior by the insured. For example, aubomcbile theft insurance is in
force only if the vehicle was locked when the theft occured, or & pre-
condition for fire insurance is an inspection of the premises, and so
forth. Additionally, there are events that are basically beyond the
control of the individual in terms of altering probabilities or losses.
For instance, an individual living in the urban core is unlikely to
affect either the likelihood of or his losses sustained from a riot.

29

IIT. Insurance Ccompany Behavior

In this section, we will focus upon the relaticnship between
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insurance issuance, profitability and claims' risk. Clearly, other
aspects of an insurance company's operation (such as management costs,
dividend policy, and investment of capital) interact in the determination
of total risk and profitability. However, in order to simplify our
discussion, we will take as given all variables other than those related
to insurance policy issuance and claim risk structure.

Using the binary-theft-no-theft model, we will assume that there
are n identical people in the world who own similar risky assets H and
riskless assets A. Each person has the same subjective probability
evaluation of theft, . If the insurance company assesses the probabil-
ities of theft as identically 7 and independent for each person, what is
the optimal premium rate it should charge? The answer to this question
is our first goal of this ssction.
a) The Insurence Company and Individual Policﬁ Risks

The decision to insure a particﬁlar individuwal is part of the
company ‘s decision to insure a certain class of individuals. That is,
the decision is one of a2 large number of gimilar, and independent deci-
sions, and when major importance is attached to the average or over-zll
result of the decision, we have an insurable situation involving actuarial
risk. Note the asymmetry between the rational behavior of the insurer and
the insured. The insured reduces the expected value of his wealth when he
takes out insurance, and may be behaving rationally when he does so, but
the rational policy for the Insurer, who has the advantage of pooling
manerous riské, is to mAximize his expected net wealth.

It is easy to show that in this model the insurance company in offer-

ing theft-protection coverage should maximize its expected wealth without
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regard to any other characteristics of the probability distribution of

wealth (e.g., the standard deviation). In other words, the "risk factor”

is irrelevant to the firm's decision, subject to the qualificationg of

sub-sectionsc) and d) below.

The expected value of wealth for the in-

surance company will be (assuming no administrative costs):

E(W)
E(C)

where n is the number of

each, and p is the premium rate.

npAH - nE(C)

H

(31)

il

TAH
clients, A is the proportion of H insured by

The variance of the expected costs to

" revenue approaches zero {i.e., expected total costs approach a fixed

proportion of total revenue, &) if we assume the outcomes for each policy-

holder are statistically independent, as n becomes large.3o
n o5
T E{C.) T on
E(A) = .:Lff._..._..]:._.. . 2 = ﬁ (32)
n > Cp noo,
L pAH (T pAH)
i=1 i=1
2 . . . th L L
where S is the variance of the cost associated with the i individual.
i

It can be seen that the variance of A

—2 . e
o] for the average variance, averaged over all individuals.

is small if n is large by writing

Replacing

the sum in the formula, recalling that pAH is the expected average reve-

nue from each policyholder:

2-—-
o= =

-2
ng

-2
- o
(np?\H)2 n(pAH)e

(33)

This clearly decreases as n increases, provided ¢ does not grow in pro-

portion to n.

Therefore, an insurance company attempts to maximize

wealth, disregarding any measure of risk.
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Expected Wealth Maximization by the Insurance Company
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b) Wealth MaximizationBl

The choice of the cptimal premium can be determined by differenti-

ating equation (31) with respect to o:

BE(W — + v _B_)L - -ai. =
-——-)-ap mAH + noH 2 - nTH = O (34)

The first two terms on the right hand side of (34) are the expected
marginal revenue, and it must be equal to the last term, the expected
marginal cost. Graphically this is illustrated in figure 6. (llote
that the total demand curve, faced by the company, is derived from the
aggregation over all individuals of the information in figure 5.} p*
represents the wealth maximizing insurance premium rate and A*H.n is the
insurance coverage vrovided. The total revenue acerued to the insurance
company is p*A¥.H.n; the total expected payment on claims is mA¥H-n; and
the expected accumulation of wealth for the time period is (p¥*-~m)A*Hn,
c) The Tnclusion of Risk for the Insurance Company

Consider an insurance company, which faces a downward sloping demand
curve for its insurance. That is, we will assume that the insurer has
de facto some degree of monopoly power., The insurance company may con-
front a risk of illiquidity even when its expected wealth accumilation
in each year is positive., Namely, the actual number of claims by policy-
holders in any year is unknown in advance, and may =xceed the premiums
paid by the current policyholders. One way for the company to protect
against this eventuality is by maintaining a "liquid reserve" fund32
above the annusl premium payments. In such a case, the profitability
of the insurance company will be reduced in favor of liquidity safety.

That is, liquid reserves will supposedly earn lower yields than long-
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term 111iquid investments. Of course, if it became necessary to convert
quickly relatively 1lliquid assets into cash, the cost of conversion to
the company could also be significant because of transaction expenses
and potential asset price uncertainty. With this in mind, one could
ask; 1) Is a "liquid reserve" fund consistent with profitebility or
wealth maximization? 2) How large a reserve fund is optimal to obviate
11Yiquidity risk?

Again using our binary-model as a paradigm, we will examine these
issues. First, it is appropriate to delineate explicitly several of the
underlying statistical ASSUMPTIONS:

1) the occurrence of claims in different time
intervals are stochastically independent;

2) the claims by individuals are mutually in-
dependent in the same time interval;

3) the size of each claim is exactly AH {i.e.,
it is nonstochastic);

L) the number of claims is dependent upon the
length of the time interval studied (i.e.,

- stationarity of parameters with respect to

time increments);

5) the total number of policy holders is a
constant, n,

Our binary model for the sum of the insureds' claims is in the limit
a Poisson procesg for the probability of claims against the insurance
company. Consider the n-insured individuals as an n-trial "Bernoulli

experiment” with probabilities of m and (1-m), such that n is large, T
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is small and, therefore, um, the expected number of claimants, is vir-

tually constant for small changes in n. The probability that N claims

will be made in any year (N=1,2,...i...n) is the Prob (N=i)=i1ﬁ1Prdb(N=i)
. ~400

A n~-i n n-1 n=-i+1 (ﬁﬁ)L -i n

= (i)ﬁ (1e1t)" "= e ™ Ti {(1-n) " (1-w)". 1In the last se

quence of terms, the first i terms approach unity, the following term is
a constant, the next term is approximately unity for ™ very small, and

1

nT  (nT . .
) s Which is a

the last term is e”'. Therefore, Prob (N=i) = e~
Poisson probability density function.

The assumed insurance ccmpany will have a clajim payment distribu-
tion function, which will be the Poisson cumulative distribution multi-

plied by AH, the fixed size of each claim. Define this function, the

claims function:
i
-nm (nm)
31

.

F(C) = 5 AHe for i = 1,2,...n (35)

i
The expected cost of claims is
E(F(C)) = nm\H
A measure of dispersion for the claims cost is the standard deviation,
or the second moment around the mean of F{(C):
g = AH /o
Applying the Central Limit Theorem.?’3 to the Polsson analysis, it is
clear that for the presumed large number of policyholders n, F(C)
S eve ts the Normal distribution Function with
~ N where p represents the Normal distribution function wi
zero mean and unit variance.
Unless a company's total premium income is greater or equal to the

total possible claims, there is always some risk of being unable to meet

claimants’ demands. Therefore, the insurance comprny might set some
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acceptable and arbitrarily small probability of not being able to meet
its claims from both liquid assets and current premium payments., Call
this "acceptable" prcbability level g. Fremium income is paAH, and is
assumed to be paid to the company at the beginning of each pericd, and
is, therefore, nonstochastic. In other words, the company's subjective
utility function contains some subjective weight for "survival” or
avoidance of "ruin." Clearly, more wealth is preferred to less, but
not until the safety of liquidity has been guaranteed, up to an arbi-
trarily small probability a.3u
The company, therefore, wishes to find the minimum X > 0, the size

of its "liquid reserve" fund, such that

1) Prob (C > X+pnAE)=1-Prob(CsK+pmi H)s g; and

2) in order to see if this is consistent with

expected wealth maximization, set p = p*>

from (3%) sbove (with n given).

(,7) C"nﬁ?\.H — -
AR HJF?% o

where Z is the standardized normal distribution table value for

5 < ConmH
AH/nr
Therefore, C = Z-AH/on + nmH
or
K = (m-p)nmH + ZAH/am (36)

The critical value for K = O occurs when the number of pelicyholders is n*

Z2

n* = (—“‘)2— (37)
T=p) ™

Hence, if the actual number of policyholders is n = n*, there is no reason
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to keep a "liquid reserve® fund. In other words, expected wealth maxi-
mization with no liquid reserve fund is consistent with liquidity safety
for arbitrary @, so long as our assumptions above are satisfied, and n
is sufficiently large. In fact, it is possible if n is large enough to
set K < 0, which implies cne caﬁ gsafely invest current premium income
without significant illiquidity risks. This really is not surprising

if one considers that p = p* is actuarially favorable for the company.
In insurance nomenclature, p¥ contains a loading factor equal to {p¥-m)
because 7 is the expected marginal cost for the last dollar of purchased
coverage. From (37) it is clear n® must increase as the loading factor
decreasges to maintain X = 0. This means that smaller loadings can be
compensated for by incfements in the size of the pool of policyholders.

