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The Value of Information in Efficient
Risk-Sharing Arrangements

By EDWARD E. SCHLEE*

Suppose that agents share risks in competitive markets. We show that better
information makes everyone worse off if the economy has a representative agent—
that is, the economy’s demand for state-contingent consumption equals the demand
of a hypothetical agent who owns all the economy’s wealth. The representative
agent, moreover, is normatively unrepresentative: although each agent dislikes
information, the “representative” agent is indifferent. Although we emphasize pure
exchange, our results imply that a representative-agent model might seriously
misstate the welfare effects of improved information in an economy with production
and risk sharing, even if it performs well otherwise. (JEL D8)

Suppose that advances in genetic testing al-
low us to predict more accurately whether an
individual will contract a particular disease.
Will individuals be better off as a result? If the
information is public they might not be, since
the information will change the terms of insur-
ance against that illness: If, on average, the
price of insurance with better information is
high enough, then an individual might be worse
off ex ante with better information about his
health.

Indeed, recent studies confirm that individu-
als often refuse free genetic-testing results.
Caryn Lerman et al. (1996) report that 57 per-
cent of a group of subjects with a family history
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of breast/ovarian cancer declined to receive free
test results for mutations of the BRCAI
gene—a potent predictor of hereditary breast
and ovarian cancer.! Among the reasons listed
against being tested, the most frequent “very
important” reason was fear of insurance conse-
quences should the results somehow become
public. Similarly, Kimberly A. Quaid and Mi-
chael Morris (1993) find that fear of losing
insurance helps explain the high rate of declin-
ing free genetic testing for Huntington’s disease
(among individuals who have a close relative
who is a carrier). Rejection of costless informa-
tion is, of course, difficult to explain with con-
ventional single-agent decision theory, but is
much easier to understand if the information is
potentially public.

That public information might make agents
worse off ex ante was noted long ago by Jack
Hirshleifer (1971) in the context of an exchange
economy for risk. In his example (p. 568), there

! The participants were 279 adults who were members of
families with hereditary breast or ovarian cancer. They were
initially contacted by mail and given the chance to partici-
pate in a baseline telephone interview. Of the original set of
participants, 192 agreed to do so, and 40 percent of these
declined to receive BRCAL1 test results. All the participants,
however, were given the option of simply receiving their
test results free of charge. Of the original 279, only 43
percent requested their results (i.e., six of those who refused
the baseline interview chose to receive their test results). It
should be emphasized that the decision to accept or turn
down test results were real decisions, not simply survey
responses.
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are two states of the world, agents are risk
averse, and the endowments of wealth in the
two states differ across the agents. If the agents
trade in complete markets for contingent claims
before the state is realized, then they will share
some of the risk. If, however, the agents per-
fectly learn the state before they trade, then
there will be no trade at all; thus, from an ex
ante viewpoint, under perfect information each
agent simply consumes his endowment, which
is Pareto inferior to the allocation of risk with
no information.

Several papers have generalized aspects of
Hirshleifer’s example. John M. Marshall
(1974 Section IB) noted that, from a position
of no information, partial information cannot
be a Pareto improvement if markets are com-
plete and prior beliefs common: if some agent
benefits ex ante from the information, some
other agent must be hurt. Jerry R. Green
(1981 Section 4 Theorem) and Nils H. Ha-
kansson et al. (1982 Lemma 3) each gave
versions of this result using very %eneral def-
initions of “better information.”” More re-
cently, Eyal Sulganik and Itzhak Zilcha
(1996) showed that the value of information
about exchange rates could be negative for an
exporting firm in the presence of futures mar-
kets for currency. Finally, Jonathan B. Berk
and Harald Uhlig (1993) present conditions
for a class of dynamic exchange economies
ensuring that a positive measure of agents
prefer more information.>

Excepting the last paper, these extensions
of Hirshleifer’s example all show that a par-
ticular informational improvement (partial in-
formation starting from no information) may
make some agents worse off in a competi-
tive equilibrium allocation of risk. The only
paper that we know of to generalize the una-
nimity aspect of Hirshleifer’s example is
Robert Wilson (1975), who showed that bet-

2 Green’s (1981) emphasis is on the value of public
information in a partial-equilibrium framework in the pres-
ence of futures or options markets. Hakansson et al. (1982)
showed that better public information can be Pareto supe-
rior if endowments are an equilibrium and either that the
equilibrium 1is inefficient for some reason or that prior
beliefs are not common.

3 We defer discussion of this work until the end of
Section III.
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ter information is Pareto inferior if agents all
have log utility functions, but different en-
dowments. Our main purpose is to find gen-
eral conditions implying that all agents are
made worse off by any improvement in public
information.

Our main result (Theorem 2) is that, if all
agents are weakly risk averse, then better public
information is Pareto inferior in a competitive
equilibrium risk allocation under any orne of the
following three assumptions: there is no risk in
the aggregate; some agents are risk neutral; or if
the economy has a (positive) representative
agent. The second case describes competitive
insurance markets, with the risk-neutral agents
as insurers. The third finding is the most sur-
prising. By an economy having a representative
agent, we mean that the economy’s aggregate
demand for state-contingent consumption
equals the demand function of a hypothetical
agent who owns all the economy’s resources. In
particular, aggregate demand simply depends
on aggregate wealth, not its distribution, and it
satisfies all the properties that individual de-
mand functions satisfy.> W. M. Gorman (1953)
showed in his classic paper that a representative
agent exists if, for each commodity, the Engel
curves of consumers (at fixed prices) are
straight lines with common slope. This condi-
tion permits essentially arbitrary distributions of
wealth and also some heterogeneity in prefer-
ences. (To give two simple examples, this
condition is met if consumers all have prefer-
ences that are quasi-linear with respect to the
same good; or if they have the same homothetic
preferences—e.g., constant elasticity of substi-
tution [CES] utility.) The significance of our
result depends critically on having a represen-
tative agent in a heterogeneous economy. If
agents are identical—the same preferences and
endowments—then risk-sharing markets would
not be active at all: each agent simply consumes

4 Keith J. Crocker and Arthur Snow (1992) and Neil A.
Doherty and Paul D. Thistle (1996) examine the value of
private information in an insurance setting. The former also
shows that public information is socially valuable in a linear
signaling model when agents are risk neutral and have prior
private information.

3 Chapter 4 of Andreu Mas-Colell et al. (1995) is an
excellent introduction to aggregation and representative
agents. Angus Deaton and John Muellbauer (1980 Chapter
6) is also very useful.



