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Abstract

This paper studies (non-)equivalence of collateralized credit and asset sale

for information-sensitive assets in over-the-counter markets. A signaling game

re�ned by the undefeated equilibrium endogenizes the choice between pooling

and separating o�ers and addresses the payment puzzle. The results show that

non-equivalence depends on lenders' commitment power. Despite information

frictions, �rst-best consumption can occur for collateralized credit, but not for

asset sales, with endogenous haircuts and over-collateralization characterizing

the terms of trade. The general equilibrium determines asset prices and provides

policy recommendations including open market operations.
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1 Introduction

Whenever an individual, a �rm, or an institution is in need of liquidity, it has two options

to acquire funding in the short run: collateralized credit or selling assets. Theoretically, the

two settlement strategies are considered to be allocation-equivalent, referring to the payment

puzzle raised by Lagos (2011). Nonetheless, with approximately 84% of all transactions

in over-the-counter (OTC) derivatives being collateralized, accounting for a daily trading

volume of roughly 3.8 trillion USD (Copeland et al. (2014b)), demand for collateralized

credit is high, challenging equivalence in these markets in the recent years.1

One crucial di�erence to centralized trading platforms is that OTC markets allow for

a larger array of asset classes including corporate bonds, collateralized debt obligations, as

well as mortgage- and asset-backed securities. While formerly perceived as information-

insensitive, some of these asset classes switched to being information-sensitive at the on-

set of the Great Recession, introducing new information frictions in OTC markets. An

immediate consequence was reduced liquidity, manifested through increased haircuts and

over-collateralization, as outlined by Gorton and Metrick (2012a,b), Dang et al. (2013), and

Gorton and Ordoñez (2014).2 Apart from conventional policy interventions, to alleviate the

ine�ciencies associated with private information, central banks reacted with open market

operations, exchanging distressed assets for �at money or risk-free bonds.

Animated by the payment puzzle and the recent events, this paper studies bilateral

exchange in decentralized markets to assess whether information frictions can generate non-

equivalence of collateralized credit and asset sale and under what conditions. The baseline

environment corresponds to a variation of Rocheteau (2011), extended by a broader equi-

librium notion to allow for both pooling and separating o�ers. There are two �xed types

of agents, consumers and producers, bilaterally exchanging perfectly divisible information-

sensitive assets for consumption goods in a decentralized market. Incentive-feasible set-

tlement strategies involve collateralized credit and asset sale. The bilateral nature of the

meeting allows for explicit game-theoretic foundations, where a signaling game re�ned by

the undefeated equilibrium by Mailath et al. (1993) characterizes the terms of trade. By max-

imizing the surplus of consumers holding high-quality assets, the re�nement endogenously

selects between pooling and separating equilibria, eliminating Pareto ine�ciencies.

1Further estimates including reverse repos are available in Copeland et al. (2012) and Gorton and Metrick (2012b).
2As shown by Gorton and Metrick (2012b), average haircuts for nine asset-backed security and corporate debt classes rose

from zero to approx. 50% between 2007 and 2009.
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The results show that equivalence of collateralized credit and asset sale is guaranteed

for separating equilibria, but not for pooling equilibria. The reason is intuitive. In a sepa-

rating equilibrium, consumers signal their true asset quality via asset retention, eliminating

information frictions and allowing credit obligations to be priced adequately. Consequently,

consumers and producers are indi�erent between repayment and default, suggesting equiva-

lence of collateralized credit and asset sale. In a pooling equilibrium, on the other hand, the

payment puzzle hinges on commitment and enforcement frictions. Namely, the producer's

commitment to return the collateral upon the consumer's repayment of the agreed-upon

credit obligation. If a producer is committed, allocations for asset sale and collateralized

credit are non-equivalent. While a sale requires the asset to be priced at the expected (mar-

ket) value, an asset used as collateral is priced below market value to eliminate a low-quality

consumer's incentive for strategic default. Over-collateralization is the result. If a producer

is not committed, on the other hand, the equivalence of collateralized credit and asset sale

is restored due to the producer's incentive to default. Anticipating a producer will renege

on returning high-quality collateral priced below market value, a consumer's best response

is to o�er a lower quantity of assets, suggesting pricing at the expected value. Since at said

price low-quality borrowers default on their credit obligation, so will producers, rendering

allocations equivalent to an asset sale.

Welfare depends on commitment frictions, the aggregate asset supply, return hetero-

geneity, and the distribution of asset qualities in the economy. If a producer can commit,

there exists a threshold asset supply above which a pooling collateralized credit is the domi-

nant strategy. If assets are su�ciently abundant, despite information frictions, consumption

is �rst-best. Once the asset supply is below the threshold, consumers choose to sell their

assets at a pooling price, analog to a �re sale. In that context, it is worth pointing out that

if a producer is committed, a separating equilibrium is dominated at all times, given the cost

incurred through asset retention triggered by a binding incentive compatibility constraint.

If a producer cannot commit, however, �rst-best consumption is not attainable due to the

equivalence of credit and sale. In said scenario, the o�er selection, i.e., the choice between a

pooling and a separating o�er depends on the distribution of asset qualities in the economy.

If high-return assets are scarce, the equilibrium is separating, while an abundance of high-

return assets renders a pooling o�er the dominant strategy. The vitality of commitment and

enforcement frictions motivates institutions like central counterparties, public-record keep-

ing, and punishment schemes, and sheds new light on the lender's side in secured credit
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transactions.

Lastly, the challenges for trade created by private information motivate policy inter-

ventions. In particular, open market operations exchanging information-sensitive assets for

risk-free bonds, analog to the large scale asset purchases conducted during the Great Re-

cession. To begin with, following Tirole (2012), Chiu and Koeppl (2016), and Madison

(2019), the results show that timing matters. While interventions prior to a private infor-

mation shock allow eliminating information frictions, an ex-post intervention has no such

e�ect, since, at this stage, information frictions characterize the terms of trade. Further-

more, the size of the intervention depends on the (non-)equivalence of credit and sale, and

thus commitment frictions. If producers can commit, to restore �rst-best consumption, not

all information-sensitive assets need to be replaced. Instead, the supply of bonds needs to

be such that a combination of bonds and information-sensitive assets allows for �rst-best

consumption. Interestingly, di�erent to Rocheteau (2011), the co-existence of information-

sensitive assets and risk-free bonds does not result in a pecking-order, since, despite a haircut,

the producer's commitment to return the collateral after receiving the agreed-upon credit

obligation eliminates the incentive to retain high-quality assets and spend risk-free bonds

�rst.

1.1 Related Literature

There exists a broad literature analyzing collateralized credit. Among the �rst to show that

collateral allows agents to overcome solvency concerns was Bester (1985), later revisited by

Kiyotaki and Moore (1997) in a search environment subject to commitment and enforcement

frictions. Flannery (1996), in turn, argues that while market participants may know about

the solvency of the respective counterparty, they may not be aware of the quality of individual

assets in their portfolio. An idea closely related to this paper, with the crucial di�erence,

that in Flannery (1996) private credit collapses due to an Akerlof (1970) lemons problem,

promoting a role for alternative payment systems such as a government discount window.

In the monetary search literature, a �rst distinction under full information was provided

by Berentsen and Waller (2011). They conclude that any allocation in an economy with asset

sales can be replicated by an economy with collateralized credit, but not vice versa. Monnet

and Narajabad (2017), in turn, suggest non-equivalence relying on a borrower's uncertainty

regarding the value of holding the security in the future. As liquidity constrained agents
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may end up needing the asset for an upcoming consumption opportunity before being able

to re-acquire it on a �nancial market, collateralized credit is the preferred choice. Awaya

et al. (2020) revisit this logic and show that if agents have no option to re-acquire the

collateral prior to the next trade, the endogenous borrowing limit can in fact be larger than

the intrinsic value of the asset. Parlatore (2019) studies the trade-o� between collateralized

credit and asset sales under uncertainty regarding the outcome of a risky project. In her

model, assets entail a liquidity and a collateral premium, where an increase in liquidity

increases the liquidity premium of assets, while the collateral premium declines, suggesting

non-equivalence. Tomura (2016) explains the demand for collateralized credit with a hold-

up problem introduced through a deadline on retrieving cash. An urgent need to liquidate

bonds on an over-the-counter market weakens the bargaining power of the selling party

and disincentivizes the acquisition of that bond in the �rst place. A repurchase agreement

subject to a haircut, however, allows an agent to circumvent this ine�ciency. Last but not

least, Gottardi et al. (2019) focus on the aspect of re-hypothecation to explain the rise of

repurchase agreements in the last years. An analysis of said trade-o� in the presence of

information frictions, however, remains absent so far.

