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Market Selection and Asymmetric Information
by
George J. Mailath and Alvaro Sandroni

1. Introduction

A wide-spread concept in economics is the idea that agents will benefit from
superior information and, therefore, informed agents will drive uninformed agents
out of the market. Another idea is that agents with better beliefs will drive agents
with worse beliefs out of the market. For example, in support of the efficient-
markets hypothesis, Cootner [5] (see also Alchian [1] and Friedman [12]) makes
the following statement:

“Given the uncertainty of the real world, the many actual and virtual investors
will have many, perhaps equally many, forecasts...If any group of investors was
consistently better than average in forecasting stock prices, they would accumu-
late wealth and give their forecasts greater and greater weight...If this process
worked well enough, the present price would reflect the best information about
the future...”!

In the quote above, good beliefs and good information seem to be similar con-
cepts. However, in a dynamic model, heterogeneity of information has different
implications from heterogeneity of beliefs. For example, if agent 1 is informed
that event a has probability 0.3 and agent 2 is not informed, then prices may
reveal this information to agent 2 when agent 1 has significant wealth, but not
if 1 has small wealth because then prices will not be significantly affected by 1’s
decisions. So, agent 1’s accumulation of wealth based on superior information
may limit 1’s future ability to profit from superior information. On the other
hand, if agent 1 believes correctly that the probability of ¢ is 0.3 and agent 2
believes that it is 0.5 then agent 1 may tend to accumulate more wealth than
agent 2, regardless of agent 1’s relative wealth.

The literature on survival has concentrated on the question of whether agents
with correct beliefs will drive agents with incorrect beliefs out of the market and on
the more general question of whether rational agents will drive irrational agents
out of the market.? In this paper, we develop a dynamic general equilibrium
model with heterogeneous agents and asymmetric information. Agents are fully

1Cootner [5, p. 80], quoted in Figlewski [10].
2See Blume and Easley (2] and [3], De Long, Shleifer, Summers and Waldman [6, 7, 8], Shieifer
and Summers [18], Palomino {15}, and Sandroni {17].



rational. Their beliefs are correct and they learn from prices. However, agents
differ in their methods of gathering information.

Agents trade based on their private information and on the information re-
vealed by prices. After trade takes place, payoff relevant states of nature are
revealed. Then, the wealth distribution adjusts which, in turn, changes prices
and the information revealed by them. Next period, trade takes place based on
new private information and on new information revealed by new prices. After
many periods, some agents may become wealthy while others may become poor.
Agents who eventually have no wealth also have no impact on prices (do not sur-
vive). In the long run, prices will not reflect the (potentially relevant) information
gathered by these agents. Our main objective is to determine which methods of
gathering information are conducive to survival in the market.3

1.1. Informal description of the model

We consider a dynamic asset pricing model with long-lived agents, long-lived
trees, as in Lucas’ {13] model, and a risk-free asset in zero supply. Each tree
pays a dividend that is either high or low. There is a signal about next period’s
dividend. The probability of high dividends is high when the signal is good and
low when the signal is bad. The informativeness of the signal is increasing in a
parameter, . Each period, agents decide how much to consume, how much to
save, and how to allocate their savings among the assets. All agents maximize
expected discounted logarithmic utility.

There are 3 types of rational agents. Their beliefs are based on all the in-
formation available, which includes the information revealed by share prices and
interest rates. In each period, the signal is revealed to a subset of agents in one
of four possible scenarios. In scenario sj, the signal is observed only by agent 1.
In scenario s13, the signal is observed only by agents 1 and 2. In scenario 333, the
signal is observed only by agents 2 and 3. In scenario s3, the signal is observed
only by agent 3. By assumption, agent 2 never obtains information exclusively.
The probability distribution over the information scenarios is constant over time.

An additional agent, agent 4, is a noise trader whose belief is random in
every period. The noise trader is introduced to ensure that the inference problem
of the rational agents is non-trivial. The noise trader would eventually vanish
if he received no other endowment, except for his initial shares. Then, prices
would fully reveal all private information, and trade among rational agents would
eventually stop. We avoid this uninteresting case by assuming that the noise

®Figlewski [10] is an early study of the related question of how wealth reallocations affect
information aggregation through prices.



trader moves trees in and out of the economy keeping a constant fraction z of the
aggregate wealth. We refer to z as the level of noise in the economy.

1.2. Informal description of the results

We say that agent 7 vanishes if agent §’s relative wealth converges to zero as time
goes to infinity. We also say that agent j survives if agent 7 does not vanish and
that an agent dominates the economy if all other rational agents vanish. Any
agent who vanishes has no long run effect on share prices and interest rates.

The survival of the rational agents depends on = and z. We divide these
parameters into three cases. Given z, the signals can be weakly informative (x
small), at an intermediary level, or strongly informative (z large). In particular,
when z is close to one, the signals become an almost perfect predictor of next
period’s dividends. Alternatively, given z, the level of noise can be low (z small),
intermediary, or high (z large).

For low levels of noise or, alternatively, for strongly informative signals, prices
will eventually be fully revealing and all agents survive.

For intermediary levels of noise and informativeness of the signals, assume
that the probability of sg3 is zero and the probability of s; is strictly positive. So,
when agent 2 observes the signal so does agent 1, but not conversely (under this
assumption, we say that agent 2’s method of gathering information is inferior to
agent 1’s method). Then, agents 1 and 3 survive and agent 2 vanishes if and only
if agent 3 observes the signal with strictly positive probability. In particular,
agent 2 may vanish and agent 3 may survive, even if agent 2 observes the signal
with arbitrarily high probability and agent 3 observes the signal with arbitrarily
small probability.

This result shows that pairwise comparisons between agents do not suffice to
determine who vanishes in the economy. Agent 1 may not drive agent 2 out of the
market even under the extreme assumption that agent 2’s method of gathering
information is inferior to agent 1’s method. The survival of agent 2 depends
on whether or not there exists another agent who is informed when 1 is not.*
Moreover, it also shows that the ability of obtaining exclusive information may
ensure survival even when another agent, who is informed arbitrarily more often,
cannot survive.

The intuition behind these results is as follows: If the level of noise (or al-
ternatively the level of informativeness of the signals) is intermediary, then there

4This result is in contrast to the results obtained by Blume and Easley [2] and Sandroni [17].
For the case of exogenously specified beliefs, it is possible to make pairwise comparisons between
agents.



exists a threshold @ = Z such that prices fully reveal information obtained by
any agent with wealth above 0. So, if agent 2’s method of gathering information
is inferior to agent 1’s, and these are the only two agents who obtain information,
then the wealth of agent 1 is eventually above @, prices become fully revealing,
and all agents survive. However, if agent 1’s wealth is above w, and agent 3
also collects information, then agent 3 also infers the signal from prices when 1
informed. However, with strictly positive probability, agent 1 cannot infer the
signal from prices when 3 is informed because it can be shown that agent 3’s
wealth is below @w. Hence, agent 1’s wealth tends to go down when it is above
w. So, infinitely often, the wealth of agent 1 is below w. At this point, with
strictly positive probability, agent 2 cannot infer the signal from prices when 1
is informed. Since agent 1 is informed when 2 is informed, there is a persistent
tendency for the wealth of agent 2 (relative to the wealth of agent 1) to go down
and, hence, agent 2 vanishes. On the other hand, agent 3 must survive. Oth-
erwise, given that agent 2 vanishes, the wealth of agent 1 would eventually stay
above w. Analogously, agent 1 must survive. If not, the wealth of agent 3 would
eventually stay above @, and the same argument applies.

The results are very different when the level of noise is high (or, alternatively,
when the signals are weakly informative). In this case, we show that an agent
k vanishes when there is agent j who observes the signal sufficiently more often
than k does (excluding the scenarios in which both agents are informed or both
uninformed}.®

In contrast with the case of intermediary level of noise, when the level of
noise is high, survival is assured by being informed frequently. For example,
agent 3 vanishes when 3 is informed sufficiently less often than another agent
even if agent 3 is informed exclusively. So, in the long run, prices may not
reveal available information because the agent who obtains it vanishes from the
economy. Moreover, regardless of the chances that agent 3 is informed, agent
2 vanishes if agent 2's method of gathering information is inferior to agent 1’s
method (because then 2 is informed infinitely less often that 1). However, if agent
2 is informed sufficiently more often than the other agents, then agent 2, who is
never informed exclusively, dominates the economy, while agents 1 and 3, who
are informed exclusively, vanish.® That is, agent 2 vanishes if a single agent is
informed whenever 2 is informed, but agent 2 may dominate the economy when
different agents are informed whenever 2 is informed.

The intuition behind this result is simply that if the level of noise is high

5The threshold depends on z and 2.
5This is reminiscent of the example of Dekel and Scotchmer {9}, who show, in an evolutionary
context, that nonoptimizing behavior can survive as long as it does better than average.



(or, alternatively, if the signals are weakly informative) then prices do not reveal
the signal, with positive probability, in all scenarios, even if the wealth of the
informed agents is high. So, the relative wealth of agent &k over agent j tends to
go up when k is informed and j is uninformed and, conversely, tends to down
when £ is uninformed and j is informed. The overall effect depends upon the
probability that k is informed and j uninformed and the probability that k& is
uninformed and j informed.

If the signal is uninformative (x is small), then the forecasts of informed and
uninformed agents are similar. We show that if agent k is informed slightly
less often agent j, then agent k vanishes, provided that z is small enough, but
strictly positive. This result is similar to what would be obtained in the case of
differences in beliefs. If an agent has correct beliefs, then an agent with incorrect,
but arbitrarily close to the truth, beliefs will be driven out of the market (see
Blume and Easley [2] and Sandroni [17]). The intuition behind this result is
that if z is small (or 2 is high) then the prices do not reveal much information
and it is the price revelation mechanism that increases the chances of survival of
uninformed agents. So, any agent who is informed less frequently than another
does not survive when x is small. This is not necessarily true when « is high
because then prices are likely to reveal information, nor is it true when z is zero
because then the signals reveal no information and the forecasts of informed and
uninformed agents are identical.

