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Abstract

In over-the-counter markets with heterogeneous asset qualities and individual valuations, pri-
vate information about both of these value components amplifies the adverse selection problem
attributable only to privately known asset quality. Specifically, when gains from trade are low, asym-
metric information creates a double bind: either the market breaks down due to a classic lemons
problem or low-quality assets are traded excessively, generating a congestion externality. A mar-
ket designer may improve efficiency without incurring losses by acquiring all assets, issuing asset-
backed securities of publicly known quality and capturing at least a part of the surplus from the

future trades of these securities.
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1 Introduction®

The liquidity of secondary markets is a key determinant of the success and the terms of trade of the
initial issuance of securities traded in over-the-counter (OTC) markets.! This paper builds a model of
a secondary OTC market to investigate how search frictions interact with asymmetric information on
both asset qualities and agents’ private values of holding an asset. These two dimensions of private
information have been identified as salient features of OTC markets for various financial instruments.?

We find that bi-dimensional private information adds an additional layer of complexity to the en-
dogenous market composition of sellers relative to a situation in which private information only pertains
to asset quality. Specifically, all the holders of low quality assets, even those with no fundamental rea-
son to trade, may be encouraged to mimic the trading strategy of sellers with high quality assets. This
incentive creates two novel inefficiencies. First, it amplifies the standard lemons problem: the additional
supply of lemons dilutes the average quality of the assets on sale, thus it further discourages buyers from
offering a high, pooling price. Second, even when all asset qualities trade, a share of transactions take
place among high-valuation lemon holders and buyers, who both enjoy an identical private benefit from
holding assets. The latter trades never improve social welfare, but they are actually detrimental when
bilateral trading opportunities arise according to a matching technology which exhibits congestions ef-
fects.? Indeed, for this class of matching technologies the individual time to sell—a measure of liquidity
in markets with search frictions—becomes longer as the mass of agents who want to sell their assets in-
creases. Even if buyers match more frequently with sellers, the additional delay endured by asset holders
with a real need to sell leads to an overall social welfare loss. The results uncover that bi-dimensional
asymmetric information creates a double bind in OTC markets: either there is too little trade as high
quality assets are not exchanged, or there is an excessive amount of trades and sellers suffer from a
deterioration in their market liquidity conditions. In light of these inefficiencies, we analyze to which
extent a market designer may improve the decentralized outcome through budget-balanced interventions
that aim at enlarging the set of economies* in which a first-best allocation is implementable.

Our model builds on the classic Duffie et al. (2005) model of OTC markets with search frictions
and repeated trade, and it naturally extends their model along two dimensions. First, we consider a
more general matching technology that includes as special cases the ones in Duffie et al. (2005) and
Kiyotaki and Wright (1993). The former matching technology is non-competitive in the sense that
for a fixed measure of buyers (sellers), the matching rate of sellers (buyers) with buyers (sellers) is
independent of the measure of sellers (buyers) in the market. In contrast, Kiyotaki and Wright (1993)
make use of a competitive matching technology as the rate at which buyers (sellers) match with sellers

(buyers) is decreasing in the measure of buyers (sellers) in the market, i.e. there are congestion effects

*We are grateful to Max Bruche and Vincent Maurin for helpful comments and suggestions. The views expressed in this
paper are those of the authors and do not involve the responsibility of the Bank of Italy. All errors remain ours.

1Aiyar et al. (2015) and the ECB (2016) explicitly refer to asymmetric information and the lack of a secondary market
among the determinants of the very limited issuance of securities backed by non-performing loans (NPLs) in Europe whereas
10SCO (2016) presents evidence suggesting that liquidity concerns in the secondary market affect pricing and issuance in primary
corporate bond markets.

2A number of scholars stress that asymmetric information about the quality of the assets underlying these securities have
certainly played a role in the liquidity dry-up observed during the financial crisis. A non-exhaustive list includes Bigio (2015),
Chari et al. (2014), Chang (2017), Friewald et al. (2016), Guerrieri and Shimer (2014) and Kurlat (2013).The impossibility to
observe agents’ trading motives (e.g. liquidity vs. informed trading) is a common assumption in the market microstructure
literature (see Biais et al. (2005) for a review). More recently, Acharya and Bisin (2014) also point out the uncertainty over the
trading motives of other counter parties in OTC markets.

3We later use the term 'competitive’ to refer to this class of matching technologies.

4We refer to an economy as a set of admissible parameters.



as one side of the market grows in size.> Second, we introduce bi-dimensional private information
on the individual cost of holding an asset (private value) and on asset quality (common value), hence
introducing uncertainty on the motives for trade. Specifically, we consider a model with two asset
qualities i = b,g, with a share A (1 —A) of peaches (lemons), both providing a strictly positive flow
payoff &; such that &, > §,; agents holding an asset can either enjoy the full flow §; or incur a holding
cost equal to x € (0, 8], reducing their flow payoff to 6; — x. We can interpret agents with holding costs x
as distressed, and the magnitude of x provides a measure of the gains from trade for each asset quality.
Similarly to Plantin (2009), Guerrieri and Shimer (2014) and Chiu and Koeppl (2016), each asset holder
has superior information on the quality of his asset relative to all other agents. Plantin (2009) refers
to this assumption as ‘learning by holding’, and discusses why holders of ABS, MBS and corporate
bonds obtain superior information on the underlying quality of their securities.® As in Duffie et al.’s
model each agent exogenously transitions from strictly positive (x > 0) to zero asset holding costs and
vice versa, independently from agents’ trading decisions.” In this framework the expected utility of each
agent type, and in turn his reservation value when deciding whether to trade or not, may depend on the
expected utilities of all the other agent types.

If asymmetric information only concerned asset quality, in equilibrium only distressed agents could
trade with buyers. This is no longer the case when private information is bi-dimensional: non-distressed
lemon holders may find it convenient to offer their assets for sale as buyers cannot detect whether a
seller trades for liquidity or informational reasons. When the information rent—as measured by the
difference 6, — —is low relative to the asset holding cost x, only distressed asset holders sell, and some
equilibria achieve the first-best outcome in terms of utilitarian social welfare. In the opposite case—i.e.
when ¢ := @ is high—also non-distressed lemon holders participate in the market, mimicking peach
sellers.® The fact that non-distressed lemon holders now offer their assets for sale has two negative
effects. First, it worsens the classic adverse selection problem because it increases the endogenous share
of lemons in the market; this quality dilution effect makes buyers more reluctant to offer a high price,
in turn making distressed peach holders less willing to sell. Second, even when all asset qualities trade,
the excessive amount of trade leads to an inefficient delay when the matching function is competitive.
In particular, trades between non-distressed lemon holders and buyers do not entail any allocative gain
but they impose a negative externality on all distressed sellers. Too many lemons for sale slow down
the expected time to sell—a measure of market liquidity in search markets—for all sellers due to a
market congestion effect on the asset supply side. In this excessive trade equilibrium lemons trade more
frequently than peaches because each lemon is continuously offered for sale. Although the overall trade

volume is higher than in the first-best outcome, the corresponding utilitarian social welfare is lower.

SMore specifically, in Duffie et al. (2005) the matching rate of buyers and sellers depend on the total measure of agents in
the economy and displays constant returns to scale in this argument but not necessarily in the measures of buyers and sellers. In
Kiyotaki and Wright (1993), on the other hand, the matching technology exhibits constant returns to scale with respect to the
measure of agents participating in the market. That is, the difference between the matching technologies pertains to which set
of agents the uniform random matching technology applies: in Duffie et al. (2005) all agents in the economy, in Kiyotaki and
Wright (1993) only agents choosing to participate in the market. This implies that they are identical only if all agents in the
economy participate as buyers or sellers.

6‘Lealrning by holding’ is a particularly suitable assumption in the market for syndicated loans, in which the managing agent
and the syndicate participants may have access to material non-public information about the borrower while such information is
usually unavailable to other participants in the secondary market (Wittenberg Moerman, 2010).

"Therefore, we keep the methodological distinction between exogenous preference shocks and endogenously determined
trading patterns.

8Importantly, the minimum threshold ¢ is endogenous and it depends on the specific equilibrium. Moreover, this threshold
determines not only whether non-distressed lemon holders participate in the market but also when buyers make losses from
acquiring lemons at a pooling price.



In other words, in OTC markets where the adverse selection problem is sufficiently severe (i.e. ¢ high
enough) bi-dimensional private information creates a double bind: all decentralized equilibria entail a
welfare loss because either peaches do not trade (for A small) or there is an excessive supply of lemons,
which forces distressed sellers to keep their assets longer. The results also imply that a small decrease in
A—the share of peaches in the economy—may cause a substantial reduction in the volume of trade as
the economy transitions from an equilibrium with excessive trade to a market in which only distressed

lemon holders sell.

The existence of inefficiencies for a large set of economies motivates our interest in studying optimal
market design interventions that restore a first-best outcome. Specifically, the first-best outcome is
achieved if the set of incentive compatible and individually rational transfers implements an equilibrium
in which all distressed agents, and only them, offer their assets for sale and trade once they match with a
buyer. The designer is not able to ascertain asset qualities and reallocation is subject to the same search
frictions of the purely decentralized OTC market. We restrict attention to budget-balanced mechanisms.’

In our analysis we consider two classes of mechanisms: (i) a transfer scheme to reallocate existing
assets among agents; (ii) a packaging scheme in which the designer acquires the existing assets and pools
them together to create a new asset whose quality is common knowledge.!® Packaging is analogous to
a securitization process that bundles together a large pool of loans belonging to a specific category. In
the first class of mechanisms it is implicit that the market designer can set the terms of trade at which
assets are exchanged. In the second class of mechanisms, we consider two cases separately: either the
designer can set the terms of trade for the newly issued certificates, or this option is precluded.

If the designer can set the terms of trade in the secondary market, it turns out that imposing a wedge
between the price at which agents buy and sell implements the first-best outcome. In the transfer scheme,
in which asymmetric information is still present, the wedge discourages non-distressed lemon holders
from trying to exchange their assets for peaches. In the packaging scheme, the price differential is a
way to effectively raise revenues from the trades of the newly issued assets, recouping the initial losses
incurred when acquiring all assets at the price of a peach. By removing asymmetric information on the
common value component, a packaging scheme has a wider scope to implement a first-best outcome
than a transfer scheme. In particular, when ¢ is high—i.e. adverse selection is severe—the only feasible
mechanism requires to buy all assets at a premium such that also high valuation peach holders sell their
assets. Although this rapid removal entails higher initial losses in the acquisition phase, it ensures that
the quality of the acquired assets correspond to the quality of the average asset in the economy.

Our results provide insights into the functioning of markets for securitized loans. Namely, it is
important to ensure that such markets operate at sufficiently high levels of aggregation, at which investors
know the average quality of the underlying assets. Otherwise, the securitized loans may be traded at a
discount due to remaining asymmetric information concerns. A second policy implication relates to
the possibilities to offset the initial losses by intermediation profits generated in the secondary market.
Indeed, one way to ensure that the intervention is budget-balanced is to earn profits by setting the terms
of trade in the secondary market, thereby reducing the initial cost burden. To act as a monopolist in price

setting a designer should have control of all trading venues. However, this solution is often not feasible

9Obviously, a loss-making scheme would further improve the possibility to implement a first-best outcome.

10stated differently, the designer buys individual assets from their holders at a cost, and then issues certificates backed by the
acquired assets. Since the market designer cannot observe individual asset qualities, the dividend flow of the certificates issued
depends on the average quality of the purchased assets.



in financial markets, and it is likely to contrast with the current legislative framework. Nonetheless, a
price differential could be analogously introduced through a financial transaction tax (FTT). Although
this policy is often criticized for its potential negative effects on market liquidity, FTTs are already in
place in several jurisdictions and ten European countries are currently discussing a proposal to adopt an
harmonized FTT.!" We provide a novel theoretical argument in favour of a FTT based on a beneficial
change in the composition of market participants, i.e. the market exclusion of non-distressed lemon
holders.

If the terms of trade in the secondary markets are beyond the control of the designer, it turns out that
a packaging scheme may still be budget-balanced if sellers have sufficiently strong bargaining power.'?
This allows the designer to sell the newly created assets at a high price, which is a consequence of the
sellers capturing a large share of the surplus from trade.

The paper is structured as follows. The next part discusses the related literature. Section 2 presents
the model and the equilibrium definition. Sections 3 and 4 discuss the equilibria with complete and
unidimensional private information. Section 5 characterize the set of equilibria with bi-dimensional
private information. Section 6 discusses the equilibrium properties in terms of social welfare, volume,
prices and time to sale. Section 7 studies the budget-balanced market intervention mechanisms. Section
8 concludes. All proofs of the results in the main text are in Appendix A. Some additional results are

presented in Appendix B.

Related literature

Our paper contributes to the literature on OTC markets in the presence of search frictions and asym-
metric information between asset holders and other investors. Duffie et al. (2005) is the seminal paper
in the literature on the functioning of OTC markets. In their model a fixed set of infinitely lived agents
have time-varying asset valuations, and they can exchange assets bilaterally after matching with a coun-
terparty, who could be either a dealer (dealership market) or another agent (pure decentralized market).
For analytical tractability, Duffie et al. make a number of assumptions: (i) only one type of asset is
traded; (ii) its dividend flow is common knowledge; (iii) agents can hold either zero or one unit of the
asset; (iv) agents have only two different asset valuations (e.g. distressed or not); (v) risk-neutrality; (vi)
the uniform random matching applies to all agents in the economy.!* Subsequent papers extend this
framework in several directions, and they restrict attention either to a dealership market'* or to a pure
decentralized market.”” In our model we depart from assumptions (i) and (ii) and consider a market in
which two asset qualities (peaches and lemons) coexist and their dividend flows are only observable to
asset holders. We also provide a more general characterization in terms of assumption (vi), thanks to a

general matching technology which allows for endogenous market participation and encompasses Duffie

1gee Section 7.1 for a discussion.

12Specifically, if sellers have all the bargaining power then the revenues generated by the intervention are identical irrespective
of whether the designer can set the terms of trade or not.

13Forma||y, the matching technology is such that, for any two disjoint sets of agents, the total measure of matches is
proportional to the product of their masses.

14Lagos and Rocheteau (2007, 2009), Garleanu (2009) relax the unit holding restriction and consider search models in which
trade can only take place through dealers.

I5For pure decentralized markets Vayanos and Wang (2007), Vayanos and Weill (2008), Weill (2008) extend the model to
multiple assets; Duffie et al. (2009) and Duffie et al. (2014) study information diffusion; Afonso and Lagos (2015) consider the
possibility to hold an integer number of units; Hugonnier et al. (2016) extend the model to an arbitrary distribution of asset
valuations; risk aversion is considered in Duffie et al. (2007); Afonso (2011) and Atkeson et al. (2015) consider the welfare
implications of decentralized market participation decisions; a micro-foundation of Duffie et al. (2005) matching function is
presented in Duffie and Sun (2007).



et al. (2005) and Kiyotaki and Wright (1993) as special cases. With the exception of non-competitive
matching technologies a la Duffie et al. (2005), the endogenous market participation decision is going
to be crucial because it affects prices, allocations and welfare through congestion effects on the supply
side of the market.

Within the OTC literature Chiu and Koeppl (2016) is the closest paper to ours. They study how to
restart a lemons market in an OTC model with search frictions, resale and asymmetric information. To
reduce the complexity of the non-stationary dynamics in their model, Chiu and Koeppl adopt a series of
simplifying assumptions relative to the original Duffie et al. (2005) model. These assumptions jointly
create a cyclical trading pattern and underlie some of their key findings.'® In this paper we introduce
asymmetric information while preserving the structure of the Duffie et al. (2005) model with random
valuation shocks, i.e. distress statuses are independent of asset holdings and the pattern of trade. We
provide analytical results on stationary equilibria, but the complexity of the model requires to solve it
numerically when we discuss non-stationary dynamics.!”

Our results also contribute to the growing literature on dynamic adverse selection. In this strand of
literature the typical model setup considers assets of two different qualities that low-valuation holders
want to sell to high-valuation buyers. All assets qualities yield a strictly positive payoff, and in the
first-best outcome all assets would be traded immediately. However, buyers cannot observe asset quality
and adverse selection may lead to a classic Akerlof (1970) lemons market. Differently from both Duffie
et al. (2005) and our setup, buyers and sellers exit the market forever after trade.'® The possibility to
trade at different points in time allows sellers of different qualities to separate over time (intertemporal
separation): peach sellers trade at a high price by delaying trade, while on average lemons trade earlier.
This result holds true even when the initial share of peaches is close to zero, although the resulting delay
creates inefficiencies. The stationary equilibrium characterized in Moreno and Wooders (2010) offers
the closest comparison to our results.!® They consider a discrete time model in which sellers have a fixed
per period probability to match with a buyer, and show the existence of a mixed strategy equilibrium in
which all assets trade over time. In equilibrium, trade delays mitigate the mimicking incentives of lemon
holders. In contrast, we show that in our model a lemons market is inevitable when the initial share of

peaches is low.20

161, particular, lemons provide a non-positive dividend flow and all lemon holders offer their assets for sale; only peach holders
experience a negative valuation shock, leading to an absorbing state until trade; all agents without assets participate as buyers,
even sellers of peaches who had a low valuation just before trade. As a result, their model features: an increase in the relative
market share of peaches in the absence of trade; continuous market participation of all lemon holders as they own a worthless
asset and have no asset valuation shocks; a fixed measure of buyers participating in the market.

7Maurin (2016) shows the existence of cyclical equilibria in a discrete time model that shares with our setup bi-dimensionality
of private information. However, his model is different from ours in several dimensions. First, the economy in his model is not
closed in that a free entry condition determines the measure of buyers in the market. Second, attention is restricted to a subset
of parameter values for which high-valuation lemon holders are always willing to sell at the pooling price. Lastly, he employs a
Leontief-type matching function which implies that the short-side of the market matches for sure.

181 turn, these features imply that agents’ reservation values are exogenously fixed, while in our model they are endogenously
determined, and may depend on the expected utility of all other agent types.

19The dynamic adverse selection literature mainly considers non-stationary models. A non-exhaustive list includes Janssen
and Roy (2002), Blouin (2003), Camargo and Lester (2014), Fuchs and Skrzypacz (2015) and Moreno and Wooders (2016). A
recent extension by Kaya and Kim (2015) consider buyers that receive private informative signals on asset quality, in the spirit of
Taylor (1999). In Kaya and Kim's model different trade dynamics arise depending on the initial share of high quality assets, but
inter-temporal separation continues to be the driving economic mechanism when the initial share of high quality assets is low.

2015 Moreno and Wooders (2010) buyers get a zero expected payoff and mix among a high price, say py, accepted by all
sellers, a lower price, say p;, accepted only by lemons, and a set of prices rejected with probability one by all sellers. Delaying
trade with price offers rejected with probability one reinforces the incentives for lemon sellers to accept p; rather than waiting
until a buyer offers py. As lemons trade faster than peaches, the endogenous market quality can be increased to a point in
which buyers are willing to offer py. Importantly, this strategy is possible only if lemon sellers have a (endogenous) reservation
utility equal to the (exogenous) outside value of a lemon buyer. In contrast, in our model the expected utility difference between



Our paper is also related to Chang (2017) and Guerrieri and Shimer (2015) on competitive search
markets with bi-dimensional private information. In this class of models, buyers first observe the prices
posted by sellers—the market is not opaque—and then request to buy the asset from one seller. If
there are more buyers (sellers) than sellers (buyers) the former are rationed. When private information
only concerns asset quality, Guerrieri and Shimer (2014) show that a fully separating equilibrium always
exists: a downward distortion in sellers’ trade probabilities—interpreted as market illiquidity—separates
higher quality assets from lower quality ones. If private information is bi-dimensional multiple semi-
pooling equilibria exist. Chang (2017) characterizes the conditions on the joint distribution of asset
types and holding costs that support the existence of a fire-sales equilibrium in which a set of agent
types pools on the same low price and sell their assets quickly. We obtain a similar result in Section
6, where we discuss the dynamics of an increase in x—i.e. distressed agents have greater urgency to
trade—such that the equilibrium switches from one with excessive trade to one in which only distressed
asset holders trade. Although our model differs in many respects from that of Chang, we also find that
distressed agents trade faster at a lower price, but total volume decreases moving from an excessive (all
lemons are offered for sale) to an efficient (only distressed asset holders sell) level of trade.

Our normative analysis is related to the literature on public interventions in frozen markets. Within
this collection of works, Tirole (2012) and Philippon and Skreta (2012) are closest in spirit to our study.
In particular, their problem, as ours, gives rise to mechanism participation constraints which depend on
the mechanism itself. Both papers establish that the market designer incurs a loss as he acquires the
lowest quality assets at a premium. Although the presence of a private market affects the pattern of the
intervention, there would be no welfare gain from shutting it down. In our model, if the government has
to compete with the private asset market, offering the going market price does not always guarantee a
separation of types because of bi-dimensional private information.?! The inefficiency arising from type-
dependent reservation values implies that interventions targeted at lemons, such as those considered in
Tirole (2012) and Philippon and Skreta (2012), are only feasible in our setting when adverse selection is
moderate, but they would not improve efficiency relative to our packaging scheme. Lastly, to the best of
our knowledge, we provide a novel economic justification for the introduction of a financial transaction
tax (FTT) for the purpose of mitigating the bi-dimensional private information problem. Two recent
theoretical papers also argue in favour of a FTT based on social welfare considerations: in Berentsen et
al. (2016) a FTT mitigates a pecuniary externality on liquid assets; in Davila (2016) a designer may find
it optimal to introduce a FTT to reduce non-fundamental trading due to investors’ differences in beliefs

over asset returns.

2 Model

2.1 Economic environment

Time is continuous and the economy infinitely lived. There are two consumption goods, perishable fruit

and a numéraire good. There is a measure A of durable assets. Each asset is one of two types: a peach

non-distressed (buyers) and distressed (sellers) lemon holders is always strictly positive; as a result, in equilibrium buyers never
find it profitable to offer a price rejected with probability one. If this were the case, they would find it profitable to deviate and
trade immediately by offering a price slightly higher than the reservation price of distressed lemon holders.

21Suppose types could be separated, leaving only peaches to be traded in the private market. This would encourage non-
distressed lemon holders to participate in the private market, which would now offer a higher surplus due to lower information
rents.



(g) or alemon (b). A peach yields &, units of fruit per period, while a lemon yields 8, with 8, > &, > 0.
A proportion A € [0,1] of assets are peaches.

Agents are infinitely lived, risk-neutral, and discount future payoffs at a rate r > 0. A measure A of
agents are initially endowed with one unit of the asset, while a measure 1 (normalized) of agents initially
holds no asset. At any point in time, an agent can hold either O or 1 unit of the asset. This restriction
on asset holdings keeps the distribution of assets among agents tractable. The type of an asset is private
information to its current owner. At any point in time, each agent is in one of two states: either he has a
low (1) or a high (%) valuation of the asset. The instantaneous utility of an agent with high valuation from
a type-i asset is &; , whilst that of an agent with low valuation is §; —x, where i € {b,g}. The parameter
x satisfies x < &, ensuring that agents never want to dispose of their asset. The ratio (6, — ) /x, a key
object in what follows, is denoted by ¢. All agents with high (low) valuation, with or without an asset,
transit to the state of low (high) valuation with intensity x (intensity v). That is, a high-valuation (low-
valuation) agent receives a valuation shock with Poisson arrival rate k (rate v). We assume v > kA as
it guarantees that the measure of high-valuation agents without assets is always greater or equal to the
measure of low-valuation asset holders. In other words, in a frictionless market assets could always be
held by high-valuation agents. An agent’s valuation state is his private information. Each agent can
produce any amount of the numéraire good, and receives an instantaneous utility which is the sum of
the numéraire good consumed/produced in that instant and the utility obtained from the asset, if any, he
holds.

It is useful to label the agents according to their status, namely whether they are in the state of high
(h) or low (/) valuation, and whether they hold a lemon (b), a peach (g), or no asset (n). Thus, the set
of agent statuses is {hb,lb,hg,lg,hn,In}. Agents with valuation j € {h,/} holding an asset i € {b,g,n} are
denoted by ji, and their mass by y;;. In general, the mass of any group C of agents is y. For notational
convenience, we partition agents with different statutes into a set of potential sellers § = {hb, b, hg,lg}
and a set of potential buyers B = {hn,In} with elements § and b, respectively.

Trade is decentralized and takes place between an agent without an asset, but wishing to buy one, and
an agent wishing to sell his asset. Buyers and sellers are bilaterally and randomly matched. We denote
by & the set of agents with and without an asset to which the matching technology applies. For example,
if matching always involves all agents in the economy then £ = BU S, alternatively, if the matching
technology requires a deliberate decision to participate in a trading platform, then & is the set of agents
with and without assets, respectively, that participate in the platform. For any § € § (b € B), we indicate
with ¢ (¢7) the share of agents of type § (b) to which the matching technology applies. Obviously, if all
agents in the economy are always matched then ¢ = 1 and q; = 1forall§e Sand b € B.

