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CHAPTER 2 

Risk and Utility: 
Economic Concepts and 
Decision Rules 

Risk is present when the outcome of some defined activity is not 
known. Given the financial economic approach of this text, the 
outcomes with which we are concerned can be directly or indi
rectly measured in money. Risk refers to the variation in the range 
of possible outcomes; the greater the potential variation, the 
greater the risk. m the economic sense, risk does not refer to the 
adverse quality of some outcomes (losses instead of profits), but 
rather to the lack of knowledge about which of several outcomes 
may prevail. Risk is implied by our inability to predict the future. 
If risk were not present, many of our decisions would be trivial; 
we would simply choose the course of action that had the highest 
certain payoff. However, when chance intervenes in the selection 
of outcomes, decision making becomes both more complex and 
more personal. Even though we may reasonably assume that ev
eryone prefers more money to less, people differ in how they re
spond to risk. The differences in personal preferences may relate 
to our personalities and our economic circumstances. Accordingly, 
if economics is to provide us with a useful framework for making 
decisions under conditions of risk, it must help us to process and 
compare the potential outcomes on terms dictated by our personal 
preferences and circumstances. 

Our task in this chapter is to specify decision rules that will 
help us to come to terms with the nature of risk and its effect on 
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decision making. The so-called expected-utility hypothesis will be 
used to analyze simple risk management decisions. To start, we 
will discuss simple risk-management decisions faced by an indi
vidual rather than a corporation. The individual must make de
cisions on financing or take steps to prevent events that might 
prove catastrophic to him or her. When we come to look at cor
porations later, the separation of ownership and control will call 
for considerable modification of the decision procedure. Owner
ship of a corporation is presented by financial claims (shares of 
stock). We must then determine how the risk prospects facing a 
firm affect the ownership claims and how risk management de
cisions can best protect the welfare of a firm's owners. This will 
require some development of statistical measures of risk, an un
derstanding of the process of diversification, and some rudimen
tary awareness of how capital markets function. These are the sub
jects of the following chapters. For now, we will concentrate on 
an individual who must make decisions concerning risky events 
that may profoundly affect his or her personal welfare. 

DERIVATION OF DECISION RULES 

Simple Risky Prospects 

A convenient starting place for our exploration of risky decision 
rules is an analysis of choices in which no risk is present. The 
decisions to be made in this simple and safe world turn out to be 
trivial if outcomes can be specified in money terms. Of course, 
some events bring payoffs that are not directly specified in money 
values, but we assume that money equivalents can be assigned by 
the decision maker. For example, consider a choice between action 
A and action B. Action A is simply "do nothing" and has a zero 
payoff. Action B involves working for lQ hours for a fee of $200. 
To make a comparison, the decision maker must place a money
equivalent value for the labor involved in action B. If he decides 
that he is indifferent between each hour's work and receiving $18, 
then 10 hours' effort has a negative money value of $180. The 
comparison between actions A and B is now presented in the fol
lowing terms: 
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Action 

A (Do nothing} 

8 (Work 10 hours) 

Payoff($) 

$ 0 

Fee $200 

Value of effort -$180 

Net value $ 20 
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As long as the decision maker is confident that he has cor
rectly valued his time and effort at $18 per hour, the decision is 
quite mechanical. Action B has a higher payoff than action A and 
should be preferred. 

To stretch our assumption of a certain world, consider a 
"gamble" between two people who have the unnerving facility to 
predict the future. The gamble involves the slip of a coin, the 
outcome of which, for us mortals, is certainly a risky activity, but 
for our prophets is never in doubt. Prophet A will pay prophet B 
$10 if the coin turns up heads; otherwise prophet B will pay 
prophet A $10. Since both know that the coin will turn up tails, a 
meaningful transaction will never take place; prophet B will never 
agree. Possibly prophet A might be willing to pay prophet B $10 
to induce him to make the "bet," but the activity is pointless be
cause both break even. If we descend from Mount Olympus, the 
transaction will have quite different implications since the out
come from tossing a coin is quite risky. Neither party will, in re
ality, know the outcome in advance, and the gamble exposes both 
parties to a risky future. The payoff to the parties depends on 
chance, as follows: 

Decision 

A's Decision: 

1. Gamble 

2. Do not gamble 

B's Decision: 

1. Gamble 

2. Do not gamble 

Payoff 

$10 or -$10 

$ 0 

$10 or -$10 

$ 0 

To help A and B decide whether to gamble with each other, 
they might each make use of further information they have at their 
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disposal. Neither knows whether the coin will land heads or tails, 
but each, believing the coin to be unbiased, assumes that the coin 
is equally likely to land on heads and tails. In other words, A and 
B believe that the probabilities of heads and tails are each one
half. We will represent this information, together with the payoffs, 
in the following format (the alternatives available to each decision 
maker are prospects V (gamble) and W (do not gamble): 

{ 
$10; 

V (gamble) = -$10; 
0.5 probability 
0.5 probability 

W (do not gamble) = {-:~: 
0.5 probability 
0.5 probability 

The dollar value on each line represents the payoff, and the as
sociated probability follows. 

In this choice, risk is present in the spread of values for the 
first alternative, but it is absent from the second alternative. With 
the gamble, the outcome cannot be predicted; it can take a range 
of values. Risk is inherent in this range or spread. If no gamble is 
selected, the outcome is the same, regardless of the toss of a coin. 
However, risk is a relative term. Consider the preceding gamble 
V along with the following: 

X= { $10; 
-$10; 

Y= { $10; 
-$10; 

Z= { $20; 
-$20; 

0.99 probability 
0.01 probability 

0.01 probability 
0.99 probability 

0.5 probability 
0.5 probability 

X has the same range of outcomes as V, but the probabilities have 
changed. Certainly the odds have been altered in favor of the gam
bler, but the degree of predictability has also changed. Winning 
comes close to being a "sure thing." Chance has less opportunity 
to be unkind. Although the range of possible outcomes remains 
unchanged, the degree of "variability'' has changed significantly. 
Y simply reverses the probabilities from X. Now the odds are bi
ased against winning, and undoubtedly, this reduces the attrac-
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tiveness of gambling. However, the degree of "predictability," or 
variation in outcomes, remains similar to that for X. Our concept 
of risk will take account of probabilities. When Z is compared with 
V, the probabilities are the same, but the range of outcomes has 
increased. The increase in the range of outcomes contributes to an 
increase in risk. Risk is a quality that reflects both the range of 
possible outcomes and the distribution of respective probabilities 
for each of the outcomes. 

The Expected-Value Rule, EV 

Let us now set up a decision rule that can help us to choose be
tween risky alternatives. Consider, for example, a choice between 
the following (outcomes in dollar values, followed by probability): 

A= {10 0.5 
D = {2~ 

0.4 
10 0.5 0.6 

B = {2~ 
0.5 

E = {2~ 
0.6 

0.5 0.4 

C = { 1~ 
0.5 

F = { 2~ 
0.5 

0.5 0.5 

Each set will be called a prospect; outcomes B, C, D, E, and F may 
be further described as "risky" prospects. Outcome A is clearly a 
non-risky prospect. 

The decision rule will focus on the "average" of the possible 
outcomes. More precisely, we will select the alternative with the 
highest expected value EV, defined as follows: 

EVj = L p,X, 
i 

where: 

EV = expected value of prospect j 
p, = probability of outcome X, 
X, = outcome in money value 

Thus, for alternative B, the expected value is: 

EVB = 0.5($0) + 0.5($20) = $10 
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One interpretation of this value is as follows. If an individual 
accepted a large number of such risky prospects, he or she would 
win $20 on some and nothing on others. The average outcome 
would be very dose to $10 per prospect if the number of prospects 
were sufficiently large. Thus, $10 is the long-run average value of 
repeated B gambles. If the individual paid $10 for each bet of type 
B, he or she would break even in the long run. 