The price elasticity of demand for insurance, e, determines the

megnitude of the loading in the wealth maximizing medel:

a = é%L . % with n, m, and H as parameters.

Then, by rearranging (34),
T=(1-4y,
p e

Clearly, %will be smaller for small values of e(i.e., e > 1). That is,
the less elastic the demand curve, the greater will be the loading. We
can also observe that the more "competitive" the insurance industry is
the greater the importance for a campany to expand its market share in
order to avoid liquidity risks, and vice versa.

In sum, illiquidity risks are reduced when the insurance company

has a large pool of statistically independent poiicvholders and the
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demand for insurance is relatively inelastic. In addition, under these
very favorable conditions a company may actually keep zero "liquid re-
serves” above the annual premium payments,

d) Some Qualifying Comments

If the occurrence of thefts during any time period were not inde-
pendent, as assumed above, it is rational for insurance companies to
take into account the simultsneity risk associated with being the insurer
of several individuazls. An example of this is the inter-related higher
vrobabilities of theft, fire, and so forth, associated with urban-core
residence. Therefore, insurance companies might prefer to diversify by
having theft insurance policies in many neighborhoods. In that way, it
is intended to reduce the degree of statistical dependence among clients.
If, in fact, insurance companies cannot find independent risks in large
quantities, then we would expect that the optimal premiwm rate would
have to be determined taking into account fisk. For instance, a "sub-
standard” risk loading factor might be added to policies writien in high
crime districts.

The decision would be a portfolio decision similar to a gambler:
issuing insurance by the company is equivalent to converting one's
certain assets Iinto risky assets. If premium rates are actuarially
unfair, the company increases its expected wealth by increasing its risk.

The determination of the opbimal p,35

would entail some knowledge of the
insurance companies' aversion to risk. This is comparable to the port-
folio decision of individuals, with the insurance campany attempting to

maximize its "utility" function subject to its incoine and capital con-

straints.
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In addition, it can be shown that insurance companies would teke all
similar risks without adjusting premium rates, gray penciling, red pencil-
ing, and so forth if sufficient neighborhood diversification were possible.
This i1s true even if there eéxists stochastic dependence between insured
individuvals living in close proximity. More formally, consider (integers)
i e N> O identical individuals, facing Tis the probability of theft of
his asset H., Moreover, ﬁi and Wj for i, J € N are stochastically depend-
ent; the dependence vanishes as |i-j| = ¢ becomes sufficiently large.

That is, as the individuals become sufficiently distant neighbors, the
fate of i 1s independent of jJ.

Define a random variable ¥y such that

y; = 1, if H is stolen from the 1 Bh individual}
y; = 0, otherwise
Then, E(yi) =g = E(y?). Examine
|B(yyn) - Blyy)B(v,)| = [E(ryv,) = n°| = D(i-3) (38)

where D(i-j) « 1, the function which denotes the upper bound for statis-
tical dependence for each € = |i-j|. Also, D(i-j) is assumed to vanish

for sufficiently 1ar§e €.

H Ly
Consider E ——:-L-I;—L- = MH. That is, the average and marginal

expected loss from theft for all individuals is constant. In addition,

the variance of the average {and marginal) loss is

N N
Var(TH) = 2 r ¥ [Ey.y.) - ﬁ2] and from (38), we see that
¥ i=1 j=1 o
N 1 . .
Var(MH) £ =% © £ D(i-j) (39)

'
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It is clear that the variance in (39) will approach zero if a sufficiently
large N individuzls are insured.

Put differently, the insurance companies' use of red-penciling, and
so forth, is in part the result of being unable to pool a sufficient
number of ingured individwals from diversified locations. If sufficient
diversification is possible, the expected cosgts from each insured client
will be 7H < pH. Therefore, wealth maximization will be possible, even
- vwhen stochastic dependence between individuals exists, so long as approw-
priate locational diversification opportunities exist. Also an individual
insurance company may not be able to locaticnally diversify; but either
groups of companies or the government operating from a national purview
should be able to achieve the necessary risk spreading.

The other assumptions of our simple model are a2lso subject to
significant qualifications. Clearly, the number of policyholders is to
some extent contrelled by, among obher things, the campanys pricing
policies. Also, we would expect that the world is not immutable, and
over time, parameters do change. For example, if crime is on the secular
rise, it is not unreasonable for insurance companieg to incorporate
changes of m into their policy decisions on p. Usually, companies utilize
their experience from the most recent past to determine new premia struc-
tures. Finally, our assumptions that claims are of a fixed size (i.e.,
non-variable) is unrealistic.36 However, all of these objections can be
handled; the mathematics will become more complex, but the essence of

our analysis is not impaired.
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The Application of the Theory of Insurance to Urban Problems

I. A Statement of the Problems in Urban Core Insurance37

a) The Insured's View

The apparent inadeguacy of comprehensive property insurance for
fire and extended coverage, vandalism, burglary and theft in our urban
core areas has become an issue of public concern. The insurance market
is not meeting the needs of individuals for asset security; the demand
for insurance cutstrips the availability of coverage and/or coverage
is available at what is considered excessive rates. Moreover, this
problem has ramificaticns beyond the insurance market. Insurance cover-
age is crucial for the normal functioning and growth of the eCOnomy .
Without the security of insurance, banks may not readily make loans
to businesses, mortgages may not be obtained easily for residential,
mercantile, or commercial property, the revitalization and renewal of
urban areas cannot progress, and so forth.

The general restrictive availability and increased premium rates
for insurance have been exacerbated by the occurrence of urban riots
during the latter half of the 1960's and the fear of future riots. In

38 of contiguous-Watte~Los Angeles (1968), twenty per

a recent survey
cent of the respending businesses did not have fire and extended cover-
age insurance policies; and 4l per cent of these businesses did not
have this insurance because it wes unavailable. Of those who had fire
and extended coverage, more than half of the respondents had to pay
increased premium rates between 1965 to 1968, Moreover, half of these

businesses that paid increased rates, paid 50 per cent or larger incre-

ments.
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b) The Insurer's View

The reluctant and restrictive policies of the insurance companies
have several interdependent dimensions. First, recent adverse ex-
perience with urban riots has intensified the insurance companies'

belief that core insurance is a potentially catastrophic liability.

Table 139:

Estimated Insured Civil Disorder Losses,1965-1969

Year Loss (in millions of &)
1965 38
1966 79
1967 67
1968 1
1969 31
Total 216

Table 1 shows that the costs of riots to insurance have not been trivial,
and are a legitimate basis for insurance companies' apprehension.
Underwriting, the process by which the company determines to accept
or reject an insurance application, is intended to filter oubt undesired
risks in order to create a profitable and safe portfolic of insurance
contracts for the company. Insurance policies for urban core areas
are generally considered to be inferior risks because they are fre-
quently in blighted areas, high crime districts, poorly mainteined or
older neighborhoods. An underwriter's compensation ultimately depends
upon the profitability of the business he accepls. Therefore, the
higher risk application from the urban core is more likely to be de-

clined. This underwriting effect is reinforced by the current marketing
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techniques utilized by insurance companies, There appear to be rela-
tively few insurance agents, virtually none of whom are blackuo, who
deal in urban core business. These factors systematically militate
against insuring in the core areas.

Insurance companies typically reinsure policies in order to pro-
tect themselves from excessive losses. The supply of capital for re-
insurance has traditionally and essentially been uncontrolled by the
public sector and sensitive to rate of return it can earn. Urban
core insurance has become less desired by reinsurers, and thereby
further discourzging primary insurers from issuing such policies. That
is, without adequate reinsurance, primary insurers must behave more
conservatively {¢ protect their own capital. This clearly is a mejor
economic hurdle; one which may be solved only with significant inter-
vention by the publiec sector.

All of these factors interact and conﬁribute to the insurance
companies’ overall problem of finding adequate profitability and re-
duced risk of excessive loss or insolvency. The fire and extended
coverage, vandalism, theft and burglary lines of insurance are sig-
nificantly less profitable than other types of insurance; add the un~
certain, but potentially large losses because of riots and it is elear
that insurance ccompanies will not actively expand urban core businezs.

IT. Elements of the Cotimal Insurance Market Solution

a) The Welfare Maximizing Quantity of Insurance and the Private Insurer
With the above practical considerations understood, there is much
to be learned about the welfare implications of insurance from simplified

economic medels. Earlier we argued the private insurer, under special
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conditions pertaining to the number of policyholders znd the distribution
of -claims, will maximize expected wealth (i.e., in the short run this
implies the meximization of net-revenue). We shall now generalirze
several important elements of that analysis in order to study the wel-
fare effects of insurance in the urban core.

We assume that the insurer has scme degree of monopoly power, and
therefore a downward sloping demand curve., Also, for simplicity, we
assume that the pitfalls of "moral hazard" are not significant for the
insurer, Consider an insurer of similar types or classes of risk in
the urban core insurance market; assume each policyholder wishes to
insure (at least a proportion of) a similar valuved piece of property,

H. For example, the insured items might be similar dry-cleaning
stores or similar groceries. The expected total value of the insurance
in force in each time period is I, and is related to X, the proportion

of H that is insured by each policyholder,'and n, the expected number

of clients. In general, T =1 (n,l)%l

The expected value or quantity of insurance sold will vary according
to the premium rate, p. Previously, it was demonstrated that as p de-
creases, the proportion of H insured increases. Also, we will expect
that as p decreases, the number of policyholders will increase, as
either new people find insuring optimal or people switch companies.
This is embraced in the demand function

p = p(%, n,5) = o(I)

with %% = p'(I) < 0, or the demand function is assumed to be normal-

downward sloping.



