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1. Introduction

In seminal papers, Radner (1979) and Allen (1981) extended the finite agent Arrow-Debreu-McKenzie economy to allow
for asymmetric information, where each agent is characterized by a random utility function, random initial endowment, and
private information with a prior. The equilibrium notion that Radner put forward is called rational expectations equilibrium
(REE), which is an extension of the deterministic Walrasian equilibrium of the Arrow-Debreu-McKenzie model. According
to the REE, each individual maximizes interim expected utility conditioned on her own private information as well as the
information generated by the equilibrium price.

By now it is well known that in a finite agent economy with asymmetric information, a rational expectations equilibrium
may not exist! (see Mas-Colell et al., 1995, p. 722, for an example due to Kreps), may not be incentive compatible, may
not be Pareto optimal and may not be implementable as a perfect Bayesian equilibrium of an extensive form game (see
Glycopantis et al., 2005, p. 31, and also Example 9.1.1, p. 43). Thus, if the intent of the REE notion is to capture contracts
among agents under asymmetric information, then such contacts not only do they not exist universally in well behaved
economies (i.e., economies with concave, continuous, monotone utility functions and strictly positive initial endowments),
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T It only exists in a generic sense as Radner (1979) and Allen (1981) have shown.
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but even if they exist, they fail to have desirable properties, such as incentive compatibility, Pareto optimality and Bayesian
rationality.

The main difficulty that one encounters with the REE in a finite agent economy is the fact that individuals are supposed
to maximize their interim expected utility conditioned not only on their own private information, but also on the infor-
mation generated by the equilibrium price; at the same time, the individuals can influence the equilibrium price to their
own benefit by manipulating their private information. However, this would not have been a problem if each agent’s private
information is negligible. This poses the following question. Is it possible to model the REE in such a way that each agent’s
effect on the equilibrium price is negligible and therefore the REE concept overcomes the difficulties encountered above?

We introduce a new model where the REE concept becomes free of the problems mentioned above. In particular, we
consider an asymmetric information economy with a continuum of agents whose private signals are independent condi-
tioned on the macro states of nature. For such an economy, agents are allowed to augment their private information by the
available public signals. We call this new notion REE with aggregate signals. However, it is shown in Sun et al. (forthcoming)
that it is not true that under a REE in a large economy, the agents will automatically report their signals truthfully. We need
to consider those REE prices that capture the meaning of perfect competition, i.e., they depend only on the macro states
and are not influenced by individual agents’ private information. In this case, incentive compatibility is not an issue since
an individual agent’s private signal can influence neither the macro states nor the aggregate signals. We then prove the
existence and efficiency for this new REE notion. We also show that whenever the equilibrium price fully reveals the macro
states, the notion of REE with aggregate signals is equivalent to the notion of REE in the classical sense.

The paper is organized as follows. In Section 2, we present the economic model, the notions of REE, Pareto optimality
and incentive compatibility, and some assumptions. The main result is stated in Section 3. In Section 4, we discuss related
literature. Some concluding remarks are provided in Section 5. The proofs are given in Appendix A.

2. The economic model

In this section, we define the notion of a private information economy, followed by the definitions of rational expectations
equilibrium, rational expectations equilibrium with aggregate signals, Pareto optimality and incentive compatibility.

2.1. Private information economy

We consider an atomless probability space? (I,Z, 1) as the space of agents. Each agent receives a private signal of type
qeT%=1{q1.q2,...,q1}.> Let 7O denote the power set of T?, and A(T?) the set of all probability distributions on T°.
A signal profile t is a function from I to T°. For i € I, t(i) (also denoted by t;) is the private signal of agent i while t_; is
the restriction of t to the set I\ {i}. Let (T, 7, P) be a probability space that models the uncertainty associated with the
private signal profiles for all the agents.* For simplicity, we shall assume that (T,7") has a product structure so that T is
the product of T_; and T°, while 7 is the product o -algebra of 7° and a o-algebra 7_; on T_;. For t € T and tie TO, we
shall adopt the usual notation (t_;, t}) to denote the signal profile whose value is t; for i and t; for j#1.

The private signal process is a function from I x T to T° such that f(i,t) =t; for any (i,t) € I x T. For each i € I, let f;
be the projection mapping from T to T® with f;(t) = t;. The private signal distribution T; of agent i over T is defined as
7;({q}) = P(f; = q) for q € T®. PT-i(-|q) is the conditional probability measure on the measurable space (T_;, 7—;) when the
private signal of agent i is g € T?. If 7;({q}) > O, then it is clear that for D € 7_;, PT-i(D|q) = P(D x {q})/7i({q}).

We also would like to include another source of uncertainty in our model - the macro level uncertainty. Let S =
{s1,52,...,5g} be the set of all possible macro states of nature, and S the power set of S. The S-valued random vari-
able 5 on T models the macro level uncertainty. For each macro state s € S, denote the event (§=5s) = {t € T: s(t) = s} that
s occurs by Cs. The probability that s occurs is s = P(Cs). Without loss of generality, assume that 75 > 0 for each s € S.
Let Pg be the conditional probability measure on (T,7) when the random variable 5 takes value s. Thus, for each B € T,
Ps(B) = P(Cs N B)/ms. It is obvious that P =) _¢ msPs. Note that the conditional probability measure Ps is often denoted
as P(-|s) in the literature.

The common consumption set for all the agents is the positive orthant RT. Let u be a function from I x RT x T to Ry
such that for any given i € I, u(i, z, t) is the utility of agent i at consumption bundle z € R and signal profile t € T. For any
given (i,t) € I x T, we assume that u(i, z, t) (also denoted by u ) (2) or u;(z, t))° is continuous, monotonic in z € RT.G For
each z € R™, u,(-,-) is an integrable function on I x T.”

2 We use the convention that all probability spaces are countably additive.

3 In the literature, one usually assumes that different agents have different sets of private signals and requires that agents receive each of them with
positive probability. For notational simplicity, we choose to work with a common set TO of private signals, but allow zero probability for some of the
redundant signals. There is no loss of generality in this latter approach.

4 Thus T is a space of functions from I to TO.

5 In the sequel, we shall often use subscripts to denote some variable of a function that is viewed as a parameter in a particular context.

6 The utility function u(i, -, t) is monotonic if for any y,z € RT with y<zand y#2z u(i,y.t) <u(,zt).

7 The measure structure on the product space I x T will be specified in Section 2.3.
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