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1 Introduction

Many large and important markets suffer from adverse selection, including the markets for insurance,
credit, and certain financial securities. There is mounting evidence that many of these markets also
feature some degree of imperfect competition.! And yet, perhaps surprisingly, the effect of imperfect com-
petition on prices, allocations, and welfare in markets with adverse selection remains an open question.

Answering this question is important for several reasons. For one, many empirical studies attempt
to quantify the effects of adverse selection in the markets mentioned above.? A natural question is to
what extent these estimates—and the conclusions that follow—are sensitive to the assumptions being im-
posed on the market structure. There has also been a recent push by policymakers to make several of the
markets mentioned above more competitive and less opaque.® Again, a crucial, but seemingly underex-
plored question is whether these attempts to promote competition and reduce information asymmetries
are necessarily welfare-improving.

Unfortunately, the ability to answer these questions has been constrained by a shortage of appro-
priate theoretical frameworks.* A key challenge is to incorporate nonlinear pricing schedules—which
are routinely used to screen different types of agents—into a model with asymmetric information and
imperfect competition. This paper delivers such a model: we develop a novel, tractable framework of
adverse selection, screening, and imperfect competition.

The key innovation is to introduce a search-theoretic model of imperfect competition (a la Burdett and
Judd, 1983) into an otherwise standard model with asymmetric information and nonlinear contracts.
Within this environment, we provide a full analytical characterization of the unique equilibrium, and
then use this characterization to study both the positive and normative issues highlighted above.

First, we show how the structure of equilibrium contracts—and hence the relationship between an
agent’s type, the quantity that he trades, and the corresponding price—is jointly determined by the

severity of the adverse selection problem and the degree of imperfect competition. In particular, we

1For evidence of market power in insurance markets, see Brown and Goolsbee (2002), Dafny (2010), and Cabral et al.
(2014); Einav and Levin (2015) provide additional references, along with a general discussion. For evidence of market power
in various credit markets, see, e.g., Ausubel (1991), Calem and Mester (1995), Petersen and Rajan (1994), Scharfstein and
Sunderam (2013), and Crawford et al. (2015). In over-the-counter financial markets, a variety of data suggests that dealers
extract significant rents; indeed, this finding is hard-wired into the workhorse models of this market, such as Duffie et al.
(2005) and Lagos and Rocheteau (2009).

2Gee the seminal paper by Chiappori and Salanie (2000), and Einav et al. (2010a) for a comprehensive survey.

3Increasing competition and transparency in health insurance markets is a cornerstone of the Affordable Care Act, while
the Dodd-Frank legislation addresses similar issues in over-the-counter financial markets. In credit markets, on the other hand,
legislation has recently focused on restricting how much information lenders can demand or use from borrowers.

#As Chiappori et al. (2006) put it, “there is a crying need for [a model] devoted to the interaction between imperfect
competition and adverse selection.”



show that equilibrium offers separate different types of agents when competition is relatively intense or
adverse selection is relatively severe, while they typically pool different types of agents in markets where
principals have sufficient market power and adverse selection is sufficiently mild. Second, we explore
how total trading volume—which, in our environment, corresponds to the utilitarian welfare measure—
responds to changes in the degree of competition and the severity of adverse selection. We show that
increasing competition or reducing informational asymmetries is only welfare-improving in markets in
which both market power is sufficiently concentrated and adverse selection is sufficiently severe.

Before explaining these results in greater detail, it is helpful to lay out the basic building blocks of
the model. The agents in our model, whom we call “sellers,” are endowed with a perfectly divisible
good of either low or high quality, which is the seller’s private information. The principals, whom we
call “buyers,” offer menus containing price-quantity combinations to potentially screen high and low-
quality sellers.” Sellers can accept at most one contract, i.e., contracts are exclusive. To this otherwise
canonical model of trade under asymmetric information, we introduce imperfect competition by endow-
ing the buyers with some degree of market power. The key assumption is that each seller receives a
stochastic number of offers, with a positive probability of receiving only one. This implies that, when
a buyer formulates an offer, he understands that it will be compared to an alternative offer with some
probability—which we denote by m—and it will be the seller’s only option with probability 1 — 7. This
formulation allows us to capture the perfectly competitive case (a la Rothschild and Stiglitz (1976)) by
setting 7t = 1, the monopsony case (a la Stiglitz (1977)) by setting 7t = 0, and everything in between.

For the general case of imperfect competition, with 7t € (0, 1), the equilibrium involves buyers mixing
over menus according to a nondegenerate distribution function.® Since each menu is comprised of two
price-quantity pairs (one for each type), this implies that the main equilibrium object is a probability
distribution over four-dimensional offers. A key contribution of our paper is developing a methodology
that allows for a complete, yet tractable, characterization of this complicated equilibrium object.

We begin by showing that any menu can be summarized by the indirect utilities it offers to sellers of
each type, which reduces the dimensionality of the distribution from four to two. Next, we establish an

important property: in any equilibrium, all menus that are offered by buyers are ranked in exactly the

5The use of the labels “buyers” and “sellers” is merely for concreteness and corresponds most clearly with an asset market
interpretation. These monikers can simply be switched in the context of an insurance market, so that the “buyers” of insurance
are the agents with private information and the “sellers” of insurance are the principals.

®Mixing is to be expected for at least two reasons. First, this is a robust feature of nearly all models in which buyers are
both monopsonists and Bertrand competitors with some probability, even without adverse selection or non-linear contracts.
Second, even in perfectly competitive markets, it is well known that pure strategy equilibria may not exist in an environment
with both adverse selection and non-linear contracts.



same way by both low- and high-quality sellers. This property, which we call “strictly rank-preserving,”
implies that all equilibrium menus can be ranked along a single dimension. The equilibrium, then, can
be described by a distribution function over a unidimensional variable—say, the indirect utility offered
to low-quality sellers—along with a strictly monotonic function mapping this variable to the indirect
utility offered to the high-quality seller. We show how to solve for these two functions, obtaining a full
analytical characterization of all equilibrium objects of interest, and then establish that the equilibrium is
unique. Interestingly, our approach not only avoids the well-known problems with existence of equilibria
in models of adverse selection and screening, but also requires no assumptions on off-path beliefs to get
uniqueness. We then use this characterization to explore the implications of imperfect competition in
markets suffering from adverse selection.

First, we show that the structure of menus offered in equilibrium depends on both the degree of
competition, captured by 7, and the severity of the adverse selection problem, which is succinctly sum-
marized by a single statistic that is largest (i.e., adverse selection is most severe) when: (i) the fraction
of low-quality sellers is large; (ii) the potential surplus from trading with high-quality sellers is small;
and (iii) the information cost of separating the two types of sellers, as captured by the difference in their
reservation values, is large. Given these summary statistics, we show that separating menus are more
prevalent when competition is relatively strong or when adverse selection is relatively severe, while
pooling menus are more prevalent when competition is relatively weak and adverse selection is rela-
tively mild. Interestingly, holding constant the severity of adverse selection, the equilibrium may involve
all pooling menus, all separating menus, or a mixture of the two, depending on the degree of competi-
tion. This finding suggests that attempts to infer the severity of adverse selection from the distribution
of contracts that are traded should take into account the extent to which the market is competitive.

Next, we examine our model’s implications for welfare, defined as the objective of a utilitarian social
planner. In our context, this objective maps one-for-one to the expected quantity of high-quality goods
traded. We first study the relationship between welfare and the degree of competition. Our main finding
is that competition can worsen the distortions related to asymmetric information and, therefore, can be
detrimental to welfare. When adverse selection is mild, these negative effects are particularly stark:
welfare is actually (weakly) maximized under monopsony, or = = 0. When adverse selection is severe,
however, welfare is inverse U-shaped in 7, i.e., an interior level of competition maximizes welfare.

To understand the hump-shape in welfare under severe adverse selection, note that an increase in

competition induces buyers to allocate more of the surplus to sellers (of both types) in an attempt to



retain market share. All else equal, increasing the utility offered to low-quality sellers is good for welfare:
by relaxing the low-quality seller’s incentive compatibility constraint, the buyer is able to exchange a
larger quantity with high-quality sellers. However, ceteris paribus, increasing the utility offered to high-
quality sellers is bad for welfare: it tightens the incentive constraint and forces buyers to trade less with
high-quality sellers. Hence, the net effect of an increase in competition on the quantity of high-quality
goods traded depends on whether the share of the surplus offered to high-quality sellers rises faster or
slower than that offered to low-quality sellers.

When competition is low, buyers earn a disproportionate fraction of their profits from low-quality
sellers. Therefore, when buyers have lots of market power, an increase in competition leads to a faster
increase in the utility offered to low-quality sellers, since buyers care relatively more about retaining
these sellers. As a result, the quantity traded with high-quality sellers and welfare rise with competition.
When competition is sufficiently high, profits come disproportionately from high-quality sellers. In this
case, increasing competition induces a faster increase in the utility offered to high-quality sellers and,
therefore, a decrease in expected trade and welfare. These results suggest that promoting competition—
or policies that have similar effects, such as price supports or minimum quantity restrictions—can have
adverse effects on welfare in markets that are sufficiently competitive and face severe adverse selection.

Next, we study the welfare effects of providing buyers with more information—specifically, a noisy
signal—about the seller’s type. As in the case of increasing competition, the welfare effects of this
perturbation depend on the severity of the two main frictions in the model: imperfect competition and
adverse selection. When adverse selection is relatively mild or competition relatively strong, reducing
informational asymmetries can actually be detrimental to welfare. The opposite is true when adverse
selection and trading frictions are relatively severe. In sum, these normative results highlight how
the interaction between these two frictions can have surprising implications for changes in policy (or
technological innovations), underscoring the need for a theoretical framework such as ours.

Our baseline model was designed to be as simple as possible in order to focus on the novel interac-
tions between adverse selection and imperfect competition. In Sections 6-8, we analyze several relevant
extensions and variants of our model to explore these interactions more deeply and to ensure that our re-
sults are robust to alternative specifications, many of which could make our framework more amenable
to applied work. In Section 6, we endogenize the level of competition by letting buyers choose the in-
tensity with which they “advertise” their offers, so that the distribution over the number of offers that

each seller receives is an outcome rather than a primitive. This allows us to study how the severity of



adverse selection can influence the market structure, and the ensuing welfare implications. In Section 7,
we consider a more general market setting with an arbitrary meeting technology, where sellers can meet
any number of buyers (including zero). We show how to derive the equilibrium in this setting, using
the techniques from our benchmark model, and confirm that our main welfare results hold for certain
popular meeting technologies. Finally, in Section 8, we explore a number of additional extensions: we
relax the assumption of linear utility to analyze the canonical model of insurance under private infor-
mation; we allow the degree of competition to differ across sellers of different quality; and we show how

to incorporate additional dimensions of heterogeneity, including horizontal and vertical differentiation.

Literature Review. Our paper contributes to an extensive body of literature on adverse selection. Our
focus on contracts as screening devices puts us in the tradition of Rothschild and Stiglitz (1976), in
contrast to the branch of the literature that restricts attention to single price contracts, as in the original
model of Akerlof (1970). Most of the literature that studies adverse selection and screening has either
assumed a monopolistic or perfectly competitive market structure.”

The main novelty of our analysis is to synthesize a standard model of adverse selection and unre-
stricted contracts with the search-theoretic model of imperfect competition developed by Butters (1977),
Varian (1980), and, in particular, Burdett and Judd (1983). While this model of imperfect competition
has been used extensively in both theoretical and empirical work,® to the best of our knowledge none of
these papers address adverse selection and screening.” A recent paper by Garrett et al. (2014) exploits
the Burdett and Judd (1983) model in an environment with screening contracts and asymmetric infor-
mation, but the asymmetric information is over the agents” private values. This key difference implies
that the role of screening—and how it interacts with imperfect competition—is ultimately very different
in our paper and theirs.!’

More closely related to our work is the literature that studies adverse selection and nonlinear con-

tracts in an environment with competitive search—most notably the influential paper by Guerrieri et al.

(2010)." In that paper, principals post contracts and match bilaterally with agents who direct their search

"For recent contributions to this literature that assume perfectly competitive markets, see, e.g., Bisin and Gottardi (2006),
Chari et al. (2014), and Azevedo and Gottlieb (2015).

8For recent examples, see, e.g., Sorensen (2000) and Kaplan and Menzio (2015).

9Carrillo-Tudela and Kaas (2015) analyze a related labor market setting with adverse selection using the on-the-job search
model of Burdett and Mortensen (1998), but their focus is quite different from ours.

19Tn particular, with private values, screening is useful only for rent extraction. Competition reduces (and ultimately, elimi-
nates) these rents and, along with them, incentives to screen. In contrast, with common values, screening plays a central role
in mitigating the adverse selection problem. As a result, it disappears only when that problem is sufficiently mild; increased
competition serves to strengthen incentives to separate. This interaction is also the source of non-monotonic effects on welfare
from increased competition. With private values, on the other hand, welfare unambiguously increases with competition.

HQOther papers studying adverse selection with competitive search include Michelacci and Suarez (2006), Kim (2012), Chang



toward specific contracts. A matching technology determines the probability that each agent trades (or
is rationed) in equilibrium, as a function of the relative measures of principals offering a specific contract
and agents searching for it. As in our paper, Guerrieri et al. (2010) present an explicit model of trade
without placing any restrictions on contracts, beyond those arising from the primitive frictions. There
are, however, several important differences. The first relates to the role of search frictions. We focus
on how perturbations to the search technology affect market power, and study the interaction between
the resulting distortions and the underlying adverse selection problem, while Guerrieri et al. (2010) and
others focus on the role of search frictions in providing incentives (through the probability of trade) and
not on market power per se. Second, depending on parameters, our equilibrium menus can be pooling,
separating or a combination of both; the approach in Guerrieri et al. (2010), on the other hand, always
leads to separating equilibria. In this sense, our approach has the potential to speak to a richer set of
observed outcomes. Finally, we obtain a unique equilibrium without additional assumptions or refine-
ments, whereas uniqueness in Guerrieri et al. (2010) relies on a restriction on off-equilibrium beliefs.'?
An alternative approach to modeling imperfect competition is through product differentiation, as in
Villas-Boas and Schmidt-Mohr (1999) and, more recently, Benabou and Tirole (2015), Veiga and Weyl
(2012), Mahoney and Weyl (2014), and Townsend and Zhorin (2014).> Identical contracts offered by
principals are valued differently by agents because of an orthogonal attribute, which is interpreted as
“distance” in a Hotelling interpretation or “taste” in a random utility, discrete choice framework. This
additional dimension of heterogeneity is the source of market power, and changes in competition are
induced by varying the importance of this alternative attribute, i.e., by altering preferences. We take
a different approach to modeling (and varying) competition, which holds constant preferences and,
therefore, the potential social surplus. It is also worth pointing out a few key differences in substantive
results, particularly about the desirability of competition. In Benabou and Tirole (2015), a tradeoff from
increased competition arises not because of adverse selection per se, but from the need to provide in-
centives to allocate effort between multiple, imperfectly observable or contractible tasks. In fact, without
multi-tasking, competition improves welfare even with asymmetric information. This is also the case
in Mahoney and Weyl (2014), where attention is restricted to single-price contracts. Veiga and Weyl

(2012) also restrict attention to a single contract, but with endogenous “quality,” and find that welfare is

(2012), and Guerrieri and Shimer (2014a,b).

12 Another related literature studies adverse selection in dynamic models with search frictions, where separation occurs
because agents of different types trade at different points in time. See, e.g., Inderst (2005), Moreno and Wooders (2010),
Camargo and Lester (2014), and the references therein. In all of these papers, agents are assumed to trade linear contracts.

13 Also see Fang and Wu (2016), who propose a slightly different model of imperfect competition.



maximized under monopoly. In our setting, depending on parameters, competition can be beneficial or
harmful. Though there are a number of differences between their setup and ours (e.g., multidimensional
heterogeneity, the contract space, the equilibrium concept), which precludes a direct comparison, we
interpret their results as providing a distinct but complementary insight about the interaction between
competition and adverse selection.