We derive our results using a general function uM(yc, yp: ¥ ) for the total meeting rate between two
sets of agents C and D. In other words, the quantity uM(yc, ¥p: %) is the instantaneous measure of total
matches between agents in C and D, and all agents belonging to C (to D) have an identical intensity to
match with an agent in D (in C).?* Therefore, an agent in C meets agents in D at intensity uM (Y, ¥p, %)/ Yc

and an agent in D meets agents in C at intensity uM(Yc,¥p,¥e)/¥p. The parameter u determines the

22|f at times determined by a Poisson process with intensity parameter fi each agent contacts another agent from the set of
agents participating in the platform ‘at random’, the rate at which a group C of agents contacts a disjoint group D of agents
is YcllYp/Ye. Similarly, the rate at which the group D contacts the group C is Ypfi¥c/Ye. Thus, the total meeting rate between
the groups C and D is 2fiyc¥p/¥e (see Duffie et al., 2005). Thus, the parameter 4 in our expression for the total meeting rate
can be equated to 2fi, double the intensity at which an agent contacts another agent in £. Also, it follows that the meeting rate
between agents in C is given by (u/Z)}/g/yé.



degree of search frictions in the market. If u — oo trade becomes frictionless. The general matching
function M(yc,¥p,¥) is required to satisfy: (i) strict monotonicity in each of its first two arguments,
i.e. M;,M, > 0; (ii) a non-increasing ratio between actual matches M(yc, ¥, ¥ ) and the total measure
% being non-increasing in - and y;* (iii) non-decreasing returns

to scale, i.e. M (Y, Yo, ¥e)Ye +Ma(Ye, Yo, Ye) Yo > M(yC,}/Dmé).z“ The second condition ensures that the

of possible matches y-7p, i.e.

intensity at which agents in set C (D) meet agents in D (C) does not increase when the measure of agent
in set C (D) increases.” This assumption simply rules out matching functions that reverse the natural
assumption that search among agents has a competitive component, at least weakly, and it is broadly
satisfied by a large class of matching functions. We distinguish between matching functions for which
the ratio % is constant in ¥ and yp and those for which the ratio is strictly decreasing in these two
arguments, calling the former non-competitive and the latter competitive matching functions. In each of

these two classes, we identify a noticeable matching technology:

1. Duffie-Garleanu-Pedersen (DGP) matching: each agent has an identical probability to match with
every other agent in the economy as there is no explicit participation decision to a matching
platform. Hence, { = BUS and ¥ = 1 +A. This matching technology is adopted in the semi-
nal paper by Duffie et al. (2005). In the context of our model, the total meeting rate becomes
UM (Ye, Yo, Ye) = HE2. This matching technology is non-competitive since the ratio %
equal to a constant.?® Thus, the intensity at which an agent in group C (D) meets agents in group
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D (C) is independent of the mass of agents in C (D). As a result, an increase in the number of
sellers does not have an effect on the rate at which an individual seller meets buyers. A real world
example of this matching technology is an over-the-counter market in which participants phone
each other randomly and without knowing whether the agent they contact is willing or able to

buy/sell an asset.

2. Kiyotaki-Wright (KW) matching: each participant in the platform is matched uniformly at random
with another participant. This matching function, adopted in Kiyotaki and Wright (1993), has
been microfounded in Stevens (2007), and it implies that matching takes place only among agents
that actively participate in the market through the platform. Using the previous notation, ¥ =
Yies Y+ Yies qu,; < 14A. Formally, the matching function for groups C and D is M(yc, Yp, %) =
YeYo/Ye when C,D C &, whereas the matching function is equal to zero if C or D C £°. This

matching technology is competitive as the ratio M(Y(Cig’;y@)

is strictly decreasing in - and yp. Thus,
the intensity at which an agent in group C meets agents in group D is strictly decreasing in the
mass of agents in C, and analogously for an agent in group D. Therefore, for example, when the
number of sellers increases the rate at which an individual seller meets buyers falls. This matching
technology can be thought of as a physical market place in which only parties interested in trading

participate, but where it is not possible to direct search only towards buyers or sellers.

For notational convenience, in the remainder of the paper we suppress the y: argument of the match-

ing function and simply write M(yc, vp)-

23The condition is equivalent to requiring M(Yc,Yp,Ye) > max{M (Yc, Vb, Ye) Yo, Ma(Ye, Yo, Ye ) Y } -

24 Note that if M(-,-) is a homogeneous function, this condition requires it to be homogeneous of at least order one.

2SFor example, if this condition were violated then, for a constant measure of buyers, sellers would meet buyers more frequently
when the measure of sellers in the market increases.

26By the definition of a non-competitive matching technology, any such technology is characterized, up to a constant, by the
DGP matching function. For this reason, we use the terms non-competitive and DGP matching technologies interchangeably.



2.2 Strategies and equilibrium definition

In a matched buyer-seller pair, the terms of trade depend on the bargaining protocol. Under complete
information we consider the generalized Nash bargaining solution; under asymmetric information, we
assume buyers make take-it-or-leave-it offers to sellers. This is a common assumption in the dynamic
adverse selection literature?’ because it ensures that the price offer does not contain information about
the type of the seller’s asset. In section B.2 in the Appendix we consider an alternative bargaining
protocol, namely asset holders propose prices and buyers can either accept or reject the offer. Once a

seller trades, he becomes an agent without an asset.

For analytical tractability, we restrict attention to stationary equilibria, namely steady state solutions
that do not depend on time ¢. Let o;(p) be the probability that a potential seller of type § € S accepts price
p. Similarly, o;(p) is the probability that a potential buyer of type b € B offers price p.

Fix a strategy profile o = {05, 03} and a set § of agents participating in the market. We define as
actual sellers and buyers, and denote them by S and B respectively, the sets of agents with and without
assets belonging to & and whose probability to trade is non-zero. For a formal definition, let §(&) =§N§
and b(E) = bN & be the set of agents in § € § and b € B to which the matching technology applies.
Moreover, denote by S” (o) C § and B” (c) C B the subsets of § and B that trade with positive probability,
ie.

sT(0) = {U§ dp s.t. o5(p) (ng(p)> > O}
§e§ beB (1)

B'(c) = { U b:3p s.t. oz(p) (Z Gg(p)) > 0}

beB se§

The sets of active buyers and sellers are B = B” (o) ( U E(é)) and S =57 (o) (U §(§)> .
beB seS§

Agents hold beliefs on the probability to match with a possible trading counter party: mg and myg
denote sellers and buyers’ beliefs to meet a buyer and a seller in B and S, respectively. A potential buyer
b € B holds a belief m;(i, p) to get asset quality i when he offers a price p to a seller i € S. Analogously,
a potential seller § € § holds a belief 7:(p) to receive a price p from a buyer in B. Finally, let 7 be the

collection of beliefs held by all agents. We proceed to define an equilibrium of the game.

Definition 2.1 A stationary assessment (o,n) is a Perfect Bayesian equilibrium of the game if and only

1. For every ji, 6;; is a best response taking as given © and o.

2. £ =B"(0)US"(0), except for the DGP technology for which & = BUS.

27See Moreno and Wooders (2010, 2016), Camargo and Lester (2014), Kaya and Kim (2015).
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3. Agents hold correct beliefs on the equilibrium path, i.e.:

S
. q;iYji .
m(i,p) =Y, L Fou(p) if Y oi(p)>0
=R 55
B
qa; % .
ms(p) =), ;TO'E(P) if Y o5(p)>0
beB beB 2)
M(¥8,7s) M(¥s,%s)
mg=—uU——m— mp—=U—=
s = U ¥ p=HU "
s _ Y B _ (&)
95 = — qdiy = ——
Y by

The first condition is standard as it requires each agent in ji to play a best response strategy. The
second equilibrium requirement is not binding for the DGP technology (as by definition & = BUS),
while for all other technologies it selects the equilibrium in which only agents that expect to trade with
positive probability participate in the trade platform, implying that & = B” () UST (o). This equilibrium
restriction can be seen as the limit outcome of a model setup with platform participation costs which
tend to zero. Lastly, the third requirement is also standard as it imposes beliefs, matching rates and the

share of agents participating in the platform to be correct on the equilibrium path.

KYhg

, ~
, N
/ \

. VYl .

1 KYnb '

— T
\ \/

Vb

Ve mBYg
s Yin %

\ mpYip !

KYin

\,%/7
Figure 1: Transitions due to valuation shocks and trade.

Figure 1 illustrates how agents transition between different statuses due to valuation shocks and
trade. Valuation shocks, giving rise to the flows in grey, apply to all agents, irrespective of their asset
holdings and the equilibrium patterns of trade. The remaining flows are due to trade, thus depending
on agents’ equilibrium strategies. The flows in green denote transitions due to assets passing from low-
valuation to high-valuation agents, between whom there are gains from trade. The flow in red, on the
other hand, arises from low-quality assets changing hands between high-valuation agents. As we will
see in what follows the flows indicated with dashed lines arise only in some of the possible equilibria.

Consider an equilibrium assessment. We denote by V;; the value function of an agent with valuation
j € {h,1} and holding an asset i € {b,g,n}. A high-valuation owner of a type-i asset derives instantaneous

utility §; until he either transits to the state of low valuation or meets a buyer and sells his asset. Denoting
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the random time at which a high-valuation owner transits to the state of low valuation with 7, and that

at which he meets a buyer in B with 13, his value function Vj; satisfies
T
Vii(t) = E {/ eir<57t>5i ds+ efr(rdft)vli(fd)l{fd:r} + eirﬁBiOWhi(TB)l{rB:r} (3)
t

where 7 = min{t;, 73} and W, denotes the value function of a high-valuation owner of type-i asset
matched with a buyer. Note that if the matching technology matches only actively participating agents,
then 7 = 7, for agents who do not participate in the market.

Analogously, a low-valuation owner of a type-i asset obtains a utility flow §; —x until he either transits
to the state of high valuation or sells his asset. Denoting the time at which a low-valuation asset holder

changes valuation with 7, his value function V;; becomes
T
Vi(t) = E, {/ eir(%t)(&' —x) ds+eir(r“iwvhi(Tu)l{fu:r} + eir“rt)Wli(TB)l{fg:r} 4
t

where 7 = min{7,, 73}.
Given an equilibrium assessment (o, ), denote the distribution function of prices offered by buyers

at time 7 by F;(-). The value function of an owner of a type-i asset matched with a buyer Wj; satisfies:
Wi(e) = [ max{p-+Vin(2), V() dF(p) )

Agents without an asset derive an instantaneous utility of zero, and they experience a change in their
expected future utility when either their valuation state changes, or they meet a seller and buy an asset.
Hence, denoting the time at which an agent without an asset experiences a change in his valuation with

7., and the next time at which he meets a seller in S with 7g, his value function satisfies
Vin(t) = E, eir(fﬁt)vfn(fc)l{n«s} +efr(frt)wjn(TS)1{rs<r<»}} (©)

where j,j € {h,1} and j # ].
A buyer who is matched with a seller in S decides on a price to offer depending on the probabilities
of obtaining an asset of either type conditional on the offered price. The value function W;, of a buyer

matched with a seller in S satisfies

an(’C) = ml?x {ﬂjn(gapa T) [vj (T) _p] +”jn(b»p71’-) [ij(l’) _p] (7)
+ [1 - ”jn(gvpaf) - ”jn(bapa T)} an(T)}

Differentiating (3), (4) and (6) with respect to r and rearranging, one obtains the following Hamilton-

Jabobi-Bellman equations

rVii(t) = 0+ K[Vii(t) = Vii (£)] + mpg () [Whi (1) — Vi (£)] + Vi (1) ®)
1Vii(t) = O — x4+ V[Vii(t) = Vii ()] + mp (1) [Wai () — Vii ()] + Vi 1) ©)
Vi (t) = K[Vin(t) = Vi ()] + ms () [Win () = Vin (£)] + Vi (2) (10)
Vin(t) = V[V (1) = Viu (0)] + ms (t) [Win (£) = Vin (1)] + Vi (1), (11)

These general expressions encompass different possible equilibria. In particular, in our subsequent

12



analysis it will be of great importance to consider if peaches trade in the market, and whether high-
valuation lemon holders prefer to stay out of the market. As we restrict attention to stationary equilibria,

value functions do not change over time, i.e. V;; = 0 and V;;(r) = V;; for every ji.

3 Complete information

Before analysing equilibria under asymmetric information, we consider the environment described in
the previous section when agents have complete information about both asset quality and each other’s
valuation states. This allows us to distinguish between features of the equilibrium outcomes which are
attributable to asymmetric information as opposed to arising from search frictions.

It is straightforward to characterize the equilibrium under complete information. The next proposi-

tion summarizes the main equilibrium properties:

Proposition 3.1 With complete information, a unique equilibrium exists for the whole parameter space,

and satisfies:
1. S={lb,lg} and B = {hn}.

2. The matching rate m§ is the unique solution to

KAmg

c c KAmg KA A K+V+mg
yC: ],C: MyCyC = —Pf —um 12
mgYs =mgYg = H (BaS) kv u v kv (12)

. . . . C
3. During any time interval At the trade volume is —225 _Ar.
K+V+my

4. Let B and 1 — B be the Nash bargaining weights of sellers and buyers, respectively. For an asset
of quality i the equilibrium price is:

k(1 =B)(r+mf)
K+V+r4(1—B)m§ + Bmg

pi=ls (13)
r

C KA(K+V)m§

where mg = (K+v)v+m§(v—kKA)*

With complete information assets of both qualities are traded. Buyers offer different prices for
peaches and lemons, the difference being equal to (8, — 6,)/r. Prices are equal to the discounted value
of future dividends (J;/r) less a discount which depends on the loss x due to low asset valuation and,
importantly, on the rates m§ and m§ at which buyers meet sellers and vice versa. From the equation
linking the two rates, it is easy to see that the two quantities are positively related. Intuitively, markets
with higher matching intensities may be interpreted as more liquid markets as buyers and sellers have to
wait less until they encounter another agent willing to trade. The price equation (13) is analogous to the
one presented in Duffie et al. (2005) for the case without market makers.?

The effect of liquidity (i.e. of the matching intensities m§ and m3) on prices depends on the relative
bargaining power between buyers and sellers. In particular, when buyers (sellers) have relatively more

bargaining power prices decrease (increase) with more market liquidity. To understand the economic

28|n Duffie et al. (2005) notation, their model excludes market makers when p =0.

13



intuition underlying this result, it is useful to consider the two extreme cases of full bargaining power

K+rm§
K+r+v-+m§

is increasing in m§, i.e. the higher m§ the lower the price buyers pay to sellers. Indeed, the equilibrium

for buyers or sellers. If buyers hold all bargaining power ( = 0), the resulting price discount

price is equal to the reservation price p; = V; — Vj,, namely it is equal to the difference between the

K+r
K+V+r

x) . The latter term is increasing

expected value of holding an asset when in the state of low valuation (V;; = 1 [ — x|) and the post-

C
1 ng \4

trading continuation value of being without asset (Vl,, = e TV

in the matching intensity m§ because it becomes less time-consuming to match with an agent willing
to sell. In other words, an improvement in the matching intensity of buyers m§ decreases the price that
asset holders require to exchange their assets, because they expect to find a seller more easily once their
valuation will be high again. This counter-intuitive effect of liquidity on prices captures in reality a
common sense notion: if agents know it is going to be hard to buy a similar asset in the market because
of illiquidity, they require a greater compensation to part with an asset which they are likely to desire
in the future. On the contrary, when sellers have all the bargaining power (§ = 1) they demand a price
equal to Vj; (the expected value of an asset holder with high valuation) and the price discount is equal to
m)c. In this case, a higher matching intensity m§ for sellers improves Vj; because it makes it easier
to sell the asset when the holder will switch to a low valuation. As a result, higher liquidity leads to
higher market prices. This intuition is more familiar in the financial markets literature, and this positive

effect of liquidity on securities is commonly referred as liquidity premium.

This salient relationship between market liquidity and bargaining power also applies to markets
with asymmetric information between buyers and sellers. When buyers make take-it-or-leave-it of-
fers, they implicitly have full bargaining power and there is a negative relationship between liquidity
and transaction prices. In a similar vein, we show in Appendix B that flipping around the bargaining
protocol—sellers make take-it-or-leave-it offers—reverses this relationship, i.e. a more liquid market
displays higher transaction prices (see Section B.2.2). Nonetheless, despite the similarities, the setup
with asymmetric information leads to additional effects because the average quality of the assets on
sale affects market liquidity. We refer to Appendix B for a detailed analysis of asymmetric information

equilibria with sellers making offers.

In Section 6.2 we are going to show that the decentralized equilibrium outcome of Proposition 3.1
belongs to the set of allocations maximizing utilitarian social welfare, subject to the search frictions due
to the matching process. In other words, the decentralized nature of trade and the bargaining outcome

do not adversely affect allocative efficiency.

4 Unidimensional private information

We proceed by introducing private information only in one dimension: concerning either asset quality or
agents’ valuation states. This allows us to understand whether the equilibrium outcomes in our setting
with bi-dimensional private information are also shaped by an interaction between the two sources of
asymmetric information. We first consider the case in which asset quality is publicly observable but
agents’ valuation states are not; then we consider the alternative case in which agents can distinguish

between high- and low- valuation agents but the quality of an asset is private information of its holder.
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4.1 Asset quality publicly observable

When the quality of each asset is public information, the results obtained with complete information
continue to apply. This can be seen by applying the mechanism for bilateral bargaining in Myerson and
Satterthwaite (1983). Suppose each pair of matched agents, one of which holds an asset, is proposed a
mechanism in which the asset changes hands at the price that would arise from Nash bargaining between
a low-valuation asset holder and a high-valuation agent with no asset. If either of the two agents is not
willing to trade, the mechanism prescribes trade not to take place. With such a mechanism, no encounter
between two agents in the same valuation state results in trade. Therefore, we can conclude that the

market composition and equilibrium quantities are identical to those with complete information.

4.2 Individual valuation state publicly observable

If there is common knowledge about agents’ valuation states, trade can only take place between a low-
valuation asset holder and high-valuation agent with no asset. This result follows immediately from the
no trade theorem in Milgrom and Stokey (1982). Whereas no allocative inefficiency arises with asym-
metric information on the agents’ valuations of the assets, this is no longer the case when asymmetric
information concerns the underlying asset quality, i.e. the common value component, even if individual
private states are publicly observable.

Under this informational setup the equilibrium characterization follows analogous steps to the one
provided in Section 5 in which only low-valuation asset holders sell their good; see Proposition 5.2.
In the interest of space we skip any formal statement here and we provide some additional details in
Appendix B. A crucial difference relative to the analysis in Section 5 is the absence of any constraint
to ensure hb agents do not sell their assets, as common knowledge on private valuation states coupled
with asymmetric information on asset quality leads to the exclusion of trades when there are no gains
from trade, i.e. between hb and hn agents as they both have a high private valuation. Nonetheless, in
equilibrium high-quality assets may not be traded if their share A is too low and buyers make take-it-
or-leave-it offers: the relevant constraint to ensure trade in both goods is identical to the one presented
in Section 5 for equilibrium E. However, the adverse selection problem is less severe relative to the
equilibria in the bi-dimensional private information case, as in the latter the presence of an additional
constraint on hb agents’ market participation will limit the possibilities for the existence of an allocatively

efficient outcome. We turn to address this point in detail.

S Asymmetric information on asset quality and private valuations

5.1 Lemons market equilibrium

Since the seminal Akerlof (1970) paper, it is a well known result that the presence of asymmetric in-
formation between buyers and sellers may lead to an extreme form of adverse selection, with only the
lowest quality goods exchanged. We start our analysis by considering when this market breakdown may
materialize in our dynamic model with bilateral matches and resale.

A first important observation is that the existence of the lemons market equilibrium, say equilibrium

L, depends on the matching technology, because it determines whether a buyer who deviates by offering
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a higher price can match with a peach owner. The next proposition provides a necessary and sufficient

condition for the existence of a lemons market equilibrium.

Proposition 5.1 Let m; denote the matching rate of buyers with asset owners of type § € S when S = {Ib}.

A lemons market equilibrium exists if and only if:

¢>min{mlg ' il ’ +mh”<r—¢>} (14)

mlbr—|—K—|—v—|—m1b’mlbr—|—K—|—v—|—m1b mp \r+K-+V-+my

Proposition 5.1 holds for all admissible matching functions, and in particular it implies the following

corollary for different matching technologies:

Corollary 5.1 With the DGP technology there exist A* < 1 such that for every A > A* a lemons market
equilibrium does not exist. With any competitive matching technology a lemons market equilibrium

always exists.

In a lemons market equilibrium, buyers never find it optimal to offer a higher price if the matching
technology only applies to agents participating in the market as buyers only encounter lemon holders. In
this case, the lemons market equilibrium is self-fulfilling and it exists over the whole parameter space.
On the contrary, with the DGP technology all agents are continuously matched, implying that buyers
always have a non-zero probability of matching with a peach holder. As a consequence, if the share of
peaches is sufficiently high, each buyer finds it convenient to offer a price accepted by peach holders,
being likely to match with such an agent, whereas offering a price accepted only by lemon holders delays
trade because there are few lemons in the economy.

The lemons market equilibrium is clearly suboptimal because not all mutually convenient trades take
place, and it is a common feature of static adverse selection models. In the remainder of the section, we

consider the existence of semi-pooling equilibria in which both peaches and lemons are traded.

5.2 Semi-pooling equilibria

In this section we discuss the existence of the stationary equilibria in which also peaches are traded. It

is crucial to distinguish between two possible types of equilibria:
1. Equilibrium E: Ig and /b agents are active sellers.
2. Equilibrium H: Ig, Ib and hb agents are active sellers.

Throughout the paper we denote by p;; the price that makes ji-agents indifferent between selling
and keeping their asset; i.e. p;; = Vj; —V;,. Differently from Chiu and Koeppl (2016), in our model the
quantity of lemons on the market is endogenous, and it depends on whether high-valuation lemon holders
prefer to sell their assets at the price j,, that low-valuation holders of peaches are willing to accept. Thus,
we distinguish between two types of semi-pooling equilibria: in equilibrium E only low-valuation asset
holders participate in the market, as in the complete information benchmark; in equilibrium H also high-
valuation lemon holders participate as they find it convenient to sell their assets at price pj,. In this
section we characterize the conditions for the existence of equilibrium E and H.

By Lemma A.3 in Appendix A, only 4n agents are willing to participate as buyers since there are

gains from trade only between low- and high-valuation agents. Moreover, Lemma A.4 shows that, in
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any equilibrium, buyers offer p;, and/or 5, Ib agents accept p;, and p;, with probability one while /g
agents only accept j;,. Recall that oy,(p;,) denotes the probability of buyers offering p,,. Then, given
that /g agents reject the lower offer p;,, the measures of agents obey the following laws of motion:
T =V — K[(1 = A)A — Y] +mp Y
The =V¥ig — K(AA — Yig) + MO (Pig) Vig (15)
Yo+ (Pg) Yig

7hn :v(lf'yhn)*KYhn*mS'yhn s

Note that whether ib agents participate or not affects the equilibrium masses only through the matching
rates as an hb agent selling an asset to an hn agent leaves the masses of hb and hn agents unchanged.

Using the equilibrium condition mgyz = mpYs, it is immediate to obtain the next lemma.

Lemma 5.1 In equilibria E and H the following properties hold:

1. The measures of agents satisfy:

_ K(I-2A)A B KAA 7V*K‘A+ n (16)
Yo = K-+ V+mg Yie = K+ V+ O (Prg)mp Y = K—+Vv Yo Wig
2. The total measure of sellers is:
_ _ k(1=A)A 2A
’KSE - Yib + Yig T k+tv+mb + K+V+(’;/m(ﬁ1g)m§ (17)

W= Y+Yo+Y :(1_1)A+MW

It is important to notice that all the endogenous equilibrium masses depend on the matching rate mg
and in general it is different in equilibrium E and H. A higher matching rate decreases the equilibrium
masses of low-valuation asset holders (Ig and /b) and buyers (hn) because as they trade assets move from
low-valuation to high-valuation agents. Hence, a higher intensity of trade decreases the measures agents
on the two sides of the market. This occurs also in equilibrium H, albeit to a smaller extent as some
trades occur between kb and hn agents, inducing no change in the masses of these two types of agents.

We now move to analyse the equilibrium value functions. In order to have expressions which cover
both the E and H equilibria we introduce the indicator function 1;,c5; which equals one when /b agents
sell their assets (equilibrium H) and zero otherwise. By Lemma A.4, the value function of a seller

matched with a buyer is W;; = o, (pig) (Pig + Vjn). Hence, the value functions of asset holders are:

1Vig =8¢ + K (Vig— Virg)
Vig=8g —x+V (Vhg— Vig) + mp (Wig—Vig) = 8 —x+ v (Vig— Vi)
Vi =08 + K (Vip— Vi) +mp (Wip— Vi) Linpesy= 0 + K (Vi — Vi) +mp0in(Prg) Vig— Vin+ Vin— Viw) Linves)

Vip =0, —x+V (Viy,— Vip) +mp Wip— Vip) = 8 —x+V (Vi,— Vip) + mppa(Pig) (Vig— Vin)
(18)

The value functions of agents without assets are:

thn :K(Vln - th) +mg (Whn - th)
(19)
ern :v(th - Vln)
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In the next Lemma we provide some useful expression that show what are the underlying economic

forces that determine agents’ values.

Lemma 5.2 In equilibrium E and H equilibrium values satisfy these properties:

1. Holders of peaches have the following values in both equilibria:

X 6, x K+r
Vie —Vjp = ——— Ve=-"2-— 20
hg ls K+V+r g r r K+v+4r (20
2. Buyers’ value is:
(V+r)mg Yig Yig
Vim=———-——" | 22V + [ 1 == |V =V, 21
4 r(K+V+r+m5) Vs he Vs hb ls @D

The first point in Lemma 5.2 reveals that peach holders have identical values in equilibrium E and H.
This result follows from the bargaining protocol: being offered p;, = V;, — Vi, leaves Ig agents indifferent
between accepting the offer and keeping their asset; consequently, /g agents’ value is equal to that under
autarky, taking into account that they transition between high and low valuation over time. This result
greatly improves the possibilities to compare outcomes between equilibria E and H.

The second point in Lemma 5.2 sheds light on the determinants of buyers’ value. Their value de-

pends on two main components: first, the expected value of acquiring an asset for a high valuation agent

Yig
¥s

Vin; second; a discounting term % which decreases with the discount

rate r, the intensity at which a high-valuation buyer returns to the state of low valuation (x), whilst it

%th + ( - ﬁ) Vip, Which depends on the probability of obtaining a peach (££), minus the price paid

¥
[_)lg:Vlg_Vln:Vlg_

v
v+r

increases with the intensity at which an In agent transits to the state of high valuation (v) and, most
importantly, with the rate at which buyers meet active sellers ms. The value of being a buyer varies

between equilibrium E and H because three endogenous variables take different values: (i) the share of

Y .
¥’

tion 6 we are going to prove that, whenever both equilibrium E and H exist, V},, is higher in equilibrium

active sellers with peaches 2%; (ii) the value V,,, of being an kb agent; (iii) the matching rate ms. In Sec-
E. Note that there is no prima facie reason to conclude this to be the case because the effect of the lower
share of peaches offered in equilibrium H is (partially) counterbalanced by a higher matching rate for
buyers mg. This comparison is further complicated by the absence of an explicit expression for mg and
the fact that y,/ys and Vj, also depend on mg. A large part of our effort in solving the model is devoted
to overcoming these difficulties.