If we use this expected-value rule, a single value can be as
signed to each prospect, and this, hopefully, will aid in decision 
making. The respective values are: 

EVA= EV8 = EVc = $10 
EV0 = $12 

EVE= $8 

EVF = $11 

Consequently, our ranking should be (the sign ">" means "pre
ferred to" here): 

D>F>(AorBorC)>E 

If this rule works, testing a group of decision makers should 
confirm the ranking. Testing on a class of students reveals some 
problems. Preference of D over E appears to be virtually unani
mous for all subjects. So far, so good; this is exactly what the rule 
predicts. However, preferences tend to appear between A, B, and 
C, and according to the rule, they should rank equally. Most stu
dents prefer A to B (or C) and C to B. One stubborn approach to 
such problems is to assert that students do not know what is good 
for them and that we should continue to believe the rule. How
ever, the rule must serve preferences, not be a master to them. 
Other problem rankings tend to arise. The expected value rule 
asserts that F should be preferred to A, but many students (not 
all) prefer A. Several other choices do not correspond with the 
expected-value rule. Such experiments are not laboratory con
trolled, and differences between group responses appear. How
ever, such simple tests do reveal that individuals have strong 
preferences that cannot obediently be classified by such a simple 
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rule. Having preferences different from those predicted by the ex
pected-value rule does not imply irrationality. Rather, it reveals 
that the "rule" does not capture the preferences. 

The St. Petersburg Paradox 

A more dramatic illustration of how such a rule may break down 
was formulated some two centuries ago by Daniel Bernoulli. Ber
noulli, an 18th century Swiss mathematician and physicist and 
one-time professor of mathematics at the Russian Academy in 
Saint Petersburg, posed the following problem, which has come 
to be known as the St. Petersburg paradox: 

Consider a game in which one player flips a fair coin. If the coin reveals heads, 
this player will pay the other player 2 dollars (or ducats or whatever), and the 
game is over. If the coin lands on tails, it is tossed again. if the second toss lands 
heads, the first player pays ($2) dollars to the second, and the game is over. If the 
second toss lands tails, the coin is flipped again. Thus, the game continues until 
the first head appears, and then the first player pays the second ($2)", where n 
signifies the number of tosses required to reveal the first head. Since a head will 
turn up eventually, the second player wants a long preceding run of tails. The 
problem is: how much will the second player be willing to pay to enter the game? -
Of course, individuals vary in their responses, but seldom will anyone be willing 
to pay more than $10 to enter such a game. 

The nature of the paradox can be seen by considering the 
expected value of such a game. We will represent the risky pros
pect in the following form, showing the sequence of tails and · 
heads required to produce each outcome: 

Outcome 

$2 

$2' 

$2' 

$2" 

The St. Petersburg Paradox 

Probability 
Sequence Required 

to Produce Outcome 

H 

TH 
TTH 

IT . .. (n - 1) times ... H 

The expected value of the game is: 
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+ ... continue indefinitely 
= 1 + 1 + 1 + ... etc. 
= 00 

Why is it that people will typically only pay a few dollars to par
ticipate in a game that has an infinite expected value? Clearly, the 
expected-value rule has broken down dramatically. 

What causes the expected-value rule to fail in the earlier sim
ple choice experiments and in the St. Petersburg paradox? The 
answer is that risk is ignored. Returning to the simple prospects, 
$10 with certainty (prospect A) is clearly very different from a 50-
50 gamble for $20 or $0 (prospect B). The general preference for 
A over B and the small entry price to the St. Petersburg game 
indicate that the quality of variability in outcomes is an adverse 
factor for the decision maker given equality in expected values. 
Most people prefer choices with less risk rather than more. This 
does not mean that people will never choose risk when it can be 
avoided. The expected value of one prospect may be so advan
tageous in comparison with a competing prospect that aversion 
to risk is overcome. It is easy to construct such choices. Consider 
the following: 

G - {10 10 
0.5 
0.5 

0.5 
0.5 

G may be seen as the entry to gamble H; by not gambling, the 
individual retains $10 with certainty. If I were to make a general 
public offer of such a gamble, I imagine that I would be killed in 
the rush (I hasten to add that idle speculation does not constitute 
such an offer). The next question, therefore, is: How can attitudes 
toward risk be considered in an appropriate decision rule? One 
useful answer lies with the concept of utility. 

The Expected-Utility Rule, EU 

There are two related ways of trying to resolve the St. Petersburg 
paradox. One approach, suggested by Bernoulli, is to place some 
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weighting on money outcomes; later, this approach led to the con
cept of utility of income or wealth. A second approach is to rec
ognize explicitly that risk per se has a cost and to use risk as a 
parameter in the decision. This second approach will be examined 
later when we discuss the mean-variance rule. We will now pre
sent the utility approach and show that this copes with risk. 

Utility is a scale of measurement of the satisfaction derived 
from money. To represent utility, let us make some fairly innocu
ous assumptions. First, we will order levels of satisfaction with 
the statement that "more wealth is preferred to less wealth." Sec
ond, we will make a further statement that has the effect of or
dering differences in wealth. The incremental utility, or satisfac
tion, from unit increases in wealth decreases as wealth increases. 
Thus, if I am poor, an addition of $1000 to my wealth will make 
a considerable impact on my level of welfare. If I am rich, the 
extra $1000 will still increase my satisfaction, but only marginally. 
These concepts are known in economics as the law of diminishing 
marginal utility, and the law is represented by utility function OA, 
shown in Figure 2-1. Of course, different individuals will scale 
different levels of wealth in different ways. Thus, two other utility 

FIGURE 2-1 

Utility Functions and Risk Aversion 

Utility 

0 Wealth 
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functions, OB and OC, are also shown in the figure. The positions 
of these functions have little significance because they apply to 
different people. We are unable to make direct comparisons of 
different individuals' capacities for enjoying wealth. However, we 
can compare the shapes of different peoples' utility functions. The 
function OB seems to be less concave than OA, whereas OC ap
pears to change its slope more rapidly than OA as wealth in
creases. In other words, individual B (with curve OB) appears to 
value increases in wealth almost as highly at high levels of wealth 
as at low levels of wealth. In contrast, the satisfaction curve OC 
of individual C flattens out very quickly, indicating that individual 
C's capacity for enjoying additional wealth tails off quickly as 
wealth increases. These features, as we shall see, reveal differences 
in attitudes toward risk. 

What is the connection between utility and risk? Consider a 
simple gamble. The choices are (1) to keep our current wealth and· 
not gamble or (2) to enter a fair gamble in which we win or lose 
$ 10. Put another way, the gamble substitutes for our current 
wealth of $10 a 50-50 chance of wealth $0 or wealth $20. Should 
we enter the gamble? Let us represent the choices on the wealth 
scale of Figure 2-2, which also shows a utility function conform
ing to the preceding assumptions. If the gamble is not undertaken, 
wealth is $10, which has a utility value shown on the vertical axis 
as U($10). For an income of $10, the slope of the utility curve is 
neither very steep nor very flat, showing an intermediate value 
on changes in wealth. Now consider a very small gamble in which 
we either win or lose $1. If we win, wealth increases to $11, which 
naturally has a higher utility than $10. If we lose, our wealth falls 
to $9, which has a lower utility than $10. However, notice the 
respective sizes of these prospective changes in utility. Because the 
utility curve becomes flatter as wealth increases, the loss of utility 
from the fall in wealth exceeds the increase in utility from an equal 
gain in wealth. This differential valua.tion of the gain and loss 
from the gamble causes a bias against taking such a risky decision. 
Now consider the larger gamble. Losing reduces wealth drasti
cally to position $0, where marginal dollars have a very high 
value, as indicated by the steep slope of the utility curve at this 
level of wealth. However, winning takes us to $20, where the util
ity curve is pretty flat, showing that marginal dollars have rela
tively low utility value. If the utility curve is of the form shown, 
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FIGURE 2-2 

Risk Aversion and Gambling 

Utility 
EUG = (0.5)U($20) + (0.5)U($10) 

z 
U(S20) 

U(S10) r=-----:71" 

EUG 

U($0) ~------------
0 $10 $20 

Lose do not wm 
gamble Wealth 

gambles represent a trade-off in which the individual sacrifices 
dollars that are highly valued (because they coincide with low 
wealth) in exchange for contingent dollars that have a low utility 
value (because winning will transport the individual to a higher 
wealth level, where the marginal utility of wealth is low). At face 
value, this prospect does not appear very attractive. Diminishing 
marginal utility creates a bias against gambling. 

The relationship between utility and risk is now presented in 
a more precise fashion. The expected-utility rule represents a re
vised decision rule that substitutes utility values for money values 
in risky prospects in order to select among risky alternatives. The 
rule was developed by John von Neumann and Oskar Morgen
stern (1944) and has proved to be a very powerful technique for 
analyzing risky choices. The rule is based on a set of formal axi
oms that will not be examined here; however, we will show that 
it can be used to provide some very useful preliminary insights 
into risk-management problems. 