The rest of the paper is organized as follows. Section 2 describes our model. Section 3 proves key
properties of the equilibrium, followed by its construction in section 4. Section 5 contains implications
for welfare and policy. Sections 68 explore the extensions discussed above. Section 9 concludes, and all

proofs can be found in the Appendix.

2 Model

Agents and Preferences. We consider an economy with two buyers and a unit measure of sellers. Each
seller is endowed with a single unit of a perfectly divisible good. Buyers have no capacity constraints,
i.e., they can trade with many sellers. A fraction p; € (0,1) of sellers possess a low (1) quality good,
while the remaining fraction p, = 1 — p possess a high (h) quality good.!* Buyers and sellers derive
utility v; and cj, respectively, from consuming each unit of a quality i € {1, h} good, with vi < vy and

c1 < cn. We assume that there are gains from trading both high- and low-quality goods, i.e., that

vi >c¢; forie{l,h} (1)

Frictions. There are two types of frictions in the market. First, there is asymmetric information: sellers
observe the quality of the good they possess while buyers do not, though the probability p; that a
randomly selected good is quality i € {l, h} is common knowledge. In order to generate the standard

“lemons problem,” we focus on the case in which
V1 < Ch. (2)

The second type of friction is a search friction: as we describe in detail below, the buyers in our model
will make offers, but the sellers will not necessarily sample (or have access to) all offers. In particular, we
assume that a fraction 1 —p of sellers will be matched with—and hence receive an offer from—a single
buyer, which we assume is equally likely to be either buyer. The remaining fraction of sellers, p, will be

matched with both buyers. A seller can only trade with a buyer if they are matched. Throughout the

14We consider the case where there are N > 2 types of sellers in Appendix D.



paper, we refer to sellers who are matched with one buyer as “captive,” since they only have one option
for trade, and we refer to those who are matched with two buyers as “noncaptive.”
Given these search frictions, a buyer understands that, conditional on being matched with a particular

seller, this seller will be captive with probability 1 — 7t and noncaptive with probability 7, where

P 2p
= : (3)
M—-p)+p 1+4p

=
This formalization of search frictions is helpful for deriving and explaining our key results in the simplest
possible manner. For one, it allows us to vary the degree of competition with a single parameter, 7,
nesting monoposony and perfect competition as special cases.!” Second, since the current formulation
ensures that all sellers are matched with at least one buyer, a change in 7 varies the degree of competition
without changing the potential gains from trade or “coverage” in the market; this is particularly helpful
in isolating the effects of competition on welfare. However, it is important to stress that our equilibrium

characterization and the ensuing results extend to markets with an arbitrary number of buyers and more

general meeting technologies; see Section 7.

Offers. We model the interaction between a seller and the buyer(s) that she meets as a game in which
the buyer(s) choose a mechanism and the seller chooses a message to send to each buyer she meets. A
buyer’s mechanism is a function that maps the seller’s message into an offer, which specifies a quantity
of numeraire to be exchanged for a certain fraction of the seller’s good.'® The seller’s message space
can be arbitrarily large: it could include the quality of her good, whether or not she is in contact with
the other buyer, the details of the other buyer’s mechanism, and any other (even not payoff-relevant)
information. Importantly, we assume that mechanisms are exclusive, in the sense that a seller can choose
to accept the offer generated by only one buyer’s mechanism, even when two offers are available.

In Appendix B, we apply insights from the delegation principle (Peters, 2001, Martimort and Stole,
2002) to show that, in our environment, it is sufficient to restrict attention to menu games where buyers
offer a menu of two contracts.!” In particular, letting x denote the quantity of good to be exchanged for
t units of numeraire, a buyer’s offer can be summarized by the menu {(x, t1), (xn, th)} € ([O, 1] x IR+)2,

where (xy, ti) is the contract intended for a seller of type i € {1, h}.

15Given the relationship in (3), it turns out that varying p or 7t is equivalent for all of our results below. We choose 7 because
it simplifies some of the equations.

16Note that the mechanisms we consider are assumed to be deterministic, but otherwise unrestricted. Stochastic mechanisms,
or lotteries over menus, present considerable technical challenges and raise other conceptual issues that are, in our view,
tangential to the paper’s main message.

17To be more precise, we show that the (distribution of) equilibrium allocations in any game where buyers offer the general
mechanisms described above coincide with those in another game in which buyers only offer a menu of two contracts.



Payoffs. A seller who owns a quality i good and accepts a contract (x, t) receives a payoff
t+(1—x)c
while a buyer who acquires a quality i good at terms (x, t) receives a payoff
—t + xvji.

Meanwhile, a seller with a quality i good who does not trade receives a payoff c;, while a buyer who

does not trade receives zero payoff.

Strategies and Definition of Equilibrium. Let z; = (x4, ti) denote the contract that is intended for a
seller of type i € {l,h}, and let z = (z1,zn). A buyer’s strategy, then, is a distribution across menus,
(ONS A(([O, 1] x R+)2). A seller’s strategy is much simpler: given the available menus, a seller should
choose the menu with the contract that maximizes her payoffs or mix between menus if she is indifferent.
Of course, conditional on a menu, the seller chooses the contract that maximizes her payoffs. In what
follows, we will take the seller’s optimal behavior as given.

A symmetric equilibrium is thus a distribution ®*(z) such that:
1. Incentive compatibility: for almost all z = {(xy, t1), (xn, tn)} in the support of ©*(z),

titca(l—x1) = th+ci(l—xpn) (4)

th+en(l—xn) = ti4+cn(l—x1). )

2. Buyer’s optimize: for almost all z = {(xy, t1), (xn, tn)} in the support of ®*(z),

Z € arg max Z wi(vixiy — ty) [1—7{+7TJ xi(z,z)®*(dz") |, (6)
z /
ie{L,h} z
where
0 <
xi(z,z') = % if titci(l—x)< = pti+ci(1—x}). (7)
1 >

The function x; reflects the seller’s optimal choice. We have assumed that if the seller is indifferent
between menus, then she chooses among menus with equal probability. Within a given menu, we
have assumed that sellers do not randomize; for any incentive compatible contract, sellers choose the
contract intended for their type, as in most of the mechanism design literature (see, e.g., Myerson (1985a),

Dasgupta et al. (1979)).
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3 Properties of Equilibria

Characterizing the equilibrium described above requires solving for a distribution over four-dimensional
menus. In this section, we establish a series of results that reduce the dimensionality of the equilibrium
characterization. First, we show that each menu offered by a buyer can be summarized by the indirect
utilities that it delivers to each type of seller, so that equilibrium strategies can in fact be defined by a
joint distribution over two-dimensional objects, i.e., pairs of indirect utilities. Then, we establish that the
marginal distributions of offers intended for each type of seller are well-behaved, i.e., that they have fully
connected support and no mass points. Finally, we establish that there is a very precise link between
the two contracts offered by any buyer, which imposes even more structure on the joint distribution of
offers. In particular, we show that any two menus that are offered in equilibrium are ranked in exactly
the same way by both low- and high-type sellers; that is, one menu is strictly preferred by a low-type
seller if and only if it is also preferred by a high-type seller. This property of equilibria, which we
call “strictly rank-preserving,” simplifies the characterization even more, as the marginal distribution of
offers for high-quality sellers can be expressed as a strictly monotonic transformation of the marginal

distribution of offers for low-quality sellers.
3.1 Utility Representation

As a first step, we establish two results that imply any menu can be summarized by two numbers,
(u, up), where

ui =ti +ci(l—xq) (8)
denotes the utility received by a type i € {1, h} seller from accepting a contract z;.

Lemma 1. In any equilibrium, for almost all z € supp(®*), it must be that xy = 1 and t; = th +c1(1 —xn).

In words, Lemma 1 states that all equilibrium menus require that low-quality sellers trade their
entire endowment, and that their incentive compatibility constraint always binds. This is reminiscent of
the “no-distortion-at-the-top” result in the taxation literature, or that of full insurance for the high-risk

agents in Rothschild and Stiglitz (1976).

2
Corollary 1. In equilibrium, any menu of contracts {(x1, ti), (xn, th)} € ( [0,1] x ]R+> can be summarized by a

pair (wy,un) withxy =1, ty = uy,

xpn = 1— Uh = ul, and )
Ch—C
th = M (10)

Ch —C1

11



Notice that, since 0 < xn, < 1, feasibility requires that the pair (uy, uy) satisfies
ch—c2up—u =0. (11)

In what follows, we will often refer to the requirement uy, > u; as a “monotonicity constraint.” Note

that, when this constraint binds, Corollary 1 implies that x;, =1 and ty = t;.
3.2 Recasting the Buyer’s Problem and Equilibrium

Buyer’s Problem. Lemma 1 and Corollary 1 allow us to recast the problem of a buyer as choosing a
menu of indirect utilities, (ui, un), taking as given the distribution of indirect utilities offered by the
other buyer. For any menu (ui, un), a buyer must infer the probability that the menu will be accepted
by a type i € {1, h} seller. In order to calculate these probabilities, let us define the marginal distributions

Fi(wi) = J 1 [t +ci (1—x}) < ug] @ (dzf)

for i € {l,h}. In words, Fi(u;) and Fy(un) are the probability distributions of indirect utilities arising
from each buyer’s mixed strategy. When these distributions are continuous and have no mass points,
the probability that a contract intended for a type i seller is accepted is simply 1 — 7 + 7tF; (wy), ie.,
the probability that the seller is captive plus the probability that he is noncaptive but receives another
offer less than u;. However, if Fi(-) has a mass point at u;, then the fraction of noncaptive sellers of
type i attracted to a contract with value u; is given by Filw) = %Fi_ (ui) + %Fi(ui), where F; (u;) =

limy,_~, Fi(u) is the left limit of F; at u;. Given Fi(4), a buyer solves

max (1 — 7+ 7tFy (w) T (wg, un) + pn (1T — 74 7tFn (un)) TTh (ug, un) (12)
W 2Cl, Up2Ch
s. t. Ch—CL=>2up—u =0, (13)
with
MuL,ur) = vii—ti=vi—1 (14)
Mh (U, un) = Vhxp —th =V — uhvh —a u Yh—Ch (15)
Ch—C1 Ch —C1

In words, TT; (u, uy ) is the buyer’s payoff conditional on the offer u; being accepted by a type i seller.
We refer to the objective in (12) as TT (uy, un).

Before proceeding, note that Iy, (uy, uy ) is increasing in wy: by offering more utility to low-quality
sellers, the buyer relaxes the incentive constraint and can earn more profits when he trades with high-
quality sellers. As a result, one can easily show that the profit function TT (uy, uy) is (at least) weakly

supermodular. This property will be important in several of the results we establish below.
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Equilibrium. Using the optimization problem described above, we can redefine the equilibrium in

terms of the distributions of indirect utilities. In particular, for each uy, let

U (w) = arg max T (uy, up,)
uj, >ch
s.t. ch—CL = up —w = 0.

The equilibrium can then be described by the marginal distributions {F;(u;)}icq,n) together with the
requirement that a joint distribution function must exist. In other words, a probability measure @ over

the set of feasible (uy, un)’s must exist such that, for each u; > uj and up > uj,

1 = ©({(tu,0n);tn € Up ()}, W € [c1,vil)
Frw)—F () = O ({0, an);0n € Up (), € (up,w)}), (16)
FE (uh) —Fn (u{l) = O ({(ﬁl,ﬁh) ;U € Up (ﬁl) ,an € (u{i,uh)}) . (17)

Note that this definition of equilibrium imposes two different requirements. The first is that buyers
behave optimally: for each uy, the joint probability measure puts a positive weight only on uy, € Uy, (uy).
The second is aggregate consistency: the fact that Fy and Fy, are marginal distributions associated with a

joint measure of menus.
3.3 Basic Properties of Equilibrium Distributions

In this section, we establish that, in equilibrium, the distributions F(u;) and F, (uy) are continuous and

have connected support, i.e., there are neither mass points nor gaps in either distribution.

Proposition 1. The marginal distributions Fy and Ty, have connected support. They are also continuous, with the

possible exception of a mass point in Fy at vy.

As in Burdett and Judd (1983), the proof of Proposition 1 rules out gaps and mass points in the
distribution by constructing profitable deviations. A complication that arises in our model, which does
not arise in Burdett and Judd (1983), is that payoffs are interdependent, e.g., a change in the utility
offered to low-quality sellers changes the contract—and hence the profits—that a buyer receives from
high-quality sellers. We prove the properties of F; and Fy, described in Proposition 1 sequentially: we
tirst show that Fy, is continuous and strictly increasing, and then apply an inductive argument to prove
that F; has connected support and is continuous, with a possible exception at the lower bound of the
support. An important step in the induction argument, which we later use more generally, is to show

that the objective function TT (u, up) is strictly supermodular. We state this here as a lemma.
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Lemma 2. The profit function is strictly supermodular, i.e.,
T (wig, wnt) + 1T (w2, un2) 2 T (wz, upt) + 1T (wgg, un2) , Vg 2> uip, 1€ {Lh}
with strict inequality when wi; > uip, i € {l, h}.

As noted above, the supermodularity of the buyer’s profit function reflects a basic complementarity
between the indirect utilities offered to low- and high-quality sellers. An important implication of
this result is that the correspondence Uy, (u1) is weakly increasing. We use this property to construct
deviations to rule out gaps and mass points in the distribution Fy almost everywhere in its support; later,
in Section 4, we show that these mass points only occur in a knife-edge case. Hence, generically, the

marginal distribution F; has connected support and no mass points everywhere in its support.
3.4 Strict rank-preserving

In this section, we establish that every equilibrium has the property that the menus being offered are
strictly rank-preserving—that is, low- and high-quality sellers share the same ranking over the set of
menus offered in equilibrium—with the possible exception of the knife-edge case discussed above. We
prove this result by showing that the mapping between a buyer’s optimal offer to low- and high-quality

sellers, Uy, (uy), is a well-defined, strictly increasing function. We start with the following definition.

Definition 1. For any subset Uy of Supp (Fi), an equilibrium is strictly rank-preserving over U if the cor-
respondence Uy, (W) is a strictly increasing function of wy for all wy € Uy. An equilibrium is strictly rank-

preserving if it is strictly rank-preserving over Supp (Fy).

Equivalently, an equilibrium is strictly rank-preserving when, for any two points in the equilibrium
support (uy, uy) and (u’l,u’h), up > uy if and only if up > uj. Given this terminology, we can now

establish one of our key results.
Theorem 1. All equilibria are strictly rank-preserving over the set Supp (Fr) \ {vi}.

Theorem 1 follows from the facts established above. In particular, the strict supermodularity of
IT(uy, up) implies that Uy, (uy) is a weakly increasing correspondence. However, since Fy (-) and Fy, ()
are strictly increasing and continuous, we show that Uy, (1) can neither be multi-valued nor have flats.
Intuitively, if there exists a uw; > u; and u}, > uy such that up,uj € Un(uw), then the supermodu-
larity of TT(uy, un) implies that [un,uj] C Up(uy). Since Fi(-) has connected support, if Uy, were a

correspondence for some uy, then this would imply that Fi(-) must have a mass point at u;, which
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contradicts Proposition 1. Similarly, if there exists un and u] > u; offered in equilibrium such that
Up (u)) = Up(uy) = up, then Fy, would feature a mass point, in contradiction with Proposition 1. Hence,
U (ug) must be a strictly increasing function for all u; > u;.

Notice that, if F{(-) is continuous everywhere, then every menu offered in equilibrium is accepted by
exactly the same fraction of low- and high-quality noncaptive sellers. We state this result in the following

Corollary to Theorem 1.
Corollary 2. If Fy and Fy, are continuous, then Fy, (U (uy)) = Fy(uy).

Taken together, Theorem 1 and Corollary 2 simplify the construction of an equilibrium, which we un-
dertake in the next section. Specifically, when an equilibrium exists in which the marginal distributions
Fi and Fy, are continuous, then the equilibrium can be described compactly by the marginal distribution

Fi and the policy function Uy (uy).

4 Construction of Equilibrium

In this section, we use the properties established above to help construct equilibria. Then, we show
that the equilibrium we construct is unique. In this sense, we characterize the entire set of equilibrium

outcomes in our model.
4.1 Special Cases: Monopsony and Perfect Competition

To fix ideas, we first characterize equilibria in the well-known special cases of T = 0 and ™ = 1, i.e,
when sellers face a monopsonist and when they face two buyers in Bertrand competition, respectively.
As we will see, several features of the equilibrium in these two extreme cases guide our construction of

equilibria for the general case of 7 € (0,1).