39

The expected cost function for the insurer is positively related to
the value of insurance in force in each period. However, as discussed
above, insurance companies accept {at a given premium rate) the low
risk superior-clients before the high risk inferior clients, and sta-
tistical dependence increases as you increase your number of clients
or saturate the market from, say, one area (e.g., the urban core
clientele are statistically dependent risks because of such evenbs as
riots). We will presume that tie expected cost curve will be upward
sloping in the relevant range:

¢ = ¢{n,n,H) (o)
with ¢'(I) > O.
The wealth maximization gquantity of insurance and premium rate

2
are I*¥ and p¥, respectively, and satisfy the marginal conditionu (41):

BW) = 0 = pep (1) 1-07()*3 (b1)

That is, the expected marginal revenue will equal the expected marginal
cost in equilibrium.
The Pareto optimal quantity of insurance Ip and premiuvm rate pp

can be found as the solution of

0¥ = ¢ (1P) (2)
The difference between the Pareto and Private Insurance Solution can
be seen in Figure 7 as A and B, respectively.
The government might attempt to correct the apparent deficiency in

the quentity of insurance by a sales subsidy of g to the company. The

magnitude of g can be discovered by assuming wealth maximization by the

insurer:
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oo+ +g-C'(I7) =0
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Upon rearrangement and substitution this will yield

g = pp - marginal revenue (at IV)

In cther words, the subsidy shifts the marginal revenue curve, as seen
by the insurer, such that it passes through the point of intersection
of the marginal cost curve and the demand function. From a social
point of view, the marginal policy-holder is paying exactly what he
costs (i.e., his loading is zero).

Of course, the subsidy increases the total wealth of the insurance
company. This can be found by analyzing the components in its wealth

change from before and after the subsidy, AW:
TP

AW = WP-wx = [ (ptprez-c') a1 + g.1P
*

The subsidy g-Ip i8 represented in Figure 7 as pp AXF, the integral is
negative and represented by ACE. Clearly AW > O (i.e., area of pp ACEF).
A general lump-sum tax of AW on the insurancé company s wealth, combined
with the aforementioned subsidy g, will not alter private prefitability.
The total quantity of insurance will be increased to the Pareto optimal
point by the subsidy taxation program, but there is a net cost of ACE
to society. This may be financed by taxing those who benefitted from
the new insurance pregram.

If we assume that the marginal utility of wealth for each individual
is constant over the relevant range of wealth,uh then the areas under
the demand curve for changes in insurance measure the exast number of

dollars necessary for retaining the original level of utility. (This
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The Welfare Implications of Private Insurers
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might be called in a Hicksian spirit the wealth-compensated demand

curve.)
P yid
ac = [ (of1) - o(x) -p'(1)edar = [ -p'(3)-Taz
I* %

AC is the total wealth the consumers could give up, after the Pareto

optimal insurance point is achieved, and be indifferent to the original

insurance arrangement., That is, the consumers at the very most could

lose everything under the demand function in Figure 7 between ¥ ana

I%*, but through insurance coverage only pay the area under the marginal

revenue curve in that interval. The net gain is BCEA, which is neces-

sarily larger than ACE. Therefore, a consumer texation scheme is possible

to reimburse the insurance company ACE (the net cost of the subsidy-

general tax), and still have the consumers of insurance better-off.
Tentatively, we may conclude that the government could increase

the quantity of insurance available in markets with a current deficiency

(in a Pareto sense) by subsidizing such insurance sales, taxing insur-

ance canpanies more heavily in general, and employing general income

or wealth taxes on consumers (to finance any deficits arising in this

operation.

b) The Welfare Implications of the Suburban-Urban Core Insurance Mix
The welfare implications of insurance can not be fully understood

for the urban core without some discussion of its relationship to the

suburban areas. Theoretically, the full range of risk discrimination

is necessary for insurance to attain its maximum social benefit. That

is, properties that are inferior risks should pay higher premiums.
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Urban core property, ceteris paribus, represents an inferior insurance

risk, and should pay a higher premium rate from an efficiency point of
view. This may be felt to be inequitable, even if efficient.

Using the theft-no-theft binary model, H would have a grester
probability of theft in the intrinsically more risky urban core than
if owmed by a suburbanite. That is Mo > Mgs where the subscripts ¢
and s represent the urban core and suburbs, respectiveiy. The ex-

pected losses would be Mo H> Ty H. If there are N people living

in ¢ with a piece of property H, and M people living in s with a piece

of property H, the total expected loss would be Nﬁh H + Mns H. Com~

bining both merkets, and forming an actuarially fair premium m would
yield:

N M
+
TTC 'TS

™= W21
c) Equity, Efficiency and the Uniform Premium Rate
The suburbs under this scheme would be subsidizing the urban core

insurance business. That is, the uniform premium rate, r = Tq + 4 for

the suburbs, where ¢ 1s an implicit positive loading above the zcturial
risk, yilelds an expected utility meximization of s, assuming all in-
dividuals have the same utility functions, initial wealth endowments and

80 forth, of:

B(U) = g U(ADHE(1-m) )+(2-m JU(a+5(1-2rr) )
where ) is the optimal proportion of H insured (assuming 0 < ) < 1).
Therefore, the total premium is -pH = kH(wS+£).

If we assume that the suburban expenditures exactiy subsidize the
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urban core business, it is possible to show that & lump sum tax equal
to M\Hi, and actuarial insurance pricing for the suburbs will increase
welfare. That is, the urban core will be subsidized exactly as under
the uniform premium plan, but the financing will be done by a lump-
-sum tex rather than an increased premium rate.

In the svburbs, with the Iump sum tax g)\H:

E(U) = U(A+H(l-ws) - H).

(Note that an actuarial fair premium, m,s Will induce full-insurance
coverage.} Also under the new plan the expected wealth is identical
to the original plan:

A+H(Lem )= NH = nS(A+1H(l-n))+(l-nS) (A+H(L-%rr) )

However, our new plan represents certainty of wealth by virtue of full-
insurance coverage, and is in utility (and social welfare) terms pre-
ferred. This result is true in general for varisble ioss~insurance
arrangements: that is, if equity dictates that a sub-market of in-
surance be subsidized, it is welfare-superior to do this by financing
the subsidy through a lump-sum tax, and maintaining actuarially fair

L5

premium rates elsewhere. Additionally, under the lump-sum plan the
quantity of insurance in the suburban market is expanded relative to
the core merket. A4lsc, this aspect of the insurance problem can be
solved only by a governmental authority who can tax and subsidize in
the entire SMSA. That is, "fiscal federalism" appears to be the only

rational way to achieve our welfare maximization~-equity solution.

ITI. Private Market Approaches to the Solution

a) Institutional Elements of the Private Insurers' Solutions

The cost of an insurance policy supposedly reflects the nature of
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the risk. Theoretically, the insurance underwriter classifies the risk,
and thereby establishes the appropriate premium rate. As a practical

consideration, many underwriters must use only the standard rate (i.e.,

& rate established by state regulaticns for certain classes of risks),
and therefore accept or reject applications according to their perceived
riskiness. In the case of urban core property insurance, the standard

rate classification may apply to an entire city or a county. That is,

the standard rate will be relevant to a wide spectrum of risks. There-
fore, underwriters, with a limited capacity to accept risks, will insure
the least risky properties, or in general those outside of the urbsn
core.

Insurance companies have introduced rate snd other types of flex-
ibility into their insuring processes in order to increase the magnitude
of their market and increase their compensation for accepting greater
risks. Some of the techniques employed by insurers in order to create
snd/or clear insurance markets are:

1) Substandard risk ratings, by which the company increases
the premium by a surcharge, according to the precise
nature of the substandard risk;

2) Limitation of the term of insurance to one year, with no
guarantee of renewal;

3) Restricted perils, such as no giass eoverage in riot
prone areas;

L) Reduced comissions to agents, thereby increasing the
effective premium to the company; and

5) Schedule Excess Rates.h6



45

b) The ﬁXCess Rates Case: An Fxample

Take the last of these as an example: the schedule excess rating
plans permit the underwriter to charge higher rates based upon hazards or
conditions not taken into account by the standard rates. Such con-
ditions ineclude block éongestion, high valued buildings without ad-
equate fire protection services, and buildings with large open areas
susceptible to £he spread of fire and riot exposure. Responsible owners
of well-maintained properties may be penalized because of the inherent
riskiness of his neighborhood. (This pPhenomenon is called Environ-
ﬁental Hazards.)h7‘ The underwritér in such caseé places primsry im-
portance upon the locatién of the risk and will refuse to insure the
property, even though the risk is beyond the control of the owner. The
net result may be a disincentive to improve or perhaps maintain one's
property in blighted areas. If we wish to revitalize our urban core
areas, the operation of private insurers, using excess rate plans, may
from a social point_of view result in an inadequate suppiy of insurance
for the urban_core.
¢) Excess Rate Schedules as a Sub-optimal Allccation of Insurance

The Excess Rate Schedules represent a real-world alternative to
our elaborate subsidy-taxation plan discussed earlier. The Excess
Rating affects individuals who might be thought of as occupying the
upper parts of the expected Marginal Cost Curve in Figure 7. A wealth

meximizer with some monopoly power charges more than expected marginal
cost. Therefore, excess rate schedules would charge profit-loadings to

individuals on the upper part of the marginal cost curve, (Also, no
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insurance will be scld to customers at (pP,Ip)'because no loading can
be extracted from them.) This will, in effect, cause a reduction in
the Pareto optimal level of insurance, and is clearly undesirable.

