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Introduction

Motivation

Since Hayek (1945), we have understood that markets play an important role in

aggregating information that is dispersed throughout the economy.

Important, because:

markets provide valuable information to firms and households who benefit

from making more informed decisions (e.g., better allocation of capital).

public information can aleviate information frictions between traders and

improve market functioning.

Literature typically focused on centralized markets for homogenous assets.

This paper: How effectively does a decentralized market aggregate information?

Examples: real estate, over-the-counter securities, etc.
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Introduction

Framework

We study information aggregation properties of markets with adverse selection

and correlated assets (build on AFG 2017):

Many sellers (N), each privately informed about quality of her asset.

Buyers are uninformed and face a lemons problem à la Akerlof.

Asset qualities are correlated with an unobservable ‘aggregate’ state.

Trade occurs over time.

Thus, dispersion of information arises due to dispersion of ownership.

Examples:

ABS with common exposures, houses in the same neighborhood, etc.
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Introduction

Framework

We study information aggregation properties of markets with adverse selection

and correlated assets (build on AFG 2017):

Many sellers (N), each privately informed about quality of her asset.

Buyers are uninformed and face a lemons problem à la Akerlof.

Asset qualities are correlated with an unobservable ‘aggregate’ state.

Trade occurs over time.

Questions:

1 How much information about the aggregate state can be learned from

trading behavior (as the market gets large)?

2 Is there a tradeoff between information aggregation and welfare?
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Introduction

Preview of results

For a fixed N, each seller’s trading behavior provides a conditionally

independent informative signal about the aggregate state.

We provide necessary and sufficient conditions under which information

aggregation must fail along any sequence of equilibria (LLN fails!).

If these conditions are violated, there can be a coexistence of aggregating and

non-aggregating equilibria.

Implications for policies that enhance information dissemination in markets:

Information design with endogenous information.

General information policies and optimality of partial revelation.
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Introduction

Preview of results

1-  1

 

1

5 / 32



Introduction

Related literature

Information Aggregation:

Centralized: Grossman (1976), Grossman and Stiglitz (1980), Albagli et al. (2012),

Kyle (1985), Back et al. (2000), Foster and Viswanathan (1996), Ostrovsky (2012).

Auctions: Wilson (1977), Milgrom (1979), Pesendorfer and Swinkels (1997),

Kremer (2002), Siga (2013), Bodoh-Creed (2013), Axelson and Makarov (2015).

Decentralized: Duffie et al. (2009, 2011), Golosov, Lorenzoni and Tsyvinski (2014),

Lauermann and Wolinsky (2016), Babus and Kondor (2017).

Dynamic Adverse Selection:

Janssen and Roy (2002), Hörner and Vielle (2009), Fuchs and Skrzypacz (2014),

Fuchs et al. (2015), Daley and Green (2012, 2016), Asriyan et al. (2017).

Bayesian Persuasion:

Kamenica and Gentzkow (2011), Rayo and Segal (2010).

6 / 32



The Model

The Model

6 / 32



The Model

Sellers

There are two trading dates, t = 1, 2 (infinite horizon later).

There are N sellers, i = {1, ...,N}. Each seller owns an indivisible asset.

Each seller is privately informed about the type of her asset, denoted by

θi ∈ {L,H}. Seller values asset of type θ at cθ, with cL < cH .

The payoff to a seller with asset of type θ who agrees to trade at price p at

time t is:

(1− δt−1)cθ + δt−1p

where δ is the discount factor. If the seller does not trade at either date, her

payoff is cθ.
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The Model

Buyers

Each seller has multiple potential trading partners or “buyers.” Buyers value

asset of type θ at vθ, with vL < vH .

There is common knowledge of gains from trade: vθ > cθ.

Each period, given their information, buyers bid for the assets.

The payoff to a buyer who purchases an asset of type θ at price p is:

vθ − p

If the buyer does not trade, his payoff is 0.
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The Model

Quality uncertainty and correlation

There is an unobserved state of nature S ∈ {l , h}:

Unconditional distribution is:

P(θi = L) = P(S = l) = 1− π.

Conditional distribution of asset types is:

P(θi = L|S = l) = λ > 1− π.

We assume πvH + (1− π)vL < cH , i.e. adverse selection matters.
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The Model

Equilibrium notion

We use Perfect Bayesian Equilibria (PBE) as our equilibrium concept. This has

three implications:

1 Seller Optimality: Each seller’s acceptance rule must maximize her expected

payoff at every information set taking buyers’ strategies and the other sellers’

acceptance rules as given.

2 Buyer Optimality: Any offer in the support of the buyer’s strategy must

maximize his expected payoff given his beliefs, other buyers’ strategy and the

sellers’ strategy.

3 Belief Consistency: Given their information set, buyers’ beliefs are updated

according to Bayes’ rule whenever possible.
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Equilibrium

Equilibrium
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Equilibrium

Preview of equilibrium structure

Second (last) period is a static Akerlof:

Buyers have some belief about seller and make offers.

