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Abstract

This paper examines the three main tools of risk management in a setting where reliability cannot
be guaranteed. Thus, for example, insurers might be insolvent, sprinkler systems might be inop-
erative and alarm systems might be faulty. These types of nonreliability are shown to have signif-
icant consequences for risk management. In particular, the relationships between increased risk
aversion and the use of the various risk management tools do not carry over from models with full
reliability. Moreover, the well-known result of Ehrlich and Becker, that market insurance and self-
insurance are substitutes, is shown to fail in the presence of nonreliability risk.
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1. Introduction

In their classic paper, Ehrlich and Becker [1972] examine the use of market in-
surance, self-insurance (reducing the severity of a loss) and self-protection (re-
ducing the probability of loss) as three main tools for personal risk management.'
An implicit assumption throughout the theory is the reliability of these risk-man-
agement tools. Alarms are assumed to sound when break-ins occur, sprinkler sys-
tems operate properly during a fire and insurance companies are always standing
by with their checkbooks ready to pay claims as they are filed. Unfortunately,
these tools of risk management are also risky in their own right. The systems may
fail to respond properly during a time of need. An inoperative sprinkler system
may be totally destroyed during a fire, thus not only failing in its primary mission
of restricting the amount of damages, but actually adding its own value to the
damage total. Of course, a faulty sprinkler system might also set itself into oper-
ation even though no fire exists, thus causing damages that would not have oc-
curred in its absence.

In this paper, we examine the use of the three main tools of risk management
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when reliability is not certain. We assume that the potential nonperformance of
the tools is known by the consumer, who assigns a probability distribution to the
effectiveness of the tools. We also only consider cases where the tools do not
work properly in the event of a loss. Under such circumstances, we show that
several existing results, which hold for reliable risk-management tools, no longer
hold in the present model. Our point is fairly robust: clear-cut monotonic rela-
tionships do not obtain when the effectiveness of the loss-control tools is uncer-
tain. In particular, we examine the relationships between risk aversion and the
use of risk-management tools, as well as the joint purchase of market insurance
and self insurance.

The nonreliability risk is very real. For example, only eight U.S. Property &
Casualty insurance companies became insolvent over the period 1981-1983,
whereas fifty-five were declared insolvent during the years 1985-1987 (source:
National Association of Insurance Commissioners). Given that there were about
2500 U.S. companies in existence over this latter period, the probability of insol-
vency for a randomly chosen company during this three-year period exceeds two
percent, which we consider to be fairly substantial. Over the same period of time,
the number of insurers placed on the National Association of Insurance Commis-
sioners’ “immediate-attention” list (as showing strong indications of potential de-
fault) has risen from 77 during 1981 to 234 during 1987. In fact, over 22 percent of
Property & Casualty insurers in the U.S. were in some jeopardy of insolvency in
1987 according to the NAIC.

Even if an insurer remains solvent, claims might not be paid due to certain
contract conditions; or if the claims are paid, they might be excessively delayed,
thus reducing their present value and, in effect, acting somewhat like a partial
default. Clearly then, the risk of insurer solvency is significant and is not likely
to be ignored by the rational consumer.

The inclusion of nonreliability risk has only recently begun to find its way into
the risk-management literature. Papers by Tapiero, Kahane and Jacque [1986],
Doherty and Schlesinger [1990], and Schlesinger and Schulenburg [1987], all con-
sider the demand for insurance in the presence of default risk. The paper by Ta-
piero et al. considers aggregate demand for an all-or-nothing (i.e. either full cov-
erage or no coverage) insurance decision while the latter two papers are in the
same genre as the current paper; they consider the individual’s decision as to
the level of insurance to purchase. Our insurance model, in section 2, extends the
models of Schlesinger and Schulenburg [1987] and Doherty and Schlesinger [1990]
by allowing for a continuous distribution of full vs. partial default. Furthermore,
Schlesinger and Schulenburg examine aversion to risk using standard Arrow-Pratt
measures. Since nonreliability itself adds a second risk to the wealth prospect of
the individual, we consider Ross’ stronger measure of risk aversion [Ross, 1981],
which is more appropriate in multiple-risk settings. The Schlesinger/Schulenburg
and Doherty/Schlesinger results are then seen as special cases of our model. We
next turn our attention to risky self-insurance and risky self-protection, which,
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except for some recent work by Hiebert [1989] has not received any attention in
the literature. Our model extends Hiebert’s results on risk aversion to use Ross’
stronger measure. Furthermore, we provide the intuition for the ensuing result,
which derives from second-degree stochastic dominance.