An expected utility EU is assigned to a risky prospect in ac
cordance with the following expression: 
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EU; = L P; U(X;) 
; 

where: 

EU; = expected utility of prospect j 
P; = probability of outcome X; 

U(X;) = utility value of outcome X; 
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Notice how similar this rule is to the expected-value rule. Whereas 
expected value is the weighted average of the money outcomes, 
expected utility is the weighted average of outcomes when those 
outcomes are expressed in utility values. 

The application of the rule is illustrated in Figure 2-2. The 
utility values of winning and losing are shown on the vertical axis 
as U($20) and U($0), respectively. Since the odds on winning and 
losing are each 0.5, the weighted average of the two utility values 
is the halfway point; that is, the expected utility of the gamble 
EUc is: 

EUc = (0.5)U($20) + (0.5)U($0) 

The position is shown on the vertical axis. Now consider the al
ternative choice, which is to avoid the gamble and keep current 
wealth with certainty (i.e., a probability of unity). Writing the ex
pected utility from not gambling as EUNc, we have: 

EUNG = (l.0)U($10) = U($10) 

In the diagram, the expected utility from not gambling is higher 
than that from gambling. Therefore, according to the decision rule, 
the gamble should be avoided. 

There is no indication from this analysis that one should 
never gamble, but it does imply that gambling should not be un
dertaken at such odds. The preceding example reveals fair odds; 
that is, the entry price is equal to the expected payoff. There is an 
entry price for the gamble of zero and the expected payoff is also 
zero, as shown: 

EV = 0.5(-$10) + 0.5($10) = 0 

It is possible to play with the odds until the gamble becomes at
tractive. For example, at 0.9 probability of winning, the expected 
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utility is recalculated at point Z on the vertical axis. This is higher 
than the utility of not gambling. From these results, we can make 
some general statements that apply to an individual who has a 
utility curve of the concave shape shown in Figures 2-1 and 2-2: 

1. These individuals would not rationally gamble at fair 
odds. 

2. The odds would have to be loaded in the individual's 
favor in order to induce him or her to gamble. 

Accordingly, we will state a very important conclusion. If an in
dividual has a concave utility function of the form shown in Fig
ures 2-1 and 2-2, that individual is averse to risk. As we shall 
soon see, aversion to risk implies the willingness to pay a pre
mium to avoid risk. Before proceeding, the interested reader may 
try constructing a utility function that is convex, that is, slopes 
upward at an increasing rather than a decreasing rate. The same 
gamble can be represented and the expected utilities recalculated. 
From such an exercise, it can be concluded that an individual with 
a convex utility function derives positive value from risk and 
would gamble at fair odds. Such a person may be described as a 
"risk lover." 

INSURANCE AND THE 
EXPECTED-UTILITY RULE 

An insurance policy has the opposite risk effect to a gamble. A 
gamble involves the sacrifice of certain wealth in order to acquire 
the possibility of an increase in wealth. An insurance policy in
volves the sacrifice of certain wealth in order to avoid the possi
bility of a loss of wealth. With a gamble, one pays to acquire risk; 
with an insurance policy, one pays to avoid risk. The insurance 
strategy can be valued using the expected utility rule in an iden
tical manner to gamble. 

Suppose you wish to insure your home. To simplify the issue, 
your total wealth is $120, of which $100 is the value of your home. 
The house may or may not bum down, but assuming any loss to 
be a total loss, a fire would reduce your wealth from $120 to $20. 
The probability of a fire is 0.25 (this does not reflect pathologic 
tendencies in your children; it is simply a convenient value for 
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purposes of illustration). Since your final wealth will be either 
$120 or $20, with respective probabilities of 0.75 and 0.25, you can 
represent your utility in contemplating this insecure prospect as: 

EUNI = (0.75)U($120) + (0.25)U($20) 

where the subscript "NI" indicates that "no insurance" has been 
purchased. What is insurance is available? The expected value of 
the loss is: 

EV = 0.25($100) = $25 

Ignoring transaction costs, an insurer charging a premium equal 
to expected loss would break even if it held a large portfolio of 
such policies. This premium could be called a fair premium or an 
actuarially fair premium, denoting that the premium is equal to 
the expected value of loss (sometimes called the actuarial value of 
the policy). The term fair is not construed in a normative sense; 
rather it is simply a reference point. 

If you are offered insurance at a fair premium, in this case 
$25, should you insure? Consider Figure 2-3 which shows a utility 

FIGURE 2-3 

Expected Utility & Insurance 

Utility 

U($95) ~V($120) 

\.. 
~--------

V($85) ~EUN1 

U($0) 
20 

Loss 

B 

Wealth,$ 

65 85 95 120 
No loss 
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curve revealing aversion to risk. The horizontal axis shows pos
sible values of terminal wealth. The positions $20 and $120 rep
resent possible wealth positions if you do not insure, and the re
spective utility values are revealed on the vertical axis. Insurance 
at a premium of $25 will remove the financial impact of a chance 
fire, but you must sacrifice $25 of certain wealth to pay the pre
mium. Thus, with insurance, your wealth position will be $120 -
$25 = $95 with a corresponding probability of unity. The expected 
utility values for insurance, EU,, and no insurance, EUN,, are con
structed as follows: 

EU, = (1.0)U($95) = U($95) 

EUNI = (0.25)U($20) + 0.75U($120) 

Both positions are clearly shown on the vertical axis of Figure 
2-3. As shown, EU, = U($95), is greater than EUN/, suggesting 
that insurance should be purchased. Is this ranking accidental? In 
fact, it is not. 

A geometric technique to find the expected utility of two 
wealth levels is shown in Figure 2-3. A chord AB is drawn from 
the two positions on the utility curve corresponding to the alter
native wealth levels. The position at which this cord intercepts the 
expected money value of wealth (position C) traces out expected 
utility. The reason this trick works is that the same probability 
weights are used for expected value and expected utility. Clearly, 
if the utility curve is concave from below, point C, which traces 
out the expected utility of not insuring, will always be below point 
D, which identifies the expected utility of insuring. Thus, we can 
state the following preliminary ideas: 

1. A concave utility curve implies aversion to risk, in 
confirmation of our earlier result. 

2. A rational, risk-averse individual will choose to insure if 
the premium is equal to the expected value of loss. 

This second statement is very important. Often known as the Ber
noulli principle, it provides a powerful rationale for insurance and 
will help condition our thinking for more complex corporate risk 
management problems. 

Before introducing more realistic problems, let us dwell for a 
little while longer on risk aversion and stress the equivalence be
tween the shape of the utility function and attitude toward risk 
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by considering exceptional cases. Figure 2-4a shows a utility func
tion that is convex, implying that, for this individual, the marginal 
valuation of wealth increases as wealth increases (the more money 
she gets, the more money she wants). The attitude toward insur
ance is quite different from that revealed by a concave utility func
tion. Since the marginal valuation of wealth is high when we pay 
the premium but low when we receive a loss settlement, insurance 
is unattractive. The same geometric construction is undertaken, 
using the same notation as in Figure 2-3, to show the respective 
positions of EU, and EUNI. Notice that EUNJ, derived from position 
C, is now higher than EU1, from position D, showing that insur
ance should not be purchased. It takes little imagination to show 
that if the utility curve is linear, as shown in Figure 2-4b, the 
individual is neither averse to risk nor does she like risk; she is 
risk-neutral. Now the expected utility from insuring is exactly 
equal to that from not insuring. The risk-neutral individual will 
choose purely on the basis of expected values of alternative risky 
prospects; the risk per se has no value. 

SOME RISK MANAGEMENT PROPOSITIONS 
FOR INDIVIDUALS 

Insurance with Premium Loadings 

The Bernoulli principle provides a useful starting point for a treat
ment of risky decision making. It reveals that risk has a cost and 
that this cost is neglected in a decision rule that uses expected 
value alone. However, for practical risk management, the Ber
noulli principle addresses a problem that is not very interesting. 
Rarely is an insurance premium equal to the expected or actuarial 
value of the policy payment. Even if the insurance market is 
highly competitive, such that all excess profit is removed from 
insurers, the transaction costs of writinz insurance must be cov
ered and the capital employed in the insurance industry must 
make a normal return. Typically, transaction costs of writing in
surance are high, both for the insurer and for the agent or broker. 
Can we use the expected-utility rule to say anything about optimal 
insurance decisions with these more realistic premium structures? 

