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1 Introduction

Consider an agent who owns some assets, such as corporate or municipal bonds, and wishes to
purchase goods or services from a producer in an environment where credit is not feasible. This
agent could attempt to use her assets as a medium of exchange; however, the producer, whose
primary interest is in producing goods or services, may not be equipped with the necessary
knowledge to determine the quality of these assets. Such asymmetric information can hinder
the assets’ use as a direct medium of exchange (Rocheteau, 2011). Alternatively, the agent
may choose to liquidate her assets for money in a secondary market and use that money to
purchase the goods/services. While the secondary market may also suffer from asymmetric
information, the severity of this asymmetry may not be absolute because asset buyers enter
that market to purchase this specific type of asset and are more likely to learn about (and
agree with sellers on) the quality of the assets. The New Monetarist literature has studied
how the role of assets as media of exchange can be hindered by asymmetric information, but
it has overlooked how trading assets in dedicated secondary markets can act as a release valve

to reduce information frictions and improve liquidity in general equilibrium.

The goal of this paper is to fill this gap. We develop a model where agents trade period-
ically in a decentralized goods market; due to standard frictions (e.g., anonymity and limited
commitment), a medium of exchange is necessary. Agents are free to use either fiat money or
a real asset as a medium of exchange. However, the producers of goods are uninformed about
the quality of the real asset, which hinders its role as a (direct) medium of exchange. A novel
ingredient of our model is that agents have the option to visit an over-the-counter (OTC)
secondary asset market where the real assets can be liquidated for money. The addition of
the secondary asset market is not only empirically relevant, but also an important theoretical
innovation; beyond giving agents the ability to liquidate assets for money (a superior medium
of exchange in equilibria where assets are only accepted at a discount), trade in this market
can serve as a signal to goods market participants that the asset is of good quality (and hence

should not be penalized with too much of a discount).!

To capture the idea that buyers in a dedicated asset market may not be completely
uninformed about the quality of the assets they are buying, we assume that a fraction of
OTC meetings operate under full information. We refer to these meetings as “transparent”,
in contrast to “opaque” meetings where only the holder/seller of an asset knows its quality.
To begin with, we assume that the fraction of transparent meetings, 7 € [0, 1], is exogenous
(but we will relax this later). All meetings in the goods market are opaque, but the asset

portfolio a consumer brings into the meeting carries information about how they traded in

! This is true independent of how imperfect information is in the goods market, including the case where
it is better than in the asset market. We only require that the informational imperfection in the asset market
not be absolute, and that the information in the goods market be short of perfect. See Appendix D.1.



the asset market, and therefore, indirectly, the quality of their assets. As a result, equilibrium
in all three markets — transparent asset market, opaque asset market, and goods market —
must be solved jointly. In a typical equilibrium, we find that trade in the transparent asset
market is separating (trivially, since there is no information asymmetry), trade in the opaque

asset market is pooling, and trade in the goods market is a mix of both.

Specifically, sellers of high-quality assets in transparent meetings will sell assets for moneys;
this helps them obtain money, of course, but also lets them reveal their type to producers
in the subsequent goods market. Sellers of low-quality assets in transparent meetings are
not under threat of being imitated, hence if they sell any assets they do so at a price that
reflects the low quality. Agents who are matched in opaque meetings trade at the pooling
price; interestingly, they always choose to sell a positive amount of assets to make sure they
are not imitated in the goods market by owners of low-quality assets who found themselves
in transparent meetings. In other words, even in the subset of asset market trades where
information is as asymmetric as in the goods market, agents are better off selling assets for
money. Therefore, even though we do not impose a cash-in-advance constraint in the goods
market, our framework offers a mechanism for money to emerge as the preferred medium of

exchange via asymmetric information and signaling.

One may expect that aggregate welfare should be increasing in the fraction 7 of transpar-
ent asset market meetings, since those meetings reduce the degree of asymmetric information.
However, in our model, aggregate welfare is non-monotone in 7. This is because a greater
number of opaque meetings, where agents trade at a pooling price, allows agents with low-
quality assets to “hide” among agents with high-quality assets, thus serving as an insurance
against the low quality shock. A higher 7 deprives agents of this insurance and hurts welfare.
At the same time, agents who realize that they cannot rely on this insurance, under a higher
7, choose to carry more money, which, ceteris paribus, increases welfare. The overall effect of
T on aggregate welfare depends on the relative strength of these two opposing forces. We also
explore the effect of inflation on welfare. While aggregate welfare is decreasing in inflation,
as expected, we find that the decrease is sometimes discontinuous: at low inflation levels,
carrying money is cheap, and agents can avoid using assets for liquidity altogether; however,
as inflation increases, agents start to rely on the liquidity role of assets, which exposes them

to the penalty of asymmetric information.

The next step is to endogenize the fraction of meetings that operate under complete
information (i.e., the value of 7). Specifically, we give asset sellers the option to pay a cost
k that allows them to trade in transparent meetings. One can think of x as the cost of
producing a certificate of the asset’s quality, or a fee to access a specialist intermediary who
can guarantee the quality of the asset. We find that agents pay x when inflation is neither

too high nor too low. When inflation is low, agents can use money if their assets are of low



quality. In other words, money serves as a cheap alternative to the insurance provided by
the opacity of the asset market explained earlier. For this reason, agents do not need to
rely heavily on asset liquidity, so they prefer not to pay «. But why would agents not pay
this cost when inflation is high and money holdings are scarce? This is because, as we have
explained, opaque meetings allow agents to obtain liquidity from assets even if they receive the
low quality shock. This insurance is especially valuable to agents when their money holdings
are low. Thus, allowing for an endogenous determination of 7 highlights new, important
insights regarding the liquidity role provided by assets, as money is no longer the unique
form of insurance against the quality shock. Agents choose not to pay k and trade in opaque

meetings, precisely when the cost of the alternative form of insurance (money) is high.

Finally, we examine how the size of the information cost k affects aggregate welfare.
Surprisingly, we find that as long as inflation is relatively low, the aggregate welfare can be
increasing in k, and this is independent of when « is paid. Intuitively, a large x discourages
agents from investing in information to participate in transparent meetings, which diminishes
the liquidity role of assets. When inflation is low, agents do not pay  (i.e., equilibrium
7 = 0), and assets do not provide liquidity services because agents carry large amounts of real

balances. This ultimately increases agents’ consumption if they turn out to be low-types.

1.1 Literature review

The closest work to ours is Rocheteau (2011). In that paper, money and assets can serve
as media of exchange in a decentralized goods market where producers cannot observe the
quality of the assets, which impairs their liquidity role. Our model adopts a similar framework;
however, agents now have access to a secondary asset market where assets can be sold for
money, and where the degree of asymmetric information is typically less severe (but not
necessarily; see Appendix D.1). Trading in this market serves not only to reallocate liquidity,
but also to signal asset quality in subsequent trades (i.e., in the goods market). Like Rocheteau
(2011), we find that money emerges as a dominant medium of exchange, but the notion of
dominance is different. In that paper, media of exchange are used along a pecking order with
money at the top; here, agents may take advantage of the secondary market to liquidate assets
and obtain more money to be used in exchange. Another difference is that we endogenize the
degree of asymmetric information, and thus derive results on how this degree itself depends
on economic conditions (such as inflation).

The addition of the secondary asset market, where agents rebalance their portfolios de-
pending on liquidity needs, imbues our real assets with “indirect liquidity” as introduced by

Geromichalos and Herrenbrueck (2016).2 Assets that can be exchanged easily for money en-

2 A paper which, in turn, is a hybrid of Lagos and Wright (2005) and Duffie, Garleanu, and Pedersen
(2005).



able an agent to carry less money in the first place, and therefore affect the broad supply
of “liquidity” even if they are never used as payment “directly”. In that paper, as in others
that make use of the indirect liquidity concept, money has the exclusive ability to serve as a
payment instrument, and this is imposed as an assumption.? While often empirically relevant,
this assumption is also subject to criticism: in his famous dictum, Wallace (1998) argued that
the adoption of a medium of exchange is endogenous and subject to changes if conditions
favor a different asset. Here, the real asset competes with money as a medium of exchange
in principle, but due to asymmetric information and adverse selection — and, crucially, the
existence of a secondary asset market — we find that money arises as the superior medium
of exchange endogenously, shifting the asset’s liquidity status from direct to indirect. As
predicted by Wallace (1998), the strength of this mechanism depends on economic conditions

such as inflation, access to asset markets, and information frictions in these markets.

In other related work, Madison (2019) and Wang (2020) study how asymmetric informa-
tion affects the liquidity of assets. Geromichalos, Jung, Lee, and Carlos (2021) also study the
coexistence of direct and indirect asset liquidity, but they do not directly deal with asymmet-
ric information, because they assume that producers in the decentralized goods market never
accept assets they do not recognize. Lu (2022) studies asset liquidity under the assumption
that buyers of assets, instead of sellers, possess more information. Lester, Postlewaite, and
Wright (2012) develop a framework where the degree of asset recognizability affects the degree
of asset acceptability. Hu (2013) studies the coexistence of money and higher-return assets
in a model where agents can create a counterfeit bond, allowing heterogeneous counterfeit-
ing cost, which is agents’ private information. The author shows that even with heterogenous
counterfeiting cost, if that cost is positive but small, then money and bonds coexist in equilib-
rium. Hu (2013) also shows that no pooling equilibrium exists by applying the Cho and Kreps
(1987) intuitive criterion. This implies no counterfeiting in equilibrium, thus generalizing the
finding of Nosal and Wallace (2007).*

Another feature that differentiates our work from the aforementioned literature is that

3 Papers that advance the indirect liquidity concept include Berentsen, Huber, and Marchesiani (2014),Mat-
tesini and Nosal (2016), Herrenbrueck and Geromichalos (2017), Herrenbrueck (2019), Geromichalos and Her-
renbrueck (2022), Altermatt, Iwasaki, and Wright (2022), and Geromichalos, Herrenbrueck, and Lee (2023).
Other papers that explore the idea of rebalancing asset portfolios after the realization of an idiosyncratic con-
sumption shock include Kocherlakota (2003), Boel and Camera (2006), Berentsen, Camera, and Waller (2007),
and Berentsen and Waller (2011). Geromichalos, Lee, Lee, and Oikawa (2016) study asset pricing in a model
where assets serve as collateral, and producers who are now in the possession of these assets can sell them in
an OTC secondary market. None of these papers study private information.

4 Our paper also belongs to the vast literature on asymmetric information spurred by Akerlof (1970) and
Leland and Pyle (1977). Some recent work that also studies asymmetric information in asset markets includes
Williamson and Wright (1994), Trejos (1997, 1999), Velde, Weber, and Wright (1999), Eisfeldt (2004), Li,
Rocheteau, and Weill (2012), Kurlat (2013), Golosov, Lorenzoni, and Tsyvinski (2014), Camargo and Lester
(2014), Chari, Shourideh, and Zetlin-Jones (2014), Guerrieri and Shimer (2014), Carapella and Williamson
(2015), Chiu and Koeppl (2016), Lauermann and Wolinsky (2016), Choi (2018), Ozdenoren, Yuan, and Zhang
(2019), and Cai and Dong (2021).



we employ the undefeated equilibrium refinement proposed by Mailath, Okuno-Fujiwara, and
Postlewaite (1993) as the equilibrium notion to study asymmetric information in asset markets
(see for example Li and Rocheteau (2008); Bajaj (2018); Wang (2019, 2020)). A key difference
is that in our setup, asymmetric information exists in two markets: the asset and the goods
market. Hence, a contribution of our paper is to adapt the undefeated equilibrium refinement
to an environment where asymmetric information exists in multiple (and consecutive) markets;
hence, we refer to our version of the refinement as “two-stage undefeated equilibrium”® We
show that trade in the asset market serves not only as a way to acquire money but also as a
signal of the asset quality to sellers in the goods market.

The rest of the paper is organized as follows. Section 2 introduces the model. Section 3
defines the equilibrium. We characterize equilibria with exogenous 7 in Section 4, while we
endogenize 7 in Section 5. Section 6 concludes the paper, and it is followed by an appendix
which contains proofs and additional results, including the case with partial information in
the goods market (Appendix D.1).

2 Environment

Time is discrete and continues forever. Each period is divided into three subperiods: the asset
market (AM), the decentralized goods market (DM), and the centralized market (CM). There
is a unit measure of “consumers” and a unit measure of “producers”, named for their roles in
the consumption and production of the DM goods (¢). In the CM, there is a single good ()
that can be produced and consumed by all agents, and which also serves as the numéraire. A

consumer’s instantaneous utility is given by:

neu(qs) + x4,

where ¢; and z; are the consumption of the DM good and the CM good, respectively. We
assume ¢; > 0, but x; can be negative, in which case it is interpreted as production in the
CM: one unit of labor in the CM can be turned into one unit of the CM good. We assume n;
is stochastic. Specifically,

0, with probability 1 — X;
N =
1, with probability A.

If s = 0, a consumer does not derive utility from the DM good and is referred to as an
“N-type” consumer. If i, = 1, a consumer derives utility from the DM good and is referred

to as a “C-type” consumer. Consumers learn the value of n; at the beginning of the AM.

5 We would like to thank an anonymous referee for making this suggestion.



Conveniently, this allows them to potentially use the AM as a means to rebalance portfolios.
Since C-types are anticipating a meeting with a producer in that period’s DM, they may
choose to sell assets for an uncontroversial medium of exchange, i.e., money. N-types are
in the opposite position and may choose to provide their money to C-types by buying their
assets. The realization of 1, is 4.7.d. across consumers and time, and whether a consumer is a
C-type (i.e., ¢z = 1) or an N-type (i.e., n, = 0) is common knowledge.

We assume that «(0) = 0, u/(.) > 0, v”(.) < 0, ©/(0) = co. We also define the first-best
quantity of the DM good as ¢*, where u/(¢*) = 1. Next, the instantaneous utility of a producer

is given by:
—hy + X,

where h; is the amount of labor supplied in the DM, and X; is the consumption of the CM
good. Similar to x;, X can be negative, in which case it is interpreted as production in the
CM. We assume one unit of labor in the DM can be turned into one unit of the DM good.

Neither goods can be carried across periods. All agents discount future utility using 8 € (0, 1).

There are two types of assets in the economy: (fiat) money and perfectly divisible real
assets.5 Money is issued by a government, and each consumer is endowed with a units of
the real assets in each CM. In the CM of the next period, each unit of assets produces a
dividend of § units of the CM good before depreciating fully. In line with Rocheteau (2011),
we assume that ¢ is stochastic, and that by holding the real assets, consumers learn their
quality.” Specifically, at the beginning of the AM, with probability p, a consumer learns that
her real assets have high quality, and each unit will produce § = d;, > 0 units of the CM good.
With probability 1 — p, a consumer learns that her real assets have low quality, and each unit
of the assets will produce § = §; < d units of the CM good. We study §; = 0 as a separate
case, and we interpret it as asset holders having received private information that their assets
are fake or will default in the following CM. Finally, we assume that the realization of § is

independent across consumers and is independent of 7.

We assume that agents are anonymous, and, therefore, a medium of exchange is neces-
sary for trade in the DM. We assume both money and real assets can be used as payment
instruments in principle, though agents will form subjective beliefs about the quality of an
asset before accepting it. Additionally, consumers can trade assets for money in the AM,
which opens before the DM but after all shocks are revealed: specifically, consumers have

learned 7; (whether they will be active in that period’s DM) and the quality of their assets.

% None of our results depend on the assets being real or nominal.

" Plantin (2009) shows that this assumption is of particular relevance for assets like collateralized debt
obligations and privately placed debt, which are securities sold to selected investors and are bundled with
future access to privileged information about the assets. Similar assumptions can be found in Rocheteau
(2011), Madison (2024, 2019), and Wang (2020).



In this market, every asset seller is randomly matched with one asset buyer, and, as discussed
earlier, the C-types will choose to enter the market as sellers and the N-types as buyers. We
assume that a fraction, 7, of the meetings are “transparent” in the sense that the buyers can
observe the quality of the real assets. The remaining 1 — 7 of the meetings are “opaque” in
the sense that the quality of the assets, ¢, is asset sellers’ private information. Once matched,
the asset seller makes a take-it-or-leave-it offer to the asset buyer. The offer consists of a unit
price, ¥, and the quantity for sale, s. For simplicity, we assume asset sellers are matched to

buyers with probability one, which assumes away matching frictions and requires A < 1/2.

After the AM, each C-type consumer is matched with a producer with probability one
in the DM, and C-type consumers make take-it-or-leave-it offers to producers. We assume
that both assets and money can be used as means of payment. However, the quality of the
assets is the consumers’ private information in all meetings between C-type consumers and

producers.

Since this is a signaling game, it is important to carefully describe the information sets of
various players. We assume that in the AM, asset buyers can observe sellers’ entire portfolios.
In the DM, producers can observe C-type consumers’ portfolios both at the beginning of each
period and at the beginning of the DM. This is consistent with the “open-pocket” bargain-
ing assumption adopted widely in the New Monetarist literature. Furthermore, as we will
demonstrate in Sections 3 and 4, some consumers use asset trade in the AM to differentiate
themselves from other consumers with low-quality assets. This means that such consumers
have the incentive to disclose their asset portfolios to producers as proof of their trade in the
AM. For this reason, consumers who do not volunteer such information will be (correctly)

identified as low-quality asset holders. Hence, this feature arises naturally in our framework.®

Finally, in the CM, agents produce, trade, and consume the CM good. Agents also
choose how much money to bring to the next period. (Recall that the real assets are given to
consumers as an endowment in the CM, since our focus is on trade in the AM and the DM.)

Lastly, let M; denote the supply of money. It satisfies:
Mt = (14 )My,

where p is the money growth rate. We assume p > f—1. Money is injected into (or withdrawn

from) the economy by a monetary authority via a lump-sum transfer (or tax) in each CM.

The timing of all events is summarized in Figure 1.