As in the case of market insurance, nonreliability is a real-world problem for
other loss control mechanisms. For example, a self-insurance mechanism, such
as a sprinkler system, might not operate properly during a fire due to a faulty
sensor, a temporary lack of water pressure, a clogged water pipe, and numerous
other reasons. In addition to these types of hidden hazards, the sprinkler system
would also be inoperative if it were temporarily shut down for routine mainte-
nance. Self-protection mechanisms, such as burglar alarms, are subject to similar
types of failures. Given that real-world risk management tools themselves are
often risky, it is perhaps not too surprising to find that a more risk averse con-
sumer could possibly decide to use less of these risky tools.

In sections 2-4, we consider the optimal purchases of market insurance, self-
insurance and self-protection respectively. We also examine the relationship be-
tween consumers’ risk aversion and the level of investment in each of the three
risk-management tools. As pointed out by Ehrlich and Becker [1972], the “riski-
ness” of final wealth—which in their model is measured by the variance—is not
necessarily reduced by self-protection, although it is reduced by the purchase of
reliable market insurance and by reliable self-insurance. Such is not the case,
however, when market insurance and self-insurance are not fully reliable, as we
show in the paper.

We next turn our attention, in section 5, to the joint purchase of market insur-
ance and other risk-management tools. A key result in Ehrlich and Becker [1972]
1s that, although market insurance and self-insurance are always substitutes, mar-
ket insurance and self-protection may be either substitutes or complements. This
result is fairly significant because, as pointed out by Ehrlich and Becker [1972,
pg. 623], “[it] challenges the notion that ‘moral hazard’ is an inevitable conse-
quence of market insurance, by showing that under certain conditions the latter
may lead to a reduction in the probabilities of hazardous events.” In section 5 of
the current paper, we extend this result by showing that market insurance and
risky self-insurance might also be complements. Thus, a higher level of market
insurance does not necessarily preclude the individual from taking more care to
reduce the size of a potential loss.

2. Risky market insurance

Consider a risk-averse individual with preferences given by the von Neumann-
Morgenstern utility function U(W), where U’ > 0 and U” < 0. The individual has
initial wealth A which is subject to a loss of size 1., 0 = L = A. The loss occurs
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with probability q. To protect against the loss, the individual may purchase an
insurance policy which, in consideration of a specified insurance premium, con-
tracts the insurer to pay a fraction, «, of the ensuing loss. The individual is free
to choose the level of insurance, «, and might or might not be restricted to pur-
chasing no more than one-hundred percent coverage, o« < 1. For simplicity, and
in order to focus on the “risky” nature of the insurance, sections 2—4 consider
only the case of actuarially-fair insurance premiums (i.e. the premium equals the
expected insurance indemnity). Extensions to premiums that include a loading are
straightforward and don’t seem to add any additional insight [cf. Doherty and
Schlesinger, 1990].
The premium for insurance level « is given by

P(a) = aqzL, (1)

where, for now, Z is assumed to equal one. It follows immediately that the indi-
vidual’s expected-utility-maximizing level of insurance is full coverage, « = 1 [cf.
Mossin, 1968; and Ehrlich and Becker, 1972].

Unfortunately, insurance contracts are not always fulfilled. Insurers become
insolvent; they dispute claims; they delay claims payments, and so on. In each of
these situations, the individual does not receive the full indemnity specified in the
insurance contract. In the case of delayed payments, at least the present value of
the indemnity is reduced. To capture the effect of this potential contract nonful-
filment, which we will call “default,” we suppose that the individual actually re-
ceives an insurance indemnity of zaL following a loss, where z is a realization of
the random variable Z. The support of Z is a subset of [0,1]. A degenerate distri-
bution, in which z always equals one, corresponds to the no-default models one
usually sees in the literature. We would expect, in reality, a mixed distribution
(continuous/discrete) for Z with probability-mass points at z = 1and z = 0.

The model we consider is essentially an extension of Doherty and Schiesinger
[1990], who examine the case where the support of Z consists of only two points,
zero and one, so that only a total default is possible. For values of z strictly be-
tween zero and one in our model, the insurer has only a partial default. We assume
full information about the distribution of Z and that this information is taken into
account in the insurance premium. The ‘“actuarially-fair” insurance premium is
thus given by equation (1), where Z is now interpreted as the mean of Z.