Consider Figure 2-3 again, but suppose that the premium 
charged by the insurer is $35 instead of $25. The effect of pur
chasing insurance would be to give the insured a certain wealth 
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FIGURE 2-4 

(a) Insurance and the Risk Lover (b) Insurance and 
Risk Indifference 
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of $85 (that is, $120 - $35 = $85). The utility from insuring can 
be ascertained by using the utility curve to plot the corresponding 
value, U($85), on the vertical axis. Clearly, this value lies between 
U($95) and EUNI; therefore, insurance is still preferred to no in
surance. If the premium were $55, it would turn out that insuring 
would give the same utility, U($65), as not insuring. At this pre
mium, the individual would be indifferent between insuring and 
not insuring. At any premium lower than $55, insurance would 
be desirable; at any premium greater than $55, insurance would 
be undesirable. 

This example reveals that a risk-averse individual would be 
willing to pay a premium above the expected value of loss in 
order to remove risk by purchasing an insurance policy. The max
imum an individual is willing to pay above the expected value of 
loss is known as the risk premium (not to be confused with the 
insurance premium, which is simply the price of the insurance 
policy). The fact that an individual is willing to pay a risk pre
mium to remove risk indicates that the individual is risk-averse. 
The more risk-averse the individual is, the greater the risk pre
mium that he or she will pay. Thus the risk premium provides a 
measure of an individual's attitude toward risk. 

Risk premiums will differ among individuals. A risk-averse 
individual is willing to incur a risk premium to remove the risk
iness of his or her wealth prospect by means of-an insurance pol
icy. In reality, the insurance premiums charged by an insurance 
company may or may not be too high to induce any given indi
vidual to purchase insurance. If the insurance premium satisfies 
the following condition, individual i will purchase insurance: 

P - E(L) < RP; 

where: 

P = the insurance premium 
E (L) = the expected value of loss 
RP; = the risk premium for individual i 

The left-hand side of the inequality represents the portion of 
the insurance premium allocated to transaction costs and insurer's 
profit. This is known as the premium loading or markup. If we know 
the loss distribution and the insurance premium, we can calculate 
the left-hand side of this condition, but the right-hand side is a 
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subjective value that will differ among individuals. At any given 
premium loading, some people will purchase insurance and oth
ers will not. The best we can say is that, other things being equal, 
the higher the premium loading, the smaller the number of people 
who will wish to buy insurance. 

From this discussion, it seems that the expected-utility rule 
can help to discipline and organize our thinking about the pur
chase of insurance or similar hedging behavior. We can use the 
rule to make general statements about the decision process and 
the tradeoffs an individual has to make. However, to correctly 
predict the actual decision made by an individual requires knowl
edge of that individual's utility function-not just its general 
shape (such as concave), but its exact form. We can never look 
inside people's heads, nor are people usually able to articulate and 
quantify a concept as abstract as utility. Despite these operational 
limitations, the rule does yield important insights. It focuses at
tention on the types of costs and benefits that are involved in the 
decision, and it will often enable us to narrow down the set of 
alternative choices so that we focus only on those solutions which 
are compatible with our general attitude toward risk. Some further 
general propositions are now appropriate. 

Gambling at Unfair Odds 

The preceding proposition asserted that a risk averter would be 
willing to pay a risk premium (i.e., pay an insurance premium in 
excess of the expected value of loss) in order to purchase an in
surance policy. The risk premium is really the price to the insured 
for converting a risky wealth prospect into a riskless wealth pros
pect. With this reasoning, it would appear that a risk averter 
would want to be paid a risk premium in order to induce him to 
voluntarily accept risk. Put another way, a risk-averse individual 
would have to be offered odds that were in his favor in order to 
induce him to gamble. First, we will demonstrate this proposition; 
then we will try to resolve the difficulty it creates for us in ex
plaining why people actually gamble at unfair odds. 

Figure 2-5 depicts a gamble that is, initially, identical to that 
shown in Figure 2-2. The individual starts with a wealth level of 
$10. The individual can choose to keep the $10 or gamble. The 
gamble might involve rolling a die. If the resulting number is 
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FIGURE 2-5 

Gambling at Unfair Odds 
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even, the gambler wins $10; if the resulting number is odd, the 
gambler loses $10. Assuming the die is unbiased, the odds of win
ning and losing are each 0.5 and the expected value of_ the gamble 
is: 

0.5(-$10) + 0.5(510) = 0 

The expected wealth is the same for both the gamble and the no
gamble alternatives, that is, $10. The expected utilities differ sig
nificantly. Respectively, the expected utilities of not gambling, 
EUNG, and gambling, EUG, are as follows: 

EUNG = U($10) 

EUG = (0.5)U($0) + (0.5)U($20) 

The respective positions are shown on the vertical axis, revealing 
that the individual will prefer not to gamble. 

What will induce this risk-averse person to gamble? Two pos
sibilities spring to mind: (1) keep the stakes the same, but change 
the odds in the gambler's favor; or (2) keep the 50-50 odds, but 
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change the stakes in the gambler's favor. For solution 1, consider 
that the probability of winning is 0.85 and losing is 0.15. Therefore: 

EU~ = (0.15)U($0) + 0.85U($20) 

These odds have been engineered such that EUNc = EUb, reveal
ing that the individual is indifferent between not gambling and 
gambling at these favorable odds. So, in Figure 2-5, the position 
of EUNG is an 85%-15% weighting of U($20) and U($0). If the odds 
are further improved in the gambler's favor, she would definitely 
prefer to gamble. 

Much the same result can be achieved by changing the stakes 
instead of the odds, i.e., solution (2). Consider the gamble to in
volve a win of $10 with a probability 0.5 and a loss of $4 with a 
probability of 0.5. The expected utility of gambling is now: 

EU~ = (0.5)U($6) + (0.5)U($20) 

which, again, has been engineered to give the same utility value 
as not gambling, as shown on the vertical axis of Figure 2-5. 

1n each of these cases, the expected value of the gamble has 
been increased in order to make the gamble more attractive rela
tive to the no-gamble choice. Expected wealth without gambling 
is $10. 1n contrast, the expected values, respectively, of (1) and (2) 
are: 

EV(l) = 0.15($0) + 0.85($20) = $17 

EV(2) = 0.5($6) + 0.5($20) = $13 

This increase in expected value is necessary in order to induce a 
risk averter to gamble and it is analogous to the risk premium 
discussed in connection with insurance. 

Resolution of the Insurance and Gambling Paradox 
This analysis of gambling leaves us with a problem in explaining 
why people, in reality, choose to gamble. Even more puzzling is 
the fact that the same people often gamble and insure. The week
end visitor to Las Vegas or Atlantic City will return home and 
promptly pay the insurance premium for her home or life policy. 
Let us first address the simpler issue of why an individual might 
choose to gamble. The difficulty in explaining gambling is en
hanced when we consider that most gambling is undertaken at 
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unfair odds; after all, the bookmaker and the casino must come 
out ahead to stay in business. 

1. One explanation of gambling is simply that gamblers are 
not risk-averse; their utility curves are convex rather 
than concave. For such individuals, gambling is rational 
behavior. However, we observe many people who 
gamble but otherwise appear to behave in a risk-averse 
manner. Some possible explanations of gambling that do 
not upset the notion of risk aversion are as follows. 

2. Gamblers act on subjective rather than objective 
probabilities. Gamblers often believe they have a system 
or that they can read the cards or have a superstitious 
belief in "Lady Luck." 

3. The attraction of gambling is not confined to the money 
outcomes; other forms of consumption also arise. A 
weekend in Las Vegas may be considered to be good 
entertainment, and any loss in gambling is the "price" of 
that entertainment. The unfair odds are comparable with 
the price of a theater ticket or the cost of a football 
game. 

4. Another explanation, associated with the British 
economist G. L. S. Shackle (1938), is that individuals do 
not respond mathematically to the odds, but instead 
focus their attention on particular outcomes that exert an 
undue influence on their decision. For example, with 
gambling, we might be blinded by the thought of 
winning; with insurance, we might be consumed by the 
image of our house reduced to ashes. 

5. The previous explanation offered a possible resolution of 
why people might simultaneously gamble and insure. A 
more direct attack on this paradox was undertaken by 
Friedman and Savage (1948) ang by Markowitz (1952), 
who suggested that the utility function may not be 
uniformly concave. A brief examination of the 
Friedman-Savage analysis follows. 