8 Our model aims to focus on asymmetric information about the quality of the assets. Not assuming open
pockets would add asymmetric information about the quantity of the assets. We know from the literature (e.g.,
Nosal and Rocheteau (2011), Chapter 7) that solving a model with asymmetric information about quantity
alone is very difficult, and adding this dimension of asymmetric information would make the model intractable.
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Figure 1: Model Environment — Sequence of Events

Before we move to the analysis of the model, let us point out that our model resembles
key features of several real-world assets and secondary markets, such as municipal bonds,
corporate bonds, and even Treasuries. These assets trade in OTC secondary markets, and, in
principle, they can all be offered as means of payment in transactions. Whether they really
serve that direct liquidity role, and to what extent, is of course endogenous, and it is part
of what our paper aims to study. The key ingredient that we add to the existing literature
(and specifically to Rocheteau (2011)) is the idea that sellers of goods/services are less able to
recognize an asset’s quality than buyers who visit a dedicated secondary market to purchase

this specific type of asset.”

3 Definition of Equilibrium

In this section, we describe the agents’ problems and define equilibrium. It is convenient to
start with the DM. Consider a C-type consumer who has z units of money (in real terms) and
a units of assets at the beginning of the AM, and Z units of money and @ units of assets at
the beginning of the DM. If the consumer is matched with a producer, she makes a take-it-or-
leave-it offer (g, 2,a) to the producer, where ¢ is the quantity of goods she wants to purchase,
and Z and @ are money and assets the producer will receive, respectively.

Since the asset quality is the consumer’s private information, the producer must form
beliefs regarding asset quality. Let v9(q, 2, a; Z, @, z, a) denote the producer’s belief about the
probability of the asset quality being high (i.e., 6 = J5,), conditional on the consumer’s offer
(¢, 2,a) and asset portfolios. Note that by the open-pocket bargaining assumption, producers
can observe both (z,a) and (Z,a).

As is standard in the literature following Lagos and Wright (2005), both the consumer’s

9 Our framework is consistent with the assets being “good claims to a bad tree,” with being “bad claims

to a good tree,” or both. The former fits the case of municipal or corporate bonds: even if the DM seller is
convinced that the asset is not a counterfeit, they may still not know the probability with which the assets
will deliver the promised payment at maturity. The “bad claims to a good tree” interpretation may be more
relevant for Treasuries: even though most agents would trust that Treasury-issued bonds will deliver the
promised payment upon maturity, they may still not find it easy or cheap to confirm whether the assets offered
to them are genuine.



and producer’s value functions in the DM are linear in money and assets, and the price of the

DM good in terms of the CM good is unity. The consumer solves the following problem:

max{u(q) — £ — 60} (3.1)
q7z’a
s.t. [V(q, 2,45 2,a,z,a)0, + (1 —~9(q, 2,4; 2,4, z,a))4]a+ 2 > q,

2<3 a<a.

In words, the consumer maximizes her utility u(q) from consuming the DM good versus
giving up Z units of money and & units of assets, subject to the producer finding her of-
fer acceptable. For this to happen, the producer’s subjective expected value of the assets,
[v9(q, 2,a;%,a,z,a)0p, + (1 —~9(q, 2,a; 2, a, z,a))d;]a, plus the value of money, must at least
compensate for the cost of producing the DM good, q. We define ¢(Z, a, d,v9) to be the solu-
tion to problem (3.1) conditional on a C-type consumer’s asset portfolios, the quality of the
consumer’s assets, and the producers’ beliefs.

Next, we turn to the agents’ problems in the AM. Recall that only consumers participate
in the AM. Denote by z and a the amounts of money and assets held by a C-type consumer,
respectively, and denote by z;, the amount of money held by an N-type consumer. We restrict
our attention to the case where z < ¢*, which ensures that a consumer will not be able to
consume the efficient amount in the DM using only the money they have carried from the
previous CM, thereby giving C-type consumers an incentive to either use assets directly in
the DM or trade them for money in the AM. (We will show later that this always holds as
long as u > —1.)

Recall that whether a consumer is a C-type (i.e., 7z = 1) or an N-type (i.e., 7 = 0) is
common knowledge. This means that asset sellers can only be C-type consumers and asset
buyers can only be N-type consumers, since there is no surplus to be gained from asset trade
between two C-type consumers or two N-type consumers. Once a seller is matched with a
buyer, the seller makes a take-it-or-leave-it offer (¢, s) to the buyer, where 1 is the price of
the assets, and s is the quantity of the assets for sale.

Now, consider an asset seller in a transparent meeting with a buyer who has z;, units of
money. If the seller’s offer is accepted by the buyer, she enters the DM with Z = z + s units

of money and @ = a — s units of assets. To determine (1, s), she solves the following problem:

max{u(q(z + ¢¥s,a — s,0,77)) —u(q(z,a,d,7?)) — ds} (3.2)

S

s.t. ¥ <9, Ys <z, s<a.

In words, if the offer is accepted, the seller obtains a surplus equal to u(q(z+1vs,a—s,d,79)) —

u(q(z,a,9,79)) but has to give up s units of assets, which will generate ds of the CM goods

10



in the CM. In addition, for the offer to be accepted by the asset buyer, the unit price of the
asset cannot be higher than the dividend per unit of the asset (which is common knowledge

in a transparent meeting).

Finally, consider asset sellers in opaque meetings. Since the asset quality is the seller’s
private information, buyers must form beliefs regarding asset quality conditional on the offers.
Let v%(v, s; z,a) denote a buyer’s belief about the probability of the asset quality being high

(i.e., d = dp) conditional on the seller’s offer. The seller solves the following problem:

nglz)ax{u(q(z +s,a—s,0,77)) —u(q(z,a,6,79)) — ds} (3.3)

,S

s.t. ¢ < (1 - 7a(¢73; Z,G))(Sl + VQW;SS Z>a)5ha QZ)S < Zby S <a.

Compared to problem (3.2), the only difference is that the asset price cannot exceed the
buyer’s ezpected amount of dividend per unit of assets, (1 — (¢, s;2z,a))d; +v* (¢, s; 2, a)p.
Notice the distinction between v* and 9, the belief of the potential asset receiver that the
asset is of high quality, in the asset market and goods market, respectively. v* appears only
in problem (3.3) which describes opaque AM meetings. 79, on the other hand, appears in
both problems (3.2) and (3.3), indicating that the outcome of an AM trade may affect, and
is affected by, the future belief of a producer (seller of goods) that this particular consumer
has assets of high quality.

There are four kinds of C-type consumers in the AM and the DM depending on the quality
of their assets and the types of their AM meetings. We denote these C-type consumers as
type-jk consumers, where j € {l,h} stands for the quality of their assets (I for low quality
and h for high quality), and k& € {O, T} stands for the AM meeting type (T for transparent
and O for opaque). Now, we define the perfect Bayesian equilibrium in the AM and the DM.

Definition 1 A perfect Bayesian equilibrium in the AM and the DM consists of offers from
consumers {(YI*, s7k; g7k 23k aIF)} where j € {I,h} and k € {O, T}, a decision rule by asset
buyers 14(1), s; z, a), a belief function by asset buyers v (1, s; z, a), a decision rule by producers
19(q, 2,a;2,a,z,a), a belief function by producers v9(q, 2,a; 2, a, z,a) such that

(1) (77T, s7T) solves (3.2) for j € {l,h}; (©,s79) solves (3.3) for j € {I,h}; {(¢F, 27% a7%)}
solves (3.1) for j € {l,h} and k € {O,T}.

(2) 1%, 832,a) = 1 if and only if < ¥* (¢, 8;2,a)0p + (1 —1(¢, 53 2,a)) .

(3) 19(q, 2,a; 2,a, z,a) = 1 if and only if [v'(q, 2,a;%,a,2,a)n + (1 —v9(q, 2,8; 2,a, 2,a))di]a + 2 > q.

(4) v*(¢, s;z,a) and ¥9(q, 2,a; 2, a, z,a) are derived from Bayes’ rule whenever possible.

In words, conditions (1), (2), and (3) guarantee that agents’ strategies are optimal given asset
buyers’ and producers’ beliefs. Condition (4) guarantees that asset buyers’ and producers’

beliefs are consistent with agents’ strategies.
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Before we solve for the equilibrium in the AM and the DM, it is worth pointing out
the unique structure of the signaling game in our environment. The game appears to have
two stages, i.e., the interactions between C-type and N-type consumers in the AM, followed
by the interactions between C-type consumers and producers in the DM. However, the two
stages cannot be solved separately. This is because, firstly, in the AM, asset sellers’ strategies
and (consequently) asset buyers’ beliefs depend on what they think producers’ beliefs will be
like in the following DM, since producers’ beliefs affect the asset’s continuation value and by
extension asset sellers’ payoffs in the AM. Secondly, producers’ beliefs in the DM also depend
on what they think asset buyers’ beliefs were like in the preceding AM, since asset buyers’
beliefs affect asset sellers’ strategies and asset portfolios that the producers observe at the
beginning of the DM. For these reasons, agents’ problems in the AM and the DM must be
solved jointly.

In Appendix A.1 Proposition 9, we characterize the full set of perfect Bayesian equilibria.
We show that a plethora of equilibria exist under Definition 1, because no restrictions are put
on off-equilibrium path beliefs. To conduct a meaningful analysis, some equilibrium refinement
is necessary. In Definition 2, we adapt the undefeated equilibrium refinement proposed by
Mailath et al. (1993) to our environment.!°

Definition 2 A perfect Bayesian equilibrium in the AM and the DM (PBE-1) is defeated
by another perfect Bayesian equilibrium in the AM and the DM (PBE-2) if there exists
(W', s'5q', 2, a") that satisfies:

(1) There exist K C {10, hO,IT,hT} such that (', s';¢',2',a) is played by type-K consumers
in PBE-2 but not in PBE-1.

(2) There exist J C K such that type-J consumers play (v, s;q, 2,a) and obtain strictly higher
surplus in PBE-2.

(3) In PBE-1, at least one of the following conditions is satisfied:

a/ . p]l(hOEJ)
VW) e K + (1= p 10 € K)’ (34)
’Yg(q/7 2/7 (/:\L/, zZ+ wlsl’ a — 8/7 z,a) 7é
p(1 —71)L(hO € J) + prL(RT € J) (3.5)

p(1—1)I(hO € K)+ (1—p)(1—7)1(0 € K) + pri(hT € K) + (1 — p)r1l(IT € K)’

A perfect Bayesian equilibrium in the AM and the DM is undefeated if and only if there does
not exist (V',s';q', 2, a’) that satisfies conditions (1)-(3).

In words, Definition 2 requires a perfect Bayesian equilibrium to be undefeated in the sense

10 Undefeated equilibrium refinement has also been used in other papers that study asymmetric information
in asset markets. See for example Rocheteau (2009), Bajaj (2018), Madison (2024), and Wang (2020).
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that there does not exist a strategy that satisfies: (1) it is part of another perfect Bayesian
equilibrium; (2) it benefits some C-types; and (3) the off-equilibrium path beliefs of asset
buyers and/or producers in the original perfect Bayesian equilibrium fail to take into account
such a strategy. In particular, the right-hand side of Condition (3.4) is the fraction of asset
sellers with high-quality assets that play (¢/,s’) in the AM, while the right-hand side of
Condition (3.5) is the fraction of asset sellers with high-quality assets that play (¢’,s") in
the AM and play (¢, 2’,a’) in the DM. Requirement (3) says that the beliefs of asset buyers
and/or producers must be the reason why the strategy (¢, s’; ¢/, 2/, a’) is not played in PBE-1.
However, because this alternative equilibrium is profitable for some consumers, asset buyers
and/or producers should have expected it. In other words, the beliefs of asset buyers and/or
producers in PBE-1 are arguably “unreasonable”. So, PBE-1 is “defeated” by PBE-2.

The main benefit of using the undefeated equilibrium refinement in our environment,
especially when compared to the popular Intuitive Criterion refinement (Cho and Kreps,
1987), is that it allows pooling equilibria (where C-types with low-quality and high-quality
assets make the same offer in the AM and/or the DM) to exist as long as they are Pareto-
optimal. As we show in the next section, the existence of pooling equilibria in the AM
delivers a number of new insights including the novel “insurance channel” we highlight in
the introduction. However, we cannot use the definition in Mailath et al. (1993) off the
shelf, because in that paper, trading happens between two parties at a single stage; in our
paper, three parties are involved, as both asset buyers and producers must form beliefs, at
different times, regarding the quality of the asset offered by an asset-selling consumer. In
Appendix B, we explain in detail (a) the logic behind the undefeated equilibrium refinement
and why we use it instead of the Intuitive Criterion, and (b) how we adapt the undefeated
equilibrium refinement of Mailath et al. (1993) to our environment and why the version in this
paper captures the logic of the original version. Since our undefeated equilibrium refinement
concept is non-standard, to differentiate our refinement method from the existing literature,

we dub it the “two-stage undefeated equilibrium refinement”.

Definitions 1 and 2 define undefeated equilibria in the AM and the DM, taking as given
consumers’ asset portfolios. In the CM, consumers are endowed with the real assets, but their
money holdings are determined endogenously. In the next section, we characterize undefeated

equilibria in the AM and the DM as well as the consumers’ optimal choice of z.

4 Characterization of Equilibrium

4.1 The case where §; =0

We start with the case where §; = 0. One can think of this case as representing a scenario

where the asset holders receive private information that their assets are counterfeit or will
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default in the following CM. In what follows, we first solve for a partial equilibrium in the
AM and the DM, taking as given the real balances and assets held by an asset-selling C-type
consumer (z,a) and the real balances held by an asset-buying N-type consumer (zp). (At this
stage, we cannot assume z = z; even if this will be true in general equilibrium.) Then, taking
the partial equilibrium outcome as the demand curve for real money balances z, we solve for

the general equilibrium where consumers choose their money holdings in the CM.

The following proposition describes undefeated equilibria in the AM and the DM, given

the consumers’ portfolios (z, a, z,) at the beginning of the period:

Proposition 1 Let ¢ be such that u'(§) = 1/p. Conditional on (z,a, zp), undefeated equilibria
in the AM and the DM satisfy the following conditions:
(1) ("9, shO; ¢h0, 21O Aho) (19, 5195 g0, 210 Alo) (Vp, p; dp, Zp, dp), where

() ¥ = pon; (b) 5, € (0, min{z1/(p0), (45 — 2)/ (o). a)];

(c) dp = max{z, min{z + pépa,q}}; (d) Zp = 2+ Ypsp; (e) ap = qz;;(s:p'
(2) (@Z)hT hT7th AhT hT) is given by

(a) YT = Gu; (b) @1 = min{q", 2 + dpa};

(c) " € (0, min{z,/0p,a}]; (d) 2" = 2z 4 YT, (e) T = g 2T
(3) (T, T g7, 21T alT) = (0,0; 2, 2, 0).
Proof: See Appendix C.
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Figure 2: Equilibrium paths of C-type consumers in the AM and the DM

The proposition states that there are three different offers being made in the AM (illus-
trated in Figure 2):
(1) Type-hT consumers sell at price "1 = §y,.
(2) Type-lO and type-hO consumers sell at pooling price 1, = pdj, provided that z < g.
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(3) Type-lT consumers cannot sell assets for money in the AM.

By selling assets in the AM, type-hT, type-lO, and type-hO consumers differentiate them-
selves from type-IT consumers, who are the only types that cannot obtain money from the
AM. The existence of the AM also allows type-hT consumers to differentiate themselves from
type-10 and type-hO consumers, since only they can sell at price /"7 = §;,, which in turn lets

type-hT consumers obtain the same allocation as they would under complete information.

More interestingly, type-IO and type-hO consumers also benefit from trading in the AM,
because otherwise they would have to pool with type-IT consumers in the DM and suffer
a large discount if they use the assets as payment in the DM. Nevertheless, because type-
hO consumers make pooling offers in the AM, the price for their assets is still discounted
due to information asymmetry. The marginal cost of selling assets at a pooling price is 1/p
for type-hO consumers; thus, if z > ¢, then u/(z) < u/(§) = 1/p, which is to say that the
marginal benefit of using assets to either obtain money in the AM or purchase goods directly
in the DM exceeds the marginal cost for these consumers. Consequently, in this case, type-hO
consumers only use money in the DM and do not trade assets in the AM. Type-IO consumers
always mimic the type-hO consumers’ strategy, because otherwise they would be identified as
low-quality asset holders by producers.

To summarize, the main takeaway of this proposition is that C-type consumers (except
for type-IT) sell assets in the AM in order to signal the quality of their assets to producers in
the DM. Money is the preferred medium of exchange in the sense that the share of money in
DM payments is strictly greater than the share of money in agents’ original asset portfolios
(i.e. 2> z), since agents choose to visit the AM and liquidate some assets for money.

Now that we have characterized the signaling game given z, we move on to the description
of the consumers’ choice of real balances in the CM. We focus on symmetric solutions where
z = z,. Taking into account the AM and the DM outcomes described in Proposition 1,

consumers solve the following problem in the CM:

max M (1 - p)7lu(¢"") + 2 — ¢+ pr[u(@"™) + 2 + dpa — ¢"]

+ (1 —7)[u(gp) + 2+ popa — qp)} + (1 — A) (2 + popa) — (1‘;/1)37 (4.1)

where qlT, th and g, are given by Proposition 1.

In words, the problem says that with probability A, a consumer becomes a C-type con-
sumer. With probability (1 — p)7, the C-type consumer has low-quality assets and is in a
transparent meeting in the AM. With probability p7, the C-type consumer has high-quality
assets and is in a transparent meeting in the AM. Finally, with probability 1 — 7, the C-
type consumer is in an opaque meeting in the AM. Recall that in this case, consumers with

high-quality assets and consumers with low-quality assets make the same offers in both the
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AM and the DM. With probability 1 — A, a consumer becomes an N-type consumer and may
buy assets in the AM, but since asset sellers make take-it-or-leave-it offers, the expected AM
surplus of an N-type consumer is zero. The cost of accumulating z units of real balances in
the preceding CM is (14 p)z/5.