The promoted non-equivalence also borrows elements from the literature on asset prices

and private information, pioneered by Akerlof (1970), as well as the literature on security

design, precisely Boot and Thakor (1993) and Demarzo and Du�e (1999). A �rst application

to a search and matching environment was provided by Velde et al. (1999), studying the

e�ects of information frictions on asset prices using pooling equilibria. Separating equilibria

relying on the Cho and Kreps (1987) Intuitive Criterion, in turn, were studied by Nosal

and Wallace (2007), Guerrieri et al. (2010), Rocheteau (2011), and Madison (2019), among

others. With the goal to endogenize the selection of pooling and separating equilibria, a

�rst application of the Mailath et al. (1993) undefeated equilibrium, using a Shi (1995) and

Trejos and Wright (1995) second-generation monetary search model, was provided by Li and

Rocheteau (2008), followed by Bajaj (2018). Their results show that the decision between

a pooling and a separating equilibrium depends on the distribution of asset qualities in the

economy, whereas the higher the probability of encountering a lemon, the more likely a

separating equilibrium. Gorton and Ordoñez (2014) follow a similar logic. However, given

their dynamic setup, the switch from pooling to separating does not only depend on the

distribution of asset qualities but also the length of the credit boom.

Lastly, the paper relates to the existing literature on policy interventions in the presence
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of information frictions. The closest papers studying open market operations in a random

matching model with private information are Chiu and Koeppl (2016) and Madison (2019),

showing that trade can be resurrected by one-time asset purchases exchanging information-

sensitive assets for risk-free bonds. Abstaining from bilateral exchange, equivalent policy

recommendations are provided by Tirole (2012) and Philippon and Skreta (2012) in a static

framework with competitive markets. Policy interventions in a dynamic competitive market,

on the other hand, are studied by Fuchs and Skrzypacz (2015) and Bolton et al. (2011),

allowing them to address the optimal timing of open market operations, con�rming the

necessity for early interventions, as suggested in the paper at hand.

Regarding the organization of the paper, Section 2 presents the environment, while

Section 3 outlines the bargaining game and the undefeated equilibrium. Section 4 studies

an altered environment with increased commitment frictions. The general equilibrium is

characterized in Section 5. Optimal policy including open market operations is discussed in

Section 6. Lastly, Section 7 concludes.

2 Environment

The environment is based on the uni�ed search-theoretic framework established by Lagos and

Wright (2005) and the extension introduced by Rocheteau (2011). Time is discrete, starts at

t = 0, and continues forever. Each period is divided into two subperiods: a centralized market

(CM) and a decentralized market (DM). The discount factor across periods is β ∈ (0, 1),

where β = (1 + r)−1 and r is the rate of time preference. There is a unit measure of two

distinct types of agents, consumers and producers, named after their preferences in the DM,

and denoted by the subscripts c and p. While both types can produce and consume in the

CM, in the DM, consumers want to consume but cannot produce and producers can produce,

but do not want to consume, generating gains from trade. Their respective period utilities

are:

Uc = u(q) + z − h, (1)

Up = −c(q) + z − h, (2)

with q being the non-durable consumption good in the DM, z the non-durable consumption

good in the CM, and h hours worked in the CM. For tractability, the period utility is

separable across subperiods. Utility of consumption in the DM, u(q), is twice continuously
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di�erentiable, strictly increasing in q, and concave, u′(q) > 0 > u′′(q), with u(0) = 0,

u′(0) = ∞, and u′(∞) = 0. The disutility of production, c(q) = q, is linear. E�ciency

requires q = q∗, where q∗ solves u′(q∗) = 1. The production technology in the CM is linear

with labor being the only input. In the following, the timing of events, as visualized in

Figure 1, is discussed in detail.

DMCM

Production and Consumption

Debt Settlement

Portfolio Choice

Bilateral Trade

Idiosyncratic Information Shock

t t+ 1

Figure 1: Timing of Events

At the beginning of the CM, each agent is endowed with A ∈ R+ units of a perfectly

divisible one-period lived real asset. Asset returns in the subsequent CM are stochastic. With

probability π, the asset yields a high terminal return, κH , while with the complementary

probability, 1 − π, the return is low, κL. For simplicity and without loss of generality, the

expected return is normalized to one, i.e., R = πκH + (1−π)κL = 1, implying 0 ≤ κL < 1 <

κH <∞. Once asset endowments are received, agents produce and consume the numéraire

good, z, adjust their asset holdings for the following DM by trading z for a in the competitive

CM, and settle credit obligations from the previous DM.

At the end of the CM, after asset holdings are determined, each agent is privately

informed about the idiosyncratic return of her asset, where the realization is common to

all assets held by an agent, but independent across agents.3 Following the idiosyncratic

information shock, in the DM, consumers and producers meet bilaterally at random with

probability one and remain matched until the beginning of the subsequent CM. There is no

record-keeping of transactions in the DM and consumers cannot commit to future actions,

eliminating unsecured credit. Given the non-durability of the numéraire good, a medium of

exchange, the asset accumulated in the CM, is essential for trade to occur.4 Two settlement

options are feasible: asset sales and collateralized credit, denoted by the calligraphic sub-

scripts S and C, respectively. In the event of a sale, transactions are settled instantaneously,

where a consumer transfers yS ∈ [0, a − yC] units of the asset to the producer in return for

3In doing so, the modeling approach follows the `learning-by-holding' logic of Plantin (2009), arguing that holders of an asset
learn quicker about its quality than other investors in the market, creating information frictions.

4Earlier work motivating the necessity of a medium exchange in frictional goods markets involves Kocherlakota (1998),
Wallace (2001), and Shi (2006).
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qS units of the DM good. In case of collateralized credit, a consumer pledges yC ∈ [0, a− yS ]

units of the asset in return for qC, and agrees to repurchase the pledged asset in the subse-

quent CM at a price de�ned in the DM, where l represents the agreed-upon liability. In case

the consumer defaults on her credit obligation, the producer keeps the pledged asset yC. In

case the consumer repays, on the other hand, return of the collateral depends on commitment

frictions. In the baseline environment, it is assumed that, unlike consumers, producers are

committed to return the pledged collateral, while in the altered environment in Section 4,

said assumption is relaxed to study an environment in which both parties lack commitment.

Viable examples to justify commitment include central counterparties, punishment schemes

(e.g. exclusion from the �nancial sector upon default), and reputation concerns.5

3 Bargaining Game

I proceed by backward induction, starting with the agent's problem in the CM. For simplicity,

in the DM, I assume that the consumer's asset holdings are common knowledge in the match,

but not the return.6

The expected utility of a consumer and a producer, i = {c, p}, entering the CM with a

units of the real asset, their corresponding return κχ with χ ∈ {L,H}, and liabilities from

the previous period l are:

Wi(a, l;κ
χ) = max

z,h,a′
z − h+ EVi(a′;κ′χ) (3)

s.t. z + ψa′ = h− l + aκχ + ψA, (4)

where ψ is the CM price for one unit of the asset denominated in the numéraire good and

EVi(a′;κ′χ) is the expected value of entering the DM with a′ units of the asset, where the

expectation operator captures the uncertainty about the terminal return, κ′. Hence, an agent

�nances her end-of-period asset balances, a′, her CM consumption, z, and her outstanding

credit obligations, l, through inputs of labor, h, and the asset returns, aκχ, realized in the

CM. Using the budget constraint to eliminate z − h in the objective function, the value

5Prominent work endogenizing commitment using punishment and reputation includes Diamond (1989), Kehoe and Levine
(1993), Alvarez and Jermann (2000), and Gu et al. (2013).

6This allows to avoid specifying a producer's beliefs regarding the consumer's asset holdings. The assumption is without
loss of generality, since a consumer's surplus is monotonically increasing in her asset holdings and hence, if a consumer had the
possibility to report her asset holdings prior to the match, there would be an equilibrium in which she would do so truthfully.
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function reduces to:

Wi(a, l;κ
χ) = aκχ + ψA− l + max

a′
{−ψa′ + EVi(a′;κ′χ)}, (5)

where EVa′ = 1 is the marginal value of carrying another unit of the real asset into the DM,

and Wa = κχ and Wl = −1 are the partial derivatives of Wi(a, l;κ
χ) with respect to a and

l. The usual linearity and independence properties apply, i.e., Wi(a, l;κ
χ) is linear in wealth

and the amount of assets carried into the DM is independent of the current asset holdings

when entering the CM.