Monopsony. When each seller meets with at most one buyer, the buyers solve

Vh —C1 Vh — Ch
max m(vi —uy) + Hp |[Vh —un +uy ,
(urup) Ch—C1 Ch—C

subject to the monotonicity and feasibility constraints in (13). The solution to this problem, summarized

in Lemma 3 below, is standard and, hence, we omit the proof.
Lemma 3. Suppose 7w =0, and let

b= 1— Hn <Vh_ch> ) (18)

H \Ch—C
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If 1 > O, then the unique equilibrium has w, = ¢y with x; = 1 and un, = cn with xp, = 0; if ¢y < 0, then

Uy = Up = Ch With xy = xn = 1; and if &y =0, then uy € [cy, cn] with x; =1 and uy, = cy, with xy, € [0, 1].

The parameter ¢ is a summary statistic for the adverse selection problem: it represents the net
marginal cost (to the buyer) of delivering an additional unit of utility to a low-quality seller. It is strictly
less than 1 because the direct cost of an additional unit of transfer to a low-quality seller is partially
offset by the indirect benefit of relaxing this seller’s incentive constraint, which allows the buyer to trade
more with a high-quality seller. This indirect benefit is captured by the second term on the right-hand
side: when this term is large, ¢ is small, the cost of trading with high-quality sellers is low, and adverse
selection is mild. Conversely, when this term is small, ¢ is large, it is costly to trade with high-quality
sellers, and therefore adverse selection is relatively severe. According to this measure, adverse selection
is thus severe when the relative fraction of high-quality sellers, un /1, is small; the gains from trading
with high-quality sellers, vy, — cy,, are relatively small; and/or the information rents associated with
separating high- and low-quality sellers, ct, — ¢y, are large.

When ¢ > 0, the net cost to a buyer of increasing u, is positive, so she sets u; as low as possible,
i.e., uy = c1. This implies that the high-quality seller is entirely shut out, i.e., x;, = 0. Otherwise, when
¢1 < 0, increasing u; yields a net benefit to the buyer. As a result, a buyer raises 1 until the monotonicity
constraint in (13) binds, i.e., she pools high- and low-quality sellers, offering uy =y = cp.

Before proceeding to the perfectly competitive case, we highlight two features of the equilibrium
under monopsony. First, buyers offer separating menus (up > w) when ¢y is positive and pooling menus
(up, = u) when ¢ is negative. Second, they make non-negative payoffs on both types when ¢1 > 0,
but lose money on low-quality sellers when ¢; < 0. In other words, the equilibrium features cross-

subsidization when ¢ is negative, but not when ¢ is positive.

Bertrand Competition. When competition is perfect, i.e., when 7t = 1, our setup becomes the same as
that in Rosenthal and Weiss (1984), and similar to that of Rothschild and Stiglitz (1976). In this case,
when ¢ > 0, the unique equilibrium is in pure strategies, with buyers offering the standard “least-cost
separating” contract; type 1 sellers earn u; = v; and type h sellers trade a fraction of their endowment
at a unit price of vy, such that the incentive constraint of the low-quality seller binds. However, when

$1 < 0, there is no pure strategy equilibrium.!® In this case, an equilibrium in mixed strategies emerges,

18 Al buyers offering the least-cost separating contract cannot be an equilibrium, as a pooling offer attracts both types and
yields positive profits to the buyer. All buyers offering pooling cannot be an equilibrium either, since it is vulnerable to a
cream-skimming deviation, wherein a competing buyer can draw away the high-quality seller by offering a contract with x <1
but at a higher price.
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as in Rosenthal and Weiss (1984) and Dasgupta and Maskin (1986)." Each buyer mixes over menus, all
of which involve negative profits from low-quality sellers, offset exactly by positive profits from high-
quality sellers, leading to zero profits. The marginal distribution Fy(-) is such that profitable deviations

are ruled out. The following lemma summarizes these results.

Lemma 4. When m = 1, the unique equilibrium is as follows: (i) if &1 > 0, then w = v with x; = 1 and

U = Vh(ch*c&iﬁ‘;("hfch) with xn = Ji=¢b; (i) if &1 < 0, then the symmetric equilibrium is described by the
distribution
U —w g
Flw) =(—"—= , (19)
Hh (Vh — V1)

with Supyp (Fi) = [vi, V] and Fr,(un) = Fi(Un(w)), where v = ppvn + vy and Uy (wy) satisfies
thTTh (wy, U (w)) + Ty (wg, Un (W) =0. (20)

As with m = 0, equilibrium when m = 1 features no cross-subsidization when ¢; > 0 and cross-
subsidization when ¢ < 0. However, unlike the case with m = 0, equilibrium with m = 1 features
separating contracts for all values of ¢1. These properties guide our construction of equilibria in the

next section, when we study the general case of 7t € (0,1).
4.2 General Case: Imperfect Competition

We now describe how to construct equilibria when 7t € (0,1). Recall that an equilibrium is summarized
by a distribution Fy(u;) and a strictly increasing function Uy, (u;). A key determinant of the structure of
equilibrium menus is whether the monotonicity constraint in (13) is binding. When it is slack, the local
optimality (or first-order) condition for uy, along with the strict rank-preserving condition that relates
Fr(Un(u)) = Fi(u) together characterize the equilibrium distribution F(uy). The function Uy, (1) then
follows from the requirement that all menus (u, Uy (1)) must yield the buyer equal profits. When the
monotonicity constraint is binding, the policy function is, by definition, Uy, (1) = 1.2

Our analysis of m = 0 and 7t = 1 points to the importance of ¢;. Recall that when ¢ > 0, the
monotonicity constraint was always slack. When ¢ < 0, on the other hand, the monotonicity constraint
was binding only when 7 = 0 and slack at t = 1. Guided by these results, we discuss our construction

separately for the ¢ > 0 and the ¢ < 0 cases.”!

9Luz (2014) shows that the equilibrium is unique.

200f course, up, = U, (uy) must be locally optimal as well, but this condition is implied by the joint requirements on u; and
Uy, (uy) described above.

21The equilibrium when ¢ = 0 has a slightly different structure and, for the sake of brevity, we relegate analysis of this
knife-edge case to Appendix C.
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Case 1: ¢ > 0. Given the analysis of m = 0 and 7@ = 1, we conjecture that, for any 7w € (0,1), the
monotonicity constraint is slack, i.e., that Uy (uy) > wy for all u; € Supp(Fy). Proposition 2 establishes

that this is indeed the case.

Proposition 2. For any m € (0,1) and ¢y > 0, there exists an equilibrium where Fy and Uy, satisfy the following

properties:

1. Fy solves the differential equation

7ifi (w)
1—m+ 7TF1 (LL[

] (vi—w) =1, (21)
with the boundary condition Fi(ci) = 0.

2. Un(w) > wy and satisfies the equal profit condition:
(1 =7+ mth (W) [unITh (w, Un (w)) + i (v —w)l = (1 =7 (vi — 1) (22)

Equation (21) is derived by taking the first-order condition of (12) with respect to u;—holding u
fixed—and then imposing the strict rank-preserving property.?? This necessary condition is familiar from
basic production theory. The left-hand side is the marginal benefit to the buyer of increasing w4, i.e., the
product of the semi-elasticity of demand and the profit per trade. The right-hand side, ¢y, represents the
marginal cost of increasing the utility of the low-quality seller, taking into account the fact that increasing
w; relaxes the incentive constraint.”> Note that, even though (21) ensures that local deviations by a buyer
from an equilibrium menu are not profitable, completing the proof requires ensuring that there are no
profitable global deviations as well; we establish that this is true in Appendix A.2.1.

The boundary condition requires that the lowest utility offered to the low-quality seller is c;. From
(22), and the fact that Fi(c;) = 0, we find Uy (c1) = cn, so that the worst menu offered in equilibrium
coincides with the monopsony outcome. Intuitively, if the worst menu offers more utility to low-quality
sellers than cy, the buyer could profit by decreasing u; and uy; the gains associated with trading at
better terms with the low types would exceed the losses associated from trading less quantity with high
types, precisely because ¢ > 0. Given that u; = cy, if the worst equilibrium menu offers more utility to
high-quality sellers than cp, then a buyer offering this menu could profit by decreasing un; his payoff

from trading with high types would increase without changing the payoffs from trading with low types.

22As we discuss in the proof of Proposition 2, this first-order condition requires three assumptions: that uy, > wy for all
menus; that there is no mass point at the lower bound of the support of F;(uy); and that the implied quantity traded by the
high-quality seller is interior in all trades, ie.,, 0 < xp = (up —wy) /(ch —c1) < 1, except possibly at the boundary of the
support of Fy. All of these assumptions are confirmed in equilibrium.

Bt is straightforward to derive a closed-form solution for F{(u;) from (21); see equation (48) in the Appendix.
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The final equilibrium object, Uy (uy), is characterized by the equal profit condtion: the left side of
(22) defines the buyer’s payoff from the menu (uy, U (1)), while the right side is the profit earned from

the worst contract offered in equilibrium. Figure 1 plots the two equilibrium functions in this region.

Fy(u) Un(ur)
Eh“
1
Ch, T
1 | | 1 |
1 1 1 Uy T I ! (]
q uy v @) u; (]

Figure 1: Equilibrium for 7t € (0,1), ¢ > 0. The left panel plots the CDF F; (u;) and the right panel plots the mapping Uy, (uy).

Notice from (21) that, since ¢ > 0, our equilibrium has v > u; for all menus in equilibrium, so that
buyers earn strictly positive profits from trading with low-quality sellers. It is straightforward to show
that buyers also earn strictly positive profits from trading with high-quality sellers. Hence, in this region,
the equilibrium features no cross-subsidization, as was the case for m = 0 and = 1. Finally, it is also
worth noting that the equilibrium distribution of offers converges to the limiting cases as 7t converges to
both 0 and 1; in the former case, the distribution converges to a mass point at the monopsony outcome,

while in the latter case, the distribution converges to a mass point at the least-cost separating outcome.

Case 2: ¢y < 0. In this region of the parameter space, the equilibrium features a pooling menu when
7t = 0 and a distribution of separating menus when 7t = 1. This leads us to conjecture that the equilibrium
for m € (0,1) can feature pooling, separating, or a mixture of the two, depending on the value of . The
following lemma formalizes this conjecture and shows the existence of a threshold utility for the offer
to low-quality sellers, such that all offers with u; below this threshold are pooling menus, while all
offers above the threshold are separating menus.?* Depending on whether this threshold lies at the
lower bound, the upper bound, or in the interior of the support of Fi(uy), there are three possible
cases, respectively: all equilibrium offers are separating menus, all are pooling menus, or there is a

mixture with some pooling menus (offering relatively low utility to the seller) and some separating

24 At this point, it may seem arbitrary to conjecture that pooling occurs at the bottom of the distribution and separation at the
top. As we will discuss later in the text, the reason this is ultimately true is that the cream-skimming deviation—which makes
the pooling offer suboptimal—becomes more attractive as the indirect utility being offered increases.
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menus (offering higher utility). Later, in Proposition 4, we provide conditions on ¢ and 7 under which

each case obtains.

Proposition 3. For any m € (0,1) and ¢y < 0, there exists an equilibrium where Fy and Uy, satisfy the following

properties:
1. There exists a threshold 1 such that, for any w, in the interior of Supp(F):

(@) ifuy <y, Un(uw) =wy and Fy satisfies

ey (w)
— =1, 23
T (HRVR + v —u) (23)

(b) ifuy >0y, Un(uw) > wy and Fy satisfies (21).
2. Un(w) = choand Up () = .

To understand the first set of (necessary) conditions in Proposition 3, consider the region where the
buyers offer pooling menus. Here, buyers trade off profit per trade against the probability of trade, with
no interaction between offers and incentive constraints. As a result, the equilibrium in this pooling region
behaves as in the canonical Burdett and Judd (1983) single-quality model, with the buyer’s payoff equal
to the average value upvh + (1 — pp)vi. This yields (23). In the region where buyers offer separating
menus, Fi(u) is characterized by the local optimality condition (21), exactly as in the ¢y > 0 case. Recall
from our discussion that this differential equation accounts explicitly for the effect of an offer u; on the
seller’s incentive constraint. In this region, Uy, (1) is determined by the equal profit condition.

The second part of the result describes boundary conditions for the worst and best menus offered
in equilibrium. The first condition requires that the worst menu yields utility cy to high-quality sellers.
To see why, suppose the worst menu is a pooling menu with Uy (1) = u; > cn. Then, lowering both
up, and uy leads to strictly higher profits. If the worst menu is separating with Uy, (w,) > cy, then a
downward deviation in only wuy, is feasible and strictly increases profits. The second condition requires
that the best menu offered in equilibrium is a pooling menu. Intuitively, if the best menu offered in
equilibrium were a separating menu, then x;, < 1. This cannot be optimal when ¢; < 0: the buyer can
trade more with the high-quality seller by increasing the utility offered to low-quality sellers. Since this
is already the best menu in equilibrium, this deviation has no impact on the number of sellers the buyer
attracts but yields strictly higher profits.

Given these properties, we now establish two critical values—¢1 (7t) and ¢z (), with ¢a(71) < d1(7) <

O0—that determine which of the three cases described above emerge in equilibrium. When ¢ < ¢, (),
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Figure 2: The mapping Uy, (uy) for all pooling, all separating, and mixed equilibria when ¢ < 0

the threshold {1y = u; and there is an all pooling equilibrium. When ¢1 > ¢1(m), the monotonicity
constraint is slack almost everywhere, so that {i; = u;, and the equilibrium features all separating menus.
Finally, if ¢ lies between these two critical values, we have a mixed equilibrium, with an intermediate

threshold iy € (uy, ). Figure 2 illustrates Uy, (u;) for all three possibilities.

Proposition 4. For any mt € (0, 1), there exist two cutoffs ¢a(71) < $1(7) < 0 such that an all pooling equilibrium
exists for all o1 < $o(7), a mixed equilibrium exists for all gy € (pa(7), d1 (7)), and an all separating equilibrium

exists for all o1 € (p1(m),0).

Intuitively, for a pooling menu (u,uy) to be offered in equilibrium, the cream-skimming deviation
(u —&,uq) for some ¢ > 0 cannot yield strictly higher profits. To see how incentives to cream-skim vary
with ¢1 and 7, notice that there are two sources of higher profits from the menu (u; — ¢, 1), relative to
the candidate pooling menu. First, it decreases the loss conditional on trading with a low-quality seller.
Second, it reduces the probability of trading with a noncaptive low-quality seller; since the buyer loses
money on these sellers, this reduction in trading probability raises profits. The cost of cream-skimming
is that the buyer earns lower profits on high-quality sellers. Therefore, incentives to cream-skim are
weak—and thus pooling is easier to sustain—when high-quality sellers are relatively abundant (¢ very
negative) and/or there are relatively few noncaptive sellers (7t is small).

The higher the level of utility being offered in a pooling menu, the more vulnerable it is to cream-
skimming. Hence, if such a deviation is profitable at the lowest candidate value, ct,, then pooling cannot
be sustained at all: this is the condition that determines the cutoff ¢1(7m). Similarly, the cutoff ¢, (m)
defines the boundary at which cream-skimming is not profitable even at the best pooling menu, 1;. We
derive these thresholds formally and provide a full equilibrium characterization in Appendix A.2.2.

Notice that, in all three cases, u; > vy (since u; > cp > vy) so that buyers always suffer losses
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when trading with low-quality sellers. Hence, as in the extreme cases of 1 = 0 and 7 = 1, there is
cross-subsidization in every equilibrium when ¢ < 0. Finally, as in the case of ¢ > 0, the equilibrium
distribution converges to the limiting cases as 7 converges to both 0 and 1.