The next lemma introduces the two relevant constraints that jointly characterize a semi-pooling

equilibrium.
Lemma 5.3 If peaches are traded, the equilibrium satisfies:
1. Buyers offer pi,, which is the case if and only if:

Yy K+V4r+mg

— (Vi — V| 22
Vs K—l—V—!—r—!—%ms( b lh) (22)

&(th *Vlg) =+ ( - }’lg) (Vhb *Vlg) >
¥s Vs

2. In equilibrium hb agents do not participate in the market if and only if:

Bty .

Vi —Vig > 5
YT kv g kvt

(23)
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The first condition is standard in the adverse selection literature: it requires the share of peaches to
be high enough to provide buyers with incentives to offer a price which is accepted by both lemon and
peach holders. Note that the term multiplying (V,, —V);,) captures the fact that the outside options of
buyers and asset holders depend on their valuation states. If they were type-independent, as in the static
benchmark model presented in Section B.3 of the Appendix, this term would be equal to 1. The second
condition is novel and it determines whether /b agents participate in the market as active sellers.? In
dynamic adverse selection models every asset holder is assumed to have a lower valuation than buyers.
In other words, the maximum amount of trade possible is exogenous and coincides with the first-best
volume of trade under complete information. In our setup this is no longer the case because ib agents
would not trade under complete information but they might find it convenient to do so under asymmet-
ric information. This endogenous market participation decision creates novel effects in terms of trade

volume, prices and welfare. We are going to analyse all these implications in Section 6.

5.2.1 Pure strategy pooling equilibria

For analytical tractability, we continue by focusing on pure strategy equilibria, i.e. 6,(5;,) =1 and
o (Pie) € {0,1}. From here on, we use equilibrium E and H to refer exclusively to pure strategy equi-
libria. In this subset of equilibria we are able to provide analytical results for the main variables of
interest—price, volume of trade and matching intensities—to better highlight the main underlying eco-
nomic forces at work in the model. We discuss mixed strategy equilibria in Section 5.2.2. The findings
therein demonstrate that the main results of our analysis continue to hold when also taking into consid-
eration the possibility of mixed strategy equilibria.

We begin by investigating the rate at which assets are traded. The following lemma demonstrates

the properties of the matching intensities in equilibria E and H.

Lemma 5.4 If peaches are traded the matching rate m5, K = E H, is unique and solves:

K+V

V— KAmpg
m]g]é( _ /.lM ( (k+v+mg) ’,Jé{> (24)

Moreover, the matching rates have the following properties:
- In equilibrium E, the matching rates m§ and m& do not depend on A for all matching technologies.

- In equilibrium H, % >0 and % < 0. In particular:

- For all competitive matching technologies, mi is strictly increasing in A. Furthermore,

mil < mb, mf > m& for every A € (0,1) with )lLimmg =mk and ){immg =mé.
—1 —1
- For all non-competitive matching technologies, mii = mk. Moreover, m§ > m§ for every

A €(0,1) and limm¥ = m¥k .
A—1

To understand why the matching intensities in equilibrium E are independent of A, note that the

measure of active sellers in equilibrium E is y§ = implying that equation (24) does not depend

KA
K-+v-Hmg

on A. Intuitively, only low-valuation holders of both peaches and lemons participate in the market as

2INotice that the right-hand side of (23) reflects the difference in being without an asset for high- and low-valuation agents.
If it were the case that V), =V,,, this term would be equal to zero.
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sellers, while high-valuation agents without assets participate as buyers. As a result, the share A of

peaches does not affect the total masses of buyers and sellers. In equilibrium H, on the contrary, all

KAA
K+V+my

hg agents do not wish to sell their assets. As a consequence, in this equilibrium a higher A decreases

lemon holders participate as active sellers. Hence, the mass of sellers is ¥ = (1—1)A+ and only
the mass of active sellers because the share of hg agents increases. In turn, this change in the total mass
of sellers may affect the matching intensities of buyers (m¥) and sellers (mf) relative to equilibrium
E. For any matching technology, buyers match more frequently with sellers, i.e. mf > mk, because the
measure of sellers ¥ is higher than y£.3° With a competitive matching technology, the larger measure
of sellers leads to an individual seller waiting on average a longer time before trading (mk < m%). With
a non-competitive matching technology sellers match at the same rate with buyers (m = m%) because
matching occurs among all agents, and not just by agents participating in platform. In other words, there
is no congestion on sellers’ side because there is no decision on whether to be matched, and no resulting
impact on the sellers’ matching rate.

The results in Lemmata 5.2-5.4 are crucial to characterize the conditions that allow equilibrium E
and H to exist. The next two propositions formally state these conditions in terms of the primitives of

the model, and we proceed by discussing their implications.

Proposition 5.2 (Existence of equilibrium E)
A stationary equilibrium in which only Ib and lg asset holders are sellers exists if and only if:

r(k+Vv+r+mb)+xkmk
(K+V+r+Amb)(k+v+r+mk)

1. ¢ < ¢*F where ¢*F =

2. A > AE where A*E € (0,1) is the unique value of A that satisfies equation (22) with equality for the

equilibrium values VJE with j=h,l and i =Db,g,n.

Proposition 5.3 (Existence of equilibrium H)
A stationary equilibrium in which Ib, Ig and hb asset holders are sellers exists if and only if:

r(k+v+r+mi)+xkml

(K+V+r+%m§)(l€+v+r+m§1)

1. ¢ > ¢ where ¢*1' =

2. A > A where 2*H € (0,1) is the unique value of A that satisfies equation (22) with equality for the

equilibrium values Vj’,?' with j=h,l and i=b,g,n.

Both propositions introduce two conditions: the first is the 4b agents participation condition while
the second ensures that buyers prefer to offer p;, rather than p;,. Given that the matching rates do not
depend on ¢, the first conditions show that ib agents are willing to sell their assets when gains from trade
are low, i.e. x is small and by implication ¢ large, while they prefer to keep their assets when gains from
trade are large. Intuitively, when x is small buyers offer a relatively high price and /b agents are willing to

sell their assets as well. Differently from the static model presented in the Appendix, both the threshold
Og—x

values ¢** and ¢*# are smaller than one. This stems from two features: (i) V,, exceeds , 1.e. the value

of being distressed forever; and (ii) being a buyer entails a positive expected payoff, i.e. V,, >V, > 0.
The former leads to a higher p;, whereas the latter improves the attractiveness of becoming a buyer for

hb agents. Lower threshold values for ¢ imply a more severe adverse selection problem than in the

30For any competitive matching technology, also the measure of buyers is higher in equilibrium H than E, which exerts a
negative effect on mg. However, the direct, positive effect of a larger number of sellers dominates.
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static benchmark because /b agents have more incentives to participate in the market. Interestingly, this
problem is more severe in economies with more pronounced search frictions.

The second conditions, requiring A to be sufficiently high, are intuitive. As in the static benchmark,
buyers are willing to offer the higher price 5, if and only if the average quality of assets in the economy
is sufficiently high. Otherwise, there are relatively many lemons on the market and, as a result, buyers
prefer to offer the lower price .

Before illustrating when both equilibria exist, we state how the threshold values defining the region

of parameters in which each equilibrium exists vary with the parameters.

Lemma 5.5 The threshold values A* and ¢* satisfy.

1. ¢*E is decreasing in A.
2. XME and MM are increasing in ¢.

The fact that ¢*F is decreasing in A reveals an important feature of our model, which constrains the
parameter space in which equilibrium E exists. Namely, high-valuation lemon holders have a stronger
incentive to participate in the market when the average quality of assets in the economy is higher. Indeed,
the expected value of buying an asset is higher when there are fewer lemons for sale, as the latter enjoy
an information rent. As a result, the value of being a buyer V,,, as well as the difference Vj,, — Vj,, is
increasing in A. For this reason, kb agents find it more attractive to become buyers when the average
quality of assets increases. These two forces shape the relationship between A and ¢*£ When hb agents
do not participate in the market; if 7b agents offer their assets for sale and the matching technology
is competitive, an additional force comes into play: sellers meet buyers at a higher intensity for larger
values of A. Due to this effect, the value of a high-valuation lemon holder is increasing in the average
quality of assets, making them more willing to keep their asset. On the other hand, also in this case the
value of being a buyer is increasing in A. These two opposite effects determine whether ¢*# is decreasing
or increasing in A, and in turn this depends on the parameter values considered. On the other hand, for a
non-competitive matching technology m# is independent of A and equal to m%, and %mgf = AmE implies
¢* = ¢*E. In words, in the absence of congestion externalities, the decision of a high-valuation lemon
holder to participate in the market is independent of whether other hb agents participate or not.

The reason why A** and A*# are increasing in ¢ is the following. A buyer offering p;, captures all the
gains from trade, which depend positively on x, when matched with a peach holder but has to concede
information rents, which are increasing in 6, — 8, to lemon holders. Therefore, when ¢ is higher, the
value of A at which a buyer is indifferent between offering p;, and py, is higher.

In order to shed further light on the set of parameters for which equilibria E and H exist, we will
illustrate three cases. In the first case, illustrated in Figure 2, matching takes place according to the
DGP technology. As already pointed out, for this matching technology ¢*£ = ¢*. Thus, equilibrium
E can exist below this curve and equilibrium H above it. When /b agents have the incentive to offer
theirs assets for sale, the minimum A** above which peach holders trade is higher than what would be if
private valuation state were observable (1*F), i.e. when only low valuation asset holders could trade.

In the second and third case, illustrated in Figures 3 and 4, agents are matched according to the KW
technology. In the economy considered in Figure 3, the positive effect of a higher matching rate mp on
Vi is stronger than that of a higher A on the value of being a buyer. As a consequence, ¢*/ is increasing

in A and there is a set of (A, ¢) pairs for which both equilibrium E and H exist.
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Figure 2: DGP technology, parameter values: A=1, k=1, v=1, u=2.5and r =0.05.

In the economy of Figure 4, the positive effect of a higher A on V},, —V},, dominates that of the higher
matching rate mp on Vy,. For this reason, the ¢*/ curve is downward sloping. In this case there exists a
set of tuples (A, ¢) for which neither equilibria E nor H exists. However, as shown in the next section, in

this region mixed strategy equilibria in which a fraction of hb agents participate exist.

5.2.2 Mixed strategy semi-pooling equilibria

In this section we discuss the existence and the properties of equilibria in mixed strategies. In this way
we complete the picture of the possible equilibrium outcomes in our model. As we provide a more
detailed treatment in Appendix B, here we focus on the main insights from that analysis.

By Lemma A.4, three possible types of mixed strategy equilibria exist: one in which buyers random-
ize between p;, and p,, one in which kb agents randomize between accepting or not an offer of p;, and
one in which both buyers and #b agents play mixed strategies. Table 1 lists the different types of mixed

strategy equilibria and shows how we denote them.

Mixed strategy equilibrium Strategy profiles
Ml O (Pig) € (0,1)  om(Pig) =0
M2 Om(Pig) € (0,1)  om(pig) =1
M3 O (Prg) =1 o (Prg) € (0,1)
M4 O (pig) € (0,1)  omp(pig) € (0,1)

Table 1: The strategy profiles of the agents employing mixed strategies in the mixed strategy equilibria.

Intuitively, for a given ¢, the values of A for which buyers are willing to randomize between the two
prices is determined by the interplay of two forces. On the one hand, a decrease in o;,(p;,) entails a
lower effective intensity o,(p;,)ms at which peaches are traded. On the other hand, the average quality

of assets increases when oy, (p,) falls as it implies that lemons trade faster than peaches. When agents
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Figure 3: KW technology, parameter values: A=1, k=1, v=2, u =5 and r = 0.05.

discount less future payoffs, a buyer attaches relatively more weight to the former effect, as it has to do
with the probability to trade a peach in the future. Therefore, for a given A, buyers are less willing to
offer the high price j, in a mixed than in a pure strategy equilibrium when r is sufficiently low. In such
economies, mixed strategy equilibria exist for higher values of A than the thresholds A*£ and A*#.
Figures 5 and 6 illustrates the regions of the parameter space in which mixed strategy equilibria exist
for the DGP and KW technologies, respectively. They show that for r low relative to k and v and when
adverse selection is severe, mixed strategy equilibria do not enlarge the set of (4,¢) pairs for which
peaches can be traded. That is, above the ¢*£ curve, where equilibrium E does not exist, mixed strategy
equilibria exist for higher values of A than equilibria H. This motivates our focus on the pure strategy

equilibria L and H when due to severe adverse selection equilibrium E does not exist.?!

5.3 Salient features of equilibria under asymmetric information

We close this section by discussing features of the equilibrium characterization which are unique to our
setting. Let us first make a few additional remarks about the threshold ¢*, which determines whether or
not high-valuation lemon holders are willing to participate as sellers. When ¢ is below the threshold,
adverse selection is moderate as only low-valuation lemons holders are willing to sell their assets and
for this reason the average quality of the assets on the market corresponds to that in the whole economy.
When, on the contrary, ¢ > ¢*, the market suffers from severe adverse selection as all lemon holders,
irrespective of their valuation state, are willing to sell their asset, worsening the average quality of
assets on the market. In the case of severe adverse selection, the minimum average quality of assets in

the economy to support a pooling equilibrium is higher than when adverse selection is moderate. The

3, Appendix B we show that for reasonable values of r, the necessary values of k¥ and v which allow the existence of mixed
strategy equilibria for lower values of A than equilibria E and H are unreasonably low. Specifically, they would imply that agents’
valuations change on average less frequently than every 50 years.
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Figure 4: KW technology, parameter values: A =1, k =0.02, v=10.02, u =2.5 and r =0.2.

reason for this is that the participation constraint of hb agents Vi, — (Vg — Vin) — Vi < 0 also determines
when the surplus of a buyer from acquiring a lemon is negative. In other words, whenever adverse
selection is severe, the pooling price j;, exceeds the value of a lemon to a buyer. It is also worth pointing
out once more the implications of the fact that ¢*£ is decreasing in A. This means that severe adverse
selection arises for a larger set of parameter values in economies in which the average quality of assets in
the economy is high. When adverse selection is severe, asymmetric information creates a double bind:
either only lemons are traded or all lemons, irrespective of their holder’s valuation state, are continuously

offered for sale. As we will show in the next section, both outcomes are generically inefficient.

Another feature of equilibria worth pointing out is that decentralized trade does not mitigate the
lemons problem as in a dynamic adverse selection model a la Moreno and Wooders (2010). Namely, in
our model there is only limited scope to support equilibria in which assets of both qualities are traded
by endogenously delaying the trade of peaches. In particular, when A is low enough, no mixed strategy
equilibrium with o;,(p;,) < 1—implying that the share of peaches on the market is above A—exists. This

is stated formally in the following proposition.

Proposition 5.4 For A sufficiently small, no equilibrium in which peaches are traded exists.

In our model, V,, always strictly exceeds V. In particular, if V, increases due to buyers offering a
higher price so does Vj,, as agents transit between high and low valuation. For this reason, offering p,
always yields a strictly positive surplus, making it impossible to construct, for any A, an equilibrium in
which buyers are indifferent between offering p;, or p;,, and obtain with both a zero surplus. Hence, it

is not possible to have trade delays for lemon holders, as they always trade once matched with a buyer.
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Figure 5: DGP technology, parameter values: A=1, k=1, v=2, u=2.5 and r = 0.05.

6 Equilibrium properties

6.1 Price, volume, time to sell and average quality of traded assets

We continue by investigating the properties of equilibria in terms of price, volume, time to sell and
average quality of traded assets. First, we compare analytically these quantities across stationary equi-
libria. Then, we illustrate graphically the transitional dynamics of the four quantities as well as how they
respond to changes in gains from trade and the average quality of assets in the economy.

Comparing the four quantities of interest in equilibria in which at least some /b agents participate,

i.e. ou(Pre) > 0, to those in equilibrium E, yields the following proposition.

Proposition 6.1 (Prices, volume of trade and average quality of assets across equilibria)
Consider parameter values such that equilibrium E and at least one equilibrium with oy,(pig) > 0 and

om(pie) = 1 exist. Relative to equilibrium E, each of the latter features:
1. A higher price at which assets are traded, pi,.
2. A higher volume of trade, M(ys, ¥s).
3. A longer expected time to sell, 1/mgp.
4. A lower average quality of assets, Y/ ¥s.

For all non-competitive matching technologies, p;, and 1/mg are equal to their values in equilibrium E.

To understand why the equilibrium price is higher when at least some high-valuation lemon holders

participate in the market, it is useful to report the expression derived in the proof of the proposition for

25



0.20
|

0.10

ik
i

0.0 0.2 0.4 0.6 0.8 1.0

0.05
|

Figure 6: KW technology, parameter values: A=1, k=1, v=2, u =5 and r = 0.05.

the value of being a buyer:

Y
N Tems (Voo —Vie) + (1_7;)’"5
n r K—i—v—i—r—i—%ms he s K+V+r+%ms

(Pnb — Pig) (25)

The second expression inside the square brackets shows that when /b agents are willing to sell their asset,
i.e. puy < pie, a buyer obtains a negative surplus from acquiring a lemon at price pj,. In the opposite case,
when hb agents prefer to keep their asset, a buyer obtains a positive surplus from acquiring both peaches
and lemons at the pooling price. Due to the negative surplus from buying lemons, the value of being
a buyer is lower when hb agents participate in the market. Consequently, low-valuation peach holders
require a higher price as a compensation for the lower continuation value after selling their asset. For
this reason, the equilibrium price is higher when ib agents participate in the market.

The ranking of the three other quantities is intuitive. The volume of trade is higher due to additional
sellers in the market. For the same reason, an individual seller meets buyers at a lower intensity, ren-
dering the time to sell longer. This leads to higher measures of agents in the economy, which further
increases the volume of trade. Similarly, the lower average quality of traded assets is due to the presence
of additional lemon holders in the pool of sellers.

Figures 7 and 8 show how the four quantities of our interest vary with A in the three pure strategy
equilibria, when they exist, for the DGP and KW technologies, respectively. Three observations are
worth making. First, both in equilibrium E and H, the equilibrium price is decreasing in A, while in
equilibrium L it is increasing in A. This is due to the fact the expected surplus captured by a buyer
is increasing in the share of peaches when both assets are traded whereas it as decreasing in A when
buyers offer prices rejected by peach holders. Second, the average quality of traded assets is strictly
lower and the volume of trade strictly higher in equilibrium H than in equilibrium E for both matching

technologies. This stems from the higher measure of lemon holders participating in the market. Third,
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&, = 0.98.

for the KW technology, the expected time to sell is strictly higher in equilibrium H than in equilibrium
E when both exist. The reason for this is the congestion externality that b agents impose on all sellers,
slowing the rate at which they are matched with buyers.

To gain further insight into how equilibrium quantities vary with the key parameters of the model and
across equilibria, we carry out the following exercises. First, we illustrate how the equilibrium quantities
respond to unanticipated changes in x and A in equilibrium E and H, taking into consideration any
transitional dynamics that such changes may induce. Second, we show the behaviour of the equilibrium
quantities when the economy embarks on a transition from equilibrium E to H, with no change in the
parameters. That is, we consider a transition that is due to a change in agents’ beliefs. The exercises are
conducted for the KW technology.

In Figure 9, we illustrate the effect of a gradually higher x, a measure of gains from trade, on
equilibrium quantities. Until # = 1 the economy is in equilibrium H with x =3/30. At¢ =1 there is an
unanticipated increase in x to 4/30 but the economy remains in equilibrium H. Given that the matching
rates do not depend on x, this change induces no transitional dynamics. The discrete decrease in the
equilibrium price reflects the higher value of a buyer, capturing a part of the higher gains from trade. At
t =2, the economy embarks on a transition to equilibrium E due to a change in agents’ beliefs. Note
that this is possible as both equilibrium E and H exist for the parameter values under consideration (see
Figure 3).3? Given that the ratio of y, to y;, in equilibrium H is equal to that in equilibrium E, the average
quality of traded assets jumps immediately to its value in the limiting stationary equilibrium when hb
agents exit the market. The volume of trade and the time to sell, on the other hand, are higher along the
transition path than in the stationary equilibrium E. This stems from the fact that initially there are more

low-valuation sellers in the market as previously their matching intensity was below that in equilibrium

32Natura|ly, we have checked that /b agents are not willing to participate and buyers prefer to offer pj, rather than p, also
along the transition path.
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E. Due to the initially higher measure of sellers, the rate at which an individual buyer meets sellers is
decreasing along the transition path. For this reason, the value of being a buyer is decreasing and the
equilibrium price increasing along the transition path.>* At = 3, there is a further unanticipated increase
in x to 5/30. This induces a further decrease in the equilibrium price, attributable to an increase in the
surplus captured by a buyer.

Figure 10 shows the results of an exercise in which the average quality of assets is gradually de-
creased.** At t = 1, there is an unanticipated decrease in A from 0.9 to 0.6. Although the economy
remains in equilibrium H, this induces transitional dynamics as the matching rates depend on A. In
particular, the initial measure of low-valuation sellers is lower than that in the limiting stationary equi-
librium due to the previously higher mp. As a result, the initial volume of trade is lower. The initially
higher time to sell, on the other hand, is due to the initial measure of buyers being lower than in the
limiting stationary equilibrium. Along the transition path, the average quality of traded assets improves
as more low-valuation peach holders accumulate in the market. At ¢ =2, the economy embarks on a
transition path from equilibrium H to E. The transitional dynamics share the same characteristics as in
the previous exercise. Atr =3, A further decreases to 0.3. In this case, equilibrium quantities do not dis-
play any transitional dynamics as in equilibrium E mp does not depend on the average quality of assets
in the economy.

The results of the two exercises can be summed up as follows. An increase in distress, as measured
by x, leads to a decrease in the equilibrium price as distressed sellers are willing to sell their assets at
a lower price. The decrease is amplified if the increase in x is associated with the economy moving

from equilibrium H to E. However, in this case, time to sell goes down and the average quality of assets

33The increase in the equilibrium price along the transition path is relatively small and for this reason cannot be seen in the
figure.
3*More specifically, a randomly chosen set of peaches turns into lemons.
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on the market improves as high-valuation owners of lemons no longer find it convenient to participate
as sellers. A decrease in the average quality of assets in the economy, on the other hand, affects the
equilibrium quantities in a non-monotonic fashion. Namely, if a decrease in A is associated with the
economy moving to equilibrium E, the direct, positive effect of a lower A on the equilibrium price can
be at least partly offset by the lower price in equilibrium E. Similarly, the average quality of traded assets
behaves non-monotonically when A decreases, decreasing due to the direct effect and increasing due to

the transition to equilibrium E.

6.2 Utilitarian welfare across equilibria

We turn to investigate how equilibria compare in terms of utilitarian social welfare. For any strategy

’j::{{l;j}”}, the utilitarian welfare value W (o) is the weighted sum of the corresponding

value functions, say V;;(o), using as weights the agents’ masses ;;(o):

profile o = {0}

W(o) =Y vi(0)Vi(o) (26)
Jji
The next Lemma provides an explicit expression for the welfare values.

Lemma 6.1 Consider an admissible strategy profile 6 and the corresponding masses v;;(c). The utili-

tarian social welfare value is equal to:

W(0) =228, + (1~ 1)8] — Xn(0) + m(o)] @)

X
r

The utilitarian welfare expression point out that strategies profiles ¢ can be evaluated from a utili-

tarian welfare perspective by comparing the masses of low-valuation asset holders in the economy. The
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lower the masses, the higher the welfare because fewer assets are in the hands of agents that value them
the least. In turn, the equilibrium masses depend on the strategy profile ¢ both directly and through
the potential impact on the matching rate mp. The effect on mp substantially complicates the analysis,
and it is not even straightforward to determine whether the complete information benchmark maximizes
utilitarian welfare. In principle, it may be optimal to have buyers offer prices rejected with positive
probability by peach holders, or even to restrict market participation of low-valuation asset holders. In
the next proposition we show that this is never the case because a strategy profile maximizes utilitarian
social welfare only if all low-valuation asset holders participate in the market and trade as soon as they
match with a buyer. For this purpose, we introduce the following notation for the probability that asset

holder ji trades when matched with a buyer:

0:(0)= [oulplM)ou(p)dp =1} i={b.g) (28)

where o,,(p|-#) is the probability that an agent zn offers price p given his information set .# on the asset
quality of his matched agent: with complete information .# is equal to the true asset quality, while he
has no information under incomplete information, hence his strategies are identical irrespective of the

matched asset holder.

Proposition 6.2 The first-best level of utilitarian social welfare is equal to the one in the complete

information equilibrium:
x KA

_— 29
rK+V+mg 9)

W(oC) :é[lég—k(l—l)&]

where m§ solves equation (12).
A strategy profile o satisfies W (o) = W(c°) if and only if the following conditions hold:

- M(LYYY) constant in Vg, Ys (e.g. DGP technology):

Y8 Ys
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T Y, Dain=1  din Y, Gnis =0 (30)
i=b,g i=b,g

M%)

- strictly decreasing in s, ys (e.g. KW technology):

G Y, Didin=1  an+ Y, 4i=0 31
i=b,g i=b,g

Proposition 6.2 has straightforward implications about the welfare properties for the equilibria anal-

ysed in the previous sections. The next corollary provides an overview of the results.

Corollary 6.1 The following statements hold:

1. For all admissible matching technologies, the complete information equilibrium (Proposition 3.1)

and equilibrium E (Proposition 5.2) attain the first-best welfare level W (c©).

2. Equilibrium H in Proposition 5.3 entails a welfare loss equal to:

A 1 1
W(o€)— (o) === - - (32)
r o |K+v+mg K+V-+mg
where W (o) — W (o!) is strictly positive and decreasing in A if and only if MB%) s strictly

¥BYs
decreasing in v, ¥s.

3. For all admissible matching technologies, the lemons market equilibrium in Proposition 5.1 en-

tails a welfare loss equal to:

kAx [ A (1-2) 1
=— +

W(c¢) —W(c" -
(67)=W(e) rolk+v  k+v+mh k+v+m§

(33)

where W(c©) — W (o) is strictly positive and increasing in A.