The bargaining game between a consumer and a producer in the DM has the structure

of a signaling game, i.e., the informed agent moves �rst and makes the o�er. A strategy for

the consumer is to specify an o�er, (qc, yS,c, yC,c, lc), where qc(a;κχc ) = qS,c(a;κχc ) + qC,c(a;κχc )

is the amount of DM goods received, yS,c(a;κχc ) the share of assets sold, yC,c(a;κχc ) the share

of assets deposited as collateral, and lc(a;κχc ) the credit obligation in period t + 1, all as a

function of the consumer's type, κχc , and her asset holdings, a. In doing so, the transfer of

assets is constrained by the agent's current asset holdings, i.e., yS,c + yC,c ≤ a.7 Given the

o�er placed by the consumer, the producer updates her beliefs about the terminal return of

the consumer's asset and de�nes an acceptance rule, Ap, that speci�es the set of acceptable
o�ers. Due to bilateral matching and thus qc = qp, yS,c = yS,p, yC,c = yC,p, and lc = lp, I

refrain from the subscripts c and p for these variables going forward. Hence, the consumer's

payo� in the state κχc is:

Vc(a;κχ) =
{
u (q) + β

[
(1− d)Wc (a− yS , l;κχ) + dWc (a− yS − yC, 0;κχ)

]}
IAp

+ βWc (a, 0;κχ)
(
1− IAp

)
,

(6)

where IAp is an indicator function equal to one if the consumer's o�er is in the producer's

set of acceptable o�ers, i.e., if (q, yS , yC, l) ∈ Ap, and zero otherwise. If engaging in a

collateralized credit, default is a binary choice variable, d ∈ {0; 1}, allowing consumers to

default on their credit obligation, where d = 0 denotes repayment, and d = 1 default. Using

the linearity of the agent's value function in the CM, the consumer's payo� in case of trade

can be reduced to her match surplus, Sc(a;κχ) =
{
u (q)− β

[
ySκ

χ + (1− d)l + dyCκ
χ
]}

IAp .

7This is in line with the lotteries introduced by Berentsen et al. (2002) under indivisibility, where agents in a bilateral trade
are able to o�er their asset probabilistically.
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Similarly, the producer's payo� is given by:

Vp(a;κχ) =
{
−q + β

[
(1− d)Wp (a+ yS , l;κ

χ) + dWp (a+ yS + yC, 0;κχ)
]}
IAp

+ βWp (a, 0;κχ)
(
1− IAp

)
,

(7)

which can be reduced to the match surplus Sp(a;κχ) =
{
−q+β

[
ySκ

χ
c +(1−d)l+dyCκ

χ
c

]}
IAp .

In order for a producer to accept the o�er made by the consumer, she has to form expectations

about the terminal return of the consumer's asset, κχc . Let λ = Prob[κc = κHc | (q, yS , yC, l)] ∈
[0, 1] represent the producer's posterior belief that the consumer's asset is of high quality,

κc = κHc , conditional on the o�er, (q, yS , yC, l), made. The posterior expected return can

therefore be formulated as:

Eλ[κc] = λ(q, yS , yC, l)κ
H
c + [1− λ(q, yS , yC, l)]κ

L
c , (8)

determining the producer's set of acceptable o�ers, Ap(λ) ⊆ F :

Ap(λ) =
{

(q, yS , yC, l) ∈ F : −q + β
[
yS + dyC

][
λκHc + [1− λ]κLc

]
+ β(1− d)l ≥ 0

}
. (9)

Hence, for a given belief system, λ(q, yS , yC, l), in order for a producer to accept an o�er

made by the consumer, the o�er has to yield a non-negative expected surplus. Assuming a

tie-breaking rule according to which a producer agrees to any o�er that makes her indi�erent

between accepting and rejecting, the consumer chooses an o�er that maximizes her surplus,

Sc(a;κχ), taking as given the acceptance rule of the producer, (11), incentive-compatibility

constraints, (12)-(13), and a feasibility constraint, (14). Therefore, the consumer's problem

reduces to:

Sc(a;κχ) = max
d∈{0;1}

[
(1− d) max

q,l,yS ,yC

[
u(q)− βySκχ − βl

]
+ d max

q,l,yS ,yC

[
u(q)− βySκχ − βyCκχ

]]
IAp ,

(10)

subject to:

− q + β
[
yS + dyC

][
λκH + [1− λ]κL

]
+ β(1− d)l ≥ 0 (11)

u(qH)− β(yHS + dyHS )κL − β(1− d)lH ≤ u(qL)− β(yLS + dyLS )κL − β(1− d)lL (12)

u(qL)− β(yLS + dyLS )κH − β(1− d)lL ≤ u(qH)− β(yHS + dyHS )κH − β(1− d)lH (13)

a− yS − yC ≥ 0. (14)
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I consider Perfect Bayesian Equilibria, where an equilibrium for this bargaining game is a

pro�le of strategies for the consumer and the producer, and a system of beliefs. If (q, yS , yC, l)

is an o�er made by the consumer, then λ(q, yS , yC, l) is derived from the producer's prior

belief according to Bayes' rule. O�ers can be separating or pooling. Since without re-

striction there is no discipline for unreasonable out-of-equilibrium beliefs, the equilibrium

is re�ned by the Mailath et al. (1993) undefeated equilibrium, endogenously selecting be-

tween separating o�ers, (qL, yLS , y
L
C , l

L; a, κL) 6= (qH , yHS , y
H
C , l

H ; a, κH), and a pooling o�er,

(q, yS , yC, l; a, κ
L) = (q, yS , yC, l; a, κ

H) = (q̄, ȳS , ȳC, l̄). Among the sustainable separating and

pooling o�ers, the re�nement chooses the one maximizing the high-type consumer's period

surplus, Sc(a;κH), to eliminate potential Pareto ine�ciencies. This includes the choice be-

tween collateralized credit and asset sale. De�nition A de�nes:

De�nition A. (Undefeated Equilibrium) An undefeated equilibrium is a pair of strategies

and a belief system, {[q(a;κ), yS(a;κ), yC(a;κ), l(a;κ), d(a;κ)], λ(q, yS , yC, l)}, such that the

terms of trade are:

(i) (qL, yLS , y
L
C , l

L) 6= (qH , yHS , y
H
C , l

H) if Sc(a;κH) > S̄c(a;κH), and

(ii) (q̄, ȳS , ȳC, l̄) if S̄c(a;κH) > Sc(a;κH),

with Sc(a;κH) and S̄c(a;κH) being the surpluses of a high-type consumer placing a separating

or a pooling o�er respectively, and the producer's posterior belief is:

(i) λ = 0 for all o�ers that make the high-type consumer strictly worse o�, and are preferred

to (q̄, ȳS , ȳC, l̄) by the low-type consumer; and

(ii) λ = 1 for all o�ers that make the low-type consumer strictly worse o� than (qL, yLS , y
L
C , l

L).

Out-of-equilibrium o�ers, (q̃, ỹS , ỹC, l̃), are associated to the low-type consumer, i.e., λ = 0.

Hence, an equilibrium is considered undefeated if it maximizes the high-type consumer's

surplus, Sc(a;κH) or S̄c(a;κH), and if there exists no other equilibrium o�er such that either

the high-type consumer has an incentive to unilaterally deviate to a separating o�er, or both

types prefer a deviation to a pooling o�er. This includes the choice between collateralized

credit and asset sale. Incentive-compatible separating and pooling o�ers are characterized

in Proposition A and B respectively, while Proposition C determines the undefeated equilib-

rium.
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3.1 Separating O�ers

I start by characterizing the least-ine�cient separating o�ers, (qL, yLS , y
L
C , l

L) 6= (qH , yHS , y
H
C , l

H).

Proposition A summarizes. The proof is delegated to Appendix A.

Proposition A. (Separating o�ers) Separating o�ers, (qL, yLS , y
L
C , l

L) 6= (qH , yHS , y
H
C , l

H),

solve (10)-(14). For κL > 0, the DM allocations correspond to:

qLj = min{q∗, βaκL}, (15)

yLj = min
{
qLj /βκ

L − yL−j, a− yL−j
}
, (16)

lL = yLC κ
L, (17)

and:

qHj =
[
κH/κL

][
u(qHj )−

[
u(qLj )− qLj

]]
∈ [0, qLj ), (18)

yHj = qHi /βκ
H − yH−j, (19)

lH = yHC κ
H , (20)

with j ∈ {S; C} = {sale; credit}, d ∈ {0; 1}, and qLS = qLC , q
H
S = qHC , y

L
S = yLC , and y

H
S = yHC .

If κL = 0, then qLj = qHj = yLj = yHj = 0. Proof in Appendix A.

Consider �rst a low-type consumer. In equilibrium, a low-type can do no worse than to

reveal her type, since this o�er is always acceptable to the producer, independent of her

beliefs. At the same time, a low-type cannot do better, since every deviation would require

pooling with a high-type's o�er, and such out-of-equilibrium o�ers are ruled out by the

binding incentive compatibility constraint, (12). Hence, low-type consumption is e�cient if

real balances are large enough to compensate the producer for her disutility of production,

i.e., if qL = βaκL = q∗. Else, qL < q∗ holds. Taking the low-type's o�er as a benchmark, a

high-type consumer separates. However, this separation comes at a cost, where (18) uniquely

determines qH ∈ [0, qL). Given qH < qL, and thus yHκH < yLκL, it immediately follows that

yH < yL.8 In other words, separation takes place through asset retention. The amount of

assets retained is exactly at the threshold such that the low-type has no incentive to mimic

the high-type's o�er � an application of Gresham's law suggesting that low-quality assets

8Note that under full-information, since 0 ≤ κL < 1 < κH < ∞, the high-type would consume a higher quantity than the
low-type, qH > qL ≥ 0, and spend a lower fraction of her assets, yH < yL.
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crowd out high-quality assets. In the limiting case with κL = 0, separation breaks down,

and qH = qL = yH = yL = 0.