2. The Model

We study a discrete-time infinite-horizon model. There are four types of long-lived
agents, long-lived trees, a risk-free asset in zero supply, and a single consumption
good. There is a good state of nature, h, in which each tree gives dj, units of the
consumption good (the high dividend) and a bad state of nature, I, in which each
tree gives d; < dp, units of consumption (the low dividend). The risk-free asset is
denominated in units of the consumption good.

At each point in time, either a good signal, g, or a bad signal, b, is observed
by some of the agents. If the signal g is observed, then state h occurs next
period with probability p? = 0.5(1 + z), where z € (0,1). If the signal b is
observed, then state h occurs next period with probability p® = 0.5(1 — ). These
probabilities are fixed and, hence, do not depend on current or past outcomes of
the economy. We also assume that the good and bad signals occur with equal
probability independently of any current or past outcome. This implies that the
unconditional probability of a high dividend is 0.5. The absolute value of the
difference between the conditional (on the signal) and unconditional probability



of high dividends is /2. We refer to the parameter x as the informativeness of
the signals.”

There are three types of rational agents; we denote their collection by A = {1,
2, 3}. There are four possible information scenarios; we denote their collection by
© = {s1, 812, 523, s3}. These scenarios determine which types of agents observe
the signal. The signal is observed by only the type 1 agent in scenario s1, by only
types 1 and 2 agents in scenario s;2, by only types 2 and 3 agents in scenario
823, and by only the type 3 agent in scenario s3.% The realized scenario is public
information. The probabilities of the scenarios are fixed and given by oy, s € ©.

Clearly, Y o =1, although our results still hold if there are scenarios in which
8 €0
all or no agents observe the signal.

By assumption, agent 2 never observes the signal exclusively. Agent 1 (3)
sometimes observes the signal exclusively if o1 > 0 (o3 > 0).

We are interested in rational-expectations equilibria in which prices may not
fully reveal the private information of traders. So, as usual, we introduce a noise
trader. Agent 4, the noise trader, in period ¢ assigns probability pf to the event of
high dividends in period ¢+ 1. We assume p} is a random variable independent of
any other random variable in the economy, and uniformly distributed over (0,1).
‘We will need to make an assumption on asset holdings to guarantee that the noise
trader is not eliminated from the market. The role of the noise trader is simply
to make the inference problem nontrivial. We will not be conducting any welfare
or efficiency analysis.

Let ¥ = {h,1} x {g,b} x © x (0,1) be the set of combinations of states of
nature, signals about next period’s state of nature, information scenarios, and
the noise trader’s probabilities of next period’s state of nature.

Let N be the set of natural numbers, and N, = N U {0}. The set of all
t-histories is denoted X, for t € N U {oo}. Let Sp € -+~ S¢ C -+ C S be the
filtration on X%, where Sy is the trivial o-algebra, Sy is the algebra generated by
all ¢-histories, and < is the o-algebra generated by the algebra Q0 = Ute Ny Bt
Let {S¢, t € Ny U{oo}} be the subfiltration of {Sy, t € Ny U {oo}} which dif-
ferentiates only the states of nature h and [.

Let d; be the 3¢-measurable random variable representing dividends per tree
at period t. That is, dy = dy, (d;) if state h (I) occurs in period t. Share prices
and interest rates are given by the $¢-measurable random variables p; and i,

"This terminology reflects the fact that when z is close to one then the signals are almost
perfect predictors for dividends next period. On the other hand, if = close to zero, then rational
predictions that take into account the signals are similar to those that ignore them.

BWe treat each type of agent as a single agent for grammatical simplicity. Since each agent is
a price taker, this is equivalent to a model in which there is a continuum of agents of each type.



respectively. Share prices and interest rates are not necessarily fully revealing be-
cause these random variables may also be measurable according to subfiltrations
of {Qy, t € Ny U{oc}}. In particular, let {37, ¢ € N U {oo}}, 7 € A, be the
subfiltrations of {3y, t € Ny U {0o}} representing information available to agent
j (including information revealed by share prices and interest rates). We also
define §f = Oy and S_1 = Jo. ‘

Agents j € A are born with &’ trees, as in Lucas’ [13] model, and receive
no other endowments. Agent 4 is born with k*, trees and may receive more (or,
in unusual circumstances, lose) trees in the future. Agent j € AU {4} enters
period ¢ with share holdings k]_, and bond holdings &_,. For j € A, agent

7’s wealth, 'wf , is the market value of j’s assets before consumption and trade
takes place, i.e., w] = (p: + d)k]_; +b]_,. In each period, before consumption
and trade take place, but after share prices and interest rates are observed, the
noise trader’s share holdings are adjusted so that he has a constant fraction
z € (0,1) of aggregate wealth. Denoting kg,t—l for agent 4’s share holdings after
this adjustment, we have wf = (ps +dt)kf,_; +b;_;. The aggregate wealth in the
economy is given by Wy = (p; + d;) Ky, where Ky = kj | + ki + K}y + ki, 4
is the §;-measurable random variable which measures the (real) number of trees
available in the economy at period £ € Ny. At the end of each period, agents
consume and obtain new shares and bond holdings. Agent j’s consumption, share
holdings and bond holdings, at period ¢, are given by the $J-measurable functions
¢, ki, and b}, respectively.

~ Agent j’s fraction of the aggregate wealth, held at period ¢, is given by
o] = w]/W;. We refer to o as agent j’s relative wealth or wealth share. By
assumption, kgt_l solves a} = 2.9 This assumption ensures that the noise trader
will not be driven out of the economy. We refer to z as the level of noise in the
economy.

When the market opens in period ¢, agent j observes the scenario, the signal if

the scenario requires, current dividends d;, and prices (pt,it). The agent’s choice
of (d,k],b]) satisfies the appropriate period ¢ budget constraint,

& + pikd + (b /ie) = (p + d)k]_ +b]_y, for j € A,

or
¢t + ikt + (b3 /i) = (pe + dt)kf,tq +bi,

as well as cz > 0 and w] > 0. The latter restriction is the familiar restriction
ruling out default.

*Thus, kf:—1 = z (kt-1 + K i+ k1) /(1 —2) = b/ ((pe + de) (1 - 2)).



Markets clear if

aq+d+cte = dK, €]
bl +b2+b+b = 0, and 2)
ki +k2+k+kf = K. (3)

Let P and P’ be the probability measures on (£%°, %) representing the true
probability measure and agent j’s belief about outcomes of the economy. Agents
1, 2, and 3 are rational and, therefore, P/ = P, j € A.

In period ¢, agent j’s expected discounted utility function is given by

ef{\;mogcz;? %-2}

T7=0
where 3 < 1 is the discount factor and £7 is the expectation operator associated
with agent j’s belief P7.
In equilibrium, agents maximize expected discounted utility subject to the
sequence of budget constraints, and markets clear in every period.

2.1. Comments on some of the assumptions

We have assumed that all agents in our model have logarithmic utility functions.
It is an open (and, we believe, hard) question whether or not our results generalize
when agents have more general preferences. The intuition behind some of our
results may still hold in more general settings. However, at present, we caution
the reader to see these results as examples rather than a general theory.

The assumption that agents have a logarithmic utility function allows for
explicit solution of the model. It also simplifies the comparison of our results with
previous results regarding the survival of agents with incorrect beliefs because,
as shown by Blume and Easley [2], agents with incorrect beliefs accumulate less
wealth than agents with correct beliefs, even if markets are incomplete. Agents
with incorrect beliefs would be driven out of the market by agents with correct
beliefs, for all parameter values.

The noise trader does not expect the asset reallocations that occur each pe-
riod, when maximizing his utility. This assumption simplifies the analysis, since
the noise trader’s behavior has the same parametric form as the other traders
in our economy. As mentioned above, we introduce noise traders to make the
inference problem non-trivial. The additional assumption that the level of noise
z is constant simplifies the exposition of the results, but is not necessary. Our



main results depend on the size of the level of noise. The cutoff points depend
only on the exogenous variable  and not on endogenous variables.

Many of our results do not rely on the specific types of agents and scenarios
assumed in this model.l? However, they simplify the exposition and suffice for
most of our applications.

3. Rational Expectations Equilibria

In this section we begin the description of the rational expectations equilibria of
our economy. The gross return of a share of a tree, ®;, in period ¢ is given by
pt + dy

Po1

@t§

We refer to ®; as the market return (of a tree).
Agent j’s savings ratio at period t is given by

6{51—6g

wy
This ration describes gross savings behavior, rather than current (or net) savings,
since 87 is the market value of agent j’s assets after consumption takes place
divided by the market value of agent j’s assets before consumption takes place
(it does not describe additions to current asset holdings). .

The fraction of agent j’s savings allocated to the risk-free asset, @], and to
tree’s shares, 1 — ¢!, are defined by

. o K (b /3e)
Ug = (1l ol) = _pt b : N e .
(1-¢t,01) (ptkg + (8 /i) pki + (bi/it))

We refer to v] as agent j’s portfolio. Define ryp1 = (Pry1,4;). It is well known
that agents with log utility optimally save a constant fraction of their wealth.
This constant is equal to their discount factor. Moreover, they optimally choose
a portfolio according to a simple myopic rule. We state this as Lemma 1.1

07h particular, Propositions 4 and 5 could be easily extended to a model with finitely many
agents with different methods of gathering information.