VOL. 91 NO. 3

his endowment and thus is always indifferent
about information. In order for information to
be strictly inferior, agents must differ so that
risk-sharing markets are active.

We think that our main finding is interesting
for at least two reasons. First, applications of
risk-sharing models often impose assumptions,
wittingly or not, that ensure the existence of a
representative agent. Second, a representative
agent in an exchange economy is always indif-
ferent about information, since that “agent” al-
ways consumes the entire endowment. Yet our
theorem shows that each agent in the economy is
(at least weakly) worse off: the “representative”
agent is thus Pareto inconsistent in the sense that
its preferences for information disagree with the
unanimous preferences of the agents.®

Several papers have shown that representa-
tive agents can be Pareto inconsistent for eval-
uating different price vectors under certainty
(Michael Jerison, 1984, 1996; James Dow
and Sérgio Ribeiro da Costa Werlang, 1988;
Alan P. Kirman, 1992). In this literature, how-
ever, an economy satisfying Gorman’s Engel-
curve restriction will necessarily have a Pareto-
consistent representative agent: in that case, if
all agents agree that price vector A is better than
B, then so will the representative agent. Thus,
these papers must look elsewhere for a Pareto-
inconsistent representative agent. By contrast,
our theorem implies that the mere existence of a
positive representative agent is enough to en-
sure that it is Pareto inconsistent for information
valuation (assuming that risk-sharing markets
are active to begin with). Thus a representative-
agent model is especially suspect for evaluating
information: either it is a bad positive model; or
it is a good positive model, in which case our
theorem implies it is a bad normative model for
valuing information.”

6 Thus if we try to use the preferences of the represen-
tative agent as social preferences, they will violate Kenneth
Arrow’s basic unanimity condition in social choice: if ev-
eryone prefers A to B, then the social ordering should rank
A above B.

7 Of course, our theorem has no bearing on the positive
validity of representative-agent models, nor does it imply
that they are necessarily invalid for other policy questions.
It does reinforce, however, the message from the extant
literature on unrepresentative representative agents: its rel-
evance for welfare comparisons cannot be deduced from
positive validity.
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The reason why the value of public information
might be negative for an agent in a market or
game is that such information affects not only that
agent’s action, but also the actions of other agents:
the latter effect might be bad enough to outweigh
the direct benefit of information on a agent’s ac-
tion. This possibility is especially easy to under-
stand if the equilibrium is inefficient, as Nash
equilibria of games often are: with less informa-
tion, players might achieve Pareto-superior pay-
offs in some states of the world. Leonard J.
Mirman et al. (1994) use this argument to explain
why the value of information about demand is
sometimes negative for Cournot duopolists: by not
knowing demand, the firms might get closer to the
collusive outcome in some states.® More gener-
ally, if the Nash equilibrium is inefficient, then not
knowing the game may serve as a commitment
device to ensure cooperation in some states.’
Hence one reason that the value of public infor-
mation is sometimes negative in a game is the
inefficiency of Nash equilibria. We will focus on
Pareto-efficient solutions to risk-sharing prob-
lems, thus removing inefficiency as a source of a
negative value of information.

The result that the value of public informa-
tion is negative has several implications. In in-
surance markets it may mean that better
underwriting—a more precise assignment of in-
dividuals to risk classes—may make both insur-
ers and insurees worse off. As Michael
Rothschild and Joseph E. Stiglitz (1997) ob-
serve, this possibility might lead to excessive
underwriting in equilibrium: each insurance

8 Joseph E. Harrington, Jr. (1995) also finds the value of
information about demand is sometimes negative for firms
selling differentiated products.

9 A simple prisoner’s dilemma illustrates this point
clearly. Let each player receive a payoff of 2 if they both
cooperate and O if they both defect; if one defects and the
other cooperates let the former get 3 and the latter get a
payoff of —1. If they know the game they are playing they
each get 0 in equilibrium, the only inefficient outcome.
Suppose, however, that the players don’t know which of
their actions leads to cooperation: each has two actions, A
and B; with probability %2 the cooperative action is A, and
with probability %2 it is B. In this game of incomplete
information (keeping the payoffs to combinations of coop-
eration and defection the same), any choice leads to an
expected payoff of 1, which Pareto-dominates the equilib-
rium outcome if the game is known. Intuitively, in the
incomplete-information game they cooperate half the time if
they both choose A or both choose B.
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company might find it profitable to improve
underwriting, but if the result is better public
information about the probability of losses, then
all market participants might be worse off.

Although insurance is the most obvious appli-
cation of our results, risk-sharing models are also
used in other areas of economics, including mac-
roeconomics, labor economics, and development
economics. Thus our findings are potentially rel-
evant to these areas as well. In macroeconomic
models, for example, agents are uncertain about
shocks that generate business cycles. One way to
improve information is to develop better models
of business cycles. If agents share risks, however,
better forecasting of such shocks might make
agents worse off. Of course, these applications
typically involve production, not just exchange,
and we emphasize the latter. Nevertheless our
results suggest that a representative-agent model
might seriously misstate the social value of learn-
ing about business cycles.'

The paper is organized as follows. Section I
sets out the notation. Section II gives some
preliminary results that help set the previous
findings in context. We present our main results
on the value of information in competitive risk-
sharing markets in Section III. Section IV then
presents some applications; since these most
naturally involve production, we begin that sec-
tion by briefly discussing how production af-
fects our results: in a production economy with
arepresentative agent, information can be either
good or bad for agents; but even if it is good, the
representative agent will not generally measure
its benefits well. Section V concludes the paper.

I. The Model

We consider an exchange economy with n
agents, S states of the world and a single phys-
ical consumption good.!' Agent i is endowed
with (s, i) units of the good in state s; let

19 The value of information about business cycles is
closely related to Robert E. Lucas, Jr.’s (1987) question of
the welfare cost of business cycles, which we briefly discuss
in Section IV. Marshall (1974), Marcel Boyer et al. (1989),
and Bernard Eckwert and Zilcha (1999) look at the value of
information in a production economy, the last two in a
dynamic setting.