The first-order condition is:

S 1= M= )l (6T = 1 prla (0T - 1)

+(1=7)[W(gp) -1 (2 < G— pdpa, or z > §) + 1 (z € [§ — pbra,q)) — 1]}, (4.2)

where 1(.) is an indicator function that equals one if the condition in the bracket is satisfied,
and zero otherwise. To see how the equation is derived, first note that ¢’ = z and ¢"T =
min{q*, z + dpa} from Proposition 1. The first line on the right-hand side of (4.2) follows

directly from these results.

Next, consider the second line, which represents the scenario where the consumer is an
opaque AM meeting. From Proposition 1, we know that in this case, the assets of type-hO
consumers can only be sold at a discount due to information asymmetry, and the marginal
cost of selling assets at the discounted price is 1/p for type-hO consumers. There are three
regions to consider, corresponding to low, high, and intermediate values of z. First, suppose
that z < § — pdpa, where ¢ solves u/(G) = 1/p (the “low” case). From Proposition 1, we know
that in the DM, type-hO consumers consume ¢ = z+ pdpa. Hence, the derivative with respect
to z is u/(gp). Next, suppose z > § (the “high” case). Proposition 1 states that in this case,
type-hO consumers consume ¢ = z. Recall that this is because marginal utility at ¢ = z is
already lower than the cost of selling assets for type-hO consumers, 1/p. Hence, type-lO and
type-hO consumers will not sell assets in the AM, and they use only money to purchase the

DM good. It follows that the derivative with respect to z is u/(gp).
Third, assume that z € [§ — pdpa, ] (the intermediate case). Proposition 1 shows that

gp = q regardless of the value of z, because consumers are not able to consume ¢ > ¢ using real
balances alone. However, based on our earlier arguments, as long as type-hO consumers opt
to sell assets in the AM, they will not consume more than §. Consequently, in this case, having
more real balances does not change the consumption of consumers in opaque AM meetings —
it only leads to fewer assets being sold by type-hO consumers. Hence, accumulating one more
unit of real balances in the CM means 1/(pdy,) units fewer assets being sold in the next period
(recall that type-hO consumers sell assets at a price equal to pdy), which has an expected
value of pdy, (because the quality shock is realized in the next period). In other words, the
marginal value of accumulating one more unit of real balances in the CM is one.

To simplify the equilibrium equations, we define i = (1 + p)/f — 1 as a summary pa-
rameter which incorporates money growth p and impatience 1/, and thereby represents the

opportunity cost of holding money over time. Solving for equilibrium, we first consider the
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hT

low-z case where z < G— pdja. In this case, ¢!7 = z, ¢"T = min{z+6a, ¢*}, and qp = 2+ popa.

Equation (4.2) then becomes:
i =M1 - p)r[v(2) = 1] + pr[v/(min{z + dpa, ¢*}) — 1] + (1 — 7)[u/ (2 + pdpa) — 1]}, (4.3)

It is clear that there exists a unique z that solves (4.3). Now let us consider other cases. If

G < z+ pdpa < G+ pdpa (the intermediate-z case), the first-order condition becomes:
i=M(1—p)7[(2) — 1] + pr[v/(min{z + dpa, ¢*}) — 1]}, (4.4)
If z > G (the high-z case), the first-order condition becomes:
i=M(1—p)7[v/(2) — 1] + pr[v/(min{z + dpa, ¢*}) — 1] + (1 — 7)[u/(2) — 1]}.  (4.5)

The following proposition summarizes the solution to the portfolio problem in the CM as well

as the key features of each equilibrium case.

Proposition 2 For any given i, there exists a unique solution to problem (4.1). First, suppose

pona < 4. There exist i1 > 19 > i3 > 0 delimiting the following cases:

Case 1: for all i > i1, z solves (4.3) and is such that consumers are asset-constrained.

Case 2: for all ia <1 <11, 2 =4 — pdpa and is independent of i.

Case 3: for all iz < i < i9, z solves (4.4) and does not affect the consumption by consumers
in opaque meetings.

Case 4: for alli < i3, z solves (4.5), and consumers in opaque meetings do not sell assets.

Second, suppose pdpa > 4. There exists il such that the equilibrium is in Case 3 if i > il and
in Case 4 otherwise.

Proof: See Appendix C.

There are two branches of the proposition depending on the level of pdpa, which we can
interpret as the ‘effective supply’ of real assets (a being the raw supply of units of the asset,
pdp, being the expected unit value since d; = 0). When this effective supply is not too high

(pdra < q), there exist either two or three cutoff values of i:

Case 1: When ¢ > 41, the cost of holding real balances is high, so z is sufficiently small
that type-lO and type-hO consumers are constrained in the DM (i.e., z + pdpa < G in
equilibrium). Note that z 4+ pdpa = ¢ when i = .

Case 2: Recall our earlier discussion about the scenario where z + pdpa > §. As long
as z < ¢, due to the price discount in opaque meetings, consumption of consumers in

opaque meetings is equal to § regardless of the value of z. This implies a drop in the
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marginal benefit of accumulating more real balances. We show that as long as ¢ < i9, the
marginal cost of accumulating more real balances exceeds the marginal benefit. As a result,

consumers choose z = § — pdpa.

Case 3: When i3 < i < i9, the cost of real balances is relatively low so that despite
consumers not benefiting from having more money if they end up in opaque meetings, they

will still choose to hold more money just in case they end up in transparent meetings.

Case 4: When ¢ < i3, the cost of holding real balances is sufficiently low that type-lO
and type-hO consumers carry enough real balances to avoid selling assets completely. This
marks a discontinuous shift in consumers’ strategies, and it stems from the fact that for
those with high-quality assets, selling them in opaque meetings is costly. Hence, when
inflation is sufficiently low, consumers carry extra real balances to completely remove the
real assets’ liquidity function. This results in a discontinuous jump in consumers’ holdings

of real balances at i = i3.

When the effective asset supply is high (pdra > G), on the other hand, only Cases 3 and
4 are possible, so there is only a single cutoff value.

Next, we turn to the comparative statics of equilibrium outcomes with respect to the
interest rate (i) and the proportion of transparent meetings in the AM (7). We focus on

consumers’ holdings of real balances (z) and aggregate welfare, which is given by:

W =M1 - p)r[u(d™) = ¢+ prlu(@”) — "] + (1 = 7)[ulgy) — )}

Proposition 3 highlights two novel results of the comparative statics exercise. First, marginal
changes in ¢ and 7 may have no effect on z or lead to discontinuous changes in z and W.

Second, the effect of 7 on W is ambiguous in general.!!

Proposition 3 Assume —qu”(q)/u'(q) < 1 and v"'(q) > 0. Define equilibrium cases (Cases
1 through 4) as in Proposition 2. Then,

(1) There exist i and T such that the equilibrium is in Case 2, and a marginal change in i (or
7) given T (or i) has no effect on z.

(2) Given T, there exists a cutoff value of i at which a marginal increase in i switches the

equilibrium from Case 4 to 3 and leads to discontinuous decreases in z and W .

In addition, there exist it and it such that
(3) For some ' € (i*,il), there exists a cutoff value of T at which a marginal increase in T
switches the equilibrium from Case 4 to 3 and leads to discontinuous decreases in z and W.

(4) For some i € (i*,i1), there exist cutoff values of T at which a marginal increase T switches

1 In the proof of Proposition 3, we also show that z and W are decreasing in i except in Case 2, while z
is increasing in 7 in Cases 1 and 3 and decreasing in 7 in Case 4.
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the equilibrium either from Case 3 to 4 or from Case 2 to 4, and in both scenarios it leads to

discontinuous increases in z and W.

Finally, the effect of T on W is in general ambiguous except when the equilibrium is in Case
2, in which case W is decreasing in T.

Proof: See Appendix C.

In what follows, we use numerical examples to aid the explanation of the results. Figure 3
plots the effect of i on z and W while taking 7 as given.!? When i € (i,i1), z is unaffected
by 4. Intuitively, while carrying more real balances allows consumers to reduce their reliance
on selling assets in opaque meetings, the marginal benefit from this is low compared to the
cost of real balances. At ¢ = i3, the equilibrium switches between Cases 3 and 4, implying
a discontinuous change in z and W. This is because information friction makes it costly for
type-hO consumers to sell in opaque meetings. When inflation is sufficiently low, consumers
will carry enough real balances to completely avoid selling assets or using them as payment.
It should be emphasized that consumers’ expected surplus (given by expression (4.1)) is
continuous at ¢ = 73. However, aggregate welfare jumps because a larger z allows consumers

to consume more in the DM.
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Figure 3: Equilibrium choice of real balances and equilibrium welfare

Next, we explain how 7 affects equilibrium outcomes. In the proof of Proposition 3, we
show that the effect of 7 can vary sharply depending on i. When inflation is neither high nor
low, the equilibrium may switch between Cases 2, 3 and 4 as shown in Figures 4 and 5. In
particular, a switch from Cases 2 or 3 to Case 4 leads to discontinuous increases in z and W.
To see why, first note that z is increasing with 7 in Case 3, because a higher 7 increases the
chance of being in a transparent meeting and thereby the probability that consumers with

low-quality assets use only z for consumption. Put differently, opaque meetings serve as a

12 Parameter values chosen are: u(q) = 24, A =05, p=0.7, 7= 0.5, a = 0.5, and 6, = 1. Note that
these imply pdna < §.
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form of insurance against the asset quality shock, and a higher 7 requires consumers to rely
more on their money holdings. When 7 is sufficiently large, the marginal value of z becomes

sufficiently high for the equilibrium to switch to Case 4.

Once the equilibrium is in Case 4, however, z is decreasing with 7. This is because
consumers in opaque meetings do not sell assets, while those who have high-quality assets
can sell in transparent meetings. In other words, opaque meetings are no longer active, so
more transparent meetings only mean more trading in the AM. As a result, a higher 7 now
lowers the marginal value of z. When 7 is sufficiently large and inflation is relatively high
(e.g., Figure 4), the marginal value of z becomes sufficiently low for the equilibrium to switch
back to Case 3 as consumers opt to economize on money holdings. Figure 5 shows that such

a switch does not happen when inflation is relatively low.
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Figure 5: Equilibrium choice of real balances and equilibrium welfare (i = 0.06)

We also show in the proof that when inflation is either high enough or low enough, such
discontinuities do not exist (see Figures 6 and 7). When inflation is high, the marginal value

of z is never high enough for the equilibrium to be in Case 4. When inflation is low, the cost
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of real balances is sufficiently low so that the equilibrium is always in Case 4.
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Figure 6: Equilibrium choice of real balances and equilibrium welfare (i = 0.25)

0.9[ ]

W 0.99 | R

0.7 —_m g 0.99 | -
: | |

| | | |
0 02 04 06 08 1 0 02 04 06 0.8 1
T T

Figure 7: Equilibrium choice of real balances and equilibrium welfare (i = 0.03)

Finally, we explain why the effect of 7 on W is in general ambiguous. In all cases except for
Case 2, there are two opposing forces at work when 7 changes. In Cases 1 and 3, an increase
in 7 leads to higher money holdings, which, ceteris paribus, increase welfare. However, a
higher 7 also decreases the probability of opaque meetings, which provide insurance against
the asset quality shock.!® In Case 4, an increase in 7 leads to lower money holdings but at
the same time makes it more likely for agents who have high-quality assets to sell in the AM.
The overall effect of 7 depends on the relative strength of the opposing forces in each case.
However, in Case 2, z is unaffected by 7, leaving only the “insurance” force in play. Hence,

W is unambiguously decreasing in 7 within this region.

13 This mechanism is similar to that in Andolfatto, Berentsen, and Waller (2014), where disclosing infor-
mation about asset quality can lead to assets losing their function as payment instruments.
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4.2 The case where 9; > 0

In this section, we consider the case where d; > 0. Compared to the case with § = 0,
consumers with low-quality assets can now obtain money from the AM even if they are in
transparent meetings. Furthermore, in both the AM and the DM, it is possible to have
separating equilibria where consumers with low-quality and high-quality assets make different
offers. Nevertheless, we show that the spirit of the main results remains unchanged. That is,
consumers benefit from selling assets for money in the AM, even though assets have direct
liquidity. This result holds even in opaque AM meetings, where the asymmetry of information

is equally severe as in the DM.

First, we present a useful observation that simplifies the analysis: although C-type con-
sumers can in principle make separating offers in the AM, only pooling offers can be part of

an equilibrium.
Lemma 1 In equilibrium, C-type consumers only pool in opaque meetings.

If C-types make separating offers in the AM, they will enter the DM with different asset
portfolios depending on the quality of their assets. This means that producers can identify
the C-types with high-quality assets through their asset portfolios, which in turn suggests
that in the AM, C-types with low-quality assets will always mimic the strategies of those with
high-quality assets. Hence, C-types do not make separating offers in the AM.

The full set of undefeated equilibria for the case §; > 0, conditional on asset holdings
(z,a,zp), is described in Proposition 10 in Appendix A.2. Here, we proceed with an intuitive
characterization of the results. Generally, undefeated equilibria in transparent meetings are
similar to the case where ; = 0, with the only difference being that type-IT consumers
may also sell some assets. However, because type-hT, type-lO, and type-hO consumers can
differentiate themselves from type-IT consumers through selling assets in the AM, type-IT
consumers may only trade their assets at a price equal to §; in both the AM and the DM.

Compared to the case where §; = 0, the equilibria in opaque meetings are now different,
in a way that depends on C-type consumers’ money holdings z. When z is large (z > 2” in
Proposition 10), C-type consumers do not sell in the AM, and they make separating offers in
the DM. However, when z is small (z < 2” in Proposition 10), separating in the DM is costly
for C-types with high-quality assets, because they need to ration the use of assets as payment
in order to signal asset quality to producers. This gives such consumers an incentive to sell
some of their assets in the AM, provided that the price discount in the AM is not too severe.
Such a strategy allows them to bring more real balances to the DM and rely less on the real
assets. As a result, C-types with high-quality assets achieve both higher consumption (when
compared to only separating in the DM) and a higher average price for their assets (when
compared to pooling in both the AM and the DM). This equilibrium in the AM and the DM,
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which combines the features of a separating equilibrium and a pooling equilibrium, is unique
to our environment, because the real assets can be used to provide both indirect and direct
liquidity. Finally, if 2 is even lower (z < 2’ in Proposition 10), C-types will pool in the DM
after selling assets in the AM, which is similar to the equilibria where §; = 0. We show in the
proof that this cutoff value, 2/, is strictly positive if and only if a is small. This is because
when a is small, the amount of real balances C-types can obtain from the AM is low. In such
a case, separating in the DM is costly for the C-types with high-quality assets if their money

holdings, z, are also small.

Despite the differences, the main insights from the cases where §; > 0 and § = 0 are
the same: consumers benefit from selling assets for money in the AM even though assets
can provide direct liquidity, because such a strategy allows consumers to reduce/avoid the
information asymmetry in the DM. Importantly, this result holds even for consumers who are

in opaque AM meetings, where the information asymmetry is just as severe as in the DM.

Finally, we solve for the consumers’ optimal choice of real balances in the CM. The
insights are similar to the case where §; = 0. First, there are four possible equilibrium cases.
Second, there exist values of ¢ and 7 at which a marginal change in ¢ (or 7) leads to either
no change in z or discontinuous changes in z and W. The following proposition formally

characterizes equilibrium when é; > 0.

Proposition 4 Suppose a is small. There exist the following four equilibrium cases:

(1) Case 1: consumers in opaque meetings sell assets in the AM and pool in the DM.

(2) Case 2: consumers’ money holdings are independent of i.

(3) Case 3: consumers in opaque meetings sell assets in the AM and separate in the DM.

(4) Case 4: consumers in opaque meetings separate in the DM and do not trade in the AM.
Finally, there exist i and T at which a marginal change in i (or ) given T (or i) has no effect
on z. There also exist cutoff values of i and T at which a marginal increase in i or T switches
equilibrium cases and leads to a discontinuous increase or decrease in z and W .

Proof: See Appendix C.

We use the following numerical examples to illustrate the results. Similar to the case where
0; =0, z and W change discontinuously when the equilibrium switches between Cases 3 and
4. This is because consumers trade assets in the AM in Case 3 but not in Case 4, which affects
the marginal value of z. Such discontinuities do not exist when inflation is high (see Figures
10 and 11), because the cost of real balances is so high that consumers never carry enough
money to avoid trading in the AM. Finally, in Case 2, the marginal benefit of carrying more
money is low because it does not affect consumption but only reduces consumers’ reliance on
selling assets in opaque meetings. However, the marginal cost of carrying less money is high
because it leads to lower consumption. As a result, a marginal change in ¢ or 7 has no effect

on z in this region.

23



I
L === Casel ||
—e——— Case 2
Case 3
-+ Case 4
0.5 =
0 ! ! !
0 0.05 0.1 0.15 0.2
)

Figure 8: Equilibrium choice of real balances and equilibrium welfare (7 = 0.5)

0.8+ =
0.6 =
0.4 —e——— Case 2 ||
-...Case 4
....... Case 3
0.2L ! ! ! I i
0 0.2 0.4 0.6 0.8 1

T

11 :
0.95| ’ . |
| | |
090005 01 015 02
i
0.99 | |
0.08| :
0.97__ |
| | | |
0 02 04 06 08 1

Figure 9: Equilibrium choice of real balances and equilibrium welfare (i = 0.024)

0.26 -

0.26

0.25

=== Case 1
v Case 2
— Case 3

0.97

0.96 -

02 04 06

Figure 10: Equilibrium choice of real balances and equilibrium welfare (i = 0.11)

24



T
0.1 | 0.92 |
z '¢' W ~~~
009} . i
0.92 | e
| | | | | | | |
0 02 04 06 08 1 0 02 04 06 08 1
T T

Figure 11: Equilibrium choice of real balances and equilibrium welfare (i = 0.2)
5 Endogenizing the Probability of Transparent Meetings (1)

In this section, a consumer may pay a utility cost k and enter a transparent meeting in the
AM. One can think of x as the cost of producing a certificate of the asset’s quality, or a fee
to access a specialist intermediary who can guarantee the quality of the asset. (Asset quality
remains private information in the DM, but we relax this in Appendix D.1.) We consider two
scenarios. In the first scenario, the consumer must make the choice of whether to pay « after
she learns her 7; (i.e., whether she is a C-type or N-type consumer) but before she learns the
quality of her assets, . In the second scenario, the consumer must make the choice after she
learns both 7; and §. The results are similar when §; > 0 and J; = 0; to keep the analysis

concise, here we focus on the case where §; = 0 and relegate the other case to Appendix D.2.