The corollary points out an important feature of equilibrium H, in which also high-valuation lemon
holders participate in the market. Namely, for any competitive matching technology, such an equilibrium
is inefficient. This is due to the congestion externality that #b agents impose on all sellers: by slowing
down trade, a larger number of assets are held by low-valuation agents, leading to a welfare loss relative
to the first-best outcome.

The welfare loss in the lemons market equilibrium, on the other hand, simply stems from the fact
that peaches are not traded at all and for that reason end up being held by low-valuation agents until they

transit back to the state of high-valuation.

7 Market design interventions

The characterization of the equilibria in Section 5 and the results in 6.2 point out that under asymmetric
information the first-best outcome cannot be implemented for a substantial set of parameters. In this
section we explore whether and to which extent a market designer can implement the first-best outcome
relative to the decentralized equilibria. In Section 7.1 we discuss mechanisms in which the designer can

set the terms of bilateral trades; in Section 7.2 this possibility is precluded.
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7.1 Designer sets the bilateral terms of trade

We first consider the possibility that the designer sets, directly or indirectly, the terms of trade at which
agents can exchange assets. We further distinguish between two possible classes of mechanisms. In the
first class, the designer implements a stationary equilibrium such that the first-best outcome is obtained
by reallocating the existing assets among agents—subject to the same search frictions of the decentral-
ized economy—through a budget-balanced system of transfers. In the second class, the designer—still
subject to the search frictions—first acquires the existing assets from their holders, and then sells a newly
created asset that combines the existing assets in a ‘package’ which is not affected by an asymmetric
information problem about its asset quality. Then, we compare the two mechanisms in terms of their
effectiveness in enlarging the region of parameters for which the first-best outcome is implementable.

Lastly, we discuss the possible practical implementation of this policy and some related issues.

7.1.1 Transfer scheme for existing assets

In the first class of mechanisms the designer implements a stationary equilibrium through a mechanism
# offered to all agents. At every point in time an agent can report a message to the designer: for each
message the mechanism associates a flow transfer, an intensity at which agents sell or buy the asset—
if the agent holds an asset or not, respectively—and a transfer conditional on trade. Importantly, we
assume the designer cannot record what agents reported in their past but only their last message.®
Recall that in our notation agents hold a type b € B = {hn,In} if buyers or § € S = {hb,lb,hg,lg} if
sellers; in general, let & € BUS be a generic type. Types are bi-dimensional as they include both a
private information on the asset quality (b, g or n) and whether the agent holds a high (%) or low (1)
valuation for assets. By the direct revelation principle of Myerson (1981), we can restrict attention to
direct mechanisms in which all agents report directly their type, and we denote by 6’ the reported type.
The designer promises a mechanism .7 := {0(0),tr(0),ty(0)}. If the agent reports type 6’ then the
quantity a(8’) denotes the intensity rate at which the agent is going to trade: if 8’ € § an agent sells
his asset to the designer, while if 6’ € B the agent receives an asset. We assume the designer observes
whether an agent holds or not an asset, i.e. 8’ € S for 8 € S and 6’ € B for 6 € B. Moreover, transfer 7(6’)
applies upon trade while #y(6’) is a flow transfer received until the agent trades. Transfers are positive
(negative) if the designer pays (receives) the consumption good to the agent. Therefore, we can express

the value functions corresponding to a mechanism .# = {a(0),7r(0),ty(6)} as follows:

rV(0',0 = ji, #) =& —xLj—py +V (Vi — Vi) Lijmy + K(Vie = Vii) Ly jmny + (0") [17(0") = Vji+ V] +13(6")
V(0,0 =jn, )= VvV, — Vin) L=ty + K(Vin = Vin) L j=ny + a(0") [E[Vi]+1r(0") — V] +1n(6")

(34
where E[V;;] is the expected value of holding an asset for a jn € B agent, given his expectation over the
average quality of assets received by the designer from sellers in §. We assume the designer does not
observe the quality of the assets, but simply assigns to buyers one asset at random from the ones received
from sellers. Without loss of generality we set 77(6") =0 if o/(68) = 0.

The mechanism designer is subject to the same matching frictions of the decentralized equilibrium.

To formally take into account these constraints, we introduce some notation similar to the one in Section

351f this opportunity would be feasible, it might be possible to implement the first-best outcome for a larger set of parameters,
but we would crucially depart from the anonymity assumption imposed in the decentralized equilibrium with bilateral trades.
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2.2. Let:

{Ui:a(§)>0} B(///){UB:(X(E)>O} (35)
5e8 beB

Denote by ys(.#) and y3(.#) the measure of agents in S(.#) and B(.#), respectively. Given the
matching technology available, the measure of matches between agents in S(.#) and B(.#) is equal
to M(ys(A),ys(#)), and we can define the matching rates mp(.#) and mgs(.#) as the solution to
ms( M) Ys( M) = mp(M)Yys( M) = uM (yg(A),ys(A)). Therefore, the designer is subject to the con-
straints:

a(0) <ms(.#) for 6€B a(@) <mp(#) for 6¢c§ (36)

In order to be feasible, we require the mechanism to be budget-balanced on the equilibrium path. In
turn, in a stationary equilibrium this requirement implies the following constraint on the instantaneous

flow of total transfers:

Y, %l (6)+a(6)ir(6)] <O (37)

0eSuB
Finally, the mechanism must satisfy incentive compatibility (IC) and individual rationality (IR) for

each type 0, i.e.:

IC: V(6,0,.#)>V(0',0,.%) Vo € SUB

1 K 1 i - - (38)
IR: V(6,0,.4)> - (5,-—“{”%) VoO=jicS V(0,0,.4)>0 V0 ch

r K+V-+r

where the reservation value for sellers is equal to the expected utility from holding the asset forever.

Our goal is to characterize for which set of parameters it is possible to implement the first-best
outcome subject to the constraints in equations (36)—(38). In the first-best allocation the rate at which
low-valuation asset holders trade is equal to the matching rate m$ under no asymmetric information on
asset quality (Proposition 6.2), i.e. a(lg) = a(Ib) = m§, and similarly in agent trade at rate o (hn) = m§;
for all other 6 we have a(0) = 0.

The next proposition characterizes the main result of this section.

Proposition 7.1 A mechanism .# = {a(0),tr(0),15(0)} implements a first-best outcome under con-
straints (36)—(38) if and only if:

r(k+v+r+m§)+xm§

(K+v+r)(k+V+r+mg) (39

¢ <

Ifinequality (39) holds, the first-best outcome can always be implemented if the transfer scheme satisfies:

tn(1g) +mStr(Ig) = tn(Ib) +mStr (1b) (40)
ty(h) = tn(hi) = e = {tn (L) +mg [tr(1i) — L (8 +tn(In) — 25=x) |} > 0 41)
tw(n) = 2 {tN(hn)—i—ms [tr(hn) (5 +n(h) = i — (1= A) ) (5, — 51,))} } >0 (42)

K+V+r+m3 +KmS

MOE5) [HW— 4)#%@-5,,)} > Aty (h) + ty(In) 43)

The conditions in (41)—(43) are necessary if equation (39) is satisfied with equality.
It is worth making two observations about the characterization. First, given that m§ = m£, the thresh-
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old value of ¢ in (39) strictly exceeds the largest value of ¢ for which equilibrium E exists, i.e. ¢*£ in
Proposition 5.2. Thus, the mechanism under consideration enlarges the set of (4, ¢) pairs for which the
first-best outcome can be implemented. Second, the reason for which the mechanism can implement
the first-best outcome in regions of the parameter space in which ib agents are willing to participate in
the decentralized economy is that the mechanism compresses the difference between V,,, and V;,. As a
result, hb agents are less willing to participate in the market than in the decentralized economy.

The next corollary follows immediately from Proposition 7.1.

Corollary 7.1 If inequality (39) holds, the mechanism .4 *:

t(0)=0 V6 a(lg) = a(lb) = m§ a(hn) = m§ a(@)=0 ow
. 1 K+r " .
fr(ll)zr(5g—,(+v+rx) =V(lg,lg, M) i=b,g

X K+v+r+mg
K+Vv+r  r(k+v+r+m§)+km§

(44)

tr (hn) = —t7 (i) — (1=2)(8 — &)

= —[AV(hg,hg, #*)+ (1 — L)V (hb,hb, #*)] = —E|V},]
maximizes the revenues for the market designer conditional on implementing the first-best outcome.

In the revenue-maximizing reallocation scheme the market designer captures the whole surplus from
trade. That is, in addition to low-valuation peach holders being indifferent between selling and keeping
their asset, buyers obtain a surplus of zero. Consequently, V,, =V, =0, and hb agents have weaker

incentives to sell their assets than in the decentralized economy.

7.1.2 Packaging schemes

We proceed by considering an alternative mechanism which consists of the designer gradually acquiring
all the assets in the economy, and for each asset acquired issuing a certificate yielding a flow dividend
equal to that of an average asset held by the designer. From the moment in which the mechanism is
put in place, buyers can no longer buy the original assets but only the certificates issued by the designer.
Therefore, original assets can either be sold to the designer or kept forever (autarky).*® For newly created
certificates, the only source of private information in bilateral negotiations pertains to agents’ valuation
states, and certificates can be exchanged subject to the same search frictions of the market for the original
assets, but at terms of trade dictated by the designer.

We consider two possible schemes to acquire all the assets in the economy. In the first one, say
slow packaging (SP), the designer offers to buy original assets at a price which is only accepted by low-
valuation asset holders, while all high-valuation asset holders prefer to keep their assets until they transit
to the low-valuation state. In the second one, say fast packaging (FP), the designer acquires assets at a
price accepted by all asset holders. In both schemes, the total measure of certificates issued is equal to A
and the average quality of the assets held by the designer at all times is equal to the one in the economy.?’

We assume the designer can commit to make a single take-it-or-leave-it offer to each asset holder.

That is, if an asset holder rejects the designer’s offer, the former cannot sell his asset to the latter in the

36Alternatively, we could assume that the the terms of trade for the original assets are set to be such that all gains from trade
accrue to the designer. This would ensure that agents continuing to trade existing assets would obtain their autarky values.

37 the designer offered a price accepted only by low-valuation lemon holders or by all low-valuation asset holders and high-
valuation lemon holders, the share of peaches held by the designer would, at least temporarily, differ from A. For simplicity we
do not consider such non-stationary schemes, and restrict attention to the two stationary schemes outlined above.
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future. It turns out that the designer commits to such a single take-it-or-leave-it offer in a FP mechanism,
while he prefers not to do so in a SP one. In the former scheme committing to a single offer ensures
the outside option of a peach holder is equal to his autarky value.® In the latter scheme instead the
designer does not commit to a single offer because he wishes to acquire assets only from low-valuation
asset holders, irrespective of whether agents previously received an offer while they were in the high-

valuation state.’®

A certificate changes hands only when there are gains from trade, meaning that trade takes place
between low-valuation certificate holders and 4n agents. As in the previous section, we characterize
stationary schemes, in which the matching intensities are constant over time. Since the certificates are
traded between low-valuation certificate holders and /4n agents, sellers’ and buyers’ matching intensities
are equal to m§ and m§, respectively. In the asset acquisition phase, the search frictions determine the
rate at which the designer acquires the original assets and issues certificates. However, we do not model
this rate because our results only depend on the rate at which certificates trade. Another requirement
underlying our mechanisms is that the designer encounters fewer asset holders than buyers. We justify
this assumption on the grounds that when v > kA the measure of buyers exceeds that of low-valuation
asset holders. This ensures that the designer meets fewer sellers than buyers in a SP scheme. Similarly,
in a FP scheme the measure of buyers exceeds that of sellers as the designer can simultaneously buy an

asset from and sell a certificate to the same agent when encountering a high-valuation asset holder.

We solve for mechanisms which maximize the designer’s profits, conditional on the resulting allo-
cation attaining the first-best welfare level. In this way we obtain the largest set of parameter values for
which the mechanisms under consideration are feasible. Given that the rate at which trade takes place
is constant, we can solve the problem of the designer asset by asset. To implement a first-best outcome,
the terms of trade set by the designer have to be such that only low-valuation certificate holders are
willing to sell their certificate and only An agents are willing to buy one. Denoting the prices at which
certificates are sold and bought by pr(hn) and pr(in), respectively, the present value of profits IT from

each certificate accruing to the designer solves:*

th = K(H[ — Hh) (45)
rIl; = V(Hh 7H1) +m3(p7(hn) — pT(lC) +1I1;, — I_I])7

where Ic refers to a low-valuation agent with a certificate while IT; and IT, denote the value of the
designer’s profits when the certificate is in the hands of a low-valuation and a high-valuation agent,

respectively. Solving for IT,, we obtain:

Kmp
I, =

(k4 v4r+mp) [pr(hn) = pr(ic)] (46)

38Recall that in a fast packaging scheme the designer acquires all assets at the reservation price of a high-valuation peach
holder, so every other agent type enjoys a strictly positive payoff from accepting this offer. Suppose on the contrary that an
asset holder, even after rejecting an offer in the high-valuation state, could receive the same designer’s offer in the future. Since
low-valuation peach holders are strictly better off accepting than rejecting the offer, this surplus from trade would also increase
the expected utility of high-valuation asset holders. As a consequence, the reservation price of high-valuation peach holders
would be above their autarky value, and the designer would end up paying a higher price to acquire the assets. If instead the
designer can commit to make a single take-it-or-leave-it offer, the value of a high-valuation peach holder matched with the
designer offering ps is Wy, = max{pa +Vh,,,\/,fg}, where V,;’g denotes the autarky value of an hg agent.

391 contrast to a fast packaging scheme, in a slow one the designer offers the reservation price of low-valuation peach holders.
As a result, the previous argument in favour of a single take-it-or-leave-it offer does not hold.

4ONote that differently from the previous section we are expressing the designer’s profits in terms of prices rather than transfers.
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When matched with an asset holder and a buyer, the problem of the designer is:

max{ pa+pr(hn) +11,}

i 5o 1 K+rl
subjectto  psa+V;, > — ( ArrE=n )
r K+Vv+r “n

th —pPr (hn >

N 1/ a K+r
Vin ley>-0— ——
1+PT(C)_r< K+v+rx)

where j =1 in a SP scheme, j = in a FP scheme and 5 denotes the flow dividend of a certificate. Vﬁ
denote agents’ values when certificates are traded. In words, the designer acquires the asset at price py,
issues a certificate, sells it at price pr(hn) and the value of the future profits from the certificate is equal
to IT,. The first constraint is the IR constraint of an asset holder, the second the IR constraint of a buyer
and the third the IR constraint of a certificate holder. Note that we are supposing that the IC constraints
do not bind, which will be shown to be true in a revenue-maximizing mechanism. Solving the designer’s

problem yields the following proposition.

Proposition 7.2 The following statements hold for packaging schemes:

1. A revenue-maximizing packaging scheme is characterized by:

1 K+rlii—p IR K 1/ K+r
PA—r(‘Sg—W" prim) =2 0—vrr) o= 0
(48)
2. Slow packaging is feasible if and only if:
c c
o< r(K+v+r+m3)+KmBC 49)
(K+v+r)(k+v+r+mg)
3. Fast packaging is feasible if and only if:
KkmS
1-1)¢p < B 50
( )9 < (K+V+r)(k+V+r+mg) 0

4. When both slow and fast packaging are feasible, slow packaging yields higher profits than fast
packaging.

The first part of the proposition reveals that in a revenue-maximizing packaging scheme both buyers
and certificate holders are kept at their outside option values. In this way, the designer maximizes
revenue from the trade in the certificates. The designer offers a price equal to the autarky value of
holding a peach to convince asset holders of both qualities to sell. Alternatively, the designer could set
the terms of trade for certificates to be such that certificate buyers would obtain a positive surplus, and
pay a lower price for the original assets. However, this is not optimal for the following reason: selling
a certificate at a price below the outside option of a buyer entails an immediate cost for the designer
in the form of a lower revenue; at the same time, the reservation price of an asset holder decreases
by less than one-to-one as the seller benefits from the lower price of certificates only in the future. A

similar reasoning applies to the price offered to a seller of certificates. As a consequence, it is optimal
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to maximize the revenues from the trades in certificates, although this implies that the designer has to
acquire all assets at a higher price.

As regards the feasibility condition of a SP scheme, this coincides with the feasibility condition
found in the Section 7.1.1, applying to mechanisms in which the original assets continue to circulate.
This is due to the fact that both revenue-maximizing mechanisms implement the first-best outcome by
setting V,,, =V}, while ensuring that b agents prefer to keep their assets.

The condition for a FP scheme to yield a non-negative profit is intuitive. Since in a FP scheme the
designer acquires all assets at a ‘premium’, such a scheme yields positive profits only when the average
quality of assets in the economy is sufficiently high. Otherwise, the initial loss incurred due to acquiring
lemons at the high price is larger than the present value of future profits from the certificate trades.
Finally, the fact that a SP scheme yields higher profits than a FP scheme is due to the lower price at

which the assets are acquired.
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Figure 11: DGP technology, parameter values: A=1,k=1,v=2, u=2.5,r=0.05.

Figure 11 illustrates the feasibility of the two types of packaging schemes. In the yellow area, a
packaging scheme improves efficiency as equilibrium E does not exist even though adverse selection is
moderate. Either a SP or a FP scheme can restore a first-best outcome even in regions of the parame-
ter space where the outcome in the decentralized economy is always inefficient due to severe adverse
selection (the grey and the red areas). This is because for the parameter values considered certificates
change hands relatively frequently, and a high volume of trade implies higher revenues for the designer.
As a result, the market designer is able to recoup any initial losses from acquiring the original assets at
a ‘premium’ by controlling the secondary market for certificates.

To conclude our discussion of market interventions in which the designer can dictate the terms
of trade, we point out that an intervention involving packaging existing assets has a wider scope to
implement the first-best outcome than a reallocation scheme for existing assets. Issuing certificates all of

which yield the same dividend flow removes a source of asymmetric information—heterogeneous asset
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quality—from the economy. Given that bi-dimensional private information amplifies adverse selection
in the decentralized economy, the first-best outcome is easier to implement in an economy in which only

homogeneous assets circulate.

7.1.3 Implementation issues

The previous mechanisms rely on the possibility for the designer to alter the bilateral terms of trade
among agents. Both when a mechanism applies to existing assets and to certificates, it is crucial to
impose a wedge between the price at which agents buy and sell. In a market with asymmetric information
on asset quality, this wedge mitigates the mimicking incentives of non-distressed lemon holders. In the
secondary market for certificates asymmetric information is no longer an issue; nonetheless, imposing
a wedge is the most effective way to raise revenues from trades. Indeed, unless sellers have all the
bargaining power in bilateral negotiations, an initial fee when issuing the certificates raises a lower
amount of revenues (in present value terms). In this sense, imposing a fee for each transaction alleviates
an inefficiency due to bargaining. This will become clearer from the results in Section 7.2. To practically
implement a price differential, two main types of intervention are possible: (i) trade intermediation; (ii)
a financial transaction tax.

Market intermediation of all trades requires to directly set the terms of trade—by charging a bid-ask
spread—for all the transactions taking place in the secondary markets. This implementation strategy
presupposes that the designer controls all the market venues through which market participants can
trade. For the case of the packaging schemes, this implies control of both the primary issuance market
for certificates and their secondary market. This strategy has been implemented by several peer-to-peer
(P2P) platforms that control both the primary and the secondary markets for their originated loans.*!
Selling on the secondary market platforms for P2P loans often requires paying a fee or getting a discount
relative to the price paid by new buyers. Although the way P2P secondary markets work may provide
practical insights for the design of other markets, such as the one for NPLs, it is disputable whether this
option is actually feasible and cost-efficient. Indeed, it may be legally impracticable to restrict trade to
one platform, in turn hindering the possibilities to recoup costs. Moreover, the fixed cost for the creation
of a new trading platform may be substantial, further reducing the viability of such an intervention.

A financial transaction tax (FTT) can help to overcome the main hurdles previously pointed out
for setting up a single market venue to trade all certificates. In Europe FTTs are already in place in
some countries (Belgium, France, Greece and Italy), and there is an ongoing discussion on a proposal

to harmonize FTT legislation among ten European countries.*?

The main challenge for an effective
tax collection from a FTT comes from the lack of an uniform application of the tax among countries,
asset classes and investors. The need for exemptions has been justified based on the potential negative

liquidity effects on market participants,** while FTT proponents point out a beneficial composition effect

41 FinTech lending companies originate (directly or through a third-party) loans that are bought by an initial set of investors.
To improve the attractiveness of loans to investors, P2P lending companies have been developing internal secondary markets for
their loans that allow investors to sell their portfolio before maturity; see for example ‘Banking without banks', The Economist,
March 1%, 2014. Interestingly, some platforms allow individual loans to be traded, while others only allow to invest and divest
in a portfolio of all platform loans outstanding; for a detailed overview of P2P lending platforms see the blog piece "Where can
you buy or sell existing loans?" on 4thway.co.uk.

42European Commission, 2013."Proposal for a Council Directive Implementing Enhanced Cooperation in the Area of Financial
Transaction Tax."

BThe empirical evidence find mixed evidence on the liquidity effects; see Becchetti et al. (2014), Capelle-Blancard and
Havrylchyk (2015), Coelho (2016), Cappelletti et al. (2016) and Colliard and Hoffmann (2017) for evidence on the recent
implementation of FTTs in France and ltaly.
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arising from a more limited participation by non-fundamental traders.** In the same spirit, our results
advocate introducing a FTT based on the fact that it limits market participation of non-distressed lemon
holders who trade just to take advantage of their information rent and not because of asset valuation
shocks. In the secondary market for certificates there is no asymmetric information, but the FTT is still
optimal from an ex ante perspective as it increases the present value of future tax revenues. In turn,
higher tax revenues better allow to cover the initial losses incurred during the initial asset acquisition,

when all lemons and peaches are acquired at the price of peaches.

7.2 Designer cannot affect the bilateral terms of trade

The interventions characterized so far presuppose that the marker designer can impose a wedge between
the price paid by buyers and the one received by sellers—e.g. a bid-ask spread or a tax—for both the
original assets and the issued certificates. In practice this may not always be possible, and we now
examine under which conditions a packaging scheme can be feasible when terms of trade are dictated
by the market. This alternative assumption has two implications: first, the market designer may no
longer be able to earn a profit from each secondary market transaction of certificates; second, when
acquiring the original assets, the designer has to take into account the possibility that existing assets can
continue to be traded in the private market.

To model this market constraint we consider the following protocol. Once a buyer and a seller meet,
both the designer and the buyer make take-it-or-leave-it offers to the seller to obtain his asset. As in
the previous packaging schemes, the designer can commit to make a single take-it-or-leave-it offer to
each asset holder. In other words, if a seller rejects the designer’s offer, the former will not receive any
further offer from the designer for his asset. If the buyer’s offer is rejected by the seller, he can still buy a
certificate issued by the designer. As previously, the certificate offers a known dividend flow. The price
of the issued certificate, on the contrary, is not set by the designer. Instead, the designer is constrained
to sell certificates at the same price at which they are traded in the secondary market, in which private
buyers and sellers engage in Nash bargaining to determine the terms of trade. This constraint can be
motivated by the fact that now the designer has to compete with private sellers of certificates.*> In this
way, we also avoid the possible non-stationarities that would arise from private buyers finding it more
convenient to reject the designer’s offer when the measure of private certificate sellers increases over
time.

We still focus on stationary schemes which implement the first-best outcome and maximize the de-
signer’s profits. Moreover, we restrict attention to fast packaging schemes for the following reasons.
Suppose that the designer introduces a slow packaging scheme when terms of trade for both the original
assets and the certificates are dictated by the market. If certificate buyers have at least some bargaining
power, the price at which certificates are sold is such that buyers obtain a positive surplus. As a con-
sequence, also the difference V,,, — V,, is strictly positive. As demonstrated in Section 7.1, this implies

that high-valuation lemon holders have a stronger incentive to sell their assets than when the designer

445ee Tobin (1978) and Stiglitz (1989) were early proponents of FTT to curb excessive volatility. The recent theoretical
contribution by Berentsen et al. (2016) and Davila (2016) argue that social welfare would improve in the presence of a positive
FTT.

431t should be pointed out that, due to search frictions, buyers may be willing to acquire a certificate from the designer at a
higher price than that resulting from Nash bargaining with a private seller. Buyers' willingness to do so is due to an analogous
economic mechanism as in Diamond (1971). However, to better highlight the limitations arising from not being able to freely
set the terms of trade, we assume that the designer acts as a price-taker in the market for certificates.

39



captures all the gains from trade, in which case Viw = Vi, = 0. Thus, a slow packaging scheme with
market-determined terms of trade would be feasible for a smaller set of parameter values than that char-
acterized in Proposition 7.2. Furthermore, in a slow packaging scheme, the designer, offering a price
accepted only by low-valuation asset sellers, would face stronger competition from private sellers than
in a fast packaging scheme, in which the designer offers a higher price accepted also by high-valuation
asset holders. Therefore, the designer would have to offer a price above the reservation price of low-
valuation peach holders, which would further strengthen the incentives of high-valuation lemon holders
to sell their assets to the designer.

Formally, the designer’s problem is:
max{—pa-+pc)

. N A1 K
SubJeCt to pPaA + th > max {p + Vh,” ; <6g — K—i—\/—i—rx) } (51)

p = argmax {7, (g, p) Vig — P) + T (b, p) Vi — P) + [1 = T (8, P) — T (b, )] (Vie — Pc) }

where p denotes the price offered by a private buyer, p, that offered by the designer and p¢ the certificate
price determined by Nash bargaining in the secondary market. A few comments are in order. First,
sellers’ outside options are no longer equal to their values under autarky. Rather they are determined by
the terms of trade in the private asset market. Second, the price of the certificate issued by the designer
is no longer a choice variable because he acts as a price-taker in the market for certificates. Finally, a
private buyer, taking the strategy of the designer as given, offers a price that maximizes his expected
utility. The strategy of the designer influences the probability that a buyer offering p obtains an asset
of type-i, m,,(i,p). Given that we are interested in the feasibility of a packaging scheme, we focus on
mechanisms in which all sellers accept the designer’s offer. In this class of schemes, we obtain the

following result.