"' The single-good assumption is largely for conve-
nience. One may readily verify that our main result, Theo-
rem 2 (iii), goes through in the multiple commodity case.
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w(s) = 2., w(s, i), the aggregate endow-
ment of the good in state s. Each agent i has a
differentiable, concave, and strictly increasing
von Neumann-Morgenstern utility #; on R,
and agents have a common prior belief 7 over
the states. An allocation is a feasible assignment
of a nonnegative consumption level to each
agent in each state: w(s) = X7_, c(s, i) for all
s. Before an allocation is chosen, agents may
observe a signal z from a set Z that reveals
information about the state. Observing the ran-
dom variable z reveals information if it is cor-
related with the state: loosely, the higher the
correlation, the more informative the observa-
tion. Formally, fixing the set Z, an information
structure is a vector q = (g, ... , ) of prob-
ability distributions over Z: g gives a proba-
bility distribution over Z conditional on s being
the state. The (unconditional) probability of
observing z is A(z, q@) = 25_, m(0)q,(2),
where g_(z) is the probability of seeing signal
realization z given that the state is o. After
observing z, agents update beliefs about the
state; the posterior belief that the state is s after
observing z is p(s|z; @) = m(s)qs(2)/A(z, Q).
An information structure is null (uninforma-
tive) if all the coordinates of q are the same, in
which case the posterior belief will equal the
prior belief for every z; it is perfect if the
posterior belief p(s|z; q) is either zero or one
for all states and signal realizations. An alloca-
tion rule gives an allocation of state contin-
gent consumption for every signal realization z
from any information structure q. An allocation
rule is efficient if it gives a Pareto-efficient
allocation for every q and z: for each z, there is
no other allocation that raises the expected util-
ity of one agent without lowering the expected
utility of another agent, where the expected
utilities are calculated using the posterior beliefs
p(-lz; .

An important example of an efficient alloca-
tion rule is a competitive equilibrium: for each
z and q, the allocation is a competitive equil-
ibrium resulting from the endowments and
posterior belief p( * |z; q) about the state. Alter-
natively, the allocation could be the outcome of
a cooperative bargaining game that imposes ef-
ficiency, such as the Nash bargaining solution;
or the outcome of maximizing a weighted social
welfare function; or a simple sharing rule, such
as “each agent gets a fixed fraction of the
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Time 0 Time 1 Time 2

Agents have a A signal z from Agents update beliefs The state of thP

common prior T an information via Bayes rule. An world s is realized;

about the state structure q is allocation A(z; q) of anagents

of the world realized consumption across consumption is

states is determined determined by the

state s according to
Az, @)

FIGURE 1. TIMING

amount of the good available in each state.”'?

For each of these rules, the signal affects the
allocation only through beliefs: any two signal
realizations that give the same beliefs result in
the same allocation. This restriction is natural,
since the purpose of gathering information is to
affect beliefs, and two pieces of news that lead
to the same beliefs have the same informational
content. Accordingly, we will assume hence-
forth that the allocation rule depends directly on
beliefs and write A(p( - |z; q)) for the allocation
that results from observing z from q.

Figure 1 illustrates the sequence of events we
have in mind. Agents start off at time O with a
common prior belief . At time 1 a signal z
from an information structure q is realized; all
agents see z and know the information structure
q from which it is drawn. Agents then update
beliefs and an allocation of consumption across
states is chosen according to the allocation rule
A(-) and the realization z from q. Finally, at
time 2 the state is revealed and agents consume
according to the allocation. The comparative
statics question we ask is the following: from an
ex ante (time 0) perspective, what is the effect
on the welfare of agents of an improvement in
the information structure at time 1, given an
efficient allocation rule A(-)?"?

'2 This rule is efficient for some preference specifica-
tions.

13 Note that, although markets are complete after the
news is learned, we do not allow agents to insure against
news. This is the standard way to pose the question of
information value in decision theory and game theory. Of
course, if more information is Pareto inferior, then there will
be incentives either to insure against its effects, or prevent
the information from being used. One way to interpret our
results is to determine when such incentives exist. Green

The definition of “better information” that we
use is the standard definition of David Black-
well (1953) using the statistical notion of suffi-
ciency. Although the main idea of the paper
can be grasped without it, we have gathered
together the standard definitions and some
useful facts about information structures in
Appendix A.

II. Information in Efficient Risk-Sharing
Arrangements

Our first result helps fix the limits of what better
information can achieve in the context of efficient
risk-sharing rules; it also provides a transparent
explanation for the finding that better information
cannot be Pareto superior in a competitive alloca-
tion of risk, and indeed extends that finding to all
efficient risk-allocation rules. Consider the ex ante
(time 0) utility possibilities set for an information
structure q: the set of expected utilities that are
obtainable for an information structure by varying
allocations made at time 1. Theorem 1 shows that the
ex ante utility possibility set is invariant to the infor-
mation structure. (All proofs are in Appendix B.)

THEOREM 1: If all agents are risk averse,
then the ex ante (time 0) utility possibilities set
is the same for all information structures (.

Since the allocation from no information is
ex ante efficient we immediately get the follow-
ing corollary, which extends to all efficient

(1981 Section 4) clearly explains the importance of timing
of trades and information; our analysis is subsumed under
his case “C” in his Section 4.
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Agent 2's
Expected Utility

)

Utility Possibilities
Frontier

.

Agent 1's
Expected Utility

FIGURE 2. UTILITY POSSIBILITIES SET

Notes:

P = expected utilities with no information.

A = expected utilities after z, is realized.

B = expected utilities after z, is realized.

C = ex ante expected utilities with information.

risk-allocation rules Marshall’s (1974)'* finding
that, starting from null information, better infor-
mation cannot be a Pareto improvement in a
competitive equilibrium allocation of risk.

COROLLARY TO THEOREM 1: Let A(*) be
an efficient allocation rule that depends merely
on the probability distribution over states and
suppose the economy starts with null informa-
tion. Then better information cannot lead to a
Pareto improvement: if any agent is better off
with information, some other agent must be hurt
by it.

Figure 2 gives the intuition for the corollary
for the case of two agents using the (expected)
utility possibility set. By risk aversion, this set is
convex. For simplicity, we consider the case of
no aggregate risk; hence the set is the same for
every posterior belief. Point P indicates a pos-
sible expected utility vector for a null informa-
tion structure. Suppose now that the economy
has access to an information structure with two
possible signal realizations which yield the ex-

14 And its statements in Green (1981) and Hakansson
et al. (1982).
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pected utility vectors A and B in the figure. If
either A or B differs from P, then the ex ante
expected utility from information—e.g., vector
C—will be off the frontier and hence at least
one agent will be worse off with improved
information. Without pinning down the alloca-
tion rule, however, we cannot say that all agents
are worse off. Moreover, as Green (1981) points
out, it could happen that, starting from partial
information, better information could be a Pa-
reto improvement. In Figure 2, if the partial
information vector of expected utilities is off the
frontier from the time O perspective, better in-
formation might move that vector toward the
frontier in a way that makes everybody better
off.