5.1 k paid before the quality shock

Given z, define the benefit of paying x and entering a transparent meeting as Bi:
Bi(2) = (1 = p)lu(d"™) + 2 = 4" ] + plu(¢"") + 2 + 6pa — ¢""] = [ulgp) + 2 + pdna — qp),

where ¢'7' = min{z, ¢*}, ¢"T = min{z+6pa, ¢*}, and g, = min{z+ pdya, G}, where v'(§) = 1/p
as before. To understand the expression, note that if a consumer pays k, she will be in
a transparent meeting regardless of the quality of the assets. Her surplus then follows from
Proposition 1. If she does not pay the cost, she will be in an opaque meeting, and her expected
value is u(gp) + z + pdpa — qp, where g, is again given by Proposition 1. The following lemma

shows how B;(z) depends on z.

Lemma 2 Assume u"'(.) > 0 and dpa < ¢*. Then, Bi(z) > 0 for all z < G and Bj(z) <0 for
all § < z < q*. In addition, there exists 0 < Z < q such that B1(2) = 0. Finally, B1(¢*) = 0.
Proof: See Appendix C.
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The lemma shows that, firstly, being in a transparent meeting is not always beneficial ez ante.
This is because opaque meetings allow agents with low-quality assets to also use their assets
in the AM and the DM, thereby providing insurance against the quality shock. However,
as agents’ money holdings increase, they will be able to consume more even if they end up
having low-quality assets. As a result, the insurance benefit decreases with z (i.e., Bj(z) > 0
for all z < g). If z > ¢, agents in opaque meetings do not sell assets in the AM or use assets
directly in the DM. Hence, they consume less compared to agents with high-quality assets.
However, as z increases, the difference in consumption becomes smaller. Thus, B/ (z) < 0 for
all z > ¢, and Bi(¢*) = 0.

From the lemma, we can conclude that B;(z) reaches its maximum at z = §. Therefore,
if K > B1(G), no consumers will pay to be in transparent meetings. We assume agents do not
pay the cost if they are indifferent. The following proposition summarizes the equilibrium

when k < B1(q).

Proposition 5 Assume that 0 < k < B1(q), u"'(.) > 0, and a < G/(pd). Then, there exist
i1 > 19 > 13 > 0 such that

(1) for alli > i1, z solves i = A\[u'(z + pdpa) — 1], and agents do not pay k;

(2) for alliy < i<y, z=q— popa, and agents do not pay k;

(3) for all is < i < ig, 2z solves i = M{(1 — p)[u/(2) — 1] + p[v/(min{z + dpa, ¢*}) — 1]}, and
agents pay K;

(4) for all i < i3, z solves i = \[u/(z) — 1], and agents do not pay k.

Proof: See Appendix C.

The proposition shows that agents pay x when inflation is neither too high nor too low. When
inflation is low, agents can use money if their assets are of low quality. In other words, money
serves as a cheap alternative to the insurance provided by the opacity of the asset market
explained earlier. For this reason, agents do not need to rely heavily on asset liquidity, so
they prefer not to pay k. To understand why agents do not pay this cost when inflation
is high, first note that opaque meetings allow agents to obtain liquidity from assets even if
they receive the low quality shock. This insurance is especially valuable to agents when their
money holdings are low. Thus, allowing for an endogenous determination of 7 highlights new
insights regarding the liquidity role provided by assets, as money is no longer the unique
form of insurance against the quality shock. Agents choose not to pay x and trade in opaque
meetings, precisely when the cost of the alternative form of insurance (money) is high.

Our next proposition summarizes the comparative statics of equilibrium outcomes with
respect to the cost of holding money, i, this time in the model specification where 7 is en-
dogenously determined. We look at consumers’ holdings of real balances (z), consumption
in the DM by consumers with high-quality assets (gp), total assets sold in the AM and used

as payment in the DM (s + a), and aggregate welfare. Note that consumption by consumers
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with low-quality assets is either equal to ¢” if consumers do not pay x, or z if consumers do
pay k. In addition, if consumers do not pay , s or @ cannot be pinned down separately since
consumers will be indifferent between selling real assets in the AM and using them directly
as payment in the DM. However, the sum of the assets sold in the AM and the assets used as
payment in the DM is indeterminate. Finally, since x is a fixed cost, within each of the four

equilibrium cases (see Proposition 5), a change in x does not affect z, g5, or s + a.

Proposition 6 There exist iy > i3 > i3 > 0 such that z and W are decreasing in i except
when 19 < i < i1, in which case z and W are independent of i. Furthermore, at i = i3, z and
W drop discontinuously as consumers switch from not paying k to paying k. At i =12, z and
W drop discontinuously as consumers switch from paying k to not paying k.

Proof: See Appendix C.

We use the following numerical example to illustrate the results.'* Similar to the scenario
where 7 is exogenous (see Proposition 2), there are either two or three cutoff values of i. When
1 is either too high or too low, consumers choose not to pay k, and therefore they are in opaque
meetings in the AM. In these cases, consumers with high-quality assets consume the same
amount (gp) as consumers with low-quality assets. When i < i3, consumers do not sell assets
in the AM or use assets as a medium of exchange in the DM. This is because information
asymmetry means that for consumers with high-quality assets, the marginal cost of selling
or using assets (i.e., sacrificing the dividend) exceeds the marginal benefit of selling or using
assets (i.e., more consumption). When i2 < i < i;, however, the marginal cost of selling
or using assets is equal to the marginal benefit of selling or using assets for consumers with
high-quality assets. In this scenario, having more real balances simply means that consumers
substitute assets for real balances. Since holding real balances is costly for any ¢ > 0, agents

only hold enough real balances so that their asset portfolios allow them to consume §.
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Figure 12: Real balances (z) and aggregate welfare (W)

1 1n this example, u(q) = 2,/q, =05, p=0.7, k = 0.004, a = 0.5, and §5 = 1.
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We also check how the equilibrium depends on & for a given ¢. Unsurprisingly, agents
prefer opaque meetings in the AM whenever « is sufficiently large. Since k is a fixed cost, it
does not otherwise affect equilibrium outcomes. Interestingly, aggregate welfare may increase
when consumers switch to not paying x. This is because when ¢ is low, z is sufficiently
large so that if consumers do not pay k, they also do not sell or use assets (see case (4)
in Proposition 5). Therefore, consumers hold more real balances relative to when they pay
k. This increases the consumption of consumers with low-quality assets relative to when
consumers have transparent meetings in the AM. However, when inflation is high, consumers
hold relatively small amounts of real balances. When they do not pay s, they trade in the
AM and rely on their assets to provide liquidity. As a result, z drops when & is sufficiently
large and consumers stop paying £ (see Figure 14). The decrease in z lowers consumption

and aggregate welfare.
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Figure 13: Real balances (z) and aggregate welfare (W) (i = 0.02)
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Figure 14: Real balances (z) and aggregate welfare (W) (i = 0.04)
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5.2 k paid after the quality shock

Next, we consider the second scenario, where consumers choose whether to pay x after learn-
ing the quality of their assets. Given (z,a), define the benefit of paying x and entering a
transparent meeting for a consumer with high-quality assets as Bs. Note that consumers with
low-quality assets have no incentive to pay k, since they do not benefit from disclosing the

quality of their assets. Let 7 denote the fraction of consumers who choose to pay k.
Ba(z,7) = u(q") + 2 + 6pa — ¢"" — [u(q(7)) + 2 + pdpa — q(7))],

where ¢"”' = min{z + ya, ¢*}, and ¢(7) = max{z, min{z + &(¥)dxa, ¢' (F)}} where v’ (¢ (7)) =
1/&(7), and £(7) = p(1 — 7)/[p(1 — 7) + 1 — p] is the average asset quality among consumers

who do not pay k. Now, the benefit of being in a transparent meeting also depends on 7.

Lemma 3 By(z,7) is decreasing in z for any z < q' (F)—&(7)dpa and z > ¢ () and increasing
in z for any z € [¢1(F) — £(F)0na, ¢' (7)], while Ba(z,7) is increasing in 7.
Proof: See Appendix C.

Define Bs(z) to be the upper bound of the benefit of paying x (i.e., when 7 = 1):
Ba(2) = u(¢"") + 2+ dha — ¢ — [u(z) + z + pdpa — 2].
And define By(z) to be the lower bound of the benefit of paying  (i.e., when 7 = 0):
By(2) = u(q") + z + dha — ¢"" — [u(q(0)) + z + ppa — q(0)].

If K >

Bs(z), no consumers will pay x. If K < By(z), all consumers will pay x. If k €
(By(2), Ba(2)), there exists 7(z) such that for all # > #(z), consumers will choose to pay k,
(2

where 7(z) solves:

u(@") + 2+ ha — " — [u(q(7(2))) + 2 + popa — q(7(2))] = .

Thus, the choice to pay & satisfies strategic complementarity within the range (By(2), B2(2)):

consumers choose to do it provided they believe enough of their peers do as well.

Now, we solve for the optimal choice of z. The following lemma simplifies the analysis:

Lemma 4 If z is chosen optimally in the CM, then either T =1 or 7 = 0.
Proof: See Appendix C.

The lemma shows that as long as z is chosen optimally, consumers do not play mixed strategies

when choosing whether to pay . Intuitively, this is because the marginal value of real balances

29



depends on whether k is paid. Therefore, even if consumers are indifferent ex post regarding
paying , they will strictly prefer different holdings of real balances ex ante. Now, let ¢(d, 2)
denote the choice of whether to pay s or not conditional on the realization of § and z. The
following proposition shows that except at one cutoff value (i), there is a unique combination

of z and «(z,9) that maximizes consumers’ expected utility.

Proposition 7 Assume that 0 < k < Ba(0), v (.) > 0, and a < G/(pd). Then, there exist
iy > iy > i > iy > 0 such that

(1) for alli >}, z solves i = M{(1 — p)[u/(2) — 1] + p[v/(min{q*, z + dpa}) — 1]}, and agents
pay k in the AM;

(2) for all iy < i < i}, z = z1 where z1 solves i} = M (1 — p)[u/(z) — 1] + p[v/(min{q*, z +
opa}) — 1]}, and agents pay K in the AM;

(3) for all ity <i < i, z solves i = \[u'(z + pdpa) — 1], and agents do not pay k in the AM.
(4) for all il <i < i%, z solves iy = N\[u'(z + pdpa) — 1], and agents do not pay x in the AM.
(5) for alli < i), z solves i = A\[u'(z) — 1], and agents do not pay k in the AM.

Proof: See Appendix C.

Recall that when « has to be paid before consumers learn the quality of their assets, consumers
do not pay k when ¢ is high (see Proposition 5). However, if k is instead paid after consumers
learn asset quality, they pay x only when ¢ is high. To understand the difference, note that
in opaque meetings, consumers receive insurance against the quality shock since those with
low-quality assets are able to sell their assets. Such insurance is especially beneficial when ¢
is high, and consumers’ money holdings are small. However, if consumers pay x after they
learn asset quality, such insurance is no longer relevant. When ¢ is high, and consumers’
money holdings are small, paying x and avoiding information asymmetry becomes beneficial

for consumers with high-quality assets.

The following proposition summarizes the comparative statics of equilibrium outcomes:

Proposition 8 There exist i} > i, > i% > i) > 0 such that z and W are decreasing in i
except when ia < i < i1 and when iy < 1 < i3, in which cases z and W are independent of i.
At i =19, z and W drop discontinuously as agents switch from not paying k to paying k.

Proof: See Appendix C.

We again use a numerical example to illustrate the results, with the same parameter
values as in Figure 12. In Figure 15, we compare how equilibrium outcomes depend on when
k is paid by consumers. In this example, it turns out that #j = i, = i§ = ). As shown in
Proposition 7, the timing of the payment of k makes a difference when i is relatively large.
Note that because ¢ = z when i > i} and k is paid after the quality shock, consumers
carry more money ex ante to insure against the quality shock. This explains why aggregate

welfare, W, drops less compared to when k has to be paid before the quality shock. However,
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if inflation is very high, the opposite happens: compared to carrying real balances, opaque
meetings in the AM offer a better insurance against the quality shock. Consequently, welfare

is higher if x is paid before the quality shock.
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Figure 15: Real balances (z), and aggregate welfare (W)

We also compare how equilibrium outcomes depend on x in both scenarios. As we have
explained, when k is paid before the quality shock, welfare may jump up or down depending
on the level of inflation as consumers switch from paying to not paying . In contrast, when
k can be paid after the quality shock, welfare jumps up when consumers switch to not paying
k regardless of the inflation level. This is because when consumers with high-quality assets
choose to not pay «, they will optimally choose to carry more real balances to avoid trading in
the AM, as opposed to carrying less real balances and selling assets in the AM at the pooling
price (which is the case in panel (c) of Figure 16). It is this increase in real balances z that

drives the positive jumps in welfare in panels (b) and (d) of Figure 16.
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(a) x paid before the quality shock (i = 0.02)

(b) k paid after the quality shock (i = 0.02)
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Figure 16: Aggregate welfare (W)
6 Conclusion

In this paper, we develop a model where a real asset is subject to asymmetric information and
serves a double liquidity role: it can compete directly with money as a medium of exchange
or it can be liquidated for money in an over-the-counter secondary market. Thus, our model
allows us to study how the degree of asymmetric information in the secondary market affects
asset liquidity and aggregate welfare.

We start with a version of the model where the degree of asymmetric information in the
asset market is exogenous. We find that rather than using the asset directly as a medium of
exchange, agents prefer to liquidate it for money in the asset market. Furthermore, we show
that a decrease in severity of asymmetric information in the asset market can hurt welfare,

and that high inflation can lead to a discontinuous decrease in aggregate welfare.

Our model delivers two novel insights. First, we show AM trade can be used both
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for rebalancing asset portfolios and for reducing information friction in the goods market.
Specifically, by trading in the AM, consumers can differentiate themselves from certain agents
with low-quality assets, which enables these consumers to obtain better terms of trade in the
DM. Thus, adding a secondary asset market is not only empirically relevant but also allows
us to demonstrate that trading in the asset market can serve as a signal of asset quality in
the goods market. Second, we also endogenize the degree of information asymmetry in the
asset market by allowing agents to invest in information. We find that there are two sources
of insurance against the liquidity shock: money holdings and the opaqueness of the asset
market. The cost of holding money affects which kind of insurance is preferred in equilibrium
and therefore the decision of agents to invest in information acquisition. This result highlights

a novel channel through which inflation affects asset prices in the secondary market.
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Appendix A Omitted Technical Details

A.1 Full set of perfect Bayesian equilibria

In this appendix, we characterize the full set of perfect Bayesian equilibria.

Proposition 9 The full set of perfect Bayesian equilibria in the AM and the DM consists of of-
fers {(IF, s7%; 7% 29k a7k} where j € {I,h} and k € {O,T} and belief functions v*(¢),s;2,a) and
v9(q, 2,42, a,z,a) that satisfy the following:

(1) For all j and k,

["Yg(qjkv éjka &jka 27 &7 Z, a)(;h + (1 - 79(qjk7 éjka ajk; 23 a, 2, a))él}&Jk + éjk > qjka
where Z = z + ¢7*s7% and a = a — s7F.
(2) Define 7°(2,a) to be C-type consumers’ DM surplus with DM portfolio (Z,a)

#9(z,a) = max {u(q) — 2 —d;a}
s.t. [v9(q,2,a;2,a,2,a)0n + (L —~9(q,2,4; 2,a,2,a))0]a + 2 > q.
Define v1° to be C-type consumers’ lowest possible surplus in the AM

10 = nllbax{f)jo(z + s, a—s) — ﬁjo(z,a) — s} st <8y, ¥s <z, s<a.
.S
Then, v* (479,579, 2, a) is given by

1, if 919 (2 4+ 979579 a — s79) < 01O & MO (2 + 919579 a — s79) > v"O;
VW9, 5% z,a) = { p, i 50z + 910810, a4 — $10) > v1O & TMO (2 4+ 1010 a — 510) > O

>
0, if 99 (z + ¢79579 a — s79) > 'O & MO (2 + 19570 a — s79) < VMO,

S
<

while *y“(z/)jNT, 9T z,a) = 1 if and only if j = h. )
(3) Define 1) = 2= to be the price of assets sold in the AM. Let 1 = 0 if (Z,a) = (z,a). Define ¥/ (2, a)

to be C-type consumers’ lowest possible surplus in the DM

9 (2,a) = max{u(q) — 2 — 0;a} st. a+2>q, 2<z a<a.

1%

Then, ¥9(q, 2,a; 2,a, z,a) is given by

1, if u(q) —2—6a<0'(%,a) and u(q) — 2 —dna > 9"(%,a),
or if v € (pdn + (1 — p)dy, O);
P 1f¢€ (5l7p5h+(17p)5l]a

0, if otherwise.

)

Y(q,2,8;%,a,2,a) =

(4) v* (¢, 832,a) = 0 and 9(q, 2,@; 2,4, z,a) = 0 for all (¢, s;q,2,a) ¢ {(Y7*, s7%; ¢7%, 29k aik)}.