Sellers accept/reject and game ends.

Buyers’ belief is updated based on observing past transactions.

First period:

Buyers make low offer.

High types do not trade, whereas low types trade with some probability σ.

Information content of trade depends on σ (endogenous noise).
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Equilibrium

Updating

At t = 2, buyers update their beliefs about seller i based on two pieces of info:

1 Seller i rejected trade at t = 1.

2 Whether sellers j 6= i traded at t = 1.

Without loss, assume buyers do not observe past transaction prices.

(1) Conditional on rejection at t = 1, buyers’ interim belief about seller i :

πInt
i =

π(1− σH
i )

π(1− σH
i ) + (1− π)(1− σL

i )
,

where σθi is probability that type-θ seller i trades at t = 1.
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Equilibrium

Updating

(2) Conditional on observing trading behavior z−i = (z j )j 6=i , where z j ∈ {0, 1}
indicates that seller j traded at t = 1, buyers’ posterior belief is:

πi (z−i ) =
πInt

i · ρi
H (z−i )

πInt
i · ρi

H (z−i ) + (1− πInt
i ) · ρi

L(z−i )
.

where ρi
θ(·) is distribution over “news” conditional on type-θ.

Importantly, updating from news depends on both:

Correlation of the types with the aggregate state S ,

Other sellers’ trading strategies (endogenous).
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Equilibrium

Second period

At t=2: Suppose seller i has not traded before.

Given a posterior belief πi ∈ [0, 1], the expected value of asset i is:

V (πi ) ≡ πivH + (1− πi )vL

Let π̄ be defined by V (π̄) = cH . We refer to the maximal offer as the bid.

Property A (second period): If seller i does not trade at t = 1, then at t = 2:

(i) If πi > π̄, then the price is V (πi ), which the seller accepts w.p.1.

(ii) If πi < π̄, then the price is vL, which the high type rejects and the low type

accepts w.p.1.

(iii) If πi = π̄, then the price is cH = V (πi ) with some probability φi ∈ [0, 1] and

vL otherwise.
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Equilibrium

Second period payoffs - Fθ(πi)

πi

Payoff

π̄

vL

cH

vH

FH

FL

V
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Equilibrium

First period

Seller i ’s incentive to delay trade will depend on her expected continuation value

from rejecting the bid in the first period:

Q i
θ ≡ (1− δ) cθ + δEθ{Fθ(πi )}

Skimming property: ∀i , Q i
H > Q i

L. Thus, any offer that is accepted by the high

type w.p.> 0 must be accepted by the low type w.p.1.

Property B (first period): In the first period, the bid for each asset is vL. The

high-type rejects the first period bid with probability 1, whereas the low-type

accepts with probability σi ∈ [0, 1).

Therefore, we can write continuation value as Q i
θ(σi , σ−i ).
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Equilibrium

Existence, symmetry and multiplicity

Proposition

Fix N. An equilibrium exists, and all equilibria are symmetric, i.e. σi = σ > 0. If

λ and δ are sufficiently large, there exist multiple equilibria.

An equilibrium is fully characterized by a σ ∈ (0, 1) satisfying:

vL = Q i
L(σ, σ).

Why multiplicity? Q i
L is increasing in σi but may increase or decrease in σ−i :

Higher σ−i makes Bad news more likely, reducing Q i
L.

But it also increases prices conditional on Good news, increasing Q i
L.

=⇒ Strategic complementarities when bad news effect dominates.
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Information Aggregation

Information aggregation

We begin by considering the information about the aggregate state S that is

contained in the first period trades in the market.

Let σN denote an equilibrium trading probability of the sellers (when N assets).

Each seller’s type is a conditionally independent signal about S .

σN captures how much information is conveyed to the market.

Importantly, σN is endogenous and depends on expected information arrival.

For any finite N, since σN < 1, some information about the state is lost.

Our question is what happens as the market becomes large, i.e., as N →∞.
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Information Aggregation

Information aggregation

For a given N, let πState
N denote the buyers’ posterior belief that the state is h,

upon observing trading behavior in the first period.

Definition

There is information aggregation (in the first period) along a given sequence of

equilibria if πState
N →p 1{S=h} as N →∞.

If σN were uniformly bounded away from 0, information would aggregate:

In state s, the fraction of trades in first period would converge to population

mean σN · P(θi = L|S = s).

But what if σN → 0?

As we show next, neither of these two cases is pathological!
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Information Aggregation

Fictitious economy

It is useful to consider a ‘fictitious’ economy where:

Aggregate state S is revealed before trade at t = 2.

⇒ Seller i does not care about other sellers’ trading behavior.

Equilibrium same as in a model with only one seller and exogenous

information.