U emma 1 also applies to the noise trader because of our assumption that he does not expect
the asset reallocations. This ensures that his prediction of the evolution of his wealth has the
mutliplicative structure needed. The realized evolution of his wealth is not multiplicative.
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Lemma 1. The optimal savings ratio of agent j is 6{* = 3. The optimal portfolio
of agent j in period t, v]", solves

mU?XEj {log (U{ -Tc+1) t 3‘3} >

%}:u

Proof - See Sandroni [16, proof of Lemma 1].

which implies the first order condition

£i i — Prpa
’Uj*
t Tl

In period t agents know the interest rate i, so the only relevant uncertainty
in determining optimal portfolios concerns ®;,,. Since agents differ in their
information, it is possible that the market return of trees depends upon the
distribution of wealth. This then raises the possibility that the noise trader’s
wealth adjustment (which keeps his wealth share at z) influences ®;11. In that
case, an informed agent, when maximizing the log of next period’s wealth, would
need a belief over the adjustment and how it influences ®;;. Fortunately, this
is not the case in this economy because the equilibrium determination of ®;; is
particularly simple. ‘ ‘

By Lemma 1, in equilibrium, ¢] = (1 — 8)wj]. The requirement that the mar-
ket for current consumption clear, (1), then implies d;K; = (1 — 8) (p: + d¢) K.
Hence, in equilibrium,

B

bt = —(1 — ﬁ)dt (4)
and so 1d

= - 141

®t+1 = B_-dt . (5)

Share prices p¢ thus depend only on current dividends and on the discount factor;
they do not depend upon the signals. Therefore, only interest rates can reveal
relevant information to the uninformed agents. We define

A 1dy 2 1d

(Dth E———-and@tlz—— 6
as the equilibrium market returns in period ¢ + 1 when state h and when state
! occurs, respectively. (The subscript ¢ indicates that these two returns are By,
but not 84,1, measurable.)

10



Two assumptions play a crucial role in obtaining the simple structure on share
prices: the utility from consumption is logarithmic and all agents have the same
discount factor. When agents have log utilities, but differ in their discount factors,
aggregate demand for consumption will depend upon the distribution of wealth.

The current wealth distribution does play a role in determining the equilibrium
interest rate within a period. However, future interest rates are not relevant in
maximizing the log of next period’s wealth. Hence, agents’ optimal savings and
portfolio decisions depend upon current interest rates, but do not depend upon
agents’ beliefs over future wealth distributions and, in particular, do not depend
upon agents’ beliefs over the noise trader’s wealth adjustment.

By Lemma 1, an agent’s optimal portfolio and savings ratio do not depend
upon his wealth. Accordingly, we can describe agents’ behavior according to their
informational characteristic: informed, uninformed, or noise trader (we say that
agents who observe the signal are informed and those who do not are uninformed,
regardless of what they infer from interest rates and share prices). Let v§ denote
the optimal portfolio of an agent with characteristic £ = 7 (informed), « (unin-
formed), and n (noise trader). Let pf be the probability an agent of characteristic
£ assigns in period t to a high dividend in period t + 1. That is, for £ = i, u,

P { Bry1 = ‘i’t(h)} gf} = i,
and for £ =n,
P {cpm - @t(h)l 93} = o7
Thus, pi = p9 if the signal is good and p} = p® if the signal is bad, and p is
the probability of state h conditional on interest rates.

From the first order condition in Lemma 1, the optimal fraction of agents’
savings allocated to the risk-free asset is, for £ = ¢, u, and n,

(o b)), &
¥y = ((1 pt)(i)t(h)—-—ég) Pt (ii—@;(l))) - (7)

Let of be the fraction of the aggregate wealth held by agents of characteristic ¢,
for £ =i and wu.
Since the risk-free asset is in zero net-supply,

el + gl + 1" =0, ®

Substituting for ¢f*, we obtain

(1= p)of + (1 — ¥)of + (1= p})2) $ulh) _ (plod + piad + pfz) 2u(1)
() — 1 it — 3:(0)

(9)

11



Solving for interest rates, using o} + ai + z = 1 and (6), we have
1 i i u o n
ZT; = f(ahpta Pt Pt 1df-}3

where f(a§> pia Py PE, dt) is given by

. 1 | . 1 1
3 — 2z — l__ — k1 _ — U . 'u_
Bd; [at ((1 Pi) d + f«’td&) +(1-a;-2) ((1 pt)dg + Pt dh)

1 1
+2 ((1 Pz)dl + Pt dh)] -
Denote by fy (f,) the function describing the inverse of the interest rate if

the bad (good) signal occurs and this information is revealed to the uninformed
agents:

folad, o, de) = fod, 0% 0% p, dr)
and

fg(ais p?vdt) = f(aivpgapgvp??dt)'

For completeness, we observe that, as long as the noise is not too large relative
to the informativeness of the signal, there is a fully-revealing rational expectations
equilibrium.

Proposition 1. A fully-revealing rational expectations equilibrium exists if and
only if z < z/ (1 + z).

Proof - A fully revealing rational expectations equilibrium exists if and only
if
folog, it di) > folal, B, dy) for all pf, pf € (0,1).

Since f is decreasing in p}, this is equivalent to

folad, 1,de) > fo(at,0,dy),
which is equivalent to
z<z/(l1+x).
|

As usual, the existence of the fully-revealing equilibrium is independent of
the wealth share of the informed agents. In principle, interest rates can reveal
the signal even if there are no informed agents! While this extreme situation
is ruled out by the restriction that prices cannot reveal information that agents

12



(with positive wealth share) do not have, that restriction has no force when o is
positive (even if arbitrarily small). As a result, we do not take the fully-revealing
equilibrium to be a sensible description of behavior. Our focus is on the partially-
revealing equilibrium (which we describe in the next section), in which the wealth
share of the informed agents plays a central role. As will also become clear, the
parameter region where the fully-revealing equilibrium does not exist is of some
interest. The partially-revealing equilibrium allows us to make some revealing
comparisons as the level noise increases from below the critical value, =/ (1 + z),
to above it.

4. The Partially-Revealing Rational Expectations Equilibrium

When the wealth share of the informed agents is small, we should expect prices
not to reveal much of the informed agents’ information. Indeed, much of our
intuition is motivated by precisely that consideration. In this section, we describe
the partially-revealing equilibrium that is the basis of our asymptotic analysis.
In this equilibrium, when the wealth share of the informed agents is small, prices
do not reveal the informed agents’ information with high probability (so that, in
an expected sense, prices do not reveal much information).

Denote by fy0.5 (f,0.5) the function describing the inverse of the interest rate
if the bad (good) signal occurs, and the uninformed agents believe that states h
and ! have equal probability next period:

fb,0.5(aiap?7 dt) = f(aiapbao'sapg‘vdt)

and . .
fo0.5(0g, P} di) = f(of, 0%, 0.5, pf, dy).
These functions are illustrated in Figure 1.
Let p2(b) and p*(g) be the noise trader beliefs that satisfy

fg,0.5(ai7 0, dt) = fb,0.5(a§, P?(b), dt)

and . '
fo0.5(t, P(g),dt) = foo5(0t, 1,dt).
That is, since p? = 0.5(1 + z) and p® = 0.5(1 — z),

pR(B) = Zai and pi(g) = 1 ~ .
z z
Note that

p*(b) € (0,1) and p(g) € (0,1) if and only if o < g

13



171,

Figure 1: The equilibrium interest rate functions. The solid lines describe 1/7
for good and bad signals.

Define 7 as follows: If the signal is good,

fg(a:‘:?p?adt)’ if f:’? 2 p?(g)z

1
== . (10)
¢ fg,O‘S (aéa p?s dt)7 if ,0? < P?(g),
and if the signal is bad,
1 ff},U.S(aga p?: dt)) if P? > p?(b)a
== (11)
t

folod, pt,di),  if p7 < pP(b).

Proposition 2. The pair (p:,%;) are the share prices and interest rates in the
partially-revealing rational expectations equilibrium.

Proof - See Appendix.

The equations that define 7% are relatively simple. The functions f;, fs0s,
fo05, and fy are linear in p} (see Figure 1). They all have the same negative
slope and the intercepts decrease (in the order given).'? Hence, it is easy to check

1236me simple comparative statics results follow directly from the equations defining interest
rates. For example, not surprisingly, equilibrium interest rates 7; tend to be low when agents
are patient (i.e., O is high}, when current dividends are high, when the signal is bad or when the
noise trader is pessimistic.
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the condition under which interest rates are fully revealing. The noise trader
beliefs pP(b) and pf(g) are the bounds on p} that delineate when interest rates
do and do not reveal the signal. That is, when the signal is bad, interest rates
fully reveal the signal if and only if the noise trader is sufficiently pessimistic
(pf < pf(b)). When the signal is good, interest rates fully reveals the signal if
and only if the noise trader is sufficiently optimistic (p} 2 p#(b)).

In particular, if the relative wealth of the informed agents is greater than z/z,
i.e., if of > z/z, then, pP(b) > 1 and pf*(g) < 0 and, therefore, interest rates fully
reveal the signal, with probability one. In this particular case, 1/7 = fi(o, o7, d)
when the signal is bad, and 1/% = fy(at, p7,d;) when the signal is good. So, for
all beliefs of the noise traders, interest rates are lower when the signal is bad than
when the signal is good, i.e.,

fo(@d, p2,dy) > folol, 57, dy) for all p7, B} € (0,1).