Proof: Firstly, condition (1) ensures that it is optimal for asset buyers in the AM and producers
in the DM to accept C-type consumers’ offers conditional on asset buyers’ and producers’ beliefs,
thus ensuring that all asset buyers’ and producers’ strategies are optimal. Second, condition (2)
guarantees that asset buyers’ beliefs on the equilibrium path, 7 (1/7*, s7%; 2, a), are consistent with
C-type consumers’ strategies in the AM. Specifically, if an offer provides a higher surplus to C-types
with high-quality assets compared to v"©, but provides a lower surplus to C-types with low-quality
assets compared to v'?, then asset buyers believe that this offer comes from a C-type with high-quality
assets. If the opposite is true, asset buyers believe that the offer comes from a C-type with low-quality
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assets. If an offer provides a higher surplus to C-types with high-quality assets compared to v"©,
and it also provides a higher surplus to C-types with low-quality assets compared to v'©, asset buyers
believe that both types are making the same offer. Note that since we only focus on pure strategy
equilibria in the AM, the offers can either be pooling (i.e., (!9, s'0) = ("9, 5"?)) or separating (i.e.,
(510, 510) # (410, 50)).

Condition (3) requires v9(q, 2, @; Z,d, z,a) to be consistent with C-type consumers’ strategies in
the DM. Firstly, similar to condition (2), producers believe that an offer comes from a C-type with
high-quality assets if and only if C-types with high-quality assets are the sole type that have the
incentive to make such an offer. Secondly, because producers can observe consumers’ portfolios both
before and after the AM, they can infer the quality of their assets.

(a) Because asset buyers’ beliefs must satisfy Bayes’ rule, in the AM only C-types with high-
quality assets (either in transparent meetings or opaque meetings) may sell at a price that is
strictly higher than pdy, + (1 — p)d;. To see why, note that C-types with low-quality assets in
transparent meetings can at most sell at ¢ = §;. Next, if C-types in opaque meetings make
pooling offers, they can at most sell at ) = pdy + (1 — p)d;, which is the average asset quality in
opaque meetings. If C-types in opaque meetings make separating offers, those with low-quality
assets can at most sell at ¢ = §;.

(b) The belief in (a) ensures that C-types with high-quality assets in transparent meetings will
not sell at a price lower than pd;, + (1 — p)d;. This in turn ensures that only C-types in opaque
meetings may sell at a price that is strictly higher than ¢; but less than pdy, + (1 — p)d;, which
happens only when they make pooling offers. Hence, if 1) > §;, the consumers must have been
in opaque meetings in the AM and made pooling offers.

(¢) The belief in (b) ensures that C-types in opaque meetings will not sell at price less that
6, when they choose to make pooling offers. Hence, if ¢ < §;, then the consumer must have
low-quality assets.

Finally, it is clear that under condition (4), no consumers have a strict incentive to deviate
and make an offer outside the set of equilibrium offers {(7%, s7%; ¢7%, 7% 47%)}. In other words, the
condition on off-equilibrium beliefs is sufficient to ensure that {(7%, s7%; ¢7%, 27% a7%)} is part of a
PBE. O

Now, we explain the results. In words, condition (1) ensures that it is optimal for asset buyers
in the AM and producers in the DM to accept C-type consumers’ offers conditional on asset buyers’
and producers’ beliefs. Condition (2) guarantees that asset buyers’ beliefs on the equilibrium path,
e (I k gik. 4. a), are consistent with C-type consumers’ strategies in the AM. Specifically, asset buyers
believe that an offer comes from a C-type with quality-j assets, j € {l,h}, if and only if the C-types
with quality-j assets have the incentive to make such an offer. In the AM, the offers can either be
pooling (i.e., (¢!9,s!0) = (ph© ")) or separating (i.e., (¢'9,s!0) # ("9, s"?)). Condition (3)
requires v4(q, 2,4; 2, a, z,a) to be consistent with C-type consumers’ strategies:

a. Similar to condition (2), producers believe that an offer comes from a C-type with high-quality

assets if and only if C-types with high-quality assets are the sole type that have the incentive to make

such an offer.

b. Producers can also infer from consumers’ portfolios the quality of their assets:
(i) Because asset buyers’ beliefs must satisfy Bayes’ rule, in the AM only C-types with high-quality
assets (either in transparent meetings or opaque meetings) may sell at a price that is strictly higher
than pdp, + (1 — p)d;. To see why, note that C-types with low-quality assets in transparent meetings
can at most sell at ¢ = §;. Next, if C-types in opaque meetings make pooling offers, they can at
most sell at ¥ = pdy, + (1 — p)d;, which is the average asset quality in opaque meetings. If C-types
in opaque meetings make separating offers, those with low-quality assets can at most sell at ¢ = ¢;.
(ii) The belief in (i) ensures that C-types with high-quality assets in transparent meetings will not
sell at price less that pdp + (1 — p)d;. This in turn ensures that only C-types in opaque meetings
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may sell at a price that is strictly higher than ¢; but weakly less than pd;, + (1 — p)d;, which only
happens when they make pooling offers. It should be noted that 1; > 0 implies that the C-type
consumer managed to sell assets in the AM, which rules out the possibility that the consumer is of
type-IT.
(iii) The belief in (ii) ensures that C-types in opaque meetings, when making pooling offers, will
choose 1) > 8;. Hence, if ¢ < §;, the consumer must have low-quality assets.

Finally, condition (4) is a sufficient but not necessary condition on off-equilibrium-path beliefs which

ensures that no consumers have an incentive to deviate and make an offer not in the set of equilibrium
ik gk, ik sik Ak
offers {(wj 75] aqj aZJ aa’j )}

A.2 Undefeated equilibria in the AM and the DM when §; > 0

In this appendix, we summarize undefeated equilibria in the AM and the DM given consumers’ port-
folios (z,a, 2p).

Proposition 10 Assume that (1 — p)d§, + (2p — 1)d, > 0.1 Conditional on (z,a, z,), undefeated
equilibria in the AM and the DM satisfy the following conditions.
(1) (@, T g 2T M) s given by
( ) th = 5 hs (b) s e (Oamin{zb/éma}];
(c) ¢"T = min{g", z + dpa}; (d) 27 = 2+ PMTST; (o) aMT = L2
(2) (7,875 ¢, 21T, 0" s given by
(a) ¥ = ai; (b) s' € [0, min{zy /5y, a}];
(c) ¢T = min{q*, z + &a}; (d) 27 =z + ' Ts'T; (e) &7 = qnglélT

(3) Define qi(s) = min{z + ds + 6;(a — s),q*} and qu(s) = z + s + dna(s), where a(s) solves
u(qi(s)) — ai(s) = ulgn(s)) — = — ds — 4@,
and § = (1 — p)&; + pdy. Let st solve
[(1 = p)di + (2p — 1)dn]u'(an(s"))
POR,
There exist 0 < 2’ < 2" such that if z > 2",
(8) 510 = 50 = 5, = 0; (b) ¢'° = q(s,) 1 4" = gu(5,);
(c) 210 = 2M0 = z; (d) a!© = L2~ gLZ' and a"° = a(0).
If 2/ <z < 2",
(a) WO UM =y = (1= p)di + pdn; (b) s'0 = "0 =5, = min{s, ,};
) 69 = o) gnd = a0(o0); (0) 27230 = 2 vy
( == and a"° = a(s,).

+ [ (a(s")) = 1l (an(sh)) = 1] = 1.

(a) Y10 =" =, = (1 - p)dr + pon;
(b) 510 = §10 = 5, € (0,min{z/[(1 — p)é + pbi], a}];
(¢) ¢'° = ¢"° = 2z + Ppa; (d) 210 = 20 = 2 4 4,5,; () @0 = a0 =a — s,.

Proof: We start with the DM. For the moment, let us assume that 7 = 0. In this case, there are two
types of equilibrium in the DM.

15 This condition holds when p is sufficiently large. The reason for assuming it is that otherwise, consumers
would not sell assets in opaque AM meetings when z < z”. Consequently, consumers with high-quality assets
would prefer to make separating offers in the DM and avoid the price discount in the AM.
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Case 1: separating equilibrium. Suppose that the DM equilibrium is separating. Let the offer be
(¢,2,a). Consumers with high-quality assets solve

maxu(q) — 2 — dna

Ex

s.t. 24 0pa > g, (A1)
v* > ulq) — 2 — 44, (A.2)
<3 6<a,

where v* is given by v* = max, ;4 u(q) — 2 — 0;a subject to 2 + 0;a = ¢, £ < Z, and & < a. Let the
solutions to the problems be (g, 2, an) and (qi, 21, a;), respectively. We have ¢; = min{z + 6;a, ¢*}.
Next, we show that (A.1) and (A.2) must bind at (gp, zx, ap). Suppose (A.1) is strict, let (¢, 2’,a’) be
such that 2’ = 23, @’ < ay,, and

u(qn) — zn — Gap = u(q') — 2" — 6,d’.

Then, it is easy to show that u(gn) — zn — dpan < u(q’) — 2" — §,a’, a contradiction. Next, suppose
(A.2) is strict, then because g5 < ¢, the consumer can increase a; and obtain higher utility without
giving consumers with low-quality assets the incentive to deviate. Hence, it must be that (A.2) also
binds. We can then rewrite the first problem as

Znélg)i u(Z2 4 6pa) — 2 — dna
sit. u(q) — @ =w(2+ dna) — 2 — §ia.
Since Z < ¢* by assumption, we can conclude that z;, = 2. And a;, solves
u(q@) — @ = u(Z + dpar) — 2 — 1an.

It is straightforward to show that a; is decreasing in Z, and that Z + dxay, is increasing in Z.
Case 2: pooling DM equilibrium. Consumers with high-quality assets solve

maxu(q) — 2 — dna
a

s.t. 2404 =g,
u(q) — 2 — 614 > u(q*) — ¢, (A.3)

where 6 = pdj, + (1 — p)d; is the average asset quality. Note that (A.3) is the participation constraint
for consumers with low-quality assets. Let the solution be (gp,2p,a,). Define ¢ to be such that
u'(§) = 6, /6. If 2> §, pooling cannot happen because consumers with high-quality assets will prefer
not selling any assets. Hence, (A.3) is not satisfied. Now, suppose Z < ¢. If (A.3) does not bind,
we have ¢, = G, 2z, = %, and a, = (gp — zp)/g. Since a, is decreasing in Z, (A.3) binds when 2 is
sufficiently large. In such case, it is clear that consumers with high-quality assets will prefer separating
equilibrium.

Finally, we solve for the equilibrium in the AM. Consider a consumer with high-quality assets.
She may sell some assets at the pooling price in the AM and make a separating offer in the DM, or she
may make a pooling offer in the AM. In the latter case, she does not have the incentive to sell in the
AM. This is because that selling at the pooling price does not increase her surplus. However, unless
consumers sell all of their assets in the AM, selling in the AM makes (A.3) more likely to bind because
Z is larger. Now, consider the first case and let s > 0 denote the assets sold in the AM. Consider a
consumer with high-quality assets. In the DM, the consumer will have z + ds units of real balances.
We can conclude that the consumer will offer 2 = z 4+ ds in the DM, because otherwise the consumer
can increase her utility by lowering s. For now, let us assume that trade in the AM is not constrained
by asset buyers’ money holdings z;. The consumer solves

max u(z + 08 + 0pd) — 2 — O — Opd (A4)
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s.t. w(min{z + 0s + &;(a — 5),¢*}) — min{z + ds + &;(a — 5),¢*}
=u(z + s+ 0pa) — 2z — 05 — &,d, (A.5)
s+a<a.
Note that as long as s < a, then @ > 0. To see why, note that it must be that z + ds < ¢*, otherwise
consumers’ with high-quality assets can reduce s and increase their utility. If s < a, consumers with
high-quality assets will have assets available to use directly as payment in the DM. Because z+4ds < ¢*,
a separating offer in the DM that includes both money and assets (i.e., @ > 0) increases the utility of

consumers with high-quality assets. If s = 0, consumers makes separating offers in the DM but do not
sell in the AM. To conclude, consumers make separating offers in the DM unless s = a.

Using (A.5), we can define d as a function of s, a(s). We have
N _ ! _ 1 _ N _ 1
i/ (s) = (0 —d0)[u (Ql)/ | — 8[v/(gn) },
onu’(qn) — 01
where ¢ = min{z + s + §(a — s),¢*} and ¢, = z + ds + dpa(s). Then, the first derivative of (A.4)
with respect to s is given by

[(1 = p)di + (2p — 1)dn]u/ (gn)

5u'(qn) — On + 0n[u' (qn) — 1]@’(s) o on

+ [ (@) =1 (@n) 1] = 1. (A6)

We assume (1 — p)d; + (2p — 1)d5, > 0. Note that g is increasing in s if ¢, < ¢*. In addition,

55 +opa) O (1= 8) + (6 =)' (a) — 1] o
ds ' (qn) — 3 7

S0 gy is increasing in s as well. Hence, we can conclude that (A.6) is decreasing in s. Then, there is a
unique solution to (A.4). Furthermore, s = 0 if:

(1= p)bi + (2p — 1)Slut (= + 8n(0)
POR
<0, (A7)

+ [/ (min{z + &a,¢*}) — 1][u/(z + §,a(0)) — 1] — 1

and s = a if:

(1= )3+ (20 — DouJu (2 + )

POn

Now define z” to be such that (A.7) holds at equality and z’ to be such that (A.8) holds at equality.
We can then conclude that s = a if z < 2" and s = 0 if 2 > 2”. Note that for (A.8) to hold, it must
be that u'(da) > [0 — (1 — p)di]/[pdn] > 0n /6, otherwise 2’ = 0, and consumers do not make pooling
offers in the DM. Note that this implies that u/(2' +da) = [0p, — (1 — p)§i]/[p0n] > 6 /0. If 2/ < 2z < 2",
s solves:

+ [ (2 +da) =112 =1 >0. (A.8)

[(1 = p)d + (2p — 1)dn]u'(qn)

pon
Consider how ¢; and ¢ change with z. Suppose ¢; remains constant. This implies that s must be
decreasing with z, which implies g5, is decreasing in z since d—ds(gs + dra) > 0, a contradiction to (A.9).
Suppose ¢y is increasing in z, which implies that s is increaiisng in z and that q; is igcreasing in z,
d d

again a contradiction to (A.9). Hence, we can conclude that §2 <0, 0 < % <1,and G <0.

+ [/ (q) — 1][u(qn) — 1] =1 =0. (A.9)

Finally, if 7 > 0, so some consumers are in transparent meetings. If such a consumer has high-
quality assets, she will be able to sell at a price equal to d. If such a consumer has low-quality assets,
she has to sell at a price equal to ¢;. Consumers in opaque meetings will also sell a positive amount
of assets at price 6. This means that in the DM, the latter cannot mimic the former or consumers in
opaque meetings. [J
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Appendix B Undefeated Equilibrium Refinement

In the first part of this section, we use a simplified version of the model to illustrate the logic behind
the (original) undefeated equilibrium refinement as defined by Mailath et al. (1993) and why we use
it instead of another popular refinement method, the Intuitive Criterion (Cho and Kreps, 1987). In
the second part, we show that the version of undefeated equilibrium refinement used in this paper (see
Definition 2) retains the logic behind the original version.

Part I. Undefeated Equilibrium Refinement

First, consider a simplified version of the model without the AM between the CM and the DM.
Suppose also that é; > 0 so that separating equilibria with trade are possible. For simplicity, assume
A =1 so that all consumers want to consume in the DM. The rest of the model environment remains
unchanged. Now, let j € {l,h} denote the quality of consumer’s asset. Define v’, j € {I,h}, to be the
lowest possible surplus j-type consumer can obtain:

v/ = max{u(q) — z — §;a} s.t. Sa+z>q.

R
The set of perfect Bayesian equilibria (PBE) is given by the following:
(1) u(q?) — 27 — §;a7 > o7 for j € {l,h} (individual participation constraint).
(2) (¢, 27,07)on + (1 = (¢, 27, a?))di]a’ + 27 > ¢/ for j € {I,h}.
(3) v(¢?, 27, a?) is given by

1, if u(¢?) — 27 — 807 < o' and u(¢?) — 27 — pa’ > V"
(¢, 27 a7) = { p, if u(q?) — 27 — 807 > v and u(¢?) — 27 — 6pa’ > v
0, if u(¢?) — 27 — 6107 > v and u(q’) — 27 — Spa? < V"

(4) Off-equilibrium path beliefs: (g, z,a) = 0 for all (q,z,a) ¢ {(¢,2',a"), (¢", 2", a")}.

Similar to the model in this paper, there exist a continuum of equilibria, and an equilibrium refinement
is necessary. Mailath et al. (1993) introduce a refinement method that can be used for two-player
signaling games such as this one. It is defined as follows: a PBE (PBE-1) is defeated by another PBE
(PBE-2) if there exists (g, 2,d) that satisfies:

Requirement 1 : There exists K C {I, h} such that (g, 2,a) is played by type-K consumers in PBE-2
but not in PBE-1.

Requirement 2: There exists J C K such that J-type consumers obtain strictly higher surplus in
PBE-2.

Requirement 3: In PBE-1,
st o 1(hO € J
(05 2a) £ P00

pL(hO € K) + (1 — p)1(I0 € K)°

In words, Requirements 1 and 2 say that there exists a strategy in PBE-2 that is not played in PBE-
1, and such a strategy provides strictly higher payoff for some consumers. Requirement 3 says that
the reason why the strategy (g, 2,d) is not played in PBE-1 is that the off-equilibrium path beliefs
of producers in PBE-1 do not take it into account. However, because this alternative equilibrium is
profitable for some consumers, producers should have expected it. In other words, producers’ beliefs
in PBE-1 are arguably “unreasonable”. A PBE is undefeated if there does not exist another PBE that
satisfies Requirements 1-3.

In addition to undefeated equilibrium refinement, another popular refinement method used in
similar environments is the Intuitive Criterion (Cho and Kreps, 1987). For example, Rocheteau (2011)
shows that a proposed equilibrium fails the Intuitive Criterion if there exists an unsent offer such that
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(1) The unsent offer brings I-type consumers strictly lower payoff regardless of the inference the
producer draws from the unsent offer. As a result, the producer should believe that the offer comes
from h-types.

(2) Conditional on the producer believing that the offer comes from h-type consumers, the offer
provides strictly higher payoff to h-type consumers.