Corollary A. (Equivalence) In a separating equilibrium, the allocations for collateralized

credit and asset sale are equivalent.

Proposition A shows that in a separating equilibrium, the allocations for collateralized credit

and asset sale are equivalent. By signaling her true type, a consumer eliminates the pro-

ducer's uncertainty regarding the future return of the provided asset, i.e., λ(qH , yHS , y
H
C , l

H) =

1 and λ(qL, yLS , y
L
C , l

L) = 0, allowing future credit obligations, l, to be priced adequately, ren-

dering the consumer's default decision, d ∈ {0; 1}, irrelevant.

Lemma A. (Comparative statics: separating equilibrium) In a separating equilibrium,

for qL < q∗:

(i) ∂yH/∂(κH − κL) < 0; and

(ii) ∂yH/∂a ∈ (0, 1).

If qL = q∗, then ∂yH/∂a = 0. Proof in Appendix B.

The �rst part of Lemma A shows that the amount of high-return assets sold or pledged

decreases with an increase in the distance between the asset returns κH and κL. Hence, the

more severe the return heterogeneity, the more binding the incentive compatibility constraint,

(12), and thus the lower yH . For the second part of Lemma A, assessing the response of yH

to a, two cases need to be distinguished. If qL < q∗, an additional unit of the asset raises the

low-type's surplus. As a consequence, the high-type's marginal willingness to sell or pledge

is positive. However, since she faces a binding constraint and can only use a fraction of

each additional asset without generating the incentive for the low-type to mimic her o�er,

the high-type's marginal willingness to sell is less than one, and hence ∂yH/∂a ∈ (0, 1). If

qL = q∗, in turn, an additional unit does not relax the high-type's constraint, and thus her

willingness to sell or pledge another unit of the asset is zero, i.e., ∂yH/∂a = 0.
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3.2 Pooling O�er

Having determined the least-ine�cient separating o�ers, I now determine the most-e�cient

pooling o�er, (q̄, ȳS , ȳC, l̄). Proposition B summarizes. The proof is delegated to Appendix C.

Proposition B. (Pooling o�er) A pooling o�er, (q̄, ȳS , ȳC, l̄), solves (10)-(14). For κ
L > 0,

the DM allocations correspond to:

q̄S = βȳSR < q∗, (21)

ȳS = q̄S/βR− ȳC, (22)

for an asset sale, S; and:

q̄C = min{q∗, βȳCκL}, (23)

ȳC = min
{
q̄C/βκ

L − ȳS , a− ȳS
}
, (24)

l̄ = ȳCκ
L, (25)

for a collateralized credit, C, where d ∈ {0; 1}, and q̄ = q̄S + q̄C. If κL = 0, then q̄C = 0.

Proof in Appendix C.

Proposition B shows that allocations for collateralized credit and asset sales are non-equivalent

in a pooling equilibrium. In the event of an asset sale, no information is revealed and the

producer's updated belief corresponds to the initial belief, λ(q, yS , yC, l) = π, suggesting

pricing at the expected value, R = πκH + (1 − π)κL. As a consequence, with every unit of

the asset sold, a high-type consumer subsidizes the consumption of the low-type consumer.

An immediate reaction is reduced consumption, q̄S < q∗, in the DM. Pricing di�ers in the

event of a collateralized credit. If the high-type o�ers the same quantity as in an asset sale,

suggesting asset pricing at the expected value, R, a producer updating her beliefs about the

consumer's default decision in (10) understands that every high-type will honor her credit

obligation to receive back her high-return asset, while every low-type will default. The con-

sequence is a strictly negative surplus for the producer, Sp < 0, violating the acceptance

rule Ap(λ) in (11). Hence, to ensure participation of the producer, a haircut, H = R − κL,
pricing every asset at the low return, κL, is applied, eliminating a low-type's incentive to

default. The result is over-collateralization resulting in �rst-best consumption, q̄C = q∗, for

both low- and high-type consumers if βaκL ≥ q∗, and q̄C < q∗ if βaκL < q∗, equivalent to
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the low-type consumer's full information o�er in (15)-(17).

Corollary B. (Non-equivalence) In a pooling equilibrium, the allocations for collateralized

credit and asset sale are non-equivalent.

Given the producer's updated beliefs about the consumer's default decision in (10) and her

commitment to return the asset upon repayment of the credit obligation in the subsequent

CM, the allocations for asset sale and collateralized credit are non-equivalent in a pooling

equilibrium. While an asset sale requires the asset to be priced at the expected value, R,

a collateralized credit allows a high-type consumer to mimic the low-type consumer's full-

information o�er and obtain �rst-best consumption if in possession of su�cient real balances,

understanding that upon repayment of her credit obligation, she can consume the high return

of her assets without the necessity to sacri�ce consumption in the DM. Given the Intuitive

Criterion, an outcome unattainable in the separating equilibrium characterized in Proposi-

tion A.

Lemma B. (Comparative statics: pooling equilibrium) In a pooling equilibrium, in

the event of an asset sale, S:

(i) ∂ȳS/∂(κH − κL) < 0.

In the event of a collateralized credit, C:

(ii) For q̄C = q∗: ∂ȳC/∂κ
L < 0 = ∂ȳC/∂κ

H .

(iii) For q̄C < q∗: ∂ȳC/∂κ
L = ∂ȳC/∂κ

H = 0.

Proof in Appendix D.

The comparative statics in Lemma B are divided into three parts. The �rst part (i) considers

pooling sale and shows that the amount of assets sold by the high-type consumer decreases

with increase in the distance between the asset returns κL and κH . Part (ii) and (iii), in

turn provide comparative statics for collateralized credit, where distinction is made between

q̄C < q∗ and q̄C = q∗. If a consumer gets �rst-best consumption, i.e., βȳCκ
L = q∗, an increase

in the return of the low-quality asset reduces the amount of assets pledged to the producer,

∂ȳC/∂κ
L < 0. An increase in the return of the high-quality asset, on the other hand, has
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no e�ect on ȳC since the o�er corresponds to the full-information o�er of a low-type in the

separating equilibrium characterized in Proposition A. Lastly, if βȳCκ
L < q∗, for intuitive

reasons, an increase in both κL and κH has no e�ect on the amount of assets pledged, since

ȳC = a.

3.3 Undefeated Equilibrium

Having determined the incentive-compatible o�ers in the DM, showing non-equivalence of

collateralized credit and asset sales in a pooling equilibrium, we now revisit the undefeated

equilibrium characterized in De�nition A, and hence the o�er selection maximizing the high-

type consumer's surplus. Following the consumer's problem (10)-(14) and the separating and

pooling allocations determined in Proposition A and B, the high-type consumer's surpluses

are de�ned as:

Sc(a;κH) = u(qH)− qH , (26)

S̄c,C(a;κH) = u(q̄C)− q̄C, (27)

S̄c,S(a;κH) = u(q̄S)− q̄SκH/R, (28)

where Sc(a;κH) denotes the high-type consumer's surplus o�ering a separating o�er, S̄c,C(a;κH)

the high-type consumer's surplus o�ering a pooling collateralized credit, and S̄c,S(a;κH) the

high-type consumer's surplus o�ering a pooling sale, with (qH , yHS , y
H
C , l

H) and (q̄, ȳS , ȳC, l̄)

de�ned in (18)-(20) and (21)-(25) respectively.

Proposition C. (Undefeated equilibrium) Assume κL > 0. There exists a threshold

asset supply, ã ∈ (0, a∗) with q∗ = βa∗κL, such that:

(i) If a > ã, then S̄c,C(a;κH) > S̄c,S(a;κH) and S̄c,C(a;κH) > Sc(a;κH);

(ii) If a < ã, then S̄c,S(a;κH) > S̄c,C(a;κH) and S̄c,S(a;κH) > Sc(a;κH);

(iii) If a = ã, then S̄c,S(a;κH) = S̄c,C(a;κH) > Sc(a;κH),

where Sc(a;κH) denotes the high-type consumer's surplus o�ering a separating o�er de�ned in

(18)-(20), S̄c,C(a;κH) the high-type consumer's surplus o�ering a pooling collateralized credit

de�ned in (23)-(25), and S̄c,S(a;κH) the high-type consumer's surplus o�ering a pooling sale
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de�ned in (21)-(22). If κL = 0, a pooling sale is the only sustainable o�er ∀ a ∈ (0, a∗].

Proof in Appendix E.

Figure 2: Undefeated equilibrium with u(q) = 2
√
q

The results of the bargaining game show that equilibrium allocations depend on the amount

of assets carried along the period, as visualized in Figure 2 displaying the high-type con-

sumer's surpluses o�ering a separating o�er, Sc(a;κH) (dashed line), a pooling collateralized

credit, S̄c,C(a;κH) (solid line), and a pooling sale, S̄c,S(a;κH) (dotted line) using u(q) = 2
√
q.