It is clear that more readily available reinsurance for urban core
insurers may effectively reduce the expected eosts for each insurer,
and thereby encourage an increase in the supply of insurance. Also,
it is possible to increase the supply of insurance by reducing the
"effective” cost function through alternative mechanisms: instead of
reinsurance, the pocling of all private.insurance companies' portfolios
reduces individual company riék_;of "catastrophe" reserves can be
accumulated more rapidly by reduced taxation rates on profits derived
from riskier urban core insurance business.

For.the moment, if it is assumed that the private property-lisbility
insurance industry can ultimately béar'the major component of, say,

urban riot losses, and we wish at the individual firm level to relieve

the potential of catastrophic losses, reinsurance may be a potential
solution. Stated differently, if the insurance industry can handle
"riot" insurance problems through the appropriste spreading of the ex-
pected costs of risks, a private market solution is feasibie. However,
as observed earlier, there has been an increasing reluctance ameng
private reinsurers to handle urban core business. Therefore, while
the private insurance industry may have the financial capability for
undertaking significant levels of urban core insurance, a govermmental
reinsurance program may be a necessary vehicle for asctual market opera-
tion.

Basically, the federal riot reinsurance program, & derivative of
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the Urban Protection and Reinsurance Act,l+9 is an attempt to provide

the reinsurance needed by the private market to do insurance business

50

in the urban core. The program’s principle strengths are (1) it

provides assistance to individual fiwms against catastrophic losses

and (2) in the case of maero~catastroghic loéses such as major riots
it can provide either state or federal azid to the industry as a whole.
Simultaneously, the federal reinsurance program has several intrinsie
weaknesses: (1) the program is organized on a state-by-state basis -
Clearly, reinsurance calls for risk-spreading at the widest possible
level (i.e., at the national level); and (2) it still may be reascnable
to assume that private property-liability insurance in urban areas,
even with the availability of reinsurance, which the privete insuver
ultimately pays for through reinsurance premiums, may not be as profit-
gble as other lines of and/or other localities for insurance. Therefore,
the private supply of insurance may not expand rapidly with the intro-
duction of some degree of premium pricing flexibility such as excess
rate schedules and guaranteed reinsurance.

In conclusion, the private solution to the urban core insurance
situation, even if supplemented by reinsurance, ﬁill be sub-opfimal
in terms of the "idealized" solution. That is, without more complete
and multi-faceted governmental intervention, the Paretou optimal insur-
ance solution (i.e., Point A in Figure 7) will not be achieved.

IV. Existing Public Programs as Solutions

From the two preceeding sections of this essay, it is clear that
the government must ultimately play a erucial role if urban insurance

problems are to be solved equitably and efficiently. Towards this
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end, it would be interesting to examine the effects of current govern-
ment regulations and programs on the eguilibrium of the insurance in-
dustry.

a) Insurance Rate Regulation and the Suburban-Urban Core Insurance
Mix under Perfect Competition

A framework will now be developed for determining the effects of
govermmental insurance rate regulation on the equilibrium of the property
insurance market and on the urban-suburban insurance mix. If the urban
and suburban insurance markets were perfectly competitive and there were
no externalities, an "effective" rate ceiling clearly would disrupt the
normel operation of the market. Moreover, if ﬁe assume the urban core

property insurance market has, ceteris paribus, a relatively and suf-

ficiently inelastic demand function, the effective rate ceiling,
appraised In traditional consumers' surplus terms, would reduce the
well-being of the urban commmity more than s market with = relatively
elastic demand for insurance.

This measurement of the welfare~changé induced by a rate ceiling
in a competitive market is illustrated in Figure 8. IF the market were
unconstrained by regulatory action, the equilibrium price per dollar

of insurance coverage would be Py with an implied consumers' surplus of
ACpo. The introduction of an "effective" ceiling fe will reduce the

guantity of insurance coverage sold in each reriod as well as engendering
an excess demend (i.e., a market disequilibrium) of TQ. The consumers'
surplus which results from the rate ceiling Pe will equal the area of the
quadralateral.ADch. This may be larger, equal to, or smaller than the

unregulated consumers' surplus depending upon ifpochE %‘DEC. (The
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producers' surplus will be disregarded in our analysis.) Therefore,
a priori one can not state the welfare effects of a rate celling. How-
ever, the more inelastic the demand curve (and the more elastic the
marginal cost curve) the larger DEC will be relative to pochE. If AR,
the demand for insurance, is sufficiently inelastic, a net loss of well-
being will be experienced because of the rate ceiling. In other words,
under our assumpbions of perfect competition and nc externalities, it
is clear that denying a group with a sufficiently inelastie demand for
insurance (i.e., a need for insurance as measured by willingness to pay)
free access to a market‘will necessarily reduce the groups' welfare.
Thie elementary analysis breaks down 1f one considers that the
properiy insurance market, while possessing competitive elements,.is
not as asgumed above strictly competitive., TFor example, different com-
panies offer subtly differentiated insurance coverage, such as betier
or faster claim payment procedures, or better "local"” sales agents, and
so forth. Also, the perfect competition assumption of free entry, in
general, will be untrue because of licensing regulation and,in general,
significant capital start-up costs. The analysis will, therefore, con-
sider rate regulation effects in the context of "imperfect" competiticn.
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More precisely, a monopclistic competition” model will be assumed
with each insurance company adjusting its operaticn in two separable
markets, the urban ccre and the suburban area. The obJective of each
firm in line with our earlier presentation will be to maximize expected
wealth, appropriately adjusted for risk, by choosing pricing and mar-

keting policies that do not violate legal constraints, such as rate

ceilings. 1In general, we will assume that the insurer perceilves,
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céteris paribus, the urban core market as riskier than the suburban in-
surance market. We will proceed by analyzing the behavior of a "typical
property insurance company, tacitly assuming that this represents the
actions we would expect the total market fo be undertaking. Also, since
in & monopolistic competition model the insurance companies are inter-
dependent, particularly from the demand side of the market, we would
expect, and henceforth will assume, that there will be market stability
once equilibrium is determined.
b) Monopolistic Competition without Rate Regulation

First, we will consider the eduilibrium solution if there were no
rate regulation. The demand functions for insurance by each area for

each insurer, ceteris paribus, are assumed to be downward sloping, in-

dependent between market areas, and interdependent with firms' behavior.
(We will subsume that the behavioral interdependence amcng firms is known
and therefore incorporated into the "effective” demand function each firm
uses when optimizing.) The functions denoting the expected costs of
supplying insurance coverage for each firm for each area are not assumed
to be independent between market areas or among firms.52 (Again, we will
subsume that the behavioral interdependence among firms is known and
therefore incorporated into the cost curves.) The interdependence be~
tween insurance market areas arises because of the possibility of neighbor-
hood diversification by the insurer by appropriately choosing among policy-
holders, or in other words insurance company portfolio risk spreading

among potential claimants. We have argued at length in subsections above
that an insurer may reduce his expected costs by diversifying his client

portfolic over several neighborhoods in such a way as to delimit the
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stochastic dependence among policyholders. Put differently, if the in-
surer can find sufficlent neighborhood diversification, under the assump-
tion that covariation of losses declines as the distance between policy-~
holders increases, the adjustment for risk due to interdependence among
policyholders in the expected cost functicon for an areas may be reduced.
In addition, the expected cost function for each area is assumed
to be a non-decreasing function of insurance coverage in that area,
given the other area’s quantity of insurance. The expected marginal
~cost function for each area's ipsurance, given‘the other area's coverage
(in the renges relevant to our analysis), is assumed to be upward sloping
because the insurer will (1) expose himself to inereased risk through
expansion of operation without further neighborhood diversification,
(2) expose himself to marginally inferior risks within the area by ex-
panding business and (3) increase his marketing costs disproportionately
through area sales "saturation." Also, it is assumed that the urban
core property insurance market is more risky business than the suburban
area business because of the possibility of claims from collective cata-~
strophic losses by the urban policyholders due to, say, riots, as well
as higher "normal non-catastrophic losses from, say, fires.
Let superscripts ¢ and s symbolize the urban core and suburban areas,
respectively. Mathematically, the demand functions for each area are

c

p pc(IC)

s 5,.8
p = (1)
The expected cost function for each area will be

c

F° = F(2%,1%)

It

FS _ FS(ICAIS)



50

In the light of our assumptions and discussion above, where subseripis

represent the partial derivatives,

pcc < 0 and pss < 0
I I

Fcc > 0 and ch <0
I I

FP.>08and F°_ <0
I I :
This inform#tion is also illustrated graphically in Figure 9 for the
typical insurer,

In our one-~period model, the expected wealth maximizing firm will
optimize by maximizing the difference between all revenues and all ex~

pected costs {risk adjusted in both rmarkets). That is, the firm's ob-

jective function will be
o .
m= ot 1¢ _ 7 4+ ps ] IS - ps (43)

The first order or marginal conditions for optimization are

C
B Car® 4 )
ar® I
a S 8 5
di I I

The marginal conditions (Lb), if satisfied and assuming second order
conditions are met, will yield the optimizing values for price and
insurance coverage in each market, which will maximize the objective
function (43). The left-hand side of each equation of (Lh) represents
the marginal revenue and the right-hand Qide represents the expected

marginal cost for each market area. In equilibrium, the marginal revenue
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will equal the expected marginal cost in each market. Figure 9 depicts

cm s e¥ _c¢¥ s¥  _g¥
such an equilibrium for o~ , I~ and p o, I .