Figure 3 summarizes the various types of equilibria and the regions in which each one obtains. The
x- and y-axes represent the intensity of competition and severity of adverse selection, respectively. Recall
that the latter is summarized by ¢, which is a function of py,, the fraction of high-quality goods, as well
as the valuations vy, cn, c1. For concreteness, we use py to vary ¢ on the y-axis—a higher fraction of

high-quality goods implies a lower ¢; and, therefore, milder adverse selection.”
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Figure 3: Equilibrium regions

4.3 Uniqueness

In the previous section, we constructed equilibria for all 7t € (0,1) and ¢y < 1. In Theorem 2, below, we
establish that these equilibria are unique. For intuition, we sketch the arguments here for ¢ # 0.2° First,
we show that for all ¢ # 0, no equilibrium features a mass point, even at vi. Next, when ¢ > 0, we
prove that no equilibrium features pooling menus on a positive measure subset of Fy. In this case, since
equilibria have no mass points and must be separating almost everywhere, the equilibrium we construct
in Proposition 2 describes the unique equilibrium.

When ¢ < 0, we demonstrate uniqueness of the equilibrium with a threshold 1, in steps. First, we
show that any equilibrium features pooling at the upper bound of the support of F;. Second, we prove

that any equilibrium features at most one interval of pooling menus followed by at most one interval

25The boundaries are also redefined accordingly: pn < Ko if and only if ¢y > 0 and py, < pj(7t) if and only if ¢y > () for

jef{l,2}.
26In Appendix C, we also prove uniqueness for the knife-edge case of ¢ = 0.
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of separating menus. Third, we prove that the equilibria characterized in Proposition 4 are mutually
exclusive, so that equilibria without mass points are unique. Since no equilibrium features mass points
when ¢1 < 0, these results establish the uniqueness of the equilibrium characterized in Proposition 4.

We summarize these results in the following theorem.
Theorem 2. For any 7 € (0,1) and &1 € R, there exists an equilibrium and it is unique.

Note that we obtain a unique equilibrium without any refinements or other restrictions on off-path
behavior. This is because buyers’ payoffs are well-defined for any offer. In particular, since buyers are
not capacity-constrained, the fraction of type i € {1, h} sellers who accept any offer (uy, un) is uniquely
determined by the (exogenous) meeting technology and the (endogenous) distribution of offers F; and

Fh 27
4.4 Discussion

The equilibrium characterized above has a number of testable implications for transaction prices and
quantities. The first set of predictions pertains to properties of equilibrium menus. We highlight three
robust predictions. First, the strict rank-preserving property suggests a positive correlation between
the contracts that buyers offer to different types of sellers: those buyers who make attractive offers to
low-quality sellers will also make attractive offers to high-quality sellers. Hence, in equilibrium, buyers
do not specialize in trading with a particular type of seller, but rather trade with equal frequency across
all types. Second, whether buyers pool different types of sellers or separate them (using a menu of
options) depends crucially on the severity of the two frictions.”® Pooling is more likely in markets where
competition among buyers is relatively weak and adverse selection is relatively mild. Alternatively,
separation is more likely when adverse selection is relatively severe—so that the information costs of
trading with high-quality sellers are large relative to the benefits—and competition is relatively strong—
so that the payoffs from cream-skimming are relatively high.?’ Third, the theory also predicts that menus
that are less attractive from the perspective of sellers are more likely to be pooling. In other words, those
who are posting offers with relatively unattractive terms should be offering fewer options and should

account for a smaller share of observed transactions.

Z’Refinements are often necessary in models with capacity-constrained buyers, when two types of sellers would like to accept
an off-path offer, and the probability that each type is able to execute the trade is not pinned down.

28This result stands in stark contrast to, e.g., Guerrieri et al. (2010). In that model, and many like it, the quantity traded with
high-quality sellers is independent of the distribution of types in the market; trade with high-quality sellers is distorted even if
the fraction of low-quality goods in the market is arbitrarily small.

Y Consistent with our findings, Decarolis and Guglielmo (2015) find evidence of greater cream-skimming by health insurance
providers when the market is more competitive.
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The second set of implications pertains to dispersion. Note that, in the region with separating menus,
the model predicts dispersion within and across types. This is true both for quantities traded (coverage
in an insurance context or loan size in a credit market context) as well as prices (premia or interest
rates, respectively). The extent of dispersion—both the support and the standard deviation of the quan-
tity /price distributions—is determined by the interaction of competition (measured by 71) and adverse
selection (measured by ¢1). This joint dependence calls into question the practice of identifying imper-
fect competition or asymmetric information in isolation using cross-sectional dispersion. For example,
a common empirical strategy to identify adverse selection is to test the correlation between the quantity
an agent trades and her type, as measured by ex-post outcomes.*’ In our equilibrium, there is a negative
correlation between the seller’s quality and the quantity she sells, but the quantitative strength of this
relationship is also a function of the market structure. As a result, using the relationship between quan-
tity and type without accounting for the imperfect nature of competition is likely to yield misleading
conclusions. A similar concern applies to the strategy of identifying search frictions from price disper-
sion.>! In markets where adverse selection is a concern, the extent of cross-sectional variation in terms
of trade is also a function of selection-related parameters. Obtaining an accurate assessment of trading

frictions in such settings thus requires controlling for the underlying distribution of types.

5 Increasing Competition and Reducing Information Asymmetries

Many markets in which adverse selection is a first-order concern are experiencing dramatic changes.
Some of these changes are regulatory in nature; for example, as we describe in greater detail below,
there are several recent policy initiatives to make health insurance markets and over-the-counter markets
for financial securities more competitive and transparent. Other changes derive from technological
improvements; for example, advances in credit scoring reduce information asymmetries in loan markets.

In this section, we use the framework developed above to examine the likely effects of these types
of changes on economic activity. Our metric for economic activity is the utilitarian welfare function,
which measures the expected gains from trade that are realized in equilibrium. We show that increasing
competition or reducing information asymmetries can worsen the distortions from adverse selection—
thereby decreasing the expected gains from trade—when markets are relatively competitive. As a result,

initiatives to make these markets more competitive or transparent are only welfare-improving when both

30This technique for identifying adverse selection has been applied to a number of markets, following the seminal paper by
Chiappori and Salanie (2000); recent examples include Ivashina (2009), Einav et al. (2010b), and Crawford et al. (2015).

31Using dispersion in prices to help identify search frictions is standard practice in the IO literature; for a recent example,
see Gavazza (2015).
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frictions are relatively severe, i.e., when buyers have a lot of market power (i.e., when 7 is low) and the
adverse selection problem is relatively severe (i.e., when ¢, is high).

While these comparative statics are certainly informative, one may be concerned that they reflect an
inefficiency in the particular game we postulate between buyers and sellers. At the end of this section,
we derive a constrained efficient benchmark, taking the search and information frictions as given. We
show that, in the region of the parameter space where ¢ > 0, equilibrium gains from trade coincide
with those in the constrained efficient benchmark. This suggests that the comparative statics results that
we described above are not a consequence of the particular game we have modeled, but rather a more

fundamental feature of markets with adverse selection and imperfect competition.
5.1 Utilitarian Welfare

As noted above, our metric for economic activity will be the objective of a utilitarian planner, defined as

the expected gains from trade realized between buyers and sellers, or
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where, in a slight abuse of notation, we let

CUp(w)—w

25
p— (25)

Xp (W) =1

The first term in (24) represents the gains from trade generated by low quality goods; since all sellers
receive at least one offer and x; = 1 in every trade, all low-quality goods are transferred to the buyer. The
second term captures the expected gains from trade between buyers and captive high-quality sellers. In
particular, from equation (3), we can write the measure of captive sellers as 1 —p = % A randomly
selected captive high-quality seller transfers xy (u1) to the buyer and consumes the remaining 1 —xp (u)
herself, where u; is drawn from F; (uy). Finally, the last term in (24) captures the expected gains from
trade between buyers and noncaptive high-quality sellers. A measure p = 5 of sellers are noncaptive

and, since noncaptive sellers choose the maximum indirect utility among the two offers they receive,

they trade an amount xy, (u;) where u; is drawn from F; (ul)z.

25



5.2 Increasing Competition

We first study the effects of increasing competition, which has been a common policy response to address
perceived failures in markets for insurance, credit, and certain types of financial securities.’?> We do so
by examining the relationship between welfare and competition, as captured by 7. In Proposition 5,
we establish that welfare is maximized at m = 0 when the adverse selection problem is relatively mild.
However, when the adverse selection problem is severe, we show that W is hump-shaped in 7; i.e., there

is an interior level of competition that maximizes welfare in this region of the parameter space.
Proposition 5. If ¢ < 0, welfare is maximized at m = 0. Otherwise, it is maximized at a 7t € (0, 1).

The first result is straightforward. Since a monopsonist offers a pooling contract in this region of
the parameter space, all gains from trade are realized. Competition only serves to increase incentives to
cream-skim. When these incentives are sufficiently strong, equilibrium menus offer high-quality sellers
a higher price but a lower quantity to trade in order to ensure that such a deviation is not profitable,
causing a decline in welfare.

The second result—that welfare is maximized at an interior value of 7T when ¢ > 0—is less obvious.
To see the intuition for this result, first note that, as 7 increases, F; (u;) increases in the sense of first-
order stochastic dominance: Fi(uy) shifts to the right and 1} increases. Intuitively, in equilibrium, more
competition forces buyers to allocate more surplus to sellers. Second, and crucially, xi (u1) is hump-
shaped in u;: it increases near the monopsony offer c{, and decreases when 1 is sufficiently close to
the competitive offer, vi. When 7 is close to zero, 1 is relatively small and the distribution of offers
is clustered near the monopsony contract; a small increase in 7t causes a rightward shift in the density
of offers to values of u; associated with higher values of xy,, increasing the gains from trade realized
between buyers and high-quality sellers. In contrast, when 7t is close to 1, Uy is close to v, and the
distribution of offers is clustered near the competitive contract; in this case, a small increase in 7 causes
a shift toward values of u; associated with lower values of xy,.

Therefore, understanding why welfare is hump-shaped in 7t ultimately requires understanding why

xn(ur) is hump-shaped in u;. Note that, ceteris paribus, an increase in u; relaxes the type 1 seller’s

$2For example, a recent report by the Congressional Budget Office (2014) argues for “fostering greater competition” in
health insurance plans by developing “policies that would increase the average number of sponsors per region,” which would
then “increase the likelihood that beneficiaries would select low-cost plans.” Similarly, the U.S. Treasury (2010) argued that
the Consumer Financial Protection Bureau “will make consumer financial markets more transparent — and that’s good for
everyone: The agency will give Americans [...] the tools they need to comparison shop for the best prices and the best loans,
which will [...] increase competition and innovations that benefit borrowers.” A similar rationale underlies the Core Principles
and Other Requirements for Swap Execution Facilities (Commodity Futures Trading Commission (2013)), issued under the
Dodd-Frank Wall Street Reform and Consumer Protection Act, which requires that a swap facility sends a buyer’s request for
price quotes to a minimum number of sellers before a trade can be executed.
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incentive compatibility constraint, allowing buyers to raise xy. In contrast, ceteris paribus, an increase in
un, tightens the type 1 seller’s incentive compatibility constraint, requiring buyers to lower x},. Thus, as
offers to both types increase, the net effect on x}, depends on which one rises faster—formally, whether
U{ (uy) is greater or less than 1. Figure 4 illustrates this relationship between the quantity traded with
high types, xn, and the rate at which u;, and u; increase within the set of equilibrium menus being
offered. The figure reveals that u; rises faster than uy, for smaller values of uy, so that x}, is increasing

in this region. However, as u; nears vy, uy, rises faster and thus xy, is decreasing in this region.

Ty Un(w)
Hh_

Ch

! u* ! u;
q U

U

Figure 4: Trade (xy,) and Utility (U, ) of high-quality seller as functions of u; when 7 > 0.

To explain the hump-shape of welfare, then, we need to understand why U (u) < 1 for low levels of
up and U{, (uy) > 1 for high levels of u;. While this slope is a complicated equilibrium object, determined
by the interaction of an individual buyer’s optimal strategy and the equilibrium distribution of offers,
the basic intuition can be understood through two opposing forces. First, it is cheaper for buyers to
provide utility to the low type (relative to the high type) because doing so has the additional benefit of
relaxing the incentive constraints; we call this the “incentive effect” and this force tends to reduce the
slope, U, (u). Second, as u, rises, buyers have more incentive to attract type h sellers, relative to type 1
sellers; formally, one can show that T, (uy, Up (w))/TT (uy, up) is increasing in uy. This effect, which we
call the “composition effect,” leads them to increase uy, at faster rates at higher u;.

To illustrate these two forces more clearly, consider the following optimality condition that any
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equilibrium menu (uy, Up (uy)) must satisfy:33

G TTh(u, Un(w))
bn M (w)
~———

incentive effect composition effect

Uy (w) =

(26)

where ¢y, = (vih —c1)/(ch —c1) is the marginal cost of providing an additional unit of utility to type

arty,

h sellers—i.e., ¢ = T

—and for notational convenience TT;(u;) = TTi(uy, un). The first term, the
incentive effect, is the ratio of the marginal costs of providing utility to the two types of sellers. Since
this term is strictly less than 1, all else equal, the incentive effect leads to more aggressive competition
for the low type and, therefore, to uy, rising more slowly than uy.

The second term, the ratio of profits, can be larger or smaller than 1, depending on u;. When ug
is close to the monopsony outcome, ITy, ~ 0, so the composition effect is also less than 1 and we have
U{ (u) < 1. However, as u; approaches the upper bound vy, this second term overwhelms the incentive
effect, resulting in U{ (u;) > 1. In fact, one can show that lim,, v, %‘: = limy, v, U{, = oo. To see
why, note that (applying 1"'Hopital’s rule) reveals

dTTh (ug, U (wy))

o Mp(w, Un(w)) . duy L / Vh —Ch
W T M) e amoa W, St o @
u
If this limit were finite, then
. $1 T (uy, Un (wy)) / $1 Vh —Ch /
1 —_— =du - < u , 28
Ao M () Gy, (1) pr—— n(vt) (28)

which implies that (26) cannot hold. In words, if the ratio of profits is finite in the limit, buyers have
incentive to offer a lower u,. The only way to discourage such deviations is to make high types more

profitable—in the limit, infinitely so. This is why x/{ (1) < 0 close to the Bertrand outcome.
5.3 Reducing Information Asymmetries

We now study the welfare consequences of reducing informational asymmetries. This exercise sheds
light on the implications of certain policy initiatives, as well as the effects of various technological
innovations. For example, an important debate in insurance, credit, and financial markets centers around

information that the informed party (the seller in our context) is required to disclose and the extent to

33This equation combines the optimality condition (21) for uy, the corresponding optimality condition for wy,,

ﬁfh

" 1, = ,
1—mn+nFy n=On

and the strict rank-preserving property Fy(ui) = F, (Up (u1)), which implies f; = fi Uy, (uy).
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which such information can be used by the uninformed party (the buyers in our model) to discriminate.>*
Moreover, technological developments in these markets also have the potential to decrease informational
asymmetries, as advanced record-keeping and more sophisticated scoring systems (e.g., credit scores)
provide buyers with more and/or better information about sellers’ intrinsic types.®

To study the effects of these changes, we introduce a noisy public signal s € {0,1} about the quality of
each seller.?® The signal is informative, so that Pr(s = 1|h) = Pr(s = 0[1) > 0.5. Since the signal is publicly
observed, the buyers may condition their offers on it, i.e., they offer separate menus for sellers with s =0
and s = 1. Thus, the economy now has two subgroups, j € {0, 1}, with the fraction of high-quality sellers

in subgroup j given by
_ Hr Pr(s=jlh)
ph Pris=jlh)+m (1-Pr(s=jl1))"

Hhj

Note that the average across subgroups is equal to the unconditional fraction of high types, i.e., E[un;] =
th. The equilibrium outcome for each subgroup can be constructed using the procedure in Section 4 with
the appropriate pnj. Welfare is then given by the average welfare across subgroups, i.e., E[W/(m, pp;)].
When buyers do not observe a signal (or, equivalently, are not permitted to condition their offers on it),
welfare is simply W(m, E[un;]). Hence, whether the signal increases or decreases welfare, respectively,
depends on whether W(m, puy,) is convex or concave in py in the relevant region.