The individual’s expected utility, following the purchase of an insurance con-
tract is given by

EU = (1 - qQU(A — P) + qE[(U(A — P —L + Zal)], (2)

where E denotes the expectation operator. The first-order condition for maximiz-
ing (2) is
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dEU -

—o = ~(1 = ©qzLU'(W) + qE[U'(W,) - (ZL ~ qzL)] = 0 3)
where

W, =A-P

and

W,=A —-P - L + ZaL.
The second-order condition is easily verified. From equation (3), it is easy to show
that full coverage is optimal whenever the distribution of Z is degenerate with
z = 1, thus confirming the earlier results of Mossin [1968].

For any degenerate distribution on the support of Z, except for the case where
z = 0, it follows from (3) that the optimal level of insurance is given by a* =
1/z. For example, if z = 4, then the insurer always pays exactly one-half of the
contracted indemnity payment. Assuming no restrictions on «, the optimal level
of insurance coverage in this case is a* = 2. Note that such a contract guarantees
“full coverage;” that is, the loss is totally indemnified. For small enough €, ¢ > 0,
it follows that a* = 2 for nondegenerate distributions of Z on support (2 + ¢,
YA — ¢).

It also is possible that partial coverage is optimal for nondegenerate distribu-
tions of Z, a* < 1. For example, in the case where z€{0,1}—so that only a total
default is possible—Doherty and Schlesinger [1990] show that less-than-full cov-
erage is optimal, o* < 1. In general, we can evaluate equation (3) ata = 1 to see
whether the optimal o* should be higher or lower. Doing so, we obtain

dEU

da | = (I~ 9azLEE[U'(Wy] — U'(W)} + gLCov[U'(W,),Z].

a =1

“

The sign of (4) is ambiguous. The first term on the right-hand side is nonnegative
while the second term is nonpositive. Thus in general, o* can be higher or lower
than one.

We now turn our attention to changes in the individual’s degree of risk aversion.
We consider an individual who is strongly more risk averse in the sense of Ross
[1981]. The strongly-more-risk-averse preferences can be expressed as

V(W) = bUW) + G(W) &)

where b > 0, G’ < 0, G" < 0 [see Ross, 1981].
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Using the optimality of a* for U, we obtain

dEV

de | T ad - QZL{E[G'(W,)] — G'(W))} + gLCov[G'(W,).Z].

(62

(6)

Once again, we obtain an ambiguous sign. With higher risk aversion, a* can be
either higher or lower. Since Ross’ measure of risk aversion also implies that V is
more risk averse than U in the usual Arrow-Pratt (A-P) sense, we see that higher
levels of A-P risk aversion do not necessarily imply higher levels of insurance,
contrary to the usual result (in models that do not take insolvency into account).
Schlesinger and Schulenburg [1987], using a model with a two-point support for
Z, provide a numerical example to show that a positive relationship does not al-
ways exist between risk aversion and the level of insurance.

3. Risky self-insurance

We consider here the same model as in the preceding section, except that we no
longer allow for market insurance. Instead, the individual is now able to invest in
self-insurance to reduce the severity of a loss (also called the “size” of a loss)
should it occur. We let x denote the level of self-insurance and assume that the
size of the loss is now given by the differentiable function L(x), where L’ < 0.
We introduce risk into the self-insurance model by assuming that the actual loss,
if it occurs, is of size L(zx), where z is a realization of the previously-defined
random variable Z. If z = 0, for example, the self-insurance is ineffective and the
loss severity is the same as would have occurred if no investment in self-insurance
had been made. If z = 1, the self-insurance works “as advertised.”

Since self-insurance activities are costly, the individual stands to lose his or her
expenditures on self-insurance activities, in addition to suffering a loss of nonre-
duced size. Thus, the worst possible fate of the individual is now deteriorated. In
essence, the risky self-insurance attacks one risk, but creates another; namely,
the risk of “wasting good money” on self-insurance goods and services that don’t
work. Since the real test of workability comes only during the loss experience,
the individual cannot be certain whether or not the self-insurance will be effective
until a loss is experienced. A more risk-averse individual may conceivably decide
to reduce the investment in self-insurance, so as to improve the worst possible
fate. Indeed, even if the cost of nonreliable self-insurance is lowered enough to
preserve the mean wealth level, we have neither a mean-preserving spread nor a
mean-preserving contraction of the wealth distribution. Therefore, some risk
averters would prefer self-insurance and others none.? We now show this more
formally.
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The expected utility of the individual is now given by
EU = (I - 9U(A = c(x)) + qE[U(A — c(x) — L(Zx))], (7)

where c(x) denotes the cost of self-insurance level x, ¢c(0) = 0, ¢’ > 0. The first-
order condition for maximizing (7) is

dc]f_XU = —c¢'(X)[EU'] — gE[Z - L'(Zx) * U'(A — c(x) — L(Zx))] = 0. )

