Econometrica, Vol. 60, No. 6 (November, 1992), 1273-1292

ASYMPTOTIC EFFICIENCY IN LARGE EXCHANGE
ECONOMIES WITH ASYMMETRIC INFORMATION

By FARUK GUL AND ANDREW POSTLEWAITE

We provide conditions on an exchange economy with asymmetric information that
guarantee that when the economy is replicated sufficiently often, there will be an
allocation which is incentive compatible, individually rational, and nearly efficient. The
main theorem covers both the case in which aggregate uncertainty remains when the
economy is replicated and the case in which replication eliminates aggregate uncertainty.
In addition, we demonstrate how our theorem does or does not apply to standard
asymmetric information problems such as the buyer’s bid double auction problem,
Akerlof’s lemons problem, and insurance with asymmetric information.
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1. INTRODUCTION

THERE HAS BEEN IN RECENT YEARS voluminous research showing the various
ways that asymmetric information among agents in an economy can preclude
the attainment of a (first best) Pareto efficient outcome. It is plausible that every
economic situation involves some asymmetry of information: every agent proba-
bly knows something about his utility function or production technology that is
not known to all other agents. It then follows that in every economic problem,
there may be inefficiency due to the asymmetric information.

Despite the seeming ubiquity of this asymmetric information induced ineffi-
ciency, many economists believe that in many circumstances competitive mar-
kets generate efficient, or nearly efficient, outcomes. Although seldom spelled
out, this belief is based on a notion that while there may be asymmetry in
agents’ information, it is relatively unimportant for the problem at hand because
any single agent has only a small amount of information not known by the other
agents.

It is an attractive idea that there should be a concept of an agent’s being
informationally small, and when agents are informationally small, the ineffi-
ciency due to asymmetric information is small. There are two immediate
difficulties with the notion, however. First, it may be that the aggregate effect of
many agents, each of whom is informationally small, prevents efficient market
performance. A second difficulty with the notion is that the measure of informa-
tional smallness isn’t obvious. One of the first of the papers showing that
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markets may perform poorly in the presence of asymmetric information,
Akerlof’s (1970) lemons paper, has a large number of agents each of whom has
private information only about the car that he has for possible sale. By many
criteria, it might seem that each agent is informationally small here and yet
(what is plausibly) the market outcome is as far as possible from the outcome
that would have arisen had the asymmetry not existed.

Various models aimed at describing the effect of asymmetric information on
the performance of markets can be distinguished according to how they model
the market mechanism and how they define a market outcome. Often, models of
financial markets begin with a particular extensive form game, designed specifi-
cally to mimic a given trading institution, and investigate the efficiency proper-
ties of that game. This approach has the advantage that it enables conclusions
regarding the actual performance of the given institution. However, these
conclusions are often very sensitive to minor modelling decisions (implicit in the
choice of the extensive form game) about which we are often less than certain.
We avoid this difficulty by choosing not to model a particular mechanism but
rather to take the essential feature of all market mechanisms, voluntary partici-
pation both in trade and in the sharing of information (that is, individual
rationality and incentive compatibility), and use the revelation principle to
investigate the restriction imposed on efficiency by voluntary participation.

As a result, our theorems identify classes of situations in which markets might
(rather than will) be efficient. Insisting on voluntary participation (in the above
sense) also distinguishes our approach from those that use rational expectations
equilibrium to define market outcomes since rational expectations equilibrium
prices often appear to convey information that agents would not willingly
provide given the consequences of its availability. The typical rationale for using
the rational expectations equilibrium concept is presumably that agents are
informationally small and therefore market prices would only be slightly af-
fected by the information of any single agent and competition will presumably
lead agents to reveal their information. One of our main objectives is to get a
better sense of what it means to be informationally small. Thus, we are led to
use a framework in which incentive constraints are modelled explicitly.

We stress that our aim in this paper is not to argue that large numbers of
agents will always eliminate the inefficiencies caused by asymmetry of informa-
tion among agents. We will provide conditions that ensure that large numbers of
agents will, in fact, eliminate those inefficiencies. These conditions will be
satisfied in some problems with asymmetric information but will fail to hold in
others. We will show in Section 3 that two frequently studied problems involving
asymmetric information, the market for lemons studied by Akerlof and the
market for insurance with adverse selection, do not satisfy the conditions of our
theorem.

A sufficient condition for (essentially) eliminating the incentive problem turns
out to be the following: the incremental impact of each agent’s information
(given the information of others) on the demand of every good should be small.
Under our assumptions, increasing the number of agents ensures this. We will
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explain why informational smallness in the above sense is not attained in
Akerlof’s model and insurance problems with adverse selection even when the
number of agents is large.

