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UNCERTAINTY AND INFORMATION IN ECONOMICS

Traditional economic analysis passes over, in more or less
embarrassed silence, the problem of uncertainty. The central
elements of economic reasoning have been shaped into models of
ever-increasing precision, but models that presume a degree of
knowledge on the part of economic decision-makers that is patently
unreasonable =-- for example, that the firm knows its demand func-
tion, not merely in the present but up to the economic horizon.
Such an unrealisitc picture of the actual decision-making situa-
tion means that economic theory is of little help to a business man
facing an actual marketing choice. At best the Law of Large Numbers
operates to reduce the importance of uncertainty at the market
level, thereby allowing the fiction of the average or "representa-
tive" individual.

Much more fundamentally, models postulating behavioral certain-
ty are completely inconsistent with observable real-world activi-
ties of the first importance =-- among them insurance, speculation,
research, advertising, and even education.

In the past twenty years, however, an exciting new literature
has addressed the problems of decision and market equilibrium
under uncertainty. This literature has two main foundation-
stones: (1) the Von Neumann-Morgenstern [1944] theory of pre-
ference for uncertain contingencies and in particular the "ex-
pected-utility theorem,” and (2) Arrow's formulation of the

ultimate goods or objects of choice in an uncertain universe as




contingent consumption claims: entitlements to particular

~commodities or commbdity baskets valid only under specified
"states of the world" (more briefly, "states") [Arrowv 1953, 19¢4]
Just as intertemporal analysis requires subscripting commodity
claims by date, uncertainty analysis requires subscripting
commodity claims by state. Among objects of choice so defined, as
we shall see, production and exchange and consumption all take

on recognizable forms as generalizations of the corresponding

processes in the familiar theory of a world of certainty.

An alternative conceptualization of the objects of choice

under uncertainty runs in terms of the statisticel parameters

of the probability distributioﬂs of commodity or income claims.
In that formulation it is assumed that individuals prefer great-
er mean income but smaller variance of income; attention may or
may not be pald to higher moments of the distribution [Markowitz,
1959]. It has been shown that the more general "state-prefer-
ence” representation of the objects of choice under uncertainty
can be reduced to such a "parameter—preference" representation

by making a number of specializing assumptions [Tobin 1958, Borch
1968; Feldstein 1969]. In the particularly simple form of choice
béfween mean return and variance of return on investment, the
parameter-preference model has provided the basis for important
modern developments in the theory of finance [Markowitz 1959,
Sharpe 196L4, Lintner 1965, Mossin 1966]. We will not be able

to pursue the parameter-preference approach here; for recent

surveys see Jensen [1972] and Merton [1978].



The modern litersture on uncertainty end informetion divides
into twveo raether distinet branches. The first deals with market

uncerteinty. Eech individuel is supposed to be fully certein

ebout his own endowment end productive opportynities; what he
is unsure about are the supply-demend offers of other economic
eagents. In conseguence, search on the individual level, and
disequilibrium and price dynemics at the market level, take the
center stage == replacing the trsditional assumption of costless
exchange at market-clearing prices [Stigler 1961, 1962; McCall
1965]. Explicit enalysis of market uncerteinty is leading to-
wvard 8 more realistic treatment of market "imperfections,” wita
implications not only for microeconomics but for macroeconomics
a8 well [Phelps et. al. 1970].

The second branch of literature has dealt with what is

usually called technological uncertainty, though event uncertain-

ty would be & better term. Depending upon the weathér, for
example, crops may be large or smell. Here individuals are un-
sure about exogenous data such as resource endowments and/or
productiveaopportunities. Analysts of event uncertainty gener-
ally have been content to employ, at least as an initial approach,
the simpler traditional model of perfect markets in which all
dealings (except possibly in the market for information itself)
take place costlessly et equilibrium prices. However, &s an
important theme in the literatur , <“iile the mars:zis waat exist

are supposed perfect the set of available markets may be assumecd

to be incomplete -~ not every definable object of choice (commo-

dity claim subscripted by state) may be separately exchangeable.




Ultimately, the tvo bdranches of investigation dealing respec-
tively with market uncertainty and with event uncertainty must
merge, but that day is not yet visibdle.

The present discussion is limited to the relatively more

tractable topic of event uncertainty; reviews of the complex
phenomena such as search and disequilibrium that emerge under
market uncertainty may be found in Rothschild [1972] and Lipp-
man and McCall [1976]. The purpose of the paper is mainly ex-
pository. W§ hope to provide a non-téchnical survey of the
central underlying ideas, to introduce the novel tools of ana-
lysis that have proved fruitful in this area, and to suggest

a few of the actual and potential applications of the economics

of uncertainty and information.
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THE ECONOMICS OF UNCERTAINTY

1.1 Decision Under Uncertainty

In decislion-making under uncertainty the individual chooses
among acts while Nature may be metaphorically said to "choose”
emong states. In principle both ects end states may be defined
over & continuum, but for simplicity here & discrete represenia-
tion will ordinarily be employed. Taeble 1 pictures an especially
simple 2x2 situation. The individual's elternative acts & = (1,2)
are shown along the left margin, and Nature's alternative states
8 = (1,2) across the top. The body of the Table shows the con-
seguences c¢ resulting from the interaction of each possible
sct and state. Expressed in fuller detail the individual's

decision problem requires him to specify: (1) & set of acts

a = {1,...,AY;, (2) a probabilixvy function expressing his beliefs

7(s) as to Nature's choice of state s = {i,...,g}; (3) a conseguence
function c(a,s) showing outcomes under e&ll combinetions of acts

and states; and, finally (4) & preference-scaling or utility

function v(c) defined over consequences. Using these as ele=-

ments, the "expected-utility rule” (Sec. 1.1.k4 below) exsbles

the individual to order the availeble acts in terms c’ preferences,
i.e., to essign a utility function over ects u(a) so as to deter-
mine the one most highly preferred.

1.1.1 The Menu of Acts

We shall consider here two ne.n classes of acts: terminal

and pon-terminal or informational.




S5a

States
8 = s = Utility
a =1 €11 | %12 || Ya
Acts
a =2 €21 | %22 || Y2
Beliefs ﬂl "2

Table 1: Cohsequences of Alternative Acts.



Terminel actions represent making the best of one's exist-
ing combination of information and ignorence. For exaemple, you
might decide whether or not to teke an umbrella on the basis of

your past history of having been casught in the rsin. In staetis-

ticel theory, terminal action is exemplified by the belancing
of Type I end Type II errors in coming to a decision (e.g., ac-
cepting or rejecting the null hypothesis) on the basis of the
evidence or data now in hand. In contrest with the classical
statistical problem, which may be likened to the decision situ-
ation of an isolated Robinson Crusoe, in the world of affairs
studied by economics many interpersonal arraengements -- insur-
ance contracts, futures markets, guarantees and collaterel, the
corporation and other forms of skared enterprise -- serve to
widen the terminal-act options available to individuals. As

we shall see, these market processes provide a variety of ways
for shering risks and returns among the decision-making agents
in the econony.

Informational actions are non-terminal in that a final de-

cision is deferred while avaiting or actively seeking new evi-
dence that will, it is anticipated, reduce uncerteinty. In
statistics, informational actions involve decisions as to mew

data to be collected: choice of sampling technique, sample

size, etc. Again, in the world of affeirs interpersonal trans-
actions open up ways of acquiring information apart from the

sampling techniques studied in statistics: information mey

be purchased, or inferred by monitoring the behavior of others,

or even stolen. To & degree, information acquisition and dis-



semination have become specialized functions (the "knowledge

industry" [Machlup 1962] whose practitioners are rewarded by

exchanges with other economic agents in the econony. .
Part 1 of this paper will, apart from introductory dis-

cussions, cover only terminal actions, decisions made under

fixed probability ﬂeliefs ("the economics of uncertainty"). The
enlarged range of issues generated by admitting also non-termi-
nal actions will be examined in Part 2 ("the economics of infor-
mation").

l1.1.2. The Probability Function

We will assume that each individual is abdble to represent
his current beliefs as to the likelihood of the different states
of the world (e.g., as to whether Nature will choose Rain or
Shine) by a "subjective" probability distribution [Fisher 1912, Ch. 16,
Savage 195&]. That is, an assignment to each state of a number
between zero and one (end-points not excluded) whose sum equals
unity. Subjective certainty would be represented by attaching
the full probabllistic weight of unity to only one of the out-

comes. The degree of subjective uncertainty is reflected in the

dispersion of prob@bility weights over the possible states.
Frank Knight [1923‘p. 225] and others have denied the ap-
Plicability of the probability concept to measure belief where
there is no clear basis for objectively classifying instances:
e,.g., to such que;tions as whether or not Christchurch is the
capital of New Zealand, or whether a cure for cancer will be

discovered by the year 2000. It will not be possible to re-



view bere the philosophicel end operational underpinnings of the
probebility concept; for our purposes, it is sufficient thet the
“gubjective” or "degree of belief" interpretation has proved
fruitful. But a reading of Knight's further discussion suggests
thaet he was getting at s different and much more interesting
point connected with the distinction between terminel and infor-
mational action -- the problem of "hard" versus "soft" proba-
bilities.

Suppose an individual faces the terminal-action problem of
betting Heeds or Tails on & single toss of & coin. Imagine, in
the one case, that he is absolgtely certain that the coin is
fair; i.e., that the probabillity of Heads is 7 = .5 (and of
Tails 48 1 = 7 = .5). This is & "hard" probability, meaning

that the individual hes very high (indeed, perfect) confidence

in the value he attaches to the peremeter m of the probability
distribution. Alternatively, imegine that the individual feels
he knows nothing whatsoever about the parameter =- the coin
could be so loaded that 7, with equal likelihood so far as he
knows and believes, might teke on any value between O and 1 in-
clusive. Yet, for the terminal decision as to vhich way to bet
on 8 single toss, the individual still has no basis for pre-
ferring Héads or Tails, and so must rationally still treet the
two outcomes as equally likely. Thus in this second case also
= .5 for him, although here his probability estimate is very

"soft", i.e., he has low confidence. FKote that there is no

operational difference between haerd and soft probabilities if

only terminal asction is called for. The difference arises




where there are opportunities for informational action; as we

shall see in Part 2, the value of acquiring information varies
inversely with one's prior confidence.

1.1.3 The Consegquence Function

By conseguence is ﬁeant a full definition of &ll relevant

>

characteristics of the individual's environment resultiné from the
interaction of the specified act and state. A consequence can
be regarded as a multijcommodity multi-date consumption basket;
for simplicity, however, vé will sometimes assume that it cor-
responds to the amount of a single summary variable like income.

.

In the case of a terminal action, the consequences contin-
gent upon each state might either be certain or probabilistic --
depending upon the definition of "states of the world" for the
problem at hand. If the states are defined deterministically,
as in "Coin shows Heads" versus "Coin shows Tails," and supposing
the act is "Bet on Heads," the contingent consequences are the
simple certainties "Win" in the one state and "Lose" in the other.
But states of the world might sometimes represent alternative
probabilistic processes. For example, for some terminal decision
problem the two alternative states might be "Coin is fair (has
50% chance of cbming up Heads)" versus "Coin is biased to come
up ,Heads‘Vith~75’ chance." In this situation the act "Bet on
Heads" will have probabilistic consequences: "50% chance of
wvinning" for the first state, and "75% chance" in the second.

For an informational action, on the other hand, the comse-

quences will in general be probadilistic even if the states of
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the vorld are defined deterministically, since acquisition of

information does not ordinarily eliminete &ll uncertainty. If

¢

the states are "Rain” versus "Shine,” and the informational ac-

tion is "Look at barometer,"

the consequences will only be im-
proved likelihoods of behaving appropriately in each state =-
since the barometer reading is not & perfect predictor of Rain

or Shine.

1.1.4 The Utility Function end the Expected-Utility rule

In the theory of decision under uncertainty, utility as an
index of preference attaches both to consequences c and to ects
e. We shall sometimes find it convenient to distinguish the
tvo by the notetions v(c) and u{a), the problem being to derive
the u(a) for evaluating actions from the primitive utility

valuations v(e) for conmsequences.

To choose an act is to choose & row of the consequence matrix,

es in Table 1. Given the assignment of probabilities to states,
this is also choice of a probability distribution or "prospect."
A convenlent notation for the prospect associated with an act a,

vhose consequences c (cal’°"’cas) are to be received with

a=
respective probebilities n = (ﬁl,...,ﬂs), is

a = (cal""’cas; ﬂl,...,ﬂs)

Or, more compactly:

a = (ca,ﬂ)

The connection between the preference scaling of acts and the
preference scaling of consequences is provided by the Neumann-
Morgenstern "expected-utility rule":

)X v vie ) (2

u(a) = = aS) ? gs]l 8 as

b V(cll) * eee ¥ ﬂs V(C

.1)
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That is, the utility of each act u(a) is the mathematical expec-
tation or probability-weighted average of the utilities of the
associated consequences v(cas).

The expected-utility rule is_of course & very specific and
special procedure for inferring preferences u(a) over acts'from
the primitive preference scaling of consequences shown by the
v(c) function. What is its Justification? It turns out that

the expected-utility rule is usable if and only if the v(c) func-

tion is determined in a particular way that has been termed the

assignment of "cardinal" utilities to consequences. More speci-

fically, the underlying theorem can be stated as follows:
Given certain "postﬁlates of rational choice," there -
is a way of assigning a cardinel preference-scaling
function v(c) over comnsequences such that the pre-
ference ranking of any pair of prospects a', a" coin-
cides with the ranking under the expected-utility
rule (1) above.
The "postulates of rational choice" therefore justify the
Joint use of cardinal utilities and the expected-utility rule
in dealing with choices'among risky prospects -- a point worth
emphasizing, since it would be quite invalid to infer that the
theorem warrants or provides a cardinal utility measure for
g&&%gﬁ%g%%; involving risk (see the discussion in [Baunol 1951, Alchian 19
The postulate system serving as basis for the theorem has

been set forth in a number of different ways in the literature

[Friedman and Savage 1948, Luce and Raiffa 1957, Markowitz 1959,
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Mersechak 1968]g eand invelves technicelities éb&t Cennct e pure
sued here. Instead, what follows is an informal presentation
(besed meinly on Schlaifer L1959]) illustrating, by direct con-
struction, the development of & personal cardinal preference-
scaling function for use with the expected-utility rule (1.1).
For the purposes of this discussion, we will assume that the
contingent consequences ¢ are certainties, and elso that ¢ re-
presents simply the quantity of generalized income. Let & re-
present the worst consequence (lowest level of income) contem-

plated by the individusl, end £ the best consequence (highest

level of income). As "cardinal” preference scales ellovw free
choice of zero and unit intervel, we cen let v(€&) = 0 and

v(€) = 1. Now consider the intermediste level of income c®.