The second-order condition is trivial, and a solution with x* > 0 occurs if

— QE@L'(OU'(A ~ c(x) — 1(0)

EU’ ®

c'(0) <

We assume that the optimal x* is finite and positive as well, which follows, for
instance, if we also have ¢” = 0. The two terms in equation (8) are respectively
the expected marginal costs and benefits (in terms of utility) for increasing in-
vestment in self insurance.

We now consider strongly-more-risk-averse preferences, V, defined as in the
previous section, and evaluate dEV/dx at the optimal self-insurance level for U,

ES

X™.

dEV = —=Cc'(X[EG'] — qE[Z - L'(Zx) * G'(A - c(x) — L(Zx))].
X*

The conditions on G are not strong enough to sign (10) and, hence, the optimal
level of self-insurance can be either higher or lower under V than under U. Of
course ambiguity under “strongly-more-risk averse preferences” implies ambi-
guity using Arrow-Pratt risk aversion as well. This contradicts the results of
Dionne and Eeckhoudt [1985] and of Briys and Schlesinger [1990], who have
shown that self-insurance is monotonically related to Arrow-Pratt risk aversion
in the case where self-insurance is one-hundred percent reliable.

To illustrate this ambiguity in the present model and to show that the case of a
negative relationship between risk aversion and the level of self-insurance is not
vacuous, we consider the following example.
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Example 1. Consider an individual whose preferences exhibit constant absolute
risk aversion (CARA), U(W) = —exp(—BW), where the exponential coefficient
B, B > 0, denotes the individual’s (Arrow-Pratt) degree of absolute risk aversion.
We make the following additional assumptions:

A=4

q=.2

c(x) =x

L(x) = L(0)[exp(—x)]
L) =2

2z€{0,1}; prob(z = 0) = p.

We now consider the optimal value of x for various values of B and with several
values for the parameter p, the probability that the self-insurance fails to perform
properly. Note that in this simple example, self-insurance either performs per-
fectly (z = 1) or not at all (z = 0).

Results of computer calculations are plotted in Figure 1. It is easy to show, as
evident from Figure 1, that dx*/dp < 0. For the usual case of nonrisky self-insur-
ance, the earlier result of Dionne and Eeckhoudt [1985] is confirmed; there is a
monotonically increasing relationship between risk aversion and the level of self-
insurance. For cases where self-insurance does not always perform properly, we
see that self-insurance is decreasing in risk aversion for high enough levels of §.
For the cases drawn (p = .10, p = .20 and p = .30), the level of self-insurance
is negatively related to risk aversion for high enough levels of risk aversion. While
the examples clearly show the non-monectonicity of self-insurance, we must admit
that a negative relationship exists only at levels of risk aversion that seem rather
high empirically.
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Figure 1. Effects of risk aversion on self-insurance.
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4. Risky self-protection

We now assume that the individual can invest in self-protection activities which
reduce the probability of a loss, but do not affect the size of a loss should it occur.
The size of the loss is fixed at L, but the probability of loss is now a function of
the level of self-protection activity, y. We assume that q'(y) < 0 and q"(y) > 0.
The cost of self-protection is given by c(y), where ¢’ > 0 and ¢ = 0. Once again,
we interject riskiness by use of the random variable Z and assume that the true
probability of loss is an unobservable realization of q(Zy). Of course, if at most
one loss occurs, the individual may never know which value of Z is realized.
However, if aggregate loss information is available among consumers, there may
be enough information to ascertain the distribution of Z. Besides, it is the individ-
ual’s perception of the distribution of Z that is important for our model. The in-
dividual’s expected utility is now given by

EU = {1 - E[qZy)[}JUA - c(y)) + E[qZy)JUA - c(y) — L). (11)
The first-order condition for maximizing (11) is

dEU
Ay ~c¢'WIEU’] — E[Zq'ZyJ[UW)) — UWy] = 0, (12)

where W, = A — c(y)and W, = A — c(y) — L.