On the other hand, if the relative wealth of the informed agents is smaller
than z/z, ie., & < z/z, then, p2(b) < 1 and p}(g) > 0. With strictly positive
probability, interest rates now need not reveal the signal. If the signal is bad and
the belief of the noise trader, pf, is sufficiently optimistic (pf* > p7*(b)), then there
exists a belief p7' € (0,1) (a more pessimistic belief than pf, i.e., pf < pf) such
that 1/% = foos(cd, o2, dt) = fo05(ad, p?,di). Analogously, if the signal is good
and the belief of the noise trader pf* is sufficiently pessimistic (pP < p*(g)), then
there exists a belief g7 € (0,1) (a more optimistic belief than pf, i.e., pf > pF)
such that 1/% = fy05(ct, pF,di) = foo5(ct, BF,ds). In both cases, the uninformed
agents will be unsure if a given interest rate is from a good signal and a pessimistic
noise trader or a bad signal and an optimistic noise trader.!?® So, if of < z/z, the
ex ante probability that the interest rate is not revealing is the probability that
the signal is good and p} < pP(g) or that the signal is bad and p > pl(b}). In
both cases, the probability that pf falls in the required range is 1—(z/2) a}. Since
good and bad signals are equally likely, the ex ante probability the interest rate
is revealing is (z/2) od. Note that (in contrast to the fully-revealing equilibrium),
this probability is, for af < z/:c strictly increasing in o}, converging to 0 as
o} — 0, and converging to 1 as of — z/z.

Equilibrium interest rates depend on the distribution of wealth. To continue
the description of the equilibrium, we now describe how the distribution of wealth
evolves. We say that dividends confirm the signal in period t if either dividends
are high in period ¢ and the signal was good in period t — 1, or dividends are
low in period ¢ and the signal was bad in period ¢ — 1. Analogously, we say that

'3In this case, the probability of high dividends conditional on interest rates is 0.5 (p}* = 0.5),
which equals the unconditional probability of high dividends (0.5).
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dividends do mot confirm the signal in period ¢ if either dividends are high in
period ¢ and the signal was bad in period ¢ — 1, or dividends are low in period ¢
and the signal was good in period £ — 1.

We also say that j has an effective informational advantage over j in period t,
if in that period, j is informed, j is uninformed, and interest rates do not reveal
the signal. We will show that if in period ¢, agent j has an effective informational
advantage over j, then the relative wealth of agent j over j is increased by the
factor (1 + z) when dividends confirm the signal, and decreased by the factor
(1 — x) when dividends do not confirm the signal.

More precisely, let {¢;, t € N} be the sequence of independent, identically
distributed random variables defined by

log(1+x), if dividends confirm the signal in period t,
G =

log (1 —z), ifdividends do not confirm the signal in period t.

So, ¢, is positive when dividends confirm the signal and negative when they do
not. Moreover,

(=E{¢|St-1}=05{(1 ~z)log(l—2z)+ (1 +x)log(l +2)} >0. (12)

The conditional expectation of {, is strictly positive, reflecting the fact that when
the signal is good (bad) it is more (less) likely that dividends, next period, will
be high.

Let 5‘55 , j,}' € A , be the Q;-measurable random variable defined by

¢;, if, in period t — 1, j has an effective informational advantage over 7,

S
LN
]

—(,, if, in period t — 1, j has an effective informational advantage over j,

0, otherwise.

Let oz” = o /Oc’j 4,7 € A, be the wealth of agent j relative to agent j, in period
t.

Lemma 2. In equilibrium, for j,j € A,

log af§+1 = log a” + &7

Proof - See Appendix.
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Lemma 2 shows that the relative wealth of two rational agents follows a simple
rule. If two rational agents are either informed or uninformed or if interest reveal
the signal then there is no trade between them.!* They will choose the same
savings and portfolios and so their relative wealth will not change. However, if
one agent has an effective informational advantage over another then there will
be trade between them. They will choose different portfolios and the wealth of
the informed agent (relative to the uninformed agent) will go up if and only if
dividends confirm the signal observed in the previous period. It is more likely
that the relative wealth of the informed agent (relative to the uninformed agent)
will go up than down because it is more likely that the signals will confirm the
dividends than that they will not.

The distribution of wealth has no effect on how much the relative wealth of two
rational agents goes up or down when they trade (it depends only on z). However,
it affects the probability of trade. If the wealth is concentrated in the hands of
informed agents then interest rates tend to reveal the signal which reduces the
probability that an agent would have an effective informational advantage over
another. Conversely, if the wealth is concentrated in the hands of uninformed
agents then the chances of trade among rational agents increase.

5. Asymptotic Properties of the Equilibrium

In this section, we define survival, and show that survival of a particular agent
depends on how informative the signals are, the level of noise in the economy,
and the probability of the scenarios.

Definition 1. Agent j € A vanishes if the fraction of aggregate wealth held by
agent j, o, converges to zero, P-almost surely, as t — oo.

Definition 2. Agent j € A survives if the fraction of aggregate wealth held by
agent j, of , does not converge to zero, P-almost surely, as t — oo.

Definition 3. Agent j € A dominates the economy if, P-almost surely, the frac-
tion of aggregate wealth held by agent j converges to 1 — 2.

Definition 4. Agent j € A never dominates the economy if, P-almost surely,
the fraction of aggregate wealth held by agent j does not converge to 1 — z.

14We say that two rational agents trade if one is informed, the other is uniformed, and interest
rates do not reveal the signal. In this case, the two agents choose different portfolios, and so
their relative wealth is affected by dividend and signal realizations. Part of the wealth gain (or
loss) of an agent may be at the loss (or gain) of the noise trader.
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Definition 5. The economy is never dominated by a single agent if, P-almost
surely, there is no agent whose fraction of aggregate wealth converges to 1 — z,
that is, for P-almost all s, there is no j € A such that o (s) —» 1 — 2.

The last definition is equivalent to the statement that P-almost surely, the
wealth of at least two rational agents (where their identities can depend on the
sample path) does not approach zero.

The criteria for survival is based on relative wealth because only those agents
with positive relative wealth have any influence on share prices and interest rates.
In particular, if agent j were alone in the economy (with the noise trader) then
equilibrium share prices and interest rates would be given by equations (4), (10),
and (11), with the additional restriction that o} would be 1 — z if j is informed
and zero if j is uninformed. The functions fy, fo0.5, fs,0.5, fo are continuous in
ai. So, if j dominates the economy then equilibrium share prices and interest
rates eventually become close to equilibrium share prices and interest rates of the
economy in which agent j is alone in the economy (with the noise trader).

Definition 6. Agent 2’s method of gathering information is inferior to agent 1’s
method if 01 > 0, and 032 = 0.

The same definition applies if we replace 1 by agent 3. By assumption, agent
2 never observes the signal exclusively. Whenever agent 2 is informed either agent
3 or agent 1 is also informed. If g32 = 0 then whenever agent 2 is informed, agent
1 is informed. If o7 > O then agent 1 is informed alone with strictly positive
probability. So, if agent 2’s method of gathering information is inferior to agent
1’s, then agent 1 observes the signal whenever agent 2 does, but not conversely.

It is convenient to divide the parameters z (level of noise) and z (degree of
informativeness of the signals) into three cases.

Case A: z < 577 or, equivalently, z > ——2:’"5 In this case, we say that the level
of noise is low and the signals are strongly informative.

Case B: 377 <z < {7 or, equivalently, 1% <z < % In this case, we say
that the level of noise and informativeness of the signals are intermediary.

Case C: z > ;7 or, equivalently, ¢ < 7%;. In this case, we say that the
level of noise is high and the signals are weakly informative.

Figure 2 shows the three cases.

In case A, there are initial endowments (k% , k2, k2 ;) such that the equilib-
rium will be fully revealing with probability one and no trade among the rational
agents will take place. This claim can be easily verified because if z < z/ (2 + z)
then (1 — 2) /2 > z/z. Choose € > 0 small enough such that (1 -2z —¢) /2> z/x
and (kX,,k%,,k3,) so that af = of = 1=2=¢ and of = ¢. Then, regardless of the
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Figure 2: The parameter regions.

scenario, the fraction of the wealth held by informed agents satisfies oy > z/z.
Hence, the signal is revealed to the uninformed agent, and there is no trade among
rational agents. In the next period, the fraction of the wealth held by each agent
will be the same as in the previous period. By induction, the fraction of the
wealth held by each agent remains fixed.

It can also be shown that, in case A, even if the initial endowments are such
that trade among rational agents is possible, the relative wealth will eventually
be such that trade (among rational agents) will stop. This follows from the
properties of the relative wealth of rational agents (shown in Lemma 2). We do
not make a formal demonstration of this result in this paper. Instead, we focus
on the more interesting cases, B and C.

In case B, interest rates may or may not reveal the signal with probability
one, but trade among rational agents occurs infinitely often. The maximum
fraction of aggregate wealth that the informed agents may have is 1 — z. In case
B, 1 — z is greater than w = £. So, when the fraction of the aggregate wealth
held by informed agents is greater than @, interest rates are fully revealing with
probability one. If this fraction is smaller than 5, interest rates are not revealing
with positive probability. However, either the fraction of the aggregate wealth
held by agent 1 or the fraction of the aggregate wealth held by agent 3 is strictly
smaller than @. Otherwise the fraction of the aggregate wealth held by agents
1 and 3 is between 2z/x and 1 — 2z which implies that z < §_‘f—_5 Hence, there
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is at least one scenario such that interest rates does not reveal the signal, with
positive probability. Thus, as long as scenarios s; and s3 occur with strictly
positive probability (g, > 0 and o3 > 0), trade among the rational agents takes
place infinitely often.

In case C, interest rates do not reveal the signal, with positive probability, in
all periods. This claim is easy to verify because the fraction of aggregate wealth
held by informed agents is smaller (1 — 2) which, in case C, is smaller than .