Before proceeding, two comments are in order. First, our focus is on the effect of a small increase
in the information available to buyers; that is, we are interested in signals that induce a local mean-
preserving spread around py,. Very informative signals always improve welfare—for example, if buyers
receive a perfect signal about sellers’” types, then all gains from trade are realized —but this is not a very
interesting or realistic experiment. Second, we focus on the region with pn, < py, so that ¢y > 0, which
is more tractable and shows interesting interactions between competition and additional information.”

Moreover, in this region, W is linear in pp, when 7t = 0 or 7t = 1. Hence, imposing monopsony or perfect

competition would lead us to the conclusion that additional information has no effect on welfare.

34n insurance markets, these questions typically concern an individual’s health factors, both observable (e.g., age or gender)
and unobservable (e.g., pre-existing conditions) to the insurance provider. In credit markets, similar questions arise with respect
to observable characteristics that can legally be used in determining a borrower’s creditworthiness, as well as the amount of
information about a borrower’s credit history that should be available to lenders (e.g., how long a delinquency stays on an
individual’s credit history). In financial markets, the relevant issue is not only whether a seller discloses relevant information
about an asset to a buyer, but also whether the payoff structure of the asset is sufficiently transparent for sellers to distinguish
good from bad assets. For example, in order to support “sustainable securitisation markets,” the Basel Committee on Banking
Supervision and the International Organization of Securities Commissions established a joint task force to identify criteria for
“simple, transparent, and comparable” securitized assets. See http:/ /www.bis.org/bcbs/publ/d304.pdf.

%See, e.g., Chatterjee et al. (2011) and Einav et al. (2013) for a description of how the emergence of standardized scoring
systems in credit markets have radically changed lenders’ ability to assess a borrower’s creditworthiness.

36The restriction to a binary signal is only for simplicity. It is easy to introduce richer information structures.

37Numerical simulations suggest that additional information always reduces welfare when 1, > .
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Proposition 6 shows that W has a strictly convex region when 7 is sufficiently low, implying that more
information is beneficial when markets are close to (but not at) the monopsony benchmark. Alternatively,
when markets are relatively (but not perfectly) competitive, W has a strictly concave region, implying

that more information actually reduces welfare.

Proposition 6. There exist 7,7t € (0,1) such that: (i) for all m € (0, 7t), there exists 0 < My, <Hp <Ho such that
W is strictly convex on the interval [, , 'y, and (ii) for all 7w € (7, 1), there exists 0 < E]’1 < Ty, < Mo such that

W is strictly concave on the interval [B{L, .

To see the intuition behind Proposition 6, recall from the previous subsection that trade with the high-
quality seller (and thus welfare) is governed by the interaction of the incentive effect and the relative
profit (or composition) effect. The consequences of more information can be understood in terms of these
two forces, too, which depend on the severity of adverse selection. In particular, a lower ¢ drives down
the first term in (26), which encourages more competition for low-quality sellers and, hence, boosts
trade and welfare. Now, from (18), we see that ¢, is a concave function of uy. Since the additional
signal induces a mean-preserving spread of py, it results in a lower ¢ on average, which, ceteris paribus,
increases trade. This mechanism makes more information desirable. The effect from relative profits goes
in the opposite direction. In equilibrium, milder adverse selection raises profits from high types relative
to low types, which increases U, and hence decreases trade. Close to monopsony, since the incentive
effect dominates, more information raises welfare. The opposite happens when 7t is close to 1 and the

effect on relative profits dominates.
5.4 Constrained Efficiency

The analysis above establishes that, for the case of ¢ > 0, increasing competition and reducing informa-
tion asymmetries can have non-monotonic effects on the equilibrium volume of trade, and hence on the
(utilitarian) welfare measure. However, one might be concerned that this non-monotonicity is an artifact
of the particular game we study, as opposed to a robust feature of markets with asymmetric informa-
tion. To address this concern, we now derive a constrained efficient benchmark, taking as given both
the information and search frictions, and show that the expected volume of trade in our equilibrium
coincides with that of the constrained efficient allocation when adverse selection is severe.

Though much of the formal analysis is relegated to the Appendix, we sketch the key features of our
constrained efficient benchmark here. The type of a seller i € [0,1], which is private information, can

be summarized by a tuple 6; € © = {l,h} x {0, 1} x {0,1}, where the first element indicates the quality
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of the seller’s good, while the second and third elements equal 1 if the seller is matched with buyer 1
and buyer 2, respectively, and equal 0 otherwise. The type of buyer k € {1,2} can be summarized by a
function m* : [0,1] ~ {0, 1}, such that m¥*(i) = 1 if buyer k is matched with seller i and 0 otherwise.
Given this specification, a direct mechanism prescribes a transfer of numeraire, t‘f € R, and a transfer
of goods, x‘f € [0,1], for each i € [0,1] and k € {1,2} based on the reported types:”8 These transfers have
to satisfy a number of constraints. The first is feasibility: given our assumption that trade can only occur
between agents who are matched, it must be that x]f = t‘f = 0 if m*(1) = 0. The second is individual
rationality: we assume that agents always have the option to play the game we analyze in Sections 24,
should one of them reject the proposed mechanism, so that that their expected payoffs have to be at
least as good as the payoffs they receive in the equilibrium. The third constraint is incentive compatibility:
allocations have to induce sellers to truthfully reveal both the quality of their good and the buyers with
whom they are matched. The final constraint is exclusivity: consistent with our benchmark model, we
assume that x}x? = 0 for all i € [0, 1], so that sellers may not transfer some of their good to both buyers.
A constrained efficient allocation maximizes a pareto-weighted sum of utilities (of buyers and each
type of seller) subject to the constraints described above. We say that an equilibrium is constrained effi-

cient if the associated expected utilities coincide with those induced by a constrained efficient allocation.

Proposition 7. If ¢ > 0 or &y < ¢o, then the equilibrium is constrained efficient. If &y € [¢po, 0], then the

equilibrium is constrained inefficient.

Proposition 7 establishes that the equilibrium yields the same gains from trade and welfare as a
constrained efficient mechanism when ¢; > 0, but not necessarily when ¢; < 0. In particular, when
o1 € [¢p2,0] and expected trading volume of high-quality goods is less than 1, a benevolent planner
can improve upon equilibrium allocations by inducing a greater degree of cross-subsidization from
high- to low-quality sellers. The source of this inefficiency—that buyers’ incentives to cream skim high
quality sellers limits equilibrium cross-subsidization—is similar to that which arises in many models
with adverse selection and competition (see, e.g., Rothschild and Stiglitz, 1976; Guerrieri et al., 2010).

Most importantly, Proposition 7 reveals that a benevolent planner cannot propose a trading mecha-
nism that would strictly increase trading volume or welfare, relative to our equilibrium allocation, given
¢1 > 0 and 7w € [0,1]. This is true despite the fact that the planner faces a weaker set of incentive

constraints than the buyer: since seller i is matched with buyer k if and only if buyer k is matched with

3The Revelation Principle applies immediately to this environment, so that restricting attention to direct mechanisms is
without loss of generality.
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seller i, the planner can easily design a mechanism that costlessly induces sellers to truthfully reveal the
buyers with whom they are matched. Hence, the only relevant incentive constraints are those which
induce sellers to truthfully reveal their quality.

Finally, Proposition 7 reports efficiency properties of equilibrium allocations for any degree of ad-
verse selection and competition. However, while information frictions are often considered a primitive,
one could argue that the degree of competition in a market is instead an outcome. A natural question,
then, is whether the optimal level of competition arises in an environment where this level is deter-
mined by the choices of market participants. In the next section, we extend our analysis to study an
environment where the market structure—summarized by m—is endogenous. We study the relationship
between 7 and the severity of adverse selection, and we ask whether a benevolent planner could increase

welfare by influencing the degree of compe’ci’cion.39

6 Endogenous Market Structure

In this section, we allow buyers a choice over how intensely they advertise their offers to sellers. This
exercise has two benefits: the degree of competition will be endogenously determined; and the measure of
sellers who are contacted by at least one buyer, or what is often called coverage, will also be endogenously
determined. This allows us to study which features of the environment determine the market structure

and the corresponding welfare implications.

Setting. Suppose that, in addition to choosing a menu of contracts to offer, each buyer k € {1,2} must
also choose the effort or intensity with which their offer will be advertised to sellers; exerting effort
is costly, but increases the likelihood that each seller observes their offer. We can model this choice
formally by assuming that buyer k can choose the probability A* that each seller observes his offer by
incurring a cost C(#*), which is a continuously differentiable, strictly increasing, and strictly convex

function with C(0) = C’(0) = 0 and C’(1) = 00.*’ Note that t* represents a slightly different object than

3IA related exercise is to consider interventions that mimic the effects of increasing or decreasing competition. In the
working paper version, Lester et al. (2015b), we study what happens when the government enters a market suffering from
adverse selection as a “large buyer,” as it has in, e.g., the markets for student loans, health insurance (where the government
offers a “public option”), or certain financial assets (where the government considered using money from the Troubled Asset
Relief Program to purchase asset-backed securities). We show that, by offering to buy any quantity at a fixed price, the
government can increase sellers’ outside option and promote more competition, which recreates the effects of increasing 7.
Such an intervention can increase our measure of welfare only when both market power and the distortions arising from
adverse selection are severe. Otherwise, in stark contrast to existing studies of such interventions in competitive environments
(see, e.g., Tirole, 2012; Guerrieri and Shimer, 2014a), we show that such programs can be detrimental to welfare even if, in
principle, the intervention makes non-negative profits.

“ONote that this implies a fraction (1—#!) (1—#2) of sellers receive zero offers. This is the sense in which coverage is
endogenous in the current setup, whereas we fixed this fraction (to zero) in our benchmark model.
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7t represented in our benchmark model, since it affects both competition and coverage. However, what

is crucial is that—just like 7 in our earlier analysis—#* is the conditional probability that a seller who

k k

buyer k meets has a second offer. Hence, in a symmetric Nash equilibrium, A* = A~ = # remains the

key determinant of the level of competition.

The buyer’s problem. Taking as given the other buyer’s advertising intensity, A, and the distribution
of offers that he makes to sellers of type i € {1, h}, which we denote F; *(u*), buyer k chooses a tuple

(A%, uk, uk) to maximize

> ow [AR (L= AT ARATRER (W) T (uf, ), (29)
ie{lh}
subject to the same participation and incentive constraints described in the benchmark model, with
TT; (+, ) defined in (14)—(15).

Factoring out A* from (29), one can immediately see that the choice of A* and (uf, uk) are separable.
Hence, given AKX, the first order conditions on u‘f and uﬁ are exactly as they were before (replacing 7
with A~¥), while the first order condition determining the optimal choice of A* is

C'(#) = ) w[l—A A F ™ ud)]m (uf,uf). (30)
ie{Lh}
In a symmetric equilibrium, where #A! = A2 = #, equation (30) implies that the marginal cost of increasing

7t is equal to the equilibrium profits characterized in Propositions 2 and 3. Since these profits are

decreasing in 7, the next result follows almost immediately.

Proposition 8. For any ¢y < 1, there exists a unique symmetric equilibrium, with #* € (0,1) and {F; (ui) e, ny

as described in Propositions 2 and 3.

In Lemma 5, below, we offer comparative statics with respect to the fraction of high quality sellers,
th.*! Recall that there exists a g such that ¢1 > 0 if and only if py, < po. We show that the equilibrium

7* is U-shaped in puy, achieving a minimum at py, = .

Lemma 5. The equilibrium advertising intensity #t* is decreasing in uy when pn < Wy and increasing in py

when un > Y.

To understand the intuition, consider first the case of “severe adverse selection,” i.e., when u, < W

or, equivalently, when ¢ > 0. In this region, once information rents are taken into account, the buyer’s

4IThe same techniques we use to derive these results can be applied equally easily for other parameters, as well.
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payoff from trading with low-quality sellers is larger than the payoff from trading with high-quality
sellers (even if vy, —cn > vy —c1). Thus, from the buyer’s perspective, an increase in py, in this region
actually worsens the pool of potential sellers and, as a result, buyers optimally choose a lower #. The
opposite is true when py, > pp, where we say adverse selection is “mild.” In this region, after adjusting
for information rents, it is relatively more profitable to trade with high quality sellers, and thus buyers
optimally choose larger values of 7t as the fraction of high quality sellers increases.

Lemma 5 has implications for the relationship between the composition of high- and low-quality
sellers in a market and the (endogenous) level of competition that prevails. In particular, this result
suggests that competition for customers should be strongest in markets with less uncertainty about
sellers” types (i.e., extreme values of uy), and weakest in markets with more uncertainty about sellers’
types (i.e., intermediate values of py,).

The model with endogenous 7 also allows us to connect some of our welfare results to more concrete
implications for policy. To see this, suppose C(t*) = Ac(#*) for some positive constant A > 0, and
consider the effect of taxing buyers’ advertising intensities according to a proportional tax, t#. For
simplicity, suppose all tax proceeds are then simply rebated to the agents. In Lemma 6, below, we
establish that welfare is increasing in T in some regions of the parameter space. That is, a policy making

it more costly for buyers to contact sellers can improve welfare.
Lemma 6. Suppose ¢y > 0. There exists an A > 0 such that welfare is increasing in < for all A < A.

The result in Lemma 6 follows closely from the fact that welfare is hump-shaped in 7, even taking
into account that an increase in 7 increases coverage. As a result, when A is sufficiently small, * is large

and a decrease in A*—brought about by an increase in T—causes welfare to rise.

7 Large Markets and Meeting Technologies

In this section, we show how our analysis and results extend to a more general environment in which
there are an arbitrarily large number of buyers and sellers, and a more general meeting technology. In
particular, suppose there is a measure b of buyers and a measure s of sellers. As in our benchmark
model, buyers send out offers and sellers receive these offers. The meeting technology dictates the
number of offers each buyer gets to send, and where these offers end up.

Formally, let n denote the (expected) number of offers that each buyer sends, and let

A==
S

34



denote the ratio of offers to sellers. In addition, let P,, denote the probability that each seller receives
n € {0} UN offers. A meeting technology, then, can be succinctly summarized by a pair (A, P,).*> From
a buyer’s perspective, a meeting technology implies that an offer he sends is received by a seller with

n — 1 other offers with probability Q,, where
NP, =AQn foralln € IN. (31)

Following the convention in the literature, we let Qg =1— 3 7_; Qn denote the probability that an offer
doesn’t reach a seller.

In what follows, we first show how to characterize the equilibrium for any meeting technology
using the tools we developed in the two-buyer case. Then, we define the utilitarian welfare measure
in this generalized environment, and study what happens when the meeting technology becomes “less
frictional,” i.e., when sellers receive more offers (in a sense to be made precise). We show that there are
two effects. First, as in our benchmark model, fewer frictions imply more competition, which can cause
welfare to fall when the market is sufficiently close to perfect competition. Second, fewer frictions imply
that more sellers receive at least one offer—i.e., that market coverage increases—which causes welfare to
go up. Using several examples, we show that welfare continues to be maximized at an interior level of

frictions, so long as the latter effect is not too strong.
7.1 Characterizing Equilibrium

As in our benchmark model, we restrict attention to symmetric equilibria, where {F; (u;)}ieq,nh) summa-
rizes the distribution of menus being offered by buyers. Taking this distribution as given, an individual
buyer makes an offer (u, uy) that solves

o
—1
po 3w et

ie{lLh} n=1

T (uy, up), (32)

where, again, TT; (u, up) is defined in (14)—(15). Importantly, the objective in (32) can be re-written

- Ql - Qn” "_1
5] 5 o[ e i)
(n—l ie{l,h} anzl Qn’ n’—=2 Zn/:l Qn/
or, equivalently,
[1—Qol D will—A+AG(uy)] Ti(w, un) (33)

ie{l,h}

“Note that this formulation of a meeting technology is slightly more general than what is commonly used in the existing
literature (see, e.g., Eeckhout and Kircher, 2010), in the sense that we allow the “queue length” A to depend on the meeting
technology, whereas this is typically treated as a primitive.
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where

S O
=1 - (34)

is the probability that an offer is received by a seller that has at least one other offer, conditional on being

received by a seller, and

Gilu) == Y 2 iy (35)

is the probability that the seller accepts the offer 1, given that they own an good of quality i € {1, h}.
Notice immediately that (33) has the same form as our objective function in the two-buyer case—replacing

7t with 7 and F;(ui) with Gi(ui). As a result, our characterization of equilibrium in Propositions 2 and
3 is preserved and the distribution G;(u;) is uniquely defined in all regions of the parameter space.
Moreover, from (35), it is easy to show that G;(u;) uniquely determines the distribution of offers made
by buyers, F;(ui). Hence, with a large number of buyers and an arbitrary meeting technology, one can
easily determine the type of contracts that are offered in equilibrium by comparing ¢, which is un-
changed in this general setting, to ¢1 and ¢,, which are updated by replacing 7w with #; the distribution
of offers that are made to each type of seller, F;(u), which is the solution to (35); and the prices and

quantities that are ultimately traded in equilibrium.
7.2 Competition, Coverage, and Equilibrium Gains from Trade

In our benchmark model, we studied the welfare effects of changing the probability that a seller received
two offers, m. In this section, we explore similar comparative statics within the context of a general
meeting technology. In particular, we let P, and A (and hence Q) depend on a parameter «. This
formulation is intentionally general: a change in « could correspond to a change in the measure of
buyers, a change in the expected number of offers per buyer, or a change in the technology that matches
offers to sellers.