The two terms in (12) are easily seen to be marginal costs and marginal benefits
(both in utility terms) for increasing the level of self-protection. We once again
assume an interior solution with 0 <y < oo,

It is straightforward to show that the optimal level of self-protection, y, may be
either higher or lower under strongly-more-risk-averse preferences, and hence un-
der more-risk-averse preferences in the Arrow-Pratt sense as well.

This result is not surprising. Indeed, even under nonrisky self-protection (i.e.
z = 1), Dionne and Eeckhoudt [1985] have shown that the level of self-protection
is not necessarily monotonically linked to the degree of risk aversion. Briys and
Schlesinger [1990] give an explanation for this seemingly counterintuitive behav-
ior by showing that self-protection is not a risk-reducing activity, if risk is mea-
sured as proposed by Rothschild and Stiglitz [1970). Obviously, adding riskiness
to self-protection’s effectiveness only tends to heighten the possibility of a nega-
tive relationship between the degree of risk aversion and the optimal level of self-
protection. This is illustrated in the following example:

Example 2. We consider the same utility function as in Example 1. We further
assume that

A=4
L=2
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Figure 2. Effects of risk aversion on self-protection.

cy) =y

q0) = .5

q(y) = q(0)[exp(—y)]
z€{0,1}; prob(z = 0) = p.

The optimal level of self-protection for various levels of risk aversion, , and
various probabilities of a totally ineffective self-protection, p, are plotted in Figure
2. Although the level of self-protection is increasing in risk aversion for p = 0 in
our example, this need not be the case in general. Indeed, Dionne and Eeckhoudt
[1985] provide an example with p = 0 illustrating a negative relationship between
the level of risk aversion and the level of self-protection.

S. Interactions between market insurance and self-insurance

A key result of Ehrlich and Becker [1972] is that, although market insurance and
self-insurance are always substitutes, market-insurance and self-protection might
be either substitutes or complements.? Conditions under which they are comple-
ments would tend to lessen the moral-hazard problem, or even lead to what Col-
well and Wu [1988] call “moral imperative”—a higher level of insurance leading
to the consumer’s taking more care. In this setting, “care” is interpreted as self-
protection activities. In the case of risky self-insurance, we show that “care” can
also be interpreted as self-insurance activities. That is, market insurance and self-
insurance may also be complements in our model, where the effects of self-insur-
ance are not perfectly reliable.



RELIABILITY OF RISK MANAGEMENT 55

We assume that the potential unreliability of the self-insurance is known both
to the individual and to the insurance company, which accounts for this possibility
in its insurance premiums. We use a model with nonrisky insurance, for the sake
of simplicity. The individual’s expected utility is given by

EU=(1 - QU(A - c(x) - P) + qE,U[A
—cx) - P - (1 - oL(Zx)], (13)

where E, denotes expectations over Z and
P = amqE,[L(Zx)]. (14)

Unlike in section 2, we do not maintain an assumption of actuarially-fair insurance
prices and examine the effects of changes in the price of insurance. To this end,
let m denote the “‘price” of insurance (equal to one plus a so-called “loading
factor™). Thus, m = 1 denotes an actuarially-fair price while m > 1 denotes a
positive premium loading. Also note how both the self-insurance and its nonreli-
ability are reflected in the insurance premium. A higher investment in self-insur-
ance and/or a higher degree of reliability will lower the insurance premium. The
individual must simultaneously choose both a and x to maximize expected utility.
The first-order conditions for this maximization are:

T2~ —gmL(EU + qEILEZ - UW) = 0 )
and
% = —{c¢'(x) + maqE,[Z - L'(Zx)]}[EU’]
—q(l = EJ[Z-L'(Zx)* U (W] =0 (16)
where

L = E,[L(Zx)]
W,=A - cx) - P~ (1 - 0)L(Zx).

The first term in equation (15) represents the marginal cost (in utility terms) of
increasing the premium. The second term represents the expected marginal ben-
efit of a higher level of coverage, a. The actual benefit is random due to random-
ness of the loss size, which in turn stems from the nonreliability. For the case
where loss size is fixed, equation (15) is easily seen to reduce to (3). The first and
second terms in equation (16) are easily seen to represent the expected cost of
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increasing the level of self-insurance and the expected benefit respectively. This
equation generalizes the optimality condition with no insurance, equation (8), and
indeed the latter condition is easily obtained by setting o = 0 above. When
a > 0, a higher x will also lower the insurance premium, thus reducing the net
cost. However, since only a fraction (I — a) of the incurred loss is ‘“‘out-of-
pocket,” a positive level of insurance also lessens the benefit of an increase in
self-insurance.

