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THE ANALYTICS OF UNCERTAINTY AND INFORMATION --

AN EXPOSITORY SURVEY

All human endeavors are constrained by our limited and uncertain
knowledge of the world, as leading economic thinkers have always recognized.
Limitations of knowledge play a notable role (to cite but a few instances)
in: (1) Joseph A. Schumpeter's theory of economic development [1936(1911)],
where the key figure is the entrepreneur as creator of previously unknown
factor combinations; (2) Frank H. Knight's theory of profit [1921] as
essentially the return (often negative) received by individuals willing to
bear unquantifiable risks; (3) Friedrich A. Hayek's view [1945] of the
price system as a device for communicating and integrating the divided
information possessed by the separate individuals of a society. And behavior
under uncertainty has been central to important theories of such fundamental
economic phenomena as money, the firm, and the business cycle. An overview
of the economic role of knowledge in its many aspects is forthcoming in a
multi-volume treatise by Fritz Machlup under the general title Knowledge:

Its Creation, Distribution, and Economic Significance; this work contains

an extended historical bibliography [1979].

But despite this longstanding recognition, until relatively recently
(until the post-World War II years) there was no rigorous microeconomic
foundation for the analysis of individual decisions and market equilibrium
under uncertainty. (A classic instance is Irving Fisher's work on interest,
where uncertainty entered only as the "third app&oximationﬂ; significantly,
Fisher titled his relevant chapter "The Third Approximation Unadapted to

Mathematical Formulation" [1930, p. 316].) This foundation lacking, standard



textbooks presented analytical models, typified by the familiar apparatus
of supply and demand, that allowed no role for uncertainty. Given the
overwhelming practical importance of uncertainty, it is not surprising
that decision-makers in the world of affairs have often found academic
economics to be of little operational value.

Recent explosive progress in the economics of uncertainty has changed
this picture. The subject is now an essential topic for students not only
in economics departments, but in professional schools and programs oriented
toward business, government and administration, and public policy. 1Imn
the world of affairs, commercial stockmarket analysts now regularly report
measures of shareprice uncertainty devised by economic theorists. Even
government and the law are beginning to appreciate the need for formal
analysis of uncertainty in dealing with such problems as malpractice, safety
and health, allowable return on investment, and income distribution. And
academic economists, armed with the new developments in the economics of
uncertainty, are much more successfully analyzing previously intractable
phenomena such as insurance, research and invention, advertising, specula-
tion, and the functioning of financial markets.

It will be impossible to provide any adequate review here of all the
important developments under the headings of uncertainty and information.
What we hope to do is to expound the central underlying ideas in non-
technical fashion; to introduce the novel tools of analysis that have proved
fruitful in this area; and to go somewhat more deeply into selected areas
of application in order to convey some impression of the potential rich-
ness and power of the theory. Wherever possible, we will provide cita-
tions to major branches of the literature that we have been unable to

survey here.



The theoretical developments that have brought about this intellectual
revolution have two main foundation-stones: (1) the theory of preference
for uncertain contingencies and in particular the "expected-utility theorem"
of John von Neumann and Oskar Morgenstern [1944], and (2) Kenneth J.
Arrow's formulation of the ultimate goods or objects of choice in an un-
certain universe as contingent consumption claims: entitlements to part-
icular commodities or commodity baskets valid only under specified "states
of the world" (more briefly, "states") [1953, 1964). Just as intertemporal
analysis requires subscripting commodity claims by date, uncertainty analysis
require 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 world of certainty.

An alternative conceptualization of the objects of choice under

uncertainty runs in terms of the statistical parameters of the probability

distributions of commodity or income claims. In that formulation it is
assumed that individuals prefer greater mean income but smaller variance

of income; attention may or may not be paid to higher moments of the distribu-
tion [Harry M. Markowitz, 1959]. It has been shown that the more general
"state-preference" representation of the objects of choice under uncertainty
can be reduced to such a "parameter-preference" representation by making a
number of specialiéing assumptions [James Tobin, 1958; Karl Borch, 1968;
Martin S. Feldstein, 1969]. 1In the particularly simple form of choice
between 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; William F. Sharpe, 1964; John
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Lintner, 1965; Jan Mossin, 1966]. We will not be able to pursue the
parameter-preference approach here; for recent surveys see Michael C.
Jensen [1972] and R. C. Merton [1978].

The modern analytical literature on uncertainty and information
divides into two rather distinct branches. The first branch deals with

market uncertainty. Each individual is supposed to be fully certain about

his own endowment and productive opportunities; what he is unsure about are
the supply-demand offers of other economic agents. In consequence, on the
individual level the search for trading partners, and at the market level
disequilibrium and price dynamics, take the center stage -- replacing the
traditional assumption of costless exchange at market-clearing prices
[George J. Stigler, 1961, 1962; John J. McCall, 1965]. Explicit analysis
of market uncertainty is leading toward a more realistic treatment of

' with implications not only for microeconomics but

market "imperfections,'
for macroeconomics as well [Edmund S. Phelps, 1970]. The second branch of

literature deals with technological uncertainty or (a preferable designa-

tion) event uncertainty. Here individuals are uncertain not about the

terms on which they might make market exchanges but rather about exogenous

data -- such as resource endowments (will the wheat crop be large or small?)

or productive opportunities (will fusion power be available?) or public

policy (will taxes be cut?). Put another way, market uncertainty concerns

the endogenous variables of the economic system, event uncertainty the exogenous data.
The present survey is limited to the relatively more tractable topic

of event uncertainty. This limitation permits us to employ the simpler

traditional model of perfect markets in which all dealings take place

costlessly at equilibrium prices. Recent studies of the complex search



and disequilibrium phenomena that emerge under market uncertainty are
reviewed in Michael Rothschild [1973] and Steven A. Lippman and McCall
[1976]. '

The paper is divided into two main parts, the first covering the
economics of uncertainty and the second the economics of information.
The two categories correspond to what might be called passive versus active
responses to our limitations of knowledge. In Part 1 individuals may be said
to adapt to the fact of uncertainty; in Part 2 they are allowed also to

overcome uncertainty by engaging in informational activities.



Part 1

THE ECONOMICS OF UNCERTAINTY

1.1 Decision Under Uncertainty

In decision-making under uncertainty the individual chooses among
acts while Nature may metaphorically be said to '"choose'" among states. In
principle both acts and states may be defined over a continuum, but for
simplicity here a discrete representation will ordinarily be employed.
Table 1 pictures an especially simple 2x2 situation. The individual's
alternative acts a = (1,2) are shown along the left margin, and Nature's

alternative states s = (1,2) across the top. The body of the Table shows

the consequences c resulting from the interaction of each possible act and
state.
More generally, the individual's decision problem requires him to

specify: (1) a set of acts a = (1,...,A); (2) a probability function

expressing his beliefs m(s) as to Nature's choice of state s = (1,...,S5);

(3) a consequence function c(a,s) showing outcomes under all combinations

of acts and states; and, finally (4) a preference-scaling or utility
function v(c) defined over consequences. Using these as elemeﬁts, the
"expected-utility rule” (Sec. 1.1.4 below) enables him to order the avail-
able acts in terms of preferences, i.e., to assign a utility function over
acts u(a) so as to determine the one most highly preferred.

1.1.1 The Menu of Acts

We shall consider here two main classes of acts: terminal, and

non-terminal or informational.




States
Utility
s = 1 = of acts
&= ‘1 12 %1
Acts
a = 21 22 Y2
Beliefs 1 2
as to states
Table 1: Consequences of Alternative Acts and States



Terminal actions represent making the best of one's existing combination
of information and ignorance. For example, you might decide whether or not
to take an umbrella on the basis of your past history of having been caught
in the rain. In statistical theory, terminal action is exemplified by the
balancing of Type I and Type II errors in coming to a decision (whether
to accept or reject the null hypothesis) on the basis of the evidence or
data now in hand. 1In contrast with the classical statistical problem, which
may be likened to the decision situation of an isolated Robinson Crusoe, in
the world of affairs studied by economics there are interpersonal arrange-
ments -- insurance contracts, futures markets, guarantees and collateral,
the corporation and other forms of combined enterprise -- which serve to
widen the terminal-act options available to individuals. As we shall see,
these market processes provide a variety of ways for sharing risks and
returns among the decision-making agents in the economy.

Informational actions are non-terminal in that a final decision is

deferred while awaiting or actively seeking new evidence which will, it is
anticipated, reduce uncertainty. In statistics, informational actions involve
decisions as to new data to be collected: choice of sampling technique,
sample size, etc. Again, in the world of affairs interpersonal transactions
open up ways of acquiring information apart from the sampling techniques
studied in statistics: information may be purchased, or inferred by
monitoring the behavior of others, or even stolen. To a degree, informa-

tion acquisition and dissemination have become specialized functions (the
"knowledge industry'" [Machlup, 1962] whose practitioners are rewarded by

exchanges with other economic agents in the economy.



Part 1 of this paper will, apart from introductory discussions, cover

only terminal actions -- decisions made under fixed probability beliefs ("the

economics of uncertainty'). The enlarged range of issues generated by
admitting also non-terminal actions will be\examined in Part 2 ("the
economics of information").

1.1.2 The Probability Function

We will assume that each individual is able to represent his 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 [Irving Fisher, 1912, Ch. 16; Leonard J. Savage, 1954]. 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 probabilistic weight of unity to only
one of the outcomes. The degree of subjective uncertainty is reflected in
the dispersion of probability weights over the possible states.