Proposition 7.3 With market-determined outside options and certificate prices set by Nash bargaining,
a fast packaging scheme is feasible if and only if

Brmg
(k+Vv+r)[k+v+r+(1—B)m§+ Bmf]
(1=B)r[k+v+r+(1—B)mS| [k+Vv+r+Pm§—(1—B)mS]
(K+V+r)(k+V+r+BmG) [K+V+r+(1—B)m§ + pm§]

(1-24)¢ <

(52)

The feasibility of a packaging scheme in which the designer no longer sets the terms of trade in
the secondary market for the certificates depends crucially on the relative bargaining power of sellers.
When a seller of a certificate has all the bargaining power ( = 1), the designer essentially sells not only
a certificate but also all the surplus from its future trade to the buyer. For this reason, the feasibility
condition in this case coincides with that when the designer earns the maximum profit from all future
trades of the certificate. On the other hand, when a buyer of a certificate has all the bargaining power
(B =0), the designer captures no surplus and has to sell the certificates at a lower price than that paid to
asset holders, always making a loss.

To sum up, a packaging scheme can be budget-balanced even when the market designer does not
control the secondary market for the issued certificates. However, feasibility requires that the bargaining

power of a certificate seller, be it the designer or a private agent, is sufficiently high. This ensures that
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the designer, when issuing the certificates, captures a large share of the surplus from trade which private

sellers obtain when certificates change hands in the future.

8 Conclusions

We have shown that, in a model of over-the-counter markets, private information about both the private
(holding costs) and common value (asset quality) components amplifies the adverse selection problem
due to privately known asset quality. Namely, private information about asset holding costs further
constrains the parameter region in which an efficient market outcome can emerge. This is because of
endogenous market participation; high-valuation holders of low-quality assets have an incentive to sell
when either gains from trade are small, implying a high equilibrium price, or the average quality of
assets in the economy is high, entailing that buyers capture a large surplus. The participation of high-
valuation asset holders as sellers creates an inefficiency because they have the same asset valuation as
buyers—hence no gains from trade exist—and their presence in the market potentially slows down trade
due a congestion effect. High-valuation holders of lemons have a stronger incentives to offer their assets
for sale when the share of peaches is high, as this improves the chances of exchanging their lemons for
peaches.

When the economy suffer from severe adverse selection problem—i.e. when also high-valuation
lemon holders choose to participate in the market—the resulting inefficiency can manifest itself in two
starkly different ways. Either high-quality assets are not traded at all because of a classic market break-
down or the equilibrium exhibits excessive trade. In the first case, due to all lemons being on the market,
a pooling equilibrium cannot exist as buyers do not find it convenient to offer the reservation price of
peach holders. Instead, buyers offer low prices at which only low-valuation lemon holders are willing
to sell. The equilibrium is inefficient as not all mutually beneficial trades take place. In the second
case, although all lemon holders participate as sellers, the average quality of the assets offered for sale
is sufficiently high, and buyers find it convenient to offer a high price accepted by all sellers. Such an
equilibrium, featuring lemons being traded excessively, is inefficient whenever the matching technology
exhibits congestion effects. It is worth mentioning that the two possible outcomes are markedly different
in terms of observables. In the first case, the volume of trade and the market price are low, but time to
sell is short; in the second case, the volume of trade and the market price are high, but the market is less
liquid as it takes longer for sellers to find a buyer.

We have characterized two budget-balanced interventions which can implement the first-best out-
come subject to the search frictions of the decentralized economy. The first intervention entails setting
the terms of trade of the existing assets, and it can restore the first-best outcome in a region of param-
eters where the decentralized economy suffers from severe adverse selection. By reducing the surplus
accruing to buyers, the intervention discourages high-valuation lemon holders from participating in the
market. The second intervention consists of gradually buying the existing assets in the economy, and
simultaneously issuing certificates backed by the whole pool of assets acquired. Acquiring assets at a
premium to market price and earning a profit from trades in the secondary market for certificates, such an
intervention can restore the first-best outcome for a set of economies for which the first type of interven-
tion fails. The packaging scheme eliminates asymmetric information on asset quality—the certificates

issued by the market designer are of homogeneous quality—and at the same time renders irrelevant the
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presence of private information on agents’ valuations states. Such a scheme can be budget-balanced
even when the designer cannot influence the terms of trade in the secondary market for the certificates

as long as the designer’s bargaining power in the primary market is strong.
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Appendix A

A.1 Auxiliary results

We first make use of the Hamilton-Jabobi-Bellman equations to establish a few auxiliary results that

hold in every stationary equilibrium.
Lemma A.1 Foric {b,g}, Vii > V; and Vi, > V.

Proof of Lemma A.1.

On the contrary, suppose V;; > Vj,;. Combining (8) and (9) yields
(K+V+7) (Vi — Vi) = x+mp [(Wyi — Vi) — (Wi — Vi) - (53)
if Vj; > Vj; then equation (53) implies Wy,; — Vi,; < W;; — V}; as X and mg are strictly positive. Since
W=V = /max{p—i—Vj,l —V;;,0}dF (p), (54)

it must be the case that V;,, — V,; <V}, — V;;. Hence the following must hold:

Vin=VYin > Vi = Vi 2 0 (55)
From equations (10) and (11) we have:
(K+V+75)(Vin = Vin) = ms [(Win — Vin) — (Win — Vin)] , (56)
where
Win = Vin = max {7 (8, p) (Vig = P = Vin) + 7 (b, ) (Vio = P = Vi) } - 57

By (55) it holds that V;, — V},, > 0, hence equation (56) implies
Whn_th <‘/Vln_Vln = VVIn_Whn >Vln_th >0 (58)

Let pj, an optimal price offered by /n agents. Then, equations (55) and (58) together with the equilibrium
condition m,, = m;, lead to the following implications:
0<Vii = Vii <Vin—Vin <Wi = Wiy
= max {7 (8, p) Vig = P+ in (b, p)Vip — pI} — max {7 (8, ) Vig = P+ T (b, ) Vi =PI} (59)
< (&, P1) [Vie — Ving] + 7o (b, 1) Vi — Vi) < max {Vig — Ve, Vip — Vi }
This is a contradiction as the inequality cannot hold for the asset i with the highest value V;; — Vj,;.

Now, suppose that V;,, > V,,,. Given that V,; >V}, for i € {b,g}, it follows from (57) that W, — v}, <
Win — Vi. Thus, by (56), Vi, > V,,,, a contradiction. Hence, it has been proved that V,, > V,,,. ®
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Lemma A.2 For je {h,l}, Vi > Vj,.

Proof of Lemma A.2.
Consider a high-valuation agent holding an asset. From (8), it follows that

(K+7) (Vg — Vi) = 6, — 6 + K(Vig — Vi) +mg [(Whe — Virg) — Wip — Vip)] (60)

where
Wi — Vi :/max{p+\/;1,,—Vhi,O}dF(p). (61)

Now, suppose that Vi, > Vj,,. Then, from (61), W, — Vig > Wiy, — Vi Thus, for (60) to hold, it has to be
that V;, < Vj,. From (9), one obtains

(V+7r)(Vig—=Vip) = 6 — O+ V(Vig — Vi) +mp [(Wig — Vig) — (Wi — Vip)], (62)

where the term multiplied by mj is positive by equation (54) and V;, < Vj;. Thus, for both (60) and (62)

to hold, the following inequalities have to be satisfied

r(Vig = Vi) + K [(Vig — Vi) — (Vig — Vip)] > 0 (63)
r(VIg - Vlb) +v [(Vlg - Vlb) - (th - Vhb)] > 0. (64)

Given that Vj, — V), <0 and V;, — Vj;, < 0, this would require
Vie = Viw > Vig— Vi > Vig — Vi, (65)

a contradiction. Hence, it follows that V,, > Vj,. A symmetric argument can be employed to establish
that Vig>Vip. 1

Lemma A.3 It is always a best response for In agents not to trade. It is a strict best response if lemons

and peaches are traded in the market.

Proof of Lemma A.3.

From (5) and Lemma A.1, the lowest price at which a peach can be bought, 5, satisfies
Pig+Vin =Vi. (66)
Substituting this price into (7) yields
Win = (& Pig)Vin + Tn (b, Pig) Vin — (Vig — Vip)| 4+ [1 — T1n (8, Pig) — Tn (b, Pig)] Vin (67)

By Lemma A.2, Vi, > Vj,. Thus, it follows that Wi, <V, as m,(b, p;g) > 0 because lemons trade at this
price (pi; > pip). That is, a low-valuation agent without an asset is worse off trading at the lowest price
at which a peach can be acquired. The lowest price at which a lemon can be bought, on the other hand,
is equal to:

Pi» = Vib = Vin. (68)
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Given that Vj, >V}, this price is rejected by sellers of peaches, implying that 7;,(g, pi;) = 0. Thus, one
obtains
‘/Vln = Tp (bvﬁlb)‘/ln + [1 - ﬂln(bvﬁlb)] Vln- (69)

Consequently, a low-valuation agent without an asset is at least as well off not trading as trading. m

Lemma A.4 Buyers offer pi, := Vig — Vi, and/or pip := Vip — Vin. In equilibrium, hg agents never sell their

assets while active sellers accept prices greater or equal to their reservation price with probability one.

Proof of Lemma A .4.
By Lemma A.3 equations (10) and (11) become:

\%

‘ln - Lhn
V+r
le _I" KT Snlpax{jrhn(g7p)“hg P] jz:lm(bap)[lhb P] [ ﬂ;hn(gap) nlm(bvp)]ihn}

V+r

Step 1. In equilibrium buyers do not offer prices rejected with probability one.
Suppose per contra buyers offer a price rejected with probability one by all sellers. Then, equation (70)

implies V;,, = 0. However, consider a deviation:
Pv=Vio—Vin+e€=pp+e (71)

As Ib agents always participate in the market and accept py;, then =, (b, p;») > 0; hence buyers’ expected

payoff would be:
T (D, Pi) Vi — Vib + Vin — €) = T (D, Pii) [Vir — Vi — €] (72)

since V;,, = 0. The deviation is profitable for ¢ sufficiently small because, by Lemma A.1, V,, —V};, > 0.

Hence, buyers offer no price rejected with probability one.

Step 2. No buyer offers p > py,.
First, notice that Lemma A.2 implies p;, = Vj, —V;, > V;, =V}, = pjp. Moreover, it also holds that p,, =
Vig — Vim > Vig — Vin = pig, o1 equivalently V,, —V,, >V}, — Vi,,. Suppose per contra the last inequality does
not hold. In equilibrium, if peaches are traded then buyers find it optimal to offer p > 5;,. Let W, be the
expected payoff from offering p. Then,

Win = ﬂlm(g,P)[th - P] + ﬂhn(bvp)[vhb *P] + [1 - ﬂhn(gvp) - ﬂhn(g,p)}th SVig—P < Vig—Png=Vim (73)

However, if W, <V, then V,, = 0 and, in turn, by equation (70) it follows that V},, = 0. As a result, by
Lemma A.1, the following contradiction obtains: 0 =Vj,, —V},, > V},, — Vj, > 0. Hence, it must be pj, > py,.
Therefore, all asset holders are willing to sell at j,,. The expected gain for a buyer from offering py, is
zero only if he receives a peach for sure. Thus, a buyer incurs a strictly negative expected payoff because
he always receives a lemon with positive probability (m,(b, pre) > 0). Hence, p,, is never offered and
high-valuation holders of peaches never trade. If offering p;, is not convenient it is also suboptimal to

offer any price above it.

Step 3. No buyer offers pp.

Let’s distinguish two cases:
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Case 1. Let p;, > pn, and suppose per contra a buyer offers j;,. Such an offer is only accepted by
lemon holders. If the buyer is an In agents any price above p;, < pyy*® leads to a negative expected gain
from the trade. An in buyer makes an expected net gain of zero if he trades at p;,. Consider a deviation
p € [P, Pw). If an hn agent matches with a 4b seller, the latter does not accept so the net gain is zero; if
he matches with a /b-seller, the latter accepts because p > pj, and the hn agent makes a strictly positive

net gain from the trade, hence the deviation is profitable.

Case 2. Let py, > pi, and suppose per contra a buyer offers pj,. Consider a deviation p € [pig, ppp)-
If a buyer matches with an /b agent he does not trade as p < py;, but the former’s expected payoff is at
most zero as there is no expected gain in acquiring a lemon at py,. If a buyer matches with a Ig or Ib

seller, both accept p < pn» and the buyer’s net gain from the trade is positive.

Step 4. Buyers offer either py, pis or both. A low-valuation asset holder li, i = b, g, accepts any price
greater or equal to his reservation price p; with probability one.
By definition of reservation price p;, the statement is obvious for any price p > p;;. Hence, we can

restrict attention to the following two cases:

Case 1. In equilibrium py, is accepted with probability one by Ib agents. Suppose per contra this is
not the case and in equilibrium p, is rejected with positive probability by /b agents. By Lemma A.2 only
Ib-agents may accept this price. For every € € (0, p;, — pi») offering a price p;, + € makes all /b-agents
willing to accept, and all /g-agents reject. Agents hn expected payoff from offering this price would be
T (B, piy + €) (Vi — p) + [1 — T (b, pus + €)]Vie. Notice that for every € € (0, p;, — pi») the probability of
acceptance jumps discontinuously because all Ib-sellers accept with probability one. Therefore, it holds

T (b, Piv + €) > 7 (b, pipy) for every € > 0. It is a profitable deviation to offer pj, + € if:

T (D, Pip + €) (Vi — Pio— €)) + [1 — 7 (B, Pio + €)[Vin > T (b, Piv) Viw — Piv) + [1 — T (b, P16) Vi (74)

which holds for & < Tu(®:2 ’”8);/:’2"})(;5 ﬁgv’”’*ﬁ Vi) ~Therefore, if j;, were not accepted with probability
one then there would be a profitable deviation for buyers. However, if this were the case, no price py, + €
would be a best response as buyers would always have an incentive to slightly undercut the price offered
by others. Therefore, the only possible equilibrium is that p;;, is accepted with probability one in order

to be played.

Case 2. In equilibrium p,, is accepted with probability one by lg and Ib agents. First notice that /b
agents always accept with probability one as p;, > p;,. For Ig agents an analogous argument to the one
in Case 1 shows that /g agents accept p;, with probability one both when p;, > py, and p, < py». Indeed,
in this case, for a sufficiently small €, offering a price p;, + € does not affect the decision of 1b agents to
accept or reject, respectively, the out-of-equilibrium deviation price. The argument has to be established
when p;, = pi, and both Ig and hb accept this price with probability less than one; in this case offering a
slightly higher price p;, + € leads both /g and hb agents to accept the deviation with probability one. A
deviation pj, + € is profitable if and only if:

ﬂhn(gaﬁlg + 8)(th - ﬁlg - 8) + nhn(baﬁlg +£)](Vhb - ﬁlg - 8) + [1 - n'hn(gaﬁlg + 8) - n'hn(byﬁlg + 8)]th (75)

Zﬂhn(gaﬁlg)(vhg - plg) + 7rlm(ba131g)] (th - ﬁlg) + [1 - ”hn(g»ﬁlg) - ﬂhn(baplg)]v/m

46This inequality holds by an argument analogous to the one in Step 2 for peaches.
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Since pj, = p, the expression can be rearranged as:

(T (8, Prg +€) — T (& Pig)](Vig — Vin — Pig) + [T (b, prg + €) — (B, Pig) | (Vi — Vien — Pity)
T (8, Pig + €) + T (b, Prg + €)
(T (g, Pig + €) — T (&, Pig)](Prg — Pig)
nhn(é’?ﬁlg + 8) + Thn (b7p_lg + 8)

e<

(76)

Since all /g agents accept jj, + € and, by hypothesis, while they mix between accepting and rejecting
when offered ji,, it holds [, (g, pie + €) — (g, Pig)] > 0. Moreover, by Step 2 it holds pj, — pj > 0.
Therefore, an optimal deviation would exist for € sufficiently small, contradicting the hypothesis that
offering p;, is a best response. As a result, it must be the case that all /g agents accept j;, with probability
one.

Finally, notice the previous arguments together with Steps 1-3 imply that it is never optimal to offer

any price different from p;, or jy,. ®

A.2  Proofs
Proof of Proposition 3.1.

1. Given that there are gains from trade only between low-valuation asset holders and high-valuation

agents without assets, these two groups constitute the sets of sellers and buyers.

2. Inequilibrium mgys = mgYys = uM(ys, ¥%). The equilibrium expressions for ys = ¥, + ¥ and Y5 = Y
are the steady state solution of the following system of differential equations for the evolution of
masses:

The =VYig — K(AA — Vo) + Yigmp =0
Yoo =VYp — K[(1 = A)A — Y] + Yipmp =0 77

Yim =V (1 = Yin) — KYin — Yins = V(1 — Yin) — KYn — Ysmp =0

KAmp
K+Vv+mp

K+V

1A K(1-1)A

K. _ . .
v Mo = v . Substituting these

Solving the equations we get ¥, = and ¥, =

expression in mpYys = UM (ys,Ys) We get:

KA KA v —
mp _ HM ( K+V-+mp ) (78)

K+Vv+mg K+v+mg K4V

The LHS is strictly increasing in mp and it is equal to zero for mp = 0; the RHS is decreasing

in my as 22 <0, 25 <0 and M(-,-) is increasing in both its arguments. Moreover, for mz =0

amg ’ Bmg
KA \%
K+V?’ K+Vv

the matching function M ( ) > 0. Therefore, there exists a unique value mjg that solves

the equation. The value of mg can be easily obtained once we consider the equilibrium condition
mgYs = mgYs and we substitute for the equilibrium masses ¥z = ¥, and s = 7y, + ¥, obtained before.

It is straightforward to obtain that my is strictly increasing in mp.

3. Notice that the total volume at every point in time is equal to mgYs (or alternatively mgys), and the

results in point 2. lead immediately to the expression in the proposition.

4. Under the generalized Nash bargaining solution, the equilibrium price solves:
max (p = Vii+Vin)" (Vi = p = Vi)' (79
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Hence, the solution is equal to p = 8 (Vi — Vi) + (1 — B) (Vii — V). Substituting this price expres-

sion in the value functions and using point 1. we get:

Vi =8+ k(Vii — Vi) (80)
Vi =8 —x+V(Vii — Vi) + Bmp(Vii — Vi — Vi + Vin) (81)
Vin =K (Vin — Vi) + (1 = B)ms(Vii — Vi +Vin — Vi) (82)
Vi =V(Vin = Vi) (83)

Using the last two equations we get:

_ (l—ﬁ)ms
CK+vHr+(1-B)mg

(Vii — Vi) (84)

Subtracting the value functions of /i agents from that of 4i agents and using the last equation we

get:
K+Vv+r+(1—B)ms
Vii— Vi = 85
W v ) [K+v+r+ (1—B)ms+ Pms]” (83
Substituting V;,, — V;,, and V,; — V; into the value functions we get:
1 K+v+r)k+(1—B)m
Vi = Vi == {51'—( e+ (1—p) S](Vhi_VZi)]
r K+Vv+r+(1—B)ms (86)

1 {&_ (k+v+r)k+r+(1—B)ms]

Vi —Vip =—
T K+Vv+r+(1—B)ms

(Vii — Vu)]

Plugging these values in the expression for the equilibrium price and using equation (85) we get:

1 {6- K+ (1—=B)(r+ms) } 87)

;= - i — X
Pi=y K+V+r+(1—B)ms+ Bmp

Proof of Proposition 5.1.

If only lemons are traded then s = yj,. Let m; denote the matching rate of buyers with asset owners

of type § € § when ¥ = y,. For the DGP technology m; = u L for every § e §; for any competitive

matching technology m; =0 if §# b and my, = uﬁ By Lemma A .4, in a lemons market buyers only
offer p,, = Vi, — V,,, while peaches do not trade. As a consequence, the equilibrium value functions are
equal to:

Ve =8 + K (Vig — Virg)

rVig =0, —x+V (Vi — Vig)

Vi =8 + & (Vip — Vi)

(83)
Vi =8 —x+V (Vi = Vip) +mp Wiy = Vip) = 6 —x+V (Vi — Vi)
Vin =K(Vin = Vin) + 106 (Win — Vin) = K(Vin = Vi) +ms (Vi — Vio + Vin — Vi)
rvln :v(th - Vln)
From the set of equations in (88) it is straightforward to derive:
X mip X
Vie —Vie =V —Vip = ——— Vi — Vi, = 89
he Mg I T e v T T AV my, K+ V+r (89)
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It is sufficient to show that buyers do not find convenient to offer a price different from pj,. A similar
argument to the one in Lemma A.4 establishes that the best possible deviation is to offer p;, = Vi, — V..

As a result, the no deviation condition is:

miy (Vi — Vi — Vi + Vin) = mygVig + (mup + mhbl{ﬁ1g>ﬁhh}) Vi — (myg +my, + mhbl{ﬁ1g>ﬁhh}) (Vig+ Vi — Vi)
(90)

Rearranging we get:
my, (Vig = Vip) = mig (Vig — Vig = Vin +Vin) +mim L5, 55y Vo = Vig = Vi +Vin) 1)

Notice that p;, > py, is equivalent to Vi, — Vg — Vi, + Vi, < 0, hence the last term on the RHS is non-
r__%h Substituting the

K+V+r x

positive. From (88) it is immediate to get V;, — V), = 5*’:5" and Vi, — Vi =

values in equation (89) in (91) and rearranging it is immediate to get the inequality in (14). To determine

the equilibrium ¥, % and 7, notice that in a stationary lemons market equilibrium:

Thg =VYig — K(AA —Y,) =0
Yoo =V¥p — K[(1 = A)A — Yip] + Yipmp =0 (92)
Yin =V (1 = Yin) — KYim — Ynttip = 0

Finally, the equilibrium condition my;,Y,, = my, Y, ensures that the total number of matched buyers and

sellers is equal. m

Proof of Corollary 5.1.
For the DGP technology m; = u%; for every § € S. From the system of equations in (92) we get:

B KAA B K(1—2)A
MRy " TR O (e v )
(93)
— (1-2)A o I v
= HTTA ”’ m = RO A (v v+ mu)
Substituting the above quantities in equation (14) we get:
0 >min{ (K+V+my,)r A (K+V+my,)r V+my, ( r B >}
- 1—A(k+V)(Kk+Vv+r+mp)’ 1—A (k+V)(K+V+r+my) K K+ V+r+m

The RHS of equation (94) is decreasing in my;, and increasing in A and my,. To prove the statement it
is sufficient to show that my, is decreasing and my, is increasing in A. If this is the case, the RHS is

monotonically increasing in 4, and it tends to infinity for A — 1.

First, notice that it is possible to express my,, as:

p voK(-DAR )
1+A K+V

__H _
mp, = 1+A'yhn—

By implicit differentiation of this expression we get:

UKAmp,
dmp,  TFAREV) (kv Fmm)

= >0 (96)
=
dA 1+ (1+£)’EK+V+WUW>2
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By the system of equations in (92), we can express my, as:

myp, = ﬁmhn = 7’)’1bmhn (K'+ V) (97)

Yan V —YisMmn
Hence, it is sufficient to show that y;,m;, is decreasing in A. Notice that:

Mpp

Yo = k(1 — A)Am (98)
Differentiating this quantity with respect to A and using the expression in equation (96) we have:
d(Ypnin) My, pui(1—2)A
da K. K+V+my, [uk(1—=A)A+(14+A)(K+V+my,)? <0 (99)

Hence, we proved that the RHS of equation (94) is monotonically increasing in 1.
For any competitive technology it is sufficient to realize that in a lemons market equilibrium a buyer
is only matched with lemon sellers as no peach participates to the market as the price is too low, i.e.

my, = 0 and inequality (14) holds for every admissible parameter constellation. ®

Proof of Lemma 5.1.
1. Follows immediately from imposing stationarity, i.e. ;; =0 for j=h,/ and i = b, g.
2. Implied by the fact that the total measure of lemons on the market is (1 — 1)A.

Proof of Lemma 5.2.
1. It follows immediately from the first two equations in (18).

2. From the value function for V,, in (19), we get V,, = ﬁth. To obtain an expression for V,,, we

first need to compute Wy, i.e. the expected value from acquiring an asset on the market at price
p lg = Vlg — Vi
Ve Yig
Whn - *th + i Vhb - (Vlg - Vln) (100)
¥s ¥s

Notice that whenever o,(p;;) < 1 buyers are indifferent between offering p;, and pj;, so this ex-
pression continues to hold. Substituting W,,, and V,, into the expression for rV;, in equation (19)

and rearranging we get the expression in equation (21).

Proof of Lemma 5.3.

1. Buyers’ expected payoff from offering j,, is:

F(ﬁlg) = kvhg"" ( _%g) Vhb_vlg_(vhn_vln) (101)
Vs Ys
Since V), — V},, = 55 Vins and equation (19) provides V,,, it is immediate to get:
_ K+Vv+r Yie Yig
r = | 22V + [ 1 == | Vi, = V) 102
(Pig) K+v+r+ms[ys hg ( YS) b lg:| (102)
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Offering p;, = Vip — Vi, instead yields:

m
C(pw) = o (Vi = Vib = Vim + Vi) = o Vo — Vip — 5

——TI(p 103
% % ctVLr (plg) (103)

The no-deviation condition requires I'(5;,) > I'(p;,). Rearranging this inequality we get (22).

To prove that V,,, > 0, ensuring that buyers are willing to participate in the market, equation (21)
shows it is sufficient to show that I'(5,,) > I'(p;») implies I'(5;,) > 0. Suppose per contra I'(5;,) <O0.
Then, by Lemma A.2:

0>T(pig) = T(pw) > % (Vi = Vip) >0 (104)

a contradiction.
2. Agents of type hb do not find it convenient to participate in the market when pu, > pi,, 1.€. Vi —

Vlg > th - Vln- Since th - Vln = VLHth = #ﬁms |:Vhb - Vlg + %(th - Vhb):| ) then Vhb - Vlg > th - Vln

is equivalent to:

mg Yig
Vie—Vie> ——— Vi, — V] — (Ve =V, 105
b lg_K—l—V—l—r—l—ms{hb 1g+ys(1g hb)] (105)
Hence,
mg Yig
Vie —Vie > —————— = Ve = Vie — (Vi, =V, 106
b Ig_K+v+rYS[hg 1e — (Vi — Vig)] (106)
Rearranging and using V,, —Vi; = —— 5 we get the expression in (23).