An example of an allocation rule that leaves
agents indifferent about better information is
the allocation from maximizing a weighted util-
itarian welfare function (for fixed weights), that
is picking the allocation to maximize

n N

(1) > ol X ulels, ))p(s) |,

i=1 s=1

subject to the resource constraints, where the
o’ s are all positive and sum to one. In that case
the allocation is independent of probabilities
and hence information, so the ex ante expected
utility vector remains on the frontier. For spe-
cial forms of the utility function'” these alloca-
tions give each agent a linear function of the
total amount of the good in each state. Robert
M. Townsend (1993 Chapter 2) applied this
result in his analysis of the medieval village
economy. Specifically, he considered whether it
was possible for ex ante division of land in a
village to yield an ex ante efficient allocation of
consumption (with each household simply con-
suming the food on its plot). An interesting
implication of using program (1) to solve a
risk-sharing problem is that the value of infor-
mation is precisely zero for every agent.'¢

15 For example, if all agents have constant absolute risk-
aversion utility; or if all agents have identical constant
relative risk-aversion utility.

16 Although every competitive equilibrium allocation
can be achieved as a solution to (1) for some choice of
weights, it does not follow that the value of information will
be zero for every agent in a competitive equilibrium: as the
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III. Better Information in Competitive
Risk-Sharing Markets

Henceforth we consider the competitive allo-
cation rule: for each belief p the allocation is a
competitive equilibrium given p and the endow-
ments. The following theorem gives three con-
ditions under which better information makes
each agent worse off. The most surprising of
these is simply that the economy has a (posi-
tive) representative agent who satisfies the
expected utility hypothesis. By a representa-
tive agent we mean that the economy’s aggre-
gate demand equals the demand function of
a hypothetical agent who owns all the eco-
nomy’s resources: specifically, there exists a
von Neumann-Morgenstern utility such that the
corresponding demand function for an agent
who owns the economy’s endowment equals
the aggregate demand of the actual economy.

THEOREM 2: Consider the competitive equi-
librium allocation. Better information is Pa-
reto inferior’” under any one of the following
conditions: (i) all agents are risk averse and
there is no aggregate risk; (ii) some agents
are risk neutral and others are risk averse
(and the risk-neutral agents own enough to in-
sure the risk-averse agents fully); (iii) all agents
are risk averse and the economy has a repre-
sentative agent who satisfies the expected utility
hypothesis with a concave, differentiable von
Neumann-Morgenstern utility function.

Theorem 2(i) covers the oft-analyzed case of
no aggregate uncertainty; (ii) covers the case of
competitive insurance markets (in the absence
of transactions cost): the risk-neutral agents are
insurers and risk-averse agents are insurees;'®

probabilities change in response to news, the weights in (1)
would have to change to support the competitive equilib-
rium, so agents would not necessarily be indifferent.

'7 By Pareto inferior here we mean that no agent is better
off; generally, however, some agent will be strictly worse
off. What is needed for an agent to be worse off is that
information should change that agent’s consumption.

18 Theorem 2(ii) is related to Proposition 1 of Boyer et
al. (1989). The latter considers an individual in a two-period
insurance model with fair pricing. They find that the use of
experience rating to set second-period premiums makes the
individual worse off ex ante; such rating amounts to con-
ditioning on better information.
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(iii) is at first surprising, since, with a represen-
tative agent, the problem “looks” like a single-
agent problem. Yet, even though an isolated
agent never dislikes more information, Theorem
2 (iii) asserts that all agents in such an economy
at least weakly dislike any increase in informa-
tion. Recall that we need the qualifier “at least
weakly” for the case in which risk-sharing mar-
kets are not active—e.g., agents have the same
preferences and endowments. In that case, each
agent is indifferent about information, since
each simply consumes his endowment. Of
course, in that event there is no risk sharing at
all. In order for (iii) to have bite there needs to
be some heterogeneity in economy so that risk-
sharing markets are active.

The intuition for parts (i) and (ii) of Theorem
2 is clear. In each case, risk-averse agents fully
insure if there is no information, consuming the
expected value of their endowments. With in-
formation they will continue to insure fully for
each signal realization, but, since the signal is
random, information introduces risk from an ex
ante perspective, leaving them worse off; and,
the more precise the information, the greater the
ex ante risk.

How is it that the existence of a representa-
tive agent implies a negative value of informa-
tion? The reasoning here is more complex, but
we can convey the idea in the two-state, two-
agent case with an Edgeworth box diagram
(Figure 3). Let e denote the endowment, and
suppose we compare no information to an in-
formation structure with two possible signal
realizations. Let the realizations give rise to two
distinct price vectors, and let the corresponding
allocations be given by points A and B in Figure
3. The argument has two steps: first we con-
struct an artificial allocation that is less risky
than the equilibrium random consumption with
information, an allocation that all agents prefer
since they are risk averse; we then show that the
equilibrium allocation with no information is
revealed preferred to that artificial allocation.
To begin, note that when evaluating the par-
tially informative structure from an ex ante
viewpoint, each agent faces a random consump-
tion that may take on four possible values, two
for each of the two states. We now construct a
new allocation by replacing each agent’s ran-
dom consumption in each state with its expected
value, using the probability of allocations A and
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Agent 2

State 2 “
Consumption .
e
[ !
[ '
[ 1
Agent 1  —— aY B
State 1
Consumption

FIGURE 3. WHY THE VALUE OF INFORMATION IS NEGATIVE
IN AN ECONOMY WITH A REPRESENTATIVE AGENT

Notes:
e = endowment.
A, B = allocations after signal is revealed.
C = “averaged” allocation, less risky than the ex ante
random allocation (A, B) with information.
D = allocation with no information, which is Pareto
superior to C by revealed preference.

B conditional on that state.'® For example, in
Figure 3 we replace agent 1’s random state-1
consumption that yields either « or B with its
(state-1-conditional) mean, 7y. Doing this for
each state and agent will yield a new allocation,
C in Figure 3. Each agent will prefer this new
random consumption to the lottery between A
and B since the former is a mean preserving
decrease in risk with respect to the latter (Roth-
schild and Stiglitz, 1970). Now we bring the
representative-agent assumption to bear. That
assumption constrains the relationship between
equilibrium prices and probabilities: in particu-
lar, relative state prices are always proportional
to the relative state probabilities (since equilib-
rium relative prices equal the representative
agent’s marginal rate of substitution [MRS] at
the aggregate endowment, and the MRS for
expected utility is proportional to the probabil-
ities).20 This fact, in turn, implies that the equi-
librium price vector without information will
equal the mean of the random prices with infor-

19 1f q represents the information structure, then we use
the probability distribution g(z) for state s.