If assets are relatively plentiful, i.e., if a > ã, high-type consumers prefer a pooling collat-

eralized credit to selling assets at the expected value, R, since it allows them to consume

q̄C = βaκL without sacri�cing the high return, κH . Low-type consumers in turn would prefer

to sell their assets at the pooling price, R, exploiting the information friction at the cost of

the high-type consumers. However, as de�ned in De�nition A, producers know that high-

type consumers would never choose to sell assets for a > ã, and therefore attribute such

out-of-equilibrium o�ers to low-type consumers revealing their type. Hence, for a > ã, the

settlement strategy is unique. Consider now the case in which asset holdings are relatively

low. If a < ã, a �re-sale equilibrium installs itself and high-type consumers prefer outright

selling ȳS ≤ ã assets at a pooling price rather than engaging in a secured credit contract.

Hence, the cost associated with the concomitant over-collateralization o�sets the bene�cial

terms of trade when assets are relatively scarce. In that context, it is also important to

note that separating o�ers are dominated for all ranges of a ∈ (0, a∗], since the cost of asset

retention renders allocations ine�cient. Finally, in the limiting case with κL = 0, a pooling

sale remains as the only feasible o�er.
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Figure 3: Increase in κH − κL

Lemma C. (Comparative statics) If κL > 0, then ∂ã/∂(κH−κL) > 0. Proof in Appendix

F.

Relying on the results in Proposition C, Lemma C studies the e�ect of a change in the

distance between the asset returns κH and κL on the threshold value ã. The results show

that an increase in κH − κL increases ã for two reasons: First, with a decrease in κL, a

high-type consumer's surplus o�ering a secured credit decreases by more than her surplus

o�ering an asset sale, diminishing the superiority of collateralized credit. As a consequence,

consumers require higher asset holdings to choose this settlement option over asset sale.

Second, an increase in κH decreases the high-type consumer's surplus o�ering an asset sale,

as pricing at the expected value and the consequential subsidization of low-type consumers

reduces ȳS . The surplus o�ering a collateralized credit, on the other hand, is not a�ected

by an increase in κH since the o�er is equivalent to the low-type consumer's full information

o�er. Figure 3 visualizes the e�ects. With an increase in κH − κL, the threshold value ã

increases to ã′, while ȳS decreases to ȳ
′
S given the results in Lemma B. Hence, if a consumer

enters the DM with a < ã′, she is better o� o�ering ȳ′S < ã′, while for a > ã′, a pooling

collateralized credit is the dominant strategy.

4 Zero Commitment

Having solved the bargaining game and determined the equilibrium allocations under the

assumption that producers can commit, we now alter the environment to an economy with
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zero commitment.9 The Proposition D and E summarize the implications for separating and

pooling o�ers, respectively, while Proposition F determines the undefeated equilibrium.

Proposition D. (Separating o�ers without commitment) Even if producers cannot

commit to future actions, the separating o�ers are equivalent to (15)-(17) and (18)-(20) in

Proposition A. Proof in Appendix G.

The results in Proposition D show that the separating o�ers, (15)-(17) and (18)-(20),

in Proposition A are robust to commitment frictions. Since asset retention allows assets to

be priced at their fundamental values, κL and κH , both consumers and producers have no

strict incentive to renege on their promises, rendering the default decision irrelevant. As a

consequence, collateralized credit and assets sales remain equivalent in a separating equilib-

rium, even in the absence of producer's commitment.

Proposition E. (Pooling o�er without commitment) If producers cannot commit to

future actions, then q̄C = q̄S < q∗ and ȳC = ȳS in (21)-(22). Proof in Appendix H.

Proposition E shows that if producers cannot commit to future actions, the allocations

for a pooling collateralized credit are equivalent to the pooling asset sale characterized in

(21)-(22). The reason is intuitive. If a high-type consumer were to o�er (q̄, ȳC, l̄) in (23)-(25),

a producer understands that the expected return of the pledged asset is R > κL, and thus

has an incentive to default on the consumer. Hence, for a high-type consumer, such an o�er

would be equivalent to selling high-quality assets at the low price, κL. The resulting surplus

is strictly smaller than pledging a lower quantity of assets priced at the expected value, R,

rendering allocations equivalent to an asset sale.

The results in proposition D and E show that in the absence of producer's commitment,

collateralized credit and asset sales are equivalent, yielding ine�cient allocations for both

separating and pooling o�ers. Hence, for collateralized credit to dominate asset sales, and

thus e�ciency to occur in the presence of information frictions, it is vital to have commitment

by lenders. This motivates technologies like central counterparties, public record-keeping, or

long-term relationships (reputation). While the work of Diamond (1989), Kehoe and Levine

(1993), Alvarez and Jermann (2000), and Gu et al. (2013) discusses these technologies in

9Note that the inability of consumers to commit cannot be altered, since relaxing this friction would result in perfect credit
markets, eliminating the need for a medium of exchange, and hence the demand for assets.
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the context of perfect credit markets, this paper sheds new light on collateralized credit,

highlighting the importance of commitment on the lender's side.

Proposition F. (Undefeated equilibrium without commitment) If producers cannot

commit to future actions and κL > 0, there exists a threshold value π̂ ∈ (0, 1) such that:

(i) If π < π̂, then S̄c(a;κH) < Sc(a;κH) and the equilibrium is separating.

(ii) If π > π̂, then S̄c(a;κH) > Sc(a;κH) and the equilibrium is pooling.

where Sc(a;κH) denotes the high-type consumer's surplus o�ering a separating o�er de�ned

in (18)-(20), and S̄c(a;κH) the high-type consumer's surplus o�ering a pooling o�er de�ned

in (21)-(22). If κL = 0, a pooling o�er is the only sustainable o�er. Proof in Appendix I.

Relying on De�nition A, Proposition F determines the o�er selection in the absence of

producers' commitment. The results are in line with Li and Rocheteau (2008) and Bajaj

(2018), studying the undefeated equilibrium in a Shi (1995) and Trejos and Wright (1995)

second-generation monetary search model with indivisible assets. If the fraction of low-type

consumers in the economy is large (i), the expected return, R, is low, and thus separation

is worthwhile for the high-type consumer. On the other hand, if the fraction of low-type

consumers is relatively low (ii), the reduced consumption incurred through asset retention

is not justi�ed, and thus selling assets at the pooling price dominates a separating o�er. If

κL = 0, analog to Proposition A and B, a pooling sale remains as the only sustainable o�er.

5 General Equilibrium

This section incorporates the solutions of the bargaining game into the general equilibrium

structure of the model and determines the agents' choice of asset holdings in the CM. Since

said decision takes place before the idiosyncratic information shock is realized, the agents'

decision does not impart any private information about the assets' future return. The fol-

lowing market clearing condition holds with N being the total number of consumers and

producers in the economy: ∫
j∈N

a(j)dj = A. (29)
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Using the linearity of the CM value function (5) yields:

a ∈ arg max
a
−(ψ − β)a+ ESi(a;κ) ≥ 0, (30)

where ESi(a;κ) is the consumer and producer's expected DM surplus with i = {c, p}. Given
(30), an agent chooses a maximizing her expected surplus in the DM net of the cost of

holding assets, −(ψ − β)a. If ψ > β, assets are costly to hold and hence there is a uniqure

solution to (30). For ψ < β, however, demand would be ini�nite, and hence there is no

solution. Therefore, in equilibrium, the latter case is ruled out, assuring ψ ≥ β. Given the

signaling game, suggesting zero surplus for the producer, consumers will be the only ones

accumulating assets in the CM. Furthermore, since consumers are homogeneous prior to the

realization of the information shock at the end of the CM, each consumer enters the DM

with the same amount of assets, a.

De�nition B. An equilibrium is a list of asset holdings in the CM, terms of trade in the

DM, and aggregate asset supply, {a(·), [q(·), yS(·), yC(·), l(·), d(·)], A}, such that:

(i) a(·) is a solutution to (30);

(ii) [q(·), yS(·), yC(·), l(·), d(·)] is a solution to (10)-(14);

(iii) A ∈ R+ is the total supply of assets in the economy; and

(iv) The market clearing condition for A, (29), holds.