Proof of Lemma 5.4.

In equilibrium an equal mass of buyers and sellers trade at every instant, i.e.:

v KAmpg
myYs = UM (va“" yS) (107)

From Lemma 5.1 we can substitute for s to get:

e . KA vV — KAmpg A
Equilibrium E: _ KAmB uM ( KEvimg
K+V+mp K+Vv K+V-+mp
(108)

e KAA v — K KA
Equilibrium H: (1—A)A+} mp = UM (W,(l—l)A+>
K+V+mg K+v K+V-+mp
For both equations the LHS is increasing in mg and it is equal to zero for mp = 0; the RHS is strictly
positive for mg = 0 and it is decreasing in mp because both y3 and s are decreasing in mg and M(-,-) is

increasing in both arguments. Therefore, there is a unique value that equalizes both sides of the equation.

Notice that equation (108) for equilibrium E does not depend on A, thus also m% is independent of

its value. Similarly, it is immediate to get that m§ does not depend on A once we adopt the equivalent

vm
A v S

expressions y5 = K+V7v+m§ and yf = —v >, and we plug them into the equilibrium condition msys =

KM (75, % )-

We turn to study how mjp changes as a function of A. Consider the function g(A,mg) = mpys —
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KAmp

uM (v”*“*'””,ys). By implicit differentiation we get:

K+V

dmp _ dg/dA

dA  dg/dmp

98 95 iy — by (375 (109)
oA dA ’

8g 8’){9 KA

g =I5 G M 35)] M 0 5) s

Notice that by Lemma 5.1 %—’f =0 and % =AY () hence ai <0 as mpg — UM, (v, 7s) has, by

K+V-+mp
definition of mg, the same sign of M(ys,¥s) — Ma(7¥s, ¥s)7s, 1.€. it is by assumption greater or equal to zero.
. . ) . IvE P} .
To determine the sign of 7%, first notice that —”5 =—7 m and ”H = —AW. Substituting
these expressions in ;g and 51mphfy1ng we get:
dg 7YEK+v+uM1 (%, 1) T uMa (¥, 15)
omk " K+V-+mk (110)
dg KAA K+ V+uM (v, Vi) + udMa (v v /A
H _(1 - a’)A + H 7] >0

omy K+ V+my K+ V+mj

Therefore, it is possible to conclude that d’"” =0 and ‘Z"Tg > 0. In particular, dglf > 0 if and only if the

matching function satisfies M (3, %) —Mz(yB, ¥s)Ys > 0.

To show that m¥ is strictly decreasing in A we consider non-competitive and competitive matching

technologies separately.

Case 1. Non-competitive matching technologies. By total differentiation of the equilibrium condition

msYg = UM (Ys,7s) we have:

de VH % dYH
vy +my T u(Mlcm-i-M N (111)
Given that for non-competitive matching technologies ms — uM; = [ (8, %) — M1ys] = 0, we obtain
dm§ , dy
Y = uM (112)

From above, it is straightforward to show that dy/dA < 0. Thus, for any non-competitive matching
technology dm# /dA < 0.

Case 2. Competitive matching technologies. From mgys = UM (Y3, ¥s) we obtain:

de YH+ B(yf % (Ml(hﬂJerdyH)

da da (13)

Rearranging yields:

el o (o) s wae]

Given that dy? /dA < 0 and M,y + Mays > M(ys,¥s) by M(-,-) satisfying non-decreasing returns to scale,

A dyll JdA
o ayf Jax

it must be the case that < 1 in order to have dmf /dA > 0, which we have established for all
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competitive matching technologies. Then, since from mgys = UM (75, ¥s):

Wt~ o o (B S0 ) - ) (115)

where ﬂ gﬁ% > 1, it follows that dm# /dA < 0 as dyf /dA < 0 for all competitive matching technologies.

For competitive technologies we have M(ys, ¥s) — M2 (Y5, ¥s)¥s > 0, hence d'”” > 0. Since mk = mi! for
=1 (as it implies ¥ = y) and de > 0, then it follows that m§ > m4 for every A € (0,1).
For non-competitive technologles mp — UM (¥, %) =0 so d’"B = 0 both in equilibria E and H. Lastly,
to show that m& = mif for every A € (0,1) notice that mf = m# for A =1 as for competitive technologies.
|

Proof of Proposition 5.2.
To get an expression for the holders of lemons, first notice that (x + r)Vj, = 8, + kVj,. Substituting this

expression in the fourth equation in (18) and multiplying both sides by x + r, we get:
(K+ V)}"V/b = (K+r)(5b —X) + V(Sb e V‘//b) + (K-i—r)mB(V;g — Vlb) (116)

Substituting V;, from equation (20) and simplifying:

6 x K+r
[r(k+v—+7r)+(K+7r)mp|Vip=(K+Vv+r)0, — (K+r)x+ (K+7)mp [r—rw} (117)
Hence:
Vi = r(k+v+r) A (K+r)mp &  K+r x (118)
e r(k+v+r+mp)+kmg r  r(k+Vv+r+mpg)+xmgr K+V+rr
and s
K+v 6 K
Vi — r(k+v+r+mp) [ mg X K X (119)

r(k+V+r+mg)+kmg r  r(K+V4r+mg)+Kkmg r K+V+rr
The equilibrium exists if #b-agents do not find it convenient to participate in the market. In turn, this
requires ﬁhb > plg, ie. Vhb - Vlg > th - Vln-

From equations (20) and (119):

X K+V+4+r+mg
K+v+4+r r(k+v+r+mg)+xmg

Vi —Vig = (8, — 0) (120)

Substituting (120) in (23) and noting that % = A we can immediately rearrange to get:

6g—6b< r(Kk+Vv+r+mp)+ Kmg

121
x T (k+Vv+r+Amg)(Kk+Vv+r+mg) (121)
The optimality condition of inequality (22) becomes:
K+V+r+m
)’th+(1 _)‘)Vhb_vlg 2 K+vV+r S(Vhb_Vlb) (122)
o Tms
Notice that: 5 s
K+vVv -
th_Vhb: r( T +r+mB) J b>0
r(K+Vv+r+mg)+xmg r
5 s (123)
r X rm —
Vi —Vip = z s 250

K—l—v—l—r;ir(K—i—v—i—r—f—mB)—l—KmB r
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By Lemmata A.1 and A.2 both quantities are positive. Lemma 5.4 guarantees mjp is independent of A.
Therefore, it is straightforward to notice that the LHS of equation (122) is increasing in A, while its RHS

is decreasing in A. For A = 0 equation (122) is not satisfied as it requires:
Vib=Vig 2V =Vie = Vg <V (124)

but the latter inequality contradicts Lemma A.2. If A = 1 equation (122) holds strictly as V,, —V;, >0
by Lemma A.1. Therefore, there exists a unique A* such that for every A > A* the condition in (22) is
satisfied. Moreover, if equation (122) holds, then AV, + (1 — 1)V}, —Vj, > 0 as it is greater than a positive
quantity. As a result, equation (21) implies V,, > 0. ®

Proof of Proposition 5.3.
In this equilibrium 1,5y = 1. To evaluate condition (23) in Lemma 5.3, let us solve for Vi, —Vj,. The

second and third equation in (18) imply:

Vi —Vig =

r ( K+r x 8,—6 K x> V+r+mg mg (Vin— Vi), (125)
- - hn — Vin),

r4+mg \K+V+rr r K+VAr+mgr) K+V4r+mgr+mg

where, by (19) and (21):

mg ’ylg ’ylg
Vin=Vip = ———— | 28y, v, — 28 ) (Vi — Vi) | - 126
T kv rbmg [ys( he lg)+< },S)( b zg)} (126)

Combining these two equations yields:

(K+Vv+r+mg)[r(k+v+r+mp)+kmgl+ (V+r+mp)(k+v+r+ %ms)mlg

Viw — Vi
(K+V+r+mp)(K+V+r+ms) Vio = Vie) 127
(k4 Vv 4r+mg)+ Kkmp x—(8 _6)+(v+r+m3)m3 %ms X
(K+Vv+r)(K+Vv+r+mg) O YV rtmp KAV Artmg K+ VA
which simplifies to:
Vhb_Vlg
B (K—|—v—|—r—|—m5)[r(1<—|—v+r+m3)—|—KmB}+(v+r—|—m3)%msm3 X
(K VA rms)[r(K+ V4 r+mp) + kmg] + (v r+mp) (K+V +r+ Zmgymg K+ v +r (128)

3 (K+V+r+mg)(K+V+r+mg) (8, — &)
(K + v+ 1+ ms)[r(k+ v+ r+mg) + kmg| + (v +r+mp) (K + v+ r+ Lmg)mg b

Substituting this expression in (23) and combining terms, one finds that 4b agents are willing to sell their

assets when:
(K+v+r)(k+v+r+mg)[r(k+Vv+r+mg)+Kkmp] x

Ve

<(K+V+r+ms)(k+Vv+r+mg) (S — ).

Simplifying yields:
& =8 r(r+xk+v+mf)+kmf

o+ K+v+§m§)(r+ K+Vv-+ml)

(130)

the condition 1. in Proposition 5.3.
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As a first step in proving that (22) is satisfied for A sufficiently high, note that the last two equations
in (18) imply:

X + mp
K+V+r+mp K+ V+4+r+mp

Vi —Vip = (Vi — Vin). 131

Substituting for V,,, —V}, from (126) above yields:

X
Vi, - Vpy =M
T T YV rmy
mp mg '}/Ig %g (132)
+ 28 (Vg = Vi) + (1= 22 ) (Vip — Vi) | -
K+v+r+m31<+v+r+ms{ys(hg 's) ( },S)(hb lg)]

Plugging this expression into the right-hand side of (22) and combining terms, one gets:

K+ V+r+mg X
K+V+r+mg)+mgk+v+r

% "
ySg(thVng( 7/;’) (Vio = Vig) 2 (133)

Vi (
Let us first prove that the right-hand side of (133) is strictly decreasing in A. Given that the RHS is strictly
increasing mg and strictly decreasing in mpg, which are decreasing and increasing in A, respectively, it

suffices to show that /7 is strictly increasing in A. Lemma 5.1 implies that:

Ys 1 V +mp
—_—=— . 134
L (134)

Given that mg is increasing in A, this quantity is indeed strictly increasing in A. Thus, we have established
that the RHS of (133) is strictly decreasing in A. To prove that the left-hand side of (133) is strictly

increasing in A4, note that:

A ey (1) g vi] = & (%) e i
i 20—+ (1= 2 ) i -vig| = 7 (%) i v+ (1-22) a9

as Vj, and V,,, are independent of A. Given that, by Lemma A.2, Vj,, >V, it suffices to show that y;, /s and
Vi are strictly increasing in A. Let us begin by considering ,/¥s. From Lemma 5.1 and the equilibrium

condition mgyz = mpYs, One obtains:

Mg = MgV (136)
s ¥s T k+vtmg
Substituting for 7y, on the right-hand side from Lemma 5.1, this simplifies to:
Yie KAA mp
— = K+V . 137
¥s mg ( )V(K+V+m3)—KAmB 37

Given that my is strictly decreasing in A and

d mpg V(K—|— V)
— = >0, 138
dmgp (v(K—i—V—i—mB)—K‘AmB) [V(K+V+m3)—KAmB]2 ( )

it follows that y,/7s is strictly increasing in A. Next, to be able to evaluate dVj,;/dA, let us solve for Vj,.

Combining (128) above with the expression for V,, in Lemma 5.2 yields
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(K+V+r+ms)kmg + (v +r+mp) (K +V+ 71+ 2ms)mp 5,
K+ V4 r4ms)[r(k +V+r+mg) + Kmg] + (v +r+mp) (K +V +r+ Tems)mg 7
n (K+v+r+ms)r(k+v+r+mpg) Sy
(K4 V4 r4ms)[r(k +V+r+mp) + Kmg] + (v +r+mp) (K +V +r+ Tems)mg 7 (139)
K X
K+V+rr

Vi =
(

(v+r+mp)rmg x
(K+Vv+r+ms)[r(k+Vv+r+mp)+kmp|+ (V+r+mp)(k+v+r+ %ms)mg r

Differentiating with respect to A, one obtains

dViy  dmp Vi,  dmgdVi, d (Y Vi
aA _d/lc9mg+d/18ms+dl( P (140)

—ms | —F
Yig
¥s (%ms)
where by Lemma 5.4, mp is increasing and my strictly decreasing in A. To show that (140) is strictly

positive, let us begin by considering the derivative of (7, /vs)ms with respect to A. Employing Lemma

5.1, one obtains:

K+V
e g =18y
YS }/S - K+V+mp (141)
—KAA(K +V) e

V(K+V+m3) — K'AI’!’!B7

where the equality is obtained by substituting in for y,. Given that mg is increasing in A and:

d mp v(Kk+V)
_— = 0 142
dmp <V(K+v+m3)—KAmB> [V(K+V+mB)—K'AmB]2 e ( )

it follows that (7, /vs)ms is strictly increasing in 2. What remains to sign dVj,,/dA is to evaluate the partial

derivatives of Vj,;, with respect to mg, ms and (%, /ys)ms. From (139):

Vi (V+r+mpg)mp(K+V+r+mg)(K+V+r+mg)(6 — )
8(%7715) {(K+V—|—r—|—m5)[r(l(+v+r+m3)—|—KmB]+(v+r—|—m3)(K+V+r—|—%ms)mB}2
S
N (V+r+mp)?mix (143)
{(k+ v+ r+ms)[r(k+V+r+mg) + Kmg] + (v +r+mp) (K +V +r+ 2 ms)mp}?
> 0.
On the other hand,
Vi, (Vv+r+mg)mglr(K+ Vv +r+mg)+ kmplx
dmyg {(K+v+r+mg)[r(1€+v+r+m3)+KmB]+(v+r+m3)(1<+v+r+%ms)m3}2
144
- (V4 r4mp) (K +V +r+mp) (K +V +r+ Lms)mp(8, — 5,) (144
{(K+v+r+ms)[r(x+v+r+m3)+KmB]+(v+r+m3)(1<+v+r+%ms)mB}z'
Thus, dV,,/dms < 0 if and only if:
5g75b> r(r+x+v+mg)+Kmp (145)

x = (r—|—K+v+%ms)(r+K+v+mB)’

which is the condition for 4b agents to be willing to sell their asset. Finally,
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Wy (K+V+r+mg)[r(k+Vv+r+mp)mp+kmi+ (v+r+mg)r(k+v+r)x

omg {(x+Vv+r+mg)[r(xk+Vv-+r+mp)+kmgl+(V+r+mp)(k+Vv+r+ %ms)mg}z

(k+v+r+mg){(k+Vv+r+ms)(k+Vv+rk+(r+Kk+Vv+ %ms)[(v+r+m3)(r<+v+r+m3)+xm3}}(6g76b)

{(k+Vv+r+mg)[r(k+Vv+r+mp)+xmp|+(V+r+mp)(K+Vv+r+ %mg)m)_z;}2

(146)
It follows that 9V}, /dmp > 0 if and only if:

O, — 6 S r[(v+r+mp)(r+ k+v+mg) + kmg| + km?
X (rh kA VA Toms)[(v A mp) (K 4V A r 4 mp) + Kmp] (VA ) K(K 4V A+ 74 ms)

(147)

Note that the right-hand side satisfies:

r[(v+r+mp)(r+K+V+mp)+ kmpg| + km3
(r+ K+v+%ms)[(v+r+m3)(;<+v+r+m3)+xm3] +(k+v+r)k(xk+Vv+r+mg)
< r i Kmp
r+ K—i—v—i—%ms (r+x+v+ %ms)(lc—l—v—}—r—&—mg)(l + i)
r(r+x-+v+mg)+ Kmp
(r+ K+ v+ 2mg)(r+x+v+mp)

(148)

Employing the inequality ensuring that hb agents are willing to sell their asset, it follows that (147) is
satisfied. Thus, we have have that:

dmgp Vi >0 dmyg Vi, <0 d <}’1g ) 0 A (149)
omg — ’ dA ’

— >0, —— >0, —= <0, —myg —— >0,

dA Iy dz s 2 (Lems)
implying that Vj, is strictly increasing in A. Therefore, the left-hand side of (133) is increasing A. m
Proof of Lemma 5.5.

1. In equilibrium E, the threshold value ¢* is determined by

r(k+v+r+mk)+xkmk

*xE
¢ (K+Vv+r+Amb)(k+v+r+mk)

(150)
By Lemma 5.4, m§ and m% do not depend on A. Hence, by inspection of (150), the threshold value
of ¢ is decreasing in A.

2. Let us begin by showing that A*£ is increasing in ¢. By Lemma 5.3, A*£ satisfies:

(1=AE)(k+V+r+ms)

*E _ _ q*E _ —
A (th Vlg)JF(l A )(Vhb Vlg) K—|—v+r+(1—7L*E)ms

(Vi — Vip). (151)

Substituting the expressions for V,, — Vj, (from Lemma 5.2), V,, — V}, and Vj;, — V};, (from the proof

of Proposition 5.2) yields:

K+V+r+
*E;—F(l—l*E) X o r--mp (6g_6b)
K+V+r K+v+r r(k+v+r+mg)+Kkmg (152)
(1 =) (k+V+r+mg) x mg
= <E - (6g_6b) :
K+v+r+(1-AE)mg |x+v+r r(k+V+r+mg)+Kmp

Combining terms, we obtain:
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ME(k+v+r) 1
K+v+r+(1—-AE)mgk+v+r

153
(l—l*E)(K—i-v—l—r—FmB)_(l—l*E)(K—i—v—i—r—l—mg) mg (153
L r(kdvardmg)+xkmg k+vHr+(1—=AE)ms r(k+Vv+r4mg)+kmg

Multiplying through by k4 v+ r+ (1 — A*F)mg gives:

AE (1=AE)(k+Vv+r+mg)(k+Vv+r+(1—1EF)mg) — (1 —l*E)(K—i—v—i—r—i—ms)mB(P (154)
r(K+Vv+r+mp)+ Kkmg ’
Simplifying, we obtain
AE (K+Vv+r)(k+V+r+mg)—AEmg(k+v+r+mp)
=0 (155)
1 —AE r(K+V+r+mg)+Kmg

Given that mp and mg are independent of ¢, it follows by inspection that A*F is increasing in ¢.

Turning to A** , Lemma 5.3 implies that

B (k4 v+ r+mg)

Yig 7lg> ¥
=2 (Ve — Vi) + _ 15 Vi, —V, =
7, Ve = Vie) ( (Vi =Vie) K+V+r+ Lmg

(Vi — Vip)- (156)

By substituting the expressions for V,, — Vj, (from Lemma 5.2) and V,;, — V,, (from the proof of

Proposition 5.3) we obtain

& X
Ys K+V—+r

+<1_&) 1— (v+r+mp)(xk+V+r)mp x
¥s (k+v+r+mg)[r(k+v+r+mp)+xmpl+ (V+r+mp)(k+v+r+ %mg)mg K+v+r

(K+V+r+mg)(k+v+r+mp) (8,—8,)
- — 0
(k+v+r+mg)r(k+v+r+mp)+xmg|+(V+r+mp)(k+Vv-+r+ %ms)mg #

%(K+V+r+mg)(v Vo)
- K—O—V—O—r—i—%ms o b

(157)
Substituting the expression for V,, — V,;, (from the proof of Proposition 5.3) and simplifying yields

_ W
1 ¥s

S TR
K+ V4 r+ Bemg
B (k+v+r+mg)(r+mg)mp — ( - ”—*) (K +V 47+ Jems)(v+r+mp)mp

+ Vs ¥s

* (158
{(K+v+r+m5)[r(l<+v+r+m3)+Km3]+(v+r+m3)(l<+v+r+%ms)mg}(K—O—v—O—r—O—%ms) (158)

( —%) [(K+v+r+ms)(1<+v+r+m3)(;<+v+r+ %ms)f%(lc+v+r+ms)msm3} (8, — 6p)

{(K+v+r+m5)[r(1<+v+r+m3)+ kmp|+ (V+r+mp)(k+Vv+r+ %ms)mg} (k+v+r+Tems)
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Simplifying further, we get

(-4 vt r+ms) {2 (r-mg) (k+- v r-mg) + 22 (s v 4 1)+ mp) = (1= 1) vmg |

{(K+V+r+ms)[r(K+v+r+mB)+ kmpl+ (V+r+mp)(k+v+r+ %ms)mg} (k+v+r+ %ms)

( - %) (K+V+r+m5)(1<+v+r)(1<+v+r+m3+%ms)q)
_ =0

{(K+V+r+mg)[r(l<+v+r+m3)—|—KmB]+(v+r+m3)(1<+v+r+ %ms)mg} (K+Vv+r+ %mg)

(159)
Given that the left-hand side is decreasing in ¢ and, by the proof of Proposition 5.3, increasing in

A, it follows that A*# is increasing in ¢.

Proof of Proposition 5.4.
In proving the proposition, we consider separately equilibria in which b agents participate in the market
and equilibria in which only low-valuation agents are willing to sell their asset. Let us begin from the
former.

Rewriting the expressions for I'(j;,) and I'(p;;) in the proof of Lemma 5.3 using (19) and the fact
that hb agents participate in the market yields:

_ K+v+r Vg ( N %b)
r =— [ = (Ve — V) + | 0 — 4+ — ) (Vi —Vie = Vi, +V}, 160
(Pig) K—i—v—i—r—&—%ms [YS( he — Vig) o (Plg) R (Vi — Vig — Vi in) (160)
m
Do) =3¢ <vm, —Vip— ,HVSJrrF(ﬁzg)) (161)

Note that we have used the fact that by Lemma A.4 /b and /g agents accept offers equal to or greater than
their reservation prices with probability one. Simplifying, we obtain

K+v+r+mg

C(p) >T(p) & —— B~
(Prg) = T (Puv) K+ v+r+ Lmg

[Yig(Vig — Vig) 4 (Ono (Pig) o + Yiv) (Vio = Vig = Vien + Vin)] > Yo (Vi — Vi)
(162)
First note that mg = UM (ys,7%)/vs and ms = uM(¥s,¥s)/ys are bounded between strictly positive lower
and upper bounds as the two arguments are strictly positive and bounded from above. Thus, given that:
KAA _ K(1-2)A x

= =Ry Vo 163
Yie K+ V + O (prg)ms Yo K+ V+mg he s T e Ty (163)

and Vi, — Vig — Vi + Vin < 0 as hb agents participate in the market, we can conclude that the left-hand side
of (162) tends to a non-positive limit with A — 0. The right-hand side of (162), on the contrary, remains
strictly positive as A — 0 since Vj;, > V), by Lemma A.1. Thus, by continuity, (162) cannot be satisfied
for A sufficiently small, implying that peaches cannot be traded as buyers do not find it convenient to
offer the high price ;.

To prove the result in the latter case when only low-valuation owners participate in the market,
we make use of the explicit expression for the buyers’ indifference condition derived in the proof of

Proposition B.2:

K(1-1)A 1 O (Pig)m
A K+V+mp S (K+Vv+r) (’<+V+”+ K+vtmp %) - K)LA% K+V:—O'/,i,g(ﬁ[f)mg (164)
1—-Axk+v+ O'hn(ﬁlg)mB - V(K-|- V+4+r+ Ghn(ﬁlg)mlg) =+ K'O'/m(ﬁ[g)mB
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Note that as A — 0 the left-hand side of (164) tends to zero whereas its right-hand side tends to a strictly
positive limit. Thus, also in this case, for A sufficiently small, the buyers do not find it convenient to

offer the high price p;, and peaches cannot be traded. m

Proof of Proposition 6.1.

Let us first compare mp across the two types of equilibria. Given that we are comparing equilibria in
which oy, (pig) > 0 and 63,(pi,) = 1 to equilibrium E, characterized by 6,,(5;,) = 0 and o, (pi,) = 1,
it is sufficient to show how my varies with o,(p;s). First note that from the equilibrium condition

mgYs = UM (Y5, 7s), we obtain

d d
TmB (VS - IJM1> = UM, —mp <0, (165)
Vs de
since
dys 1 KA
T == 0 166
dmgp K+V (K+V+mp)? < (166)

Hence, given that y; does not depend directly on o, (pi,), if dys/ow(pig) < 0, then dmg/on,(pig) > 0.
However, this would constitute a contradiction as the equilibrium condition mpys = uM(7s,¥s) implies
that

dmyg { (k+V)KA + o )[(v+2m3)(K+v)+m§}(1/l)A} (v+mp)(1—2)A (167)
o (pre) | (K+v+mg)2 ' OPle (K+V +mp)? K+V+mp
dys dys
- i +u—=" M, 168
‘udchb(])lg) : ‘udchb(plg) ? (168)
where
dw _ _dmz dw _ (169)

dow(Pig) O (Prg) dmg

Thus, we can conclude that dys/op,(pi) > 0, implying that dmg/ow,(pi;) < 0. Note that the inequality is
strict whenever uM, < mg, i.e. for all competitive matching technologies.

Having established that mj is lower in equilibria in which oy, (pi;) > 0 and 6,(p,) = 1 than in equi-
librium E, we can prove the four statements in the proposition.

1. Given that p;, = V;, — Vj, and V,, does not vary across equilibria, it is sufficient to prove that V£ >
Vi, where A denotes any of the alternative equilibria under consideration. Given that V,, = 2 (Vin = Vin),
it is equivalent to show that V£ —VE > v — v,

Let us begin by noting that the value functions in (19) imply that

mg

Vin — Vi = e (Ve — Vig — Vi + Vi) + (1 —”g) (Vis — Vig — Vi + Vi) (170)

K+V+r|Ys s

Rearranging and rewriting in terms of the reservation prices yields

Yig ] — Y

mg ( X)’”S

Vin —Vin = %—(th—\/lg)—i-—g%,
K+v+r+7;m5

" Dhi — P 171
: K+v+r+%ms (Pno = Pie) (I71)

Note that the second term is positive in equilibrium E and negative in the alternative equilibria as they

are characterized by oy, (pg) > 0. Thus, to prove that VE —VE > VA — VA it is sufficient to establish that

%ms is lower in the alternative equilibria than in E. Using the expressions for ¥, and 3 from Lemma
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5.1, which continue to hold also in equilibria A, we obtain

Yig mp
S mg = 172
” s = Yig— m (172)

— KAA(K+V) s

(v—xA)(x+Vv+mg)+(k+V)KA

(173)

Given that m4 < m&, it follows by inspection that (71g mg)A < (%ms)E, with the inequalities being strict for

all competitive matching technologies. Thus, we have shown that ﬁ‘;;, > ﬁlEg.