We can suppose that the individual is indifferent between having
c® for certain and having some chance of success 7% in e& prospect
or "reference lottery" involving € and ®. Whet numericel value

can we attach to this common level of utility to allow use of the

expected-utility rule? The answer is simply, the probability =%,
Thus
u(c®) = u(f, &; n®, 1-m®) = ¢ (1.2)
Fig. 1 1llustrates a situation in which €& = 0, Z = 1000,
c® = 250, and T* = %. That is, in the preferences of this indi-
vidual a sure income of $250 is indifferent to a 50% chance of

wvinning in & lottery whose alternative outcomes are $1000 or

nothing. Hence, v(250) = 1/2. A similar introspective process

generates the individual's entire v(c) curve of Fig. 1, which

is his preference-scaling function for consequences.
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Fig. 1 — The prefercence-scaling function v(c) derived by the
“reference-lottery tcchnique”
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We cen immediately verify that the expected-utility rule
(1.1) does give us the correct veluation at least of simple
reference-lottery prospects like that in (1.2) above:

u(®,8;7%,1-7%) = a9v (&) + (1-m%)v(E) = w%(1) + (1-7*)0 = 7*
More generally, this argument can be extended to any prospect
whatsoever -- for example, to the prospect (c', e¢"; w, 1-7)
vhere ¢' and c¢" are any levels of income and 7 is any proba-
bility. This individuel's v(c) function tells us that the
contingent income c¢' is indifferent (equivalent in utility
terms) to some chance of success T' in the reference lottery =-
v(e®) 7' -- and similarly c" correspondé to some chance 7" =<

v(e")

m". Then the prospect (c¢',c"; m, 1-7) must be equiv-

alent in preference terms to having some computable overall

chance of success in the reference lottery. Specifically, the

prospect gives us the chance 7 of an income c¢' equivalent to

8 probebility of success 7', and the chance l-7 of an income

¢” equivalent to & probability of success w". Using the laws

of probability, the equivalent overall chance of success is

m(w') + (l-w)(7"). But this is Jjust the expected-utility rule:
ule?,e"3m,1=%) = w(w*') + (1=-7)(w") = wv(c') + (1-7)v(e™)
The expected-utility rule, combined with the constructed

v(e) function, works because the latter is scaled as a proba-

bility. The formula (1.1) for fipding an overall u(a) by

veighting the utilities of contingent comnsequences v(c) is

exactly the formule for finding the overall probability as-
J

soclated with & set of contingent probabilities.'
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We have foregone presenting a formal statement of the
"postulates of rational choice" that underly the expected-
utility rule. But a few comments are in order here:

1. We have assumed that the v(c) scale is unique, appli-
cable to every state of the world. ;his will be reconsidered
below under the heading of "state-dependent utility."

2. We have implicitly ruled out complementarities in
utility, whereby a higher income Cq in a state s might af-
fect the v score attached to income c, in another state t.

The Jjustification is that cg and ¢, are not received in

combination but only as alternatives; no complementarity

can exist because cg and c, can never be enjoyed simultan-
eously.

3. While we have emphasized that v(c) should be in-
tuitively thought of as scaled in terms of probability, any
fixed positive linear transformation of the v(c) scale would
be equally satisfactory -- because cardinality permits free
choice of zero and unit interval.

1.1.5. Risk-Aversion, and the Risk-Bearing Optimum of the

Individual

The "concave" form of the cardinal preference-scaling v(c)
function in Fig. 1 shows diminishing marginal utility of income--

v"(c) < 0 == for this individual. Such & person is said to be

risk-averse: he would always prefer a sure consequence (level
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of certain income) to any probaebilistic mixture of conseguences
(Lottery or prospect) having the seme mathematical expectation.
In Fig. 1 we bhave seen that the reference lottery with equal
chances of $1000 or zero (end thus & mathematical expectation
of $500) is the preference equivelent of & sure income of only
$250. Thus, this person must prefer & sure income of $500 to

e risky lottery with e mathematicel expectetion of $500. It is
intuitively evident that this generalizes: any point P on a
concave v(c) curve will lie above the corresponding (vertically
aligned) point along the straight line connecting any peir of

positions on v(c) that bracket P. The point on the curve repre- -

gsents the utllity of a given sure income; the ver-

tically aligned point on the straight line represents the uti-

lity of a lottery with & mathematical expectation equal to that
given amount. The generalization of this result, often referred
to as Jensen's inequality, can be expressed as:
v"(c) < 0 + v(E(c)) > Ev(e)
Here E symbolizes the mathematicel expectation operator, and the
tilde indicates that ¢ is & non-degenerate random variable.
It follows immediately that & risk-averse individual endowed

wvith a given sure income would never accept a fair gamble, a

lottery whose ﬁathematicalvexpectation of net return equals zero
(since it would shift him from a position on the v(ec) curve to
& vertically aligned point below it). A gamble would have to
be somewvhat better than felr, offer some positive mean return

Just how much depends upon his degree of risk-aversion to be
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acceptable. On the other hand an individual whose v{c) function

had the opposite "convex" curvature, representing increasing mer-

ginal utility of income -- v"(c) > 0 -- would be happy to accept
any fair gamble and even, up to a point, gambles worse than fair
(offering a negative mean return). Such an individual is said

to display risk-preference. An individual on the borderline,

with & v(c) function that is linear (constant marginasl utility

of income or v"(c) = 0) is said to be risk-neutral. A risk-

neutral individual would accept, reject, or be indifferent to
gambles that are respectively better than fair, worse than fair,
or just fair.

It might be thought that the "concave” v(c) function of Fig.
1 applies only to one psychological type of person, or perhéps
only to people at particular times or stages in the life-cycle,
so that the world would consist of a mixture of risk-averse,
risk-neutrael, and risk-preferring types. But the observed fact

of diversification of assets suggests that risk-aversion is nor-

mal. An individual who is risk-neutral, for example, would
plunge 81l of his wealth in that single asset which -- regardless
of its riskiness -- offered the highest mathematical expectation
of return. But we scarcely ever see this behavior pattermn, and
do observe more typically that individuals hold a variety of
assets, thereby reducing their risk of ending up with an extreme-
ly low level of income.

What of the seemingly opposed evidence that fair gambles
(end, indeed, gambles generally worse than fair) are accepted
by throngs of bettors at Las Vegas and elsevhere? There have

been some attempts to construct preference-scaling functions v(c)
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that would be consistent with genbling over certein ranges of
income gnd with avoiding gembles over other ranges [Friedman
end Savege 1948, end see also Markowitz 1952 ], These constructs
run ageinst the diffieculty that individuals would never be at
equilibrium in eny risk-preferring renge of their v(e) curves.
To leave this range they would Jump bét the chence of accepting
enormous riches-or-ruin gambles, providead only that these were
evailable on & failr or nearly-fair basis. Such behavior is
surely rare, and there is no indication of ranges of income
that ere thus depopulated. Except im more or less pathological
cases, gambling at adverse odds is a recreational rather
then income-status-determining activity for individuals. As
evidence, we observe that actual gambling es in Las Vegas is
mostly of & repetitive small-stakes nature, more or less guar-
anteed not to change one‘s overall income status in the long
run [Hirshleifer 1966 p. 261].

That risk-aversion is the normal situation is indicated in
a different way by Fig. 2. Here the familier-looking indifference

o "

curves u , u', u", ... represent the preference-scaling function

v(c) of Fig. 1 in contingent-income or stete-cleim space. Spe-

cifically: essume for simplicity that there are only two states
of the world sl and 85 wvith corresponding fixed probebilities
“1 and n2 E 1 = Ty and contingent consumption variables €y
and c,. Then (1.1) reduces to the special form (1.1'):
]
u(a) & movic,) + mv(c,) (1.27)

If follows immediately, since du = O along any indifference curve,
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Fig. 2 — The preference map in contingent consumption
or State-claim space (probability fixed)
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thaet the indifferemce-curve sleopes im Fig. 2 ere related to the

merginal utilities v°'(c) vias

' [
dc2 LEN (cl)

—=E. = o (1.3)
9
deq qu=0 oV ZCQB

It is then elementary to show that the stete cleims preferred
to eny given bundle C* form & convex set if and only if v"(¢) < 0 --
i.e., only if the preference-scaling function v(e) is "concave."
Now let us suppose that the individual is a price taker in
e market where contingent claims cq and ¢, cen be exchanged in
the ratio Pl/Pz‘ The price ratio, together with the individuael's

endowvment position (wl,wz), determines his budget line L'L' in

Fig. 2. It is then geometricaily evident thet, given the standerd
indifference-curve curvature thet stems from risk eversion, C%* will
not normally be at the intersection of the line L' with one of the
axes -- i.e., the individuel will w.nt to "diversify" his holdings
of state claims. Following stendard techniques, the optimum posi-

tion C%* aslong the budget line is the tangency determined by the

condition:
1]
. de, _ Ty (eq) ) El (1.4)
dc “w.v' (e P :

ljdu=0 2 2 2

We can arrive at a much stronger resul£ for the special
case vhere the price ratio P1/P2 equals the probability ratio
ﬂl/nz. Since the condition for "fair" gambles can be expressed
as W, Acl + Ty Ac2 = 0 -- the expected net return over conse-
quences is zero -- and since in market exchange
bc P

K;g g = Fl' this equality of the price ratio and the probability
1 2
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ratio corresponds to the market offering fair gambles. Then

the condition (1.4) simplifies to:
v'(c,) -, (1.41)
v'lcef *

Given the stafe-independent form of the v(c) curve as in Fig.

1, equation (1.4') corresponds to a solution where ¢, =&, ==

i.e., to. a C*® tangency optimum at the intersection of the

new budget line L"L" with the 45° "certainty line."
Thus, coﬁfirming our earlier resuit, starting from a certainty
position the individual would never accept any gamble at fair
odds. And, if endowed with a risky situation he would use the
fair-odds condition to "insure" by moving to a certainty position.
Thet is, he vquld accept Jjust that risky contract -- offering
income in one state in exchange for income in another -- which
exactly offset his endowed gamble. (Correspondingly, of course,
if the odds are not fair the individual !gglg accept some risk
so that C* would lie off the h5° line.) KNote that mere acceptance
of a risky contract does not tell us whether the individual is
moving away or toward a certainty position (enlarging or re-
ducing his risk exposure) -- the riskiness of the endowment
position must also be taken into account.

A naturai next step, from the theoretical point of view,
vould de to explore responses of the individual's optimum posi-
tion C* to a variety of parametric changes. While space pre-
cludes a detailed presentation, two branches of this line of

analysis are now briefly considered. First of all, consideration
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of the response of C# to increments of income hes led to e
specification of interesting properties of the individuel's
utility function.

Specifically, en individuel is seid to have constent rela-

tive risk-aversion (RRA) if en increase in income, price ratios

held constant, leeds to & nev risk-bearing optimum C® which in-

volves proportionately more holdinmgs of cleims for each and

every state (i.e., the new C% lies on & ray from the origin
through the original C%#). Geometrically, if this held every-
where the individual's preference map in Fig. 2 must be homo-

thetic. It cen be shown thet the condition for constant RRA is:

csv"(cs)
-—v-1—(?T=R (1-5)
B
vhere R is & copnstant. If R is8 an increasing functiom of

income (increasing RRA), a rise in income leads to & new C¥*

proportionately closer to the hSo line then the original C# --

and the reverse if R is a decreasing function of income (decreasing

RRA).

~

Ap individual is said to have constent absolute risk-aver-

gion (ARA) if a rise in income results in a final C* position
representing equal absolute increases in state-claim holdings
in comparison with the original C®, for each and every state.
This corresponds geometrically to the C® position shifting
parallel to the h5° line as income increases. The analytic
condition for constant ARA is given by

v"(e_)
-V'c:‘A

vhere A is & constent. If A is @ rising function of income
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(the condition for increasing ARA), as income increases the

new C* position will be sbsolutely closer to the 45° 1ine in

comparison with original C* -- and absolutely farther from

the hso line in the case of decreasing ARA.

Assumptions about absolute and relative risk aversion are of-
ten critical in determining the optimal response to an increase in
the riskiness of a decision-maker's environment [Rothschild and Sti-
glitz 1971]. Since a general discussion would require a relatively
long technical development we shall consider only a simple illustra--
tion.

‘Suppose an individual has a choice of holding a wealth endowment
position w on the h5° eertaiﬁty line at a zero net return or of in-
vestipg in a risky asset with a net return per dollar invested of «
in state 1 and -8 in state 2. With $x (> O) invested in the risky

asset, contingent final wealth is
(cl.ca) = (w+ax, w-Bfx)

In state-claim space the opportunity locus is then a line with
slope -8/a through the certainty point {w,w). This is depicted
in Fig. 3. Also depicted is the indifference cﬁrve, wlv(cl) +
nzv(ce) = u® through the optimum C*. Since the latter has a
slope of -nl/w2 at the 45° 1line, a necessary and sufficient
condition for investment in the risky asset is

| T T, > B/a (1.6)
that is, the expected return, ﬂlc-ﬂaﬁ, is positive.

Intuitively, for any given investment X, the agent's environ-

ment becomes more risky if, without a change in its mean, the

random return becomes more widely dispersed in the sense of
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having more weight in the tails of the distribution [Blackwell
and Girshick 1954, Rothschild and Stiglitz 1970]. For the two=
state case a simple mean~preserving increase in the riskiness Jf
the net return is achieved by increasing the state 1 return by €
and decreasing the negative state 2 return by swl/nz. The steep-
ness of the new budget line is then

B + ewl/ﬂl
a + €

From (1.6) "1/"2 > B/a hence we have

n/m, > B+ em /T, 5 g/« (1.7)
X + €

The meanepreserving increase in risk thus has the effect of ro-
tating the Budget line in a clockwise direction. Applying the
Hicks-Slutsky decomposition, the pure substitution effect is a
movement around the indifference curve ﬁ(cl,ca) = u* towards

the hSo line. Moreover, assuming that the individual exhibits

decrecasing absolute risk aversion, the income expansion path slopes away from
the 45° line for higher incomes. The income effect therefore reinforces the
substitution effect in the sense that it moves the optimal consumption bundle
even closer to the 45° certainty line. It follows immediately that, given
decreasing ARA, the optimal response to a mean-preserving increase in riskiness

is to reduce investment in the risky asset.

l.2 Market Equilidbrium Under Uncertainty

We now turn from individual decisions to examine market
interactions under uncertainty. Recall however that we are

not dealing with vhat is called market uncertainty (with its
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ctharacteristic phenomene of search and of trading at non-clearing

prices). Rather, we are dealing with event uncerteinty. And we

ghall generally be assuming perfect but not necessarily complete
maerkets: trading in consumption cleims contingent upon alterna-
tive states of the world tekes place at market-clearing prices,
but not all defineble cleims may be seperately tredable.