Proposition G. (Asset pricing) There exists a unique solution to (30), corresponding to:

ψ = β[1 + L], (31)

with:

Lj = (1− π)κL
[
u′(qL)− 1

]
+ πκH

[
u′(qH)− 1

]
Ω (32)

L̄S = R
[
u′ (q̄S)− 1

]
(33)

L̄C = κL
[
u′ (q̄C)− 1

]
, (34)

where j ∈ {S, C} = {sale; credit}, and Ω = [u′(qL) − 1]/[(κH/κL)u′(qH) − 1]. Proof in

Appendix J.
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Equation (32) denotes the marginal surplus (liquidity premium) of an additional asset in the

DM in a separating equilibrium. The �rst part on the right-hand side represents the marginal

surplus of a low-type consumer, whereas the second part corresponds to the one of a high-

type consumer, de�ned as the liquidity value of a high-return asset under full-information,

multiplied by the high type's marginal willingness to spend under private information, Ω =

∂yH/∂a ∈ [0, 1), where Ω = 0 for qL = q∗. Due to the binding incentive compatibility

constraint, (12), to successfully separate from a low-type consumer, a high-type consumer

faces a binding resaleability constraint. As a consequence, only a fraction of each additional

unit of an asset can be used as a medium of exchange in the DM. Equation (33) characterizes

the liquidity premium in the event of a pooling sale (and thus a pooling credit if a producer

lacks commitment). Lastly, equation (34) corresponds to the consumer's liquidity premium

in a pooling collateralized credit if a producer can commit, whereas the di�erence to (33)

stems from the applied haircut, H = R− κL.

6 Optimal Policy

Having determined the general equilibrium results of the model, let us now discuss optimal

policy.

Proposition H. (Optimal asset supply) First-best consumption, βa∗κL = q∗, occurs for

A = A∗ with Lj = L̄C = 0 and L̄S > 0. If A < A∗, and hence ψ > β, then ∂L/∂a < 0. Proof

in Appendix K.

Proposition H revisits the relationship between the liquidity premium, L, and a change in

the asset supply, A. From Proposition A and B we know that qL = q∗ (and thus q̄C =

q∗ if a producer can commit) if the consumer's feasibility constraint is slack, and hence

ψ = β, suggesting Lj = L̄C = 0. For ψ > β, however, qL < q∗, implying L > 0 for all

settlement strategies, where the liquidity premium decreases with an increase in the asset

supply, ∂L/∂a < 0. Thus, by increasing the asset supply in the economy, the opportunity

cost of holding assets decreases, resulting in increased consumption.

Should the asset supply be rigid, consumption can be increased by exchanging information-

sensitive assets for risk-free bonds. Proposition I summarizes the implications of an open

market operation in an environment with ψ > β, analog to the large scale asset purchases
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conducted in response to the Great Recession.

Proposition I. (Open market operations) Assume ψ > β. An open market operation,

exchanging A units of information-sensitive assets for B ∈ R+ units of one-period lived risk

free bonds in the CM, improves allocations. E�ciency occurs for B = B∗ with β[aκL + b∗] =

q∗ if a producer can commit, and B = B∗∗ > B∗ with βb∗∗ = q∗ if there is zero commitment.

Proof in Appendix L.

To mitigate the ine�ciencies associated with trade under private information, interven-

tions need to be conducted before the information friction materialized, following Mankiw

(1986), Tirole (2012), and Chiu and Koeppl (2016) among others.10 More precisely, exchang-

ing A units of information-sensitive assets for B units of liquid one-period risk-free bonds in

the CM. To do so, the following government budget constraint needs to hold:

ψA+B = ωB + A, (35)

where ω denotes the CM price for one unit of the risk-free bond paying one unit of the

numéraire good in the subsequent CM. Hence, by selling B bonds at price ω in the CM, the

government raises enough money to purchase information sensitive assets A, whereas the

average return, R = 1, covers the return on bonds. The size of the open market operation

depends on commitment frictions. If a producer cannot commit to future actions, for �rst-

best consumption to occur for both low- and high-types, all information-sensitive assets need

to be replaced, suggesting A = B∗∗ such that βb∗∗ = q∗. If a producer can commit to future

actions, however, �rst-best consumption occurs for β[aκL + b∗] = q∗, and thus B∗ < B∗∗.

Interestingly, in the latter case, di�erent to Rocheteau (2011), even if information-sensitive

assets and risk-free bonds coexist, there is no pecking order, i.e., there is no preference to

spend risk-free bonds �rst. This novel result stems from the pooling collateralized credit

determined in Proposition B. High-type consumers do not forgo their high returns in the

CM by paying with the information-sensitive asset and hence have no incentive to retain

their high-return assets and pay with bonds �rst.

10An intervention of that sort in the DM would have no such e�ect, since the information friction already materialized, and
hence terms of trade are equivalent to the ones in a bilateral match between a consumer and a producer.
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7 Conclusion

This paper identi�es an optimal settlement strategy for institutions bilaterally exchanging

information-sensitive assets in OTC markets. The terms of trade are determined using a

signaling game re�ned by the undefeated equilibrium, endogenously selecting between a sep-

arating and a pooling o�er. The results show that (non-)equivalence of collateralized credit

and asset sale depends on information and commitment frictions. Allocations are non-

equivalent if lenders can commit to future action. If assets are relatively plentiful, agents

prefer a pooling collateralized credit subject to a haircut over any other sale or collateralized

credit agreement. If assets are scarce, however, the concomitant over-collateralization asso-

ciated with a collateralized credit o�sets the bene�cial terms of trade, shifting settlement to

asset sales at a pooling price. Policy recommendations include increasing the total supply

of information-sensitive assets or conducting open market operations, replacing information-

sensitive assets with risk-free bonds. Once commitment frictions increase, the equivalence of

collateralized credit and asset sale, albeit ine�cient, is restored.
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Appendix - Proofs

A. Proof of Proposition A

When studying separating equilibria, the undefeated equilibrium relies on the Cho and Kreps

(1987) Intuitive Criterion. The proposed o�er, (q, yS , yC, l), satis�es the intuitive criterion

of there exists no out-of-equilibrium o�er, (q̃, ỹS , ỹC, l̃), that satis�es:

u (q̃)− β[ỹSκ
H + (1− d)l̃ + dỹCκ

H ] > u(qH)− β[yHS κ
H + (1− d)lH + dyHC κ

H ], (A.1)

u (q̃)− β[ỹSκ
L + (1− d)l̃ + dỹCκ

L] < u(qL)− β[yLSκ
L + (1− d)lL + dyLC κ

L], (A.2)

−q̃ + β[ỹSκ
H + (1− d)l̃ + dỹCκ

H ] ≥ 0. (A.3)

According to (A.1)-(A.3), the out-of-equilibrium o�er, (q̃, ỹS , ỹC, l̃), would make the high-

type consumer strictly better o� and the low-type consumer strictly worse o�, as it would

be accepted by the producer believing it comes from a high-type consumer. Such o�ers are

ruled out by the intuitive criterion. Being aware of that, the proof proceeds in two steps.

First, it needs to be shown that no pooling equilibrium with yi > 0 can exist, and

that among all Perfect Bayesian Equilibria, only the least-ine�cient separating equilibrium

survives:

First proof: By contradiction. Consider �rst the left panel of Figure 4, displaying the sur-

plus of a low-type consumer, a high-type consumer, and a producer in a pooling equilibrium.

Suppose high- and low-types make the same pooling o�er, (q, y;κL) = (q, y;κH) 6= (0, 0),

leading to the respective surpluses:

Sc(a;κH) = u(q̄)− βȳκH , (A.4)

Sc(a;κL) = u(q̄)− βȳκL, (A.5)

and to the o�er being accepted by the producer, since she believes she is facing a high-type

consumer, given her participation constraint:

Sp ≡ {(q̄, ȳ) : −c(q̄) + βȳκH ≥ 0}, (A.6)

with c′(q) > 0 and c′′(q) > 0 for generality. One can immediately see that Sc(a;κL) is steeper

than Sc(a;κH), given the Spence-Mirrlees single crossing property. The proposed equilibrium

o�er, (q̄, ȳ), is located above Sp, since, by Bayes' rule, it is only accepted if π < 1, i.e., there
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Figure 4: Pooling versus Separating Equilibria

are some low-type consumers in the economy. The shaded-area indicates the set of o�ers that

increase the utility of the high-type, decrease the utility of the low-type, and are acceptable

to the producer, i.e., ful�ll (11) assuming that λ = 1. Thus, there exists an o�er involving

lower consumption, q, and a lower transfer, y, that would make the high-type consumer

better o�. Being aware that such an o�er would only be proposed by a high-type since it

makes the low-type worse o�, the producer accepts such a separating o�er, given she was

willing to accept the initial pooling o�er, (q̄, ȳ), in the �rst place. Hence, under the Cho

and Kreps (1987) intuitive criterion, pooling o�ers are not compatible, and therefore, if an

equilibrium exists, it has to be characterized by separating o�ers, i.e., di�erent o�ers for the

high- and the low-type buyers. The respective o�ers are described in (15)-(17) and (18)-(20),

and illustrated in the right-hand panel of Figure 4.

Low-type o�er: The low-type consumer's o�er is at the tangency point of the producer's

participation constraint, −c(qL)+βyLκL ≥ 0, and the low-type consumer's surplus, Sc(a;κL).