As in Section 6, we focus on the case where ¢; > 0 and define the utilitarian welfare measure

o0

W) =) Pnl(a) [Hh (thh)JXh (w) d (F* (w)) + e (nn Cl)} + ) e
— i—Lh

As in our benchmark model, when ¢ > 0, the distribution G;(u) solves the differential equation

gt (w) .
1—7/+7AG (uy) _vl—ul (36)

with support [c1, Uy ()] such that Gi(cy) =0 and Gy (i (x)) = 1.
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Solving (36) and imposing equal profits implies that the mapping Uy, (1) must satisfy

p— ol
<> [y (vi —uy) + pnITh (ug, Un (u))] = w (vi —c1),
Vi—u

exactly as in the case of two buyers. An immediate, and important, implication is that xj (1) is hump-
shaped in u; and independent of «. Hence, a change in « only affects the distribution of offers that are
made, summarized by Fy, and the distribution of offers that sellers receive, summarized by P;,.

As a result, the effects of a change in o can be decomposed as follows:

W (a) = 3 2P v = en) o () 4w+ b = )| +
n=1

0 Wy (o)
> Pale [uh n—en) o | xn () A (g oc))] :
n=1 1

where, for the purpose of clarity, we’ve made the dependence of Fi on « explicit. The first term in
the equation above was absent in our benchmark model, but captures a standard effect in models with
frictions: the effect of a change in o on the set of sellers who are able to trade, or what we call the
coverage effect. The second term captures the effect that we focused on in our benchmark model: the
effect of a change in o on the distribution of offers, or what we call the competition effect.

For example, suppose increasing « leads to a first-order stochastic dominant (FOSD) shift in the
number of offers that sellers receive. In this case, the coverage effect would be positive, since fewer
sellers receive zero offers. However, the competition effect could be negative, since an increase in «
leads to a FOSD shift in the distribution of offers F;. As in our benchmark model, when « is sufficiently
large, this shift puts more weight on the downward-sloping region of x (uy), thus reducing welfare.

Which of these two effects dominates typically depends on the details of the meeting technology. In
what follows, we utilize several examples to further illustrate these two opposing forces, and to confirm
that our results from the benchmark model-—namely, that some frictions can increase welfare—remain

true for certain popular meeting technologies even after accounting for the coverage effect.

Examples of meeting technologies. Consider first the Poisson meeting technology with A(x) = o and

This is perhaps the most popular meeting technology in the literature (see, e.g., Butters (1977) and Hall
(1977) for early examples, and Burdett et al. (2001) and Shimer (2005) for more recent examples), and

an increase in « clearly leads to a FOSD shift in the distribution of offers that sellers receive. We show
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in the Appendix that when ¢ > 0, there exists an «* such that welfare is decreasing in « for all finite
o > «*. Therefore, as in our benchmark model, welfare is decreasing as the economy gets close to the
frictionless benchmark, and hence welfare is maximized at an interior value of «.

The same is not true, however, for all meeting technologies. For example, consider the Geometric

meeting technology with A(x) = «/(1 — ) and
Pn(a) = (1 —a),

which was studied recently by, e.g., Lester et al. (2015a). Under this meeting technology, when ¢; > 0, we
show in the Appendix that the coverage effect always dominates the competition effect, so that welfare is
increasing in «. Intuitively, the coverage effect is relatively strong because the fraction of sellers who fail
to receive an offer, Py, falls slowly in o as o« — 1, whereas the competition effect vanishes more quickly.

Note, however, that one can augment the Geometric meeting technology to ensure full coverage by
setting A(«x) = o¢/(1 — ) and

Pn(a) = o™ 11— «)

for n € N, with Py = 0. This specification removes the positive effects of increased coverage on welfare,
leaving only the negative competition effect as « approaches 1. Hence, as in our benchmark model, in

this case reducing frictions can again lead to welfare losses.

8 Additional Extensions and Robustness

In this section, we examine a few additional extensions of our framework, both to ensure the robustness
of our results and to demonstrate that our framework is amenable to more applied work. First, we
relax our assumption of linear utility to analyze the canonical model of insurance under private infor-
mation. Second, we allow the degree of competition to differ across sellers of different quality. Last, we

incorporate additional dimensions of heterogeneity, including horizontal and vertical differentiation.
8.1 A Model of Insurance

To start, we analyze a canonical model of insurance under private information, along the lines of Roth-
schild and Stiglitz (1976), and show that our main results—in particular, the structure of equilibrium
menus and the non-monotonicity of welfare with respect to the degree of competition—extend beyond

the linear, transferable utility environment.
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A unit measure of agents with strictly increasing, strictly concave utility functions w (c) face idiosyn-
cratic income risk.*> Their income in normal times is y, but they also face the risk of an “accident,”
which reduces their income by d. The accident is observable and contractible, but the probability of its
occurrence, denoted 05, j € {b, g}, is private information. A fraction u, of agents are of type b and
face a higher risk of accident than type g agents, i.e., 0y > 04. Principals (the insurance providers) are
risk-neutral, which implies that gains from trade are strictly positive for both types. The competitive
structure is exactly the same as our baseline model: a fraction 1 — 7 of agents receive one offer and the
remainder receive two.

A contract consists of a premium and a transfer to the agent in the event of an accident. Since trading
is exclusive and the accident is observable, we can also think of the contract as directly offering a utility
level in the normal and accident states. As before, we consider menus with two contracts, one for each

type, ie, z = (uf,ug), (ug,ug) such that incentive and participation constraints are satisfied:

(IC)') : ejuja + (1 —65)u}‘ > ejuij + (1 —Sj)uzj,

(PG;) : 0jus + (1—9)-)u)TL >0w(y—d)+ (1-65)wly) je{b, gl

To solve for the equilibrium, we follow the same steps as in Section 4. The first step is to obtain the
utility representation. It is straightforward to prove that, in all equilibrium menus, type b agents are
fully insured and (ICy) binds. This allows us to summarize equilibrium menus with a pair of expected

utilities, (up, ug), and allocations given by the solution to the following system of equations:

up = up = ugp, up = Opug + (1 —0p) ug, ug =0gug + (1 —0g) ug. (37)

In a separating menu, the principal offers type g agents less than full insurance: ug < ug such that
(ICp) binds. Define C (1) = w1 (u) to be the principal’s cost of providing a utility level u. Note that
C’(u),C” (u) > 0. Then, the objective of the principal is described by (12), where the type-specific profit

functions satisfy

My (up,ug) = y—0pd—Clup),

Mg (up,ug) = y—0gd—04C (ug) —(1-64)C (ug) )

Since w is strictly increasing and concave, we can show that

dlTy (up, ug) -0, and dITy (up, ug)
dub dugdub

“3Note that, in this application, the “buyers” of insurance are the ones with private information. To avoid confusion, we
switch to a principal-agent description.
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The first inequality shows the effect of incentives: more surplus to type b agents relaxes their incentive
constraint, allowing the principal to earn higher profits from type g agents. The second inequality shows
that the marginal benefit of increasing the utility of type g agents rises with the utility offered to type b
agents, implying the strict supermodularity of the profit function. In other words, the complementarity
that was at the heart of the strict rank-preserving property in the linear model is present in this version
as well. Using this property, we can extend the arguments in Proposition 1, implying that the marginal
distributions Fj, j € {b, g} do not have any flat portions or mass points. Hence, Theorem 1 applies—
equilibria are strictly rank-preserving—and can therefore be described by a distribution over utilities to
type b agents, Fy, (up ), and a strictly increasing function Ug(uy,). In Appendix A.6.1, we use the methods
from Section 4 to derive the system of differential equations that characterize these functions.

Next, we consider the implications of competition for welfare. For brevity, we restrict attention to
the region where all menus are separating and do not involve cross-subsidization. In this case, the
consumption of type g agents necessarily varies with the state; this imperfect insurance is the analogue
of distortions in the quantity traded in the baseline model. The associated resource costs are thus a
natural measure of the efficiency losses (relative to a full information benchmark) in this setting. For a

menu offering uy, to type b agents, this loss is given by

Liup) = C(Ug(wp)) = [04C (Ug(up)) + (1—0g) C (Ug(up))] , (38)

where Ug, Ug, and Uy are equilibrium policy functions. Average losses in the economy are then
Lm) = (1-n) JL(ub)de (up, ) + nJ L(up)dFyp (wp, 7)* . (39)

In Appendix A.6.1, we show, using a numerical example, that L is U-shaped in uy, which then implies
that £(7r) is minimized at an interior value of 7. Thus, in markets for insurance, increasing competition

among providers can be detrimental for welfare.
8.2 Differential Competition Across Types

In our baseline model, we assume that the probability a seller receives one or two offers is the same
for both types. In this subsection, we relax this assumption and allow 7t to vary across types, so that
the probability a type j seller is captive is given by 1 — ;. We will show that both the structure of
the equilibrium and its normative properties remain largely unchanged, with the caveat that, for some
parameter values, the equilibrium distribution has mass points. For brevity, we restrict attention to the

¢$1 > 0 case, where all equilibrium menus are separating and cross-subsidization does not occur.
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When 7y, > 11, the results in Proposition 1 go through unchanged, and thus the distribution functions
Fi and F, have continuous support and no mass points. This implies that the equilibrium satisfies the
strict rank-preserving property and all menus attract the same fraction of noncaptive sellers. When
1 > 7y, both distributions still have continuous supports, but F has a mass point if 7y is sufficiently

large. The following proposition fully characterizes the unique equilibrium for both cases.

Proposition 9. If 11:

;T}‘l < 1— &y, then the unique equilibrium Fy has full mass at vi and Fy, is characterized by

(1 —7th + 7thFr(un)) TTh (v, un) = (1 —7tp) Tl (v, cn) (40)

If 101 > 1 — ¢y, then the unique equilibrium Fy satisfies

1—7Th

mfy(u)

T = 1
1—m +mF(w) viw)

(41)

1 — 7 4 Py (u) (%) Vh —Ch

S l-m+mR) \w/) en—a

and Uy, is determined by the equal profit condition.

Equation (41) is similar in structure to (21). The key difference is that the right-hand side, which
again measures the (net) marginal cost of providing a unit of surplus to the low type, has an additional
term that adjusts for the differential probability that an offer is accepted by high types relative to low
types. Naturally, this probability is small (i.e., the cost is large) when u; is small and 7y, is large.

The construction of equilibrium follows the strategy in Section 4. The ordinary differential equation
in (41), with the boundary condition Fy(c{) = 0, can be solved for F;. Given Fy, the equal profit condition
pins down Uy,. The properties of the equilibrium—both positive and normative—are also similar to the
baseline model. In particular, xy, is non-monotonic in u; which, as before, has interesting implications
for the relationship between welfare and competition.

Figure 5 illustrates the effects of varying competition for each type separately. The left panel varies
7w, holding m; fixed, and shows that more competition for high-quality sellers always reduces welfare;
intuitively, more surplus to high-quality sellers tightens the incentive constraints and reduces trade.
The right panel varies 7y, holding 7, fixed, which has two effects (exactly as in section 5.2). First, it
increases surplus to low-quality sellers, which relaxes incentive constraints and increases trade with
high-quality sellers. Second, it makes low-quality sellers relatively less attractive to buyers, inducing
them to compete more aggressively for the high-quality seller, reducing trade. These two competing

forces lead to a non-monotonic relationship between 7t; and welfare, provided 7, is sufficiently high.**

4 When 71, is low, we enter the region with mass points before the second (negative) effect begins to dominate. Since a mass
point equilibrium puts full mass at v, increasing m; beyond this point has no effect on welfare.
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Figure 5: The effect of varying competition on welfare for high- (left panel) and low-quality (right panel) sellers

8.3 Differentiation and Multidimensional Heterogeneity

In this section, in order to enhance the applicability of our framework to applied work, we introduce
various types of additional heterogeneity: across buyers, across contracts, and across sellers. In various
ways, these generalizations break the stark relationship between a seller’s type, the offer she accepts, and
the rank of that offer within the distribution of all offers. The cost of these generalizations is some degree
of tractability, though we argue that, in most cases, the properties and characterization of equilibria are
very similar to the baseline framework. For brevity, we restrict attention to the region of the parameter

space where almost all equilibrium menus are separating and not cross-subsidizing.

Horizontal differentiation across buyers. Consider first the possibility that buyers are horizontally
differentiated. Specifically, as in the discrete choice model of McFadden (1974), we assume that the

payoff to a seller of type i from a contract (x,t) offered by buyer k is
ik = (I1—=x)ci+t+ex = uj+ex,

where €y is a buyer-specific preference shock drawn from a continuous distribution H with support
[e, €]. Note that € is the same for both seller types, so it has no effect on the incentive constraints. Hence,
we may once again represent each equilibrium menu by a utility pair (u, uy). A captive seller accepts
this menu if u;y is greater than her outside option, ci, which occurs with probability

Ff (i) :r dH(e) =1—H(ci —ui) . (42)

Ci—uq
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A noncaptive seller of type i accepts this menu if u; + e > max(u} + €', ¢i), which occurs with probability

. 1y € ui+e—u

'€ (wy) = J J J dH (e') | dH(e) dF; (uf) (43)
u; Jei—uy €

where F; is the marginal distribution of utilities offered to type i sellers in equilibrium. Setting M; (u;) =

(1—m) F¢ (uf) +mFPe (u]), we can write the buyer’s problem as

max Z M (uf) Ty (ug,uy,) - (44)

u/, ul
VT ig{Lhy)

In a separating equilibrium, optimality with respect to u; requires
L) = 45)

In other words, the link between the trading probability and the utility offered to the low-quality seller is
exactly the same as in our baseline framework, and all of our results go through with respect to the key
equilibrium objects M and My,. The only caveat is that recovering the underlying distribution of offers

Fi and Fy,, which are informative about prices and allocations, typically requires numerical methods.*

Horizontal differentiation across contracts. The extension above allows for the possibility that a seller
accepts a contract from the “wrong” buyer, i.e., accepts u; even though a contract u} > u; was available.
In this section, we allow for the possibility that a seller accepts the “wrong” contract within a menu, i.e.,
accepts u_; even though her type is i. In particular, suppose that a fraction 5 of low-quality sellers accept
the contract intended for a high-quality seller. It is possible to microfound this as a form of “tremble,”
or as arising from other unmodeled contract features that cause some low-quality sellers to prefer the
contract with lower quantity and higher price.*® For example, the high price contract might carry other

benefits, such as better customer service, that are valued by some low-quality sellers (but not others).