Frank Knight [1921] attempted to distinguish between ''risk" and
"uncertainty," depending upon whether probability estimates are or are not
calculable on the basis of an objective classification of instances. At
times he suggested (pp. 20, 226) that the probability concept is inapplic-
able under true uncertainty, for example, to such questions as whether or
not a cure for cancer will be discovered in the next decade. It will not
be possible to review here the philosophical and operational underpinnings
of the probability concept; for our purposes, it is sufficient that the
"subjective" or "degree of belief" interpretation has proved fruitful even
for Knightian uncertainty situations. But elsewhere Knight's discussion

is much more in line with modern developments, as when he suggests (p. 227)
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that a man's actions may depend upon his estimate of the chances that his
beliefs are correct -- or, we shall say, upon his confidence in his beliefs.
Suppose an individual faces the terminal-action problem of betting
Heads or Tails on a single toss of a coin. Imagine, in the one case, that
he 1s absolutely certain that the coin is fair; i.e., that the probability
of Heads is ™ = .5 (and of Tails is 1 - m = ,5). This is a "hard" pro-
bability; the individual has very high (indeed, perfect) confidence in
the value he attaches to the parameter T of the probability distribution.
Alternatively, imagine that the individual feels he knows nothing whatsoever
about the parameter -- the coin could be so loaded that 7, with equal like-
lihood so far as he knows and believes, might take on any value between 0
and 1 inclusive. Yet, for the terminal decision as to which way to bet
on a single toss, the individual still has no basis for preferring Heads or
Tails, and so must rationally still treat the two outcomes as equally likely.
Thus in this second case also 7 = .5 for him, although here his probability

estimate is very "soft", i.e., he has low confidence. There is no opera-

tional difference between hard and soft probabilities (high and low

confidence) if only terminal action is called for. The difference arises

where there are opportunities for informational action. We will show ex-

plicitly in Part 2 how the value of acquiring information varies inversely
with one's prior confidence. |

1.1.3 The Consequence Function

By consequence is meant a full definition of all relevant characteristics
of the individual's environment resulting from the interaction of the
specified act and state. A consequence can be regarded as & multi-commodity
multi-date consumption basket. However, we will sometimes assume that it

corresponds simply to the amount of a single summary variable like income.
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In the case of a terminal action, the consequences contingent upon each
state might either be certain or probabilistic -- depending upon the defini-
tion 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 migﬁt sometimes represent alternative probabilistic
processes. For example, the two alternative states might be "Coin is fair
(has 50% chance of coming up Heads)" versus '"Coin is biased to come up
Heads with 75% chance." 1In this situation the act "Bet on Heads" will
have probabilistic consequences: '"50% chance of winning" in one state of
the world, '"75% chance" in the other.

For an informational action, on the other hand, the consequences will

in general be probabilistic even if the states of the world are defined
deterministically, since acquisition of information does not ordinarily
eliminate all uncertainty. If the states are "Rain" versus "Shine," and
the informational action is "Look at barometer," the consequences will only
be improved likelihoods of behaving appropriately —- since the barometer
reading is not a perfect predictor of Rain or Shine.

1.1.4 The Utility Function and the Expected-Utility Rule

In the theory of decision under uncertainty, utility as an index of
preference attaches both to consequences c and to acts a. We distinguish
the two by the notations v(c) and u(a), the problem being to derive the
u(a) for evaluating actions from the primitive preference scaling v(c)

for consequences.
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To choose an act is to choose a row of the consequence matrix, as in
Table 1. Given the assignment of probabilities to states, this is also
choice of a probability distribution or '"prospect." A convenient notation
for the "prospect" associated with an act a, whose consequences c, = (cal,...,cas)

are to be received with respective probabilities 7 = (nl,...,ﬂs), is:

a = (cal,...,cas; ﬂl,...,ﬂs)

Or, more compactly:

a = (ca,ﬂ)
The connection between the utility ordering of acts and the preference
scaling of consequences is provided by the Neumann-Morgenstern "expected-

utility rule":

u(a) = ﬂlv(cal) + ...+ wsv(cas) = 22=1 ﬂsV(cas) (1.1)

That is, the utility of each act u(a) is the mathematical expectation or

probability-weighted average of the utilities of the associated consequences

v(cas).
The expected-utility rule is of course a very specific and special
procedure for inferring preferences u(a) over acts from the primitive prefer-

ence scaling of consequences v(c). 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 specifically, the underlying

theorem can be stated as follows:
Given certain "postulates of rational choice," there
is a way of assigning a cardinal preference-scaling

function v(c) over consequences such that the
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preference ranking of any pair of prospects a',a"
coincides with the ranking under the expected-utility
rule.

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 choices not involving risk (see the discussions in William
Baumol, 1951; Armen A. Alchian, 1953; Robert H. Strotz, 1953).

The "postulates of rational choice'" serving as basis for the theorem
have been set forth in a number of different ways in the literature [Milton -
Friedman and Leonard J. Savage, 1948; R. Duncan Luce and Howard Raiffa, 1957;
Markowitz, 1959; Jacob Marschak, 1968], and involves technicalities that
cannot be pursued here. Instead, what follows is an informal presentation
(based mainly on Robert Schlaifer [1959]) illustrating, by direct construc-
tion, the development of a personal cardinal preference-scaling function
for use with the expected-utility rule (1.1).

For the purposes of this discussion, we will assume th;t the contingent
consequences ¢ are certainties, and also that c represents simply the
quantity of generalized income. Let & represent the worst consequence
(lowest level of income) contemplated by the individual, and 2 the best
consequence (highest level of income). As "cardinal" preference scales allow
free choice of zero and unit interval, we can let v(8) = 0 and v(&) = 1.

Now consider some intermediate level of income c*. We can suppose that
the individual is indifferent between (assigns equal utility to) having c*
for certain versus having some particular chance of success m* in a 'refer-

ence lottery" involving & and €. What numerical value can we attach to
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this common level of utility to allow use of the expected-utility rule?
The answer is, simply, the probability w* of success in the reference lottery.
Making use of "prospect” notation:

T (1.2)

u(c*) = u(f,&;m*,1-mk)

Figure 1 illustrates a situation in which € = O, = 1000, c* = 250,
and T* = %u That is, in the preferences of this individual a sure income
of $250 is indifferent to a 50% chance of winning in a lottery whose alter-
native outcomes are S$1000 or nothing. Then the utility assigned to the
sure consequence $250 is just 1/2 —- v(250) = .5. Repeating this process,
the reference-lottery technique generates the individual's entire v(c)
curve of Fig. 1, which is his preference-scaling function for consequences.

We can immediately verify that, with the v(c) function determined as
just shown, the expected-utility rule (1.1) does give us the correct valua-
tion for any prospect whatsoever -- for example, the prospect (c',c";m,1-m)
where ¢' and ¢" are any levels of income and 7 is any probability. This
individual's v(c) function tells us that the contingent income c' is indif-
ferent (equivalent in utility terms) to some specific chance of success 7'
in the reference lottery -- v(c') = ' -- and similarly c" corresponds to some
other chance 7" -~ v(e") = 7". Then the prospect (c¢',c";7,1-7) must be
equivalent in preference terms to having some computable overall chance of
success in the reference lottery. Specifically, the prospect gives him the
chance 7 of an income c' (equivalent to the probability of success '), and
the chance 1-7 of an income c" (equivalent to a probability of success T").
Using the laws of probability, the equivalent overall chance of success is
m(m') + (I-m)(m"'). But this is just the expected-utility rule:

u(c',c";m,1-m) = w(r') + (1-M) (") = wv(c') + (1-Mv(c")
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Fig. 1 — The preference-scaling function v{c) derived by the
“reference-lottery technique”
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The expected-utility rule, combined with the constructed v(c) function,

works because the latter is scaled as a probability. The formula (1.1)

for finding an overall u(a) by weighting the utilities of contingent con-
sequences v(c) is exactly the formula for finding the overall probability
associated with a set of contingent probabilities.

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, applicable to every
state of the world. This will be reconsidered below under the heading of
"state-dependent utility."

2. We have implicitly ruled out complementarities in utility, whereby
a higher income g in a state s might affect the v score attached to income
. in another state t. The justification is that g and c_ are not to be received

t

in combination but only as alternatives; no complementarity can exist because

g and ¢, can never be enjoyed simultaneously.

3. While we have emphasized that v(c) should be intuitively thought
of as scaled in terms of probability, any fixed positive linear transforma-
tion 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 a persoa is said to be risk-averse: he would

always prefer a sure consequence (level of certain income) to any pro-

babilistic mixture of consequences (lottery or prospect) having the same
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mathematical expectation. Fig. 1 illustrated a situation where the reference
lottery with equal chances of $1000 or zero (and thus with a mathematical
expectation of $500) is the utility equivalent of a sure income of only $250.
Such a person must then prefer a sure income of $500 to this risky lottery
whose mathematical expectation is $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 pair of positions on v(c) that bracket P. The point on the curve

represents the utility of a given sure income; the vertically aligned point

on the straight line represents the utility of a lottery with a 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(Z)) > Ev(d)
Here E symbolizes the mathematical expectation operator, and the tilde
indicates that ¢ is a non~degenerate random variable.