1.2.1. Risk-Sharing

If both parties in some trepsaction are risk—=averse they will
generelly wish to enter into a contract in which the total risks and
returns are shared. This cen be illustrated by the Edgeworth box
in Fig. 4 [Brainard and Dolbeer 1971, Mershall 1976], which for
concreteness may be thought of as i1llustreting a "share croppingﬂ‘
problem [Cheung 1969, Reid 1976]. The elternative states of the
vorld are "good crop" or non-loss state N and "bad crop" or loss state L, with
associated contingent claims N and CL" Because of the difference in social
totals of income in the two states, the box is vertically elongated. Given
agreed-upon probabilities nL, "N (=l-ﬂL), the indifference curves for each agent
have the same absolute slope NL/HN along their respective 45° certainty lines.
It follows that the contract curve TT must lie between the two certainty lines.

Suppose that the Worker W has an alternative opportunity which would
yield the certain bundle E along his 45° line (a fixed wage independent of the
state). If the Landowner 0 offers E and thereby bears all the risk,
it can be seen that there are unexploited gains from trade.
Landowner and Worker have an incentive to negotiate an alternative risk~sharing
contract somewhere on the contract curve TT. For the
limiting case of a perfectly elastic supply of workers all the

gains go to the Landowner and the equilibrium contract is the point F.
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If the individuels were constrained to stirict proportionate

gsharing of the income totels in the two states, the equilibrium
would haeve to lie slong the main dlegonal of the Edgewvorth box.
(This would represent & kind of "incomplete market” for the trading
of contingent cleims.) Such & solution would not im general be
Pgreto»optimal, but 1t might be a ra%her close approximetion of a
point on the contract curve. Proportionate sharing in & world of
uneguel social totals of income would be strictly consistent with
& Pareto optimel solution only if conjoined with side payments
from.one party to another., (With two stetes of the world a side
paeyment in just one of the states would be required; with S states,
a set of S-1 conditional side payments would be needed. )
1.2.2 Insureznce

The Edgeworth box imn Filgure L can be given enother interpre-
tation: the risk sharing can be regarded as "mutual insurance."
Indeed, all insuraence is best thought of as mutuel [Marshall 197L4bl;
insurance companies are only intermediaries in the risk=sharing
process. Againl would correspond to a "loss" state of the world and N to a
"non-loss'" state of the world (recognizing that in general loss is a social
phenomenon) .

For the particular endowment point E all the initial risk is born by
individual O since individual W is on his certainty line. Under complete
contingent markets the two individuals trade contingent
claims ¢, and c, at some price ratio PL/PN. If the price

N L
ratio were fair (PL/PN = IL/nN) we know from equation (1.4) above
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that a price~taking individual would move to a position on his
certainty line. But as the 45° 1ines in Figure L do not coincide,
both parties cannot simultaneously do this. So from the starting
point E the two would move along a line like QR to a risk-sharing
solution like C on the contract curve. Note that the absolute

slope of the market line (=§‘/PN) exceeds the absolute slope of

the dashed lines (=ﬂL/ﬂN). That is, claims to income in the 1less
affluent state L comma;d a relatively high price. Since the ratio

P, /P, corresponds to the "premium per dollar of insurance indem-
‘nit&" as described above, insurance protection against loss 1is normally

priced at higher than fair or "actuarial™ prices.

Only if the Edgeworth box were square (the social totals of income are
constant over states so that there i1s no "social risk"), would the competitive
equilibrium prices be "fair." For example, two individuals 0 and W might have
equal initial incomes IO and Iw, in a situation where a given hazard was however
sure to impose a fixed loss £ on exactly one of them (with known, not necessarily
equal, probabilities for each). In this limiting case the two 45° lines collapse
down to a single diagonal 45° line, which would also be the contract curve.

The two states are "loss strikes 0" and "loss strikes W." Each party will want
to exchange income in his non-loss state (the "premium') for compensation to

be received in his loss state (the "indemnity"). At the price ratio (premium/

indemnity ratio) that corresponds to the respective probabilities, trading will
take place to the contract curve (45° certainty line); at these fair prices,

all private risk is also eliminated.
Social Risk

The case where a loss will strike exactly one of the two parties
represents perfect negative correlation of risks. Apart from this

extreme situation it would be necessary to take account of four dis~
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tinct states of the world: loss suffered by (1) neither person

(2) 0 only (3) W only, and (4) beth persons. Let ﬁn be the pro-

bability that the number of losses is n. Continuing to assume
equal initial incomes and constant logs amount, let us add the simplifying assumption

of symmetry so that the probability of state 2 equals that of state

3 (end hence equals kﬂl)e The probebilities of each state can then
be expressed In terms of the probability of loss by each person
D (2%wl + wg)g gsl-p, end the correlation coefficient r between

individual outcomes as:

probability of state 1 =Wy = g(q+rp)
probabilities of state 2 and 3 = %wl s pq(l-r)
probability of state L 7w, = p(p+rq) (1.8)

The main lesson to be derived from this development is that,

in general in a world of uncerteinty, full insurance (wvhereby each

party attains his "certainty line") is impossibdble [Hirshleifer 1953,

Brainard and Dolbear 1971, Marshall 1974]. There is & "social risk"
in that the social totael of losses may be 0, 1, or 2; there is no
way of erranging effeirs so thet everyone can have the.same personal
income regardless of the social totels of income available. (or
course, some individuals can achieve certainty positions == but only
if others' risks are correspondingly greater). Note also thet, as
e result of dimipnishing marginel utility, cleims to income in state
4 will be the most valuable end claims to income in state 1 the
least valuable (relative to the respective probabilities).

In conventionel insurance arrengements, protection would or-
dinarily be offered to an individuel like 0 without distimction

between states 2 and L -- more generally, without consideration
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of the éocial total of losses imposed upon the aggregate of
pérsons in the insurance pool. This therefore is another kind
of "incomplete-markets" situation. Since, as we have seen,
claims to income in state 4 (more generally, to incpme in high-
social-loss states) are particularly valuable, it follows that
the price of conventional insurance-ﬁust be higher than "fair."
That 1is, the premium/indemnity ratio must exceed the "odds"
p/(1-p) that eny particular individual will suffer a loss. Angd,
in consequence, the individual will (as we have seen) never

"fully insure."

In the standard insurance discussions in the literature,
it is usual to call upon the Law of Large Numbers to Justify the

assumption that the social totals of income are approximately

constant over states. As the number of members N in the insur-
ance pool grows, the variance of the proportion of members suf-
fering losses falls -- so that the error committed by assuming
avay the "social-risk" problem tends to diminish. Nevertheless,
this error will not tend toward zero unless the separate indivi-
dual risks are on average uncorrelated [Markowitz 1959, p. 111].
In our speciai case above, assuming that the correlations be-
twveen all pairs of risks equal some common r (which can only
hold if r > 0), the variance 02 of the proportion of N exposures

suffering losses is:

In the 1limit as N increases, 02 approaches the value rpq, which

remains positive unless r = 0,
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We see, therefore, that "social risk” is not exclusively
due to small numbers; it persists even with lerge numbers if
risks ere on average correlated. In the lenguage of portfolio
theory, risks have a‘"diversifiable" element which cen be elim;l
ineted by purchasing shaeres in many separate securities (equi-
velent to mutual insurance emong & large number of individuals)
end en "undiversifiable" element due to the average correlation
between risks. It follows then that e particular esset will be
more valuable the less is the correlation of its returns over
states with the aggregate returns of 8ll assets together --
the variability of which is the source of undiversifisble risk.
As this concept i1s applied in modern investment theory, the cor-
reletion of returns on each particular security with the returns
from the "market portfolio” consisting of all securities together
is indiceted by that security's "beta” parameter [Sharpe 1978,
Ch. 6]. Securities with low or, even better,.negative betas
trade at relatively high prices (i.e., investors are satisfied
with low expected rates of return on these assets) because they
provide their holders with reletively large returns in Jjust
those states of the world wvhere aggregate incomes are low (mar-
ginal utilities are high).

The "social risk" phenomenon therefore provides two reasons
why insuraence prices may not be fair or actuarial, so that pur-
chase of coverage is ordipnarily less than complete: (1) if the
number of risks in the insurance pool is small, so that the Law
of Large Numbers cennot fully work, or (2) even with large num-

bers, if risks are on average correlated.
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Additionel ressons for non-actuarial insurance exist. One
obvious factor is transaction costs [Ehrlich and Becker, 1972],
the consideration of which raises complex issues that cannot te
considered here. We shall consider instead two other classes of
phenomena: (1) state-dependent utilities, and (2) disparities of
information between insurer and insured that go under the héading

of "moral hazard" and "adverse selection."

State-dependent utilities:

Our discussion to this point has been based upon the unique
state-independgnt preference-scaling function of Fig. 1. More
generally, however, the utility we attach to income ¢ may vary
with the state of the world; in the insurance context, we may
have a vN(c) curve for the non;loss state N and a separate (lower) |
VL(C) curve for the loss state L (Fig. Sa). This will be appropriate
wvherever the object insured cannot be regarded simply as an income-
equivalent -- for example if it is an irreplaceable heirloom,
or your own life, or your child's. There is no contradiction
with the development in Sec. 1.1.4 above that led to the picture
in Fig. 1, for there it was assumed (merely as & simplification)
that utility was a function of the quantity of a single gener-
alized "income" commodity ¢. Here we are saying that utility
is a function of both ¢ and an "heirloom" variable h, where
h = 0 defines the loss state L and h = 1 the non-loss state N.
Hence the two functions vn(c) and vL(c) do not represent dis-

tinct utility functions, but different sections through a single

v(e,h) function.
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Indifference curves in state-claim space associated with
the expected utility function u(cL,cN) % ﬂLvL(cL) + "NVN(CN)’
are depicted in Figure 5b. Since utility at any given income
level is lower in the loss state, the "utility certainty locus"
[Cook and Graham 1977] is no longer the 45° line but instead
lies everywhere Below the latter. An individual purchasing
enough insurance against the loss state to end up on the UCL

has fully insured utility.

The individual optimization condition will, apart from the
N or L subscripts attaching to the marginal utilities v', have
the same form as equation (1.4):
!
nLvL(cL) _ P,

' _L
TevN(cy) Py

(1.9)
Assuming, as a benchmark, that prices are fair, (1.9) reduces to:
] ]
vile ) = vilep) (1.9')
With actuarial insgrance available, the individual thus equates
his marginal utilities.

With uncertainty only over the possible loss of the "heir-
loom" the individual has an initial endowment point E on the 45°
income certainty line. Therefore insurance against the loss
state 1s optimal if and only if the indifference curve through
E 18 steeper at this point than the budget line, that is 1f

Vv v
' AR ' AL

The desirability of insuring against the loss state thus depends
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upon whether or not income ¢ @and the "heirloom" verieble h
ere Edgevorth substitutes == 1.e., whether the ecrogs—~derivetive
of the cerdinel utility funetion 1s negative. For an heirloon
such as an ancestral painting with negligible cash value it is
hard to establish an a priori case either way. We can thus ex-
pect to find thet some people insure such objects while others,
gimilarly situated, do not.

However if h = 0 represents an injury leaving the indivi-
duel with mejor paralysis it seems reasonable that marginal
utility will be higher in the loss state (when paralyzed one
"needs" additional income to achieve & similer consumption bundle).
In such cases the optimum must therefore lie to the southeast
of the income certainty line -- but not necessarily southeast
of the utility certainty locus. That 1s, the individusl will
buy insurance against loss, but not necessarily so much as to
be "fully insured" in the sense of not caring whether or not
the injury occurs.

The situvation is very differént if the veriable h represents
the 1ife of one's child. It then seems plausible that h and ¢
are complements; if your chila dies (h=0), you have less need
for income, since you plenned to spend it meinly on him. In
such & case 1? is optimal to transfer income from the loss stete
to the non-loss” state. 1nat 48, such an individual would '"reverse insure' --
would bet that the loss would not occur. (Contractually, instead
of insuring his child's 1life he might buy a life annuity for him.)

We see that once allowance is made for state-dependent utility,

it can no longer be presumed that individuals offered actuarial in-~
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surance terms will move to certainty positions -- either certainty
with respect to income, or with respect to utility.

Adverse selection and moral hazard

We now turn back to the simple assumption of state-independent utility, and
also assume away "social risk," in order to isolate another force
operating upon individual decisions and market equilibrium: the

inability of insurers to monitor perfectly the behavior or identify

the risk-status of insureds. Note that this is an informational
problem, and thus our analysis here has close tiés with topics to
be taken up in Part 2 below.

Consider first only two risk classes of individuals -- both
with the same endowment point E defining initial income c; in the
non~loss state and c; = c; -1 1in the loss state. To simplify no-
tation the probability of loss will be denoted here by 7 (rather
than ﬂL). The lower loss probability for the low risk class, 7',
leads £o the (dashed) indifference curve in Fig. 6a which is
flatter than the (dotted) indifference curve of the high risk class
with higher loss probability #". For further simplicity assume
that insurance is offered only on a full-coverage-or-none basis:
each individual must choose between remaining at his endowment point

or moving along his budget line to the specific point where it in-

tersects the h5° certainty 1line. The slope of the budget line re-
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flects, of course, the premium/indermity ratio p (= the price ratio pL/pN).

I{ insurance were offered each proup at fair terms, involving a higher price
ratio for the high-risk (dotted) group. individuals in each class would find

it optimal to insure to a certainty position (tanpency solution along the 45°
line) with of course a utility improvement over the endowment situation -- as
illustrated by the C** golution in Figure 2. This familiar result is not shown
in Fipure 6a, which pictures not the "fair" budgef lines for the two groups

but rather the steeper 'reservation price ratio' budget lines. At these reserva-
tion prices, each indivicdual is just indifferent between his endowment position
and the permitted "full-coverage'" alternative on the 45° line. Of course,

the reservation price also is higher for the high-risk group (pﬁ > pﬁ). For
either group, full-coverage insurance Joﬁld not be purchased at any premium/
indemmity ratio p > Pp-

Generalizing, Figure 6b illustrates a situation where rist classes are
distributed continuously over the interval [7',7"]. Each risk class T has a
characteristic reservation price ratio aé shown by the curve pR(ﬂ). If
insurance were offered at fair terms, on the other hand, the respective fair

price ratios are shown by the curve Pr = 1/(1-7) lying below Pp throughout.
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But now suppose that the insurers (other members of the mutual
insurance pool) have no way of distinguishing individuals belong-
ing to different risk classes. Instead they offer insurance based
on the average probability of loss across risk classes. Let p(m)
be the price ratio resulting in zero expected profits if full cover-
age were obtained only by those risk classes for whom the probabili-
ty of loss exceeds m. As depicted in Figure 6b the curve E(w) must
lie strictly below the fair price ratio with perfect identification,
except at m = m"., If the difference between the highest and lowest
risk classes is sufficiently great there is some probability of loss
Ty such that pR(n) < p(m') for all risk classes 7 < Ty That is,
the lowes£ risk classes have a reservation price ratio which is low-
er than the fair price ratio when all risk classes are pooled. It
follows that only those with loss probability greater than Ty will
purchase full-coverage insurance. To cover expected claims insurance
companies must, therefore, raise the price ratio to ﬁ(ﬂl) which re-
flects the average probability of loss for all risk classes for whom
m 2> m. But this in turn results in further exit by risk classes
in the interval (nl, ﬂz) and again insurance companies are forced
to raise the premium/indemnity ratio p. Only when all those risk
classes with a loss probability 7 less than ™ have withdrawn is an

equilibrium reached.