The second order conditions for maximization are

2c ¢ .
S 1%42% _ 5 L5 oo
ar® a® 1% 1%C

2 s 8 .
§~ﬂ§ B - e T S
ar® a®. 1% %%

and

8 )2 -~ 0

o -
J - K- (FICIS + FICIS

The first two second oraer condition; will be met under our assuﬁption

oft downward sloping demand curves, and further assuming that the marginal

cost curves for each area, given the othér area's coverage, are increas-

ing at increasing rates. The remaiﬁing second order condition will be

wmet if the advantage of further diversificationrbetween market areas

does not compensate for the rate of increase of eosts within markets.

(We would also expect that FC < 0 and F° < 0.)
%78 1575

In order to discover the urban-suburban property insurance mix we
will return to equations (4h). Each of these equations could be ealled
e "partial-optimization" function for each market area. That is, given
the other market area's insurancé coverage, each equation of (44) yields
the maximizing behavior for the insurer in that market asrea. This
system of equations (M) should not be interpreted zs Cournot or Stackel-
berg Reacfion functions because the insurer, in fae%, has control of all

varisbles simultanecusly. It is therefore a static equilibrium analysis.
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Figure 10 depicts the partial-optimization functions for each market

R%(1°) and RS(IC), end the static equilibrium at their intersection,

* *
1% ana IS » If the second order conditiocns are met, the intersection

of the partial-optimization funetions represents the mix of insurance
between the urban core and suburban area which will maximize the ex-
pected net revenue for the insurer.

It is possible, however, that r® and R® will touch on the same

axis and/or not intersect in the I° - I° plane. This case could occur

1

if, for instance in Figure 9, Mc® did not intersect the MRS for 0 < T° < I1° .

' t
In such a case the optimal 1% would be zero for IS = IS . This is not en-

tirely implausible if one believes that the urban market is significantly
riskier than the suburban market. Tt could also ocecur if the MRC were
small becauvse of low levelg of urbaﬁ core insurance demand. If either

or both cases exist, the profit maximizing equilibrium without regulation

could occur when Ic = 0 and IS > 0.
b) Monopolistic Competition and Rate Regulation

As discussed earlier, there exist significant inflexibilities in
the insurance rates a compsny can charge. The urban-suburban monopolistice
competition insurance analysis will now incorporate the effects of maximum
rate ceiling regulation. In particular, we will assume that the maximum
regulated price ceiling will be lower than (at least)lthe equilibrium
insurance rate that would persist in the urban core market if left un-~
regulated. Figure 11 demonstrates that a price ceiling in the urban core

insurance market creates a nevw marginal revenue curve, with a discontinuity
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Figure 10
Partial-Optimization Functions for the Urban-Suburban Insurance Markets
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Figure 11

The Effects of a Price Ceiling on the Urban Core
Insurance Market and the Partial Optimizing Function
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where the price ceiling intersects the demand curve, and simultanecusly
an intersection with the original marginal revenue curve. The eifects
of the rate ceiling are traced out in Figure 11 for the partial optim-
ization Tunction. For I° greater than the point where the ceiling price
intersects the demand function, the marginal revenue curves for post-
and pre-ceiling regulation coincide, and, likewise, the partiazl optim-
ization funetions. It is also clear that the post-ceiling equilibrium
insurance coverage in the urban core market could be greater than, less
than, or equal to the pre-ceiling equilibrium solution, depending upon
the new intersection of the two partial-optimization functions. (More-
over, the price ceiling analysis similarly can be applied to the suburban
insurance market. ) |

It is generally believed that the risk differential based upon ex-
pected losses for the urban core market is significantly gresfer than
that in the surburban insurance market, impiying a higher risk-adjusted
expected marginal cost curve at each level of insurance coverage, Further-
more, current rate regulations are reputed to be an éffective celling in
the urban core market, causing an excess demand at the ceiling price (i.e.,
& market disequilibrium). On the other hand, the maximum regulated rate,
in general, is not necessarily considered to be an effective ceiling in
terms of the equilibrium price for insurance coverags charged in the
suburban market. Furthermore,’the gains from diversification, in terms
of the "suburban' partial cptimization function, mzy be minimal. In other
words, RS(IC) is relatively constant with a virtual®y zero slope in the
¢ - 1° piane. A priori one can not state i1f the irposed maximum rate

ceiling will alter the egquilibrium quantity of insurance in each market.
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The pre- and post-regulation insurance mix depends upon the relationship
of the demand functions, cost functions, and the imposed rate and the
unregulated eguilibrium rates in each market,

In general, if the regulated ceiling rate is much lcwer than the
pre-regulatory market clearing rate in the urban market, it will eliminate
the urban core insurance coverage altogether, and reduce the gquantity of
insurance sold in the suburban market.53 If the regulated ceiling is
very close to the original market clearing rate in the urban core market,
both markets will expand with lower eguilibrium market rates for each.

Figure 12 depicts the likely relationship which currently exists
in the urban-suburban markets. An unregulated equilibrium would occur
at point 7. The maximum regulated ceiling creates partial optimization
functions, represented by OCIE in the urbén core market and FGH in the
suburban market. The post-ceiling equilibrium will occur at point F,
with no insurance sold in the urban core and OF insurance coverage sold
to the suburban area (a reduction from the unregulated equilibrium).
¢) Pricing Regulation and Policy ImplicationsBu

It is possible that insurance price regulation when ccompared to the
unregulated market may produce (in equity terms) an undesired reduction
in urban core insurance coverage. Furthermore, with the existence of
imperfect competition, socially non-optimal quantitiss of insurance will
be sold in all markets. If, on equity grounds and/or societal external-
ities grounds, urban core insurance coverage should be increased, pre-
miun rate regulation should be rejected in favor of the more efficient
combination of an insurer subsidy-tax and the insured's lump-sum tax as

discussed in Section IT above,



Figure 12

Urban-Suburban Insurance Mix, Assuming High Urban Expected Marginal
Costs and Minimal Expected Marginal Cost Reduction in the
Suburban Market by Diversification

Suburban 1° /#
market

RS (1%

R%(1%)

Ic, Urban market

ARS(IS) is the non-regulated partial optimization function for the urban market
BRS(IC) is the non-regulated partial optimization function for the suburban market

CDER® is the partial optimization function for the urban market with a premium
rate ceiling
s , , . , .
FGHR is the partial optimization function for the suburban market under a
premium rate ceiling
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d) Other Government Programs

Ancther problem with the insurance market is the imperfections of
access by individuals to insurers. This is particularly *true with respect
to urban core property. To combat this imperfection several property in-
spection plans have been initiated; whereby an individual, who ecannot
find an insurer, can submit his property for inspection by an "impartial
government agency, and upon passing the inspection, will be guaranteed
insurance. This type of plan goes under the rubric of 351355 (Pair
Access to Insurance Requirements).

FATR plans increase available information to the insurer and insured
at little or no cost to them, However, the social costs may be signifi-
cant. The sel-up and maintenance of an inspection bureau is costly.
Therefore, one can think of the increment of informztion as a foree,
(coupled with our subsidy-taxing scheme) which moves the market closer
to the Paretc optimal; but also reduces the surplus left to consumers.,

In fact, it is possible that the inspéction plan coscs will be so ex-
pensive that it will be on balancé welfare—reducing.56

In addition, FATR plans may have a practical irplementation rroblem,
The issuance of insurance under FAIR plans depends uwitimately upon the
cooperation from agents and brokers operating in urtan core areas. In
maeny instances the broker has the option of placing coverage through
FAIR plans or substandard rates plans (e.g., excess rates schedules).
Typically, the FAIR premium rates and the commission rates received by
the broker are significantly lower than those in alternative insurance
coverage. Clearly this represents a pecuniary disincentive at a most

important ievel in the operation of FAIR plans.
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Another program for crime insurance which attempts to avoid the
costs of information associated with extensive on-site inspections hag
been organized under the auspices of H.U.D. This program will issue
coverage at a uniform premium within a pre-specified area, as described
in the following:

"The Govermment announced today that it would begin
selling crime insurance August 1, 1971 ... where
private insurance is not available at reasonable
rates. ... Premium rates (will reflect) ... crime
statisties ... for each metropolitan area. ... The
department adopted a provision of the regulations
earlier that makes premium rates uniform throughout
a Standard Metropolitan Statistical Area, ... an
area (being) cheracterized (as) a central city and
its suburbs.”