It follows immediately that a risk-averse individual endowed with a
given sure income would never accept a fair gamble, a lottery whose math-
ematical expectation of net return equals zero (since it would shift him
from a position on the v(c) curve to a vertically aligned point on a
straight line below it). A gamble would have to be somewhat better than
fair, offer some positive mean return (just how much depends upon his degree
of risk-aversion) to be acceptable. One the other hand an individual
whose v(c) function had the opposite "convex' curvature, representing
increasing marginal 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
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risk-preference. An individual on the borderline, with a v(c) function

that is linear (constant marginal 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 perhaps 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-neutral, and risk-preferring types. But

the observed fact of diversification of assets suggests that risk-aversion

is normal. An individual who is risk-neutral, for example, would plunge all
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 pattern, and do observe more typically that
individuals hold a variéty of assets, thereby reducing their risk of ending
up with an extremely low level of income.

What of the seemingly opposed evidence that fair gambles gpnd, indeed,
gambles generally worse than fair) are accepted by bettors at Las Vegas
and elsewhere? There have been some attempts to construct preference-
scaling functions v(c) that would be consistent with gambling over certain
ranges of income and with avoiding gambles over other ranges [Friedman and
Savage, 1948; Markowitz, 1952]. These constructs run against the difficulty
that if gambles are available on a fair or nearly-fair basis, no one could
ever be at an optimum in any risk-preferring range of his v(c) curve.

To leave such a range, individuals would accept even enormous riches-or-

ruin gambles. Such behavior is surely rare, and there is no indication of
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ranges of income that are thﬁs depopulated. Except in more or less
pathological cases, therefore, gambling at fair or adverse odds appears to
be a recreational rather than income-status-determining activity for
individuals. As evidence, we observe that actual gambling as in Las Vegas
is mostly of a repetitive small-stakes nature, more or less guaranteed not
to change one's overall income status in the long run.

That risk-aversion is the normal situation is indicated in a different

way by Fig. 2. Here the familiar-~looking indifference curves uo,u',u",...

show the expected utility of gambles, based on

the preference-scaling function v(c) of Fig. luin contingent-

income or state-claim space. Specifically, assume for simplicity that there

are only two states of the world 51 and 595 with corresponding fixed pro-

babilities “1 and “2

and Cye Then (1.1) reduces to the special form (1.1'):

=1 - "l’ and contingent consumption variables ¢y

u = nlv(cl) + ﬂzv(cz) 1.1")

This family of equations corresponds to the indifference curves of the diagram.
It follows immediately, since du = 0 along any indifference curve, that
the indifference-curve slopes in Fig. 2 are related to the marginal utilities
v'(c) via:
]
dc L (Cl)

_2 =_ 1 1 (1.3)

de) lgu=0 MV (e))
It is elementary though tedious to show that the indifference curves have
the normal "convex to the origin" curvature if and only if v"(¢c) < 0 -~
i.e., only if the preference-scaling function v(c) is '"concave."
Now let us suppose that the individual is a price-taker in a market

where contingent claims = and ¢, can be exchanged in the ratio P1/P2.

The price ratio, together with the individual's endowment position (wl’wz)



L Fair price line
State 2 / 45° certainty line
claims
wo
0 w, State 1 claims

Fig. 2 — The preference map in contingent consumption
or state<claim space (probability fixed)
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determines his budget line L'L' in Fig. 2. It is then geometrically evident
that, given the standard indifference-curve curvature that stems from risk
aversion, the risk-bearing optimum position C* will normally be in the
interior -- i.e., the individual will want to "diversify" his holdings of
state-claims. Following standard techniques, C* along the budget line is

the tangency determined by the condition:

]
dc2 _ ﬂlv (cl) P1
-5 = Ty "5 (1.4
1{du=0 2 2 2

We can arrive at a much stronger result for the special case where
the price ratio Pl/P2 equals the probability ratio nl/vz. Since the condi-
tion for "fair'" gambles can be expressed as ﬂlAcl + ﬂzAc2 = (0 -- the mathe-
matical expectation of gain is zero -- and since in market exchange

Ac P
— = - 51, this equality of the price ratio and the probability ratio

2
bey 2
coresponds to the market offering fair gambles. Then the condition (1.4)
simplifies to:
v'(cl)
————— T 1
v'(cz) 1 (1.4%)
Given the state-independent form of the v(c) curve as in Fig. 1, equation
(1.4') corresponds to a solution where Cy = ¢y = i.e., to a tangency optimum
like C** at the intersection of the budget line L"L" with the 45° "certainty
line."
Thus, confirming our earlier result, 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. That is, he would accept just that risky
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contract, offering income in one state in exchange for income in another,
which exactly offsets his endowed gamble. (Correspondingly, if the market
odds are not fair the individual would accept some risk so that C* would
lie off the 45° line.) Note that mere acceptance of a risky contract does
not tell us whether the individual is moving away or toward a certainty
position (enlarging or reducing his risk exposure) -- the riskiness of his
endowment position must also be taken into account.

A natural next step would be to explore the responses of the individual's
risk-bearing optimum C* (and thus of his implied st;te—claim transactions)
to a variety of parametric shifts: to changes in prices, in probability
beliefs, in the size of endowed income and its state-distribution, etc.

Limited space precludes a detailed presentation here. However, it will be

useful to describe certain measures of risk-aversion which help indicate

the directions of these parametric responses.

Starting from some initial C* position in Fig. 2, suppose that income
increases while prices remain unchanged. If the Income Expansion Path so
generated is a straight line out of the origin, the individual is said to

have constant relative risk-aversion (R). The implication is that as he

becomes richer he holds proportionately more of each and every state-claim.

If the utility function u(c 2) of Fig. 2 is homothetic, R will be every-

1°¢
where constant. If, on the other hand, R is increasing with income (increas-
ing relative risk-aversion), the Income Expansion Path will curve relatively
closer to the 45° line at higher incomes, and the reverse if R decreases
with income (decreasing relative risk-aversion). It can be shown [John W.

Pratt, 1964; Arrow, 1965] that R is related to the v(c) function by the

condition:
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cev'(c)

Vo) R (1.5)
As an example, it can be verified that the logarithmic preference-scaling
function v(c) = logec implies constant R=l.

An individual is said to have constant absolute risk-aversion (A) if

his final C* position, after an increase in income, represents equal
absolute increases in each and every state-claim holding. This corresponds
geometrically to an Income Expansion Path parallel to the 45° line. The

associated analytic condition on the v(c) function is:

" (¢)
Yo - A (1.6)

Increasing absolute risk-aversion A implies an Income Expansion Path converg-
ing absolutely toward the 45° line at higher incomes, and the reverse if A
is decreasing with income. As an example, it can be verified that the
negative exponential preference-scaling function v(c) = 1 = e © implies
constant A=l.

Pratt [1964] has argued that aversion to bearing a given absolute risk
(to holding a portfolio with a given gap between ¢y and c2) normally decreases
as income rises. This is plausible; a rich individual, other things equal, should
be more willing to hold any kind of asset, including assets with a
given absolute risk. Note that diminishing absolute risk-aversion
A is not inconsistent with constant relative risk-aversion R.

Figure 3 illustrates how risk-aversion enters into the determination
of one kind of parametric response —- to a ''mean-preserving spread' [Michael
Rothschild and Joseph E. Stiglitz, 1970, 1971] of the returns (distribution of
state-claims) associated with a particular asset. Let the endowment posi-

tion lie on the 45° certainty line (the individual is initially holding
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only riskless assets). If a risky asset were purchasable but only at
"fair" prices, the individual would of course prefer to remain at his risk-
less position E on the (dotted) fair price line. If the risky asset re-
presents a favorable gamble, however, the price line through E would be
steeper and the individual would purchase some amount of it (would exchange
some of his riskless for risky assets) in moving to his optimum C*
position.

Now suppose the nominal asset price is unchanged, but there is a "mean-
preserving spread" of asset returns. Then each point like C* on the old
risky price line is shifted to a new point S involving a higher risk (gap
between ¢y and cz). Note that S and C* lie on the same dotted fair price
line, since the mean return has been preserved. The new effective risky
price line through points E and S (bold dashed line) is flatter than the
original risky price line, since exchanging the riskless and risky asset
now involves giving up more ¢, per unit of ¢y acquired. As the terms of
the gamble are less favorable than before, the pure substitution effect
implies that a smaller absolute amount of the risky asset will be acquired.
There is also an adverse income effect; if the individual is characterized

by "normal" diminishing absolute risk-aversion A, his impoverishment will

increase his aversion to risk and thus reinforce the substitution effect.
In these circumstances the new optimum along the price line through E and
S would surely lie closer to the 45° certainty line than the old optimum
point C*., This concludes our illustrative discussion of the individual's

response to particular changes in the parameters of his opportunity set.



-23-

1.2 Market Equilibrium Under Uncertainty

We now shift the level of analysis, from the decisions of the individual
to market interactions and the conditions of equilibrium. Recall however

that we are not dealing with what is called market uncertainty (with its

.characteristic phenomena of search and of trading at non-clearing prices).

Rather, we are dealing with event uncertainty. And we shall generally be

assuming perfect but not necessarily complete markets: trading in con-
sumption claims contingent upon alternative states of the world takes place
at market-clearing prices, but not all definable claims may be separately
tradable.

1.2.1 Risk~-Sharing

If both parties in some transaction are risk-averse they will generally
contract to share the total risks and returns. This can be illustrated by
the Edgeworth box in Fig. 4 [William C. Brainard and F. Trenery Dolbear, Jr.,
1971; John M. Marshall, 1976], which for concreteness may be thought of as
illustrating a ''share cropping'" problem [Steven N.S. Cheung, 1969; Joe D.
Reid, Jr., 1976]. The alternative states of the world are '"good crop" or
non-loss state N and "“bad crop" or loss state L, with associated contingent
claims . and e Because of the difference in social totals of income in
the two states, the box is vertically elongated.