The main difference between the undefeated equilibrium refinement and the Intuitive Criterion is that
the latter relies on off-equilibrium messages as signals. As pointed out by Mailath et al. (1993), if
the producer does believe that the unsent offer only comes from h-type consumers, then the original
equilibrium will no longer exist, since h-type consumers will always deviate. Then, for I-type consumers,
their payoff in the current equilibrium should not be relevant — instead, they should consider their payoff
in the new equilibrium given the producer’s belief. Undefeated equilibrium refinement eliminates such
a concern by considering alternative PBE (as opposed to an off-equilibrium message) when deciding
whether an equilibrium passes the refinement. In this simplified model, a separating equilibrium
that passes the Intuitive Criterion also satisfies the undefeated equilibrium refinement. However, the
undefeated equilibrium refinement allows pooling equilibria if they are Pareto-optimal. For more details
on the comparison between undefeated equilibrium and the Intuitive Criterion, see Bajaj (2018).

Part II. Two-stage Undefeated Equilibrium Refinement

Now, we show that the version of the undefeated equilibrium refinement introduced in this paper
(Definition 2) shares the same basic logic as the original version defined in Mailath et al. (1993). To
see this, first note that there are two important features of the signaling game in this paper.

(1) Both asset buyers and producers must form beliefs regarding asset quality based on the offer
they receive and the asset portfolios of the consumers they are matched with.

(2) The game appears to have “two stages”, i.e., the interactions between asset sellers and buyers
in the AM, and the interactions between consumers and producers in the DM. However, the two
stages cannot be solved separately. This is because, firstly, in the AM, asset sellers’ strategies and
(consequently) asset buyers’ beliefs depend on what they think producers’ beliefs will be like in the
following DM, since producers’ beliefs affect asset values in the DM and by extension asset sellers’
payoffs in the AM. Secondly, producers’ beliefs in the DM also depend on what they think asset
buyers’ beliefs were like in the preceding AM, since asset buyers’ beliefs affect asset sellers’ strategies
and thus the asset portfolios which producers observe at the beginning of the DM.

These two features mean that we need to solve agents’ problems in the AM and the DM together.
Furthermore, we need to take into account the fact that both producers and asset-buying (N-type)
consumers form beliefs. We copy our definition of the two-stage undefeated equilibrium refinement
(Definition 2) here for convenience:
A perfect Bayesian equilibrium in the AM and the DM (PBE-1) is defeated by another perfect
Bayesian equilibrium in the AM and the DM (PBE-2) if there exists (¢, §';¢’, 2',a’) that satisfies
Requirement 1: There exist K C {lO,hO,IT,hT} such that (1/3’, §;q,2,a") is played by type-K
consumers in PBE-2 but not in PBE-1.

Requirement 2: There exist J C K such that type-J consumers play (1;, 8;q, 2, a) and obtain strictly
higher surplus in PBE-2.

Requirement 3: In PBE-1, at least one of the following conditions is satisfied:
pL(hO € J)

a/. oAl
VL) F e k) + (1= IO € &)’ (B.1)
V(20 e+ 08 a—§ 2 a) #
p(1 =71)1(RO € J)+ pr1(RT € J) (B.2)

p(1=7)1L (RO € K)+ (1 —p)(1 —7)L(I0 € K) + pr1(hT € K) + (1 — p)71(IT € K)’
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A perfect Bayesian equilibrium in the AM and the DM is undefeated if and only if there does not
exist (1/,8';¢/,2',a) that satisfies conditions (1)-(3).

If we compare the above definition with the definition of two-stage undefeated equilibrium in Part
I, we can see the main change is in Requirement 3, while Requirements 1 and 2 are straightforward
adaptations of their counterparts in the original definition of undefeated equilibrium. Regarding Re-
quirement 3:

The right hand side of Condition (B.1) is the share of asset sellers with high-quality assets that play
(w’ §') in the AM. Condition (B.1) therefore says that asset buyers, in their off-equilibrium path
beliefs in PBE-1, fail to take into account the part of the strategy (¢, 8¢, 2’,a’) that is played in
the AM.

The right hand side of Condition (B.2) is the share of asset sellers with high-quality assets that
play (@/A/ §) in the AM and play ¢, 2’,a’ in the DM. Condition (B.2) says that producers, in their
off-equilibrium path beliefs in PBE-1, fall to take into account the strategy (¢',3';¢',2',d') that is
played in the AM and the DM.

In other words, the new Requirement 3 says that “unreasonable” beliefs from asset buyers and/or
producers must be the reason why a strategy profitable for some consumers is not played in PBE-1.
This captures the fact that the two stages (i.e., the AM and the DM) of the game are interconnected
and that “unreasonable beliefs” from either asset buyers or producers can be part of certain PBEs. Such
equilibria then eliminated from our consideration (i.e., “defeated”) since they are based on unreasonable
beliefs. As discussed in Part I of this section, this is the same logic behind the original definition of
undefeated equilibrium proposed by Mailath et al. (1993).

Appendix C Proofs

Proof of Proposition 1: We show how the proposed strategies are derived, and why they constitute
a unique set of undefeated equilibria. Consider the following problem:

,max {u(q) + s —2—op(a+s)} (C.1)
5,q,2,a
st. g <24+ 1(2 > 2)0na; (C.2)

2<z+9s; Y <o
Ps<zp; s<a; a<a-—s.

Denote the solution as (a) YT = §, (b) s"T = (0, min{z,/0n, (¢* — 2)/6n,a}], (c) ¢"T = min{q*, z +
dpal, (d) 2hT = 2 4 "Ts"T and (e) a"T = [¢"T — 2h7]/6),. Next, consider the following problem:

,max Au(q) +¢s—2—dn(a+9)} (C.3)
15,0,2,
st. g < 24 1(2 > 2)pdna; (C4)

2< z4+s; P < pdp;
Pvs <z s<a; a<a-—s,

Denote the solution as (a) 1, = pdp; (b) g, = max{z, min{z + pda, G}}, where § solves u'(§) = +; (c)

sp = (0, min{25/(pdn), (qp — 2)/(pdn)}], (d) 2p = 2 + sy, and (e) ap = [gp — 2p]/[pon]-

Now, we show (¢, 8p, Gp, 2p, @p) and (YT shT T 2hT GhT) constitute a unique set of undefeated

equilibria. First, type-lO and type-hO consumers must pool in the AM and the DM, because otherwise
producers will recognize that type-lO consumers’ assets are worthless. Second, type-lO and type-hO
consumers cannot mimic type-h7T consumers because "7 Vp, SO

(2 + Vpsp,a—sp) # (2 + " T a — ")
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for any choices of s, and s"T. Then, there does not exist an equilibrium where type-hT and/or

type-hO consumers are strictly better off since problems (C.1) and (C.3) maximize type-hT and type-
hO consumers’ surpluses, respectively. This also means that any other equilibria are defeated by
the proposed equilibrium, because consumers with high-quality assets are better off in the proposed
equilibrium. Type-IT can only use money in the DM since they are the only agents who enter the
DM with a portfolio of (z,a). Finally, to understand constraint (C.2), note that given the equilibrium
strategies, if type-hT consumers do not sell in the AM (i.e., 2 = z), then they will be treated as type-IT
consumers. Similarly, constraint (C.4) says that if type-IO and type-hO consumers do not sell in the
AM, they will be treated as type-IT consumers. [

Proof of Proposition 2: First, define:

Gi(z) = M(1 = p)7[u'(2) — 1] + prlu’(min{z + dpa, ¢*}) — 1] + (1 = 7) [/ (2 + pdna) — 1]};

Ga(z) = M1 = p)1[v (2) — 1] + pr[u/(min{z + Spa,q¢*}) — 1]};

G3(2) = M — p)1[v(2) — 1] + pr[v/(min{z + dpa,q¢*}) — 1] + (1 — 7)[u/(2) — 1]}.
Based on earlier analysis, we know that G1(z) is the marginal value of real balances for all z < §— pdy,a;
G4(z) is the marginal value of real balances for all § — pdpa < z < §; and G3(z) is the marginal value
of real balances for all z > G. Now, define i; = G1(§ — pdra). It is clear that for all z > § — pdpa, we
have G2(z) < i1 and G3(z) < i1. In other words, for all i > i1, z solves:

i=M(1—p)T['(2) — 1] + pr[v/(min{z + dpa, ¢*}) — 1] + (1 — 7)[v/(z + pdpa) — 1]}.

Next, consider ¢ < i;. Define vy to be the surplus from holding z = § — pdja units of real balances:

G—pona
vy(i) = /0 [G1(z) —i]d=.

Define v3(%) to be the surplus from holding ¢ — pdpa < z2(i) < G units of real balances where z5(7)
solves G3(z2) = i for some i € [G2(G), G2(§ — pdna)l:

22 (1)
(i) = [ G2) ~ 1 <4 p51a) + [Gala) — i1 > 4 phra)} s

Similarly, define v3(7) to be the surplus from holding 23(7) > ¢ units of real balances where 23(4) solves
G3(z3) =i for some i € (0,G3(q)]:

23(4)
v3(i) = /0 {[G1(2) —i|1(2 < G — pdpa) + [Ga(z) —i|1(§ — pdra < z < §) + [G3(z) —i|1(z > )} d=.

We have two cases to discuss.

Case (1): suppose G3(G) > G2(G — pdpa). This implies that Ga(z) < G3(g) for all § — pdpa < z < .
Then, v3(G3(§)) < v1(G3(q)), because the marginal value of money is less than ¢ for all —pdpa < z < §.
Now, note that:

23 (1)
v~ o) = [ {[Gale) - i1 £ 0)+[Ga(e) ~ i > D)} d,
G—pona
which is decreasing in 7. Hence, there exists i < i1 such that vs (E) = vl(%). Suppose 7 > G (§ — pona).
Then v2 (i) < v3(i) for all i € [G2(G), G2(G — pdra)), because va(G2(G— pdra)) = v1(G2(§— pdpa)), and:
Z3(i)
v3(i) —v2(i) = / {[G2(2) = i]1(22(i) < 2 < ) + [G3(2) —i]1(z > §)} d»
22(1)
is also decreasing in 4 since G(z) —i < 0 for all z > 2o(7). In this case, let iy = i3 = 7. Then, for all
19 <1 <11, 2= q— pdpa. For all i < i3, z solves:

i=M(1 - p)r[u'(2) — 1] + pr[v/ (min{z + dpa,¢*}) — 1] + (1 — 7)[/(2) — 1]}. (C.5)
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It is clear that a solution exists and is unique. If i < G2(§ — pdna), then there exists iz < Go(§ — pdna)
such that vs(i3) = va(iz). Let is = G2(§ — pdpa). Then for all is < i < 41, 2 = § — pdpa. For all
i3 < 1 < 12, z solves:

i=M(1—p)r[uv'(2) — 1] + pr[v/ (min{z + dpa,q¢*}) — 1]}, (C.6)
which also has a unique solution. Lastly, for all ¢ < i3, z solves (C.5).
Case (2): suppose G3(¢) < Ga2(G—pdra). Then, for all i € [G3(G), G2(G— pdna)], we have va(i) > v1(i).
Now, consider i < G3(G). Note that v3(G5(¢)) < v2(G3(G)), and that:

z3(4)
vs (1) — v2(7) =/ o {[Ga2(2) —ill(22(i) <z < §) + [G3(2) —i]1(z > §)} dz,

which is decreasing in i. Hence, there must exist i3 < G2(§ — pdpa) such that vs(iz) = va(iz). Now,
let i3 = G2(q — pdpa), then for all iy < i < i1, 2 =G — pdpa. For all i5 < i < ia, 2z solves (C.6). Lastly,
for all i < i3, z solves (C.5).

Finally, we prove the case where pd,a > §. Since we assume u'(0) = oo, we have G2(0) = occ.
Following the discussion above, we know there exists i' < oo such that @3(i") = 95(i"), where:

. Z2(i) .
a(i) = / [G2(2) — 1] dz,
0
and
. ZS(i) . .
)= [ {(Ga() ~ 11 £ D)+ [Gale) — 1 > )}
0
It is straightforward to see that for all i > i', z solves (C.5), and for all i < if, 2 solves (C.5). O

Proof of Proposition 3: The proof has two parts.
Part 1: We prove first part of this proposition regarding i. First, assume pdpa < §. If i > i1, z solves:
i=M(1—p)r['(2) — 1] + pr[v/(min{z + dpa, ¢*}) — 1] + (1 — 7)[v/(z + pdpa) — 1]}.
Tt is straightforward to see that z (and therefore W) is decreasing in i. Next, if is <14 < i1, 2 = §—pdpa.
Hence, z (and therefore W) is unaffected by changes in i. If i3 < i < 42, 2 solves:
i = M(1 = )l (2) — 1] + prlud (min{z + dua,q”}) — 1]}
Again, z (and therefore W) is decreasing in i. Now, if ¢ < i3, z solves:
i=M(1 - p)r[u'(2) — 1] + pr[v/(min{z + Spa,q¢*}) — 1] + (1 — 7)[v/(2) — 1]},

so z (and therefore W) is decreasing in 7. Note that when switching from Case 3 to Case 4, z (and
therefore W) jumps. Finally, assume péna > §. Recall that for all i > if, 2 solves (4.4), and for all
i < if, z solves (4.5). Hence, the results follow from the above arguments. Now, assume pdna > §.
Recall that for all i > if, 2 solves (4.4), and for all i <if, z solves (4.5).

Part 2: We prove the second part of the proposition regarding 7. Recall that G1(z) is the marginal
value of real balances for all z < §— pdpa; Ga(z) is the marginal value of real balances for all §— pdra <

z < G; and G3(z) is the marginal value of real balances for all z > ¢ (see the proof of Proposition 2).
Note that:

(1= p) [t (2) — 1]+ pl (min 2+ 6ma, "} — 1] > (1= ) () — 1 + plu (4 6pa) — 1] > /(= + pdpa) — 1
as long as v/’(.) > 0. Then, it is straightforward to show that for any given z, G1(z) and G2(z)
are strictly increasing in 7, while G3(2) is strictly decreasing in 7. If 7 = 0, then G2(z) = 0 for all
G — popa < z < G, and G1(G§ — popa) = G3(§) = u/(§) — 1. If 7 =1, then G1(z) = Ga(z) = G3(2).

To proceed, first assume that pdpa < ¢. Define i) = v/(§) — 1 given that 7 = 0. Suppose i > #}.
It is straightforward to see that Gs(z) < i for all z > §. Since G1(z) and Ga(z) are both increasing
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in 7, z solves G1(z) =i so long as G1(G§ — pdpa) < i. If G1(§ — pdpa) > i but Ga(§ — pdpa) < i, then
z =z — pdpa. For all Go(G§ — pdpa) > i, z solves Gao(z) = i. In other words, as 7 increases from 0 to
1, the equilibrium switches from Case 1 to 2 and then to 3 (see Proposition 2 for more details about
equilibrium cases).

Suppose ¢ < ij. From the above arguments, Case 1 is impossible. Before comparing the other

cases, we prove a few helpful results first. Define v3(i) and v1(7) to be such that:

01(3) = M(1 = p)r{u(d — pona) — d — pdna] + priu(min{g + (1 — p)6ya,g"}) — min{g+ (1 — p)dna, ¢"}]
+ (1 =7)[u(@) — ql} — (G — pona);

vs(i) = M1 = p)7[u(zs(i)) — 23(0)] + prlu(min{z3(i) + dna, ¢*}) — min{z3(i) + ona, ¢"}]
+ (1 = 7)lu(zs(i) — (23(2))]} —izs(),

where z3(7) solves G3(z) = i.

Result 1: vy(4) is strictly decreasing in 7, while v3(4) is strictly increasing in 7. Using the Envelope

Theorem, it is straightforward to show that given 4, v3(i) is strictly increasing in 7. Next, note that
G+ (1 —p)opa < ¢* because (1) ¢+ (1 — p)dpa < G/p since we assume pdpa < q, (2)

. 1 s _x@ g
da/p) . —w@e 9 _ “w@ — 9 _
dp p? p?
so long as fq;‘,/;g) <1, and (3) §/p = q* when p = 1. Hence, v1() can be rewritten as:

v1(t) = M1 = p)7[u(@ — pdna) — § = pdnal + pr(u(q + (1 = p)dna) — (¢ + (1 — p)dna)]
+ (1= 7)[u(@) - (@I} — iz,
which, given i, is strictly decreasing in 7 because u” < 0.
Result 2: Given 7, there exists i(7) such that vs (g(r)) =v1(i(1)) (i.e., agents are indifferent between
Cases 2 and 4) for all 7 < 7 where 7 is such that i(7) = G3(¢) < #}. Furthermore, i is increasing in 7
for all T < 7. Define 5 = (7). For any ¢ > 5, Case 3 is optimal for all 7 > 7. The first part follows

from the proof of Proposition 2. The second part follows from Result 1. The last part is because for
any i > i5, we have i > G3(z) for all 7 > 7. Hence, Case 3 is optimal (i.e., z solves G3(z) = 7).

Recall from the proof of Proposition 2 that as long as G2(4 — pdna) < i(7), Case 4 offers higher payoff
than Case 3. If Go(G — pdpa) > i(7), then depending on i, Case 3 may offer a higher payoff. The
following result shows how this condition is affected by .