As was discussed above in Section II in the analysis of the optimal
suburban-urban insurance mix, the H.U.D. uniform premiun rate and a
subsidy lump sum tax plan alternative would be premised on an equity
Judgment. The latter is, however, a more efficient technique to achieve
any particular level of wealth redistribution. The social value of the
redistribution is entirely a value-judgment. However, there may exist
other arguments for uniform premium rates. If the government is to con-
sider the general well-being of society, and, over time, areas of a city
change from superior to inferior risks, and vice versa, the uniform pre-
mium rate plan will protect the insured against state changes of areas,
which might lead to undesirable uncertainty about future premium rates,
As mentioned in relation to the FATR plans, an idealized insurance
schedule would charge each policyholder according to his property's

risk. However, this information may be costly to ascertain precisely;

a uniform premium rate may save significant information gathering costs.
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Overall, it is evident that none of the insurance panaceas currently
in use or proposed here or elsewhere will bring sbout the desired effects
without government intervention. Moreover, the govermment intervention
required will be strenuous and multifaceted; it will tax the consumer,

tax and subsidize the insurer, and may set-up several regulatory and

inspection agencies.
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Trank K. Knight's distinction between "risk" and "uncertainty”
will not be maintained in this essay (Risk, Uncertainty and Profit

[New York: Harper and Row, 19211). The essence of Professor Knight's
idea is captured in the following quote from page L6:

"The fact that while = single situation involving a known
risk may be regarded as 'uncerfain,’' this uncertainty is
easily converted into effective certainty; for in & con-
siderable number of such cases the results beccame predict-
able in accordance with the laws of chance, and the error
in such prediction approaches zero as the number of cases
is increased. Hence it 1s simply a matter of an elementary
development of business organizaticn to combine a suffi-
cient number of cases to reduce the uncertainty to any
degired limits. This is, of course, what is accomplished
by the institution of insurance."

The distinetion is semantie rather than economice. In particular, ingur-
ance policies have been contracted even though in a considerable number

of cases risk spreading is not possible; or a probability table can not

be constructed for the particular case. This point ig discussed further
in a slightly different context in section I-C and n.8 below.

Also, all random losses are not insurable even if "probability
tables" are constructable. For example, if one could calculate the
probability of the sun becoming a nova, it would be eclearly an unin-
surable event. Also, and more important if the art ¥ insuring causes
behavior changes in the insured, the insurer will be facing "moral
hazard." Cleariy, moral hazard will represent one of the limits of
insurability. TFor example, if pecple are more likely to comilt suicide
to transmit rescurces to their beneficiaries, or if businessmen have a
proclivity to set afire their businesses when the firm's sales slump
in order to eoliect insurance, using pre-insured historical data to
determine premiums will significantly diminish expected profits. This
type of issue will arise in varied contexts in our subsequent discussion.
See in particular n.20 below.

5An excellent intuitive discussion of the assumptions and
implications for an expected ubtility analysis can be found in R. Duncan
Tuce and Howard Raiffa, Games and Decisicns: Introduction and Critical
Survey (New York: John Wiley & Sons, 1957), especizlly pages 19-31,

More technical discussions can be found in the classic work of
John Von Neumann and Oskar Morgenstern, The Theory of Games and Economic
Behavior (Princeton: Princeton University Press, ituh), and in T.W.
Herstein and John Milnor, "An Axiomatic Approach to Measurable Utility,"
Econcmetrica, Vol. XXI, No. 2 (April, 1953), pp. 29i-297.

A premium rate of $1.00 per $100 of protezted value 1s in our
example the actuarially fair rate. However, insuraince companies also



have administrative costs as well as loading charges in order to secure
actual profits that will be greater than all sctual costs. Therefore,
one would believe that the premium would be set avove the $1.00 rate,

7Pratt, op. cit., and Mossin, ©p. cit., show these assumptions
about the utility function to be fairly standard. Also, we agsume, for
the moment, that there exists some p*>0 for which full coverage in-
surance is optimal for the insured.

As observed in n.3 above, we do not maintain the Knightian
distinction between risk and uncertainty as a suggestive device. Tm-
plicity it should be understood that the distincetion with respect to
the analysis of expected utility optimization is fallacious. It should
also be noted that this issue has engendered a prolific controversy.

a. Danlel Ellsberg, "Risk, Ambiguity, and the Savage Axioms,"
Guarterly Journal of Fconomics, Vol. TXXV, No. 4 (November, 1961), pp.
643-669,

b. William Fellner, "Distortion of Subjective Probabilities as
2 Reaction to Uncertainty,"” Quarterly Journal of Economics, Vol. LXXV,
No. b (November, 1961), pp. 670-689.

¢. Howard Raiffa, "Risk, Ambiguity, and the Savage Axiams:
Comment ," Quarterly Journal of Feonomics, Vol. LXKV, No. b4 (November,
1961), pp. 690-69L,

d. Also, see subsequent discussion of this topie in the
Quarterly Jourral of Economics, Vol. LXXVII, No. 1 (February, 1963),
pp. 159-161; Wo. 2 (iay, 1963), pp. 327-342; No. L (November, 1963),
pp. 676-690; Vol. IXXIX, No. 4 (November, 1965), pp. 657-663.

€. Selwyn W. Becker and Fred O. Brownson, "What Price Ambiguity?
Or the Role of Ambiguity in Decision Making,” Journal of Political
Econamy, Vol. IXXI1I, No. 1 (February, 1964), pp. 62-73.

9These can be generalized to m states, each oceurring with a
subjective probability Pm and a theft probability T The total ex-

rected utility in the uninsured situation is

E(U) = 1 P (:—rmU(A) + (1 - ”m) U (A + H))

with the side constraint that T Pm =1
m

As before, the maximum premium rate, p*, can be found by equating the
expected utility of the uninsured circumstances with the utility of
the certain situation:

BU) = U(A +H (1 - %))

In other words, if we subsume the expected utility hypothesis, we use a
pricr distribution (the P's) on the theft probability distribution (the
n's) in order to find the maximum p¥.



000ta1 differentiation of (6) yields
-(UA) - U+ E) _de
HeU' (A + H(L - o%)) an

This is true on the interval [A.A + H] because under our assumptions
the numerator and denominator are both positive.

The change in the value of p¥, the maximum premium rate per
dollar of coverage, is ambiguous. This is found by examining

gg* S T-U A +-1}1(l - p%)) El -mU'(A +H) = (1 - p*)U' (A+H(1 - p*)):l

The unbracketed term on the right hand side for pe{0,1] is clearly
negative. Therefore, the effect of a change of H upon p* depends upon
the sign of the bracketed terms.

To discover the sign of the bracketed terms, we define
Blp) = (1 -m) U'(A +H) - (1 -p) U{aA +H1 - p))

for pel0,1]. From equation (6) we substitute in for (1 - ), yielding

"(A+H) cUA) U (A+H) -U(A+H(I-0) |

B(p)_U(A) G(a vy (&) - UA +H) =p)-UT(A+H(1-0))

Note that B{p = 0) = B(p = 1) = 0. Therefore, assuming the appropriate
differentiability of B(p), by the Mean Value Theorem of the Calculus,
we know that an extrema exists for B(p) on the interval pe (0,1).

H-U'{(A+H) U (A4H(1- 5))

B' (o) =U"(a+1(2-p)) \gyrayoprammy *1-(1-0) l:u TAHE(1p)) :l]

The bracketed term within the brackets is the risk aversion of the in-
dividual {see Pratt,op. cit.), and is assumed to a decreasing function
of wealth. Hence, it is positive and monotenically inereasing for

pe (0,1). Therefore, for an extreme %o cccur & side condition is
necassary:

H-U'(A + H)
UA + H) - U(AI

that H is small relative to total wealth implying that the marginal
utility of A + H is also small. If this condition holds B{p) will
vanish at, say, p* on the open interval (0,1} and B(p*) will be a max-
imum because the bracketed terms will initially be positive for p«< p¥,
zero at p¥*, and finally negative Tor p> p*. Therefore ng) is positive.
Hence subsuming the side condition the total derivative 0 is negative.

The economic significance of the side condition is



However, it is alsc clear that the side condition may not hold if the
risky portion of cne's wealth, H, is very large. In such cases, in-
creased H will be accompanied by increased o*. However, the total
premium bill cne is willing to pay for full coverage will always in-
crease as H increases. Note that the change in total premium payment
can be represented as:

d do¥
T (B op¥) = p* + H

By rearranging the derivative of p¥* with respect to H, under our assump-
tions, we will discover that:

a oy (L) U (A +H)
=i (H - o¥) =1 - U‘W(A-+H§l-fp*jf 0

Substitute from equation {6) for ¢ in the numerator of equa-
tion (9). Upon rearrangement, the numerator of (9) will be a function
of p¥*:

= T [U(a+H(1-p%)) ~U(A+H)T ., [u(a)-u(a+a{1-p%))]
f(p*) = = (A) U(A) ~ U(A+H) U (A‘FH) U(A) -U(A-{-H)

UT{A+H(1 - p*))

Note that f(p*=0) = £(p*=1) = 0. That is, the limit values of p¥*
will cause the rumerator of (9) to vanish.. By the Mean Value Theorem
of the Calculus, we know that an extreme for f(p*) will exist on the
interval O« p¥*<1, assuming appropriate differentiability of f£(p*):

o (o) = [ S o - p2)) - 0'(aanta - 1))

The fraction in the first term on the right hand side is a negative
constant, -C. Therefore f' (p*) can be rearranged as

_ U"(AHH(I - o%))
U (A+H(L - %)

T(p*) = H. U'(A+H(1 - p¥)) [:-c

—

The second term in the brackets has been called by Pratt, op. cit., the
risk aversion of the individual. In particular, if we assume the person
has decreasing risk aversion as a function of wealth, as p* increases
the risk aversion term will monotonically increase.