In Section 2.1 we offer a simple example of the type of structure analyzed in
this paper. The example aims to provide insight into our Theorem, the proof of
which is somewhat complicated. Section 2.2 contains our model and results. We
leave to Sections 3 and 4 a discussion of our results and their relation to other
papers.

2.1. Example

There are two people who live in a duplex, Andy (A), who lives on the top
floor, and Bob (B) who lives on the bottom floor. B owns a smoke alarm; the
alarm is of more value to 4 than to B since A lives on the top floor and is more
likely to be trapped by a fire than would B. Neither person will benefit from the
alarm unless the alarm is in his home. The values to each person depend upon
the probability of there being a fire, of course. Suppose it is common knowledge
that A does not smoke, but only B knows whether B smokes or not. It is
common knowledge that A believes the probability that B smokes to be 1/2.
The possibility that B smokes is exogenous; call the state in which B smokes s
and the state in which he does not smoke n. The utilities to 4 and B from
having the smoke alarm and $m in the states s and n are given as follows:

state:

agent K n
A m+10 m+3
B m+8 m+1

The utility to either person of $m with no smoke alarm is m.

We can see that regardless of the state, the only efficient outcome is that the
alarm be transferred from B to A. If the outcome is to be (ex post) individually
rational, 4 must give B between $8 and $10 in the state s and between $1 and
$3 in state n. If there is a mechanism that achieves an outcome for this problem
that is ex post Pareto efficient and ex post individually rational, it must be the
outcome of a revelation game in which the agents report their private informa-
tion truthfully. Since only agent B has private information, this is easy to check.
It is easy to see that the best we could do to relax the incentive constraints on
agent B while maintaining individual rationality would be to have agent 4 pay
$8 in state s and $3 in state n. But it is clear that agent B will not reveal
truthfully if he faces these prices, but will announce state s regardless of the
true state. Thus there is an incompatibility between incentive compatibility and
the achievement of individually rational and Pareto efficient outcomes.

Now suppose we replicate the problem in the following way. Let there be r
duplex houses each containing a pair that looks like the pair 4 and B above. In
each duplex the person living on the bottom will own the smoke alarm and will
have exclusive information as to whether he smokes or not. Assume these
potential smokers will each have probability of 0.5 of smoking and that whether
smokers in different duplexes smoke is independent.
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How does this r-fold replication change the conflict between efficiency and
incentive compatibility? In fact we will see that the replication process asymp-
totically eliminates the conflict. Consider the following mechanism for reallocat-
ing the smoke alarms. All smoke alarms will be sold for $5 or not sold at all.?
Every B is to announce whether or not he smokes. Those announcing that they
smoke will keep their smoke alarm and not trade. Those announcing that they
do not smoke will sell their smoke alarms to the upper level tenants of the
buildings inhabited by B’s who have announced that they smoke. If there are
fewer B’s who announce that they smoke than those who announce that they do
not smoke, there will be excess supply of alarms; in this case we ration the
sellers uniformly by selecting the appropriate number of sellers randomly from
the set of B’s who have announced that they do not smoke. In the opposite
case, that in which there are more B’s who say they smoke than say they do not,
there will be excess demand for alarms. We uniformly ration the buyers in this
case.’

It is easy to see that B’s will announce truthfully in the face of this scheme.
Any B who does not smoke should say that he does not so as to have some
possibility of selling his alarm for a price higher than his reservation price. Lying
will guarantee that he does not trade, yielding a lower expected utility. Next, a
B who does smoke should say he does since the best that can happen is that he
sells the alarm for less than his reservation value. Hence the outcome is
incentive compatible.

The outcome is trivially individually rational by the construction of the
mechanism. The sense in which it is asymptotically efficient is as follows. Every
alarm that is transferred goes from a person whose value is $1 to a person
whose value is $10, for a gain of $9 or $4.50 /person trading. The inefficiency is
that there may be excess supply of alarms (more persons announcing they do
not smoke than announcing that they do), or excess demand (fewer smokers
than nonsmokers). In the first case, there will be smoke alarms left in the hands
of the rationed sellers who value them at $1 when there are people who value
alarms at $3 without them. In the case of excess demand, there will be
unsatisfied buyers who value the alarms at $10 and smokers who kept their
alarms when they valued them at $8.

But the proportion of the alarms that are in the hands of people who value
them less than others without alarms is going to zero. By the law of large
numbers, the probability that the actual number of smokers is arbitrarily close
to 1/2 is going to 1. Thus with probability 1, the proportion of the potential
gains from trade (in the absence of private information) that are realized by the
mechanism is going to 1.

In the next section, we present our model and results. In Section 3 we discuss
whether several important problems involving asymmetric information do or do

2 The price can as well be any price between 3 and 8.
3 The mechanism used in proving the main theorem does not use rationing but rather taxes every
trading agent by a fixed small amount.