Proposition 3. Assume that the level of noise and informativeness of the sig-
nals is intermediary (case B). Also assume that agent 2’s method of gathering
information is inferior to agent 1’s method. Then,

1. if o3 > 0 then agent 2 vanishes;

2. if 03 = 0 then agent 2 survives (in fact, all agents survive).
Proof - See Appendix.

Proposition 3 also holds if we exchange the roles of agents 3 and 1. Proposition
3 shows that, in case B, if agent 2 is informed whenever agent 1 is informed (and
agent 1 may also be informed alone), then agent 2 vanishes when agent 3 is
informed exclusively and survives otherwise.

Proposition 3 shows that, in general, it is not possible to determine whether
or not an agent vanishes by “pairwise comparisons between agents.” That is,
in case B, if agent 2’s method of gathering information is inferior to agent 1’s,
then whether agent 2 vanishes or survives does not depend on, for example, how
frequently agent 1 observes the signal when agent 2 does not (i.e., the probability
of scenario s1). It depends on whether or not there exists another agent who is
informed when agent 1 is not informed.

The intuition behind this result is as follows: when the relative wealth of
agent 1 is above w, interest rates reveal the signal with probability one in sce-
narios s1 and s19, while in scenario s3 (when the relative wealth of the informed
agent 3 is below w) interest rates do not reveal the signal, with strictly positive
probability. Moreover, agents 1 and 3 only trade in scenario s3 when 3 has an
effective informational advantage over 1. Then, as demonstrated in Lemma 2,
each time agents 1 and 3 trade, the wealth of agent 1 relative to agent 3 may go
up or down (depending on whether dividends are confirming) but, on average,
it will tend to go down. So, the relative wealth of agent 1 will tend to go down
until it is below w. At this point, with positive probability, there will be trade
between agents 1 and 2 in scenario s;. Therefore, infinitely often, 1 will have an
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effective informational advantage over 2. By assumption, 2 never has an effective
informational advantage over 1. So, the wealth of agent 2 relative to agent 1 will
tend to go down. Eventually, the wealth of agent 2 relative to agent 1 approaches
zero. Therefore, the relative wealth of agent 2 (with respect to the aggregate
wealth) must go to zero and agent 2 vanishes.

On the other hand, if o3 = 0, agent 1 trades with the other rational agents
only when he has an informational advantage over them. So, the relative wealth
of agent 1 tends to go up and will eventually be above w. At this point, interest
rates will reveal the signal, with probability one, in scenarios s; and sj5. There
is no further trade among rational agents and all survive.

Proposition 4. Assume that the level of noise and informativeness of the signals
are intermediary (case B). Then, the economy is never dominated by a single
agent.

Proof - See Appendix.

The intuition behind Proposition 4 is similar to that of Proposition 3. In case
B, if agent j dominates the economy then, eventually, the relative wealth of j
must be greater than w. At this point, if j is informed then interest rates reveal
the signal, with probability one. So, agent j trades only with agents who have an
informational advantage over j. Then, the relative wealth of agent j will tend to
go down and, therefore, cannot converge to 1 — 2.

Corollary 1. Assume that the level of noise and informativeness of the signals
is intermediary (case B). Also assume that agent 2’s method of gathering in-
formation is inferior to agent 1’s method (or agent 3’s). Then, agents 1 and 3
survive.

If agent 2’s method of gathering information is inferior to agent 1’s method
then, by Proposition 3 , either all agents survive or agent 2 vanishes. By Propo-
sition 4, at least two agents must survive. Therefore, both agents 1 and 3 survive
independently of the probabilities that they are informed. Furthermore, agent 3
will not eventually have arbitrarily small relative wealth even if agent 3 observes
the signal with arbitrarily small probability, because the relative wealth of agent
1 will be infinitely often below .

Assume that agents 1 and 2 are informed together with probability 1 — 2¢
(i.e., 093 = 1 — 2¢). Moreover, assume that agents 1 and 3 observe the signal
individually with probability € (07 = o3 = ¢). It follows from Propositions 3
and 4 that agent 2 vanishes and agent 3 survives. This example shows that it
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is possible that an agent will vanish from the economy whereas another survives
even though the agent who survives (agent 3) observes the signal arbitrarily less
frequently (as € approaches zero) than the agent who vanishes (agent 2).

Let 07/k be the probability that agent j € A observes the signal and k € A does
not observe the signal. Define y(z,2) =1 -~ Z(1 — 2). In case C, ¥(z,2) € (0,1)
because, by definition, r < {%;.

Proposition 5. Assume that the level of noise is high and the signals are weakly
informative (case C). Then, given any two agents j,k € A,

1. if y(x,2)09/% > o*/i then agent k vanishes, and
2. if y(zx, z)0?/* < g%/ then agent j never dominates the economy.
Proof - See Appendix.

In Proposition 5, we compare the frequencies that two agents are informed
excluding the events in which they are both informed or both uninformed. Part 1
shows that, in case C, if agent j is informed -y(z, 2) times more often than agent
k then agent k vanishes. In particular, if agent j is informed more often than
all other agents (by a factor of y(z,2)) then agent j dominates the economy, P
almost surely. Conversely, part 2 shows that if agent j is not informed more often
than all other agents (by a factor of v(x,2)) then agent j never dominates the
economy.

Proposition 5 is in sharp contrast to Propositions 3 and 4. When the level of
noise is high, an agent vanishes if there is another agent who acquires information
v(z, z) times more often. This is not true when the level of noise is intermediary
because an agent may survive when another agent is informed arbitrarily more
often. Moreover, when the level of noise in intermediary, no single agent domi-
nates the economy. However, if the level of noise is high, an agent who is informed
7¥(x, z) times more often than all other agents dominates the economy.

The key difference between cases B and C is that in case B there is a threshold
w such that if the relative wealth of an agent is above @ then any information
acquired by this agent will be fully revealed by interest rates. However, when the
level of noise is high (signals are weakly informative) then interest rates do not
reveal the signal, with positive probability, in any scenario. Therefore, if agent j
is informed and k is uninformed, then, with positive probability, the agents will
trade and so, the relative wealth of the informed agent will tend to go up. In
the next period, the probability that agent j will have an information advantage
over k is smaller than in the previous period if the relative wealth of j over &k
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went up. However, if j has sufficiently higher probability than & of observing the
signal then the probability that j will have an informational advantage over k is
still greater than the chances that k will have an informational advantage over
j. In particular, agent k vanishes if agent j is informed sufficiently more often
than agent k, and agent j can only dominate the economy by being informed
sufficiently more often than any other agent.

Corollary 2. Assume that the level of noise is high and the signals are weakly
informative (case C). Also assume that agent 2’s method of gathering information
is inferior to agent 1’s method. Then,

1. agent 2 vanishes,

2. if y(z,2)(o1 + 012) > o3 then agent 3 vanishes and agent 1 dominates the
economy, and

3. if y(z, 2z)(01 + 012) < 03 then agent 3 survives.

Proof - If agent 2’s method of gathering information is inferior to agent 1’s
method, then
y(z,2)o'/? > c¥! = 0.

By Proposition 5, agent 2 vanishes.

Since 023 = 0,

1/3 3/1

o/ =01 +012 and 6%/ = o3,

and the rest follows from Proposition 5: If agent 3 vanishes, then since agent
2 also vanishes, agent 1 dominates the economy. On the other hand, if agent 1
never dominates the economy and agent 2 vanishes, agent 3 survives.

[ |

Corollary 2 shows that, when the level of noise is high, if agent 2’s method of
gathering information is inferior to agent 1’s method then agent 2 vanishes. This
holds true even if agent 3 is never informed (as opposed to the case of intermediary
level of noise). Moreover, Corollary 2 also shows that, when the level of noise
is high, agent 3 does not necessarily survive. It is necessary and sufficient that
agent 3 is informed sufficiently often.

We have shown that if agent 1 is always informed when agent 2 is informed
(but not conversely), then agent 2 vanishes. The next corollary shows that this
result changes dramatically when it is assumed that agent 2, while never informed
exclusively, has a method of gathering information that is not inferior to any other
agent’s.
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Corollary 3. Assume that the level of noise is high and the signals are weakly
informative (case C). If y(x,2)o93 > 01 and y(x,2)012 > 03 then agent 2 domi-
nates the economy.

Corollary 3 shows that, in case C, agent 2 dominates the economy whenever
agent 2 is informed sufficiently more often than agents 1 and 3. Agent 2 is
informed either with agent 3 or with agent 1, but never exclusively. Therefore,
if agent 2 is informed sometimes with agent 3 and sometimes with agent 1, then
agent 2 may dominate the economy (and agents 1 and 3 may vanish). This
corollary shows that the ability to obtain exclusive information is not necessary
for survival or for market dominance. ;

When the signals become less informative (or when the level of noise increases)
we move from region A, where all agents survive, to region B, where at least
two agents survive, to region C, where perhaps only one agent will survive. In
this sense, survival seems to become “more difficult” when the signal become
less informative or when the noise level increases. Accordingly, the critical factor
v¥(z, z) is increasing in 2 and decreasing in z. So, in region C, it is “more difficult”
for infrequently informed agents to survive when the signals are weak or when the
level of noise is high. This result is intuitive because uninformed agents obtain
information from prices. When the signals are weak (or when the level of noise
is high) then prices tend not to reveal information. This increases the likelihood
that informed agents have effective advantage over uninformed agents.

Assume that there is no noise in the economy (z = 0). Then, as in the
Milgrom-Stokey [14] no-trade theorem, interest rates reveal the signal, trade
among rational agents eventually stops, and all agents survive. By contrast,
assume that the level of noise is high (2 close to one}. Then, y(z,2) is close to
one and, therefore, by Proposition 5, any agent who acquires information less
frequently than another vanishes.