In order for the derivative of f to vanish on the open interval
(O<Cp* < 1), the second term in the brackets must vanish as p* increases,
Hence, the sum of the bracketed terms must be initially negative, mono-



tonically increasing, and vanishing somewhere on the open interval,
which implies that £'(p*) = 0 is a minimum point. Theref'ore, f(p*) on
the internal C < p* < 1 is negative and

dp*
da
13 . . -
The introduction of & and e reduces the original Range of
wealth, H: BR=ll -~ §-¢ < H. For all A + § < A+H-g.

< 0.

lhTotal differentiation of (10) is used to find the appropriate
values of ¢ for each §. That is,

m U'(A+8) a8 - (1-r) U'(A+H-¢) de = O

will be used to find the relevant ¢ and §. The first term of the egua-
tion is the additional expected utility gained by an increase of &, the
second is the decrease in utility caused by the reduction of A+H by e.
In order to maintain the same level of satisfaction for changes in &
and ¢ the two terms sum to zero.

lsIn this analysis, additional indifference maps are derived
by assuming = and A remain unchanged. We vary the value of H, the risk
asset, and then proceed to derive a utility frontier such as B E in
figure 3.

éAnalogous results may be derived by using the standard deviation
of wealth as the risk measure rather than the range., I believe it is
clear that in our example with only two possible ocutcomes {i.e., theft-
no theft) the range is a more appropriate measure of dispersion and,
therefore, risk. Tf you wished to use the standard deviation as your
risk measure, equation (11) in the text remains as it is; equation (12)
is rewritten as (12'):

o, = (v(1 - 1) P H(1 - )

The new opportunity line derived by substitution will be (13'):

nj-

E(W) =A +H (1) +(p-m) (m (1 -m) )" I,
Therefore, all subsequent results in sections ¢ and & using the range of
wealth as the index of risk could be reworked in terms of the standard
deviation of wealth.

17This equation is derived by total differentiation of the
utility frontier with respect to %, the cholce variable of the individual.
Also, note that this treatment is equivalent to the =znalysis in terms
of R since R = (1-}}H. That is, E(U) = constant =

mU(A+(H-R) (1-p)) + (1-) U(A+I(1-p) + oR)



l8More correctly, a maximum occurs even if a tangency does not
when

é§§gl = 0, which, of course, will lead one %0 increase )\ up a

maximum of unity.

2
- gxgl i (1-p)7 UM(ARE(1-0)) + (1)K pTU"(A4H(1-0p)) < O

The satisfaction of the second order condition is implied by UMW) < O
with O=r<l and O<p<l. Unless otherwise stated we will agssume these
conditions are satisfied.

19Evaluating (16) at 5 =1 and p = O yields interesting
information.

1
Q§§ll = (L-m)HU'(A+H(1-3)) < O for p =
and 1 > 7 > 0. This is true Tfor all ) ¢ [0,1], and signifies that no

insurance will be purchased. Stated in words, one would never purchase
insurance if the premium rate equals the wvalue of the protected object.

de(U)
a)

This denctes that if insurance is a costless commodity, one will accept
full-coverage. Therefore, the ensuing analysis assumes 0 < g < 1.

=7 HU'(ARH) > 0 for p =0, 0 < =1, for ald % ¢ [0,17.

o) . .
For a discussion of "Moral Hazard" see

a. K. J. Arrow, "Uncertainty and the Welfare Economics of
Medical Care," American Economic Review, Vol. ITII, No. 5 {December, 1963),

pp. 961- 962

, "The Economics of Moral Hazard: Further Com-

ment, " Amerlcan Economic Review, Vol. LVIII, No. 3, Pt. 1 (June, 1968),
pP. 537 539.

c. > Aspects of the Theory of Risk-Bearing (Helsinki:
Yrjs Johanssonin SHELD, 1965) Pp. 55-56,

d. Mark V. Pauly, ”The Economics of Moral Hazard: Comment,™
§§er1can reonomic Review, Vol. IVIIL, No. 3, Pt. 1 (June, 1968), pp.

1-537

lWe have chosen to make the random varisble loss model discreet
rather than continuous because it is possible that certain value points
of Li will have probazbilities associated, an impossibility for a con-

tinuous probability density function. However, as we create finer
At 3 3 £ -1 3
partitions of Li and ™ s the analysis approaches a "continuous” random

variable loss model.,



00
ax
a°E(u) 2 2 "
>-=0 H Ln U (A+HI{1-%p))
dx

+ 12(1-0) % My U (A4 (1-0))-1, ) < 0

for 0 < )\ < 1 are the necessary and sufficient conditions for optimiza-
tion equilibrium.

31n economics terminology, the corner solutions occur when

QELQL 5 0 for 3

ax

0 and

QELEl = 0 for 3

dx

1l
=

2L

We shall not derive the results here in order %o save space
and maintain simplified mathematical presentations.

25A random loss model will yield the same results, with some-
what more complicated mathematics. The expected utility will be

B(U) =2 U (as(1-p(al) - L) +
£, U (AH(L-p(a\) - d) +
R (A+H(1 0 (2-p(d)) -~ 4 - Lj)
where 1 ¢ 0 < Li <d
hed<D =)
JeM <Ly <H

The mode of analysis proceeds identically to the text.

6Arrow, "Uncertainty and the Welfare Economies of Medical Ceare,”
mathematical appendix, proposition 1, gives the proof.
27 :
(Ehrlich and Becker, lcc.cit. Also see n. 20.
28

Enrlich end Becker, loc.cit., pp. 18-26.



29

Many of my ideas and notions for this section of the essay
have evolved from work done by XKarl Borch, such as:

a&. Karl Borch, "A Utility Function Derived from a Survival
Geme," Working Paper No. 66 (Los Angeles, California: Western Science
Management Institute, Craduate School of Business, University of Cal-
irornisa at Los Angeles, February 1965), 12 po.

b. » "BEquilibrium in a Reinsurance Market,"” Econo-
netriea, Vol WL, No. 3 (July, 1962), pp. Lok Ll

, "Reciprocal Reinsurance Treaties,” The Astin

Bu]letln, Vol T (1960), vp. 170-101.

d. » 'Some Elements of a Theory of Reinsurance,"
Journal of Insurance, Vol KIVIIT, Ne. 3 (September, 1961), pp. 35-L3,

e, , "The Optlmal Management Policy of an Insurance
Company, Proceedings of the Casualty Actuarial Society, Vol. LI, Pt. 11,

% (1984), pp. 182-197.

Other discussions which were helpful in formulating my analysis
in this section were:

&. R. E. Beard, T. Pentikainen and E. Pesocnen, Risk Theory
(Tondon: Methuen & Company, 1969), pp. 7-4O.

b. Hilary Seal, Stochastic Theory of a Risk Business (New
York: John Wiley & Sons, 1969), pp. 4-132,

3OThis proot is developed along similar lines to Robert Dorfman's
"Methematicel Models: The Multistructure Approach,” (Maass, Arthur,
et al., Design of Water Resource Systems iCambridge: Harvard University

Press, 19667, pp. 4GL-539,

31 Administrative costs can be incorporated into the analysis.
For example, assume administrative costs were a function of the number
of policyholders the company had: A = A(n). One cculd continue the
analysis suggested by adding this to the cost funcetion, and then choosing
not only the optimal premium rate but the optimal number of clients {i.e.
optimal size of market share).

32We will not discusg the technique of risk reduction by re-
insurance, though it is an appropriate tool for a risk sverse insurance
company. You may assume that elther the company is the ultimate insurer,
such as a government agency, or reinsurance is unavailable. For an ex-
cellent discussion of reinsurance, see n. 29, references a, ¢ and 4,
above. Also, the notion of risk-liquidity-survival is dlscussed in
reference ¢, n. 29 zbove.

33For example, see Samuel S. Wilks, Mathematical Statistics,
(New York: John Wiley & Sons, 1962), pp. 257 258.

3L1LSee David H. Pyle and Stephen J. Turnovsky, "Safety-First and
Expected Utllity Maximization in Mean-Standard Deviastion Portfolio
Analysis," Review of Economics and Statisties, Vol. IiI, No. 1 (Februsry,
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1970), pp. 75-81 for an interesting discussion of the "ruin svoidance
behavior as a form of expected utility maximization. Alsoc, our dis-
cussion will focus upon the one period risk of illiguidity or ruin.

In fact, an insurance company must concern itself with this as well as
a multi~period probability :uin.

351n extrene cases, the insurance company does not solely de-
termine the premium rate p. It may refuse to underwrite any policy
from a particular area, or contract policies of only low risks from
certain distriets; the former policy is called "red-pencil” insuring,
and the latter is known as "gray-pencil" insuring. 7The net result is
that insurance companies control o; n, and the quality of risks.