Given agreed-upon probabilities LT (WN=l—ﬂL), the indifference curves
for each agent have the same absolute slope ﬂL/ﬂN along their respective
45° certainty lines. It is obvious that the two traders (Landlord I and
Worker 1) cannot both attain certainty positioné. At a position like E

the Landlord is bearing all the risk (the Worker is receiving a fixed wage

independent of which state obtains). At a position like V the opposite
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holds; the Landlord is receiving a fixed rent regardless of state, while
the Worker bears the risk. Starting from a position like E, state-claim
trading will lead to an equilibrium at a point like C on the contract curve
TT within the region of mutual advantage. It is geometrically evident that
the contract curve necessarily lies between the two 45° certainty lines, so

some of the risk will be borne by each party.

If the individuals were constrained to strict proportionate sharing

of the income totals in the two states, the equilibrium would have to lie
along the main diagonal of the Edgeworth box. (This would represent a kind
of "incomplete market" for the trading of contingent claims.) Such a solu-
tion would not in general be Pareto-optimal, but it might be a rather close
approximation of a point on the contract curve. Proportionate sharing in
a world of unequal social totals of income would be strictly consistent
with a Pareto-optimal solution only if conjoined with side payments from
one party to another. (With two states of the world a side payment 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 1Insurance

The Edgeworth box interaction in Fig. 4 can be given another interpretation:
the risk-sharing that takes place there can be regarded as "mutual insurance."
Indeed, all insurance is best thought of as mutual {Marshall, 1974b];
insurance companies are only intermediaries in the risk-sharing process.
We will be providing here a relatively extended discussion of insurance
markets in order to illustrate in somewhat greater depth a number of the

salient issues of uncertainty theory.
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In the insurance context, once again the Edgeworth box will in general
be elongated; we can imagine a social "loss" state of the world L (e.g.,
an earthquake occurs) versus a ''non-loss" state N. From any given endow-
ment point like E, price-taking traders arrive at a risk-sharing equil-
ibrium like C on the contract curve. The absolute slope of the equilibrium
market line (=PL/PN) exceeds the absolute slope of the dashed lines repre-
senting the fair prices or probability ratio (=ﬂL/wN). That is, claims
to income in the less affluent state L command a relatively high price,
the marginal utility of income in that state being higher.

In economic analyses of insurance there has been a tendency to assume
that fair or "actuarial" insurance terms would be normal were it not for
transaction costs ("loading') [Isaac Ehrlich and Gary S. Becker, 1972].

In what follows we shall survey some of the major elements, transaction
costs aside, that generally lead to non-fair equilibrium prices.
Social Risk:

Suppose two individuals I and II have equal initial incomes, but there
is a hazard that will surely impose a fixed loss £ on exactly one of them
(with fixed, but not necessarily equal probabilities for each). The Edge-
worth box would be square. Then the two 45° lines collapse into the single
main 45° diagonal, which also becomes the contract curve. Here there is
private risk without social risk. The two states of the world are "loss
strikes I" versus "loss strikes II." Each party will want to exchange
income in his non-loss state (the "premiuﬁ") for compensation to be received
in his loss state (the "indemnity"). The equilibrium price ratio (premium/

indemnity :ratio) corresponds to the respective probabilities; at these fair

prices, all private risk is eliminated by mutual insurance.
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Apart from this extreme special case of perfect negative correlation
of risks, four distinct states of the world can be defined in a two-party
situation -- according as the loss is suffered by neither person, I alone,
IT alone, or both. And the social total of losses can be 0, 1, or 2.

Evidently, there is no way of arranging affairs so that everyone can have

the same income regardless of state; universal full insurance (whereby everyone attains

his "certainty line") is generally impossible. It follows that equilibrium
prices cannot be "fair"; each person's premium/indemnity ratio must exceed
the odds that he will suffer a loss.

For larger insurance pools with M members, the Law of Large Numbers
is sometimes thought to justify treating the per-capita loss Y E-% Zf;l li as
approximately constant over states. As M increases, the variance of Y
declines and thus the error committed by assuming away social risk diminishes.
Nevertheless this error does not tend toward zero unless the separate
risks are on average uncorrelated [Markowitz, 1959, p. 111]. If for each
individual i the variance of loss li has the same value 02, and if the
correlations between all pairs of risks equal some common r (which can only

hold if r > 0), the variance of the per-capita loss Y is:

ol = —17 Mo? + M(M-1)r0?) (1.7)

YoM
In the limit as M increases, the variance of per-capita loss approaches the
value roz, which remains positive unless r=0.
We see, therefore, that "social risk" is not exclusively due to small
numbers; it persists even with large numbers if risks are on average cor-
related. In the language of portfolio theory, risks have a "diversifiable"

element which can be eliminated by purchasing shares in many separate
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securities (equivalent to mutual insurance among a large number of individuals)
and an "undiversifiable" element due to the average correlation between
risks. It follows then that a particular asset will be more valuable the
less is the correlation of its returns over states with the aggregate
returns of all assets together -- the variability of which is the source

of undiversifiable risk. As this concept is applied in modern investment
theory, the correlation of returns on each particular security with the
returns from the "market portfolio" consisting of all securities together

is indicated 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 relatively large
returns in just those states of the world where aggregate incomes are low
(where marginal utilities are high).

The "social risk" phenomenon therefore provides two reasons why
insurance prices may not be fair or actuarial, so that purchase of cover-
age is ordinarily less than complete: (1) 1if the number of risks in the
insurance pool is small, so that the Law of Large Numbers cannot fully
work, or (2) even with large numbers, if risks are on average correlated.

State-dependent Utilities:

Our discussion to this point has been based upon the unique state-
independent 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. 5a). This

will be appropriate wherever the object insured cannot be regarded simply
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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 a simplification) that utility was a func-
tion of the quantity of a single generalized "income'" commodity c. Here
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
curves vN(c) and VL(C) do not represent distinct utility functions, but
different sections through a single v(c,h) function.

With state-dependent utility, the 45° income certainty line (ICL) is no
longer the individual's wutility certainty locus (UCL). Someone on the 45°
line would not be indifferent as to whether state N or L occurs. 1In Fig.

5b, the UCL lies toward the c axis, since the individual requires more

L
income in state L than in state N if he is to "fully insure utility"
[Philip J. Cook and Daniel A. Graham, 1977].

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):

L
ﬂLvL(cL) ) EE
P

(1.8)
[]
Wrlcw) Py
Assuming, as a benchmark, that prices are fair, (1.8) reduces to:
v = ' v
vL(cL) vN(cN) (1.8")

With actuarial insurance available, the individual thus equates his marginal
utilities in the two states as before, but these marginal utilities are now
slopes along differing v(c) curves.

With uncertainty only over the possible loss of the "heirloom," the

individual has an initial endowment point E on the 45° income certainty line.
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Therefore insurance against the loss state is optimal, at actuarial prices,
if and only if the indifference curve through E is steeper at this point
than the budget line, that is if:

VL(CE) ='%§ (CE’O) > vﬁ(cE) = %% (CE’l)
The desirability of insuring against the loss state thus depends upon whether
or not income ¢ and the "heirloom" variable h are Edgeworth substitutes --
i.e., whether the cross-derivative of the two-dimensional cardinal preference-
scaling function v(c,h) is negative. For an heirloom such as an ancestral
painting with negligible cash value it is hard to establish an a priori
case either way. We can thus expect to find that some peopfe insure such
objects while others, similarly situated, do not.

But suppose h=0 represents a major injury. Then the marginal utility
of income will probably be higher in the loss state (one 'needs" income c
more than before). In such cases the optimum C* lies to the southeast of
the income certainty line, though not necessarily southeast of the utility
certainty locus. The individual will buy insurance against injury, but
not necessarily so much as to be "fully insured” in the sense of not caring
whether or not the injury occurs.

The situation is very different if the variable h represents the life
of one's child. It then seems plausible that h and c are complements; if
your child dies (h=0) you have less need for income, since you planned to
spend it largely on him. In such a case it is optimal to. transfer income
from the loss state to the non-loss state. That is, to '"reverse insure” --
‘to bet that the loss would not occur. _(Contractually, instead of insuring

your child's life you might buy a life annuity for him.)
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We see that once allowance is made for state-dependent utility, it can
no longer be presumed that individuals offered actuarial insurance 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 perfectly monitor the behavior or identify the risk-status

of insureds. (Since this is a kind of informational problem, our analysis

here has close ties with topics to be taken up in Part 2 below.)

To stick to essentials, we need only consider two risk classes with
the same initial wealth w and facing the same potential loss £. In the
absence of insurance the high-risk class, with loss probability 7', has an
expected utility of 7'v(w-£) + (1-m')v(w). This is represented by the
distance A'B' in Fig. 6. If members of this risk class are identifiable by
the insurers (by the other members of the mutual insurance pool), fair
insurance will result in their being offered full coverage for a premium of
m'% ~- equal to the mathematical expectation of loss. These individuals
then choose certainty position C' in Fig. 6 (equivalent to being on the 45°
line in Fig. 2). Expected utility is v(w-7'%), equal to the distance A'C'
in the diagram.