Figure 2-6 shows a utility curve that is concave over most of 
its length, but it also exhibits a convex section over part of its 
range. It is important that the point at which the curve changes 
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FIGURE 2-6 

The Friedman-Savage Hypothesis 
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its curvature from concave to convex is current wealth W
0

. Thus, 
for any reduction in wealth, the relevant section of the curve is 
concave (i.e., in the range O-W0). Insurance relates to events that 
~ill r~duce wealth from W0, and since this range is concave, the 
~d1:1dual responds in a rational risk-averse manner by purchas
rng insurance. For wealth increases (i.e., above W0), the relevant 
section of the curve is convex. Since gambling offers us the pros
pect of wealth increases, this section of the utility curve is relevant 
in. analyzing such decisions. The curve reveals risk preference in 
this range, and accordingly, it predicts that gambling will be un
~ertaken at fair or even unfair odds. Subsequent debate on this 
issue has centered on whether the curve will eventually return to 
the concave form at very high wealth levels and on what form of 
gambling would appear to be rational from this model (high-odds 
and high stakes or low odds and small stakes). 

Some experimental evidence by Shoemaker and Hershey 
(1980) suggests that the context in which a decision is presented 
may affect the decision. For example, consider the following 
choices: 
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0.8 probability 
0.2 probability 

The selection might represent the choice about purchasing insur
ance. Current wealth is $120, but there is a 20% chance that it will 
be totally destroyed. For a premium of $20, insurance can be pur
chased that gives the individual $100 with certainty. The same 
prospects could be presented as a speculative business opportu
nity. The individual can invest $100. There is an 80% chance that 
this will earn a return of $20, giving the investor a final wealth of 
$120, but there is a 20% chance that the investor will lose every
thing. Although these two stories are very different, the mathe
matical descriptions of the two problems are identical. Laboratory 
evidence reveals that subjects often respond differently when the 
context of the decision is changed. 

The ideas discussed here reveal that actual decisions may be 
a little more complex and may have other dimensions than re
vealed by simple application of the expected-utility rule. Never
theless, many of these ideas represent attempts to describe actual 
behavior, which may not always be rational or which may reflect 
unusual risk preferences, rather than attempts to identify rational 
optimizing behaviors. Our task is to prescribe a decision rule that 
will assist in identifying rational risk management decisions, and 
for this purpose the expected-utility rule provides keen insights. 
Thus, our main interest lies in the prescriptive value of the rule 
rather than its descriptive value. 

Partial Insurance 

In the insurance decisions presented earlier, the choice was of an 
all or nothing nature. Insurance was purchased or it was not. More 
useful is a consideration of intermediate solutions. Various devices 
are currently available through which risk can be shared between 
insurer and insured. One common practicle is to write an insurance 
policy with a deductible that assigns liability for the first k dollars 
of each loss to the insured, the insurer picking up the residual. 
Alternatively, the insurer may cover an agreed proportion of each 
loss, leaving the residual proportion to the insured. Other policies 
place an absolute limit on the insurer's liability. With such devices, 
the risk may be shared by the parties to the insurance contract, 
and the appropriate decision is one of degree. The _question How 
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much insurance should be purchased? replaces the question 
Should insurance be purchased? 

Consider here that the risk is divided on a proportionate ba
sis. The individual has an initial wealth of $120, of which $20 is 
non-risky and $100 represents some asset that is subject to possible 
destruction with a probability of 0.25. Only total loss is assumed 
in this example. The reader will recognize this example (see Figure 
2-3). In the earlier discussion, only full insurance was available, 
and it could be purchased at a premium of $35, the expected value 
of loss being $25. Let us view full insurance as the purchase of 
$100 of compensation in the event of (total) loss. However, we 
might have insured half the loss (i.e., purchased $50 compensation 
in the event of (total loss) or a quarter of the loss (purchased $25 
of compensation), etc. We can think of the degree of coverage as 
variable, the relevant issue being: How many dollars of protection 
should we purchase for the contingent $100 loss? 

To promote this example, the premium is scaled according to 
the number of dollars of protection purchased. If the premium is 
scaled according to the expected value of the insurer's claim pay
ment, it will be 25 cents per dollar of compensation purchase, 
reflecting the 25% probability of loss. Full coverage would cost 
$100 X 0.25 = $2, 50% coverage would cost $50 X 0.25 = $12.50, 
etc. However, in the example given earlier, there was a premium 
of $35 for full coverage, reflecting a premium rate 35 cents per 
dollar of insurance purchased. What is the optimal level of insur
ance to be purchased? 

This problem will be tackled using a rather different diagram. 
Figure 2-7 shows individual wealth in the event of a loss and in 
the event of no loss. Each possible event is called a state of the 
world. State O refers to "loss" and state 1 refers to "no loss." The 
respective axes show the wealth levels, and the initial contingent 
wealth position with no insurance is shown at position A. If the 
actuarially fair premium were to be charged, full insurance could 
be purchased for $25. With such full insurance, the indivi_dual will 
have $95 regardless of whether a loss occurs or not. This position 
is represented as B. The 45° line shows equal wealth in both states 
and, as such, plots out full insurance positions. Only if full insur
ance is purchased will wealth be independent of which state 
arises. However, the actual premium is 35 cents per dollar of in
surance purchased and will be scaled according to how much in
surance is purchased. Thus, starting at position A, each 35 cents 
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FIGURE 2-7 

Expected Utility and Partial Insurance 
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of income sacrificed in state 1 in insurance premium will purchase 
$1 of compensation in state O (loss payment from the insurer). The 
insurance possibilities are shown on line ADPL. Full insurance is 
shown at position D (in which case wealth would be $85 with 
certainty), but the individual can select partial insurance along 
segment AD. Position C represents a partial insurance solution 
because it reveals greater wealth in the event of no loss than in 
the event of loss. In other words, compensation would be insuf
ficient to provide full indemnity for the loss. 

Now let us establish what level of insurance would be opti
mal at different premium rates. The solution of this problem re
quires some knowledge of the individual's risk preferences. These 
are represented by a set of curves such as 11 and 12, which are 
indifference curves. To understand these curves, consider two 
points such as B and Fin Figure 2-7. These are on the same curve, 
1
2

, indicating that our subject is indifferent between the wealth 
combinations represented by these points. Notice the tradeoff in
volved in a move such as that from position F to position B. Main
taining the same level of utility (i.e., indifference) requires that loss 
of income in the state 1 be compensated by increasing income in 

CHAPTER 2 Risk and Utility: Economic Concepts and Decision Rules 43 

the state 0. Despite such tradeoffs at a constant utility level, more 
wealth in both states is preferred to less wealth in both states; thus, 
position Fis clearly preferred to position E. Therefore, E must offer 
a lower satisfaction level than F, and consequently E is on a lower 
indifference curve, that is, 11• To summarize, all positions on a 
given indifference curve represent the same level of utility, but 
any point on an indifference curve, such as 12, is preferred to any 
point on a lower indifference curve, such as 11. Indifference curves 
denote increased satisfaction as they move away from the origin. 
The convexity of the curves to the origin indicates aversion to risk. 
Thus, a set of indifference curves can represent the same concepts 
as a utility function. 

We know from the Bernoulli principle that a risk averter will 
choose to fully insure at an actuarially fair premium. Thus, at pre
mium rate ABPF. the subject chooses position B over partial in
surance solutions on the segment AB. The preference for position 
Bis shown by the fact that it is on the highest possible indifference 
curve that can be obtained given the opportunities along AB. The 
higher premium rate of 35 cents per dollar is shown by the line 
from ADPL. However, the subject can no longer achieve the sat
isfaction level denoted by indifference curve 12• The best that can 
be achieved is just to reach 11, which offers lower satisfaction than 
12• This is the highest indifference curve that can be reached, as 
indicated by the tangency point C. Thus, point C is the optimal 
position. Notice that point C is below the 45° line, indicating that 
less than full insurance is purchased. In fact, the insured pays JK 
dollars in premiums to receive MN dollars in compensation 
should the loss occur. Notice that the subject could have chosen 
not to insure (position A) or to fully insure at this premium rate 
(position D). However, both these positions are below indifference 
curve 11, indicating lower utility than position C. 