36Claims of random size can be introduced into the problem of
total claims by using a Generalized Poisson Distribution. For a
sophisticated discussion of this mathematical device, see D. R. Cox
and H. D. Miller, The Theory of Stochastic Processes {New York: John
Wiley & Sons, 1968), pp. 146-56. In the case for varisble claims, one
assumes that there is a probability distribution function for claims,
h(C) which is independent of the number of elaims andg is mutually in-
dependent for the size of each claim. Then the Generalized Poisson
funetion is

k . i
Fle) = £ (n(e))t &7 (20

1=0 +
37MEetinﬂ the Insurance Crisis of Qur Cities, Report by the
President's Naticnal Advisory Panel on Insurance in Rict-AfTected Areas
(Washington: U. S. Government Printing Office, 1968). This document
has the best all-inclusive discussion of the problems of urban area
insurance. The introductory comments in this section of the Paper are
ostensibly adapted from it.

38J. J. Launie, "The Supply Function of Urban Property Insurance,"
The Journal of Risk and Insurance, Vol, XXXVI, No. 3 (June, 1969), pp.
269-283. See particularly pages 271-273.

39John R. Iewis, "A Critical Review of the Federal Rioct Re-
insurance System," The Journal of Risk and Insurance, Vol. XXXVIIT,
No. 1 {March, 1971), p. 29.

QMeeting the Insurance Crisig of our Cities, op. eit., p. 25.

th also may be a variable: The arguments discussed will re-
main true, with the mathematics becoming more complex,

Yo

Assume that second order conditions are satisfied.
h3_. . .
381nce I 1s a funetion of ) and n, the optimal I znd p depend
upon the optimal ) and n. This is eguivalent to our analysis in (41)
because
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dE(W) = 0 = d{p-I) - d(C) = o' - I + I' p - C'

where o=p(i,n), ¢ = ¢(),n), and I = I(},n)
Let fX be the partial derivative of f with respect to X, then

dE(W) = 0 = (I. +p-Il-Ck)dk+(I-pﬂ+p-In-Cn)dn

p
X
For the total differential of wealth to be zero (i.e., an extrema for
wealth), each term in the parenthesis must vanish. In terms of economics,
this means that the expected marginal revenue eguals the expected mar-
ginal cost for the last accepted policy-holder and the lzst dollar of
protection purchased by each pclicy-holder.

m+This is indeed a strong assumption, and implies that there is a
zero "wealth effect." WNote that a zero "wealth effect" does not imply
constancy of the marginal utility of wealth.

h5The generalization to the variable loss case follows the exact
argument presented in the text for the binary model. ITf Te(L) 2and
fS(L) represent the probability density functions for variable losses,

L, for the core (c¢) and the suburbs (s), respectively.

H H
— r ko
E(LC) = g L, fc(L) aL > é L fs(L) ar = E(Ls)

The premium rate for the two submarkets depends upon the )'s chosen in
each market as well as N and M,

E(L_ 1 ) + E(L_I,)
m=ng0g) = o

The actuariel rate in each market depends upon the size of ). That is
n(xs, kc) = ﬁs(xs) + g(ls, xc) for the suburbs where ¢ > 0, and

w(xs, xc) = nc(xc) + b(xc) for the urban core where b(xc) < 0 is the
subsidy.

AH i)
E(U) = [ U_(A + H(Z-xm) £,(L)aL + [ U_(& + H(1=) (1-m)-z)f (L) 4L
o M

is the expected utility under the uniform premium rate plan. The Tumrp
sum tex plan will induce full coverage:

B(Uy) = Ug (& + H (1w (A =1)) = 2 (W5 ) H)

: E
Moreover, A + H (1'”s) - MH=A+H -G+ 2) - T (Lsan) £ (L)dr.
%!

Therefore, the lump sum tax plan is preferred to the uniform premium
plan as above.
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5OJohn R. Lewis, "A Critical Review of the Federal Riot Re-
insurance System,” The Journal of Risk and Insurance, Vol. XXXVIIT,
No. 1 (March, 1971}, pp. 29-42,

51M.ore correctly, the insurance market is "imperfectly" com-
petitive. We will use the notion of monopolistic competition as an
approximation for our analysis. ‘

The classic references about market morpholcgy are:

a. E. H. Chamberlin, The Theory of Monopollistic Competition
(Cambridge: Harvard University Press, 1933).

b. William Fellner, Competiticn Among the Few: Oligopoly
and Similar Msrket Structures, (lst. ed.; Nlew York: A. A. Knopf, 1949).

¢. Joan Robinson, The Economics of Imperfect Competition
(London: Maemillan Co,, 1933).

Other more recent references are:

a., P. W. S. Andrews, On Competition in Econcmice Theory (New
York: St. Martin's, 195L).

b. William J. Baumol, Business Behavior, Value and (rowth
(Rev. ed.; New York: Harcourt, Brace & world, 1GA7).

c. Kalman J. Cohen and Richard M. Cyert, Theory of the Firm
(Englewood Cliffs, W. J.: Prentice-Hall, 1965).

We will examine the effects of priece regulation upon the monopo-
listic competition sclution. OCbviously, there are cther types of regu-
lation which could be studied, such as quality of service, marketing
practices, cash-reserve requirements, and so forth, which could alter
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the monopolistic competition solution. A side issue which will arise
later in the analysis is that marketing practices such as red-penciling
or gray-penciling may emerge as a resultant from price regulation.

The most complete discussions of the effects of price regulation
upon market equilibrium can be found in:

&. Rudolph C. Blitz and Millard F. Long, "The Economies of
-Usury Regulation," Journal of Political Economy, Vol. IXXIII, No. 6
(December, 1965), pp. 608-510.

b. Maurice Goudzwaard, "Price Ceilings and Credit Rationing,"
Journal of Finance, Vol. ¥XIII, No. 1 (March, 1968), pp. 177-185.

¢. Maurice Goudzwaard, "Discussicn,” ibid.; Vol. XXV, No. 2
(May, 1970), pp. 526-528. |

52We are also assuming that the demand function is independent
of the cost function. In & Galbraithian spirit, this is clearly not
true. Marketing techniques can alter demand functions emong competitors
as well as expand the market absolutely. However, we assume independence
to simplify our analysis; it is not crucial to our conclusions.

53Again insurers must take care to avoid the potential pitfalls
of moral hazard. It will be assumed that insurers incorporate the
possibilities of moral hazard explicitly in their policy decisions.

5hThe analysis of the two markets case can be expanded to in-
clude any number of risk-location separable markets. We could trace
out In n-dimensicnal space partial optimization surfaces, and the
effects of regulation, and so forth. However, for our purposes, the two
market case is sufficient to demonstrate the potential results from
regulation in imperfectly competitive markets.

55MEeting the Insurance Crisis of Qur Cities, op. cit., particu-
larly Chapter 4.

Ownitman and Williams, FAIR Plan ... in Minnesota," op.cit,
believe that inspection costs are excessively high, and therefore im-
practical.

57The New York Times, July 7, 1971, p. 21.




This essay atbtempts to explore the demand for and supply of insur-
ance through the uge of simplified mathematical models. The theoretical
analysis uses an expected utility-portfelic appreach in order to derive
implications for static equilibrium in the insurance market. In addition
to the theoretical models, thers are suggested applications of the theory
for urban core insurance problems, Same of the major conclusions of the
essay ave (1) given the apparent risks involved in urban core areas, tne
government will probably be calied upon to be the insurer or re-insurer
for significent quantities of property insurance, (2) governmental price
regulation in the insurance market is likely to be & partial cause for
inaaequate urban core coverage, and (3) Fair Access to Insurance Require-
ments plans (FAIR) and Excess Rates plans either currently in effect or pro-
posed will be non~optimai and inadequate solutions to urban property
insurance problems.

The essay is presented in Two principal parts, The Theory of
Insurance and The Applicatzions of the Theory of Insurance to Urban
Problems. These parts are divided in several main sub~sections:

The Theory of Insurance

I - Optimal Property Insurance for an Individual
IT - Expected Utility and Variable Coverage
ITT - Insurance Company Behavior

The Applications of the Theory of Insurance to Urban Problems

T - The Statement: Urban Core Insurance Problems

IT -~ Elements of the Optimal Solution



11T -~ Private Market Approaches to the Solution

IV - Existing Public Programs as Solutions

The Theory of Insurancce

Economic thecorists recently have lucubrated about the relationsaip
between asset preferences and expectations regarding fubture events or
future opportunities.l Expectations are multi-faceted; a world in which
individuals have expectations about future states or conditions generally
can not be described by a simple "parametrie” index. We are not affected
merely by what we suspect is the most probable ouvtcome of a set of
possible outcomes, or even by the average outcome (i.e., expected value);
our behavior is determined by our expectations about less probable, or
even the most improbable of possible outcomes, as witnessed by the
public's demand for Irish sweepstakes ticketg or certain Canadian uranium
mining companies' stock. One of the most important aspects demonstrating
the interconnectedness of expectations and asget preferences in the real
world 1s the demand for insurance protection, and the resulting robust-
ness of insurance companies' wealth. Wnforbtunately, the theory of
insurance demand and supply are sanewhat neglected in the literéture.2
This paper will explore, through the use of simplified models, the
theoretical determinants of the demand for and the supply of insurance,
and the implications for static eguilibrium in the insurance market.
The theory will be applied in subseguent sections to several problems

3, 4

assoclated with urban areas and insurance arrangements.
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Overall, it is evident that rone of the insurance panaceas currently
in use or proposed here or elsewhere will bring about the desired effects
without govermment intervention. Moreover, the govermment intervention
required will be strenuous and multifacefed; it will tax the consumer,
tax and subsidize the insurer., and may set-up several regulatory and

inspection agencies.
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