Result 3: There exists 7 < 1 such that G2(§ — pdpa) < i(7) when 7 < 7, and that Go(§ — pdpa) > i(T)
when 7 > 7. Define it = i(#). Then, it < 4. First, using the condition v3(i) = v;(z), we obtain the
following results:

di _ M(1 = p)lulza() — 2()] + plu(mingza (@) + 0ha,¢*}) — min{zs() + dna,q*}] — [u(za(®) — (D)}
dr 23(1) — (§ — pdna)
M(L— p)[u(d — p8na) — d — pdna) + plu(d + (1 — p)ona) — {d+ (1 — p)ona}] — [u(@) — @)}
z3(1) — (4 — pona) 7

=M1 = p)[w'(§ — pdna) — 1] + plu’ (G + (1 — p)dna) — 1].

dG2(§ — pdna)
dr
Since {(1 — p)[u(z) — 2] + plu(min{z + dra,¢*}) — min{z + dxa, ¢*}]} is concave in z, we have:
di M@= p)luzs(@) = 23(D)] + plu(min{z3 () + 5ha, ¢*}) — min{z3 () + Sna, ¢}
dr z3(t) — (¢ — pdna)
~ MO = p)[u(@ — pdna) — G — pdpal + plu(min{q + (1 — p)dpa,¢*}) — min{g + (1 — p)dna, ¢* }1}
23(i) — (§ — pona)

<M = p)(q = pdna) — 1] + plu’ (min{g + (1 — p)dpa,¢*}) — 1] =

dG2(q — pdpa)
dr

)

where the first inequality is because z3(i) > §. Note that i(7) is increasing in 7. Note also that
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G2(G — pona) = 0 < (0). This implies that there exists # < 1 such that Go(§ — pdra) < i(7) when
7 < 7, and that G3(§ — pdpa) > i(7) when 7 > 7. The final part of the result follows from Result 3.

A~

Result 4: For all 7 > 7, there exists 1(7) < i(7) such that v3(i(7)) = v3(i(7)) (i.e., agents are indifferent
between Cases 3 and 4). This result follows from the proof of Proposition 2.

Now, we are ready to prove the rest of the statements in the proposition.
(1) Suppose i € [i4,1}). Then, it is straightforward to conclude from Result 3 that as 7 increases from
0 to 1, the equilibrium switches from Case 2 to 3.
(2) Define it = Go(§) when 7 = #. Define i = min{i(0),if}. Suppose i € [0,i4). Then, for all
T € [0,1], Case 4 where z solves G3(z) =4 is the only optimal case.

3) Consider i € [i4,45). Suppose i < if. Then, for 7 < 7, if i < i(0), the equilibrium is in Case 4. If
i >4(0), it is first in Case 2 and then switches to Case 4. If i > G3(§) when 7 = 1, the equilibrium will
eventually switch to Case 3. Now, suppose i > if. Because i(7) < i(7), the equilibrium will first switch
to Case 3 from Case 2 when 7 > 7. If 4 is such that i < i(7) for some 7 > 7, then the equilibrium
switches to Case 4 from Case 3. Finally, If ¢ > G3(§) when 7 = 1, the equilibrium will eventually
switch to Case 3.

(4) Regarding aggregate welfare, firstly it is straightforward to show that W is continuous and strictly
increasing in z. We know from Proposition 2 that z (and therefore W) increases discontinuously when
the equilibrium switches from Case 2 or 3 to Case 4, while z and W decrease discontinuously when
the equilibrium switches from Case 4 to Case 3. Secondly, if the equilibrium is Case 1, we have:

%V =M1 - p)[u(z) = 2] + plu(z + 6pa) — (2 + 0na)] — [u(z + pdna) — (z + pdna)l}
<0
+ M1 = p)7[W/(2) = 1] + pr[u/ (2 + 6pa) — 1] + (1 — 7)[u/ (2 + pdpa) — 1]}%,
>0
92 (L= ()~ 1)+ plomin{e + nag )~ 1)~ [+ piha) 1) _
or (1= p)Tu’(z) + pru (2 + dpa) + (1 — 7)u" (z + pdra) '
In Case 2,
ow ~ ~ o
5 =M = p)[u(d@ = pdna) = 2] + plu(@ + (1 = p)ona) — (2 + (1 = p)dpa)] — [u(@) — dl} <O
In Case 3,
%LZ =M1 = p)[u(z) = 2] + plu(min z + dra,¢") — (min z + pa,¢*)] — [u(q) — I}
+ M1 = p)r[u/(2) = 1] + prlu’ (min z + dpa, ¢*) — 1]}%,
>0
9z (1=p)lW'(z) = 1] + plu'(min{z + dna, ¢"}) — 1) _
or (1= p)ru"(2) + pru”’ (z + 0pa)1(z + dpa < q*) ’

where there exist 2z’ such that the term

(1 = p)[u(z) — 2] + plu(min z + dxa, ¢*) — (min z + dna, ¢°)] — [u(q) — q]

is positive if z > 2’ and negative if z < 2z’. Finally, in Case 4,

aa—‘j_/ =M(1 = p)[u(z) — 2] + plu(min z 4 dpa, ¢*) — (min z + dxa, ¢*)] — [u(z) — 2]}
>0
+ M1 = p)r[u/(2) — 1] + pr[u/(min z + dna, ¢") — 1] + (1 — 7)[u/(2) — 1]}%7
>0
0z _  (1=p/(z) = 1] + plu/(min{z + dna, ¢"}) — 1] — [v/(2) — 1]

< 0.

ar (1= p)ru(z) + pru(z + 6pa)1(z 4 0pa < ¢*) + (1 — 7)u”(2)
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In general, the sign of %—Vf is ambiguous except for Case 2. [J

Proof of Proposition 4: Consider the marginal value of real balances at the beginning of the AM
for consumers. First, consider consumers in transparent meetings. If they have high-quality assets,
then the marginal value is given by «/(min{z + dpa, ¢*}) — 1. If they have low-quality assets, then the
marginal value is given by «'(min{z + §;a, ¢*}) — 1. Next, consider consumers in opaque meetings. We
have several cases to discuss.

(1) Suppose that z < z’. The marginal value of real balances for both types of consumers is given by
u'(z + 0a) — 1. In this case, the marginal value of real balances is G (z) where:

Gi1(z) =M (1 = p)7[u (min{z + d,a,¢*}) — 1] + pr[v/ (min{z + dra, ¢*}) — 1] + (1 — 7)[v/(z + da) — 1]}.

(2) Suppose that 2’ < z < 2”. Consider opaque meetings. Recall that in this case, we have g—z <0,

0< % <1, and d(% < 0. The marginal value of real balances is G2(z) where:
Ga(z) =M (1 — p)7[v/ (min{z + &§a,¢*}) — 1] + pr[uv’(min{z + dpa, q¢*}) — 1]}
dq dgn

+ (1= )L =)' (@) = g+ (1= D) (@) = 1

(3) Suppose that z > z”. The marginal value of real balances is 0 for consumers with low-quality
assets. The marginal value of real balances for consumers with high-quality assets is given by:

[0pu/ (min{z + §a,q*}) — §][v/ (2 + dpa) — 1]
Oopu! (z + 0pd) — Oy

In this case, the marginal value of real balances is G3(z) where:

G3(2) )\{(1 — p)7[u/ (min{z + §a,¢*}) — 1] + pr[v/ (min{z + dpa, ¢*}) — 1]

(1 - p)(1 = el (minfz + G0, q}) — 1]
[0pv/ (min{z + §;a,¢*}) — &][v/ (2 + dpa) — 1] }
dpu!(z + 0pa) — 0 '

+p(1—7)

Tt is clear that G1(2') > G2(2') and G3(2") > Ga(z”) because 0 < % < 1 and % < 0. Next, we

prove that G1(z') > Gs(z”). First, we show that that for any given z, G1(z) and Ga(z) are strictly
increasing in 7, while G3(z) is strictly decreasing in 7. Note that:
(1 = p)l/ (min{z + dia,¢"}) — 1] + pl/ (min{z + dpa, q"}) — 1]

>(1=p)[u'(z + dia) — 1] + p[u'(z + dna) — 1]

>u'(z + da) — 1
as long as u”’(.) > 0. Hence, G1(z) is strictly increasing in 7. Regarding G2(z), we know that
q > min{z + d;a,q*} as long as s > 0, which means ¢; > min{z + d;a,¢*} for all z € (', 2"). Since we
also have 0 < % <1 and % < 0, G1(2) is strictly increasing in 7. Regarding G3(z), we know that

[Opu/ (min{z + da,q*}) — &)/ (z + opa) — 1]
Oop! (z + 0pa) — Oy

is increasing in u/(z + dpa). From the proof of Proposition 10, we know there exists @ > a such that
u'(z 4 0pa) = v (min{z + d;a,¢*}). Thus, we can conclude that:
[Opu/ (min{z + §a,q*}) — &][w' (2 4+ dpa) — 1] _ [ope/(min{z + da, ¢*}) — §][w/ (2 + dpa) — 1]
po > po
(5hu’(z + 6ha) — 0y (5hu’(z + 6ha) — 0

>/ (min{z + dpa,q*})

Hence, G3(z) is strictly decreasing in 7. This implies that to prove that Gy(z') > G3(z"), it suffices
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to show that G1(z’) > G3(z”) when 7 = 0. Now, assume for a moment that G1(z’) = G3(z”) when
7 = 0. Recall that u/(2' + da) = 6“_%7:’))61. Define g; = v/(min{z"” + §;a,q*}) and g, = v/ (2" + 6ra).
By assumption, we have:

[6ngt — &illgn — 1] 0n — (1 = p)dy
Ongh — 0y B PO
Using this equation, we can write g5, as gn(g;) and substitute it into the LHS of (A.7). Recall that at

2z = 2", we must have:

[(1 = p)di + (2p — 1)0n]gn(g1)
pon

— 1.

(I=p)lg—1]+p

+ lgt = Ulgn(g) —1] =1 =0.

Substitute in gn(g;) to get:

[(1—p)d + (igh— 1)0n]gn(g1) + g = 1lgn(gr) — 1] =1
(6 — 61)(p — 1)(81 + pdng)[6:(1 — p) + 6n(pgi — 1)]
pop101(1 = p — p2) + dnlp(g + p) — 1] '

Note that g; € [1, W). It is straightforward to show that as long as p? + p — 1 > 0, then the
above expression is strictly positive. In other words, if G1(2’) = G5(2”) holds, the LHS of (A.7) would
be strictly positive. This implies that z” must be such that G1(z") > G3(z”). Then, we can follow the
proof of Proposition 2 and conclude there are four possible cases:

Case 1: z solves i = G1(z); Case 2: z = 2’; Case 3: z solves i = Go(z); Case 4: z solves i = G3(z2).

As shown in Figures 8, 9, and 10, there exist ¢ and 7 such that the equilibrium is in Case 2. In such
a case, marginal changes in 7 and 7 has no effect on z. There also exists ¢ at which the equilibrium
switches between Case 3 and Case 4. Finally, there exist values of 7 at which the equilibrium switches
between Case 2 and Case 4 or between Case 4 and Case 3. Based on the previous arguments regarding
G1(z), G2(z), and G3(z), we can conclude that a switch from Cases 2 to 4 implies a jump in z. Because
z is larger in Case 4 than in Cases 3 and 4, and because consumers are indifferent at the cutoff points,
a switch from Cases 2 to 4 implies a jump in aggregate welfare. Similarly, a switch from Case 4 to 3
implies a drop in z and aggregate welfare. [J

Proof of Lemma 2: First, consider a < §/(pdy). Suppose z < § — pdpa. We have:
Bi(2) = (1 - p)u/(2) + pu! (minfz + Gpa,q"}) — o (2 + pona).

If z + dpa < ¢, then it is clear that Bj(z) > 0 since u”'(.) > 0. Now, suppose z + dpa > ¢*.
Note that ¢* — dpa — (§ — pdpa) = ¢ — ¢ — (1 — p)dpa is decreasing in a. Suppose § = pdpa,
then ¢* — dpa — (§ — pdpa) = ¢* — dpa > 0 because dpa < ¢* by assumption. In other words,
q* — 0na — (¢ — pdpa) > 0 when a < min {G/(pds),q*/0n}. This implies that if z 4+ §a > ¢*, then
z + pdpa > 4. In other words, for all ¢* — dpa < z < G, we have:

Bi(z) = (1 —p)[u'(2) — 1] + p[v/(min{z + dpa,q*}) — 1] > 0.

Note also that when z = ¢, B1(z) > 0. However, if z < § — pdpa, B1(z) < 0 because u”(.) < 0. Hence,
there exists ¢ — pdpa < Z < G such that By(2) = 0. Finally, suppose § < z < ¢*. We have:

Bi(z) = p[u/(min{z + dpa, ¢*}) — u'(2)] < 0.
Second, consider a > §/(pdy). We have:
Bi(2) = (1 = p)[u'(2) — 1] + plu/ (min{z + 6pa, ¢"}) — 1] > 0
for all z < ¢, and:
Bi(2) = plu/(min{z + dpa,¢"}) — u'(2)] <0
for all § < z < ¢*. Note that B1(z) < 0 when z = 0, but B1(z) > 0 when z = §. Hence, there exists
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0 < Z < ¢ such that By(2) =0. O

Proof of Proposition 5: Assume a < G/(pdp). From Proposition 2, when z < §— pdpa, the marginal
value of money is u/(z + pdpa). Since k < By (%), there exists 7 < zf < G such that By (2") = k. Then,
when § — pépa < z < 2T, the marginal value of money is 1. Since B(z) < 0 for all § < z < ¢* and
Bi(q*) = 0, there exists z* > § such that B;(z*) = k. Hence, when z' < z < 2% agents pay &, and
the marginal value of money is (1 — p)u'(z) + pu/(min{z + dna,q*}). Finally, when z* < 2 < ¢*, the
marginal value of money is u'(2).

Now, define G1(z) = A[u/(z+ pdpa) — 1], Ga(z) = M(1—p)[v'(2) = 1]+ p[v/ (min{z +dpa, ¢*}) — 1]},
and G3(z) = A[v/(z) — 1]. Next, let i1 = G1(§ — pdra). Tt is clear that for all z > § — pdpa, we have
G2(z) < i1 and G3(z) < i;. In other words, for all i < iy, z solves G1(z) = ¢ where i = (1 +p)/5 — 1.

Next, consider i < 41. Define v; to be the surplus from holding z = §— pdxa units of real balances:

G—pdna
on(i) = /O (G1(2) — ] d.

Define vy(i) to be the surplus from holding § — pdra < 22(i) < z* units of real balances, where 2,(4)
solves Ga(z) = i for some i € [0, Ga(2)]:

22 (1)
va(i) = /0 {[G1(2) —i]1(z < G — popa) —i1(§ — popa < z < 27) + [Ga(2) —i|1(2" < 2 < 2})} dz.

Similarly, define v3(i) to be the surplus from holding z3(i) > 2* units of real balances where z3(7)
solves G3(z3) = i for some i € [0, G5(§)]:

z3(1)
v3(i) = /0 {[G1(2) —i]1(z < § — pdpa) — il (G — popa < z < 1)

+[Ga(z) — il (2T < 2 < 24) + [G3(2) —i]1(2 > 2})} dz.
Now, consider vy (i) — v1 (i) for all i € [0, Go(21)]:

22(
va () — vy (4 / {—il(G— popa < z < 27) 4+ [Ga(2) — i]1(z" < z < %)} d=.

p5ha

It is clear that ve(i) — v1(i) is decreasing in i and there exists some iy € (0,Go(2")) such that va(iz) —
v1 (i) = 0. Next, consider v3(i) — vo(i) for all i € [G2(2%), min{Ga(2"),G3(zH)}]:

23(1)
(i) uali) = [ | 1030) ~1(ea(0) < = < )+ [G() — i1 2 )

which is decreasing in 4, and there exists some i3 € (Go(z%), min{Ga(z"), G3(2*)}) such that vs(iz) —
va(i3) = 0 provided that v3(min{Go(z"), G3(24)}) — v (min{Ga(21), G3(2)}) < 0. We have two cases.
Case I: Suppose iy > i3 > Ga(2}). Then, let iy = iy and i3 = 3. For all iy < i < iy, 2 = § — pdpa.
For all i3 < <z, 2 solves Go(z) =i. For all 1 < i3, z solves G3(z) = 1.

Case II: Suppose i3 > iy or v3(min{Gy(z"), G3(zH)}) — va(min{Gy(z"), G3(z")}) > 0. Consider
v3(i) — vy (i) for all i < G3(z%):

v3 (i) — v1(4)

23 (1)
= /_ S {—i1(§ — pona < 2 < 2V) + [Ga(z) —i]1(z" < 2 < 2}) + [G3(2) — i]1(z > z¥)} dz,

which is decreasing in 4, and there exists some i4 € (0,G3(z%)) such that v3(is) — v1(ig) = 0. In this
case, let io = i3 = 4. Then, for all iy < i < iy, 2 =G — pdpa. For all, i < iz, 2 solves G3(z) =i. O

Proof of Proposition 6: We prove the comparative statics of z with respect to 7; the rest of the
comparative statics follow directly from Proposition 1. If ¢ > iy, z solves i = A[u/(z + pdpa) — 1]. Then
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it is clear that z is decreasing in 4. If iy < i < iy, 2 = §— pdpa, then z is unaffected by i. If i3 < i < ig,
z solves i = M (1 — p)[u/(2) — 1] + p[v/ (min{z + dpa, ¢*}) — 1]}, then it is clear that z is decreasing in
i. Finally, if ¢ < i3, z solves i = A[u/(2) — 1], so z is decreasing in i. O

Proof of Lemma 3: Supposing z < ¢'(7) — &(7)dna, we have:

% =u'(z+dpa) — 1 — [u/(z + &£(F)dpa) — 1] < 0.
Supposing z > ¢f(7), we have:
aBQ(Za%) o (RTY 1, B
—5, =u'(¢")—1-[v(2) —1] <0.
Supposing z € [¢f(F) — £(7)na, ¢f (7)], we have:
0By (2,7
% =u'(z+6pa) —1 > 0.

Finally, Bs(z,7) is increasing in 7 because u(q(7)) + z + pdna — ¢(7) is decreasing in 7. O

Proof of Lemma 4: Suppose 7 € (0,1). Let 2* denote the optimal choice of z. We have:

u(g") =" = [ula(7'(z%))) — a(F' (z")] = &,
where ¢"T' = min{z*+dna, ¢*}, and ¢(7) = max{z*, min{z*+&£(7)dna, ¢' (7)} } where v’ (¢ (7)) = 1/£(F)
and &(7) = p(1—=7)/[p(1 —7) + 1 — p|. In other words, conditional on z* and 7, consumers with high-
quality assets are indifferent between paying x or not. However, ex ante, the surplus when choosing
to pay k is:

Vi = ML= pulg™) + = = ¢7] + plu(@"T) + 2 + na — "7 — K]} + (L= N)(=" + pona) — (i +1)=",

where ¢! = z*, while the ex ante surplus when choosing not to pay & later is given by:
Va = Mu(q(7(27))) + 2" + pdna — q(7' ()] + (1 = A) (2" + pdna) — (i + 1)z".