2. By Lemma 5.1, the measure of buyers in both equilibria E and A is given by

W (v iy KA>. (174)

K+V K+V+mg

Thus, given that m5 > mj, v3 > v5. As to the measure of sellers, we have:

KA KA (v+my)(1—2)A
—_—, 74_ n
K+v+mk %= K+V+m O (Pre) K+ V+m)

"=

175)

Making use of the fact that m§ > mj, allows us to conclude that ¥ > y£. Given that both arguments
of M(-,-) assume higher values in any equilibrium A than in equilibrium E, we have established that
M(ya,vd) > M(¥E,¥E). Note that, by the same argument as above, the inequality is strict for all competi-
tive matching technologies.

3. Follows directly from m§ > mj.

4. Lemma 5.1 implies that:

_ Ve _ K
=4, ﬁ_lx+(1—l)(v+m3) (176)

‘%

Thus, ﬁ 3; and the inequality is strict for A < 1. m

The statement in the proposition about all non-competitive matching technologies is true due to
mfy = mk and ¢*F = ¢*. The former feature ensures that expected time to sell is the same across the
two equilibria. The latter property, on the other hand, implies that equilibrium E and an equilibrium in
which oy, (pie) > 0 and oy, (pi,) = 1 can only co-exist when jj, = jy,. This along with mj} = mf allows us

to conclude that 5, takes the same value in the two equilibria.

Proof of Lemma 6.1.
Consider a strategy profile o and let ¢5; and ¢%, be the probability that an agent ji belongs to the set of

actively participating sellers S or buyers B. In turn, the equilibrium masses satisfy:

. Th il .
i =Vt~ 0+ 15 h;B " [0l )ou(p)ap -~ moglu ™ [ o, (plA)ou(p)Ap =0 i=bg  (77)

@i
Y ;’/S/Ghn(lﬂf)cn(l?)dl’] + M3y Yin {

i=b,g

. B
Yin =VYin — XY — Msqp, Yin |:
i=b,g

The corresponding values for ¥, ¥, and ¥, follow immediately from ¥, + ¥, = AA, Y+ = (1 —A1)A
and Y, + Y = 1.

For a generic strategy profile o the corresponding value functions are:
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B B
T Vi g .
Vi =8 + k (Vi — Vi) + @j;mp / {h;Bhn O (P|7) 0i(p) + 7];;” Gln(Pf)Ghi(P)} (P—=Vhi+Vip)dp i=b,g (179)

B B
Din Vn am" .
erz':5i—x+V(Vhi—V1i)+qlSimB/ {h;g nGhn(P‘j)cli(P)‘i'7I;Bnaln(l7|j)6li(l7) (P—=Vii+Viy)dp i=b,g(180)

S
i a4
Vin =K(Vin = Vin) + @hums Y. /{ il n(P\f)Gm(P)Jrl'isllffhn(lﬁ])ﬁli(l’) (Vii = P = Vin)dp (181)
i=b,g
thth qi’}’li
ern *V(th Vln)"—qlnms Z (p‘ﬂ Gh,( ) % Gln(p|f)cli(p) (Vli_P_Vln)dp (182)
i=b,g"

Substituting the equilibrium expression = and using the value functions above, it is straightforward

to obtain the utilitarian welfare:

@ZZWW
Ji

1
:;(ng +Yhg) & + (Vb + Vo) O — (Vg + v )x

qB Yan [ qB Yin
+ (Vii — Vi) {mqu%i%/o-hn([’|fﬂ)cli(17)dp*mB‘Ii,"Yhi ];'/B

/Gzn(l’|=7)0hi(17)d17 — K+ VYn}

S .
q i’)/i
+ Mg Yin {Z Lyh /Gzn(pﬂ)cm(p)dp”

i=b.,g S

S .
95 Vi
’Sl /Ghn(p\f)cu(p)dp

+ (th - V]n) {Vyln — KYmn — msQﬁnYhn |: Z
i=b,g

:% (Vg + Yhg) 8 + (Yo + i) 8 — (Wig + Wi )] + izéﬂ(vhi = Vi) i
(183)
Substituting Y, + e = AA,%» + v = (1 — A)A and noting that 7; = 0 for every ji we get the expression
for utilitarian welfare:

W(0) = S138,+ (1 -2)8] 2 (0) + 10(0)] (184

where we write y;(o) to better stress the dependence of the mass of low-valuation asset holders on the

strategy profile . m

Proof of Proposition 6.2.
Let o€ the strategy profile corresponding to the complete information equilibrium in Proposition 3.1. In
this equilibrium we have g3, = ¢}, = 4, = 1, 43, = 43, = q;,, = 0 and ¢, , = g}, , = 1. The corresponding
matching rate m§ solves mpys = msyg = uM (15, 75) where %5 = ¥, (06€) and ¥ = 1,(6) + 71 ().

To show that o€ achieves the maximum welfare value among the set of admissible strategy profiles,
suppose per contra there exists a ¢’ # ¢ such that W(o’) > W(c¢). By equation (177) for a generic

strategy profile c we have:

(o)
(k+v) Y %i(G):KA—mB( ){ 0)¥m(0) Y, aji(o th )%i(6) — g (0)1m(0) Y. a5;(0 thl )hi(0)
i=b,g YB(G) i=b,g i=b,g
(185)

Hence, it is sufficient to study under which conditions, if any, it is possible to have:

7;51 Z VC = [QI1nYhn Z %qhhylz ‘11n7/ln Z thqhzl,}/hl‘| (186)

,)/C i=b,g i=b,g i=b.g

From the equilibrium condition mg7ys = uM(ys, ¥s) it follows that o= %”%Y‘) Therefore, a (weak) upper
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bound for the RHS of equation (186) is:

M B (Z q]n,y}llu Z Z qﬂ%’)

J=Lhi=bg
voys i Y D= GinYin Y, Giidii Vi (187)
i=be ( )y q?,,}/m) : ( r X qf,»}'ﬁ) i=bsg
=Lk =L hi=b.g

It is easy to show that the RHS expression in equation (187) is increasing in ¢? y,, and 3., i = b,g. By

Lemma 6.1 W(o') > W (o) holds if and only if ): Yi(o') < Z 7i(c€). Moreover, by equations (177)—
i=b,g i=b,g

(178), for every strategy profile o it holds y;,(c) — Z 7i(0) = Y24 hence it also holds ¥,,(6") < Y (c€).

K+v ?
i=b,g

Therefore, a (weak) upper bound of equation (187) for equilibrium o’ is:

<j/hcrt+qln’)/lna Z ﬁ"‘r Zb: th,}/hl>
N Yo X% (188)

(%51 +Qﬁ,'}’ln) : ( Yy 'J/C-‘r Yy qii'}/hi) i=b,g

i=b,g i=b,g

In turn, by assumption (”Byf is decreasing in both arguments 5 and ys. Therefore, an upper bound

for equation (188) is obtained by setting g% ¥, and ): 5.y equal to zero, i.e. their minimum possible
i=b,g

value. But then the upper bound in equation (188) coincides with M(y5,75) as v = ¥5 and % = 75.

Therefore, W (o) is the maximum possible value among the set of admissible strategy profiles. It is a

strict maximum whenever one of the upper bounds in equation (187)—(188) is strict. Hence, utilitarian

welfare is equal to W (o) only if:

DVin Y GdlnYi— Qe Y didiisYi| = V55 (189)

i=b,g i=b,g

If % is constant, as in the DGP technology, equation (189) is a necessary and sufficient condition.
If M%YS’“) is strictly decreasing in its arguments, as in the KW technology, then the condition in equation
(189) is only necessary, and utilitarian welfare is equal to W (o) only if the additional conditions ¢® =0
and ¢§, =0,i=b,g, hold. m

Proof of Corollary 6.1.
We prove each statement:

1. Under equilibrium E we have ¢;, = ¢), = q;, = 1, 41, = 4j,, = 45, = 0 and ¢, , = g, , = 1. Hence, by
Proposition 6.2, utilitarian welfare is equal to W (o).
2. In equilibrium H we have ¢;, =0, g5, Z g5 =1 and ¢5, = 1. The fact that g5, = 1 may create a

17 .8
difference from the first best only if mi # m§ as mp is the only variable that may be different in

the expressions for ¥ y:(c*) and ): %:(0¢). By Lemma 5.4 it holds mf = m§ = m§ if MYYEY’S”) is
i=b,g i=b,g

constant (e.g. DGP technology), and mf < mk =m§ if M#’Y:‘) strictly decreasing (e.g. KW technol-
ogy). Therefore, there is no welfare loss in the former case, whereas in the latter there is a social
welfare loss equal to equation (32). The welfare loss is decreasing in A because, by Lemma 5.4,

mll is increasing in A whereas m§ is independent of it.

3. In a lemons market g, , = 0 and the social welfare loss is equal to
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o 1 KAx[ 4 (1-4) 1
W(c™)-W(o)) = r [K+v+x+v+m§ K+V+m§ (190)

where mk solves

(191)

—A)Am,
KAG=Mms v— SR QA
K+V+mg K+v  Tk+Vv+mg

Notice that for A = 0 we have m = m§ and the welfare loss is equal to zero. By implicit differen-

tiation of equation (191), we get

I {mg—uMﬂ-uM, ,:fv} (K+Vv+mk) )
oA (1=2A)(K+V+uM, +uM,) >0 (192

hence mk > m§ for every A € (0,1). To prove the social welfare loss is positive we show that total

derivative of equation (190) is strictly increasing with respect to 4, i.e.

dW(c“)-Ww(oh)] «xA[ 1 1 1 omk
da or k+v k+v+mb (1 )L)(K—i—v—l—mé)z on " (193)
Substituting equation (192) and simplifying we get:
Ccy L
dW(c“) —wW(oh)] _ KA {1_ K+ V+uM, } 0 (194)
dA r(k+v) K+ V+ UM, + uM,

as M, M, > 0.
[ ]

Proof of Proposition 7.1.
To reduce notation we simply denote by V;; the equilibrium value V (ji, ji, . #) for a ji agent under mech-
anism .7 .

From the set of incentive compatibility constraints, the following constraint apply:

mg[thg + (L =A)Vip — Vi +tr (hn)] > ty(In) — ty (hn) > mg[lvlg + (1 =2A)Vip — Vi, + t7(hn)) (195)
tn(hi) —tx(0") > a(0")[tr(0) — Vi + Vi) 0’ # hi, i=b,g (196)
tN(ll)+mg[l‘T(ll)7Vl,+Vln] Z[N(e/)+a(9/)[[7(9/)*Vll‘i’vln] 9/7£ll, i=b,g (197)

From condition (196) and the fact that o(hi) = 0 for i = b, g it follows that 1y (hg) = ty (kD) := ty(h). From
condition (197) and «(li) = m§, i = b, g, it follows that ty(lg) + m§tr(Ig) = ty(Ib) +m§tr (Ib) :=t(1), i.e.
condition (40). Hence, the conditions (195)—(197) can be expressed as:

m§ [AVig + (1 = A)Vipy — Vi + 17 (hn)] > 1y (In) —ty (hn) > m§ AVig+ (1= A)Vip — Viy + 17 (hn)] (198)
t(1) =mG(Vii— Vi) > ty(h) > t(1) = mG(Vii — Vi)~ i=b.g (199)

In particular, constraint (199) requires Vi, — Vi > Vie — Vi,. We next verify when this condition holds.

From the equations in (34) it follows immediately that:

x+ty(h) — (1) +m§ (Vi — Vi)
K+V+r

Vii—Vii= i=b,g (200)
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Substituting equation (200) into (34) we get:

ViV — (K+v+r)6,«—(K+r)[x—t(l)]JcrvtN(h)C—r(K+v+r)V,,, i—bg 201
r(k+v+r+m§)+ km§

To get an expression for V,;, —V,,,, we use (34) to express Vj, as a function of V,,,, i.e. V;,, = %v*’”("‘)

Using equations (200) and (201) into (34) and rearranging we get:

by, v m§)8 - e () - S (V) Vi o+ (V)i (h) L)
S r(K+V+r+m§) + km§ v '
(202)
By equations (202) and (201), the condition Vi, — Vi, > Vi — Vj, 1s equivalent to:
= t(0) = SPEr(e 4V Vit (rEm)in(h) | iy(in)  (k+V+R)8 = (K +vErem§)s,
r(k+v+r+m§)+ km§ M r(K+V+r+m§)+xkm§ (20%)

Next we substitute for ¢(/), ty(h) and #y(in) in order to characterize the largest set of parameters for
which inequality (203) can hold. For this purpose, as the RHS is a constant, transfers have to maximize
the LHS of equation (203). First, set #y(h) as high as possible consistently with constraint (199), i.e.
tn(h) = t(I) —m§(Vi, — Vi,). Substituting in equation (201) and plugging back into equation (203):

K+V+r+m§)+km§ K+V+r+m§)+km§
HUEVATEIG )R o G 8, — iV, HY T ) +l1v(l”> o (KEVArE— (k+V+r+m;)d

r(k+v+r+m§)+km§ v r(k+v+r+m§)+km§

(204)

Substituting the expression rV;, = v(Vy, — Vi) +ty(In) into equation (204) the 7y(In) terms cancel out:

r(k+v+r+m§)+xm§
K+v+r

r(k+v+r+m§)+xkm§

x—m§é, (K+V+7r)8— (K+V+r+m§)d,

r(k+v+r+m§)+km§

- (th - Vln) Z (205)

Therefore, the condition is going to be satisfied for the largest set of parameters when V;,, —Vj,, is as low
as possible; by equation (34) and (196) the lowest incentive compatible value is V,,, — V;, = 0. Therefore,

rearranging inequality (205) with V,,, — V;, = 0 we get condition (39).

We now characterize the set of transfers satisfying and the IC, IR and budget balance constraints.
When condition (39) is slack, imposing V;,, — V;,, = 0 is not necessary to implement the first-best outcome,

but it becomes so when equation (39) is binding, as shown in the previous paragraph.
Imposing V,,, — Vi, = 0 and using (34), (201) and (202) we get:

_ & +in(h) K+r x

r B K—|—v—|—r;
X
Vig =Vie =y 1y
K+Vv+r
Y = S, — &
g = Vib r(;c+v+r+mg)+xmg( <~ %) (206)
X K+v+r+mg
Vi, —Vig = - S, — 6
T T e vy r(K+v+r+mg)+ng( <= %)
Vo —v m§ [AVig + (1 — A)Vip + 17 (hn)] +tn(hn)  ty(In)
hn = Vin = =

C
r—|—mS r

To get the corresponding transfers, first consider:
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0= r(th — Vln) ng [)Lth + (1 — A)Vhb —|-Z‘T(]’ll’l) — th] +tN(hn) — tN(ln)

mS [AVig + (1 — A) Vi +tr (hn)] + ty (hn)
r+m§

+ty(hn) —ty(In)
(207)

= | AV (1= ) Wa-+ 1)~

Rearranging and using equation (206) we get:

i (1m) =" {in () -+ m§ [AVig + (1 = A) Vi 27 (hm)] |

r+mS
r

- C
r+myg

: ! K r(K+V+r+m§)
B " § |ir(n)+ | 8 h) = —(1=2 Bl (8,8 >0
e {nv( n) +mg [tr( n)+ - ( g in(h) = o )r(x+v+r+m§)+1<m§( 2 b))} >

(208)

AsV,, =V, = ’NU"), the IR constraint is always satisfied when this lower bound is positive, guaranteed

7

by condition (42). Similarly, using (206) and imposing the IR constraint for the /g agents we get:

(i () + 0§ [A.(Vig = Vig) + (1= ) (Vi = Vig) + Vig + 7 ()] }

b (h) = £(1) = m§ (Vi — Vi) = £(1) — m§ <5g+fN<h> Ktrox m(m)) o

— - (209)
r K+Vv+rr r

Rearranging and substituting ¢(/) = ty(li) + m$tr (i), i = b, g, we get:

rN<h>=rN<m>=r+rC{m<u>+mg[w<u>—i(6g K )—‘N(’”)”zo 210)

— X
mpg K+VvV+r r
Finally, the designer’s flow of net revenues from the mechanism is:

Y %ln(6) + a(0)ir(0)] =(AA — yig)tn (hg) + Yig [tn(Ig) +mitr (1g)] +[(1 — A)A — Yip) tw (kD)
6<SuB 211)

+%ip [t (ID) + m§Gtr (1) ]| + Y [ty (hn) +m$tr (hn)] + (1= Y )tw (In)

Substituting the transfer restrictions #y (hg) =ty (hb) and ty(lg) +mStr (1g) =ty (1b) +mStr (Ib), recalling that
m (Y, +Y5) = m§ ¥y, = UM(7g, %5 ), and using the results in (206), the budget balance condition simplifies
to:

IJM(Ygﬂsc) #—(1—1) K+v+r+mg

— >
K+V—+r r(K‘—I—v—i—r—f—mg)—l—ng (6g Sb) 7AIN(/’Z)+Z‘N(ZI’Z) (212)

i.e. condition (43). m

Proof of Corollary 7.1.

From the proof of Proposition 7.1, within the class of mechanism such that V,,, —V;,, = 0 net revenues are
maximized when #y(hi) and #y(In) are as low as possible, i.e. both are equal to zero to satisfy (208) and
(210). In this case Vj, = V;, = 0 so the IR constraints are both binding, and no other mechanism with
Vin — Vin > 0 could improve total revenues. The transfers in (44) follow immediately from conditions
(40)-(42). m

Proof of Proposition 7.2.

1. Let us begin by solving for an. To do so, note that agents’ values when certificates are traded
satisfy:
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thc = S+K(Vlc_‘7hc) (213)

Ve =8 —x+V(Vhe = Vie) +ma[pr(lc) + Vi — Vi) (214)
thn = K'(‘7ln - th) +mg [th - th —Pr (hi’l)] (215)
Vin = VVin — Vi), (216)

From this system of equations, we immediately obtain:

ms(v +r){(xkmgpr(lc) — [r(k+ V +r+mg) + kmp|pr (hn) + (K +V +r+mg)8 — kx}
r(k+v+r)[r(k+v+r+mp)+ kmg+ms(v+r—+mp)]
N msv{kmppr(lc) — [r(K+V + r+mg) + kmg|pr (hn) + (K +V +r+mg) 6 — xx}

Vi = 218
! r(K+Vv+r)r(k+Vv+r+mg)+ xkmp+ms(v+r+mp)] 218)

Vin =

217)

Given that these values do not depend on p4, it must be the case that:

Ao 1 K+rl (=0}
pa— an - ; <6g — mx (219)
Otherwise, the designer could increase p, marginally and make strictly higher profits while still
satisfying all the constraints. Thus, given that the autarky value of a jg agent does not depend on

the choice variables, the designer’s problem becomes:

})lla‘})X{an+pT (hn) +11,,} (220)

subject to V. — pr(hn) >0 (221)
N 1 /4 K+r

ot prlle)>= (86— ——— 222

Pt prlie) 2 1 (8- ) )

Let us consider slow and fast packaging in turn. The designer’s objective function in a SP scheme

up to a constant is:

msV{(kmppr(lc) — [r(k+ vV +r+mp) + kmp|pr(hn)}
r(k+v—+r)r(k+v—+r+mp)+ kmg+ms(v+r—+mg)]

kmp|pr(hn) — pr(lc)]
r(k+v+ V+mB)

+ pr(hn) +

(223)

Note that this objective function is increasing in pr(in) and decreasing in pr(Ic) if and only if:

r(k+v+r)[r(k+v+r+mp)+ kmpg+ms(v+r+mg)] > mgvr(K+Vv+r+mg) (224)
& r(k+v+r)r(k+v+r+mg)+ kmp+ms(r+mp)] > mgvrmg (225)

< r(k+v4r+mg)r(k+v+r+mp)+Kkmg] >0 (226)
Clearly, this inequality is always satisfied. In a FP scheme, the designer’s objective function up to
a constant is:

ms(v+r){(kmppr(lc) — [r(k+ Vv +r+mg) + kmg|pr (hn) }
r(k+v+r)r(k+v+r+mg)+xmg+ms(vV+r+mg)

kmg[pr (hn) — pr(lc)]
r(k+v+r+mp)

+ pr(hn) + (227)
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In this case, the objective is increasing in pr(hn) and decreasing in pr(Ic) if and only if:

r(k+v+r)r(k+v+r+mpg)+kmg+mg(v+r+mg)] >ms(v+r)r(k+v+r+mg)  (228)
S r(k+v+n)[r(k+vV+r+mg)+ kmg+mgmg| > ms(V+r)rmg (229)

< rk+v4rr(k+v+r+mg)+r(k+v+r+ms)kmpg >0 (230)

Also this inequality is always satisfied. Thus, we have established that both in SP and in FP
schemes the designer’s objective function is increasing in pr(hn) and decreasing in pr(Ilc). Con-
sequently, in a revenue-maximizing scheme py(hn) = V.. From this, it follows that V;, = V,,, = 0.

Thus, the revenue-maximizing prices for a certificate are given by:

PT(ZC):1<3—K+r> PT(h”)Zl(S—K> (231

X X
r K+V+r r K+V+r

2. The feasibility of a SP scheme is determined by the highest price p, at which #b agents prefer to
keep their asset. This is due to the fact that we are requiring the average quality of the assets held
by the designer to be equal to the average quality of the assets in the economy. If, in addition to
low-valuation agents, also ib agents would be willing to sell their asset, the share of peaches held
by the designer would be initially lower than A. Given that in a revenue-maximizing SP scheme

Vin = Vi = 0, hb agents prefer to keep their assets when:

1 Kmg K 1 K+r
-6 6— ) ————x| > 6——x| = 232
L vt mg) T g 2 %) rc+v+rx]r<g K‘—|—V—|—rx> pa (352

The left-hand side represents the value of keeping a lemon until transiting to the state of low-
valuation and is equal to V},, in equilibrium E. Rearranging yields the expression in the proposition.

Note that a SP scheme, when feasible, yields a positive profit as:

x { r(k+Vv—+r+mg)+Kkmg
.

et pr(h) 11, = 2 [ LU (g 233)

This expression is positive as, for the scheme to be feasible, ¢ is required to be smaller than the

first term inside the square brackets.

3. The feasibility of a FP scheme, on the other hand, is determined by a non-negative profits condi-
tion. In a FP scheme:
o { Kmp

—patpr(hn) +1L == (Kt v+r)(k+vtrt+mg) —(1=4)¢ (234)

Requiring this to be positive yields the expression in the proposition.
4. This follows immediately by comparing the expressions in (233) and (234).

]

Proof of Proposition 7.3.

Given that we are considering fast packaging schemes, the price offered by the designer has to satisfy
PA 2= Vig— Vi Let us suppose that the designer offers Vig — V;n and check whether a private buyer would

have an incentive to match this offer. Offering V,, — Vin» a private buyer obtains at most (for 7, (g, p) = 1)
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Vin. Any offer below that of the designer is rejected, in which case the buyer purchases a certificate at

price pc and his value is V;,. — pc. Using the expression in the proof of Proposition 3.1, we obtain:
pc = ﬁ(th_th) +(1 _B)(Vlc_vln) (235)
A buyer prefers not to match the designer’s offer when

th —Pc > th
& BVt (1= B)(Vie = Vie+Vin) = Vi (236)
~ (l_ﬁ)(‘%a'_‘?l(“"‘?ln_‘?hn)zo
Using the results in the proof of Proposition 3.1, we get:

r(k+v+r)
K+V+r+(1—PB)ms

th - Vlc + Vln - th = (th - Vlc) >0 (237)
Thus, (236) is satisfied, implying that a private buyer prefers not to match the designer’s offer. What
remains is to derive a condition for the feasibility of the scheme. Given that the designer can commit to
making each buyer a single take-it-or-leave-it offer, the outside option of a peach holder is equal to his

value under autarky. Therefore, the feasibility condition becomes:

1 K N N N N N
—pAa+pc=— [r <5g K—I—V—i—rx> th] +BVie—Vin) +(1=B)Vie— V) >0 (238)

Using the results in the proof of Proposition 3.1 yields

| K 1 K Pmg
Ve =3 <5g‘,<+v+r’“) =7 [K+v+rK+v+r+<1_;s)mﬁﬁmgx‘“‘“(@‘&)

A . 1 K 1 K Bmg
VC Vn_Vn_f 6 _— = — — l_l 6 _6
te V=1 r(g K‘-l-v-l-rx) r[K-I—V-I—ri(‘-l-v-l-r-i-(l—ﬁ)ms-l-ﬁmgx (1=2)(3 = %)

B r [K+Vv+r+(1—B)ms|[k+V+r+Pmpg—(1—B)ms]
K+Vv+r [kK+Vv+r+Bmg] [K—‘-V—l—r—i—(l—ﬁ)ms—‘-ﬁmé

39)
Substituting these expressions into (238) and simplifying yields the feasibility condition in the proposi-

tion. m

Appendix B

B.1 Mixed strategy equilibria

First, we characterize analytically some properties of mixed strategy equilibria when trading opportuni-
ties arise according to the DGP technology. Then, we illustrate graphically mixed strategy equilibria for
the KW technology.

Note that in general agents can randomize on two margins: whether to participate or not in the
market and whether to play a mixed strategy either when offering a price or when accepting an offer.
However, for the DGP technology the first margin is redundant as matching takes place among all agents
in the economy and no participation decisions are taken. Hence, for the DGP technology, we can focus

on the latter margin.
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We begin by considering equilibria M3, described in Table 1, in which only #b agents play mixed
strategies. For the existence of such equilibria, the following characterization is obtained.

Proposition B.1 For the DGP technology, mixed strategy equilibria M3, in which only hb agents play

mixed strategies exist for a set of pairs of (A, ) with measure zero.

Proof. The proposition is proven in two steps. First, it is shown that the condition which needs to be
satisfied for ib agents to be indifferent between accepting and not an offer of p;, is invariant to oy,(7y,).
Then, it is proven that this condition is satisfied for a set of pairs of (1,¢) with measure zero.