This is the problem of adverse selection. While we have des-
cribed it in the insurance context, it is a much more general phe-
nomenon. Wherever buyers are only able to observe average quality,
there is a tendency for sellers not fully rewarded for high qual—

ity to withdraw from the market. In one extreme model of
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the used car market, Akerlof [1970] showed that only the lowest
quality "lemons" would actually be traded. However, in general
the pool of participants includes everyone from the lowest qual-
ity up to some cut off point [Zeckhauser 1972]. Certainly this
must be the case in insurance markets,

So far, we have been assuming that the loss pfobability ﬂL
is a fixed parameter for each individual. However, in many situ-

ations the actions taken by an individual effect the likelihood

of different outcomes. For example by installing smoke detectors

an individual can lower the probability of major residential fire
damage. Similarly greater effort on the part of workers reduces the
chance that the final product will be defective.

Continuing to focus on the insurance application, if it is pos-
8idle to cosu.éssly monitor the actions of each individual the solution
15 only slightly altered. Let v(x,c) be the utility in a given state
vhen the care level is x and income is ec. For each care level, expec-

ted utility is then:
)

wL.xv(x,c ) + 1 xv(x,c

Lex N Nex

where T is the probability of loss conditional upon the adop-

Lex
tion of care level x. For the special case where actuarial rates are
appropriate (no "social risk", and utilities not state-dependent) the

solution is a rate of exchange between claims to income in the two states of:
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PN@x = WN”x
PL*x TLex

Thet iz, the insurance rate will reflect the level of care x.
For any fixed level of x, feir insurance results in full cover-
ege. Therefore, if the individual feces the prospect of a loss
of 4 and initiel income is w, expected utility efter insurance
is:

u(x) = v{x,0 -4in )s (1.11)

Lex

wvhere tnLox is the premium so that w-2m is a constant income received in

L,x
either state.

The individual then chooses that policy for which the mar-
€inel disutility of additionel care is just high enough to off-
set the marginal utility of the lower premium resultiﬁg from the
extra care.

More realisticelly, however, monitoring is at best imperfect.

This leads to the problem known as moral hazard. In the extreme

case,if insurance 1s offered at some fixed price ratic independent
of any loss—prevention asctivity, it is evident that an individual
vill be motivated to 'entirely eliminate .81l such activity.
Insurers have tvwo main ways of coping with the problem [Arrow
1963, Pauly 1968]. The first is to require the insured party to
bear some portion of the risk, for example by & "deductible" pro-
vision (indemnity will be less than the loss by a fixed amount)
or by "coinsurance" (indemnity will only be a proper fraction of
the loss). - Then insurance will continue to be provided [Shavell
1977], but moral hazard persists in the sense that insureds are
motiveted te engage in less preventive activity than would be

efficient vith costless information.
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‘The second way of coping with the problem is to''rate" the
ineured individual according to his past record of claims (e.g.,
sutomobile insurance). The prospect of & higher premium after
making a claim then provides further incentive to adopt some ac;
tions which reduces the probability of loss. However, such per-

formance rating 1s really only a particular form of imperfect

ex-post monitoring [Shavell 1977].

1.2.3 Complete and incomplete market regimes, the stock market

economy and optimal production decisions.

We have already alluded, in connection with both share crop-
ping and insurance, to the fact that a complete set of markets
will generally not be available to economic agents. If there are
S distinct states of the world a market regime would be complete
if the S elementary state-claims denoted cs(s=1,...,s) were all
separatgly tradeble. Each individual i with endowment wi=(wi,
...,wé) and facing prices P=(P1,...,PS) chooses some vector of
trades ti satisfying

pet! = 0
Equating margin;l rates of substitution with the corresponding
price ratios, the necessary condition for a utility-maximizing

consumption choice of ci = wi+ti_ is then;

rvtiel) b
& 858 - _8 ? 11

1 P or a 8. (1.12)
3v'(e]) 1

m
This is of course a generalization of equation (1.4) abdove.
More generally, trading in any S distinct assets representing

different combinations or packages of the Cq claims would also

constitute a complete regime provided the assets were linearly
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independent (i.e., that none of them could be expressed as a linear combination
of the others). We shall call this a regime of Complete Contingent Markets. From
(1.12) each agent has the same marginal rate of substitution between every pair of
state claims, hence in equilibrium the trades ti result in a Pareto-efficient
allocation.

Consider instead a "stock market economy'. This will be defined as a situation
where there are F distinct types of tradable assets, each consisting of some total

vector of state claims wf = (wi,,,.,wg), Individual i has an untradable endow-

ment wi = (wi,..,,w;) plus endowed amounts of tradable shares (&i,...,aé) of the

F "firms'" in the economy.

If each firm's holding has market value Vf, +he individual's
decision problem is to choose @& portfolio (ai,..,,a;) subject to

his marketable wealth constraint:

i =1
LoagV, = La.V, (1.13)
i i,.1
His finael consumption is ¢~ = w +t" wheres
i i -4, ¢
t” = Zr(ar-af)w (1.1L4)

The ipdividual then chooses & portfolio to maximize :

i i i i
u(w ,al,...,aF) = Zsﬂs v(cs) (1.15)

subject to (1.13) and (1.14). To achieve this he expands or contracts his
holdings in the different firms until the expected marginal utility of a dollar
invested in each asset is equated to his expected marginal utility of wealth,

Ai, that is:

P | f
ans v (cs) ws i

« 3 for all f and all i, (1.16)

Ve
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This directly implies:

Zs"s v'(c:) wﬁ Vf

1T for all f and 1. (1.17)
I v'(c) w 1
s's s’ s

This relation, in comparison with (1.12), indicates an optimization constrained
by the set of assets or claims packages (firms f = 1,...,F) through which

trading may take place. Unless the set of tradable assets constitutes a Complete
Contingent Market(that is, unless the F asset vectors span the full S-dimensional
space) it will not in general be possible for individuals to achieve the Pareto-
efficient vector of net trades by purchase and sale of shares, This is obvious
for the extreme case in which all the state-claim vectors of the different

firms are scalar multiples Bf of some constant vector (51,52,...,58).
For then - it is evident that, for any two firms f' and f", Vf,/Vf" = Bf'/Bf" -
that is, the asset price ratios will be equal to the ratios of the scaling

factors. In such a world there can be no gains from trade; each individual

must therefore end up consuming his own endowment.

For the one-commodity case it can be shown that the econmomy is
efficient in the restricted sense of achieving Pareto preferred al-
locations of the tradable shares of different firms [Diamond 1967].
With more than one commodity the issue is complicated by the possi-
bility of trading after the state of the world is known, that is, in
a future spot market. Even with every agent correctly predicting
future spot prices there may be multiple equilibria which are Pareto=
ranked [Hart 19753. Each such equilibrium can still be character-
ized as optimal in a weaker Nash sense [Grossman 1977a]. However,
it can be shown that Pareto~dominated equilibria are sometimes un-
stable so the normetive implications of the "Nash-optimum" are un-

clear.
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The stock merket model ig particulerly interesting when we pass
from the reelm of pure exchange to consider aggregate endowments
gnd ettendent uncerteinty as being generated endogenously by pro-
duction decisions. The vector wf for firm £ now becomes the re-
gsult of & production decision on the part of owners of the firm's

ghares, subject of course to constreints inm the form of the produc-

tion possibilities availeble. For expositionel ease we shall
cheracterize the firm's decision as a scalar %, generating e
final output wf(x).

A question thaet hes received considerable attention is vhe-
ther maximizetion of e firm's market value Vf is in the interests
of all its shareholders, and therefore would be unanimously chosen
by them. In general the answer is in the negative. However , sup-
pose that when firm f announces a new plen x + Ax, there is only a
negligible effect on any shareholder's marginal utility of income in
the different states. Then the expected marginel utility of wealtih
is unchanged and, from (1.16) *he new market velue of the firm
must setisfy:

I vi(el) wi(x + Ax)
s 81 s’ Yst¥ = A% (1.1 8)

Vf + AVf

" Multiplying both sides of (1.16) and (1.18) by the value of firm

£ and then subtracting we have

1y gt £ _ o1 :
iﬂsv;(cs) {ws(x + Ax) = ms(x)} A AVf, for &11 i. (1.19)

The left hand side of this expression is individual i's expectied
marginal utility of the change in the firm's production plan.

Since Ai > 0 this is positive for all i if and only if AVf is posi-
tive. That is, any plan will have the unanimous support of the

stockholders if and only if it raises the value of the stock.
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Ih general, however, the assumption that marginal utility is only negligibly
affécted by changes in the production decision of a firm is unsatisfactory. For
example, suppose the only way for individuals to increase their holdings of
state-s claims is to erchase a larger shareholding in firm f. (Firm f thus has -

a monopoly over state-s claims.) Then an increase in the size of this firm

vill have a significant proportional effect on the total supply-of
statee=s claims and hence tend to lower the marginal utility of in-
come in that state. The simple relationship given by (1.15) no
longer holds and, as a result, utility maximization is inconsistent
with value maximizafion. (The same would hold true, even under
certainty, if owners of a firm with monopoly power were also consu-
mers of the firm's product.) Moreover, in general a change in the
production plan x will have different effects on the marginal utili-
ties of different individuals. Then a change in x which is optimal
for one shareholder will in general be non-oétimal for another share-
holder. That is, shareholders will not in general be able to agree

on any Jointly preferred production decision.

1f, however, the elements of the state-claim distribution associated with
firm f are all small, relative to the totals of state~claims generated by the
entire pool of firms, an increase in the scale of production by firm f can have
only a negligible effect on individuals' marginal valuations. The final term in
(1.18) can then be ignored and value maximization is in the interest of every
shareholder fDiamond 1967, Ekern and Wilson 1974].

Alternatively, suppose that all uncertainty is the result of randommess
in production (rather than in individuals' untradable endowments). Then, even
if a firm is a monopolist over certain classes of state-claims, its monopoly

power (effect of its production decisions upon individuals' marginal valuations)
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shrinks toward zero as the number of consumer-shareholders becomes very large
{Hart 1978). Then shareholders again would unanimously support value-maximiza-
tion as the goal of the firm.

1.2.4 Other Applications

In this Part 1 we have provided a relatively extensive treatment of
insurance; under that heading we have been able to expound and illustrate, in
rather simple format, most of the basic ideas of modern uncertainty theory.

(Of course, we have scarcely been able to hint at the many exciting developments
of a more advanced nature.) We have also referred, briefly, to two other
epplications of uncertaeinty theory: (1) investments and portfolios,
eand (2) share tropping. A number of other significent applica-
tions cen only be mentioned here: (3) optimal contracts

between agent and principal, for example to elicit ideal perfor-
mence on the part of corporate.managers [Marschak and Radnper 1972,i
Herris and Raviv 1978, Shavell 1978, Cheung 1969 , Groves 1973,
Alchian and Demsetz 1972, Jensen and Meckling 1976, Zorn 1978]; (4)
corporate finance, and in particular the balance between debt

and equity funding [Modigliani eand Miller 1958, Lintner 1962,
Hirshleifer 1966, Feme and Miller 1972, Ch. 4]; (5) optimal
behavior and equilibrium with respect to accidents [Vickrey

1968, Calabresi 1970, Baumol 1972, Diamond 197h]; the "value

of life" appropriete for risk-taeking decisions [Mishan 1971,

Thaler and Rosen 1975, Conley 1976, Schelling 1968, Jones-Lee

1974, Bergstrom 19T4]; end (6) choice of discount rate for pu-
blic investment [Hirshleifer 1966, Arrowv and Lind 1970, Sandmo

1972, Bailey and Jensen 1972, Mayshar 1977].
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Part 2

THE ECONOMICS OF INFORMATION

In Part 2 we will examine the consequences of admitting non-terminal

or informational»actions into the repertory of economic agents. Paralleling

the development in Part 1 we first consider the problem of optimization --

choice of action on the part of decision-making units (Section 2.1). The
sections following cover aspects of the interaction of such decisions for

determining market equilibrium.

2.1 Informational Decision-making

2.1.1 Acquisition of information

We continue to assume that the set of acts a = 1,...,A, the set of
states of the world s =1,...,5, and the associated consequences c(a,s)
are all known to the individual. He has, as before, a prior probability
distribution of initial beliefs “s as to the states of the world. The new
element is that he can acquire information, receiving one of a known set of
possible messages m = 1,...,M that in general will leqd to a revision of
probability beliefs. And thus in turn, to a possible revised choice of
action. (In the extreme case, a message m might be conclusive as to be
the occurrence of some particular state s® -- in which case the revised or
posterior distribution of beliefs ns.m will attach probability of unity
to state s* and zero to all other states)

The warranted revision of beliefs, given any message m, is shown
by Bayes' Theorem:

T_TE'! (2.1)
sS.m qm
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That is, the revised or posterior probability T m assignable to state

g after receiving message m equals the ratio of the joint probability Mo

of state s and message m both occurring, divided by the Egiggspfobability

9 of message m. Furthermore, using standard laws of probability, the numcrator and
the denominator on the right hand side of (2.1) can be expressed in terms of the prior
probabilities L of the different states and the conditional probabilities

or “likelihoods" Q5 of any message m given state s:

ﬂsmvg Teln.s (2.2)

qm = é “s&?g ﬂsqm.s (2.3)

EXAMPLE: Suppose in a coin-tossing situation that an individual
initially assigns equal prior probabilities of 1/3 to three states of the
world: (1) coin is 2-headed, (2) coin is 2-tajlled, and (3) coin is fair.
The possible messages, on a single toss of the coin, are Heads (H) and Tails
(T). Suppose Tails comes up. Then Ty g the posterior probability of state 1,
must obviously be zero (since 9q 7° the likelihood of the message Tails given
state 1, is zero). Using equations (2.2) and (2.3), the posterior probability
of state 2 is the fraction with numerator %(1? and denominator 0 + %{1) + %{%) = %3
wvhose value is 2/3. Similarly, the probability of state 3 can be found to be
1/3.