To examine whether self-insurance and market insurance are substitutes or
complements, we examine consumer behavior due to changes in the “price” of
insurance, m. Unfortunately, the comparative-static effects of changing the insur-
ance are not as easily calculated as they are in the case of fully reliable self-
insurance (see Ehrlich and Becker, [1972]). To show that the effect is indeed am-
biguous, we consider the following example.

Example 3. We consider an example similar to Example 1, but with the allowance
for the purchase of market insurance. The utility function is the same as in pre-
vious examples, but with B fixed at B = 0.3. Additionally, we assume

A =4

q=104

c(x) = (0.2)x

L(x) = L(0)[exp(—x)]

L©) =2

z&€{0,1}; prob(Z = 0) = 0.375.

We do not maintain an actuarially-fair price of market insurance. Rather, we let
m vary fromm = [ tom = 1.35 (i.e., from a zero “loading” to a 35% loading).
As m rises, o* falls from o* = 1.0 to a* = 0.01. However, as a* falls, the cor-
responding maximal value of self-insurance, x*, at first rises but then also falls.
This is depicted in Figure 3, which shows the locus of optimal (a*, x*) pairs for
the various values of m. For m > 1.3, market insurance and self-insurance are
seen to be complements, contrary to the usual case under full reliability, where
they are always substitutes.

The intuition behind this result may be somewhat obscure, but might be best
understood by focusing on the worst possible outcome for the consumer. This
occurs in the state of nature where both a loss occurs and the self-insurance fails.
In this case, the consumer not only suffers the higher loss, L.(0), but also loses
the investment in self-insurance, c(x). At higher values of m, less insurance is
purchased and so more of the loss is borne “out of pocket.”* By decreasing the
investment in self-insurance, the consumer can at least improve the worst possible
state of the world—which is exactly what the consumer does for m > 1.3 in our
example.
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6. Concluding remarks

We have examined the purchase of market insurance, self-insurance and self-pro-
tection in a world where reliability cannot be guaranteed. The model indicates
that most of the results from a world in which reliability reigns do not carry over
into a model with risky risk-management tools. In particular, we showed that the
positive relation that usually exists between risk aversion and both market insur-
ance and self-insurance no longer holds when these tools are not fully reliable.
We also showed that, unlike in Ehrlich and Becker [19721, market insurance and
self-insurance can be complements as well as substitutes in the nonreliability set-
ting. We should, therefore, not be surprised to find that empirical evidence is often
contrary to some of the existing theories, which were formulated in a world of
complete reliability. While most of the criticism along these lines has focused on
flaws within the expected utility paradigm itself, existing models simply do not
take all of the market imperfections into account. The fact that the very tools
intended to mitigate risk also introduce a new risk of their own causes the inter-
actions to be understandably “murky.” It also implies that we should probably
not expect too much from the theory in terms of providing fail-proof predictions.

Clearly the issue of reliability is very real and one whose dimensions extend
beyond those considered in the current paper. For example, insurance guaranty
funds as well as warranties on other risk management devices might partially
mitigate the nonreliability problem. However, even these safety mechanisms are
not fully reliable and to the extent that the problem cannot be completely alle-
viated, the market is incomplete. Future research will hopefully lead to a better
understanding of the extent of nonreliability and its effects on consumer behavior.
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Notes

1. In the insurance literature, ‘“self-insurance” and ‘‘self-protection” are usually referred to as
“loss reduction” and ““loss prevention” respectively.

2. Hiebert [1989] correctly points out that the variance of wealth is higher under nonreliability.
However, general statements about risk-averse behavior do not necessarily follow from this
observation. It is the lack of any second-degree stochastic dominance that leads to the ambi-
guities. For further discussion, see Rothschild and Stiglitz [1970].

3. Here, we are referring to what are commonly called “gross substitutes™ and “gross comple-
ments.” That is, we use the terminology with reference to Marshallian demand.

4. In general, this statement is not always true as insurance for a fixed risk may be a Giffen good.
However, this is never the case under CARA preferences as was shown by Mossin [1968].
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