201f U is the von Neumann-Morgenstern utility for the
representative agent, then equilibrium prices r must satisfy
rore = psU' (0($))/p,U' (w(0)) for every pair of states s
and o this implies that the representative agent will demand
the aggregate endowment, so supply will equal demand.
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mation, since the mean of posterior beliefs must
always equal the prior belief.?! A little algebra
then reveals that the allocation C lies on the
equilibrium budget line in the economy with no
information (represented by the dashed line in
Figure 3). Hence, the equilibrium allocation
without information (say D) is revealed pre-
ferred by all to allocation C, which in turn is
preferred by all to the random consumption with
information. In sum, better information leads to
a new allocation that is ex ante riskier than one
that is revealed worse than the original
allocation.

One virtue of Theorem 2 (iii) is that it doesn’t
depend on how the representative-agent condi-
tion is justified; its generality, of course, might
also be considered a vice, since it is not speci-
fied in terms of the primitives of the problem,
preferences, and endowments. As we noted in
the introduction, a sufficient condition for a
representative agent is that, for each good, the
Engel curves of consumers are straight lines
with common slope (Gorman, 1953).22 Of
course, in our application, the “goods” are state-
contingent consumption of the single physical
good; moreover, we restrict preferences over
such commodity bundles to satisfy expected

2! Normalize prices so that r¢ = psU’(w(s)) from foot-
note 20. This formula must hold for the prior belief and for
each possible posterior belief. Since the expected posterior
must equal the prior belief, the expected price vector with
information will equal the equilibrium price vector with no
information. And since better information makes the poste-
rior beliefs riskier (see Appendix A), it also makes the
equilibrium prices riskier.

22 This condition ensures among other things that aggre-
gate demand depends on aggregate income and not how it is
distributed. There are other sufficient conditions for a rep-
resentative agent, but we also require the representative
agent to satisfy the expected utility hypothesis: just because
all the agents in the economy are expected utility maximiz-
ers doesn’t mean that a representative agent, if it exists, will
be as well. For example, suppose that agents have distinct
constant relative risk-aversion utility (#(c) = (1/a)c®) and
that endowments are proportional to the aggregate endow-
ment. Then there is a representative agent (E. Eisenberg,
1961); in particular this agent’s preferences are represent-
able by a utility function that is the maximum of the product
of the homogeneous of degree-1 version of each agent’s
utility function over contingent consumption (where the
product is maximized over each agent’s consumption of
each good, subject to the constraint that the sum of con-
sumption equals aggregate consumption). These prefer-
ences, however, will not generally satisfy the expected
utility hypothesis.
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utility. The following proposition, found in
M. J. Brennan and Alan Krauss (1978), simply
specializes Gorman’s condition to our setting.
The condition is simplest to write using the
measure of risk tolerance, Ti(c) = —ujc)/
u'(c), which is the inverse of the usual Arrow-
Pratt risk-aversion measure. The required
condition is that risk-tolerance functions of con-
sumers are all straight lines with common slope.

PROPOSITION: Suppose that the risk-toler-
ance functions of all consumers are straight
lines with common slope; that is, each con-
sumer i’ s risk-tolerance function is of the form
Ti(c) = a; + Bc for constants «; and B3, where
B is common across consumers. Then the Engel
curves for consumption in each state are
straight lines with common slope across con-
sumers, and the economy has a representative
agent.

The following corollary gives classes of pref-
erences satisfying the conditions in the propo-
sition; direct calculation shows that the
representative agent in each case satisfies the
expected utility hypothesis.

COROLLARY TO THE PROPOSITION: The
economy has a representative agent satisfying
the expected-utility hypothesis if all agents have
a utility function in exactly one of the following
four classes: (i) quadratic utility (i.e., house-
hold i’ s utility is u,(c) = a,c — B,c a;, B; >
0); (ii) constant absolute risk-aversion utility
(uc) = —e ™, N, > 0); (iii) the class
uc) = (Uy)ec — p)?, 0 # v < 1, for all
i, including identical constant relative risk-
aversion utility; or (iv) Stone-Geary utility
(u,(c) = In(c — py).

The conditions of the proposition and its corol-
lary are stringent. Nevertheless, these preference
specifications cover the functional forms most of-
ten used in applied work involving uncertainty.
Moreover, the condition places essentially no re-
strictions on the distribution of endowments** and
permits agents to have different attitudes towards

2 In particular, consumers need enough wealth to avoid
zero consumption in any state: if the Engel curves are
straight lines that don’t pass through the origin, then some
must eventually crash into the nonnegativity constraint on
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risk, although the form of preference heterogene-
ity allowed is constrained: agents must all have
utility functions in exactly one of the four classes
in the corollary, but are permitted to have arbitrary
functions within the class.

A. The Unrepresentative Representative Agent

A very simple but important corollary of The-
orem 2(iii) follows from observing that the repre-
sentative agent is always indifferent about
information. This agent always consumes the ag-
gregate endowment no matter what the signal.
Information thus never affects the representative
agent’s action and hence is valueless. Yet, each
agent in the economy is worse off with better
information: the positive representative agent is
thus normatively unrepresentative. As we have
noted, Jerison (1984, 1996) and Dow and da Costa
Werlang (1988) have examples of unrepresenta-
tive representative agents in evaluating different
price vectors and aggregate income levels under
certainty. One difference between these examples
and our Theorem 2 (iii) is that the mere existence
of the representative agent in our setting is enough
to insure that it is unrepresentative for evaluating
information. A Gorman representative agent,
however, is necessarily Pareto consistent when
comparing different price vectors and aggregate
incomes.”* An important implication of Theorem
2(iii) is that Gorman aggregation does not justify
treating the positive representative agent as a nor-
mative representative agent for all policy ques-
tions, particularly those involving information.
Why is it, then, that evaluating information leads
to such a different analysis than evaluating prices
under certainty? One peculiarity about informa-
tion is that its arrival, by changing beliefs, changes
consumer preferences over commodity bundles
(which here are just state-contingent consumption
plans). When prices change under certainty,

consumption at low wealth levels (and hence become non-
linear).

2*To obtain an unrepresentative representative agent,
Jerison (1996) and Dow and da Costa Werlang (1988)
cannot therefore appeal to Gorman aggregation. Indeed,
they cannot appeal to Paul A. Samuelson’s (1956) construct
of a social planner who reallocates income to maximize
social welfare, which also leads to a Pareto-consistent rep-
resentative agent. See Mas-Colell et al. (1995 Chapter 4) for
further discussion.
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however, consumer preferences over commodities
remain fixed by hypothesis.