Fig. 7 is a suggestive illustration of Bayesian recalculation of
probabilities on the basis of a given message m, where the possible states
of the world are a continuum of values of s from zero to some upper limit S.
The prior distribution shows that the bulk of the initial probability weight
happens to lie toward the high end. But, the likelihood function indicates,

the message (evidence) received is much more likely if s has a small rather

than a large value. The posterior distribution is a compromise or average
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Figure T7: Bayesian Probability Recalculation
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of the other two curves, derived by multiplying (for each s) the prior

probabllities and 1ikelihoods as in equation (2,2),.énd then re-scaling so
that the integrated probability weight comes out to unity. We can concept-

ually picture the process as:

Prior beliefs ﬂs Message m and Likelihoods q, o

J

Posterior beliefs w
.M

The individual's confidence in his initial beliefs is indicated by the
"tightness” of his prior probability distribution -- the degree to which he
approaches assigning 100% prior probability to some single possible value
for s. Evidently, the higher the prior confidence the more the posterior
probability distribution will resemble the prior, for any given weight of
evidence as summarized in the likelihood function. It follows quite directly,

as we shall see again below, that greater confidence implies attaching

lesser value to acquiring evidence.

While the prior beliefs will ordinarily be "personal" or "subjective"

probabilities, in at least some cases the likelihoods might be "objective"

in the sense of being calculable via the laws of probability. For example,

if two tosses of a coin yleld the message "Heads both times," then given

the state of the world that the coin 1s fair probability theory says that

the likelihood is 9, g=l/4, A main theorem of Bayesian statistical theorv is that as

L}

the sample size increases, the welght of the evidence tends to rise relative
to the importance of the prior probabilities -- so that, in the limit,
objective evidence tends to swamp out divergences in personal prior beliefs.
(In some cases, however, there may be an irreducible subjective element in

the likelihoods as well as in the initial probabilities.) One other point

vorth noting is that other things equal, "more surprising" evidence (low
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9 in the denominator of (2.1)) has a bigger impact upon the calculation of

pas terior probabilities.

We now turn to the revision of optimal action. In general,

the optimizing problem can be written:

Max u(a;m) =
s

nsv(cns) (2.4)
1

[[ I e L 0]

For an informational action a, the

consequences e_ will ordinarily be

probabilistic. Then v(cas) is the expected utility of the consequences of the
ultimate deterministic outcomes possible in state s if the action taken is a.
For example, if the state of the world is "Coin is fair" and the action is '"Bet

on Heads,"

the consequence is a probability distribution: 50% chance of winn-
ing, 50% chance of losing.

The values of informational actions are essentially based upon

the expected utility gains from shifting to better choices among

the set of terminal actions. 1In particulasr, denote sas &y the op-
timal terminal action that would be chosen before receiving any
message -- i.e., using the prior probabilities T, in equation (2.4).

If now a particular message m is received, the decision-maker would

use (2.4) again, dbut with revised probabilities T . POssikly lead-

ing to a new choice of terminal action a . Then Am, the ''value of

the message m" can be written:
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Am = u(amsws‘m) = u(aooﬂsmm) (205)

Note that Z%, which 1s necessarily non-negative, is an ex post valuation. It
represents the expected gain from revision of best action, estimated in
terms of the revised probabilities.

However,Athe decision to seek information must necessarily be made
ex ante. One is never in the position of choosing whether or not to receive
the particular message m; the essence of the problem is that the
information-seeker does not know in advance which of the set of possible

messages m = 1,...,M he will obtain. What the agent can actually purchase

is not a particular message but an information service)u,=— generating a
probability distribution of messages m.

An information service is best thought of as characterized by its matrix
of likelihoods Q = [qm.s]' In the example with three possible states of the
world for a coin (2-headed, 2-tailed, and fair), the information services
associated with sample sizes of one and two are represented by the matrices

Ql and Q2 below:

(Message) . (Message)
# of Heads # of Heads
1 0 2 1 0
(State) (State)
i 1 0 1 1 0 0
Q, = 210 1 Q, = 2| o 0 1
31 .5 .5 3 .25 5 25

Note that a purveyor of an information service/n.could not "objectively"
characterize it by its probabilities 9 of generating the different possible
messages, since -- as equatiomy (2.1) to (2.3) indicate -- not only the
likelihoods U s but also the "subjective"'prior probabilities m, are involved

in determining the message probabilities 9, However, given his prior
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probability beliefs the individual can then assign ''personal"” q, probabilities
in order to calculate the valuez&(y) of an information service as an expecta-
tion of the valueSAAh of its associated messages:

AW = EQ@) = £ q lua 7 ) - ulay,m, )] (2.6)

Since, as already indicated, eachlﬁlm represented by the square bracket in
(2.6) is non-negative, an information service can never lower the agent's
expected utility (before allowing for the cost of acquiring that service).

In Figure 8 the determination of A(u) is illustrated for a special

case in which there are two states of the world, three available terminal
action§ and an information service Yy with two possible messages. In the

diagram utility is measured vertically,

while the probabilities of the two states are scaled along the horizomtal
axes. Each possible assignment of probabilities to states is represented
by a point along AB, a 135° line in the base.plane whose equation is simply

", + 7, = 1.

1 2
The utilities of consequences attaching to the different actions

if state 1 occurs, v(csl)’ are indicated by the points labelled v(cll),v(c21), and
v(c31) lying vertically above point A in the diagram. Similarly, the utilities
of outcomes in state 1 -- v(caz) for a = 1,2,3 -~ lie above point B. The
expected utility V(a;7) of any action a given any probability vector 7T is
indicated by the vertical distance from the point T = (ﬂl,ﬂz) along AB to the
line joining v(cal) and v(caz) for thgt action. In the diagram, if 7 is the
prior probability vector then the best terminal action is a=1 and the
associated utility is indicated by the height of F above the base plane.

If the information service u is costlessly acquired, each of the

possible messages m = 1,2 will lead to a revised probability vector
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m = (7m > ). If m=1 in the diagram, the revised choice of action is
.m l.m’ 2.m
a=2 (point C) with{\l (ex post utility gain over a=l) equal to the vertical
distance CJ. If m=2, in the diagram the best action remains a=1 (point D), .

1) Az = 0. Then A(u), the value of the information service, is represented

by the vertical distance EF above the -point 7 along the line AB -- since

A(u) = qlAl + q2A2 and:

T ™ T.. + 7 m
. 1.1 2| (M1t M2l | M)
QT v RT =9 ta, = = =T

2.1 2.2
Fig. 8 also permits us to visualize why higher prior confidence implies
lower value of information. Higher confidence -- a tighter prior probability
distribution in Fig. 7 -- means that any given message or evidence will
have a smaller impact upon‘the posterior probabilities. Then, in Fig. 8 ,
the posterior probability vectors ﬂ.l and ".2 would both lie closer to the
original m. It is evident that the effect can only be to shrink the distance
EF that represents the value of acquiring evidence.
An information se;vice U, we have seen, 1s characterized by its associated likecli-
hood matrix Q = [qm.s]’ which may be objectively calculable.
The matrix Q and the individual personal prior probability vector T = [ws]
together imply‘a posterior probability matrix Il = ["s.m] and message pro-
bability vector q = [qm], so that (Il,q) provides a personal characterization
of u.
One information service (ﬁ,;) is said to be "more informative" than another

(I,q), from the point of view of an economic agent, if it yields sometimes higher
and never lower expected utility (regardless of the menu of actions). It
would of course be very convenient if a measure of "informativeness"

could be calculated from the characteristics of.the message set, such that
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a more informative informstion service would be preferred (cost being equal)
independently of the decision-maker's particular situation. There was some
initial hope of using Shannon's "entropy" measure of communication theory for

this purpose [Shannon 1948]. "Entropy" in the informational sense

is the expected number of binary messages needed to communicate the output
of an information service. This is indeed a measure of the amount of in-
formation, somewhat analogous to ton-miles as a measure of amount of trans-
portation. However, Kenneth J. Arrow (1971} and Marschak (1973) have shown
that only in a special logarithmic case does the entropy measure effectively
scale the value of information. .

Between some information services an informativeness ordering is clearly
possible; a random sample of 2, we know, must be more informative

than a sample of 1. But in general informativeness can only be partially ordered.

The condition for (ﬁ,a) to be more informative than (Jl,q) is that the posterior
probability vector, associated with each message under the latter, is a

"reduced version" in the sense of a convex i combination of the posterior

’

probabilities under the more informative service. That is, if:

T =50 , where &8 >0 and 26 =1 ' (2.7)
. I om.m m = i m

This condition is easily visualized in terms of Fig. 8 , which pictures
a particular information service (Il,q) leading to posterior probability vectors
i 1 and T 9° Suppose an alternative information service (ﬁ,a) also had two

possible messages 1 and 2, but ] vere to lie to the left of 7 1 and 1 2

to the right of 7 2° The alternative service must lead to higher utility
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so long as there is any change in best conditional action under either message.

The fact that the original w 1 lies between the new T 1 and T o means that

it is a convex combination of them, and similarly 1if 7 2 lies between

m and T If on the other hand the two posterior probability vectors of

.1 2°

one service do not bracket the two posterior vectors of another, which one will

be found "more informative" by an individual will depend upon the specifics
of his personal situation.

EXAMPLE: For a coin with three possible states 1, 2, and 3 (2-headed,
2-tailed, and fair) we can compare the informativeness of random samples
of sizes 1 and 2. Let information service ul represent a single tods of
the coin. The message "Heads" @=H)implies a posterior probability vector
Ty~ (2/3, 0, 1/3); the message "Tails" (m=T) implies LI (0, 2/3, 1/3).
Let uz represent the alternative service, involving two tosses of the coin.
The message "2 Heads" (w=2) implies v.2 = (4/5, 0, 1/5); "M Hea@s" (m=1)
implies Ty= (0, 0, 1); and "no Heads" (w=0) impiiés T[;O:: (0)9./5/’;/5)-. It
may then be verified that EH is a convex linear combination of TZ’ Tl’ and
M, with weights 6 = (5/6, 1/6, 0); for Ty the ﬁ?;éhts are 6 = (0,1/6,5/6).
verify that Uz is indeed more informative than My-

When an information service ﬁ is definitely more informative than y,
the fact that the posterior probability vectors ™ ., are convex linear com-

binations of the % o C20 be interpreted as saying that the less informative

So we

service provides outputs that are '"garbled" versions of the other's messages.

In particular, every other information service is a garbling of the perfect

information service (p*) whose messages are conclusive as to which state

will obtain. Thus, in the 2-state 2-message case, u* has posterior probability

vectors w*l

) and 7

m = (ﬂl 21Ty 2) that are convex combinations of

- MM .2

= (1,0) and m*, = (0,1)} any other | must have posterior vectors
.2
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e nd w# _,
.1 B .2

tions are obliterated: two or more distinct messages of e more in-

An Important speciel case of garbling is where distinc-

formative service are reduced to a single message of & less informa~
tive service [Radner 1968, Hart 1975], This may lead to a situation
where different agenis have different partitionings of the states
of the world, with consequent difficulty for the negotiation of con-
tingent contracts.

Fig. 8 elso indicates an important "non~concavity”" (condition

of increasing marginel returns) in the valuastion of information ser-

vices [R&dner and Stiglitz |975]. Starting with the null information
service with posterior probabilities equal to the priors 7, suppose
a slightly informative g comes along with posterior probabilities %.l
just barely to the left of T and ﬂ.2 barely to the right. 1If the probability changes
are small, neither message changes the associated best action, and hence there can
be no utility gain. So the marginal return of improved information will be zero
over a certain range, before becoming positive at the point where the improvement
begins to affect action taken after at least one of the possible messages.

Thus far we have interpreted messages essentially as sample evidence,
for which likelihood functions that follow from the laws of probability can be
calculated for use in Bayes Theorem. More generally, however, a message can take
a form for which the likelihood function is not so easily assessed. One important
example is "expert opinion."” 1In general, it would seemthat a decision-maker should
take account of the opinions (if available) of all other parties who have some
information not accessible to himself [Shavell 1976]. But such "expert"
opinion would generally be a posterior probability vector that would

in part depend upon objective evidence, but also in part
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upon the expert's subjective prior beliefs -- which the decision-maker might
reject. Furthermore, even with regard to the objective evidence component,
the decision-maker would not generally be in a position to know how much of
it is independent of facts already available to himself and accounted

for. Se¢ it seems inevitable that the decision-maker's likelihood function
for the expert's opinion would be a "subjective' judgmental matter. More
specifically, each distinct probability distribution that the expert might
offer would represent a ''message" to which the decision-maker would attribute
a likelihood function as in Fig. 7 -- for use in a Bayesian calculation
leading to a posterior probability distribucrion of his own.

A number of other complexities arise when the decision-making agent is
not an individual but a group of people who must jointly arrive at some
common choice (Raiffa (97© , Ch. 8, Parf 2). Of course this requires
"constitutional" agreement as to the procedure for collective choice (e.g.,
unanimity). But whatever the rule followed, problems may stem from possible

inter-individual conflicts of interest (differences in utilities attached

to consequences) or conflicts of opinion (differences in probability beliefs

as to states of the world).

Consider first differences of belief only. Since divergences
of opinion commonly generate disagreement as to best terminal action,
there is a tendency for the group to choose "excessive' in-
formational action (from the vantage point of an outside impartial
observer). In effect, each member of the group believes that the in-’
coming evidence will likely support his own beliefs, and thus bring
other members around to his own recommendetion as to best terminal
action. On the other hand, sometiﬁes there may be agreement on ter-

minal action among members that masks compensating disagreements; here
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members of the group may agree not to seek information where an impartiasl

observer would advise them to do so.
If there are conflicts of interest as well as lack of consensus, the

redistributive effect of information becomes important. The group tends

to agree to acquire information, even at a collective loss, once each member
has staked out a position whereby he expects to benefit thereby at the
expense of the others -- as by a wager. Note that even if there were no
snitial conflicts of interest, wagering would convert mere differences of

opinion into conflicts of interest.

2.1.2 Other informatiomal activities

So far, under the heading of informational decision-making we have
only considered the acquisition of evidence -- as by generation of sample-
data (the production of socially '"new" information) or the receipt of expert
advice (the interpersonal transfer of "o0ld" information). But other types
of informational activities can also be very important. The possibility of
acquiring information from others, as discussed in connection with 'expert

opinion'" above, immediately suggests the reverse activity -- the dissemination

of information to other economic agents. This might be done for a price,

as when one is hired as an expert, but (as we shall see below) sometimes

it may pay to disseminate gratuitously, or even to incur cost to "push"
igformation to ethers [Hirshleifer 1973]. Advertising is an obvious example.
There is also a choice as to disseminating publicly ("publishing"), or else
privately to a select audience. As a question of authenticity might arise
in all such cases, the receiver of information may devote effort to the

process of evaluation, possibly assisted by authentication activities {or hampered
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by decégtion activities) on the part of the disseminator. There is also the

possibility of unintended dissemination, achieved by espionage or monitoring

on the part of information-seekers ~-- possibly leading to countermeasures in the
form of security (secrecy-maintaining) activities by the possessors of
information.