The relevant indifference condition of kb agents is given by V,, — Vi, = Vi, — Vi,. We slightly abuse
notation and set ¥s = ¥, + Yi» + s (P1g) Yo, Which represents the measure of sellers accepting an offer of
Pig With probability one. Using this definition and noting that for the DGP technology ms = uys/(1+A),
we can find an explicit expression for the indifference condition following the same steps as in the proof

of Proposition 5.3. We obtain the following:

6, — 6
Vio—Vig =Viu—Vip & =% TKEV ATt iy (240)
x (K+V+r43Ems)(K+V+r+mp)
Given that for the DGP technology
_ . 1
me =M (241)
Yig Yig
s _ 242
s Hiia (242)

are independent of oy, (i), it follows that the indifference condition of /b agents is invariant to oy, (p,)
and coincides with that in equilibrium H.

Finally, note that for the DGP technology the indifference condition of hb agents is identical in
equilibria E and H as mp and ms% assume the same values in these two equilibria. Thus, by Lemma 5.5,
the indifference condition Vj;, —V,, =V}, — V},, defines a curve in the (4, ¢) space, a set with measure zero.
|

Intuitively, when trading opportunities arise according to the DGP technology, the indifference con-
dition of hb agents does not depend on whether they actively trade or not. For this reason, the indifference
condition is identical in equilibria E, H and M3. Consequently, such mixed strategy equilibria exist only
on the curve along which hb agents are indifferent between participating and not.

A second aspect of mixed strategy equilibria that we wish to discuss is whether such equilibria exist
for A smaller A* above which pure strategy equilibrium in which both lemons and peaches are traded
exist. In this case, mixed strategy equilibria would enlarge the parameter space in which both lemons
and peaches can be traded.

We seek to find a sufficient condition for mixed strategy equilibria of any type to exist in a region
of the (1, ¢) space where neither equilibrium E nor equilibrium H exists. For this reason, we can focus
on M1, the most analytically tractable mixed strategy equilibria, in which only /g agents employ mixed
strategies and kb agents do not trade. We begin by characterizing on how mg, the rate at which a seller

meets buyers, varies with 6, (7).
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Lemma B.1 For the DGP technology, the rate at which a seller meets buyers mp is decreasing in

Ohn (P_lg)

Proof. For the DGP technology, the rate at which a seller meets buyers is given by mg = uyz/(1+A).
Differentiating this with respect to o;,(p;,) yields

dmgp (1 M v ) . u KAAmg (243)
doy, (Pig) 1+Admg)  1+A (K+V+0m(pig)ms)?’
where )
8}/3 _ KlAG]m(plg) _ K(l — )y)A <0 (244)

dmgp (K+V+Oum(pig)ms)*  (k+Vv+mp)?
Thus, we have shown that mp is decreasing in 6j,,(p,). ®
As 0,,(pi,) increases, the measure of buyers decreases, which for the DGP technology leads to a
decrease in mp. Equipped with this property we can prove the following result about the values of A for

which mixed strategy equilibria exist.

Proposition B.2 For the DGP technology, if r* > k (k+V + ¢4 ), then mixed strategy equilibria exist

for lower values of A than equilibria in pure strategies in which peaches are traded.

Proof. The result is proven by considering how the indifference condition of buyers in equation (22)
varies with oy, (pj,). This is sufficient as when the condition for 4b agents not to participate holds with
strict inequality for oy, (p;,) = 1, by continuity, it also holds for o;,(5;,,) < 1 in a neighbourhood of
om(pi) = 1. Given that the effective rate at which a seller receives an offer of p;, in a mixed strategy

equilibrium is o, (p;,)mp and the ratio of sellers of peaches to those of lemons is given by

Mg A K+V+mp
Yip 1—A K-l—V-l—O'h,l(ﬁ/g)l’ﬂg7

(245)

the indifference condition for buyers becomes (following the same steps as in the proof of Lemma 5.5):

A K+ V+mg _¢(K+v+r)(v<+v+r+ms>—%ms<t<+v+r+czm<ﬁzg)m3> 46
1= A K+ V4 0m(pig)ms r(K 4V + 1+ On(pig)ms) + KO (prg)ms

Given thatby Lemma 5.1 y, = k(1 —A)A/(k+ Vv +mg) and Y, = kAA /(K + V + O, (Pig)mp), WE can rewrite
the condition as follows:

K(1-2)A m m O (Prg)m.
A K+ V+mg ¢(K+v+r)(1<+v+r+ K+V+m37§)7K7LA7;WL(ﬁz5mB 047
1-Ak+v+ O'hn(ﬁlg)l’l’lg I’(K+ V+r+ O-hn(ﬁlg)mB) + KGhn(p_Ig)mB

Note that mg = pu7ys/(1+A). Thus, we obtain the following equivalent expression:

_ 1-1 i (Plg
(v 4oy 040 (-4 S8 ) iy S

—9

r(K+V + 71+ Gm(Pig)ms) + KO (Pig)ms (248)
A

)

(k+Vv+mp)=0
Let us denote the left-hand side of (248) by g. Differentiating with respect to oy,(pi,) yields:
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dg A dmp
ao—hn(ﬁlg) -2 aO-/m(ﬁlg)
(K4 V -+ G (1)) (K + 1) K(1-p A omg
+9 é ! . 2
r(K+V+7+ 0p(Prg)mp) + KCu (Prg)mp (K+V+mp)? 14+A 90, (pi1g)

2 =+ V)] [t ) (kb v+ SRR ALY gyl el

o K+v+mp T+A V+0u (Pig)mp a(“hn(ﬁlg)mﬂ)
[r(K 4V 47+ Cpu(Prg)mp) + KO (Prg)mp)* G (Pig)
- A
o (v + O (Pig)mp) KAU T35 Gervron (regma? (O (i) ms)
r(K+V 47+ O (Prg)mp) + KO (1 )ms 90 (Pig)
(249)

Note that the first two terms are negative as dmg/d 0y, (p1,) < 0. The last two terms, on the other hand,

can be combined, using the expression for g, as follows

B l{[r'fk(x+1"z]}(tlc+v+ms) _¢K(K+v)uliﬁ} (O (D1 )ms) 250,
(K +Vv+ Ghn(p_lg)mli’) [r(K +V+r+ o-hn(p_lg>mB) + KO (ﬁlg)mB] aO-hn (plg)

For r* > k (k+V+¢u2;) this expression is negative as

Ooulpins) (., _KMn(p) ), SI-AMonip) Iy g

A6 (Pig) (K4 V+ O (pig)ms)? (k+Vv+mp)?  IOm(pig)

Differentiating with respect to A, on the other hand, we obtain:

Jdg _ K+ V + Op(Pig)ms

A r(K+V+r+0um(prg)ms) + KO (prg)ms
KU A A K+v+r+ G/m(ﬁlg)mB:|

T e :

K+v+mp 1+A 1+A K+ V+0u(prg)ms

| B vt i)+ K0 ]+ 1))

r(k+v+r+ Glm(ﬁlg)mB) + KOpp (P_lg)mB
K+ V + Opu(Prg)mp

{amptervem)

+¢ {(K+V+r)
(252)

K+ V+mp dmp

+ . Arrrms e
K+V+Gh,1(ﬁ[g)m3 oA

K(I-A)u A KAL A ] 8m3}

w0 [tk G e T O e e ) G

Given that

>0 (253)

ompg (l Oin(Pig) KAA N kK(1—-21)A ) (1 — omn(pig))ms
- (K+V+Ghn(ﬁzg)m3)(1€+v+m3) -

oA (K—I—V—i—G;m(ﬁzg)mB)z (K+V+m3)2

it holds that dg/dA > 0. Thus, we have established that d /doy,(pi,) > 0 for r* > K(K+V+¢u$).
Thus, for any o,,,(p;,) < 1, the value of A for which the indifference condition of buyers is satisfied is
smaller than the threshold value A*£ above which equilibria in pure strategies exist. Given that for the
DGP technology the indifference condition of hb agents is identical in equilibria E and H, for A < A*£
and ¢ < ¢*£, no pure strategy equilibria in which peaches are traded exists. Thus, we can conclude that
mixed strategy equilibria exists for lower values of A than pure strategy equilibria in which o, (p;,) = 1
when 2 > k (K+Vv+oui;). m

Figure 12 illustrates a case in which equilibria M1 exist for lower values of A than pure strategy
equilibria E and H. Note that, for the parameters to satisfy the sufficient condition in Proposition B.2,
the values of x and v have to be relatively low. For the chosen parameter values, an agent’s valuation
state changes in expectation once every 50 years. Figure 12 reveals that also mixed strategy equilibria

M2, in which o,(p,) = 1 can exist for lower values of A than pure strategy equilibria H. A difference
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between equilibria M1 and M2 is that in the latter the positive effect of a lower oy, (pi,) on the average
quality of assets is asymmetric around A = 0.5, being stronger for A equal to 0.5+ ¢ than for A equal
to 0.5 —&.*” For this reason, M2 can exist for higher values of A than pure strategy equilibria H when
the opposite holds for the equilibria E and M1. Finally, for the parameter values considered in Figure
12, also mixed strategy equilibria M4, in which both /g and #b agents employ mixed strategies exist for
pairs of (A,¢) for which no pure strategy equilibria in which peaches are traded exists. The existence of
equilibria M4 is determined by two considerations. First, to render ib agents indifferent between trading
and not, ¢ has to be lower than in equilibria in which o;,(p;,,) = 1. This is due to the fact that, for a
given A, ou,(pie)mp is lower and (y,/¥s)ms is higher than when oy, (p;,) = 1. Second, to render buyers
indifferent between offering p;, and j;,, A has to be lower than in the pure strategy equilibria, given that

we are considering a case in which the discount rate is high.

0.8

0.0 0.2 0.4 0.6 0.8 1.0

Figure 12: DGP technology, parameter values: A =1, k =0.02, v =0.02, u = 1.25, r =0.2.

Let us conclude our discussion of mixed strategy equilibria when considering the DGP technology
by further commenting Figure 5, illustrating where they exist for values of x and v which are larger
relative to r, implying more reasonable intensities for the changes in agents’ valuation states. For the
chosen parameter values, mixed strategy equilibria M1 and M2 exist in the interior of the parameter
space in which the pure strategy equilibria E and H exist. It is worth pointing out that the contour lines
of M1 and M2 meet for each o,(p;,). This is due to the fact that, for any o,(p;,), ms assumes the
same value in M1 and M2 and when the #b agents’ participation constraint is satisfied with equality the
value functions across the two mixed strategy equilibria are identical. Mixed strategy equilibria of type
M4, on the other hand, exist also in the parameter region in which neither equilibria E nor equilibria H
exist. This is due to the fact that hb agents indifference condition is satisfied below the ¢*£ curve for
om(pig) < 1 and buyers are indifferent between offering p, and p;, on the right of the A** curve when

some hb agents trade.

471 - IMg/¥s) KkA(1-2) . .
This can be seen by analysing how a(gh”(;[g)m,,) = T R T O (i) mp) 1AV varies with A.
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When agents are matched according to the KW technology, the two margins on which agents can
randomize are both potentially relevant. This is because the matching rates of buyers and sellers depend
on who participates in the market. In particular, the fraction of hb agents participating in the market
influences the matching rates. However, the probability of 4b agents accepting an offer of 5, when they
are indifferent between accepting and rejecting has no effect on the matching rates and the value func-
tions. This is because this acceptance probability does not affect the measures of agents with different
statuses and buyers obtain zero surplus from trading with an #b agent. Consequently, when considering
the KW technology, the only relevant margin for #b agents is whether they participate in the market or
not. For this reason, we slightly depart from our equilibrium definition and assume that only a fraction
of hb agents, denoted by o, participate in the market. This allows us to discover whether peaches can
be traded in a larger region of the parameter space when hb agents randomize on the relevant margin.

We begin by illustrating, in Figure 13, a parameter configuration in which r is relatively large. The
two effects of a decrease in 0,,,(5,) discussed above are also at play when agents are matched according
to the KW technology. However, in this case, the intensity at which peaches are traded varies more
strongly with o©,(pi,) as mg is increasing in o, (p;,). This renders the effect of the effective trading
intensity stronger, constraining the parameter space for which mixed strategy equilibria exist for lower
values of A than pure strategy equilibria E and H. For the chosen parameter values, the two effects of a
lower oy, (pi,) almost cancel each other out, as evidenced by the fact the the mixed strategy equilibria
M1 exist only for values of A marginally smaller than A*£. Mixed strategy equilibria M2, on the other
hand, exist for smaller values of A than A* for A slightly larger than 0.5 due to the same reason as for
the DGP technology: the positive effect of a decrease in oy, (pi,) on the average quality is strongest for A
in this range. As regards mixed strategy equilibria M3, in which only a fraction of hb agents participate
in the market, such equilibria exist between the two indifference curves for hb agents in the pure strategy
equilibria E and H, ¢*£ and ¢*. The reason for this is that when a fraction of hb agents participate in
the market, (7, /¥s)ms is lower than in the pure strategy equilibrium E. Finally, mixed strategy equilibria
M4 exist in a region between the equilibria M1 and M2 as in this part of the (4, ¢) space hb agents are
indifferent between participating and not in the market and at the same time A is sufficiently high such
that buyers are indifferent between offering the low and the high price.

When r assumes a lower value relative to x and v, as illustrated in Figure 6, mixed strategy equilibria
exist in the interior of the (4,¢) space in which the pure strategy equilibria E and H exist. Note that
differently from when considering the DGP technology, also equilibria M4 exist for higher values of A
than pure strategy equilibria in which peaches are traded. The reason for this, in this case, higher values
of A are needed to support equilibria where hb agents participate than for the DGP technology given that
sellers meet buyers less frequently than in equilibrium E. Mixed strategy equilibria M3, in which only
hb agents employ mixed strategies, again exist in between the two indifference curves for hb agents, ¢*£
and ¢*7.

B.2 Pure strategy equilibria when sellers offer prices

We consider the same model setup of section 2.1 but we assume a different trading protocol: sellers
make take-it-or-leave-it offers to buyers who can either accept or reject. Being a signalling game, there
are many possible Perfect Bayesian equilibria and their complete characterization is a challenging task

that goes beyond the scope of this paper. In this appendix we restrict attention to stationary pure strategy
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Figure 13: KW technology, parameter values: A =1, xk =0.02, v=0.02, u =2.5 and r =0.2.

equilibria in which peaches and lemons trade. Our main results in terms of welfare inefficiencies, trade
volume and liquidity continue to hold with this bargaining protocol. Similarly to the complete informa-
tion benchmark, transaction prices and market liquidity are positively related when sellers fully exploit
their bargaining power vis-d-vis buyers (Section B.2.2).

If peaches are traded, the restriction to pure strategy equilibria implies that all sellers offer the same
price and buyers accept this price with probability one. Indeed, when peaches are traded and buyers
only play pure strategies, the price offered by peach holders has to be accepted with probability one,
thus lemon holders do not find convenient to offer a lower price because it would not allow them to
trade more rapidly. As common in signalling models, infinitely many pooling prices may support an
equilibrium; it is sufficient that buyers out of equilibrium beliefs assign a sufficiently high probability to
the event of receiving a lemon. As in the previous analysis, we first characterize the equilibrium when
individual private states are observable, and later we consider the case of private information also along
this dimension. For this latter case we distinguish whether in equilibrium hb agents participate in the
market as active sellers or not. For each of the two cases, we restrict attention to equilibria in which
sellers demand the highest possible price that buyers accept. This restriction allows to characterize the

largest set of parameters in which /g agents sell their assets.

B.2.1 Individual private states publicly observable

By Milgrom and Stokey (1982) no trade theorem, in equilibrium only low valuation asset holders trade
their assets. If both peaches and lemons trade, then matching are equal to m§ and m$ and sellers offer

the highest possible price that buyers accept:
Y Yig _
P="Vig+ 1= =Vip | = Vi =AVig+ (1= A) Vi — Vi, (254)
¥s ¥s
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In turn, at this price it follows immediately that V,,, =V, = 0. Hence, the relevant value functions are:

Vi = &+ k(Vii — Vi) i=b,g (255)
Vi = 8 —x+ V(i — Vi) +m§ [AVig + (1 = 1) Vi, — Vii] i=b,g (256)

It is immediate to realize that this equilibrium exists if and only if:
A(Vig = Vig) + (1 =24) (Vs = Vig) > 0 (257)

From equations (255) and (256) we get:

x— (1= 2)m(Vis — Vie)

Vig =Vig = K+V+rt Amg (258)

WVW%:x(%&J@tiﬁ%gﬁéwamwb‘%) (259)

Vig — Vip = % — % —;j_(?g —Vis) (260)

m—m:@_%Iﬁﬁgww 261)
From the above equations we get:

Vio —Vig = o KEvErdAmg 55 (262)

K+v+r+ms  r(kc+v+r+mS)+ km§

Substituting (262) first in equation (258), and then in (257) we get that the equilibrium exists if and only
if:
r(k+v+r+m§)+km§

1-2)¢ < 263
( )9 < (K+Vv+r)(K+V+r+mg) (263)
B.2.2 Bi-dimensional private information: kb agents sell their assets
Consider sellers offering the highest possible price that buyers would accept:
pmm+omm>wm (264)
¥s s
This price offer makes hb agents willing to sell their assets because p+ Vi, > Vi, as Vi > Vi,
If sellers trade at this price then agents with no assets have the following values:
Yig Yig
thn :K(Vln - th) “+mg |:th + ( - > Vhb —p— Vlm:| — K-(vln - V/m) (265)
¥s Ys
Vin =V (Vin = Vin) (266)

The only solution to these two equations is V;,, = Vj, = 0, i.e. agents without asset do not get any surplus.
Note that also in this case only in agents participate as buyers, while /n agents wait until their valuation

is high again. The remaining value functions are:

thg :8g + K'(Vlg — th) (267)
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Vig =8 —x+V (Vig — Vig) +ms @th + ( - y’*”) Vi — Vig (268)
L Ys Ys ]
Vi =8 + & (Vip — Vi) +mp |:Ylgvhg + ( - m) Vi — Vhb:| (269)
¥s Vs
"Vip :6hfx+v(vhhfvlh)+m3 %th‘i” < - ?Z) Vio —Vin (270)

This equilibrium exists if and only if /g agents are willing to offer this price, i.e.

&th—i— ( _ng> Vi —Vig =2 0 @71)
¥s ¥

To compute when this condition holds, let’s consider V;,, — Vj, and Vj;, — V,,. From equations (267)—(270)
we get:
x_(l_%)mB(Vhb_Vlg) X

S
Vo —Vip = ————— 272
K+ v+ r+ Temp T vt mg @72)

th - Vlg =
Subtracting equation (268) from (269) and using the results in (272) we have:

(Vi —Vig) =6 — O +x — K(Vi, — Vi) — V(Vig — Vig) — mp(Viy — Vig)

S _5 X x= (1 —%) mp (Vo — Vig) Vv (273)
—O0p — +x—K —vV “m _
b 8 K+V+4+r+mg K+V+r+%m3 B( hb lg)
Rearranging and simplifying we get:
x (8¢ — ) (K+v+r—|—%m3)
Vi = Vig = (274)

K+tVtrtmg (kv +r+ms)+Kkms+ Lmp(v+r+mp)

Substituting the results in (272) and (274) in (271) and rearranging:

Y /i x Y K+V+r)(8, — 6
ﬁ(thfv/gH( fﬁ)(vhb—wg):if(lfﬁ) ( (8 )
¥s ¥s K+V+r+mp ¥s r(K+V+r+mB)+KmB+%mB(v—}—r—i-mB)
(275)
Therefore, this equilibrium exists only if:
5.—8, r(k+v+r+mg)+kmp+ Lmp(v+r+mp)
s < % (276)

x (17%)(K+V+r)(1<+v+r+m3)

Lastly, we derive an expression for the equilibrium price, and we show it is in increasing in the
matching rate mp. The price offered by sellers is equal to:

Yig

P:(th_vlg)""( s
¥

%s > (Vhb - V[g) + v[g (277)

From the previous results, after some algebraic manipulations, we get the following expression in terms

of the fundamentals:

1 K 6, — & K+V K
r K+V+r+mp Ys r(K+v+r+m3)+KmB+ijB(K‘JrrerB)
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In general, this expression can be increasing or decreasing in mp because the term multiplying x is
decreasing in mg, while the last term can be increasing in mpz. However, if the inequality in (276) holds
then the expression is unambiguously increasing in m. Indeed, consider a tuple (&, 8,x) such that (276)

holds with equality. Substituting in (278) the price expression becomes:

p:l(5 K+r ) 279)

)y — X
r K+V+4r

which is independent of mg. Therefore, a higher x (or equivalently a lower §, — §,) satisfies the existence
condition in (276), and it simultaneously increases the absolute value of the derivative with respect to

mg of mx relative to the one for the last term in equation (278).

B.2.3 Bi-dimensional private information: 4b agents do not sell their assets

Consider an equilibrium in which /g and /b agents propose a price that would never be offered by hb
agents. The highest possible such price is equal to p =V, — V..

Since hb agents do not trade while /g and /b agents trade at p =V, — V},,, the value functions are:

Ve = 8+ K(Vig — Vig) (280)
Vig = 8 —x+V(Vig = Vig) +mg(Vis — Vi — Vig + Vi) (281)
Vip = 6+ x(Vip — Vi) (282)
Vip =08, —x+V(Vi, = Vip) + mp(Viy — Vi, — Vip + Vi) (283)
Vi = K(Vin — Vim) + %ms(th —Vin) (284)
Vin = V(Vin = Vin) (285)

After some simple algebraic manipulations we get:

Vi =Vio = v’ifi;;) (8- 8) (286)
Vig = Vi =1 f j:;rn;;"j (5= 8) (287)
Y
Vin = Vin = K—f:ﬁ— r r(K —|—KV+—|—vr—~—_|—’;1;;;n—i Kmp (58 - 5b) (288)
Wi =Vi (e ) <= (1 o e Y bVl 289

Agents of type /g participate in the market only if the price satisfies p+V,, > Vj,. In this equilibrium

P = Vi, — Vip, hence it must hold Vi, — Vig — Vi + Vi, > 0. To get a condition on the underlying parameters

that satisfy this inequality we consider the equivalent condition (Vi, — Vig — Vi, + Vi) (r+ mp Kﬂ_’“) > 0.

Deducting (r+mg5) (Vi — Via) from both sides of (289) and substituting the expressions in equation

(288) in the resulting expression we get (after some simplifications):

Vi
K+r ): r(k+v+r+mg)+Kkmp K+V+r+gms(6g_6b) (290)

Vi —Vig = Vin +Vin
(Vio = Vig = Vi + 1)<r+m3,(+v+r (k+vtrtmp)(Ktver) K+v+r

T

Since in equilibrium only /g and /b agents trade, we have T

A (as in Proposition 5.2). Therefore, by
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equation (290), this equilibrium exists if and only if:

6g76b< r(K+v+r+mB)+KmB

291
x T (k+Vv+r+Amg)(k+V+r+mg) 291

B.3 Static benchmark

Consider an economy in which there two types of non-durable goods, peaches and lemons. The value
in utils of a good of either type to an agent depends on his valuation state, which can be either high or
low. An agent in the high valuation state derives a utility of §, from a peach and 8, from a lemon, with
0, > 6,. An agent in the low valuation state, on the other hand, obtains a utility of §, —x from a peach and
O, —x from a lemon. A proportion A of all the goods are peaches. The fractions of peaches and lemons in
the hands of low-valuation agents are equal. Thus, the probability of a randomly-chosen low-valuation
agent with a good holding a peach is equal to 1.

Consider an agent in the high valuation state but without a good, called a buyer, making a take-it-or-
leave-it offer to an agent with a good, without knowing the type of the good he holds and his valuation
state. The buyer will offer either 6, —x or §, —x as the latter dominates any price above it, whereas the
former any price between the two. Note that the higher price §, —x is accepted also by high-valuation
agents holding a lemon when 6, —x > §,. Thus, there are two cases to consider: @ <1land @ >1.1In

the former case, both of the two possibly prices are rejected by all high-valuation agents. Thus, offering

the higher price is optimal in this case when:

5, — 5

X

AB+(1—=2)8— (8, —x) > (1 =A)[&— (& —x)] <& % > (292)
In the latter case, in which @ > 1, on the other hand, the higher price is accepted also by high-valuation
agents holding lemons. Denoting the fraction of low-valuation agents with «, offering the higher price
is optimal when:

S

(8, — (8 =)+ (1= A)[8 — (8, —x)] > a(1-A)[& — (8 —x)] & a%—i—(l—a)z@%@%)

5,5,

X

Figure 14, where ¢ denotes

, illustrates the different equilibria in the static benchmark. Equi-
librium E refers to the equilibrium in which the higher price is offered and only low-valuation owners
are willing to sell their asset. Equilibrium H, on the other hand, denotes the equilibrium in which also
high-valuation owners of lemons are willing to sell their asset. Note that in the unshaded area, the unique
equilibrium is one in which the lower price 8, — x is offered and only low-valuation owners of lemons
are willing to sell their asset.

It is worth making two observations, that also apply to the dynamic model considered in the main
text. First, Figure 14 shows that when gains from trade are low, i.e. x is small and by implication ¢
large, the only equilibrium in which both types of assets are traded is H. This is because the price &, —x
is sufficiently high such that also high-valuation owners of lemons are willing to sell their asset. Given
that there are no gains from trade between such an owner and a buyer, the equilibrium exhibits excessive
trade. Second, the fact that A*# lies to the right of A*£ for ¢ > 1 reflects buyers’ lower willingness to
offer the higher price when all the lemons are on the market. For this reason, for assets of both types

to be traded, a higher share of peaches is required. Taken together, these two observations allow us to
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Figure 14: Equilibria in the static benchmark. The two curves A*£ and A*# show the threshold values for
which equations (292) and (293), respectively, hold with equality, while ¢* denotes the line ¢ = 1.

conclude that when gains from trade are small there is a double bind of asymmetric information: either
high-quality goods are not traded at all or too many low-quality goods are traded. In our dynamic model,
with type-dependent, endogenous outside options of asset holders, the double bind is more pronounced
as high-valuation owners of lemons are more willing to participate in the market when the average

quality of goods in the economy is higher.
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