Of course, if all agents in the economy are
identical, then, as already noted, they are always
indifferent about more information, and hence will
agree with the representative agent. Presumably,
however, a representative-agent model is interest-
ing because it tells us something about actual
economies with heterogeneous agents that ac-
tively share risk. In such an environment, our
results imply that if the representative agent is a
good positive model, then it must be a bad nor-
mative model for questions of information.

B. Two Examples and Discussion

To illustrate Theorem 2(iii), we now work out an
example in which all agents have identical, constant
relative risk-aversion preferences; as long as en-
dowments are not proportional to the aggregate
endowment, all agents will dislike information.

Example 1: Let each agent’s expected utility be
given by (1/a) 23 _, p.(c(a, i))*, where 0 #
a < 1 and let w(s, i) be household i’s endow-
ment of consumption in state s for i = 1, ...,
N.Letr = (r, ..., rg) be the vector of prices
for state-contingent consumption. Each house-
hold i takes prices as given and chooses a state-
contingent consumption plan (c(1, i), ..., c(S,
i)) to maximize expected utility subject to its
wealth constraint. Household i’ s first-order con-
ditions are r, /r¢ = (p, /ps)(c(s, i)lc(o,
i))! ~* for every pair of states and X5 _ | r_c(o,
i)y = 23 _, r,w(a, i). Since this economy has
a representative agent (with the same utility
function as each of the agents), equilibrium
prices are r,/rs = (p Ipg)((s)w(c))' ™
where w(s) is the total endowment in state s.
Thus in equilibrium each household’s consump-
tion is proportional to the aggregate endowment
vector: c¢*(s, i; p) = B(i, p)w(s) for some
number B(i, p) that is independent of the state.
Using the budget constraint we find that

N
2 poolo, (w(a)* ™!

o=1

B(i, p) =

N

2 polw(0)*

o=1
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Thus, household i’s value function from the
competitive equilibrium when the belief is p is

o

Vilp) = a7'| 2 poolo, i)(w(a)*™!

o=1

-«

X | 2 pola(o)”

o=1

Standard arguments show that this function is
concave in p; moreover it is nonlinear in p if
agent i’s endowment isn’t proportional to the
aggregate endowment.”> Hence by the lemma in
Appendix A, each agent dislikes better informa-
tion. If, however, an agent’s endowment is pro-
portional to the aggregate endowment, then his
value function is linear and he is indifferent
about information: such an agent never trades
and hence is insulated from the effects of
information.?®

One may wonder whether the strong unanim-
ity conclusion of Theorem 2 might be extended
to a broader class of economies. We now
present an example in which the two agents
have different constant relative risk-aversion
preferences, yet one agent sometimes benefits
ex ante from better information. Hence, the
scope for such extensions would seem to be
limited.

Example 2: Let there be two states with w(2) =
10 and w(1) = 1 and let (p, 1 — p) be the
probability vector. Let agent 1 own all the state
1 wealth and have log utility, u,(c) = In(c); let
agent 2 own all state 2 wealth and have constant
relative risk aversion utility u,(c) = —c™ .
The equilibrium price of good 1is r(p) = (1 +
18p + p?> — (1 — p)V1 + 38p + p2)(2(1 —

25 The Cobb-Douglas limiting case (a = 0) gives a
simple value function: V(p) = In(2 pglw(s, ) w(s)) +
2 psln w(i, s), where the summations are across states. As
long as i’s endowment is not proportional to the aggregate
in any pair of states, this function is strictly concave in p.

26 This last observation provides a counterexample to the
last sentence of Green’s (1981) Theorem in Section 4.C,
which asserts that if all agents have strictly concave utilities,
then an improvement in the information structure starting
from no information must make at least one agent worse off.
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p)p) ! (after normalizing the price of good 2 to
unity). Agent 1’s final consumption in state 1 is
p and in state 2 is (1 — p)r(p). His value
function from the equilibrium is thus V,(p) = p
In(p) + (1 — p)ln(l — p) + (1 — p)ln(r(p)). One
may verify that this function is strictly con-
vex in p on an interval containing 1. By
Lemma 1, this agent sometimes likes better
information.?”

Indeed, Berk and Uhlig (1993) analyze a
dynamic exchange economy under uncer-
tainty in which there is a positive mass of
agents who prefer better information. In their
economy, consumption takes place in only the
last period, but information is gradually re-
vealed in earlier periods. They ask whether
some agents would prefer that information be
revealed sooner rather than later. They find
that an agent who simply consumes his en-
dowment under the less informative structure
prefers the early release of information. A
comparison with our Example 1 is illuminat-
ing: there an agent who has an endowment
proportional to the aggregate endowment
never trades; yet such an agent is always
precisely indifferent about information.?® Be-
sides being a dynamic model, an important
difference between their model and ours is
how trading takes place. We assume that there
are markets for the single physical good in
each state. They, however, assume that spot
markets exist only in the final period (after
some states are no longer possible) but add a
pair of long-lived assets that are traded in
each period. In light of our contrasting con-
clusions, an important research topic is to
determine how the mechanism for sharing
risk affects the comparative statics of im-
proved information.

27 The important qualitative facts are that agent 1
owns all of the relatively scarce state 1 wealth and
agent 2 is more risk averse. Indeed, if agent 2 is replaced
with an “infinitely” risk-averse maximin agent (who eval-
uates consumption plans by the worst component,
min{cl, c2}) then agent 1 always likes more public
information. This example, however, lies outside our
framework since a maximin agent does not satisfy ex-
pected utility.

28 More generally, if a representative agent exists and an
agent does not trade under null information, that agent is
indifferent about better information.

SCHLEE: VALUE OF INFORMATION IN RISK-SHARING ARRANGEMENTS 519

IV. Further Examples and Applications

Theorem 2 considers only exchange econo-
mies. If there is production, then public infor-
mation may or may not be valuable even if there
is a representative agent: a trade-off arises be-
tween the deleterious effect of information on
risk sharing and the improved allocation of in-
puts. Eckwert and Zilcha (1999) examine this
trade-off in a dynamic model with production
and identical risk-averse consumers. In particu-
lar, information is valuable in their model if
risk-sharing markets are absent; but may be of
positive or negative value if risk-sharing mar-
kets are active.?® (Risk sharing occurs through
risk-neutral firms.) Example 3 illustrates in a
simple static production economy that the value
of information can still be negative for every
agent, even though that information is useful in
allocating inputs and the representative agent
strictly prefers better information.