It is interesting to notice, however, that the same results applies if the signals
are not very informative (z is close to zero). Then, (x,z) is also close to one
and again by Proposition 5, any agent who acquires information less frequently
than another vanishes.

Notice that if z is close to zero then the beliefs of informed and uninformed
agents are similar. So, the information advantage itself may be small, but it
persists because prices tend not to not reveal information.

Consider the following example: Assume that, for € > 0,

Jo3 == 019 = 0.25 +¢ and 01 = 03 = 0.25 — .
That is, agent 2 is informed slightly more often than 1 and 3. However,

Yz, 2) — 1lasz — 0.
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So, there exists x small enough such that
v(z,2)0o93 > 01 and y(z, 2)012 > 03.

By Corollary 3, agent 2 dominates the economy. This example shows that for
any level of noise z, if agents 1 and 3 acquire information arbitrarily less often
that agent 2 then there exists z small enough such that agent 2 dominates the
economy. However, when z = 0 then the signals reveal no information because
the probability of high dividends do not change with the signals. Therefore, there
is no trade between rational agents and all survive.

If the signals are not very informative (x is small) then, with small amounts
of noise, the economy will be far from environments covered by the no-trade
theorem. Speculative trade persists and agents will permanently gain from private
information. If the signals become more informative (z increases) then it takes
more noise to achieve the same results (i.e., to reach the same 7).

A. Appendix

A.l. Proof of Proposition 2

By construction, we just need to check the consistency of the probabilities of the
states of nature with the beliefs of the uninformed agents.

Assume that the signal is good and p? > pP(g). Then, 1/% is smaller than
fo(ad, pB(g),d:) because f, is a decreasing function of p}. However, the lowest
value that 1/7; can assume if the signal is bad is fy0.5(al,1,d;). But, by definition,
fb,(].s(a%,l?dt) is equal to fgos(a},pP(g).ds), and fyo5(al, pP(g),d:) is greater
than fy(a}, pP(g),dt). Hence, 1/% is smaller than the lowest value that 1/7; can
assume if the signal were bad. Thus, the uninformed agents know that the signal
is good. This is consistent with the definition of f;.

Similarly, if the signal is bad and pf' < pP*(b), then again the interest rate is
fully revealing.

Assume now that the signal is good and 0 < p} < pP(g). Then,

1

4

Let 7 be such that fyos5(at, 57, d) = fo0.5(d, o7, dy). Clearly, pf < 1 because
Foos(ad, B2, de) = fons(ct, pf,de) = fro5(ad, p7(9),di) = fros(ad,1,dy).

Moreover, pf 2 pf(b) because

fé,O‘S(a:;)p?a dﬁ) = fg,0.5(a§7p?? dﬁ) S; fg,0.5(a£103 Gfi) = fb,0'5(a§)p?(b)) dt)

= f!},o-s(aga p?v dt) .
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So, uninformed agents do not know if the signal is good and the noise trader
has belief p}* or if the signal is bad and the noise trader has belief p'. Note,
however, that the unconditional probability that the signal is good or bad are
identical. Moreover, the probability that the inverse of the interest rates is in an
interval

[fo05(at, o7, d) =y, foos(al, pf,di) +y]
conditional that the signal is good is equal to 2yd;dy/ [Bdiz(dp — d;)] (for small
y > 0), and the probability that the inverse of the interest rates is in an interval

[fr,05(ct, PP di) —y, fops(al, pf,d) +y]

conditional that the signal is bad is also equal to 2ydidy/ [Bdiz(dy, — d;)] (again,
for small y > 0). By Bayes’ rule, the probability that the signal is bad (and
the probability the signal is good) conditional on interest rates is equal to 0.5.
Hence, the uninformed agents believe that the state h will occur next period with
probability

0.5p% 4 0.5p% = 0.5(0.5 + £/2) + 0.5(0.5 — z/2) = 0.5.

This is consistent with the definition of f; 0.
An analogous argument applies for the case when the signal is bad and p}(b) <
py < 1.
n

A.2, Proof of Lemma 2
By definition,
3 2™ Ujr
log of’ | = log o’ + log (—i—il i
ViTt+1
Therefore, if j has an effective informational advantage over 3,
lo aﬁ = lo aj“; + lo (%) ,
g X1 g g VT
while if 7 has an effective informational advantage over j,
. . i
logall, =logad’ —log [ L1}
ogafy, = logoy og (U?THI
Otherwise, i )
logod] | =logad’.
The result now follows from the following:
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Lemma A.1. Assume that p} = % (i-e., interest rates do not reveal the signal),

then :
U T4
1 L = .
og (U?*Tﬂ-l) Ct+1
Proof - By Lemma 1,

O it ‘i’t(h) _ A ‘i’t(l) Cl =i
Py = ((1 pt)ét(}&)—-?:t pt‘it—‘i)t(l))’ = 3 M (Al)

Hence, for £ = i, u, when dividends at t + 1 are high,!®

log(vres1) = log ((1 —(1-pf) @4 (h) + ot O4(1) ) By(h)

By(h) — 4 Cip— By(1)

o Bi(h) RIUIRY
+ ((1 - pt)(i)t(h) wz't ——ptz} ~ fbt(l)) Zt)

= log (ﬂfit (‘i’t(h) - @sCZ))) .

it — (1)
Similarly, when dividends at ¢ + 1 are low,

(1 - pf) ie (8(h) - &) )

log(v? =1 .

If p = 0.5, then, when dividends at ¢ + 1 are high,

'Ui?‘t-i»l Pi
1 AL LR Q| £t
8 (U?Tt+1) o8 (05 ’

and when dividends at ¢t + 1 are low,

UiT 4 (1-p})

1 I ) =) .

8 (v}‘nH) 8 ( 0.5

By definition, p¢ = 0.5(1+ ) if the signal, in period ¢, is good and pi = 0.5(1 — )
if the signal, in period ¢, is bad. Therefore, if dividends confirm the signal in

period t + 1, '
VT4l
LY ee (1

51t is worth noting here pi = P {d, = dn|:}.
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while if dividends do not confirm the signal in period £ + 1,

i
log (Etn—“) =log(l—2x).

Vi1

A.3. Proof of Proposition 3
We first need a series of intermediate results:

Lemma A.2. Assume that agent 2’s method of gathering information is inferior
to agent 1. Then, the ratio of /o] converges P-almost surely. Moreover, the limit

is finite.
St} = 07
S}} = 7.

i 1
3 e = 7.
t} el { VT4 %t} e
1%

Since v = v}* is one feasible choice for v, 7} = 1. Then, by setting v = v?*, we

also have )
{ U T Q‘t} -

1x
If agent 1 is not informed, then agent 2 is also not informed. In this case,

VT
= v}*. Hence, the equation above always holds.
t—1

However, a?/aj = [[:2} (v¥*rr41/vi*rr41), and so

Proof - By Lemma 1, if agent 1 is informed then

it“‘btl it‘¢'t1
81{___4; gtl}zg{__ﬁ_._t

1% UL

Vi Ti41
g{_l*ft__ gt} =8{ ‘itﬂ
Vi T4l Ui Ti41
Hence, given any portfolio v = (1 — ¢, ¢},

5{ vl?ﬂ 3‘1} =(1- 99)5{ Deil

v*reg vi*reg

and so

2%
Yy

a§+1/ Oftl+1 = (af/a% ) (Ug*r t+1/ U% *?‘t+1) .

2 2
a a
E{——iﬂ Cxxft} = —;
aj

A |
Thus, {a?/a} } is a positive martingale and, hence, converges P-almost surely.
|

Hence,
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Lemma A.3. Let {;} be a sequence of independent random variables that only
assume the values 0 and 1, and satisfy P(%41 = 1) = g > 0. Let {¢;} be a se-
quence of (possibly dependent) random variables that also only assume the values
0 and 1, with ¢, independent of ¥ for all t. Define A= {¢, = 1 infinitely often}
and B = {¢,9: = 1 infinitely often} . Then,

P(B) = P(A).

Proof - If P(A) = 0 then P(B) = 0 because B C A. If P(4) > 0 then
P(B) = P(B | A).P(A). However, by the Borel-Cantelli lemma, P(B | A) = 1.
n

Lemma A.4. Let {2} be a sequence of uniformly bounded random variables
such that for everyt 2 1 and I 2 1, € (2444|S¢) = 0. Then,

.
T}Lngo - ;zt =0 P-as.

Proof - The random variables {2} are uncorrelated because for every t > 1
and l 2 1,
£ (Zt) = 8(8 (ztlgt—l)) =0

and
E(mani) = € (€ (ze241]St)) = € (%€ (z41|S)) = 0.

Thus, cov(2t2:41) = 0. The conclusion follows from the law of large numbers for
uncorrelated random variables (see Chung [4, Thm 5.1.2]).
]

Lemma A.5. Assume that agent 2’s method of gathering information is inferior
to agent 1’s. Suppose o1 > 0. Assume that either the level of noise and infor-
mativeness of the signals is intermediary (case B) and o3 > 0 or assume that
the level of noise is high and the signals are weakly informative (case C). Then,
interest rates do not reveal the signal in scenario s;, infinitely often, P-almost
surely.

Proof - In case (), interest rates do not reveal the signal in scenario s;

infinitely often, because interest rates are not revealing, in any scenario, with
probability bounded away from zero.
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Consider now case B and o3 > 0. We will show that the wealth of agent 1
is below Z infinitely often and, therefore, by Lemma A.3, interest rates will not
reveal the signal in scenario s1, infinitely often.

Let D € <& be the set of outcomes such that, at most finitely many times,
interest rates do not reveal the signal in scenario s;. Assume, by contradiction,
that P(D) > 0. Let D; € S be the set of outcomes such that interest rates always
reveal the signal, in scenario s;, from period £ on. Clearly, D; C D and there
exists t such that P(Dj) > 0.