In any equilibrium of this economy, we must have:

vL ≤ Q i,fict
L (σi ) = (1− δ)cL + δEθ{Fθ(πi (S))},

with strict equality if σi > 0.

Since “news” is exogenous, may have σi = 0 (Daley and Green (2012)).
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Information Aggregation

Fictitious economy

Lemma

The unique equilibrium of the fictitious economy involves zero probability of trade

in the first period (i.e., σfict
i = 0) if and only if

Q i,fict
L (0) ≥ vL, (?)

which holds if and only if λ and δ satisfy the following:

λ ≥ λ̄ ≡ 1− π(1− π̄)

1− π

and

δ ≥ δ̄λ ≡
vL − cL

λvL + (1− λ)V
(

1− (1−λ)(1−π)
π

)
− cL

.
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Information Aggregation

Main results

Theorem 1 (Aggregation Properties)

(i) If (?) holds strictly, then information aggregation fails along any sequence of

equilibria.

(ii) If (?) does not hold, then there exists a sequence of equilibria along which

information aggregates.

Intuition for failure of aggregation:

Under aggregation, Q i
L converges to Q i,fict

L . But if Q i,fict
L > vL, trade must

collapse to zero for large but finite N, a contradiction.

In non-aggregating eqm, σN declines to zero at rate N−1, and the distribution

of trades in state s converges to Poisson with mean σ · N · P(θi = L|S = s).

But, even if (?) does not hold, there is no guarantee of information aggregation...
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Information Aggregation

Main results

Theorem 2 (Coexistence)

There exists a δ̂ < 1 such that whenever δ ∈ (δ̂, δ̄λ) and λ is sufficiently large,

there is coexistence of sequences of equilibria along which information aggregates

with sequences of equilibria along which aggregation fails. If λ < λ̄ or δ is

sufficiently small, then information aggregates along all sequences of equilibria.
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Information Aggregation

Graphical illustration
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Information Aggregation

What about aggregation in the second period?

Turns out that second period is special since it is the last opportunity to trade:

In the second period, high types may or may not trade, whereas low types

always trade.

→ absence of incentives for low types to delay trade.

Under some conditions, there exist equilibria where information aggregation

fails in the first period but aggregation obtains in the second period.

But, what if there are further opportunities to trade? → Infinite horizon model...

One might expect that with more periods, aggregation is easier to obtain.
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Information Aggregation

Infinite horizon model

For a given N, let πState
t,N denote the buyers’ posterior belief that the state is h,

upon observing trading behavior until date t.

Definition

There is information aggregation at date t along a given sequence of equilibria

if πState
t,N →p 1{S=h} as N →∞.

We say that information aggregates if it aggregates at some date t <∞.
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Information Aggregation

Infinite horizon model

Theorem 3

Consider the infinite horizon model.

(i) If (?) holds with strict inequality, then information aggregation fails along any

sequence of equilibria.

(ii) If (?) does not hold, then there exists a sequence of equilibria along which

information aggregates.

(iii) There exists a δ̂ < 1 such that whenever δ ∈ (δ̂, δ̄λ) and λ is sufficiently

large, there is coexistence of sequences of equilibria along which information

aggregates with sequences of equilibria along which aggregation fails.

We prove this result without finding/characterizing all equilibria!
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Policy Implications

Policy Implications and Information Design
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Policy Implications

Information aggregation and welfare

Back to two period model.

Consider a social planner who wants to maximize welfare and can control what

information is publicly available to agents at the begining of the second period.

Would the planner want to disclose all trades? For example,

Aggregating equilibria Pareto dominate non-aggregating ones (if both exist).

Reason: more public info in second period ⇐⇒ more trade in the first.

But, what if more public information increases inefficient trading delays?

We consider:

Simple disclosure policies (segmented trading platforms).

General information policies.
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Policy Implications

Segmented platforms
Welfare and trade when (absent intervention) information does not aggregate
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Policy Implications

Segmented platforms
Welfare and trade when (absent intervention) information aggregates
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Policy Implications

General information policies

What about more general information policies?

Related to the literature on Bayesian persuation (Kamenica and Gentzkow

(2011), Rayo and Segal (2010)).

Novel feedback: Information set of the planner is endogenous to his

information policy.

Proposition (Optimality of Partial Revelation)

Suppose that (?) does not hold (so that aggregating equilibria exist) and δ is

sufficiently large. Then, when N is large enough, the planner can increase the

trading surplus in the best equilibrium with a partially revealing information policy.
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Conclusions

Conclusions

We study information aggregation properties of dynamic markets with adverse

selection and correlated assets.

We provide necessary and sufficient conditions, under which information

aggregation must fail along any sequence of equilibria (LLN fails!).

If these conditions are violated, there can be a coexistence of aggregating and

non-aggregating equilibria.

Implications for policies that enhance information dissemination in markets:

Information design with endogenous information.

General information policies and optimality of partial revelation.
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