It is straightforward to show that V3 = Vs if and only if ¢(7/(z*)) = z*. Take the derivatives of V; and
V5 with respect to z* and get:

MA@ = p)W/ (") = 1] + plu'(min{q", 2" + dna}) — 1]} — i,

A/ (2%) — 1] —i.
Notice that (1 — p)[u/(2*) — 1] + plu(min{q*, z* + dpa}) — 1] = A[u/(2*) — 1] iff 2* = ¢*. This implies
that a consumer considering not paying x later in the AM and a consumer considering paying x would
not have chosen the same z. In other words, 7 € (0, 1) is not possible if z is chosen optimally. OJ

Proof of Proposition 7: Define G1(z) = M(1 — p)[v/(2) — 1] + p[uv/(min{q*, z + dpa}) — 1]} and

A/ (max{z, min{z + pdpa,q}}) — 1], if z < G — popa,
Ga(2) =40, if §— pdpa < 2 < q,
Au/(z) = 1], if z > q.

Then, G1(z) is the marginal value of holding money when a consumer later pays « in the AM, and
G4(z) is the marginal value of holding money when a consumer later does not x in the AM There are
three scenarios to consider.

(1) Assume that x > By(§). Define z; and 2z, to be such that By(z1) = s and Ba(22) = k. Then, for
all z < zp, the marginal value of money is given by G1(z). For all z > 25, the marginal value of money
is given by Ga(z). For all z € (z1,22), the marginal value of money is given by G1(z) if consumers
expect 7 = 0, and G(z) if consumers expect 7 = 1.

(2) Assume that B,(§ — pdnpa) < k < Ba(§). Define z; to be such that By(zs) = k. Then, there
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exist z; and z; < 2] < 23 such that By(2z1) = x and B,(2]) = . Then, for all z < z;, the marginal
value of money is M{(1 — p)[u/(z) — 1] + p[v/(min{¢*, z + dpa}) — 1]}. For all z > 2], the marginal
value of money is A[u/(max{z, min{z + pdpa,G}}) — 1]. For all z € (z1,7}), the marginal value of
money is Alu/(max{z, min{z + pdra,G}}) — 1] if consumers expect 7 = 0, and M{(1 — p)[u/(2) — 1] +
plu (min{q*, z + dpa}) — 1]} if consumers expect 7 = 1.

(3) Assume that x < By (G — pdna). Define z; to be such that By(z9) = k. Then, for all z < zo, the
marginal value of money is AM{(1 — p)[v/(2) — 1] + p[v/(min{q¢*, z + dpa}) — 1]}. For all z > z,, the
marginal value of money is A\[u/(max{z, min{z + pdra,g}}) — 1].

In all cases, the marginal value of money switches from G;(z) to Ga(z) when z is sufficiently large,
with the only difference being the thresholds. By following the argument in the proof of Proposition
5, it is straightforward to show that there exist ¢; > i3 > i3 > i4 > 0 such that for all i > 41, z solves
i =M1 = p)u(z) — 1] + p[v/(min{g*, z + dra}) — 1]}. For all iy < i < i1, 2 = z; where z; solves
i1 = M1 —p)[v/'(2) 1]+ p[u' (min{q*, 2+dra})—1]}. For all iz < i < i9, z solves i = A\[u/(z+pdpa)—1].
For all iy < i < i3, 2 = 29 where 25 solves i3 = A\[u/(z + pdra) — 1]. Finally, for all z < i4, 2 solves
i=Au(2)—1]. O

Proof of Proposition 8 We prove the comparative statics of z with respect to i. The rest of the
results follow directly from Proposition 1. If ¢ > ¢/, z solves ¢ = A{(1 — p)[u/(2) — 1] + p[v/ (min{q¢*, z +
dna}) — 1]}. Then it is clear that z is decreasing in ¢. If i < i < i}, z = z; where 27 solves
i1 = M1 = p)/(2) — 1] + plu/ (min{g*, z + opa}) — 1]}, then z is unaffected by . If i < i < i}, 2
solves i = A[u/(z + pdra) — 1], then it is clear that z is decreasing in ¢. If i) < i < i}, z = 29 where 29
solves 5 = A[u/(z + pdpa) — 1], then z is unaffected by . Finally, if i <}, z solves i = A[v/(2) — 1], so
z is decreasing in i. O

Appendix D Additional Results

D.1 Transparent meetings in the DM

In this section, we assume that a fraction 79 of the DM meetings are “transparent” in the sense
that producers can observe the quality of the real assets. The remaining 1 — 79 of the meetings are
“opaque” in the sense that the quality of the assets, §, is consumers’ private information. We maintain
the assumption that an independent fraction, 7%, of the AM meetings are “transparent”, and the
remaining 1 — 7% of the meetings are “opaque”. Whether a consumer is in transparent or opaque
meetings in the AM and the DM is determined by two idiosyncratic shocks that are independent of
each other. We also maintain the assumption that consumers learn which type of AM meetings they
will be in at the beginning of the AM. In what follows, we consider two possibilities for when the
consumers learn about their DM meetings: at the beginning of the AM and at the beginning of the
DM.

For simplicity, we assume that §; = 0 throughout this section. We find that the main mechanism
of the benchmark model without DM transparency holds: consumers who (1) have high-quality assets,
(2) are in opaque AM meetings, and (3) may be or will be in opaque DM meetings choose to sell some
assets in order to prevent type-IT consumers from mimicking them in the DM. More importantly, this
holds for any value of 79 < 1, i.e., regardless of whether the DM is equally transparent as the AM,
more transparent, or less so.16

16 Although we endogenize 7 in the paper, we do not endogenize 7 for two reasons. First, we think of the
information cost k as standing in for a fee to access an intermediary/specialist who can guarantee the quality
of the asset. Frictions-reducing intermediaries make sense in an asset market where buyers and sellers come
to trade assets, and are therefore interested in selecting the right platform or intermediary, more than in a
goods market where the ‘asset buyer’ is busy producing goods. Second, it is reasonable to assume that the
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D.1.1 Consumers learn about their DM meetings at the beginning of AM

We solve for equilibrium by first considering the solutions to several problems. Then, we show that
the solutions constitute the unique equilibrium in the AM and the DM.

First, denote by a"T = ("7, s"T ¢"T 2hT 4hT) the solution to the following problem:
max {u(q)+¢s—2—dp(a+s)}
18,0,%,0
s.t. ¢ < 24 1(2 > 2)dna; (D.1)

2<z+ps; <o Ys<zm; s<a a<a-—s.
We have (a) ¥"T = &, (b) s"T = (0,min{z,/5, (¢* — 2)/6n,a}], (c) ¢"T = min{q*,z + Spa}, (d)
ST = 2 4+ pPTshT and (e) ahT = [¢"T — 2T /6),.
Next, define:
(1= )1 = 9)p
T= (1= 79) + (1= p)(1 — )79’
which is the average asset quality if all type-lO consumers pool with type-hO consumers who will be

in opaque DM meetings. Denote by a, = (¥, Sp, Gp, 2p, Gp) the solution to the following problem:

A% Aulg) +s—2—dp(a+s)}
»$,4,2,a

st. ¢ <24 1(2 > 2)pdna; (D.2)
2<z+4+vs; Y <pop; Ys<z; s<a; a<a-—s.

P71

We have ¢, = pd,. Note that if s = 0, then 2 = 2, and consumers’ assets cannot be used as
payment in the DM. However, since p < p, for any choice of s’ > 0, there exists 0 < s” < s’ that
increases the consumer’s surplus. To ensure a solution exists, we assume that either s > ¢ or s = 0,
where the exogenous parameter € > 0 is assumed to be sufficiently small. We interpret € as the
minimum sale quantity when a consumer decides to sell assets. Then, we have (a) ¥, = pdy; (b)
gp = max{z,min{z + p*pe + pop(a — €),G}}; (¢) sp = min{g, — z,€}, (d) 2, = 2z + Ypsp, and (e)
ap = lap — 2p]/[p6n]-

Finally, denote by a"® = (40, s"0 ¢"C 3RO §"O) the solution to the following problem:
max {u(q) + s —2—dp(a+s)}
18,0,2,4

st. ¢ <Z40p0; Z2<z+ps; Y < pops
Ps<zp; s<a; a<a-—s.
We have (a) ¥"° = 5oy, (b) s"C =0, (c) ¢"° = min{q*, 2z + dpa}, (d) 2" = 2, and (e) a"T =
[th _ éhT]/(Slp
The unique equilibrium in the AM and the DM is as follows:
(1) Type-hT consumers who will be in opaque DM meetings play strategy a’7.

(2) All type-lO consumers as well as type-hO consumers who will be in opaque DM meetings play
strategy a,.

(3) Type-hO who will be in transparent DM meetings play strategy a"©.

(4) All type-IT consumers, regardless of the type of their DM meetings, do not sell in the AM and
use only money in the DM.
To see why this is the unique equilibrium, first note that type-hO consumers who will be in transparent
DM meetings cannot do worse than waiting until the DM to use their assets. If they sell in the AM,

information cost is lower in the AM than in the DM: asset buyers in the AM are better equipped with the
knowledge of the assets and therefore require less information to be convinced of the quality (especially given
that these buyers visit the secondary market with the intention to purchase this specific type of assets).
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they will have to accept a price discount due to information asymmetry (i.e., ¥"° = 58;). Second,
in the AM, all type-lO consumers must pool with the type-hO consumers who will be in opaque
DM meetings, because otherwise type-lO consumers will not be able to sell assets, and producers
will recognize that their assets are worthless regardless of the types of the DM meetings. If type-hO
consumers who will be in opaque DM meetings choose not to sell in the AM, they will treated as
type-IT consumers in the DM, just like in the benchmark (hence constraint (D.2)). Selling some assets
in the AM can therefore lead to a discontinuous jump in the average asset quality in opaque DM
meetings for type-hO consumers. Finally, for type-hT consumers, selling the AM at "7 = §,, allows
them to differentiate themselves from the other consumers in opaque DM meetings. If they do not sell
in the AM, they will treated as type-IT consumers in the DM (hence constraint (D.1)).

D.1.2 Consumers learn about their DM meetings at the beginning of the DM

First, define V7 (2,a) to be the value of a consumer with high-quality assets entering a transparent
meetings in the DM. We have:

VT (z,a) =max{u(q) — 2 — dna}

q,z,a
s.t. g < Z4d0pa; 2
Denote the solution by (a) ¢7 = min{q*, Z + da}, (b) 27 = 2z, and (c) aT = [¢T — 2T]/6p.
Define VT9(2,a) to be such that:

VTO(z, a) =max{u(q) — 2 — dna}

05,0
st. g <24 1(2 > 2)0na; (D.3)
2<%z a<a.
If 2 > 2, then the solution is given by ¢© = min{q*, Z + dpa}, (b) 2° = 2, and (c) a® = [¢© — 2°]/6p.
Let (¢"T, s"T) be the solution to the following problem:
IgiX{TgVT(Z +aps,a—5) + (1 = 7)VTO (2 +4ps,a — s)},
s.t. v <6p; Ys<z; s<a.

Then, we have (a) YT = §,,, and (b) s"T = (0, min{zy /s, (¢* — 2)/0n, a}].
Next, define VO9(z,a) to be such that

V90 (z,a) = max{u(g) — £ — nd}
q,2,a
sit. g <24 pl(Z2 > 2)0na; (D.4)

1<z a<a
Denote the solution by (a) ¢, = max{z, min{Z + pdna,q}}; (b) 2, = 2, and (¢) a, = [gp — 2p]/[POn)-
Let (vp, sp) be the solution to the following problem:
HJ]&X{TQVT(Z +s,a—s)+ (1 =79V (2 +4s,a—s)},

st. ¥ < pop; Ps<z; s<a.
We have (a) ¢, = pdp,, and (b) s, = min{g, — z, €}.
The unique equilibrium in the AM and the DM is as follows:

(1) Type-hT consumers play ("7, s"T) in the AM. They play (¢, 27, a7T) if they are in transparent
DM meetings, and (¢©, 29,a°) if they are in opaque DM meetings.
(2) Type-hO consumers play (1, s,) in the AM. Type-hO consumers play (¢7, 2T, aT")
in transparent DM meetings, and (g, 2p, é,) if they are in opaque DM meetlngs

if they are
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(3) Type-lO consumers play (1, sp) in the AM. Type-hO consumers use only money they are in
transparent DM meetings, and they play (gp, 2, é,) if they are in opaque DM meetings.

(4) All type-IT consumers do not sell in the AM and use only money in the DM.

To see why this is the unique equilibrium, first note that if type-hO consumers choose not to sell in
the AM, they will they will treated as type-IT consumers in the DM, just like in the benchmark (hence
constraint (D.4)). So long as 79 < 1, it is never optimal to not sell assets in the AM and then use
assets as payment in opaque DM meetings. For type-hT consumers, selling the AM at ¢"T" = §;, allows
them to differentiate themselves from the other consumers in opaque DM meetings. If they do not sell
in the AM, they will treated as type-IT consumers in the DM (hence constraint (D.3)).

D.2 Endogenizing 7 when ¢§; > 0

In this section, we discuss endogenizing 7 when J; is assumed to be strictly positive. First, we consider
the case where the cost k must be paid after the realization of the consumption shock but before the
realization of the quality shock. Let a denote the the asset holding of a consumer at the beginning of
the AM. Let B;(z) denote the benefit of paying k. We have several cases to discuss.

(1) Suppose that z > 2. We have:

By (z) = plu(qn) + 2z + 0na — @n) — plulqn) + 2 + 6na — qnl,

where §, = min{z + 6,a,¢*}, and ¢" = z + dpa solves (A.5) when s = 0. It is straightforward to show
that in this case, Bj(z) < 0.
(2) Suppose that 2’ < z < z”. We have:

Bi(z) =plu(qn) + z + 6na — Gn] + (1 — p)[u(@) + z + &6 — G
= plulgn) + dn(a —a —s)] = (1 = p)u(q) + di(a — a — s)],

where § = min{z + §a,¢*}, g = 2z + 65 + dpa, q = min{z + s + §a,¢*}, and s and a solve (A.9)
and (A.5). Recall that z does not affect gj, or ¢; in this case. Hence, B{(z) > 0 if ¢, and/or §; are less
than ¢*, and Bj(z) = 0 if otherwise.

(3) Suppose that z < z’. We have:

Bi(2) =plu(Gn) + z + 0na — @n) + (1 — p)[u(@) + z + 6@ — G) — u(z + 6a)

If w”(.) > 0, then By1(z) > 0 as long as ¢, < ¢*. Under the assumption that ¢ < min {Q'/S, q*/éh},
we have ¢* — dpa — (¢ — pdra) = ¢* — dpa > 0. Hence, z + dpa > ¢* implies that z + pdpa > §. In other
words, G < ¢* when z < 2'.

We summarize the equilibrium in the following proposition.

Proposition 11 There exist ut and pt such that

(1) If p > p*, consumers do not pay , and they pool in the DM.

(2) If ut < p < p*, consumers pay k.

(3) If u < u', consumers do not pay r, and they separate in the DM.

Now, we assume that consumers pay « after they learn the quality of assets. In this case, only
consumers with high-quality assets will pay the cost. Let 7 denote the proportional of consumers who
pay k. Then, either 7 = 1 or 7 = 0. Intuitively, this is because the marginal value of real balances
depends on whether consumers pay « or not. Therefore, even if consumers are indifferent regarding
paying x or not ex post, they will strictly prefer different holdings of real balances ex ante, which
means consumers will not be indifferent ex post, a contradiction. Now, let Bs(z) and B,(z) denote
the benefits of paying « given 7 = 1 and 7 = 0, respectively. We have several cases.

(1) Suppose that z > z”. We have:

By (2) = By(2) = u(dn) + 2z + 0na — Gn — [ulqn) + 2z + 0ne — qu],
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where ¢, = min{z + d,a,¢*}, and g, = z + dpa solves (A.5)) when s = 0.
(2) Suppose that 2’ < z < z’. We have:

By(2) = u(Gn) + z + 6nd — Gn — [u(gn) + 2 + 0nd — qu),

By(2) = w(Gn) + 2z + nt — @ — [u(qn) + 6n(a — a — s)],
where G, = z + 0s + 0pa, and s and a solve (A.9) and (A.5). Recall that z does not affect G, in this
case. When 7 = 1, if a consumer with high-quality assets chooses not to pay k, then her optimal
strategy is to offer a separating offer.
(3) Suppose that z < z’. We have:

By(2) = u(@n) + 2 + 6né — Gn — [u(gn) + z + né — qa),

By(2) = u(@n) + 2 + 0na — Gn — u(z + 6a).
Similar to Case (2), when 7 = 1, if a consumer with high-quality assets chooses not to pay &, then her
optimal strategy is to make a separating offer.

We summarize the equilibrium in the following proposition.
Proposition 12 There exists u® such that consumers with high-quality assets will pay « if and only

if p < pl.
Proof: See the above arguments.

56



	Introduction
	Literature review

	Environment
	Definition of Equilibrium
	Characterization of Equilibrium
	The case where l=0
	The case where l>0

	Endogenizing the Probability of Transparent Meetings ()
	 paid before the quality shock
	 paid after the quality shock

	Conclusion
	Omitted Technical Details
	Full set of perfect Bayesian equilibria
	Undefeated equilibria in the AM and the DM when l>0

	Undefeated Equilibrium Refinement
	Proofs
	Additional Results
	Transparent meetings in the DM
	Consumers learn about their DM meetings at the beginning of AM
	Consumers learn about their DM meetings at the beginning of the DM

	Endogenizing  when l>0