Define

2
az(s) = V4 k P Z
i a%(s) ,EE x2+’-c>0,anda =1-2z (9: e) > 0.

Let p* € (0,1) and p? € (0, 1) be given by
ﬁbsij(l—z—-(‘x“) andﬁgal—g(l—z—&”).
Let 9, be the sequence of random variables defined by

1, if in period t the scenario is s1, and either
the signal is good and pf < p9, or
the signal is bad and p} > 7,

0, otherwise.

ﬂtz

Let E € & be the set of outcomes such that ¥, equals 1 and o:% <Z-¢at
most finitely many times.

Interest rates do not reveal the signal in scenario s; when o} < £ — ¢, and
either the good signal and p? < 79 occurs or the bad signal and p} > p°® occurs.
Hence, D C E.

Let ¢} be the sequence of random variables defined by

o= 1, fof <Z-—¢ _
¢ 0, otherwise.

Let F' € & be the set of outcomes such that a% < -‘;: — € occurs finitely often. By

Lemma A.3, P(F) = P(E), and since F C E, P(DN F) = P(DN E) = P(D).
Hence, P(Dy N F) > 0.

The portfolios of agents 1 and 2 differ only in scenario 8y, and then only
when interest rates do not reveal the signal. Hence, for every s € Dy, of /o? =
oi(s)/a(s) for t > £. Moreover, by the definition of ¢, for every s € Dy, if
op(s) 2 £ — e then o} (s) + a2(s) 2 £ +e.
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Con31der a path s € Din F. There exlsts t(s) such that if t 2> max{¢,#(s)},

then af +o? > 2 % +e¢. Hence, since z > zi7,

z z
ag(s)gl——z—(;%-s) Sg-a.

Let H be the set of outcomes in which scenario s3 and, either the good sig-
nal and pf < p9, or, the bad signal and pP > p°, occurs with strictly positive
frequency. By the law of large numbers, P(H) = 1. Hence,

PDO;NnFNH)>O0.
Interest rates are not revealing if scenario s3 occurs, af < £ — ¢, and either

the good signal and p} < p9 occurs, or the bad signal and pf > 7° occurs. Hence,
interest rates are not revealing in scenario sz, with strictly positive frequency, on

DinFNH.
By Lemma A.1,
3%
Ut Tt+1 =
€ {IOg (’l);*?“ ) g}i} =¢(>0,
t T+l
in scenario s3, if interest rates do not reveal the signal, and

3%
Ut ?"f;.*.l
¢ {log (v%*?‘m) St} =0

in scenario s3, if interest rates reveal the signal.
By definition, in all paths of DN F, if ¢t > % then

3*
5{10g (w) ‘3‘3} =0

in scenarios 51 and s;2 because interest rates reveal the signal to agent 3. There-

fore,
Ve
“1‘1"*11‘}0?%28{ ( ?"z+1)

Define the sequence of random variables {2} by

3% 3%
— Uy Tl Uy Te41
2yl = IOg (—T:""""—) - & {log ( Ty
Uy Tt Uy T4l

53}} >0on Dfn FNH.

srt}.
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3’
This sequence is uniformly bounded because log (%&%) assumes only the
t

values *log(1 + z), £log(l — z), and zero. By construction, for all ¢ 2> 1 and
121, E{z4|S:} = 0. By Lemma A4,

1 3 1 -1 3%
lim - log -a—tl = lim — Zlog w >0, P-as,on DN FNH.
t—oo ¢ oy t—o0 ¢ 4t Vg1

However, o < 1. Hence,
Jim ol =0, P-as.,on DN FNH.
00

But F is the set of outcomes for which af < £ — ¢ only occurred a finite number
of times, a contradiction.

Lemma A.6 (Freedman [11, Prop 4.5]). Let {2;} be a sequence of uniformly
bounded random variables such that for every t 2 1, £ (2041|%4) = 0. Let V; =
VAR (241|9:) where VAR is the variance operator associated with P. Then,

k(2 [e o)
Zzt converges to a finite limit as n — oo, P-a.s., on {Z Vi < oo}

t=1 t=1

and

n n o0
supZzg = o and ianzg = —00, P-a.5., on {th = oo} .
7 o=1 i te1
Proof of Proposition 3 - (Part 1). By Lemmas A.1 and A.5,
1%
£ { log (Ué*rtﬂ)
Uy Te+1
1x
£ { log (—Utgjtﬂ)
VT4
because agent 1 is informed whenever agent 2 is informed. Therefore, P-almost

surely,
= VT
E Eqlog| — 8y = 0.

t=1 Ut Ti+1

23‘,:} = ¢ > 0 infinitely often.

However,

%} >0
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By Lemma A.2, P-almost surely,

log ( ) Zlog <v12-*,;+1) converges,
T+

We wish to show that log (g%) converges to positive infinity, P-almost surely.
t

1

So, suppose not. That is, suppose log (g&) converges, with positive probability,
t

to minus infinity or to a finite number.

Let
ey = log [T g [1oq (Vi1 | o
t+1 = 108 U T g i D t-

Then, {2} is a sequence of uniformly bounded random variables such that £ {2;41|S¢} =
0. Moreover, Y, 2t converges, with positive probability, to minus infinity. This

1
contradicts Lemma A.6. Hence, log (g{;) converges to positive infinity, P-almost
t

surely. But, o} < 1. Therefore, of converges to zero, P-almost surely.

(Part 2). Assume, by contradiction, that, with strictly positive probability,
interest rates do not reveal the signal infinitely often. Then, by the argument
given above, both agents 2 and 3 (who only observe the signal when 1 does)
vanish. So, agent 1 dominates the economy. Therefore, the relative wealth of
agent 1 will eventually be above Z, a contradiction. Therefore, with probability
one, interest reveal the signal only finitely often and all agents survive.

|

A.4. Proof of Proposition 4

Assume, by contradiction, that a{ converges to 1 — 2z on a set A € & such that
P(A) > 0. Then, af converges to 0, on A for all rational k # j. Thus,

Tr+1

o o
log ( ) Zl (vk*TTH converges to positive infinity on A.

Since 1 — 2z > £, aré' is eventually greater than Z on A. Hence, except for at
most finitely many times,

‘U‘Z*?‘t+1
£ {log ('Ufgc*'rt+1)

St} = 0, whenever j is informed, on A.
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By Lemma A.1,

’Uj*’!‘H.l
£ {1°g (;,;-——
£ Tt+1
Let {2} be the sequence of uniformly bounded random variables defined by
vl*r vi*r
21 = log (%—tﬂ) - & {log (;—M) S‘t} .
Ut Tt+1 VUt Tt+1

Then, £ {2:+1]|3¢} = 0 and }_, 2 converges, with positive probability, to infinity.
This contradicts Lemma A.6.

S‘t} < 0, whenever j is uninformed.

A.5. Proof of Proposition 5
(Part 1) Let p° € (0,1) and 79 € (0,1) be given by

pbsgu—z) andpga—-iiu—z).

Let {n,} be the sequence of random variables defined by

¢, when jis informed but k is not, and either
the signal is good and pf < p9 occurs, or
the signal is bad and p? > p° occurs,

—¢, when k is informed but j is not,
where  is defined in (12). We also define

0, otherwise,
Gg=£& {log (Uijtﬂ) S‘g} .
Vg Tt+1
Since (1— £(1 —z))o?/* > o*/i, {n,} is a sequence of independent, identi-
cally distributed random variables such that

Tt

E(n;) > 0.

Moreover,
ct 2 nt;
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because af > 0, pp(b) < p° and pf(g) > p°.
By the law of large numbers, P-almost surely,

¢ t
e .. .1
hmmfz E Sr 211m1nfz g 7 > 0.

=1 Tl

By Lemma A 4, P-almost surely,

ij U:’*?“g+1 t !
lim inf Iog = liminf - Zlo = liminf - Zgr > 0.

UE T t =

However, at < 1. Therefore, P-almost surely,

lim inf log 9[—51 = 00 => lim —Oié =00=>af — 0.
ay ay

(Part 2) Since (1 — £(1 — z)) oIk < g*3 | {n,} is a sequence of independent,
identically distributed random variables such that

E(m) <0

Assume, by contradiction, that af converges to 1 — z on a set A € & such that
P(A) > 0. Then, af converges to 0, on A. Hence, in scenarios that j is informed,
pP(b) converges to p® and pP(g) converges to p9 on A. However, in the scenarios
that k is informed, pf*(b) converges to 0 and pf}(g) converges to 1 on A. Thus,

E{(st — )| S¢—1} converges to zero on A.
So,
1
72 E{(sr =n;)ISe1} — O on A

=1

By Lemma A.4, and the law of large numbers,

t t
L1 L1
hm¥§ CT:hmZE 7, < 0 on A.
T==] T==1
By Lemma A 4,

-Zl (“t ""“) <0on A.

p— VT
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So,

Io -—* 1 ”t ””“"

converges to minus infinity on A. However, of < 1. Hence, a'? converges to zero
on A, contradiction.
|

References

[1] Armen Alchian. Uncertainty, evolution and economic theory. Journal of
Political Economy, 58:211-221, 1950.

[2] Lawrence Blume and David Easley. Evolution and market behavior. Journal
of Economic Theory, 58:9-40, 1992.

[3] Lawrence E. Blume and David Easley. Rational expectations and rational
learning. Mimeo, Cornell University, 1992.

[4] Kai Lai Chung. A Course in Probability Theory. Academic Press, New York,
1974.

[5] P. Cootner. The Random Character of Stock Prices. MIT Press, Cambridge,
MA, 1967.