Example 3: Let there be two agents, each en-
dowed with 1 unit of labor (€) that they supply
inelastically. Each agent owns a single plot of
land. There are two equally likely states of
nature and the production technology on agent
i’s plot in state s is given by f;(£) = 0 if s #
i;ifs = i thenf;,(£) = €if € = 1 and f;(€) =
0.75 + 0.25¢ if € > 1. (That is, agent i’s plot
is only productive in state i.) Assume that un-
less information is perfect, labor must be ap-
plied to a plot before learning the state, and that
agent i’s von Neumann-Morgenstern utility is
u(c) = (M/a)e*, 0 # a < 1,i =1, 2. We
will compare null vs. perfect information. Nor-
malize the price of labor to 1. With no informa-
tion, the price of consumption in each state will
be between 1 and 4, and each agent will con-
sume half a unit in each state. With perfect
information, if the state is i, then the price of
state i consumption will equal 4, agent i will
consume 1 unit and the other agent will con-
sume 0.25 units. The welfare comparison be-
tween the two information systems depends on
the risk-aversion parameter . For @ > 0 the
agents prefer perfect information. For a < 0,

29 Schlee (1996) shows that the aggregate value of in-
formation about product quality is positive under perfect
competition in the absence of risk-sharing markets.
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however, they prefer no information. The rep-
resentative agent, however, always strictly pre-
fers information, since it views a sure aggregate
consumption of 1.25 as better than an aggregate
consumption of 1.

Thus, in a production economy, our analysis
has two implications. First, the value of public
information can still be negative. Second, even if
some or all agents value information, a represen-
tative-agent approach may badly misstate the wel-
fare consequences of improved information. Note,
however, that the representative agent in the ex-
ample is perfectly valid for calculating equilib-
rium prices and aggregate consumption.

Representative-agent models are of course
widely used in macroeconomics. Lucas (1987
Chapter 2) used one to measure the welfare
costs of business-cycle fluctuations. He calcu-
lated the expected utility of a single agent under
two scenarios: one with random consumption
fluctuations chosen to match aspects of postwar
consumption variability, and one with con-
sumption stabilized at a particular realization.
He found the welfare cost of uncertainty to be
low, and used that calculation to suggest that
learning about business cycles will not raise
welfare much. A closely related calculation is a
pure value of information one. For that calcu-
lation we do not know ex ante what particular
nonstochastic consumption stream agents will
experience. Instead, we calculate the optimal
consumption path for each possible sequence of
shocks and use the prior belief to calculate the
resulting ex ante expected utility with informa-
tion; this number we compare with expected
utility without additional information. Our
framework clearly differs from that of real-
business-cycle models. Nevertheless our analy-
sis suggests that a representative-agent model is
apt to misstate the welfare gain from learning
about business cycles if household incomes are
(imperfectly) correlated with aggregate shocks
and households share risks.

Another potential application is to the litera-
ture on optimal growth and experimentation.
Most applications of optimal growth models
under uncertainty exclude the possibility that
the planner can experiment to learn more about
the relationship between aggregate investment
and aggregate output: either the aggregate tech-
nology shocks are assumed to be independently
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and identically distributed, so that there is noth-
ing to learn; or the planner is assumed to ob-
serve the shock realizations directly, so that the
investment level does not affect how much the
planner learns. Several papers, however, have
considered growth models in which the planner
not only learns about the technology, but also
can affect how much he learns by varying in-
vestment (Xavier Freixas, 1981; Mahmoud A.
El-Gamal and Rangarajan K. Sundaram, 1993;
Graziella Bertocchi and Michael Spagat, 1998;
Manjira Datta et al., 2000). The planner may
sacrifice current utility to affect how much in-
formation is available for the future. Now, as
long as the utility function over aggregate con-
sumption plans simply describes the preferences
of a policy maker, then our analysis has nothing to
say about this purely positive interpretation. But if
the utility function is taken to be that of a repre-
sentative agent, then the model may no longer be
one of optimal growth, since the representative
agent may overvalue information relative to the
actual agents in the economy.

V. Conclusion

Since Hirshleifer (1971), we have known that
better information sometimes makes some
agents worse off in a competitive equilibrium
allocation of risk. We have given conditions
ensuring that all agents dislike any improve-
ment in information. The most interesting con-
dition is that the economy has a positive
representative agent. In this case the represen-
tative agent is Pareto inconsistent: although
each agent dislikes information, the representa-
tive agent is always indifferent. This result is
interesting since applications often assume that
a representative agent exists. Of course, such
applications also typically involve production
as well as risk sharing, and we have focused on
the latter. Nevertheless, our finding suggest that
representative-agent models might seriously
misstate the welfare consequences of improved
information, even though the model may be
valid from a purely positive viewpoint.

In our analysis, we assumed that agents could
not insure against the effects of information. Of
course if the value of public information is
negative, then agents have an incentive to mit-
igate its effects. In particular, they might refuse to
produce it, or take actions to prevent others from
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using it. We noted in the introduction that individ-
uals often refuse free genetic testing, and that they
often cite the fear of the information becoming
public as a reason for not getting tested. Partly in
response to similar fears, many states have passed
legislation to ban insurance companies from “ge-
netic discrimination,” and several such bills are
under consideration in the U.S. Congress. Political
support for such measures is consistent with the
view that—given existing risk-sharing institu-
tions—the value of information about genetic sta-
tus for many individuals is negative.

APPENDIX A: COMPARING INFORMATION
STRUCTURES

Blackwell (1953) showed that the following
statistical definition of more information was
equivalent to an economic version that says that
every decision maker would prefer to observe
the more informative of two experiments.

Definition: Information structure q is more informa-
tive than q' if there are numbers {g(z', 2)},, ez
such that for every s, and z’ in Z we have g)(z) =
2ez8(@, D and 1 = 2, c 7 8(7, 2).

Intuitively, we can interpret the function
g(+,+) as a transition probability: the less
informative structure is a “garbling” of the
more informative in the sense that each real-
ization from the more informative structure is
randomized according to the probability func-
tion g( ¢, - ). Hence, the more informative
structure is sufficient for the less informative.

This garbling condition is sometimes tedious
to apply directly. The following lemma asserts
that this definition is equivalent to a much more
convenient property: the more informative of
two structures raises the expectation of any con-
vex function of posterior beliefs.>

LEMMA: Information structure q is more in-
formative than q' if and only if for every convex
function F(:) on the set of probability distribu-
tions over {1, ..., 8}, 2, 2 F(p(* |z, ") A(z,
0) = 3.c 2 F(p(+ |z, @)A(z, q) where A(z,
q) is the prior probability of 7 under informa-
tion structure q (and prior belief ).