Finally, there are classes of activities, apart from the direct
acquisition or dissemination of information, that are explicable only as
indirect consequences of informational patterns. Wagering, for example,
follows from differences of opinion in a situation where conclusive information
is anticipated (so as to determine who wins and who loses). Wagering is a
special case of the more general activity of speculation, which turns on
revision of prices anticipated in consequence of the arrival of infqrmation.
Another form of activity, which will be considered in the next section below,
involves the adoption of more or less "flexible" positions in anticipation

of ability to make use of future information when it arrives.
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2.2 Emergent Information

In the section preceding we thought of information as being newly
generated by an informational aétion like a sampling experiment or, al-
ternatively, as acquired from others via
a transaction like the purchase of expert opinion. But in some
cases information may autonomously emerge simply with the passage of time,
without requiring any direct action by recipients. Tomorrow's weather is
uncertain today, but the uncertainty will be reduced as more
metexrological data flows in and will in due course be conclusively
resolved when tomorrow arrives. Direct informational actions might still
be useful, by providing knowledge earlier then it would autonomously arrive.
But under conditions of emergent information a kind of "indirect" informational
action becomes available -- simply waitinp before taking terminal action.
2.2.1 The value of flexibility

Suppose a choice must be made now between immediate terminal action
and awaiting emergent information. This choice can only be interesting,
of course, where there is a trade-off between two costs: (1) a cost of
waiting, versus (2) an "irreversible’ element in the possible loss suffered
from mistaken early commitment. Exactly these elements have been involved
“in analyzing the benefit of.actions that irreversibly transform the
environment [Arrow and Fisher 1974, Henry 1974} and in discussions of the
value of "liquidity” [J. Marschak 1949, Hirshleifer 1972] or of "flexibility"

[T. Marschak and Nelson 1967, Jones and Ostroy 1978].

The essential idea is pictured in Fig. © (which has the same structural

-

framework as Fig.8 but suppresses the 3-dimensional background). The
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Utility in Utility in
State 1 State 2
A 1

Fig. 9: The Value of Flexibility
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individval, if he decides upon immediate terminal action, has a choice
among al” 32, or a3a As shown here, he would choose either az or a3 de-
pending upon his beliefs 7 (in the diagram, he prefers ay yielding utilicy F).

As the diagram is drawn, he would never choose a, as a terminal action.

But suppose that a, has a "flexibility" property. To wit, after receiving

1

emergent information the individual can shift frowm a, to a5 achieving
the intermediate overall utility indicated by the line a;,

or, should the information point the other way, he can shift from

a, to ay vith overall utility payoff indicated by line'aiB° In the situation

as drawn, had he initialiy chosen the "flexible' action ays then if message
1 is received (leading to the posterior probability vector “.1) the individual .
would shift to a5 thus attaining overall utility indicated by point C

on line a,.. Similarly, message 2 would allow him to attain point D on

12

line a4 His expected utility is then E, superior by the amount EF to

the result of the best immediate terminal actiom a,.
The element of "irreversibility' appears here in the fact that line
a, lies below a, in the range where both of these are preferred to a;s
and similarly a4 lies below a, invthe'corresponding range. One has to
pay a price to retain flexibility; the price is that you cannot do as well
as if you had made the best choice among "irreversible' actions in the
first place. Indeed, if the incoming information had somewhat lesser
weight, so that the posterior belief vectors ﬂ.1 and “.2 were not so different
from the original m, the price of flexibility can become too great; point E

would then be somewhat lower in the diagram, and might well fall below the

point F representing the utility of the best immediate terminal action (a3).
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2.2.2 Complete versus incomplete regimes of markets
Public emergent information will affect prices. It therefore divides market

exchanges into two rounds: trading prior to, and trading posterior to the

receipt of the information. The equilibria of these two rounds will generally
be inter-related, but the relationship depends upon the completeness of
markets in each round (see Sec. 1.2.3 above).

In Part 1 of this paper we mainly considered models with a single
consumptive good ¢ and S states of the world. Without anticipated emergence
of information, a regime of Complete Contingent Markets (ccM) woulé exist

if all the cg claims (S in number) were separately tradable at prices.Ps. (Trading in

any set of S linearly independent combinations of the underlying cg claims

P

would also constitute a CCM regime, but we will generally ignore this com-

plication.) Equilibrium would be characterized by the following optimality ’
!

condition for each individual} .

oV (c) P
s - CS = S (2.8)
T, Ve By

If conclusive information as to which state of the world were anti-
cipated, it would make no difference for this model. Equation (2.8) would
“have to hold in prior-trading equilibrium and there simpiy can be no posterior
trading. Once it were known for certain that some state s*qmﬂld obtain,
Cox would be the only claim retaining.any validity; no-one has anything to

trade against his holding of Con claims.

A more interesting model, continuing to assume that traders anticipate

conclusive information, allows for multiple consumptive goods g=1,...,G.
Here a regime of Complete Contingent Markets (CCM) in the prior round would

allow trading in the GS different claims cgs -- claims to any good g under
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state & - at price Pgsa After state s8* obtains, posterior trading

becomes possible among the G remaining valid claims cgska But suppose for

the moment that individuals ignore the possibility of posterior trading in
their prior-round dealings. Then the optimality conditions include ratios

of the following form, where g' and g" are any two goods:

TS (A% ‘

3c ‘
—g's P (2.9)
ms v - P "S

Bcg"s g

After the conclusive information arrives, and state s* is known to obtain;

in the only condition of (2.9) that remains relevant % DOV equals unity.

But this makes no difference; in fact, "s cancels out whatever its value.
Therefore the price ratio on the RHS of (2.9) continues to sustain the solution
attained in the prior round.

Thus we see that even though posterior trading is possible

(there remain G tradable claims Cgs*)’ with CCM in the prior round no-one

will find such trading advantageous. In effect, markets for GS prior claims

plus G posterior claims are "more than are needec." Qualification: If
prior-round traders failed to correctly -forecast that the conditional price
‘/ratio on the RHS of {(2.9) would remain unchanged in the posterior round,
they would be led to make "erroneous™ prior-round transactionms, in turn
requiring "corrective" posterior-round transactions,
So Complete Contingent Markets in the prior round suffice for Pareto-efficiency

only subject to a proviso of '"correct conditional price forecasting."

Consider now another special case. We return to the assumption of a
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single consumptive good, but we allow the anticipated information (taking the

form of a message m=1,...,M) to be less than conclusive. Here Complete Contingent

Markets (CCM) would provide for trading in any of the SM claims Com =" entitle-

ments valid if and only if message m and state s both occur -- at prices Psm'

As for the posterior round, some message m*.will have been received so

there can be just S tradable claims. The prior-round optimality conditions

take the form:

T v'{c )
Tim¥ ‘C1m Pim ‘ :

Here M. Tepresents the individual's prior beliefs as to the joint probability
of state s and message m. But this joint probability is the product of the

conditional probability T m and the prior probability 9 of the message m:

Tsm ~ "s.o%m

Since q, cancels out, and the conditional probability T m is nothing but the

posterior probability attaching to state s after receiving message m, the
price ratio on the RHS of (2.10) again continues to sustain the prior-round solution

So once more, under this CCM regime posterior trading is available but not neces-

sary for Pareto-efficiency: markets in SM prior claims plus S posterior claims are

more than are needed. (The same qpalification,‘that the posterior price
ratios must be correctly forecast, remains applicable.) Generalizing: if
there are G goods, S states, and M messages, a prior-round CCM regime of
trading in all the GSM distinct claims al}ows every agent to attain his

optimum at one fell swoop -- provided that posterior-round prices are correctly

forecast [Hirshleifer and Rubinstein 1976, Salant 1976, Feiger 1976].
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Interesting questions arise, however, when we analyze market repgimes
that are incomplete (as, of course, they must actually be in the world).
There are many diffeteét possible patterns of incompleteness. We will consider
here only the particular case of emergent conclusive information; then the
set of M messages collapses into the set of S states so that individuals are
only concerned with cgs claims, GS in numbe;: Equation (2.9) represented
the first-order optimality conditions holding under CCM for this case.
Two types of incomplete-market regimes, Numeraire Contingent Markets (NCM)
and futures Markets (FM) will now be discussed.
Arrow [1953 ] has shown that the same allocation as indicated by
conditions (2.9) under CCM (trading in GS claims) is achievable with prior
contingent trading in only a single commodity. Let us think of this commodity
as the numeraire good, g=1. Then under NCM only S claimsqof form g would
be tradable in the prior round. We can think of these as side-bets in
numeraire units as to wvhich state of the world is going to obtain. These
bets determine the individual's posterior wealth under each possible state :
of the world, which he can then use to purchase a preferred consumption
basket in the posterior round.
Under either regime of markets, the individuals is seeking to maximize gkpecfed

/ .
utility U= Eﬂsv(cls,...,ccs). Under the CCM regime, the constraint is:

LIP (2.11)

c =1LIZp W
Sg BS gs Sg g5 gS
vhere wgs indicates an endowment quantity. For the NCM regime, prices will
be symbolized as Gls for the prior markets and ﬁg s for the posterior market
(after it is known that state s obtains). In the prior round, the individual

will transact at prices to arrive at an intermediate "trading position"
P 1s
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with elements denoted c;s. All these elements are, apart from those involving
g = i, necessarily ddentical with the corresponding endowment elemts wgs' The
elements C;s that are the decision variables in the prior round may take on

either negative or positive values, though of course none of the ultimate

consumption elements cgs can be negative.

The prior and the S contingent posterior constraints are:

2015 1s gals“is (2.12)
G t
2 lag s gs =L Zﬂg s SS+’a1.scls (2.13)

(s =1,...,8)
It can be shown by direct substitution that (2.12) and (2.13) together are

equivalent to (2.11) if:

9, =P, and ’g.s = Tgs (2.14)
“1 P
.S 1s

Thus, NCM markets will achieve the same efficiency conditions as under CCM,
provided once again that individuals correctly forecast the posterior

price ratios g g.s/ﬂl.s , in particular, that each such ratio will equal the
Pgs/Pls ratio under CCM. Note however that this proviso as to 'correct
conditional price forecasting" becomes more stringent in comparison with CCM,
where the correct forecast was simply 'mo change" from the prior to posterior
ratio (for the state that has actually obtained). Here under NCM the correct
forecast is not in general computable from data available to traders in the prior
round [Radner 1968]. Conditions under which it might become, at least approxi-

mately, computable have been discussed by Hirshleifer and Rubenstein [1976],

Rubinstein [1975], Feiger [1976], and Hirshleifer [1976].

A numerical example is provided in Table 2.. _Agents J and K are a
"representative pair" of traders who diverge both in beliefs and in endowments,
but not in their preferences. Under CCM each can use the equilibrium price

matrix Pgs to trade in a single round to his preferred consumptive position.




Table 2

COMPLETE CONTINGENT MARKETS (CCM) VERSUS NUMERAIRE CONTINGENT MARKETS (NCM)

Equilibrium for Representative Trader-Pair J, K

DATA J K
Preference-scaling function v - 1ncy + 1nc, lncy + lnc,
Beliefs: (n_,%,) (.7,.3) (.5,.5)
1772
g "‘12 200 200 0 0
Endowment: _ 0 0 400 ' 160
“31 Y22
COMPLETE CONTINGENT MARKETS (CCM)
.6 4]
Equilibrium prices: P =
: Bs 1.3 .5
r . 2 1
€11 12 1163 75 83—5 125
Consumption: 1 9
€y c22‘ 2333 60 1663 100
NUMERAIRE CONTINGENT MARKETS (NCM)
Equilibrium prices:
Prior: = (,6,.
rior ¢, = (-6,.4)
~ -
1 1
Posterior: ¢ s =
g-5 1.5 1.25)
K e 10...1 ] ! N
51 ©y2 2333 150 -335 50
Trading position: ¢ ¢
21 c22_ | O 0| 400 160
c Cyo] —1163 75- -831 125)
11 12 3 3
Consumption 1 2 .
_c21 c22‘ L-233'-3- 60‘ _166—3— 10(1
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Note that J, attaching higher_probaﬁility,belief than K to state-1 (.7
versus .5), has arranged for relatively higher contingent consumptions than
K if state-1 occurs, ([116 2/3,75] versus t83 1/3,125]). Under NCM, on
the other hand, the less complete mg;ket regime requires trading

in both rounds to attain the same ultimate solution. The prior-round price

vector @, and posterior-round price matrix wg.s are related to Pgs as in
equation (2.14). Here agent J, who attaches relatively higher belief to
state-1, expresses that belief by é trading position involving a héavier
commitment in state-1 claims to the numeraire good, and the reverse for
agent K. (In fact, the cil element of K's trading position is actually
negative.)

The CCM and NCM regimes allow trading in state-contingent claims. Such
trading does take place to some extent in the actual world, directly as in

some insurance transactions or indirectly via trading in assets like corporate

shares that can be regarded as packages of state-claims. But,most of the

time, the trading observed in the world represents exchange of unconditional
claims to goods. In a market regime allowing only the exchange of un-
conditional claims to G consumptive goods, under conclusive emergent in-
formation the prior and posterior round; can be respectivély identified
with "futures" and later "spot" markets. The question to be considered is
whether such a regime of unconditional or, as we shall say, Futures Markets
(FM) can attain the same final outcome as the more ample market regimes
previously considered.