HhVh+p16vy

Let vy, = TRRETIY

be the average value (to the buyer) of goods held by agents who take the contract

intended for the high type. We assume that $ is sufficiently small so that ¥, > cy,. The expected profits

of the buyer, conditional on trade, are then given by Mh (u, up) =, — (%) un + (?}‘;?:) u;. Asin

our baseline model, the FOC for u; and the equal profit condition pin down F; and Uy,:

ify (uy) Wh + H1d <\7h—Ch) -
— = 1-— = , 46
1—m+nh (w) =) w(1-8) \cp—cy d1 (46)

I-mMmwdvi—c) = A—m+aF(w)) [w (1—8) (vi —uw) + (h 4+ wd) TTh (wy, un)] . (47)

#5The differential equation in (45), along with the equal profit condition and the system of integral equations in (42) — — (43)
must be solved jointly for F;, and this system is only analytically tractable under special assumptions on the distribution H.

4For simplicity, we make two additional assumptions. First, a captive low-quality seller still chooses the more attractive
menu, even when she takes the contract intended for the high-quality seller. Second, we assume that the buyer does not (or
cannot) try to use contract terms to separate out these low-quality sellers.

43



Note that these equations are very similar to (21)-(22), with M, and ¢y replacing TT, and ¢y. Accord-

ingly, the characterization and other results in the preceding sections directly extend.

Vertical differentiation across buyers. Suppose now that sellers attach a higher value to trading with
certain buyers, i.e., that the utility of a type i seller from accepting a contract (x,t) from buyer k € {1, 2}
is given by c; (1 —x) +t + B¥, where B! = B > 0 and B? is normalized to zero.*” This implies that the
cost of delivering utility to sellers is lower for buyer 1 or, equivalently, his profits are higher than those
of buyer 2, ie., ﬂ% (u,up) = ﬂ% (u, un) + B. Not surprisingly, in this environment, the equilibrium
distribution of menus is also asymmetric. Let Fli< (W), k € {1,2} denote the marginal distribution of
utilities offered by buyer k to type j sellers. In Appendix A.6.4, we characterize an equilibrium in which
these distributions satisfy the strict rank-preserving property, except at the lower bound of the support,

where F? has a mass point.*

Multidimensional seller heterogeneity. Finally, our baseline framework posits a tight connection be-
tween the valuations of the seller and the buyer. While this is a natural assumption when sellers are
heterogeneous along a single dimension—asset quality—it is also natural to consider the case in which
sellers have heterogenenous preferences as well.* A simple way to incorporate this additional hetero-
geneity into our analysis is to assume that a seller’s type is a tuple (c,¥) , with ¢ € {cn, c1} denoting
the seller’s valuation for her asset and ¥ € {¥},,V{} denoting the buyer’s valuation. This allows for the
possibility that some high (low) quality assets are held by sellers who, for idiosyncratic reasons, have a
low (high) valuation for them. In an asset market interpretation, for example, this could arise from het-
erogeneity in discount rates or liquidity needs. Let p; denote the proportion of sellers of type (ci, V).
We can show that it is not possible for buyers to separate sellers with the same c but different ¥'s. Let
uy = Zj 1ij denote the fraction of sellers with valuation c;, i € {h, 1} and v; = % denote the average
value (to the buyer) of the assets held by sellers of type i. Assuming that gains from trade are positive,
so that c¢; < vy, it is easy to see that our analysis of the baseline model goes through exactly. In other

words, additional preference heterogeneity changes the interpretation of buyer values in our baseline

model, but otherwise leaves the analysis unchanged.

47Equivalently, and more consistent with our earlier interpretation, one could imagine a measure of buyers, with a fraction
of each type k € {1,2}. The simplification here implies that a noncaptive seller will always have one offer from a type 1 buyer
and one from a type 2 buyer, though this could be relaxed.

#80ur analysis requires one additional assumption: a seller who is indifferent between two menus chooses the one offered
by buyer 1. The resulting system of differential equations can be solved numerically to obtain the equilibrium distributions.

#See, for example, Finkelstein and McGarry (2006), Chang (2012), and Guerrieri and Shimer (2014b).
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9 Conclusion

In their survey of the literature on insurance markets, Einav et al. (2010a) note that, despite substantial

progress in understanding the effects of adverse selection,

“there has been much less progress on empirical models of insurance market competition, or
on empirical models of insurance contracting that incorporate realistic market frictions. One
challenge is to develop an appropriate conceptual framework. Even in stylized models of
insurance markets with asymmetric information, characterizing competitive equilibrium can
be challenging, and the challenge is compounded if one wants to allow for realistic consumer
heterogeneity and market imperfections.”

In this paper, we overcome this challenge and develop a tractable, unified framework to study adverse
selection, screening, and imperfect competition. We provide a full analytical characterization of the
unique equilibrium, and use it to study both positive and normative issues.

Going forward, our framework can be exploited and extended to address a variety of important
issues, both applied and theoretical. On the applied side, our equilibrium provides a new structural
framework that can be used to jointly identify the extent of adverse selection and imperfect competition
in various markets, and to study how the interaction of these two frictions affects the distribution of con-
tracts, prices, and quantities that are traded. On the theoretical side, there are several obvious extensions
to pursue. For example, one natural extension is to study the analog of our model with nonexclusive
contracts; though this would complicate the analysis considerably, it would also make our framework
suitable to analyze certain markets where exclusivity is hard to enforce. Finally, while we focus on
screening as a mechanism for coping with adverse selection, of course there are other mechanisms as
well, such signalling and reputation.”® It would be interesting to study how these mechanisms interact

with competition. We leave these exercises for future work.

50gee, e.g., Bagwell and Ramey (1993).
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A Omitted Proofs

This section contains proofs of the results presented in the main text.

A.1 Proofs from Section 3
A.1.1 Proof of Lemma 1

Proof. Both results are similar to existing results (see, for example, Dasgupta and Maskin (1986)), and
thus we keep the exposition brief. To establish that x; = 1 in all equilibrium menus, suppose by way
of contradiction that some equilibrium menu z = (z;,zn) has x; < 1 and t; € R, yielding a low-
quality seller utility u;. Now, consider a deviation z’ = (z,zn) with x| = x; + € for e € (0,1 —x] and
t] =ty + ecy. Note that u] = uy, so that z; and z{ are accepted with the same probability, but

xvi—tH <xvi—t + €(V1 — Cl) = Xll\)l — t/lr

so that z| earns the buyer a higher payoff when it is accepted, implying existence of a profitable deviation.
Therefore, no equilibrium menu features x; < 1.

To establish that a low-quality seller’s incentive compatibility constraint binds in all equilibrium
menus, suppose by way of contradiction that some equilibrium menu z = (zy,z,) has t; > tp +
c1(1 —xn). Now, consider a deviation z’ = (z;,z},) with xj, = xn + € and t}, = tn + ec, for € €

(O, %jg*m , which is a nonempty interval by assumption. The upper bound on € ensures that

the incentive compatibility constraint on type 1 sellers is not violated. In addition, note that u}, = un, so
that z, and z} are accepted with the same probability, but

XhVh — th < XpVvh —th + G(Vh — Ch) = X/h\)h — t%,

so that z}, earns the buyer a higher payoff when it is accepted, implying existence of a profitable devia-
tion. Therefore, in all equilibrium menus, the type 1 seller’s incentive constraint binds. |

A.1.2 Proof of Proposition 1 and Lemma 2
We prove the proposition through the following sequence of lemmas.

Lemma 7. Fy, (-) has no flats.

Proof. Suppose by way of contradiction that Fy, (-) is flat in an interval (upi, un2). In other words,
there exists (w2, un2) € Supp (Fi) x Supp (Fr) such that, for some & > 0, the distribution Fy, satisfies
Fh (unh2) = Fn(unp —¢) for all € € [0,E]. We prove that there must exist a profitable deviation. The
particular deviation we construct depends on whether u;» < uns or uz = upp and whether F is flat on
an interval containing u;> or not. We consider each relevant case in turn:

1. Suppose that u;p < upy. In this case, a deviation to (up, uny —¢’) with ¢’ < ¢ is feasible and must
be profitable because such a deviation increases profits earned from trading with h types but does
not change the fraction of h types attracted.

2. Suppose that u;y = uny and Fy is flat below uy,. In this case, a deviation of the form (w;p — ¢/, upy — €’)
for a small but positive ¢’ is profitable since it increases profits per trade (from both 1 and h type
sellers) but does not change the fraction of either type attracted.

3. Suppose up; = up and Fy is not flat below up. Such a situation is depicted in Figure 6. Point
A represents the contract (w2, un2). Since Fy, is flat by assumption, the area between the two red
dashed lines must not contain any equilibrium menu. Since Fy is not flat below w, by assumption
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and there are no menus in the area between the red dashed lines, an equilibrium contract must
exist in the region where the point D is located; recall, since uy, > uy, the point D cannot lie
below the lower red dashed line. Let point D represent such an equilibrium menu. In addition,
let B represent a menu with the same offer to the low type as D but offers un; to the high type.
Similarly, let C represent a menu with the same offer to the low type as A and the same offer to
the high type as D.

For any distributions, F; and Fy, the profit function, IT(uy, un) is weakly supermodular so that
Ma +TTp < Tlc +Tg.

Since both D and A are offered in equilibrium, we must have that [Ty = TTp > Tl¢, ITg. This implies
that [Ty = ITg. Additionally, since Fy, is flat between B and E (and these menus offer the same 1),
it must be that TTg > TTg. Therefore, this is a profitable deviation.

up

Up2

(751 e

uj

Figure 6: A graphical illustration of why Fy, cannot be flat.

Lemma 8. Fy (-) has no flats.

Proof. Suppose by way of contradiction that Fy is flat in an interval (uy1, ui2). Without loss of generality,
we can complete the measure @ to include menus with first element given by u; and uy. Since the
profit function is weakly supermodular, then the policy correspondence must be weakly increasing. Now
consider the policy correspondences Uy (uy1) and Uy (ug2). Note that Cl(Up (uy1)) and Cl(Up (ur2))
cannot be disjoint—if they were, then there would be a flat in the support of Fy, which contradicts
Lemma 7. Let {i, be a common value in the two sets. We present a depiction of such a situation in
Figure 7 below.

Holding i}, fixed, the profit function must be linear over the set (uy;,ui2) since Fy (-) is flat by
assumption. Therefore, all the menus on the line AB must also deliver profits equal to equilibrium
profits. However, since profits earned from trading with h types are increasing in u;, the marginal
benefit of a change in uy, is changing along the line AB. As a result, it is possible to construct an upward
or downward deviation along AB that increases profits, implying existence of a profitable deviation. W

Lemma 9. ® has no mass point.
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Figure 7: A graphical illustration of why F; cannot be flat.

Proof. Suppose by way of contradiction that @ has a mass point at the menu (u, un). Let m denote
the mass at this menu. Since for any such menu, a deviation of the form (u; + €1, up + €2) for small 1, €
(one of which is positive or negative) must be feasible, profits earned from the mass of sellers attracted
to such deviation must be zero:

m m
HUTEWL(UL) + Hhﬂiﬂh (u, up) = 0.

If the menu (uy, uy) is interior to the constraint set—that is, if c, —cy > up —uy > 0—then a simple
deviation along u; or uy, will be feasible and profitable. However, it is possible that (u, up) is on the
boundary of the set and, as a result, not all deviations are feasible. There are two relevant possibilities:

1. Suppose that the menu with mass, (uy, un ), satisfies uy, = uy + cp — cy. In such a case, the menu
features no trade with the high type. Therefore, it must be that TTy, < 0. Since equilibrium profits
are strictly positive, it must be that ITy > 0. Hence, an infinitesimal increase in u, which is feasible,
increases profits.

2. Suppose that the menu with mass, (u, up) satisfies up = u;. Then (uy,uy) is a pooling menu.
Therefore, the profits from the high type must be positive. As a result, the buyer offering this
contract could increase profits with an infinitesimal increase in u;, (which would attract a mass of
high types), while holding w; constant.

Lemma 10. Fy, () does not have a mass point.

Proof. Suppose by way of contradiction that F;, has a mass point. From Lemma 9, we know that this
mass point could not have been created from a mass point in ®@. Therefore, if F, has a mass point at i,
it must be that a positive measure set of the form {(u, (i)} exists. Figure 8, depicts this possibility.
Note that at one of the points on the line, profits from the h type, Ty (uq, iy, ) must be non-zero since
Iy, is strictly increasing in u;. Therefore, a small deviation upward or downward increases profits; this
implies existence of a profitable deviation and yields the necessary contradiction. |

To show that F; has no mass points, we make use of the strict supermodularity of the profit function,

which only relies on the continuity of Fy,. We therefore provide a proof of the strict supermodularity of
the profit function here.
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u

Figure 8: A graphical illustration of why F;, cannot have a mass point.

Proof of Lemma 2. Suppose u; > uyp and upz > upg. Then, letting &; = ‘éh _Cch >0and & = ‘C’: 2 >
0,

TT (w1, wn2) =TT (W1, Una)

= pp{[l =7+ 7 (wn2) T (W, wne) — [T — 70+ 7t (wpa)ITTh (W, wn )}

= up{ll =7+ 7Fp (un2)] vh + Eun — Luna) — [1 — 714 7t (unt)] vn + Eung — Eunal}
(
T (

A

ph {1 — 7w+ 7tFh (un2)] vh 4+ & — Epungl — [1 — w1+ 7t (Unt)] v 4+ &z — Epunal)

IT (w2, un2) — TT (w12, Un1) ,

where the inequality follows from the fact that Fy, is strictly increasing, and hence

71 (w2 —wn) [Fr(un2) — Fr(unt)] > 0.

Lemma 11. Fy is continuous except possibly at vy.

Proof. Suppose by way of contradiction that F; is not continuous and thus has a mass point at some
1. Again, by Lemma 9, it must be that a positive measure set of the form S = {({i;, up)} exists. It is
immediate that Ty (11;) = 0; otherwise, it would be profitable to increase or decrease uy by ¢ if TTy({i;) > 0
or Ty () < 0, respectively. If TT; (11;) = 0, then it must be {;; = v;. [ |
A.2 Proofs from Section 4

A.2.1 Proof of Proposition 2

Proof. We first show that the equilibrium allocations constructed in (21) and (22) are indeed separating
and interior. Our construction ensures that local deviations are not profitable. Below we prove that the
global deviations are not profitable as well.

Verifying Allocations are Separating and Interior. Note that the solution to the differential equation in
(22), together with boundary condition Fy (c{) = 0, must satisfy

1—m47F (w) = (1—7) (v —c))® (v —w) L. (48)
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Therefore, from (22), Uy, (1) must satisfy
u — # _ _ _ 1—¢ _ b1
n (W) = —F = [Hhve + vt — i — i (v — ¢ (vi—ug)™H .
Ch—CL
For the allocation to be separating, we must verify that

U +cp —cy = Up (uy) >y, Vug € Supp (F1)

where )
Supp (Fi) = [cu, i — (1 —=m)® (vi —cy)] -

The second inequality in (49), Uy (u) > uy, is satisfied if and only if

HnVh + vy > p (v —c) P (v —w) P

(49)

(50)

for all u; € Supp(Fi). Let H(uy) denote the right-hand side of (50). We argue that H(-) is strictly concave
and attains its maximum at a value uj € [cy, vi] with H(u}) < unvn + wvy, implying that (50) is satisfied

for all u; € Supp(Fy). To see this, note that

H(w) = —dmvi—c)" P v —u)® ' +1
H'(w) = i1 —Dmvi—c) v —uw)® 2 <0,

(51)
(52)

where the inequality in (52) is implied by the fact that 0 < ¢y < 1. Also, since ¢ < 1, H'(v1) = —c0 and

H'(¢c1) =1— b > 0, so that the maximum of H(w,) is attained on the interior of [cy, v{].
The function H(uy) is maximized at uj given by

1
ui =vi— () " (v — 1)

with

S U I
Hu) = vi+mi—c)p oy -

Since ¢, > vy and ¢ < 1, it is immediate that

o (ch —c1) (vh — V1)
(Gun) T <1< (vi—c1) (v —cn)’

which implies
P Uy Vi —Ch

vi—c) m () "% ——— < pnp (Vv —v1).
Ut Ch —C1
Hence, .
_P1
(vi —c) w (drpy) =% (1 — 1) < pn (VR — V1)
and .
_P1
max H(u) = H(uy) =vi+ (v —ct) w (b)) 7% (1 — 1) < pn (Vi — Vi) +w1
w€ley,vi]
as needed.