[6] J. Bradford De Long, Andrei Shleifer, Lawrence H. Summers, and Robert J.
Waldman. The size and incidence of losses from noise trading. Journal of
Finance, 44:681-696, 1989,

[7] J. Bradford De Long, Andrei Shleifer, Lawrence H. Summers, and Robert J.
Waldman. Noise trader risk in financial markets. Journal of Political Econ-
omy, 98:703-738, 1990.

[8] J. Bradford De Long, Andrei Shleifer, Lawrence H. Summers, and Robert J.
Waldman. The survival of noise traders. Journal of Business, 64:1-19, 1991.

[9] Eddie Dekel and Suzanne Scotchmer. On the evolution of optimizing behav-
ior. Journal of Economic Theory, 57:392-406, 1992.

[10] Stephen Figlewski. Market “efficiency” in a market with heterogeneous in-
formation. Journal of Political Economy, 86:581-597, 1978.

36



[11] David A. Freedman. On tail probabilities for martingales. Annals of Proba-
bility, 3:100-118, 1975.

[12] Milton Friedman. Essays in Positive Economics. University of Chicago Press,
Chicago, 1953.

[13] Robert E. Lucas, Jr. Asset prices in an exchange economy. Econometrica,
46:1429-1445, 1978,

[14] Paul R. Milgrom and Nancy Stokey. Information, trade, and common knowl-
edge. Journal of Economic Theory, 26:17-27, 1982.

(15] F. Palomino. Noise trading in small markets. Journal of Finance, 51:1537-
1550, 1996.

[16] Alvaro Sandroni. Learning, rare events, and recurrent market crashes in
frictionless economies without intrinsic uncertainty. Journal of Economic
Theory, 82:1-18, 1998.

[17] Alvaro Sandroni. Do markets favor agents able to make accurate predictions?
Econometrica, forthcoming.

[18] Andrei Shleifer and Lawrence H. Summers. The noise trader approach to
finance. Journal of Economic Perspectives, 4(2):19-34, 1990.

37



This is a list of recent CARESS Working Papers. A complete list (dating from inception of the
series) can be obtained by writing to:

Ms. Diana Smith

CARESS

3718 Locust Walk

McNeil Building
Philadelphia, PA 19104-6297

96-01 “Multiplicity of Equilibria” by Christian Ghiglino and Mich Tvede

96-02 “Word-of-Mouth Communication and Community Enforcement” by Illtae Ahn and Matti
Suominen

96-03 “Dynamic Daily Returns Among Latin Americans and Other Major World Stock Markets” by
Yochanan Shachmurove

96-04 “Class Systems and the Enforcement of Social Norms” by Harold L. Cole, George J. Mailath
and Andrew Postlewaite

96-05 “Dynamic Liquidation, Adjustment of Capital Structure, and the Costs of Financial Distress”
by Matthias Kahl

96-06 “Approximate Common Knowledge Revisited” by Stephen Morris

Revised and final version forthcoming in the International Journal of Game Theory

96-07 “Approximate Common Knowledge and Co-ordination: Recent Lessons from Game Theory”
by Stephen Morris and Hyun Song Shin

Revised and final version appears in Journal of Logic, Language and Information 6, 171-190.

96-08 “Affirmative Action in a Competitive Economy” by Andrea Moro and Peter Norman
96-09 “An Alternative Approach to Market Frictions: An Application to the Market for Taxicab
Rides” by Ricardo A. Lagos

96-10 “Asynchronous Choice in Repeated Coordination Games” by Roger Lagunoff and Akihiko
Matsui

97-01 “Contagion” by Stephen Morris

97-02 “Interaction Games: A Unified Analysis of Incomplete Information, Local Interaction and
Random Matching” by Stephen Morris

97-03 “The Premium in Black Dollar Markets” by Yochanan Shachmurove

97-04 “Using Vector Autoregression Models to Analyze the Behavior of the European Community
Stock Markets” by Joseph Friedman and Yochanan Shachmurove

97-05“Democratic Choice of an Education System: Implications for Growth and Income
Distribution” by Mark Gradstein and Moshe Justman

97-06 “Formulating Optimal Portfolios in South American Stock Markets” by Yochanan
Shachmurove

97-07 “The Burglar as a Rational Economic Agent” by Yochanan Shachmurove, Gideon Fishman
and Simon Hakim

97-08 “Portfolio Analysis of Latin American Stock Markets™ by Yochanan Shachmurove

97-09 “Cooperation, Corporate Culture and Incentive Intensity” by Rafael Rob and Peter Zemsky
97-10 “The Dynamics of Technological Adoption in Hardware/Software Systems: The Case of
Compact Disc Players” by Neil Gandal, Michael Kende and Rafael Rob

97-11 “Costly Coasian Contracts” by Luca Anderlini and Leonardo Felli

97-12 “Experimentation and Competition” by Arthur Fishman and Rafael Rob

97-13 “An Equilibrium Model of Firm Growth and Industry Dynamics” by Arthur Fishman and
Rafael Rob

97-14 “The Social Basis of Interdependent Preferences” by Andrew Postlewaite

97-15 “Cooperation and Computability in N-Player Games™ by Luca Anderlini and Hamid




Sabourian

97-16 “The Impact of Capital-Based Regulation on Bank Risk-Taking: A Dynamic Model” by Paul
Calem and Rafael Rob

97-17 “Technological Innovations: Slumps and Booms” by Leonardo Felli and Francois
Ortalo-Magne

98-01 “Do People Play Nash Equilibrium? Lessons From Evolutionary Game Theory” by George J.
Mailath

98-02 “Japan’s Enigmatic Coexistence of Strong Currency and Trade Surplus” by Yochanan
Shachmurove

98-03 “Trade Between Rational Agents as a Result of Asymmetric Information” Yoram Halevy
98-04 “The Effects of Immigration on Socioeconomic Gaps in Labor Managed System Versus in a
Competitive System” by Yochanan Shachmurove and Tikva Leker

98-05 “Learning Correlated Equilibria in Potential Games™ by Antonella lanni

98-06 “Endogenous Inequality in Integrated Labor Markets with Two-sided Search” by George J.
Mailath, Larry Samuelson and Avner Shaked

98-07 “Repeated Games with Imperfect Private Monitoring: Notes on a Coordination Perspective”
by George J. Mailath and Stephen Morris

98-08 “The Provision of Public Goods Under Alternative Electoral Incentives” by Alessandro
Lizzeri and Nicola Persico

98-09 “Consensus and Co-Existence in an Interactive Process of Opinion Formation” by Valentina
Corradi and Antonella Ianni

98-10 “Ergodicity and Clustering in Opinion Formation” by Valentina Corradi and Antonella lanni
98-11 “Your Reputation Is Who You’re Not, Not Who You'd Like To Be” by George J. Mailath and
Larry Samuelson

98-12 “Who Wants a Good Reputation?” by George J. Mailath and Larry Samuelson

98-13 “Efficient Non-Contractible Investments” by Harold L. Cole, George J. Mailath and Andrew
Postlewaite

98-14 “Earnings and Wealth Inequality and Income Taxation: Quantifying the Trade-Offs of
Switching to a Proportional Income Tax in the U.S.” by Ana Castafieda, Javier Diaz-Giménez and
José-Victor Rios-Rull

99-01 “Dynamic Voluntary Contribution to a Public Project” by Leslie M. Marx and Steven A.
Matthews

99-02 “Reputation and Competition” by Johannes Horner

99-03 “A Bayesian Approach to Uncertainty Aversion” by Yoram Halevy and Vincent Feltkamp
99-04 “Renegotiating Moral Hazard Contracts under Limited Liability and Monotonicity” by Steven
A. Matthews

99-05 “More on Marriage, Fertility, and the Distribution of Income” by Jeremy Greenwood, Nezih
Guner and John Knowles

99-06 “Racial Bias in Motor Vehicle Searches: Theory and Evidence” by John Knowles, Nicola
Persico and Petra Todd

99-07 “Adjustment Costs, Learning-by-Doing, and Technology Adoption under Uncertainty” by
Anna Pavlova

99-08 “Consensus and the Accuracy of Signals: Optimal Committee Design with Endogenous
Information” by Nicola Persico

99-09 “Repeated Games with Almost-Public Monitoring” by George Mailath and Stephen Morris
99-10 “Two Problems Concerning the Role of Neoclassical Firms in Perfect Financial Markets or,
The Emperor Has (Well, Almost) No Clothes” by David Cass and Catherine Rouzaud

99-11 “Quantity Discounts for Taste-Varying Consumers” by Eugenio J. Miravete

99-12 “A Theory of Negotiation and Formation of Coalition” by Armando Gomes



99-13 “The Repeated Prisoner’s Dilemma with Private Monitoring: a N-player case” by Ichiro
Obara

99-14 “Informational Size and Incentive Compatibility” by Richard McLean and Andrew
Postlewaite

00-01 “On Trees and Logs” by David Cass and Anna Pavlova

00-02 “The Drawbacks of Electoral Competition” by Alessandro Lizzeri and Nicola Persico

00-03 “Endogenous Lobbying” by Leonardo Felli and Antonio Merlo

00-04 “Does Competition Solve the Hold-up Problem?” by Leonard Felli and Kevin Roberts
00-05 “Efficient Non-Contractible Investments in Large Economies” by Harold L. Cole, George J.
Mailath and Andrew Postlewaite

00-06 “Investment and Concern for Relative Position” by Harold L. Cole, George J. Mailath and
Andrew Postlewaite

00-07 “Market Selection and Asymmetric Information” by George J. Mailath and Alvaro Sandroni

visit the CARESS website at www.ssc.upenn.edu/econ/CARESS/


www.ssc.upenn.edu/econiCARESS