Similarly, if members of a low-risk class with loss probability 7"
can be identified, insurance at actuarial terms will raise their expected

utility from A"B" to A"C".
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But what 1f the insurers have no way of distinguishing individuals
belonging to different risk classes? Suppose they offer insurance on a
full-coverage-or-none basis, initially using the average probability of
loss T. The resulting expected utility of those purchasing the insurance,
v(w-T8), is given by the distance DE in Fig. 6. The high-risk class would
be getting a bargain, but the low-risk class may (as shown here) be better off
without any coverage (A"B" > DE). If so, the latter drop out of the insurance
pool; only the high risks insure. The premium in equilibrium would of course
be 'L, reflecting the loss probability of the high-risk class.

This is the problem of adverse selection. While we have described it

in the insurance context, it is a much more general phenomenon. Whenever
buyers can only observe average quality, there is a tendency for
sellers not fully rewarded for high quality to withdraw from the market.
In one extreme model George A. Akerlof [1970] showed that even if the used
cars in existence represent a merit continuum, only the lowest-quality
"lemons" would actually be traded.

More generally, however, the equilibrium may not be quite so extreme.
With somewhat greater risk-aversion, in Fig. 6 the v(c) curve might have
warranted participation even of the low-risk class in the insurance pool,

at prices based on the average odds T. With a risk continuum also,

the pool of participants may include everyone from the lowest quality up to
some cutoff point [Richard Zeckhauser, 1974]. Returning to Fig. 6, suppose
now that the risks are distributed over a range of loss probabilities, the

interval [7",7n']. Since insurance yields an expécted-utility gain of B'C'

to the highest-risk class, those with not too dissimilar loss probabilities
are also better off purchasing the same type of policy. Such participation
lowers the average probability of loss and improves the actuarial premium,

thereby drawing still better risks into the insurance pool. The process

continues until the marginal risk class is just indifferent between no
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coverage and full coverage at a premium reflecting the average probability
of loss for all those in the pool.

So far we have been assuming, in effect, a world of pure exchange: we
have allowed people to trade risks (to engage in mutual insurance) but not to
modify risks by productive activities. Such modifications might take the

form of committing resources to loss reduction (reducing the gap between N

and CL) or to loss prevention (reducing the loss-probability ﬂL) [Ehrlich
and Becker, 1972; Marshall, 1976] -- apart from or in addition to purchase of
market insurance. More commonly the problem is viewed the other way. Might

individuals who purchase insurance be inclined not to undertake protective

measures that would reduce the scale or chance of loss? This is what is

called moral hazard.

Since efficient prices are proportioned only to the probability of

loss, if m. is known and fixed there is no need for insurers to guard against

L
inadequate loss-reduction activity by price-taking risk-owners; the decisions

of the insureds lead automatically to a Pareto-efficient production and

distribution of risks [Marshall, 1976]. And if "L is variable but subject

to costless monitoring by insurers, prices would respond appropriately

and thus would continue to induce efficient loss-prevention activity as
well as market risk-sharing transactions [Michael Spence and Richard
Zeckhauser, 1971). Another way of looking at this is to note that in
principle, variation of probability of loss is equivalent to variations in
the amounts of loss under a suitably extensive specification of states of
the world [J. Hirshleifer, 1970, p. 217}. Thus, with perfect monitoring,
insurance terms can always be based upon the fixed probabilities of the

true underlying states. If insurers could offer suitably different premium/
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indemnity ratios for losses under perfectly observable contingencies like a
10-foot flood, a 20-foot flood, etc., they need not be concerned with how
high a dike the insured chooses to build.

Realistically speaking, however, monitoring of states will be imperfect.
Insurers cannot be certain about the true flood hazards, fire hazards,

medical hazards experienced by insureds. Consequently, very often

contracts have to be written in terms of "result-states" [Marshall, 1976] --
the actual occurrence of loss —- rather than the true underlying states.
Then, if in the extreme case price did not respond at all to loss-preven-
tion activity, no such activity would be undertaken.

Insurers have two main ways of coping with the problem [Arrow, 1963;
Mark Pauly, 1968; Richard Zeckhauser, 1970]. The first is to require the
insured party to bear some portion of the risk, for example by a "deductible"
provision (indemnity will be less than the loss by a fixed amount) or by
"coinsurance" (indemnity will be a proper fraction of the loss). Then
insurance will be provided, but moral hazard persists in that insureds will
engage in less preventive activity than would be efficient with costless
monitoring. In addition, risk-spreading through insurance is less than ideal.
The second way of coping is to price insurance in accordance with the actual

loss-prevention behavior of insureds (the height of the dike built), the

idea being that to monitor behavior may be easier than monitoring the under-
lying states. Again, as this process is subject to slippage and uncertainty,
there is less preventive activity and less risk-spreading through insurance

than would be optimal.

1.2.3 Complete and incomplete market regimes, the stockmarket economy,
and optimal production decisions.
We have briefly alluded above to the possibility that, under uncertainty,

a complete set of markets may not be available to economic agents. More
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formally, a regime of Complete Contingent Markets (CCM) will exist if,
with S distinct states of the world, the S elementary state-claims g

(s=1,...,S) are all separately tradable. In such a regime each individual

{ with endowment wi (wi,...,wé) and facing prices P B (Pl,...,Ps) chooses

some vector of trades ti satisfying:

Peti=0

Equating marginal rates of substitution with the corresponding price ratios,

the necessary condition for a utility-maximizing consumption choice of

ci = wi + ti is then:

T v'(ci) P
s s s

—=  for all s. (1.9)

vt 1

1 1

This is of course a generalization of equation (1.4) above. More generally,
trading in any S distinct assets representing combinations or packages of the
cs-claims will also constitute a CCM regime provided the assets are linearly
independent (i.e., that none of them can be expressed as a linear combina-
tion of the others). For, any desired vector ci can then be attained by
holding an appropriate combination of the S assets.

There is however a rather large gap between the CCM model and reality.
Given the infinite variety of conceivable contingencies of economic interest
(possible inventions, disasters, political developments, taste changes, etc.),
in practice market regimes will necessarily be severely incomplete. Economic
agents cannot in fact trade, directly or indirectly, in every distinct
contingent claim. There are a number of different incomplete market regimes,
gsome of which will be studied in more detail in Part 2. For example, it
might be the case that for some or all commodities only certainty claims

rather than contingent claims are tradable: one might be able to contract
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to deliver wheat, but there might be no effective market in wheat contingent
upon the Republicans winning the next election.
We will consider here one interesting regime of incomplete markets:

a "stockmarket economy." Here each individual i has an untradable endowment

- -1
wi = (wi,...,w;) plus endowed amounts of tradable shares (ai,...,aF) of
the F "firms" in the economy. To each firm there corresponds a total vector
of state claims wf = (wf,...,wé).

If each firm's holding has market value Vf, the individual's decision
problem is to choose a portfolio (ai,...,a;) subject to his marketable wealth

constraint:

i -
LoV, = LagV, (1.10)
. X i i i
His final consumption is ¢ = W + t~ where:
i_ i _ =i, f
t” = Zf(af af)w (1.11)

The individual then chooses a portfolio to maximize:

1 i, _ i
u(al,...,aF) = zs“s v(cs) (1.12)

subject to (1.10) and (1.12). 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, AL, that is:

T ov'(el) of .
A== for all f and all i. (1.13)
£
This directly implies:
T v'(c:) w§ v,
8 T 1"V for all f and 1 (1.14)
Im v'(c) w 1
s S -] s
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This relation, in comparison with (1.9), indicates an optimization constrained
by the set of assets or claimé packages (firms f=1,...,F) through which trad-
ing may take place. Unless the set of tradable assets constitutes a
Complete Contingent Market (which cannot be the case if F < S, or more generally
if the F asset vectors fail to 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,...,as). 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 all tradable securities are in effect perfect substitutes.
There can be no gains from trade; each individual must therefore end up
consuming his own endowment. However, it can be shown that the stockmarket
economy is efficient in the restricted sense of achieving Pareto-preferred
allocations of the tradable shares of different firms [Peter A. Diamond,
1967].

Two related questions have received considerable attention: (1) Will
shareholders in general be unanimous in support of the firm's production

decision, and (2) if so, will the optimal decision be such as to maximize

the firm's markét value Vf? In the simpler model of certainty choices, it

is well-known that unanimous support for maximization of market value follows
when a "separation theorem'" holds. If there are perfect com

petitive markets and no technological externalities among firms, maximiza-
fion of firm value implies that every shareowner's wealth and thus his

consumption opportunities will be maximized. In the absence of the stated
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conditions, the separation theorem does not in general hold. For example,
if the firm has significant monopoly power, the shareowner must balance
increases in wealth against the loss he suffers as a consumer having to
pay higher prices. And if differing shareowners have different tastes or
endowments, the failure of separation will imply non-unanimity as well.

Very much the same holds for the firm's decisions in a world of
uncertainty. In a stockmarket economy, in particular, shareowners will
unanimously support value maximization if the firm's decision can have only
a negligible perceived effect upon their marginal utilities in the different
states. This condition will be violated if the firm can have a significant
effect upon the aggregate supply of claims to any particular state s, akin
to its having a degree of monopoly over cs-claims. As an important special
case, the condition will fail if the productive options before the firm enable
it to create otherwise unavailable patterns (ratios) of state-claims.

And again, unanimity fails if there is technological interdependence between
this firm and any other firm, since there generally will be overlapping
ownership between the two [Diamond, 1967; Steinar Ekern and Robert Wilson,
1974; Harry DeAngelo, 1977].