For the model of conclusive emergent information, under the Complete
Contingent Markets CCM regime the GS tradable claims in the prior round made

it unnecessary to re-trade at all among the G claims in the posterior round.
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Under NCM the S tradable claims in the prior round just sufficed with re-
7
trading among the G claims in the posterior round, to reproduce the same

result. (The proviso as to "correct conditional price forecasting" being

assumed to hold in each case.) It wi}l be evident that the

G+ tradable claims iq two rounds under FM cannot do as well as the S4G

under NCM, if G < S. However, this negative conclusion tends to be overcome

once we allow for the fact t#at emergent information in the world is only

rarely conclusive. If improved but not yet conclusive information emerges

repeatedly, the multiple opportunities for trading among the G goods that a%e re-

created after each informational input increase the effectiveness of FM

relative to NCM and CCM. (Again, the proviso as to correct conditional

price forecasting is required under FM as well.) \
We shall not provide here a2 formal statement of the optimality or

equilibrium conditions for FM.(see Hirshleifer [1977], Townsend [19781). The crucial

point is that, in the prior round, the difference hetween the elements ct

of the trading position for any good g and the corresponding elements wgs

PR . t
of the endowment position is a constant g :

t ' t
ch - Ugs = g s 8%1,...,8 (2.15)

Here gt is simply the unconditional purchase (or sale, if negative) of
good g in the prior round. Table 3 . illustrates that, if G=S (=2 in this
example), then with conclusive emergent information the sane final result
for the representative trader-pair J,K can be attained under FM as shown

-

in Table 2 for CCM and NCM. Table D . also illustrates an alternative




Table -3
FUTURES MARKETS (FM)
Equilibria for Alternative Representative Trader-Pairs
J, K Versus L, M

(v= 1n ¢, + lm':2 for all traders)

DATA J K L
Beliefs: (m,,m)) (.7,.3) (.5,.5) (.6,.4) (.6,.4)
€t 200 200 0 0 200 200] 0 0
11 12
Endowment: e e
021 C22 0 0 400 160 0 0 400 160
FUTURES MARKETS (M)
Equilibrium prices:
Prior: ¢g = (1,.8)
Posterior:
¢ =
.S
g .5 1.25
Trading position:
- P p— -y r— -
t t 8 8 8 8
cll c12 2885 2885 . -885 -88§ 200 200 0 0
_ . A
£t 1 1,1
_C21 ch_ :lll9 1119_ -.-5119 2719- 0 0_ 400 160
Consumption: ]
.2 7T T gal ] ,
c11 c12 1165 75 835 125 100 100 100 100
1 2
c21 c22 _233—5 60-‘ L166§ 100‘ 200 80 200 80
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representative trader-pair L,M -~ differing from J,K only in that L,M

share identical beliefs. The L,M world generates the same market equili-
brium prices as the J,K world though the individual outcomes are different.
Note that L and M choose mot to trade in the prior round, & point that will

take on significance in the discussion of speculation that follows.

2.2.3 Speculation

The term “'speculation” has caused a good deal of confusion. Some
authors loosely apply the word to arbitrage between markets, or to storage
of goods over time or carriage over space - activities which do not involve
uncertainty in any essential way. For our purposes, speculation is purchase
with the intention of re-sale, or sale with the intent of re-purchase,
where the uncertainty of the future spot price is the source of both risk
and gain. The probabilistic variebility of price is in turn due to anti-
cipated emergence of information. Each possible message (in the conclusive-
information case that we shall be assuming here, this is equivalent to the
advent of a single possible state) leads to an associated equilibrium posterior
price vector, benefiting agents who adopted trading positions generating
relatively high conditional wealths for that state.

From the discussion in the preceding section showing that re-trading
possibilities are not needed in a regime of Complete Conditional Markets
(CCM), we see that speculation is a response to incompleteness of prior;round
markets [Feiger 1976/. (However, if the proviso as to éorrect conditional
price forecasting fails to hold, "corrective" re-trading would be needed
even under CCM.) Also involved as determfnants of speculétive activity are
initial risk-exposure in the form of unbalanced state-endowments, degree of risk-

aversion, and probability beliefs as to future states of the world.
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Among these determinants Keynes [1930] and Hicks [1946], followed by

many ofhers, have emphasized differential risk-aversion. In their view, in

the prior round of an FM regime relatively risk-tolerant speculators
accept the risks of price change from relatively risk-intolerant 'hedgers."
Thus, the former buy commodity "futures," ?chieving a small average gain
(excess of later mean spot price over futures price) that represents the
price paid by hedgers for the bearing of the price risk. Later developments along
this_line [Hoﬁthakker 1957, 1968, Cootner 1968] have brought but'thét_hedéers cén
be on either side of the futures market; speculators need bear only the
jmbalance between "long" and "short" hedgers' commitments, and risk-compensat-
ing average price movement could go either way. In contrast with these
views Holbrook Working [1953, 1962] has denied that there is any systematic
difference as to risk-tolerance between those conventionally called speculators
and hedgers. Working emphasizes, instead, differences of belief (optimism . .
or pessimism) as motivating futures trading.

The Keynes-Hicks concentration upon aversion to "price risk" is seriously

misleading. Individuals' prior-round trading decisions are affected by "quantity

risk" (unbalanced endowments over states) as well as by price risk [McKinnon,
1967). 1Indeed, from the social point eof view price uncertainty is tﬁe (inverse)
reflection of an underlying uncertainty as to the future aggregate commodity
gotals. The price risks and quantity risks faced by individuals

can be offsettin%,so that no prior-round hedging activity would be engaéed

in. This is illustrated in the equilibrium of traders L and M in Table 3 ,
The two have the opportunity of mutually hedging in the prior round, and of

doing so "without cost'. That is, in terms of their common Beli;fs the prid;;-

round price of the risky good g = 2, in terms of the other as numeraire, is
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@2 = .8 -- the mathematical expectation of the conditional posterior prices
¢2,l = .5 (with probability .6) and ¢2m2 = 1.25 (with probability .4) --
so that neither need pay anything, on average, for divesting himself of price
risk via prior-round trading. Nevertheless, in the situation of Table 3
any such trading would make it impossible for the individuals to attain a
Pareto-optimal position. |

Strong results that are fullvy general are hard to come hv [Salant 1976,

Feieer 1976, Hirshleifer 1976, 1977]. But under

reasonable simplifying assumptions Working's contention tends to be borme
out: differences of belief, and not differences in risk-tolerance, are the

sine qua non of speculative activity. On the other hand, given any differ-

ence in belief the degree of risk-aversion affects the extent of traders'
speculative commitments. And, our above discussion suggests, unbalanced
state-endowments may also play a role under incomplete market regimes.

Even without differences of belief or of risk-aversion, the restricted trad-
ing opportunities under a FM regime may require both prior and posterior

trading to attain a Pareto-efficient allocation.
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2.% The Economics of Research and Invention

Research and inventioh activities are prime instances of the informational

actions studied, on the level of the individual economic agent, in Sec. 2.1
above. We are not dealing here with situations like those examined in Sec. 2.2,
where information simply emerges with the passage of time. Since Nature will
not autonomously reveal her secret, it must be sought out by costly direct
search for the still-unknown "message'. The topic of concern here however
is not the informational decisions of an isolated Robinson Crusoe, but rather
of individuals in a market environment facing rivalrous competition from some
agents, but also having opportunities for mutually advantageous exchanges
with others.

The central problem considered by modern analysts [for example Machlup 1968,
Arrow 1972, and Cheung ] has been the conflict between the social goals of

achieving efficient use of information once produced versus providing ideal

motivation for production of information. With regard to optimal use, already-

produced information is a "public good" in the sense that its use by any member
of society does not reduce the amount that could be made available to others.
Then any barrier to use, as may stem from legal enforcement of patents or
copyrights or property in trade secrets, is inefficient. On the other hand,

as in tﬁe standard public-good situation, there will be inadequate motivation
to invest in generation of information if the product cannot be reduced to
legally protected property.

Under ideal conditions the efficient-use problem could be solved by charging
perfectly-discriminating fees to license (non-exclusively) all uses of a given
idea. 1If the discoverer were granted full property rights in the idea, 88
by a perpetual copyright or patent, he in turn would have the optimal
incentive to produce (search for) ideas. But in practice owners of copyrights or

patents cannot impose perfectly-discriminating royalty fee structures on licensees.
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A patentee might instead maximize returns by granting exclusive licenses
(in which case the social value bf the excluded uses is of course lost)
or by imposing fee structures that distort the marginal production
decisions of licensees. On the other side of the picture, because of
the elusiveness of property im ideas there is a good deal of uncertainty
and unreliability in the legal protection of patents and copyrights, and
of course relatively little protection for trade secrets not made subject
to patent or copyright. The result_is that a good deal of unlicensed uses
escape control. Short of_ideal-conditionS»there—will-be_losées from both
underutilization and underinvestment' and in practice something of a
trade-off: provision of greater legal protection to inventbrs tends to
ameliorate the underinvestment problem,but to Qorsen the underutilization
problem.

| More recent investigations have indicated, however, that not all the
important elements of the picture have been captured by this analysis. These
newer results turn upon the possibility of overinvestment in the production

of ideas ("a rush to invent").

The first such factor is the fugitive resource (or common-property resource)

nature of undiscovered ideas [Barzel 1968 ]. For concreteness, we can use

as metaphor the "over-fishing” model of Gordon [1954]). Suppose there are
perfect property rights in fish caught, but complete free entry into fishing

(i.e., there are no property rights that exclude others fr&ﬁ-engaging in fishihg as
an activity). Then in competitive equilibrium there will be over-fishing;
private marginal cost will equal price, but the true social marginal cost in fishing

exceeds the private marginal cost. The reason is that a certain fraction of
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each fisherman's catch consists of.fish that would have been cauecht
anyway; by other fishermen —- so the true social product of fishing effort
is less than appears in private calculations. The upshot is that too many
fish are caught, too soon. Among the remedies discussed in the fugitive-
resource literaturé are the imposition of taxes or production quotas to
reduce the amount of fishing activity, or alternatively the assignment of
exclusive property rights to engage in such activity,

This last point may be clarified by e#plicitly distinguishing "rights
in fish" (the right to exclude others from a fish you have caught) from
"rights to fish" (the right to exclude-others-from competing—with you in
fishing activity). Assuming fully protected rights in- fish; the fugitive-
resource problem can be solved by also vesting rights to fish -- for example by
auctioning the right to exclusively exploit a fishery. 1Indeed, once rights to fish
are defined such an auctibn would tend to occur of its own, via Coase-Theorem
negotiations. In the context of research, the equivalent distinction is
between rights in an idea and rights to (engage in search for) an idea.
Again, one might imagine auctioning off the right to search for an idea —-
for -example, the right to invent an alloy.with specified properties. As
the lowest-cost inventor would bid highest for this right, the "rush to
invent" problem would be solved [Cheung 1.

In fesearch,the difficulty of defining the nature of an "uncaught" idea seems t
make the assignment of rights to (search for) them unfeasible. (Even in fishing,
it is often impractical to define exclusive rights to sugh a wandering resource.)
In contrast with fishing, however, for inventors property rights in ideas
when caught are still Qery tar from perfect. But, in the circumstances, this

is not necessarily bad; being somewhat like a tax on inventive activity,
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defective rights in ldeas reduce what otherwise might be an excessive
"“rush to invent."

Recapitulating at this point, we have seen two distinct possible
justifications for limiting property rights in ideas -- for example, by granting
patents only for a term of years. The fir§t is that some protection to
inventors is traded off against protection to users of invention; e.g.,
after the patent expires use of the idea is unconstrained. The second
is that the "rush to invent" tendency 1s moderated by reducing the cap-
turable value of the invention itself.

There is still another motivation that may lead to excessive
devotion of resources to invention.. Ideas of course vary enormously
in their significance, and some among them will have far-reaching con-
sequences. This opens up a new channel of reward for inventors. Instead
of, or possibls in addition to selling the information via patent license
or otherwise, an inventor might be able to speculate by taking long or
short positions in assets whose values will be affected by the invention
[Hirshleifer 1971]. The cotton gin, for example, had
speculative implications for the pricegof cotton and cotton land, the
business prospects of firmg engaged in-cotton warehousing and shipping,
the site values of key points in the cotton transportationm metwork --

in addition to more indirect implications for competitor industries

like wool and complementary ones like textile machinery. Nor does an idea
have to be as momentous as thé cotton gin to have profitable speculative
implications. An oil firm that has developed a new method of deep recovery
might, for example, reap a speculative payoff by buying up options on tracts
whose petroleum now lies too deep to be recovered. One important implica—

tion of the speculative reward for invention is that it motivates the
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possessor of information to disseminate it widely and even gratuitously —-
after 'having made his speculative commitment.

Looking at this more generally, individual ideas will -- unlike
individual fish, or whole boatloads of fish -- often have important pecuniary
externalities. The "ideal conditions" referred to above, that would have
reserved for the inventor the entirety of'the technological benefit flow-

ing from his idea, would then generally lead to overcompensation if the

inventor can also capture some fraction of the pecuniary externalities as
well.

There are classes of research activity for which the reward element
stemming from the technological benefit 1is negligible, where the potential
pecuniary return is almost the whole picture. Stockmarket research ("security
analysis"), whether engaged in by full-time professionals or by ordinary
investors, is essentially of this nature [Fama and Laffer 1971]. There
may be a technological benefit (increase in society's productive opportunities)

due to accurate security analysis, to the extent that

the analysis is generally believed and therefore affects market prices.

For one thing, the earlier movement of stock prices more quickly rewards
effective corporate decision-making and punishes inefficient decision-
making. Also, those firms whose better prospects are now more accurately
known to the public will find it easier on that account to acquire new
capital to exploit those prospects. But whether the technological benefit
of security-analysis infor;ation is substantial or minor, the reward reaped
by security analysts stems almost entirely from the pecuniary ;Tgvaluations
-- the correctly interpreted rises or falls in the stock prices themselves.

Recognition of the "rush to invent" problem, while undermining the

traditional argument for patents (or other forms of protection for discoverers of

ideas) that was based upon a presumption of underinvestment in research,
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does not warrant going to the other extreme. It would not be in order
to conclude that patent protection is mot justified, but only that the

@rguments pro and con are more complex than had previously been realized.,
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2.4 Informational Advantage and Market Revelation of Information

In the preceding sections we have considered situations in which an
individual could profit by timely publication of knowledge in his private
possession. For example, an agent obtaining new information might transact
at existing prices (take a speculative position), planning to sell out at the
revised prices that ensue once he publicly discloses his knowledge. But
there are two problems here. First, the agent must be able to move to a
trading position (make a speculative commitment) without thereby reveal-

ing his secret -- this is the problem of information leakage. Second, at

the disclosure stage he must be able to authenticate the information he is
trying to publicize -- this is the problem of signalling. We shall consider
these two problems, in reverse order, in the sections following.
2.4.1 Signalling

The particular signalling problem that has aroused greatest interest
arises when sellers of a higher-quality product'or service are attempting to
convey that information (that their product is higher-quality) to buyers.
0f course, any seller is motivated to claim that his is a high-quality
product. Signalling as a solution to this difficulty takes place when sellers

of truly higher-quality products engage in some activity which would not

be rational for those selling lower-quality products. Any activity is a

potential signal if sellers of higher-quality products can engage in it at
lower marginal cost than producers of lower-quality products. For example,

it has been argued [Nelson 1974, 1975] that advertising tends to be especially
advantageous for producers of higher-quality goods, in contexts where repeat
purchases are a significant consideration. Since the high-quality firm will
be acquiring a pool of satisfied customers, its marginal advertising cost per
unit of sales will be lower. Even if there is zero information content to

the promotion itself, a message is being conveyed: that the product is worth

promoting.
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For the labor market Spence [1973], Stiglitz [1975], and Riley [1976, 1979]
have argued that educational credentials may constitute signals with regard
to jobs in which productivity is difficult to determine. As long as there is
& negative correlation between productivity and the (money and time) costs

inﬁolved in achieving any education level, the marginal cost of education is

lower for the higher-quality workers. The latter are then able to signal

by attaining higher educational credentials. On the other side of the market,
the complementary process to signalling is called screening; employers are
able to use education signals to screen for quality differentials.