30 Richard E. Kihlstrom (1984) gives a clear proof of the
lemma and explains the relationship between various defi-
nitions of a more informative experiment.
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This result gives a simple way to determine
whether an agent likes or dislikes information. Let
c*(s, i; p) denote agent #’s consumption in state s
from an allocation rule A(:) when his beliefs are p
and let V,(p) denote the corresponding value func-
tion: V(p) = Z5_, u(c*(s, i; p))p(s). According
to the lemma, an agent will like information if
this value function is convex in p, and will
always dislike information if its value function
is concave in p. Intuitively, an increase in in-
formation increases the riskiness of the ex ante
distribution of posterior beliefs; if the value
function is concave, its expectation falls with
such an increase in risk. For example, let the
probability distribution over states of nature be
p" with probability w, and p' with probability
1 — . Without further information, an agent’s
expected utility from the allocation rule is
Vilup" + (1 — p)p'); if, however, the agent
learns the distribution before the allocation is
chosen, then his ex ante expected utility is
pVi(p") + (1 — p)V(p"). The last expression
is smaller than V,(up” + (1 — w)p’) if and
only if V; is concave. Thus, we can show that
an agent dislikes information for an alloca-
tion rule merely by showing that the agent’s
value function from that rule is concave in
beliefs.

ApPENDIX B: PROOFS

PROOF OF THEOREM 1:

Let ‘U(q) be the ex ante expected utility
possibilities set for information structure q. Let
c(s, i, z; q) be i’s consumption in state s upon
observing z under q and suppose for each q and
z this constitutes an allocation. We will show
that U(q*) = U(q) for all q, where g* is a
perfect information structure. To begin we may
write agent i’s ex ante utility under q* as

2 > wilels, iy z, %) p(slz; q*) | A(z; q*)
z€Z\s=1
S

2 ui(c(s, i9 l!l(S), Q*))W(S)

s=1

where A(z; q*) = 25 _, w(0)q*(z), the prior
probability that signal z is realized and, for each
s, P(s) denotes the unique element of Z with

q%z) = 1 = p(slz, q*).
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Agent i’s ex ante utility from any information
structure q is

(B1) 2( > ui(e(s, i, z, Q))p(s|2)))\(z; 9

z€Z\s=1

N
=2 ( > uie(s, i, z, q))qx(Z)) (s).
s=1\z€Z

First we must have U(q*) C ‘U(q) for any q,
which follows by setting c(s, i, z, q) = c(s, i, Y«s),
q*) for all s and z. To show that U(q) C U(q*)
for any q, observe that, by risk aversion, we have
for each agent i that the right side of (B1) is no
larger than 35_; (S, c 7 <, i, 2 Q5.
Since 27—, c(s, i, z, @) = w(s) for all s, the
following constitutes an allocation for a perfect
information structure: c*(s, i) = 2,c (s, i, 2,
q)q(z]s) for all s and i. So any vector of ex ante
expected utilities in U(q) must be in U(q*).

PROOF OF THEOREM 2:

First, note that in each of the three scenarios, for
any signal realization from any information struc-
ture q, both the equilibrium price vector and allo-
cation for each risk-averse agent are unique.
Second, the demands and hence the equilibrium
allocation for any signal realization depend
merely on posterior beliefs. Thus, the expected
utility for an agent in a competitive equilibrium
from a signal realization z from q is given by a
value function Vi(p(+|z; @) = 25_, uc*(s, i, p(-
lz; @) p(slz; q), where c* is the equilibrium allo-
cation implied by the posterior belief p(+ |z; q). By
the lemma, an agent will always dislike more
information if his value function is a concave
function of beliefs.

For case (i) and (ii) the unique equilibrium price
vector equals the vector of state probabilities and
the allocation involves full insurance for every
risk-averse agent. Thus if the probability distribu-
tion over the states of the world is p(-), any risk-
averse agent i's value function from the
equilibrium is V(p) = u,(E3_, w(s, i)p(s)), which
is concave in p by risk aversion, and strictly con-
cave as long as the endowment is random. Thus, if
the initial endowment is random, then for (i) all
agents are hurt by better information; for (ii), all
risk-averse agents are hurt by better information.
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For (iii), let c*(s, i, p) be the equilibrium
consumption of agent i in state s when beliefs
are given by p. Let p’ and p” be two distinct
probabilities, let A € (0, 1) and let = = Ap" +
(1 — Mp’. We will show that V(w) =
AV(p") + (1 = M)V, (p"). Let U(*) be the von
Neuman-Morgenstern utility of the represen-
tative agent. For any p, an equilibrium price
vector is given by r(s; p) = U'(w(s))p(s)
fors = 1, ..., S. Note that r(s; m) = Ar(s;
p") + (1 — Mr(s; p') for every state. Define,
for m(s) # 0,

c**(s, i)

_ Ac*(s, 4, p)p"(s) + (1= Me*(s, i, p)p'(s)
Ap"(s) + (1 = A)p'(s)

The following string of inequalities implies
that this “averaged” consumption (c**(1,
i), ..., c**(S, i)) is affordable for each
consumer at the equilibrium price vector
when p =

N

> (s, we**(s, i)

= 2 [U'(0()(Ae*(s, i, ") p"(s)

+ (1= Mc*(s, i, p')p'(5))]

N
=X 2 [r(s, p")c*(s, i, p")
s=1

+ (1 - )\) 2 r(s, P’)C*(Sa I p,)]

s=1

=Ar D [r(s, pNols, i)

N

+(1=A) X r(s, pals, i)]

s=1

= z r(s, mw(s, i).

Now
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AVi(p") + (1 = M)Vi(p")
N
=A z u,-(C*(S, i p”))P”(S)

s=1

N
+ (1= A) X uic*(s, i, p))p'(s)

N
= 2 [(Aui(c*(s, i, p))p"(s)

+ (1 = Nui(c*(s, i, p))p'(5))]

= 2 [ui(e**(s, i)

X (Ap"(s) + (1 = N)p'(s))]

N

= 2 wi(c**(s, i))m(s) = V,(m).
s=1
The last inequality follows from affordability of
(c**(1, ), ..., c**(S, 0)) at prices r(47), and the one
preceding it follows from risk aversion and the
definition of ¢**. Thus each agent’s value func-
tion is concave in beliefs; by the lemma each
always dislikes more information.
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