Thus, the low-type makes a full-information o�er. To solve for it, set the producer's partici-

pation constraint equal to zero since we face take-it-or-leave-it o�ers by the consumers. This

determines the corresponding amount of assets used, yLS and yLC . Then, plug the participa-

tion constraint, (11), holding with strict equality, into the low-type's maximization problem,

(10), and maximize with respect to qLS and qLC .

High-type o�er: To satisfy the producer's participation constraint and the incentive com-

patibility constraint, a high-type consumer has to make an o�er to the left of (and including)

Sc(a;κL) and above (and including) Sc(a;κH). The corresponding utility-maximizing o�er is

at the intersection of these two curves, implying qH < qL ≤ q∗. Hence, high-type consumers
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always consume less than the low-types and retain a fraction of their high-return assets, i.e.,

yH < yL ≤ a. To obtain qHS , q
H
C , y

H
S , and y

H
C , set the incentive compatibility constraint, (12),

to equality and plug in the producer's participation constraint, (11).

Second Proof: A system of beliefs is constructed that supports the least-ine�cient sep-

arating equilibrium, hence de�ning the producer's acceptance rule, (11):

In order for the high-type's o�er, (qH , yHS , y
H
C , l

H), to ful�ll the acceptance rule of the

producer, a belief system, λ(q, yS , yC, l), has to be generated that is consistent with the o�ers

in (15)-(17) and (18)-(20) and satis�es the Intuitive Criterion. Beliefs are determined from

Bayes' rule and take the following form:

(i) λ(q̃, ỹS , ỹC, l̃) = 0 ∀ (q̃, ỹS , ỹC, l̃) /∈ O, and u (q̃)− β[ỹSκ
L + (1− d)l̃+ dỹCκ

L] > u(qL)−
β[yLSκ

L + (1− d)lL + dyLC κ
L]

(ii) λ(q̃, ỹS , ỹC, l̃) = 1 ∀ (q̃, ỹS , ỹC, l̃) /∈ O, and u (q̃)− β[ỹSκ
L + (1− d)l̃+ dỹCκ

L] ≤ u(qL)−
β[yLSκ

L + (1− d)lL + dyLC κ
L],

whereO is the set of equilibrium o�ers. Hence, any out-of-equilibrium o�er, (q̃, ỹS , ỹC, l̃) /∈ O,
that increases the payo� of the low-type consumer compared to the full-information o�er in

(15)-(17), is attributed to the low-type consumer, while any other out-of-equilibrium o�er is

attributed to the high-type consumer.

B. Proof of Lemma A

From Proposition A, if a > 0, then qH is the unique solution in [0, qL) to:

u(qL)− qL = u(qH)− qH κ
L

κH
. (A.7)

To determine the �rst part of Lemma A, di�erentiate (A.7) to obtain:

∂qH

∂κL
=

[u′(qL)− 1]βa+ βyH

u′(qH)− κL

κH

> 0, (A.8)

∂qH

∂κH
= −

κL

κH
βyH

u′(qH)− κL

κH

< 0, (A.9)

where qL = βyLκL with yL = a for qL < q∗, qH = βyHκH , and 0 < yH < yL. Using
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qH = βyHκH , di�erentiating, and combining with ∂qH

∂κH
and ∂qH

∂κL
, yields:

∂yH

∂κL
=

[u′(qL)− 1]a+ yH

κHu′(qH)− κL
> 0, (A.10)

∂yH

∂κH
= − u′(qH)yH

κHu′(qH)− κL
< 0. (A.11)

The fact that yH = 0 if κL = 0 is straighforward from (A.7). To determine the second part

of Lemma A, di�erentiate (A.7) and use ∂qL

∂a
= βκL to obtain:

∂qH

∂a
=
βκL[u′(qL)− 1]

u′(qH)− κL

κH

. (A.12)

Use qH = βyHκH and di�erentiate to obtain:

∂qH

∂a
= βκH

∂yH

∂a
. (A.13)

Combine (A.12) and (A.13) to obtain:

∂yH

∂a
=

u′
(
qL
)
− 1

κH

κL
u′ (qH)− 1

∈ (0, 1), (A.14)

for βaκL < q∗, since u′(qL) < u′(qH) and κL < κH . For βaκL = q∗, and hence u′(qL) = 1,

however, ∂y
H

∂a
= 0.

C. Proof of Proposition B

When studying pooling equilibria, the undefeated equilibrium by Mailath et al. (1993) relies

on the most-e�cient pooling equilibrium proposed by Hellwig (1987), selecting the equilib-

rium maximizing the high-type consumer's surplus. I proceed in two steps: asset sales, S,
followed by collateralized credit, C.

Asset sale: Upon receiving a pooling sale o�er, (q̄S , ȳS), a producer's updated beliefs

correspond to her initial beliefs, i.e., π = λ, since the proposed o�er does not reveal any

information with respect to the asset quality of the consumer. Consequentially, in order

for a producer to accept the proposed o�er, her expected pro�t needs to be non-negative,

and hence −q̄S + βȳSR ≥ 0. Solving (11) for ȳS using λ = π, plugging into the high-type
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consumer's maximization problem, (10), and taking the derivative w.r.t. q̄S yields:

u′(q̄S) = κH/R > 1, (A.15)

and hence q̄S < q∗.

Collateralized credit: Proof by contradiction. Suppose a producer would accept the

posted collateral to be prized at the expected value, i.e. l̄ = ȳR, and hence q̄C = βȳCR,

rendering collateralized credit and asset sales in a pooling equilibrium equivalent. In that

scenario, each low-type consumer would default on her credit obligation, i.e. d = 1, resulting

in a loss for the producer, since the posted collateral (ȳκL) is worth less than the disutility of

production (−ȳR) exerted in the DM. High-type consumers, on the other hand, would repay

their credit, i.e., d = 0, since their posted collateral (ȳκH) is worth more than the credit

obligation (ȳR), leaving the producer with zero surplus. Given the producer's commitment

to repay collateral in CM at the price de�ned in the DM, a strictly negative surplus is the

consequence:

Sp = −q̄C + β[(1− π)ȳCκ
L + πȳCR]

= β(1− π)ȳC[κ
L −R] < 0,

(A.16)

for q̄C = βȳCR and π < 1, violating the producer's acceptance rule, (11). Hence, to guarantee

a strictly non-negative surplus for the producer, i.e., Sp ≥ 0, she needs to make sure that

a low-type consumer has no incentive to default on her credit obligation. To ensure that,

a producer only accepts the proposed contract if the asset is priced at the low-value, i.e.,

l̄ = ȳCκ
L, and hence q̄C = βȳCκ

L, yielding Sp = 0. Since consumer's take-it-or-leave-it o�ers

eliminate o�ers that yield Sp > 0, the contract is unique and characterized by (23)-(25) in

Proposition B.

D. Proof of Lemma B

To determine the e�ect of an increae in the distance between the high and the low asset

return, κH − κL, on ȳS , in (i), di�erentiate the �rst order condition:

u′(q̄S)− κH

πκH + (1− π)κL
= 0, (A.17)
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with respect to κH using q̄S = βȳSR to get:

∂ȳS
∂κH

=
(1− π)κK − πu′′(q̄S)q̄S

βu′′(q̄S)
< 0, (A.18)

given u′′(q̄S) < 0. Since R = πκH + (1 − π)κL = 1, an increase in κH implies a decrease in

κL, and therefore:
∂ȳS

∂(κH − κL)
< 0. (A.19)

Parts (ii) and (iii) are, given q̄S = min{q∗, βaκL}, straightforward.

E. Proof of Proposition C

As de�ned in De�nition A, an equilibrium of the bargaining game in the DM is a pair

of strategies and a belief system, {[q(a;κ), yS(a;κ), yC(a;κ), l(a;κ), d(a;κ)], λ(q, yS , yC, l)},
where (q, yS , yC, l; a, κ

H) is the equilibrium o�er of a high-type consumer, (q, yS , yC, l; a, κ
L)

the o�er of a low-type consumer, and λ(q, yS , yC, l) the system of beliefs. The o�er can be

either separating or pooling. Assuming that we only consider equilibria in which the con-

sumer's o�ers are accepted, an alternative equilibrium, {(q′, y′S , y′C, l′; a, κH), (q′, y′S , y
′
C, l
′; a, κL),

λ(q′, y′S , y
′
C, l
′)}, defeats the original equilibrium, if the following holds:

(i) For (q, yS , yC, l; a, κ
H) 6= (q, yS , yC, l; a, κ

L), if:

u
(
qH
)
− β(yHS + dyHC )κH − β(1− d)lH < u

(
q′H
)
− β(y′HS + dy′HC )κH − β(1− d)l′H .