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 excit-
ing developments of a more advanced nature.) We have also referred briefly

to other applications of uncertainty theory such as share cropping and portfolio

selection. A number of other significant applications can only be mentioned
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here: (1) optimal contracts between agent and principal, for example to
elicit ideal performance on the part of corporate managers [Jacob Marschak
and Roy Radner, 1972; Milton Harris and Artur Raviv, 1978; Steven Shavell,
.1978; Steven N.S. Cheung, 1969; Theodore Groves, 1973; Armen A. Alchian and
Harold Demsetz, 1972; Michael C. Jensen and William A. Meckling, 1976;

Thomas S. Zorn, 1978]; (2) corporate finance, and in particular the balance
between debt and equity funding [Franco Modigliani and Merton H. Miller, 1958;
John Lintner, 1962; Jack Hirshleifer, 1966; Eugene F. Fama and Merton H.
Miller, 1972, Ch. 4]; (3) optimal behavior and equilibrium with respect

to accidents [William Vickrey, 1968; Guido Calabresi, 1970; William Baumol,
1972; Peter A. Diamond, 1974]; (4) the "value of 1ife" appropriate for risk-
taking decisions [Ezra J. Mishan, 1971; Richard H. Thaler and Sherwin Rosen,
1975; Bryan C. Conley, 1976; Thomas C. Schelling, 1968; Michael Jones-Lee,
1976; Joanne Linnerocoth, 1979; Theodore Bergstrom, 1974); and (5) choice

of discount rate for public investment [J. Hirshleifer, 1966; Kenneth J.
Arrow and Robert C. Lind, 1970; Agnar Sandmo, 1972; Martin J. Bailey and

Michael C. Jensen, 1972; Joram Mayshar, 1977].
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Part 2

THE ECONOMICS OF INFORMATION

In Part 1 individuals were limited to ferminal actions, permitting them only
to adapt to uncertainty. In Part 2 we examine the consequences of informational
actions, which allow them to overcome uncertainty. Paralleling the sequence
of topics in Part 1, Section 2.1 first analyzes the optimizing
choices of the decision-making unit. Then Section 2.2 covers market equil-
ibrium, and in particular the inter-related prior and posterior equilibria
associated with the receipt of public information. This is followed in
Section 2.3 by a discussion of the incentives to seek out private informa-
tion, as in inventive effort. In Section 2.4 we examine the process
by which information is revealed in market prices. Finally, a brief
discussion of rational expectations and informational efficiency appears

in Section 2.5.

2.1 Informational Decision-making

2.1.1 Acquisition of information

We continue to assume that the set of acts a=l1,...,A, the set of states
of the world s=1,...,S, and the associated consequences c(a,s) are all known
to the individual. He has, as before, a prior probability distribution of
initial beliefs m_ as to the stﬁtes 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 lead to a revision of probability

beliefs. And thus in turn, to a possible revised choice of action. (In
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the extreme case, a message m might be conclusive as to the occurrence

of some particular state s* -- in which case the revised or posterior dis-
tribution of beliefs Tem 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:

- 50 (2.1)

That is, the revised or posterior probability “s.m assignable to state s
after receiving message m equals the ratio of the joint probability Tem

of state s and message m both occurring, divided by the prior probability
q, of message m. Furthermore, using standard laws of probability, the
numerator and 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 con-

ditional probabilities or "likelihoods" T of any message m given state s:

Tem = Tsm. s (2.2)

9 = g Tem = é Tslm, s (2.3)

EXAMPLE: Suppose an individual tossing a coin initially assigns equal
prior probabilities of 1/3 to three states of the world: (1) coin is 2-
headed, (2) coin is 2-tailed, and (3) coin is fair. The possible
messages, on a single toss of the coin, are Heads (H) and Tails (T). Let
Tails come up. Then ﬂl.T’ the posterior probability of state 1, must
obviously be zero (since 9 19 the likelihood of the message Tails given
state 1, is zero). Using equations (2.2) and (2.3), the posterior pro-

bability of state 2 is the fraction with numerator-%(l) and denominator
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0 +-%(1) +-%(%) =-%, whose 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. In the prior distribution pictured, the bulk of the initial probability
weight happens to lie toward the high end. But, the likelihood function
indicates, some message (evidence) has been received that is much more likely
if s has a small rather than a large value. The posterior distribution is
a compromise or average of the other two curves, derived by multiplying
(for each s) the prior probabilities and likelihoods as in equation (2.2),
and then re-scaling so that the integrated probability weight comes out

to unity. We can conceptually picture the process as:

Prior beliefs ﬂs T Message m and associated likelihoods U s.

Posterior beliefs T
s.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 we shall see in detail below, 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,
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if two tosses of a coin yield the message "Heads both times," then given

the state of the world that the coin is fair the likelihood is qm s=1/4,

The main theorem of Bayesian statistical theory is that, as the sample size
increases, the weight 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. One other point
worth noting is that, other things equal, "more surprising' evidence (low
q, in the denominator of (2.1)) has a bigger impact upon the calculation of
posterior probabilities.

We now turn to the revision of optimal terminal actions conseqﬁent
upon acquisition of information. The terminal-action decision problem of
Section 1.1 above, for any given set of probability beliefs m, can be
written as the instruction to maximize expected utility:

S
?gf u(a;n) = £s=1 L v(cas) (2.4)

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 ﬁarticular, denote as a, the optimal terminal action
that would be chosen before receiving any message -- i.e., using the prior
probabilities L in equation (2.4). If now a particular message m is
received, the decision-maker would use (2.4) again, but with revised pro-
babilities “s.m possibly leading to a new choice of terminal action a:.

Then Am’ the "value of the message m" can be written:

Am = g(am’ﬂs.m) - u(aO’ws.m) (2.5

‘Note that Am’ which is 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.
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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 informa-
tion-seeker does not know in advance which of the set of possible messages

w=l,...,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 [Jacob Marschak and Koichi Miyasawa, 1968].

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

"objective'" matrices Ql and Q, below representing the calculable likelihoods

of the different messages given each state:

(Message)
Number of Heads
1 0
(State) [
1 1 0
Ql = 2 0 1
3 L.5 .5

Note that a purveyor of an information service u could not "objectively"

characterize it simply by its probabilities 9, of generating the different

(State)
1
Q, = 2
3

(Message)
2 1
1 0
0 0
.25 .5

possible messages, since -- as equation (2.3) indicates —— not only

the likelihoods T but also the "subjective" prior probabilities m, are

involved in determining the message probabilities Q.-

Given his prior probability beliefs the individual can then assign

"personal' q, probabilities in order to calculate the value A(u) of an

information service, as an expectation of the values Am of its associated

messages:

Number of Heads




b=

A = E(A) = L q lulay,m, ) - u(a,,m )] 2.6)

Since, as already indicated, each Am represented by the 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 Fig. 8 the determination of A(y) is illustrated for a special case
in which there are two states of the world (s=1,2), three available terminal
actions (a=1,2,3) and an information service Y with two possible messages
(m=1,2). In the diagram utility is measured vertically, while the probabil-
ities of the two states are scaled along the horizontal 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 “1 + m, = 1.

The utilities of consequences v(cal) attaching to the different actions
if state 1 occurs are indicated by the points labelled v(cll),v(c21), and
v(c31) lying vertically above A in the diagram. Similarly, the utilities
of outcomes in state 2 —; v(caz) for a=1,2,3 — 1lie above point B. The
expected utility u(a;m) of any action a given any probability vector T is
indicated by the vertical distance from the point T = (ﬂl,ﬂz) along AB to
the line joining v(cal) and v(caz) for that action. In the diagram, if
T is the prior probability vector then the best terminal action is a=1 (point F),
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
ﬂ.m = (“l.m’"z.m)' If m=1, the revised choice of action in Fig. 8 is a=2

(point C) with Al (ex post utility gain over a=1) equal to the vertical

distance CJ. If m=2, the best action in the diagram remains a=1 (point D),
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s0 AZ-O. Then A(M), the value of the information service, is represented
by the vertical distance EF above the point T along the line AB -- since

AQu) = qlAl + q2A2 and:

UratR" 2= 9 t 9 = = =
"2.1 2.2

Fig. 8 also helps us see 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.1 and “.2 would both lie closer to the original
T. It is evident that the effect (if any) can only be to shrink the dis-
tance EF that represents the value of acquiring evidence.

An information service U, we have seen, is characterized by its
associated likelihood matrix Q = [qm.s]’ which may be objectively calculable.
The matrix Q and the individual personal prior probability vector T = [ﬂs]
together imply a posterior probability matrix Il = [ﬂs.m] and message pro-
bability vector q = [qm], so that (Il,q) provides a personal characterization
of u.

One information service (fl,q) 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 [Jacob Marschak, 1971]. Between some information services an
;nformativeness 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 (Il,q) is that the posterior probability vector
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associated with each message under the latter must be

a convex combination of the posterior probabilities under the more inform-
ative service. For example, with two messages in each case,(ﬁ;a) is more
informative than (Il,q) if for some a,B between zero and unity:

™, = aﬁ.l + (1—(!)‘#.2 and ﬂ.z = Bﬁ.l + (1--8)‘f?.2 2.7)

.1
One interpretation of these conditions is that the recipient of the informa-
tion service (Il,q) knows that the true messages 1 and 2 would imply revised
probabilities ﬂ.l and ﬁ.z. However the messages have become garbled in
transmission, so that he is not sure which message he has actually received.
For example, his received message 1 has chance (1-a) of really being the
true message 2.