Rothschild and Stiglitz [1976] and Wilson [1977] make parallel arguments
for the insurance market. Section 1.2.3 above illustrated how, in the absence
of ability to distinguish between better and poorer risks, insurance premiums

reflect the average risk quality. Hence adverse selection occurs, with lower=-

quality risk classes tending to insure more than others. However, ceteris
paribus, the higher the probability of loss the higher is the marginal loss
in utility associated with accepting less than full coverage. Thus, the
marginal cost of accepting a high deductible is greater for those with low-
quality risks (high loss probabilities). Insurance companies can then screen
for differences in risk by offering a menu of policles. Some policies can be
offered at the low premiums appropriate for high-quality risks but with
high deductibles to deter'acceptance on the part of poor risks. Other policies,
intended to appeal to poorer risks, offer smaller deductibles but steeper
premiums.

In contrast to the situations examined in section 2.2, in signalling
models the flow of information from seller to buyer is generated endogenously.

This has important consequences for the stability of informational equilibria.
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It hés been established that unless the gap between the quality of different
products is sufficiently large, there is no Cournot-Nash equilibrium
[Rothschild and Stiglitz 1976, Riley, 1975, 1977, Spence 1976]. That is,
starting from a situation in which all traders adopt some complementary
signalling/screening pattern, there is always an alternative which yields
someone greater profit.

Figure 10 illustrates a simple case where informational equilibrium can
be achieved. There are only two quality levels (of workers,‘if we think of a
labor-market intefpretation). The dashed indifference curves Ul(s,p) rep-
resent , for a low-quality seller (worker), equivalent combinations of price
p (wage) and level s of signalling activity (e.g., education). For a high-
quality seller, the solid indifference curves Uz(s,p) will be applicable.
The lesser slope of the latter indicates that a more qualified worker can more
easily or cheaply acquire the educational attainment that serves as signal,
i.e., he requires a smaller wage increment to warrant his investing in
education.

It is supposed here that, with full information, buyers (employers)

would be willing to pay 6, for the low-quality product and 62 for the high-

1
quality product. Knowing only average quality, however, their maximum offer
(to begin with, with both classes of suppliers in the market) is 8. But,

as depicted here, the reservation indifference curve Ug of the high-quality
sellers lies always above §. 1In the absence of signalling, high-quality
sellers would therefore withdraw from the market, changing the average
quality 8. Ultimately, the equilibrium price would be p = 61 = 5, with
trade only in the low-quality product taking place. This is of course the

extreme adverse-selection outcome (compare Section 1.2.2 above).
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Now let signalling opportunities be introduced. Starting from the above
adverse-selection outcome, suppose a single employer made some offer <$,p2> -~ &
wage of P, to individuals with qualifications s -- lying within the shaded
region in the diagram. High-quality workers would accépt the offer, since
it lies above their reservation indifference curve Ug; low-quality workers
would not, since it lies below thelr indifference curve Ul(O,Bl). In addi-
tion, the employer would be making a profit (since p2< 92). So we can conclude
that such offers would be made. But then other buyers would follow, putting
upward pressure on price, so that ultimately Py = 92.

Consider then the tentative equilibrium consisting of the pair of offers,

= <0,8.> and Z' = <s',0,> where s' is some level

1 1 2
of s lying between the points Z2 and F in the diagram. Acting as price-takers,

or offered wage schedule, Z

the lower-quality workers will accept the offer Z1 and the higher-quality
workers the offer Z'. On the other side of the market the buyers, also act-
ing as price-takers, find that the products purchased have the anticipated
characteristics. The pair of offers {Zl,Z‘} is thus an equilibrium in the
Walrasian sense (and in the sense of Spence [1973]). Three points are of
interest about this equilibrium: (1) it is not fully determinate, because
of the range of values permitted for s'; (2) it is obviously inefficient,
since resources are surely being wasted in signalling so long as s' lies

to the right of Zz; (3) nor is this equilibrium even approximately stable
in the Cournot-Nash sense, As illustrated in Fig. 10, there exists an
alternative offer pair or wage‘schedule {Zl,Z"} which would strictly benefit
both employer and high-quality supplier, without injuring the low-quality
workers. However, within the set of {Zl,Z'} Walrasian equilibria there

is one that is a stable Nash-Cournot equilibrium: the pair {Zl,Zz}. The
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high-quality workers accept Zz; as for the low-quality workers, being
indifferent between 22 and Z1 they have no motive to shift from the latter.

Unfortunately, this result is not general. Suppose instead the indifference '
curves of the high-quality sellers differ less from those of the low-quality
sellers, as in Figure 11. Starting from the {Zl,Zz} solution, consider the
alternative offer Z* = <g*,p*> in the shaded region. It is strictly preferred
by sellers of both quality levels; moreover, since p* < §, it yilelds expected
profits to the buyer. Therefore the set of offers <Zl,22> is no longer a
Cournot-Nash equilibrium. However, no "pooling" offer like Z* can be a
Cournot-Nash equilibrium either since it is always possible to skim the high-
quality sellers off the top of the pool. In Fig. 11, if all workers were
receiving Z*, a firm could enter and offer Z** to high-quality sellers only.
Since p** < 62 such an offer is profitable.

How then would such a market behave? Plausibly, in the absence of
collusion, each buyer would eventually expect some reaction by other agents
to changes in his own list of offers. Suppose that a new offer would be
profitable in the absence of any reaction, but yields losses once another
buyer reacts with a strictly profitable counter-offer. Suppose furthermore
that the latter's response is riskless, in the sense that further response
by any other buyers would not impose losses on the first reactor. Then it
seems reasonable that the potential initial '"defector" would eventually
recognize that his new offer would bring on such a reaction, and hence would
be deterred from making it. This suggests the following strategic equilibrium
concept [Riley 1977], which builds on the development by Wilson [1977].

REACTIVE EQUILIBRIUM: A set of offers is a reactive equilibrium if, for any

additional offer which yields an expected gain to the agent making the offer
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there is enother which yilelds & gein to a second agent and losses to the

$irst. Moreover, no further addition to or withdrawal from the set of offers

generates losses to the second agent.

The general derivation of the existence and uniqueness of the reactive
equilibrium is somewhat delicate. However, it is relatively easy to check
that in Fig. 11 {Zl,Zz} is a reactive equilibrium. The initial "defector"
must make an offer like Z* to generate an expected profit. But then another
buyer can counter with Z#*, thereby attracting away some high-quality products.
As this process continues, 8 will fall until Z* generates losses, while Z#%
remains strictly profitable since p** < 92.

To conclude, the endogenous revelation of information via markets is,
after all, explainable as a non-cooperative equilibrium phenomenon. While
in general there is no Cournot-Nash equilibrium, recognition of reasonable
reactions by other agents alwaye result in a stable equilibrium.

2.4.2 Informational Inferences From Market Prices

We now consider the problem of information leakage. In Section 2.2.3

the process of speculation was interpreted as largely due to differences of
information and belief. Nevertheless, the problem of leakage did not arise
there, because no trader regarded any other individual's knowledge or beliefs

as intrinsically superior to his own. Here, we will suppose, everyone recognizes

that some traders do and others do not possess an informational advantage.

(Though, it may or may not be the case that traders with an informational
advantage are publicly identified as such.) In Section 2.4.1 above, better-
informed individuals were seeking to overcome the informational disparity

by signalling to potential trading partners. In this section, in contrast,
the better-informed individuals are trying to capitalize on the dispafity,

by adopting a speculative position before their informational advantage disappears,
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AL

'For concreteness, we can imagine that an information servicenis available

which, at a certain price K, will (non-exclusively) provide any purchaser
with perfect information as to which state of the world will obtain. Init-
ially, all the potential traders (speculators) may be assumed to have the
same beliefs. But gnyone can become better informed, and everyone knows

that this is the case. The first, rather obvious poiﬁt is that the speculative
profit to those who become better-informed will decrease the larger the
number purchasing the information. Figure 12 illustrates a 2-state situation.
An individual has an endowment E = (ai,uz) and beliefs (wl,nz). With initial
state-claim prices (Pl’PZ)’ his optimal consumption point is CO. If he
purchasesinformation at a price K (to be paid regardless of state), his
endowment shifts to E' = E ~ K. He then anticipates that with probability

ﬂl he will learn that the true state is s = 1. In this case he will exchange
all his state-2 claims for additional consumption in state 1. Similarly,
with probability T, he anticipates learning that the true state is s = 2,

in which case he sells all his state-1 claims. The final consumption vector
Cu yields him an expected utility gain of UU - Uo'

But, of course, the higher expected utility associated with the information
service y attracts other individuals. If the message 1s that the true state
is s = 1, all the informed individuals will be in the market purchasing
state-1 claims. This pushes up the relative price of these claims (steeper
dashed budget line throuéh E'). Similarly if the true state is s = 2 the
price of state-2 claims is bid up (flatter dashed budget line). Final
consump;ion is thus lower in each state, reducing the expected utility of
informed agents from Uu to Ud. As there is still a gain over Uo, entry
continues -~ until ﬁhe utility gain due to informed trading is exactly offset

by the cost K of obtaining and processing the information.
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V So far, it looks as if there may be an equilibrium in terms of a fraction
of traders that choose to become informed. But there is a further complica-
tion. Should the true state be s = 1, as long as any traders at all are buy-
ing the information the price of state-1 claims will tend to rise in compari-
son with the initial uninformed situation -- and, of course, the reverse if
s = 2 is going to obtain. Those not purchasing the information can therefore
infer it, simply by observing the market prices! [Green 1973, 1977, Grossman and
Stiglitz 1976], They will therefore speculate in the same direction as those
who are informed. With sufficiently hair-trigger reaction functions on the
part of the uninformed, there will not even be a gross profit to those choos-
ing to buy the information -- so that, on net, these latter must lose.

In general, of course, prices may depend upon a great number of unknown
or partially known determinants or parameters, apart from the uncertain
element here that defines the state (e.g., the weather). But the same general
result will continue to hold, so long as the price vector p(I) which would
prevail iF'gll agents had all the available information I differs for each
different I. Then the function p(I) is invertible, and I = f-l(a). That

is, the information can be computed from the prices; or, the price vector p

is a sufficient statistic for I [Kihlstrom and Mirman 1975, Grossman 1977b].



kﬁth e finite number of informetion states J, it is slmost certain-
ly the case that even in véry incomplete markets, the function p(])
is invérﬁiﬁlé [Radner 1977}a Thus there is elmost certainly s #ful=
filledmexpectations” equilibrium in which each agent correctly in-
fers aggregete informetion ' from the price vector p.

Ags in the case of signalling models there is & market externa-
1ity - + tending to break down any eguilibrium in which information
is obtained only at & cost: if none ere informed there is potential
profit in becoming informed, yet if enyone invests.in information
and tredes accordingly he loses relatiu¢ to those not having invested.
The analog of the "reactive equilibrium” concept here would evidently
be the corner solution with no informationel igvestments. However,
in contrast with the signalling case, an interior solution can be
obteined by introducing noise or lags. If only imperfect information
about the state of nature can be inferred by observing prices (as
will generally be the case with & continuum of information states
[Grossman]377b, Jordan 1976 ]),or if the informed individual can make
his commitments before the uninformed can fully react, there will . Lt
tend to be an eguilibrium fraction of traders who choose to become
informed.

2.4.,3 Informational Efficiency

In the‘Arrow-Debreu world of complete information about treded
commodities and competitive markets for all contingent claims, market
equilibrium is efficient in the sense that an omniscient observer
would not be able to reallocate resources to the advantage of all
agents. Hovever, if information is costly, and as s result incomplete,

it is hardly surprising that markets no longer have this seame effi-
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ciency property. This observation does not, however, rule out the
possibility that markets may be "efficient" in some narrower sense.
For example, in the stock market model developed by Diamond [19%7], mar-
kets are efficient with respect to a restricted set of omnisciently
planned allocations.

Another restricted notion of efficlency has been the subject
of considerable attention in the finance literature. A market is
said to be "informationally efficient" if it is one "in which prices

alvays fully reflect available information" [Feme 1970 , p. 383].

Unfortunately, the meaning of the term "fully reflect" has
proved elusive. Rubinstein [1975] has argued that new public infor-
mation is fully reflected in prices only if th; latter adjust in such
a way that, upon arrival of the information, traders have no incen-
tive to change portfolios. But 1f individuals begin with heterogen-
eous beliefs they will almost certainly wish to adjust their port-
folios. That 1s to say, prices almost never fully feflect public
iﬁformation!

Even if individuals begin with homogeneous beliefs they will,
in general, agein end up with heterogeneous beliefs. For example, in
the previous section equilibrium was reached when the geins to in-
formed trading were Just offset by the cost of processing public infor-
mation., Those individuals who do not purchese the information in such-
an equilibrium will again wish to revise their pcrtfolios once the
information becomes generally available., Thus again prices do not

fully reflect availadble information in the Rubinstein sense.

In contrast, Grossman and Stiglitz[1976] have 1nterpretéd the "effi-
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cient market hypothesis” to mean that prices fully convey informa-
tdon. In terms of our 1llustretion, efficiency then requires that
the uninformed are able to infer (from the price changes) the content
of the evidence processed by the informed group. As we have seen in
the previous section, under these conditions the merket for private
information is not vieble.

The underlying problem here, in our opinion, is confusion be-

twveen "efficiency” as used to characterize equilibrium configurations

end as applied to disequilibrium processes. Consider an analogous

problem with regard to "profit." 1In an efficient competitive equili-
brium, there are no competitive profit opportunities -- and yet, this
outcome is the end-result of a process in which'profit provides the
motivating force. Whether competitive profit-seeking takes place

at the ideal rate, and is therefore dynamically efficient, is quite
another question, to answer which we as yet lack adequate tools. In
its recent usage, "informational efficiency" means essentially that
the;e is Qo Qaj of mékiné money from info;m;tionai aétivffieéﬁ éiﬁcé
information-involved activities (information seeking, processing, dis-

seminating, etc.) by their very success tend, like profit-seeking ac-

tivities, to eliminete their own reison dletre, it is certainly true

that in equilibrium there will be no way of meking money via such ac-

tivities. But this says nothing whatsocever about the dynenically op-
timal level of informational activities -~ which are, of their very

nature, disequilibrium processes.
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