This diagrammatic approach illustrates an idea that was 
proved mathematically some years ago by Mossin (1968) and 
Smith (1968): that a risk averter will normally choose to partially 
insure if the insurance premium includes a loading factor that is 
positively related to the expected claim payment. Since premiums 
are usually structured in this way, we would expect that most 
rational people will not choose to insure everything in sight, but 
will retain part of the risk themselves. As with most other goods, 
it appears that as price increases, we choose to purchase less. 
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The Design of an Insurance Policy 

The expected-utility concept predicts that, in the face of premium 
loading, a rational risk management strategy for an individual is 
to partially insure rather than to fully insure. We can use the same 
ideas to say something about how such a partial insurance ar
rangement may be constructed. 

As mentioned earlier, various devices are commonly used to 
structure a risk sharing arrangement between an insured and an 
insurer. A deductible policy covers only the surplus above a stated 
value. Losses below this value are not covered, and the value of 
the deductible is subtracted from the insurer's payment if the loss 
exceeds the deductible. A proportionate coinsurance policy simply 
pays a stated proportion of all losses. With an upper limit policy, 
the insurer's claim payment is limited to an upper value; that is, 
the insurer pays the value of loss or the policy limit, whichever is 
the lower. Each of these policies will be illustrated in the following 
example, and we will show that the risk-averse insured will have 
definite preferences for the different types of policies. The pref
erences are demonstrated in the example using the expected
utility rule. (A more general proof of these rankings can be derived 
mathematically, although this goes a little beyond the current text; 
see Arrow, 1963; Raviv, 1979; and Doherty, 1981). 

Consider an individual with an initial level of wealth of $200, 
which is tied up in physical assets, such as a home and furniture. 
In addition, she has $60 in cash. The physical assets are subject to 
the possibility of damage or destruction, the appropriate infor
mation being given in the first two columns of Table 2-1. Thus, 
there is a: 

50% chance of no loss 
10% chance of a loss of $20 

20% chance of a loss of $40, etc. 

The expected value of loss is $40. If the s'ubject were fully insured, 
at a premium of $60, she would receive an insurance payment 
equal to the value of loss, as shown in the third column. The final 
wealth (i.e., after any loss has occurred and the insurance payment 
is made) is shown in the fourth column. Final wealth is calculated 
as the initial wealth ($260) minus the premium ($60) minus the 
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loss plus an insurance payment. Since the subject is fully compen
sated, the final wealth does not vary from $200. However, our 
problem here is to choose between the different partial insurance 
strategies shown in the remaining columns of the table. Respec
tively: 

1. The deductible policy pays the value of the loss minus 
$20, or $0, whichever is the higher. Thus, with a loss of 
$20, nothing is paid; with a loss of $40, the policy pays 
$20. The expected policy payment is $30, and the final 
wealth shown has an expected value of $205. 

2. The proportional coinsurance policy simply pays 75% of 
loss, irrespective of size. The insurance payments and 
final wealth are shown accordingly. Notice that this 
policy has been designed so that the expected value of 
the policy payment is again $30 and, accordingly, the 
expected value of final wealth is again $205. 

3. The upper limit policy ·pays the value of loss or $100, 
whichever is lower. Again, the respective values of 
policy payment and final wealth are $30 and $205. 

For each partial coverage policy, the premium is $45, which 
is 150% of the expected policy payment. Which of these policies 
is preferred? On the face of it, they appear to give equal value for 
money, since the policies have the same actuarial value and the 
same premiums. The expected utility formula will now be used 
to arrive at a ranking. To do this will assume a particular form for 
the utility function that ensures the shape concurs with the risk
averse, concave form illustrated earlier. The chosen form is: 

U(X) = X"·s 

To calculate the expected utility of wealth EU, we see that: 

EU = - L P; U(¼;) 

The calculations are as follows: 

1. Deductible: 

EU0 = 0.5(215)05 + 0.1(195)05 + 0.2(195)05 

+ 0.1(195)05 + 0.1(195)05 

= 14.314 
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2. Coinsurance: 

EU, = 0.5(215)05 + 0.1(210)05 + 0.2(205)05 

+ 0.1(190)05 + 0.1(165)05 

= 14.307 
3. Upper limit: 

EUuL = 0.5(215)05 + 0.1(215)05 + 0.2(215)05 

+ 0.1(215)05 + 0.1(215)05 

= 14.269 
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A definite ranking appears. The deductible policy is preferred 
to a coinsurance policy having equal expected policy payment. In 
tum, the coinsurance policy is preferred to an upper-limit policy 
having the same expected policy payment. This preference reveals 
that the deductible policy is a more effective instrument for con
taining the riskiness in the insured's final wealth. Certainly, the 
deductible exposes the insured to some risk, but an upper value 
is placed on her loss. In contrast, the upper-limit policy limits the 
insurer's payment, leaving the insured's potential loss quite open 
ended. If we compare the final wealth columns under the re
spective policies, the final wealth under the deductible policy ex
hibits the lowest degree of risk and the final wealth under the 
upper-limit policy is the most risky. A cautionary note: the ex
pected utilities are rather close in value. It should not be con
cluded that differences in utility are marginal. The expected-utility 
rule is a ranking device only. 

This example also can be used to illustrate that partial cov
erage is often preferred to full coverage. In the previous section 
we demonstrated that if the premium loading is positively related 
to the expected value of claim payment, some degree of partial 
coverage is optimal. We have not tried to ascertain what level of 
risk sharing is optimal; thus, the $20 deductible may be inferior 
to a $30 deductible. However, it is of interest to see whether the 
various forms of partial coverage are preferred to the full insur
ance policy. The respective premiums for each of the policies are 
set at 150% of the expected policy payment; thus, in each case the 
loading is 50% of the expected payment. This satisfies our pre
mium criterion, since the loading is positively related to the ex
pected payout. The utility index for full coverage is established 
easily, since final wealth is $200 with certainty. Expected utility is: 
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EUFc = 200°5 = 114.147 

Clearly, each of the partial insurance strategies is preferred 
to full insurance. This is quite comparable with our previous re
sult, although it is still possible that some other levels of partial 
insurance may prove even better. 

DEALING WITH ONE RISK WHEN FACED 
WITH ANOTHER 

So far we have been dealing with decisions in isolation from each 
other. Consider the following three decisions that might face a 
person: 

1. Purchase automobile insurance or do not purchase 
automobile insurance 

2. Purchase home insurance or do not purchase home 
insurance 

3. Purchase risky shares of stock or put money in riskless 
bank account 

Traditionally, expected utility has normally been applied to each 
choice as though it were independent of others. We have looked 
at the optimal decision on automobile insurance without referring 
to background decisions that must be made on home insurance 
and on financial investment. It would be surprising if our toler
ance for risk bearing insurable risk were to be independent of our 
investment choices and vice versa. 

In the early 1980s attention on optimal hedging decisions be
gan to take a portfolio approach (Mayers and Smith, 1983; Doherty 
and Schlesinger, 1983a, 1983b; and Turnbull, 1983}. What is the 
optimal hedge on one source of risk when faced with other risk 
in our portfolio? This work took its cue from portfolio theory, 
which, as we shall see later, suggests th<)t as more and more risky 
assets are added to a portfolio, the overall risk in the portfolio 
increases by less than the standalone risk of the added assets. 
Thus, the risk in a portfolio containing a large number of inde
pendent assets will be very low relative to the size of the portfolio. 
The reason is that, while some assets will turn out to make money 
through the luck of the draw, others will lose. While one does not 
know which particular assets will win and lose, the overall effect 
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is for the gains and losses to largely cancel each other out. Simi
larly, an insurance company insuring a large number of cars or 
homes can expect that a fairly predictable proportion will have 
claims and that its overall financial results will vary relatively 
little. 

Now let us take this property of portfolios and see what it 
implies for individual hedging decisions. First, consider that you 
have a large number of assets (your home, your health, your job, 
your car, your money, etc), each of which could be subject to some 
degree of risk. Or you can be a firm with many different properties 
spread over the country, each of which is subject to risk. Now, the 
fact that you own so many assets means that the chance of having 
losses on all of them, or even a substantial proportion of them, is 
extremely low. Thus, it is not quite so important to hedge the risk 
in any one. Your tolerance for self-insuring risk on any asset will 
be increased the more independent assets you have. Second, sup
pose the risks are correlated: if a loss occurs on one, it is more 
likely that another asset will have a loss. This correlation will tend 
to increase your demand for insurance and hedging since it is like 
having a run of bad luck. You might have been able to stand the 
cost of damage to your car, but if you have to pay medical bills 
at the same time, your finances are stretched. If losses on assets 
were negatively correlated (a loss on one asset reduces the chances 
of having a loss on another}, this would tend to reduce the overall 
risk in your portfolio and you could afford to reduce your insur
ance protection on each of the assets. 