These conditions are easily visualized in terms of Fig. 8, which
pictures a particular information service (Il,q) leading to posterior pro-

Suppose an alternative information service

bability vectors m , and 7

1 2°
(ﬁ,a) also had two possible messages 1 and 2, but ﬁ.l were to lie to the
left of LY and ﬁ‘z to the right of LIPYE The alternative service must lead
to higher utility so long as there is any change in best conditional action
under either message. If on the other hand the two posterior probability
vectors of 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.

Fig. 8 also illustrates a general "non-concavity" (condition of increasing
marginal returns) in the valuation of information services [Roy Radner
and Joseph E. Stiglitz, 1976]}. Starting the with null information service
with posterior probabilities equal to the priors T, suppose a slightly

informative a comes along with posterior probabilities T 1 Just barely to

the left of T and 7 2 barely to the right. If the probability changes
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are small, neither message changes the associated best action and 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 the actions taken. (If the action
set were a continuum rather than discrete, the marginal return would never
be zero but would nevertheless be increasing over an initial range.)

We now turn to some complications that arise when there are multipersonal
aspects of the informational decision process.

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." It would seem that a decision-
maker should take account of the opinions, whenever available, of all other
parties who have some information not accessible to himself [Steven Shavell,
1976]. But an expert's opinion would generally represent his own posterior
probability vector, which would in part depend upon objective evidence but
also in part 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 might not be in a position to know
how much of it is independent of facts already available to himself and
accounted for. So it seems inevitable that the decision-maker's likeli-
hood 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
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Bayesian calculation leading to a posterior probability distribution of his
own. An additional complicating factor is that the expert may himself be
affected by the action taken as a result of his proviéion of information.
Unless his interest perfectly coincides with that of the decision-maker,
the latter must take into account the expert's incentive to distort the
information provided [Jerry Green, forthcoming].

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 [Howard Raiffa, 1970, Ch. 8, Part 2]. Any such arrangement
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. Divergences of opinion
commonly generate disagreement as to best terminal action; in consequence,
there is a tendency for the group to choose "excessive" informational invest-
ment. In effect, each member of the group believes that the incoming
evidence will likely support his own beliefs, and thus bring other members
around to his own recommendation as to best terminal action. On the other
hand, an agreement to opt for immediate terminal action might mask compensating

disagreements as to the facts; here members of the group may agree not

to seek information where an impartial 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
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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 initial conflicts of interest, wagering would convert mere differences
of opinion into conflicts of interest.

2,1.2 Other informational activities.

So far, under the heading of informational action 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 "old" information). But other types
of informational activities can also be very important. The possibility
of acquiring information from othérs, 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" information to others [J. Hirshleifer, 1973]. Advertising is an
obvious example. There is also a choice between 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 by deception activities) on the part

of the disseminator. There is also the possibility of unintended dissemina-
tion, 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.
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Finally, there are classes of activities, apart from those involved
with acquisition or dissemination of information, that are indirect con-
sequences of informational patterns. Wagering, for example, typically follows
‘from differences of opinion in a situation where conclusive information is
anticipated (so as to determine who wins and who loses). Speculation is a
somewhat analogous activity, which turns on a prospective revision of prices
in consequence of the arrival of information. 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.

2.1.3 Emergent Information and the Value of Flexibility

In the sections preceding we thought of information as being newly
generated by an informational action like a sampling experiment or, alter-
natively, as acquired from others via a transaction like the purchase of
expert opinion. But in some cases information may automously emerge simply
with the passage of time, without requiring any direct action by recipients.
Tomorrow's weather is uncertain today, but the uncertaihty will be reduced
as more meteorological 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 than it would autonomously arrive.
But under conditions of emergent information one might choose a kind of
indirect informational action -~ adopting a flexible position and waiting
before taking terminal action.

Suppose a choice must be made now between immediate terminal action
and awaiting emergent information. This choice can only be interesting

where there is a trade-off between two costs: (1) a cost of waiting,
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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 environ-
ment [Kenneth J. Arrow and Anthony C. Fisher, 1974; Claude Henry, 1974]

and in discussions of the value of "liquidity" [Jacob Marschak, 1949; Jack
Hirshleifer, 1972] or of "flexibility" [Thomas Marschak and Richard Nelson,
1967; Robert A. Jones and Joseph Ostroy, 1978].

The essential idea is pictured in Fig. 9 (which has the same structural
framework as Fig. 8 but suppresses the 3-dimensional background). The
individual, if he decides upon immediate terminal action, has a choice among
al,az, or ajg. As shown here, he would choose either a, or a3 depending upon
his beliefs T (in the diagram, he prefers as yielding utility 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 emergent informa-

tion the individual can shift from a. to a,, achieving the intermediate overall

1

utility indicated by the line a,, -- or, should the information point the

12

other way, he can shift from a, to a, with overall utility payoff indicated

1

by line a Having initially chosen the "flexible" action a;, if message

13°
1 is received (leading to the posterior probability vector T .) the individ-

ual would shift to ays thus attaining overall utility indicated by point C

on line aj,- Similarly, message 2 would allow him to attain point D on

line a;3. His expected utility is then E, superior by the amount EF to

the result of the best immediate terminal action a5.
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;,

12

and similarly a,., lies below a, in the corresponding range. One has to

13
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pay a price to retain flexibility; the price is that you cannot do as well
as if you had made the besﬁ choice among the "irreversible' actions in the
first place. Indeed, if theincoming information had somewhat lesser

weight, so that the posterior belief vectors Ty and ™ , were not so differ-
ent 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).

2.2 Public Information and Market Equilibrium

Emergence of new public information will affect prices. 1In particular,
relative market values will rise for those assets paying off more hand-
somely in states of the world now regarded as more likely. The anticipated arrival
of public information requires economic agents to contemplate market exchanges in two
distinct rounds -- trading prior to, and posterior to receipt of the message. The
equilibria of the two trading rounds will generally be inter-related, but
the form of the relatiomnship depends upon the completeness of markets (see
Section 1.2.3 above) in each round..

2,2,1 Equilibrium in complete versus incomplete market regimes

In Part 1 we mainly considered models with S states of the world and

a single consumptive good c. In the realm of the economics of uncertainty,

where arrival of public information is not anticipated, a regime of Complete
Contingent Markets (CCM) was said to exist if all the distinct cs-claims

(S5 in number) are separately tradable at prices Ps' (Trading in any set

of S linearly independent asset combinations of the underlying cs—claims
would also constitute a CCM regime, but we will generally ignore this

complication.) In equilibrium, the optimality condition (1.9) holding for
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each individual can conveniently be repeated here:
)
LI (cs) P

8
'EI-;T?EIT = FI'(S = 2,...,8) (2.8)

To achieve this condition, individuals will generally undertake productive

transformations (e.g., loss-reduction and loss-prevention activities) as well

as market exchanges (e.g., purchase of insurance).

Now consider that public information is expected to arrive before the
close of trading. We will generally be assuming, however, that the message
is not timely enough to permit productive adaptations fo the changed pro-
babilities. For example, a message as to increased flood danger comes in
time to affect the market terms of flood-insurance transactions, but not
in time to permit construction of dikes.

As an initial special case, assume it is known that the message will
be conclusive as to which state of the world will obtain. Then to each and
every state s cofresponds exactly one message m. In these circumstances
Complete Contingent Markets (CCM) in the prior round will, just as before,
provide for separate trading in the S distinct cs-claims at prices Ps.
Under the timing assumption of the previous paragraph, posterior trading is
in general possible. But such trading would be meaningless in this special
case; once it becomes known that some single state s* is the true ome, Cox
is the only state-claim retaining any market value, and there is nothing
available for exchanging against it. So equations (2.8) in the prior
round are the only relevant conditions of equilibrium.

A more interesting model, continuing to assume that traders anticipate

conclusive information, allows for multiple consumptive goods g=1,...,G.
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Here a regime of Complete Contingent Markets (CCM) in the prior round
would allow trading in the G*S different claims cgs -~ claims to any good
Vg under any state s -- atpricengs. After the conclusive meséagg arrives
that some state s* will obtain, complete posterior markets would permit
exchanges among the G commodity claims cgs*' But suppose for the moment
that individuals were not aware, in their prior-round dealings, of this
possibility of posterior trading. Then the prior-round optimality condi-
tions would have included ratios of the following form, where g' and g"

are any two goods:

ov

oc e P 's

v Pg"s (2.9
acg"s

Note that “s’ whatever its value may be, Is not involved in the optimality

condition between different goods contingent upon state s. It follows that

receipt of the incoming ﬁessage, revising the probabilities Mg (in this
particular case, making ﬂs*=1) does not affect this condition. Therefore
the price ratio on the right-hand-side of (2.9) continues to sustain the
solution arrived at in the prior round.

Thus we see that even though posterior exchanges are possible among
the G remaining tradable claims cgs*’ with CCM in the prior round no-one

will find such exchanges advantageous. Trading in the G posterior claims

is "not needed" if there have been markets for G*S prior claims. We must
however emphasize a very important qualification to this result: prior-

round traders must correctly forecast that the price ratio on the right-

hand-side of (2.9) will remain unchanged in the posterior round. If they

mistakenly thought that it would change, they would be led to make
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"erroneous" prior-round transactions, affecting the market equilibrium and thus
requiring corrective posterior-round transactions. The result would be a
loss of efficiency. So CCM in the prior round (without posterior trading)
suffices for Pareto-optimality, but subject to a proviso of "correct conditional
price forecasting" [J. Hirshleifer, 1977]. (This proviso corresponds to one of the
meanings of that delphic phrase, "rational expectations,' to be discussed in Section
2.5 below.)