(ii) For (q, yS , yC, l; a, κ
H) = (q, yS , yC, l; a, κ

L) = (q̄, ȳS , ȳC, l̄), if:

u (q̄)− β(ȳS + dȳC)κ
H − β(1− d)l̄ < u (q̄′)− β(ȳ′S + dȳ′C)κ

H − β(1− d)l̄′

u (q̄)− β(ȳS + dȳC)κ
L − β(1− d)l̄ < u (q̄′)− β(ȳ′S + dȳ′C)κ

L − β(1− d)l̄′,

where (i) corresponds to a separating equilibrium, and (ii) to a pooling. The alternative

equilibrium defeats the original equilibrium in two cases. First, as summarized in (i), if

there exists a pro�table deviation for the high-type in the separating equilibrium, or second,

in a pooling equilibrium (ii) if both types have an incentive to deviate. If there is no such

alternative equilibrium o�er, the original equilibrium is undefeated. Proposition A and B

characterize the o�ers.

To determine the equilibrium o�er, and hence the threshold ã ∈ (0, a∗), we compare the
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surplus' of a high-type consumer for each settlement strategy, de�ned as:

Sc(a;κH) = u(qH)− qH , (A.20)

S̄c,C(a;κH) = u(q̄C)− q̄C, (A.21)

S̄c,S(a;κH) = u(q̄S)− q̄SκH/R, (A.22)

with qL = q̄C ≤ q∗, qH ∈ [0, qL), and q̄S < q∗ de�ned in (18), (21), and (23). Assume κL > 0,

and hence qL, q̄S , q
H 6= 0. If a = a∗, where a∗ solves q̄C = βa∗κL = q∗, then:

S̄c,C(a;κH) > Sc(a;κH), (A.23)

since qH ∈ [0, qL) given (15) and (18), and

S̄c,C(a;κH) > S̄c,S(a;κH), (A.24)

since q̄S < q∗ given (21). If a→ 0, however, then q̄C = βaκL → 0, and thus:

S̄c,S(a;κH) > S̄c,C(a;κH), (A.25)

given q̄C = βaκL < q̄S = βȳSR. However,

S̄c,C(a;κH) > Sc(a;κH), (A.26)

still holds given the binding incentive compatibility constraint, (18), and thus u(qH)−qH κL

κH
=

u(qL)−qL, suggesting u(qH)−qH < u(qL)−qL = u(q̄C)−q̄C, and hence Sc(a;κH) < S̄c,C(a;κH).

Consequentially, there exists a threshold, ã ∈ (0, a∗), for which the high-type consumer's

surplus in a pooling sale and a pooling credit are equivalent, i.e.,:

S̄c,C(ã;κH) = S̄c,S(ã;κH), (A.27)

de�ning ã. Given that rationale, the following conditions emerge. If κL > 0, for a > ã,

a pooling collateralized credit dominates any other settlement strategy, while for a < ã, a

pooling asset sale is the dominant strategy.

Last but not least, if κL = 0, then qL = q̄C = qH = 0 and q̄S > 0, and hence a pooling

sale is the unique solution.

xi



F. Proof of Lemma C

Following the proof of Proposition C, the threshold value ã ∈ (0, a∗) satis�es (A.27) suggest-

ing:

u(βȳSR)− βȳSκH = u(βãκL)− βãκL (A.28)

given (21)-(25). Given R = 1 and ∂ȳS/∂(κH−κL)<0, for the above identity to hold, ã needs

to decrease following an increase in κL, and thus ∂ã/∂κL < 0 implying ∂ã/∂κH > 0.

G. Proof of Proposition D

As shown in Proposition A, the o�ers (15)-(17) and (18)-(20) price assets at their fundamen-

tal values, κL and κH , rendering the consumer's default decision irrelevant. Consequentially,

there is also no strict incentive for the producer to default, suggesting allocation equivalence

for both commitment and no-commitment of producers.

H. Proof of Proposition E

Proof by contradiction. If o�ered an asset as collateral at the low price, i.e., q̄C = βaκL and

l̄ = ȳCκ
L, given the producer's participation constraint:

ESp(a;κ) = −q̄ + β(ȳS + dȳC)[λκ
H + (1− λ)κL] + β(1− d)l̄ ≥ 0, (A.29)

with λ = π, a producer has a strict incentive to default on the consumer, since the expected

return of the pledged asset is higher than the credit obligation. For a high-type consumer,

such an o�er would be equivalent to selling the high-return assets at the low price, κL,

resulting in the consumer's surplus:

Sc(a;κH) = u(qL)− βaκH . (A.30)

Since such an o�er yields a positive surplus for the producer, it is strictly dominated by

selling assets at the pooling price, R, as proven in Proposition B. Consequently, high-type

consumers only pledge their asset as collateral, if priced at the expected value, R, rendering

sale and collateralized credit equivalent.

I. Proof of Proposition F

From (A.20) and (A.22) we know that a high-type consumer's surplus in a separating equi-
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librium is independent of π, and monotonically increasing in π in a pooling sale equilibrium.

Consider two limiting cases:

If π → 1, since a high-type consumer's surplus is independent of π in a separating

equilibrium, consumption qH ∈ [0, qL) is equivalent to (18) in Proposition A. In a pooling

equilibrium, since R → κH with π → 1, it follows that q̄S → q∗ given maxq̄S u(q̄S) − q̄S κ
H

R
.

Hence, for π → 1, it follows that S̄c(a;κH) > Sc(a;κH).

If π → 0, on the other hand, then R→ κL, and hence the high-type consumer's problem

o�ering a pooling sale reduces to maxq̄S u(q̄S)− q̄S κ
H

κL
, suggesting q̄S < qL. Consequentially,

the incentive compatibility constraint, (12), holds at (q̄S , ȳS), i.e., u(q̄S)− βȳSκL ≤ u(qL)−
βyLκL. Since the producer's participation constraint holds at −q̄S+βȳSκ

L = 0, the producer

realizes a positive surplus when trading with a high-type consumer, since −q̄S + βȳSκ
H > 0.

A separating o�er, on the other hand, guarantees zero surplus for the producer, as established

in Proposition A. Hence, for π → 0 it follows that Sc(a;κH) > S̄c(a;κH).

Consequentially, there exists a π̂ ∈ (0, 1), where for π > π̂, the equilibrium is pooling,

and for π < π̂, the equilibrium is separating.

J. Proof of Proposition G

To determine the equilibrium asset price, ψ, in Proposition G, take the derivative of (30) with

respect to a, taking the market clearing condition, ∫j∈N a(j)dj = A with N being the total

number of agents in the economy, into account, where q solves (15) and (18) in a separating

equilibrium, and (21) and (23) in a pooling equilibrium. (33) and (34) are straightforward.

To determine (32), take the derivative of (30) w.r.t a, resulting in:

−(ψ − β) + β(1− π)κL[u′(qL)− 1] + βπ
[
κHu′(qH)

∂yH

∂a
− ∂yH

∂a
κH
]
. (A.31)

To determine ∂yH/∂a, use the incentive compatibility constraint, (12):

u(qL)− qL = u(qH)− qH κ
L

κH
. (A.32)

and di�erentiate w.r.t to a, yielding:

∂qH

∂a
=
βκL[u′(qL)− 1]

u′(qH)− κL

κH

. (A.33)
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Then, use the fact that qH = βyHκH and di�erentiate w.r.t. a:

∂qH

∂a
= βκH

∂yH

∂a
. (A.34)

Last but not least, combine (A.33) with (A.34), and plug into (A.31) to get (32) .

K. Proof of Proposition H

From Proposition A we know qL = q∗ if βaκL ≥ q∗, and hence Lj = L̄C = 0. To show that

∂L/∂a < 0 for a < a∗ with βa∗κL = q∗, the proof proceeds in three steps, distinguishing

between pooling credit, pooling sale, and a separating o�er.

First, from L̄C in (34) we know that u′(q̄C) > 1 if a < a∗, and thus ∂L̄C/∂a < 0, since

an additional unit of the asset relaxes the consumer's feasibility constraint. The same logic

applies for L̄S in (33). Last but not least, consider the liquidity premium in a separating

equilibrium, Lj in (32). Revisiting Lemma A we know that ∂yH/∂a = 0 if a = a∗, and hence

∂Lj/∂a = 0, since an additional unit of the asset does not relax the high-type consumer's

incentive compatibility constraint. If a < a∗, and thus qL < q∗, however, the high-type con-

sumer's marginal willingness to sell or pledge another asset is positive, i.e., ∂yH/∂a ∈ (0, 1),

and hence ∂Lj/∂a < 0.

L. Proof of Proposition I

Consider an environment without private information and κL = κH = 1. From Proposition

A it follows that βa = q∗ if a ≥ a∗, re�ecting the insights from the low-type's full-information

o�er in (15)-(17). Thus, by replacing information-sensitive assets by risk-free bonds, yielding

one unit of the numéraire good in the CM, e�ciency occurs for βb∗∗ = q∗. Reintroducing

heterogenous returns, feasibility is guaranteed for AR = B, where ψ = ω = β holds for both,

β(aκL + b∗) = q∗ and βb∗∗ = q∗. An intervention of that sort in the DM, in turn, would

have no such e�ect, since the equilibrium notion remains the same, independent of whether

a consumer bilaterally trades with a producer or the government.
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