These brief results only scratch the surface of the literature 
on how background risk affects individual hedging decisions. 
However, they do serve as a lead-in to portfolio theory, which will 
be discussed in Chapter 4. The idea of portfolio risk will become 
very important later in the book for two reasons. Most corpora
tions do indeed have a portfolio of risks, and, depending on cor
relations, it is unlikely that a number of things could all go wrong 
at the same time. Thus, diversification is an important mechanism 
for controlling risk. Less directly, many firms are owned by in
vestors who individually own many different assets. Investors too 
can control their investment risk through diversification. We need 
to understand this process in order to see whether risk manage
ment by a firm's managers will be rewarded by the capital market 
in terms of higher stock prices. This issue will be examined in 



50 PART 1 Background Analysis 

Chapter 5. But to close this chapter, we will mention some of the 
limitations of expected utility as a tool for aiding risky decisions 
and discuss briefly some other decision aids. 

ALTERNATIVE DECISION RULES 

Problems with the Expected-Utility Model 

The expected-utility model rule is a very useful device for helping 
to condition our thinking about risky decisions because it focuses 
attention on the types of tradeoffs that have to be made. Further
more, the results it generates are useful as first approximations in 
the search for risk management solutions. Certainly, it makes 
sense to transfer risk if there is no sacrifice in terms of expected 
return. When the transfer of risk is costly in terms of expected 
return, somewhat lower insuratJ.ce purchases appear to be justi
fied. However, the expected-utility rule does have limitations: 

1. To calculate the expected utility, we need to know the pre
cise form and shape of the individual's utility function. Typically, 
we do not have such information. Usually, the best we can hope 
for is to identify a general feature, such as risk aversion, and use 
the model to identify broad types of choices that might be appro
priate. 

2. Much corporate risk management has developed on the 
simplistic assumption that a firm can be treated as a risk-averse 
individual that can be represented as having a utility function. 
However, a firm is a coalition of interest groups, each having 
claims on the firm: shareholders, bondholders, managers, employ
ees, customers, agents, etc. The description process must reflect 
the mechanisms with which these claims are resolved and how 
this resolution affects the value of the firm. 

We will briefly outline alternative gecision rules that can be 
used for risky choices. The first of these, the mean variance rule, 
will occupy a central role in the following chapters. The second 
rule, stochastic dominance, is more complex but is presented in 
sketchy form because it is more difficult to apply. Some readers 
may choose to skip the stochastic dominance section, and this will 
not destroy continuity. 
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The Mean Variance Rule 

The mean is the expected value. Expected value already has been 
used as a simple decision rule. Its drawback is that it ignores the 
riskiness of different alternatives, as dramatically illustrated by the 
St. Petersburg paradox. Instead of developing the subtle and in
direct treatment of risk implied by expected utility, we could in
stead find a direct measure of risk and then make our choice using 
both expected value and risk. 

Consider the alternatives shown in Table 2-2. Assume that 
people are risk-averse but prefer a higher expected value to a 
lower expected value. Under such conditions, most (probably all) 
of us would feel A is better than choices B, C, or D; choice C is 
better than B; and choice Dis better than B. In each of these rank
ings, the preferred alternative. scores higher on at least one of the 
two criteria, but it does not score lower on either criteria. For 
example, choice A is preferred to D on expected value, but they 
score equally on risk. Notice, however, that the risk/expected
value rule does not rank all alternatives. Choices C and D cannot 
be ranked. Choice D is preferred to C on the risk criterion, but 
on the basis of expected value, C has a better result. The risk/ 
expected-value rule will not always work. 

In order lo make this approach operational, we need to be 
able to measure risk. Various measures of risk are available. Con
sider a risky prospect such as: 

{

$10· 
A~ $20; 

$30; 

% probability 
% probability 
1h probability 

The risk is implicit in the spread of possible values. One measure 
is simply the range of values, for example, from $10 to $30. The 
range is the highest possible value minus the lowest possible 
value. Clearly, this gives some idea of spread, but it ignores prob
abilities. Amongst the various alternative contenders for a risk 
measure, the one with the most convenient properties is standard 
deviation (or its square, the variance). Standard deviation is de
fined as: 
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TABLE 2-2 

[ ]

1/2 

<T = ~ P, (X, - E(X,))2 

where P, is the probability of outcome X, and E(X,) is the expected 
value of X. 

The expected value, EV, of prospect A is: 

E(A) = %($10) + %($20) + %($30) = $20 

and the standard deviation is: 

<T = {%($10 - $20)2 + 113($20 - $20)2 + %($30 - $20)2)112 = $8.165 

The variance <T' is $8.1652 = $66.67. 
These measures, expected value, standard deviation, and var

iance, will be used in later chapters. For the moment, we will 
simply examine one or two general properties of the mean vari
ance rule. Consider the choices outlined in the previous table. We 
can represent each of these as a probability distribution, showing 
the range of possible values on the horizontal axis and the asso
ciated probabilities on the vertical axis. The four choices are rep
resented in this way in Figure 2-8. Choices A and D have the 
same shape or spread, indicating a low)evel of risk; in each case 
the possible values are closely clustered around a central value. 
The central, or expected, values of the two distributions are dif
ferent. The expected value of A is high, whereas the expected 
value of choice B is low. Alternatives B and C have the same 
shape, the wide spread indicating high risk. However, whereas B 
is centered on a low expected value, choice C centers on a high 
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FIGURE 2-B 

Mean Variance Analysis 

A Highmean 
.£ low variance 

I j( 
C Highmean 

high variance 

B 
Low mean 
high variance 

D 
Low mean 
low variance 
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expected value. Comparison of different pairs of these alternatives 
will confirm the rankings we derived earlier. 

Both the expected-utility rule and the mean variance rule re
quire the decision maker to be able to estimate the possible out
comes and their respective probabilities. Such measures are fea
sible in principle and often in practice. However, this is the only 
input required for the mean variance rule, in contrast with the 
expected utility, which also requires specification of the utility 
functions. This operational advantage is achieved at some cost, 
since we find that not all risky choices can be ranked. We derive 
a limited ranking that applies to all risk-averse individuals. This 
rule has proved very useful in analyzing investor behavior and, 
in consequence, in valuing the firm. 

Stochastic Dominance 

Like mean variance, stochastic dominance describes a decision 
procedure that is applicable for risk averters and does not require 
specification of the individual utility function. As with mean var
iance, it can rank some, but not all, choices. However, it has one 
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particular advantage over mean variance. Expected value and 
standard deviation (or variance) describe only certain features of 
a prospect. Often a risky prospect cannot be represented by a 
smooth or symmetric curve, such as those shown in Figure 2-8, 
but rather the curve will be irregular and asymmetric. Such fea
tures may be relevant to an individual's choice, but they are ig
nored by the mean variance rule. Stochastic dominance is de
signed to overcome such problems, although it is more difficult to 
use and may sometimes fail to produce clear rankings, even where 
mean variance succeeds. 

Stochastic dominance is really a set of decision rules that ap
plies to progressively more restrictive pairings of distributions. A 
full mathematical specification is beyond our scope. However, an 
intuitive understanding is easily presented. 

Consider distributions A and D shown earlier in Figure 2-8. 
These are represented in the left side of Figure 2-9 on the same 
diagram, and the respective CUJilulative distributions are pre
sented immediately below. The cumulative probability distribu
tion shows the probability that any outcome will be equal to or 
less than a given value. The preference of A over D is pretty clear. 

FIGURE 2-9 

Stochastic Dominance Analysis 

D A A 

D A 
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Both have the same shape, indicating the same variance, but dis
tribution A clearly centers around a higher expected outcome. The 
cumulative distributions reveal that distribution A is always equal 
to or below distribution D. In essence, prospect D "exhausts prob
abilities" at low levels of the wealth. In A, the probability is al
located at higher wealth levels; thus, the distribution appears to 
be shifted to the right. This reveals the first rule for stochastic 
dominance: 

If the cumulative distribution of A is equal to or below that for D 
for every level of wealth, then prospect A dominates (is preferred to) 
prospect D. 

This rule is not restricted to those who are averse to risk, but it 
does apply to all who prefer greater wealth to lesser wealth. This 
probably describes us all, and the rule is quite general. 