We can now generalize still further to the case where messages are

not conclusive as to the advent of any particular state. With Complete

Contingent Markets in the prior round, there would be G-S*M distinct tradable

claims c . And there remain G-S valid claims ¢__ . in the posterior round
gsm gsm

after receipt of message m*. But here also it is not difficult to verify

that CCM in the prior round permits every agent to attain his optimum at

one fell swoop -- provided once again that everyone correctly predicts that

the relevant posterior-round price ratios are unchanged [George Feiger, 1976].

So quite generally, given "correct conditional price forecasting" and a CCM
regime for prior-round trading, posterior-round ﬁatkets are available but
not necessary for Pareto-efficiency.

Very interesting and important issues arise, however, when we analyze
prior-round market regimes that are incomplete (as of course they actually
must be in the world). To maintain simplicity, we will however return to
the particular case of conclusive information: then the set of M messages
collapses into the set of S states so that individuals are concerned only

with cgs claims, G+S in number.
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Among the many possible patterns of market incompleteness, three will
be briefly discussed here.

Absence of prior-round markets:

Total absence of prior-round markets is of course the most extreme
form of incompleteness. In effect, what has happened is that the informa-
tion arrives before any exchanges have taken place, while individuals are
still at their endowment positions.

This situation has aroused considerable interest, as it implies the
surprising result that incoming public information may be socially dis-
advantageous in the sense that everyone in the economy might be willing to
pay not to have it! [Jack Hirshleifer, 1971; John M. Marshall, 1974;
Richard Zeckhauser, 1974; Nils H. Hakansson, J. Gregory Kunkel, and James

A. Ohlson, 1979.] As among a group of traders who would otherwise

have mutually insured against fire, a conclusive message (as to whose houses
would actually burn down) would negate the possibility of insurance. The
prospective arrival of such information prior to the opening of markets
imposes an undiversifiable wealth-redistribution risk on the economy; no-
one can hedge against the price impact of the message to be received. (On
the other hand, if earlier arrival of information permits more effective
productive adaptations, as in loss-reduction measures against fire, this
socially valuable feature must be weighed against elimination of the ability

to spread risks.)

Numeraire Contingent Markets (NCM):

: Suppose now instead that there is prior-round trading, but only in
contingent claims to a single commodity -- which might as well be taken as
the numeraire good g=1. In the prior market, individuals cannot purchase

claims to any good contingent upon state s, but can purchase claims to
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(say) corn contingent upon state s. Under this Numeraire Contingent Markets
(NCM) regime, these purchases are in effect side-bets as to which state of
the world is going to obtain, whose outcome will determine the individual's
posterior wealth. After receipt of the message, of course, the individual
will use his enhanced or reduced wealth to purchase a preferred consumption
basket in the posterior round of trading.

Kenneth J. Arrow [1964] has shown that the same equilibrium allocation
as indicated by conditions (2.9) under CCM (with prior trading in G-S claims)
is achievable under NCM with prior contingent trading only in the S claims
to a single commodity, But given the prior-round incompleteness of this
NCM regime, the availability of G markets in the posterior round becomes now
quite essential. And once again, we must also specify the important proviso
of "correct conditional price forecasting'. Furthermore, this proviso here
becomes more stringent than under CCM, where the correct forecast was
simply "no change" from. the prior price ratio Pgs*/Pls* to the posterior

ratio P (for the particular state s* pointed to by the incoming

g.s*/Pl.s*

message). Here, under NCM, the correct price forecast is not in general

computable from data available to traders in the prior round [Roy Radner, 1968;

Jacquesﬁbréze, 1970~-1971]. The conditional relative supplies and demands determin-
ing the posterior ratios Pg.s*/Pl.s* are not publicly "visible" in the prior

round, where only claims to g=1 are being traded. Only the absence of

utility complementarities between the numeraire and other goods could make

the posterior prices computable.

Futures ﬁarkets (FM) :

The CCM and NCM regimes both allow trading in state-contingent claims.

Such trading does take place to some extent in the actual world, directly
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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 trading observed in the world represents exchange of unconditional

claims to goods. In a market regime allowing only the exchange of uncondi-
tional claims to G consumptive goods, under conclusive emergent information
the prior and posterior rounds can be respectively identified with current
"futures" marketsversus later "spot" markets.

Under such a regime of unconditional or, as we shall say, Futures
Markets (FM) there will be just G tradable claims in the prior round followed
by possible re-trading in the same claims in the posterior round. Since
it is reasonable to assume that G < S (there are many more conceivable con-
tingencies than goods), it is evident that the G+G markets in two rounds
under FM cannot in general achieve the same efficiency as the S+G markets
under NCM (or, a fortiori, as the G+S plus G markets under CCM) [Robert M.
Townsend, 1978].

This negative conclusion is somewhat mitigated, however, once we allow
for the fact that emergent information in the world is only rarely
conclusive. If improved though not yet conclusive public information
emerges repeatedly, the multiplication of rounds of trading recreated after
each informational input increases the effectiveness of FM relative to NCM
and CCM. (Once again, the proviso as to correct conditional price fore-
casting retains its relevance, and is indeed increasingly difficult of

achievement.) Also, in general multiple rounds can only partially offset



market incompleteness, so that full Pareto efficiency is not achieved. More

troubling, there may be different self-fulfilling predictions about prices

in future trading rounds, leading to different equilibrium allocations --
and these allocations may be Pareto-rankable [Oliver D. Hart, 1975].
2.2.2 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 pur-
chase with the intention of re-sale, or sale with the intent of re-purchase,

where the uncertainty of the future spot price is a source of both risk

and gain. The probabilistic variability of price is in turn due to ant-

icipated 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 positionms

generating relatively high conditional wealths for that state.

Among the possible determinants of speculative activity, John Maynard Keynes [1930]

and J.R. Hicks [1946] followed by many others have emphasized differential risk-aversion.

In their view, in the prior round of a Futures Markets (FM) regime the relatively
risk-tolerant speculators accept risks of price variability from relatively
risk-intolerant "hedgers." 1In the prior trading round, speculators buy com-
modity futures, achieving on average a small gain (excess of later mean

spot price over futures price) which represents the return they receive from
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suppliers unwilling to bear the price risk. For example, a wheat-grower
hedges by accepting a firm price now from a speculator, both of them anti-

cipating that the unknown spot price will on average be a little higher. Later

developments along this line [Hendrik S. Houthakker, 1957, 1968; Paul H.
Cootner, 1968] have brought out that hedgers can be on either side of the
futures market; speculators need bear only the imbalance between '"long"

and "short" hedgers' commitments, so that the risk-compensating average price
movement could go either way. 1In 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 [Ronald I.McKinnon, 1967]. Indeed, from the social point of
view price uncertainty is the (inverse) reflection of an underlying uncer-
tainty as to-the future aggregate commodity totals {J. Hirshleifer, 1977].
And these risks tend to be offsetting, reducing the need to engage in prior-
round hedging activity. For example, when the crop of a representative
wheat-grower is big (good news) he will find that the wheat price tends to
be low (bad news) and vice versa. Since in a Futures Markets (FM) regime

it is in general not possible to divest oneself of quantity risk (since

only certainty claims can be traded), it can easily follow that individuals
might find it preferable not to hedge against the offsetting price
risk.

In a world where people have a spectrum of beliefs as to probabilities

of future states, an individual's speculative activity proper (his adoption
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of a trading position in anticipation of arriving public information that
will change market prices) depends in a rather complex way upon the degree

of deviation of his beliefs from average opinion, upon his willingness

to tolerate risks, and upon his endowment position conjoined with the

trading limitations imposed by a regime of incomplete markets [J. Hirshleifer,
1975, 1977]). With regard to the first of these determinants, a speculator
with strongly deviant beliefs thinks that others will be surprised by the
incoming message (and thus will be forced to make unanticipated posterior
transactions). He will in consequence have adopted a trading position enabl-

ing him to benefit from these transactions. With regard to the second

determinant, degree of risk-aversion affects the Scale of preferred specul-
ative exposure. As to the regime of markets, we saw in the preceding section
that re-trading possibilities are not needed under Complete Conditional
Markets (CCM). Thus, incompleteness of prior-round markets is also a neces-

sary condition for speculation [Stephen W. Salant, 1976; George Feiger, 1976].

2.3 The Economics of Research and Invention

Research and invention activities are prime instances of the

informational actions studies, on the level of the individual economic

agent, in Section 2.1 above. We are not dealing here with situations like
those examined in Section 2.2, where public information simply emerges with
the passage of time. Since Nature will not autonomously reveal her secret,
it must be sought out by costly (generally private) search for the still-
unknown '"message'. The topic of concern here however is not the informa-
tional decisions of an isolated Robinson Crusoe, but rather of individuals
in a market environment faciné rivalrous competition from some agents, but

also having opportunities for mutually advantageous exchanges with others.
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In particular, as we shall see, successful private search generally leads
to more or less universal dissemination of the discovery, with price impacts
akin to that of the public information studied in Section 2.2.

The central problem considered by modern analysts [Fritz Machlup, 1968;

Kenneth J. Arrow, 1972] 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
availability to 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 the standard public-good situation,
there will be inadequate motivation to invest in production of 