Now look at the right side of Figure 2-9. Distributions for A 
and C are extracted from Figure 2-8 and are presented on a single 
graph. The distributions have the same expected value, but C ex
hibits considerably more risk. Choice A should be preferred to C. 
The appropriate stochastic dominance rule is developed from the 
cumulative distribution. It will be seen that the cumulative distri
bution for choice A starts below that for C, the distributions in
tercept, and then at higher wealth levels choice C is lower than 
choice A. The lower level of risk in A is revealed by the much 
steeper slope in the cumulative distribution. This is anticipated in 
the second stochastic dominance rule, which applies only to risk
averse decision makers. 

If the cumulative distributions of A and C intersect one or a greater 
number of times, A is preferred to C if 

f ~ [C(x) - A(x)]dx ;,, 0 for all x with inequality for some x 

where C(x) and A(x) are the cumulative distributions for prospects 
C and A. 

The application of this rule is a little complex, although in 
Figure 2-10 an example appears of how it might apply to a simple 
risk management problem. If full insurance is purchased, the re
sulting distribution of wealth for an individual will exhibit no risk; 
wealth level W0 will be achieved with certainty. An appropriate 
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FIGURE 2-10 

Insurance versus No-Insurance 

I 

Wo Outcome 

cumulative distribution is shown as I in Figure 2-10. If no insur
ance is purchased, wealth will be risky and an appropriate distri
bution is shown as N. The distributions intersect just once. Under 
such circumstances, second-degree stochastic dominance will ap
ply if the premium for insurance is actuarially fair. The full
insurance distribution is preferred to the no-insurance distribu
tion. This is compatible with the Bernoulli principle. 

The treatment of stochastic dominance is sketchy and will not 
be developed. The interested reader might consult the literature 
review provided by Bawa (1982) for further applications, includ
ing insurance applications. 

Non-Expected-Utility Analysis 
, 

Expected-utility analysis is derived from a set of axioms about 
preferences and behavior that may be considered as minimal and 
reasonable. For example, preferences are assumed to be transitive 
(if A is preferred to B and B is preferred to C, then A should be 
preferred to C) and there are certainty equivalents (for a risky 
prospect A there is a certain sum B such that the individual is 
indifferent between A and B). However, other decision rules have 
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been constructed using rather different, but still minimal and rea
sonable, axioms about preferences and behavior. These alterna
tives have been generated largely because experimental behavior 
has revealed that individuals often violate the axioms of expected 
utility. For example, experimental studies often find that subjects 
violate the transitivity axiom and are heavily influenced by the 
framing of tasks. 

The non-expected-utility models, while built on different ax
ioms, nevertheless result in mathematical formulae that resemble 
expected utility, the main difference being in how risk enters the 
decision. Expected utility differs from expected value by trans
forming wealth according to the individual's preferences. The 
more concave the utility function, the more risk-averse the indi
vidual. Other functions allow transformations of wealth and/ or 
probability to model the effect of attitude to risk. Perhaps the sim
plest and starkest contrast to expected utility is Yaari' s "Dual The
ory." In this model, the wealth enters the function directly rather 
than being transformed. However, the probability of achieving a 
wealth level W;, which is p;, is transformed by multiplying by a 
value g that depends on the cumulative probability. The compar
ison is seen in the following three formulae: 

Expected value = L p;W; 

Expected utility = L p; U(W;) 
Dual theory = L g(P;)p; W; 

I will not go into detail here, but the general effect of trans
forming probabilities, instead of wealth, to allow for risk is as 
follows. Most of the results about optimal insurance described in 
this chapter still hold. This does not mean that people will buy 
exactly the same amount; still, it is optimal to buy full insurance 
if the price is fair, and when premiums are increased above ex
pected loss, the preferred form is sharing is a deductible. How
ever, there is a difference. Yaari's formula is more likely to result 
in "all or nothing" answers. Whereas expected utility leads to a 
smooth result (the optimal amount of insurance falls smoothly as 
the premium is increased), with dual theory the optimal insurance 
coverage remains at full insurance as the premium is increased by 
small increments. However, if the premium gets too large, there 
can be a sudden shift to partial coverage or no coverage at all. 
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The real value of these alternative models is that they seem 
to do a better job of describing how information is processed and 
how decisions are made. Some of these models do seem to out
perform expected utility in laboratory experiments in which non
repeated decisions are made. However, it is not clear that they do 
any better when the decision is made in a market setting in which 
people can learn over time and in which decisions are repeated. 
For example, how the average person makes a decision is of little 
interest if one is trying to describe how products are priced in a 
market setting where the marginal buyer is critical. Moreover, for 
all the evidence favoring alternative models in laboratory situa
tions, there is much more evidence in which economists have con
structed predictive models of economic activity such as price be
havior, the nature of contracts, market structure, business strategy, 
etc., using expected utility and have tested these models using 
actual market data. 1 There is no question but that expected utility 
is the model of choice in this positive economic setting. 

CONCLUSION 

The task of this chapter has been to present decision rules that 
can be used to rank competing risky choices. From these rules, we 
have derived a set of preliminary insurance or hedging strategies 
for individuals that will help focus our thoughts when we tackle 
more complex corporate risk management decisions. 

The simplest decision rule considered is to choose the alter
native with the highest expected value. There is some long-run 
virtue in this rule. Its repeated use over many separate decisions 
will ultimately lead to expected wealth maximization. However, 
the rule fails to account for differences in the riskiness of com
peting prospects, as dramatically illustrated by Bernoulli's St. 
Petersburg paradox. 

The expected-utility rule requires tjtat the decision maker se
lect the prospect with the highest expected utility. Under this rule, 
the possible outcomes are weighted according to their respective 

1. Such models allow tests of joint hypotheses. One hypothesis relates to the institution 
being modeled ~d the other relates to expected utility upon which individual de
cisions are based. 
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probabilities and according to the utility scale of the decision 
maker. The substitution of outcomes measured in utility terms for 
money outcomes ensures that individual risk preferences can be 
impressed on the decision process. This rule has been widely used 
in economics and is used here to compare some simple risk man
agement choices. 

The expected-utility rule can be used in conjunction with the 
assumption of aversion to risk to reveal a propensity to insure or 
hedge at fair prices (premiums are equal to the expected value of 
loss) or even at unfair prices. There is an equivalent aversion to 
gambling. This is not to assert that people will never gamble and 
will always insure, since both activities can be priced to encourage 
or deter demand. Under realistic pricing assumptions, partial in
surance often appears more attractive than "all or nothing" atti
tudes toward insurance purchase. For insureds, deductibles ap
pear to provide a more attractive mechanism for risk sharing than 
other devices, such as coinsurance or policy limits. 

While the rule establishes generalized patterns of behavior 
that are useful in guiding individual decisions, corporate risk 
management is more complex and requires a study of the inter
actions between stakeholders such as creditors, shareholders, and 
managers. To do this, we need to know what information the par
ties have, what their economic stake is in the firm, who can control 
decisions, and how these decisions are influenced by their eco
nomic self interest. To start examining information and incentive 
issues, we address two problems that arise when risk is trans
ferred between parties as in insurance and other hedge contracts; 
moral hazard and adverse selection. 
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CHAPTER 3 

Moral Hazard and 
Adverse Selection 

Insurance transfers risk from one party for whom the risk is par
ticularly costly to another who can bear that risk more lightly. As 
we get into risk management for firms, insurance will be seen as 
only one of a number of instruments for hedging risk. As risk is 
transferred from one party to another, so incentives for behavior 
are changed. This is the subject of this chapter. 

The first set of incentive problems is generally known as prin
cipal-agent problems and more specifically as moral hazard. 
These problems arise because one party makes a decision and 
someone else picks up the tab. -In insurance this problem arises 
because, once having transferred risk to an insurer, the policy
holder has little incentive to take actions that might reduce the 
probability of, or severity of, a future loss. This is important be
cause the policyholder can influence a loss: it is his or her property 
that is insured, it is his or her actions that can result in a liabilitv 
claim from a third party. In some other hedging contexts this may 
be less of a worry. For example, fuel costs might be an important 
part of a firm's production costs and the firm might be able to 
transfer this risk to another by buying a derivative based on oil 
prices. However, that single firm is far too small to be able to 
influence fuel prices, and so the counter-party in this derivative 
trade is not worried that the firm's behavior will be an important 
factor in determining the payoff. In other risk management situ-
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