We now establish that the first inequality in (49) is true, which requires showing that

1_
Wnvn + v — pdrug — g (v —c)' P (v =) ™
uh—?;;f{

<urt+chp—cy,
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or, equivalently,
uner 4 vy < w4 (v — )P (v —w) Y, vy € Supp (F) C ey, vl (53)

Since, the right side of (53) is a concave function, it takes its minimum values at the extremes of the
interval [vy, c1]. These values are given by v{ and vy + pncy, both of which are at least as large as the
left side of (53). Hence, (53) must be satisfied for all w; € [v, c1], as needed.

Global Deviations. Note that our conditions (21) and (22) imply that local deviations with respect to uy,
and uy are not profitable. It, thus, remains to show that, for all (u,uf,), TT (uf, u},) < i (1 —m) (v —cy).
We consider two types of deviations:

1. Consider first deviation menus with u}, > max Supp (Fn) = in. Such deviations attract all type h
sellers, so that 1 — 7t + ntFy, (u/h) = 1. If u] > max Supp (Fi) = Ty, then the profits from this menu
are given by

e (v —uy) + pnlTh (ug,uy,) .

Since ¢ > 0, the above function is decreasing in 1| and u;} , and therefore

e (vi—up) + pnlTh (up,uy) < pe(ve— ) + prlTh (G, Gn) = e (1—71) (v — ).

When u/ < iy, the partial derivative of TT (u{, u},) with respect to uj is

—w (1=m+aF (W) + wrfy (u)) (vi—up) + Hh\;::cc? >
—put (L= (u)) + et (uh) (=) + g (1= 7R (uf)) =T =,
h—Cl

Thus, for a given value of u}, we must have
TT (ug,ugy) <TT (0, up) < TT (0, T) = w (T—7) (v —c)

where the last inequality follows from the fact that ITy, is decreasing in uj. Thus, such global
deviations are unprofitable.

2. Consider next deviations with u}, € [cp, Tin]. In this case, there must exist iy such that uj, =
U (t) and thus Fy, (u’h) = Fy (Tiy). We can thus write the profits obtained from the deviation
menu (uf,uy,) as

w (1—m+aF (u))) (vi —up) + pn (T =7+ aFy (@) TTh (ug, uy) - (54)

We show that the function defined by (54) is strictly concave in u{ for values of u; € Supp (F)
and decreasing for values of uj > 1, so that this function is maximized at the value of u|, which
equates its partial derivative with zero. By (21), this partial derivative is zero when evaluated at
u = 1y, which completes the proof.

Note that for uj € Supp (Fy), since ITy, is linear in uj, the second derivative of (54) with respect to
uj is given by
62

o (w)

s (1—m+7aFy (wy)) (vi—ug) .
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Using the form of the distribution F; given by (48), we may rewrite this second derivative as

i (1—m+nF (1)) (v —1f) = o (1—m) v —c)® (v —up)
a(u’l)zm 1 \U 1 1) = a(u{)zlil 3 3 13 1

= (g1~ D (1—m) (v —c)® (v —u)) " * <0

so that (54) is strictly concave in u] for values of u] € Supp (F). For values u| > 1y, 1 — m+ 7tFy (u’l) =1

and thus (54) satisfies
e (vi—up) + pn (1 — 7+ 7y () Ty (ug,uf,) -

The derivative of this function with respect to ] is given by

N
—t+ pn (1 =7+ 7k (W)
ChL—C1 Ch —C1
Therefore, (54) is maximized at a value of u], which equates the partial derivative of (54) with zero.
This value must satisfy

Vh —Ch -0

—w (1 =m+ 7k (W) + ey (uy) (vi—up) + pn (1 — 7+ aiFy () S

Note that since (54) is strictly concave, at most one u] exists that satisfies the above. The differential
equation (21) implies that uj = i, is a solution to the above equation. This implies that (54) must
be maximized at uj = .

A.2.2 Proofs of Propositions 3 and 4

We prove these propositions together. To begin, let ¢ be the value of ¢ that satisfies

(1 — ) (v — V)

Ch Z2Vi+ — (55)
(1—m) [(1 —7) P —1]
with equality. Similarly, let ¢, be the value of ¢ that satisfies
1—m> HhVh + VI — V1 (56)

(1— 1) (uhvh + vy —cn)

with equality. We first argue that (55) represents a lower bound on ¢; and (56) represents an upper
bound on ¢ which lies below the lower bound defined by (55). In other words, the inequalities (55) and
(56) partition the set (—oo,0]. We then prove that the equilibrium described in Proposition 4 exists—that
is, in each case, no profitable local or global deviations exist when buyers use the equilibrium strategies
defined jointly by Propositions 3 and 4.

Lemma 12. (55) is satisfied if and only if 1 < ¢ < 0 and (56) is satisfied if and only if &by < ¢o. Moreover,
¢2 < d1 <O0.
Proof. First, note that equation (55), which implicitly determines the threshold ¢, can be rewritten as

1= T Vh—VL
(1—m) o >
1—7‘[Ch—V1

Hh+1, (57)
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or, after taking logs and substituting for ¢1, can be rewritten as

th (Vi —cn)
Ch—CL— tn (vh—c1)

log (1 —m) —log(pn7t (v — Vi) + (1 —7) (en — 1)) —log [(1 —71) (cn —v1)] > 0.

(58)
We show that the left side of (58) is a decreasing function of py, that (58) is strictly satisfied when py, is
such that ¢ = 0, and that (58) is weakly violated when py = 1. Hence, there is a unique threshold
(and implied threshold ¢1) such that for all py < py such that ¢ < 0, the separating condition (55) is
satisfied. Differentiating the left side of (58) with respect to un, we obtain

(vi —cn) (ech—c) 7 (vh — Vi)
[ch—c1—pn (Vh—c)? BTt (vh—v) + (1 =) (cn —w1)’

log (1 —m)

which is negative for all © < 1. Next, as ¢ — 0 from below, it is immediate that (57) is satisfied since
the left-hand side tends to infinity. As un — 1, the term (1 — &) /d1 — —1 and so (57) tends to the
requirement that
1> o,
Ch —V1

which is violated since ¢y, < vh.

Next, consider equation (56), which implicitly determines the threshold ¢,. Substituting for ¢y, one
can show the inequality (56) is equivalent to

YRRy — v (eh—vy) (1 — )R (59)

Uh (Vh—v1) |1+ (1 —m) .
Ch —C1 Ch—Ct

Clearly, (59) represents a lower bound on py, or, equivalently, an upper bound on ¢;. Note that this
equation is necessarily satisfied at py = 1. It is immediate that when py, is such that ¢ = 0, equation
(56) is violated since cp > vy.

We now establish that ¢ < ¢1 by proving that ¢y < ¢, implies 1 < ¢p1. Suppose Py < ¢ and let
V = UnVn + Vi, so that we can write (56) as

vV—v

1—m> — . 60
T—¢) m—cn) (©0)
Below, we will use the fact that (60) implies
1—y > —— > o >
V—cn)(1=—m  v—cn V—ch
To prove that (55) is violated when ¢1 < ¢2, note that (55) can be rearranged as
1-dy
(1= |1 =m) B = 1] fen —v0) = (o =) 20
which can be simplified to
(1—70) (9 —cn) + (1 - )% (cn—vi) = 9w, (61)

We will show that (61) is violated if (60) holds. Towardsthis end, define a function

H(m) = (1—70) (5—cn) + (1 — ) (cn —w)

so that we must show H(7m) < ¥ —vi. We argue that H(-) is a strictly convex function which is decreasing
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at m = 0 and that, if 7 satisfies (60), then H(m) < H(0) = v — vy, which completes the proof.
First, note that H(-) is strictly convex since ¢ < 0 and

H (m) = —(v—ch)—q;u—n)&l(ch—w),
H/ () = di(d;_l) (1—m® 2 (ch—v) > 0.

Next, observe that H(0) = v —v;, H(0) < 0 when —¢; > (ch, —vi) /(¥ —cy) and lim,_,1 H(7t) = oo.
Thus, there is a unique value 7t° > 0 such that for all T < 7%, H(7t) < v —vy.

Next, let 7t denote the value of 7 such that (60) is satisfied with equality. We will prove that H(7) <
v —vy, so that H(7t) < v —vy for all T < A.

Using the expression for H(7r), we have

1

vV—w _ V—V o1
TR ((1—¢1) (v—ch)> (en ). (©2)

Straightforward algebra can be applied to (62) to show that H(#) < v — v if and only if

(oI 1—dy
(Ch_”‘) ("‘“) S (o (1= o). (63)

V—_Ch V—=Ch

H(#) =

Since (V—vi)/ (¥ —cn) =14 (ch —v1) /(v —cn), if we let B(x) = x®1(14+x)1~%1, then (63) can be written

as the requirement that
Ch—V
B(_“ 1) > B (—d1).
V—Ch

It is straightforward to show that B/(x) < 0 when 0 < x < —d¢, and since (60) implies —¢; >
(ch —Vv1) / (¥ —cn), (63) must hold. Consequently, H(7t) < H(7t) < ¥ —vy, which proves that ¢1 > ¢,.

Definition of the Threshold, 1i;. To prove Propositions 3 and 4, we first define the threshold 1 for
various values of ¢ < 0.
Case 1: 1 < ¢o. The threshold satisfies {1y = iy, the upper bound of Fy, where 1i; satisfies

V-1 =(1—m)(V—cpn). (64)
Case 2: ¢y < P < P1. The threshold satisfies
1
i+ (g —v) 1 =+ 7nFy ()] %0 =9 — (1 —7)(V —cn) (65)

where F|({11) satisfies (23). As we will see below, in this case, the threshold will be such that Fi({i;) €
(0,1) so that the equilibrium is indeed mixed.

Case 3: ¢1 < ¢ < 0. The threshold is any value such that iy < u; where the lower bound of the
support of F satisfies

(1—70) [y (v — ) + s TTr (g, cn)] = 9 — [vi+ (1 — )% (g —w)| - (66)

This equation determines the lower bound as the value that equates profits from the worst (separating)
menu and the best (pooling) menu where the best menu is determined as the value of u; such that
Fi(u1) =1 when Fy is determined by (21).

We now prove that the conjectured equilibria defined implicitly by the thresholds above, in each case,
are indeed equilibria.
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Lemma 13. Suppose ¢1 < ¢y < 0. There exists an equilibrium with only separating menus.

Proof. It suffices to ensure that global deviations are unprofitable for buyers since, by construction,
the distribution Fy(u;) ensures no local deviations are profitable. To rule out global deviations, a proof
similar to that of Proposition 2 can be used. We show that for a given value of uj},, the profit function
is strictly concave in uj and, therefore, it must be maximized at u; = U;l (u{t), since at this value the
derivative of the profit function is equal to zero (by construction).

Profits from such a global deviation are given by

m (1—m+aF (u)) (vi—u)) + pn (1 =7+ 7 (uy)) Th (ug,ug,) -

Since Ty, is linear in u, the second derivative of the above function is equal to the second derivative

of profits from 1 type sellers. Using (21), we know that (1—m+nF; (u})) = k (1}, —v)”*" for some
non-negative constant . Therefore, we have

o m (1—m+7F (w)) (vi—wy) = —MKL (u] —\)1)17¢’l
2 (uy)’ ‘ l o (up)®

= —uk(1—dy) (=) (g —w) " <o

Lemma 14. Suppose &1 < &o. There exists an equilibrium with only pooling menus.

Proof. We first prove that no local deviations in the pooling equilibrium strictly improve profits. Below
we demonstrate global deviations are also unprofitable. Recall that in an equilibrium with only pooling
menus, the distribution F; (u;) satisfies

(I—m+ah(w) O—w) =(1—-mn) (—cn) (67)

where V = ppvn + vy, Un(w) = uy, Fr(w) = Fi(w), and Supp(Fy) = [cn, vV — (1 —m) (V—cy)]. Fix any
utility, u;, interior to the support of F; and consider a local deviation to the menu (u{,uy,) = (u, uy +€).
Profits from such a local deviation satisfy

(1 —m+7F(uw)) (v —w) + pp (1T =70+ 7thy (w +€)) Ty (wg, wy + €)
Vh —C1

= m(l-—m+nh(w)) (vi—w)+pn (I—m+akF (w+e)) My

If local deviations are unprofitable, this function must be maximized at ¢ = 0, so that F; must satisfy

Vh —C

pr7tfy () vn —w) — pn (1 — 4 7ty (uy)) <0.

Ch —C1
Totally differentiating (67) yields the following relationship between F; and f,
i (w) (0 —w) = (1 =7+ () (68)
so that local deviations are unprofitable if

Vh —C1
<0.
Ch —C1

Hr7efL (w) v —wl — prrefi (u) (9 —w)
Since F; is continuous in our constructed equilibrium, we may simplify this condition using straightfor-

ward algebra as
W (Vh —ch) < V(vh —c1) —vh(cn —c1).
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Consequently, we see that it suffices to check that this deviation is unprofitable at max Supp(F;). Using
u, =V — (1 —m) (V—cn), simple algebraic manipulations show that this local deviation is unprofitable
as long as
V—V
(1—d1) (V—cn)
which is guaranteed by Lemma 12 since ¢1 < ¢».

To rule out global deviations, we show that for any value of uj, € Supp (Fi), the profit function in
increasing in u{ for all u{ < uy,. Thus, profits are maximized at the pooling menu uj = u}, so that there
are no profitable deviations.

Profits associated with any global deviation (u,u; ) with u{ < uj, and uj, € Supp(F,) are given by

(1 —m+7F(uy)) (v —uy) + pn (1 — 7+ 7Fy (ug,)) TTh (ug, uy, )

Differentiating, we obtain

e (u]) (v =) — e (1= e () o (1= ek () 2
wrefy (uy) (v —uy) — e (1 — e+ mF(uy)) + pn (1T — 70+ 7tFy (u)) \:}‘1:21 =
w7ty (ull) (v1 —u’l) — oy (1 — T+ ﬂFt(u{)) (70)

where the inequality follows from the fact that u{ < uj, so that Fi(u;,) > Fi(u{). Using (68) to substitute
for 7tfy (u{), we can write the last line of (70) as

w (1 — 7+ 7eFy (u))) [1 yazy —dn} .
V-

Since v/ < u/ < max Supp (Fy), the expression in brackets takes its minimum value at u/ = max Supp (Fy)
1 h PP p 1 PP
so that

—9 v — 7V
1-1-1}1 F—dr1>1+ - —pr1 20
V- (1—m) (v—rcy)

where the second inequality follows from (69). This implies that the expression in (70) is positive so that
profits are globally maximized at u{ = uy, for all uf, € Supp(Fy). [ ]

Lemma 15. Suppose &y < ¢y < $y1. There exists a mixed equilibrium.

Proof. Recall that the threshold 11; is such that the constructed equilibrium features pooling contracts
for u; € [min Supp(F), u] and separating menus for u; € ({iy, max Supp(Fy)). First, we claim that when
$2 < d1 < P, then 1y is interior in the sense that ¢y < {1y < Ti({l1). Second, we prove that no local or
global deviations are profitable.

To see that {1y is interior, conjecture that {1y > cp (we will verify it later), in which case {i; must
satisfy”!

v — {v1+(ﬂ1—v1) [(1—7[)2:21]%} —(1—m (v—cn)=0. (71)

Let H({i;) denote the left-hand side of (71). We will prove that when ¢, < ¢1 < ¢4, there are two
solutions to H(1i;) = 0 with (i} > c¢p,.
First, observe that one solution to H ({i;) = 0 is given by

M=tu=v—(1—-7) (V—cn).

51Recall that equilibrium profits satisfy IT = (1 —7)(v — c},) when the worst menu offered in equilibrium is the pooling,
monopsony menu.
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This solution coincides with the conjecture that all menus are pooling and therefore @ (1) = 1.

We argue that there exists another solution 1y € (cn, ). We show this by proving that H(-) is convex,
H(cn) > 0, and H’(@w) > 0 so that an additional solution in the interval (cy,, @) must exist.

Note that

/ V—_Ch c"11 1 V—cCh ‘bilil _ _ )
H(u)z—[(l—m ] v L1 —m ] (1= (= cn) (F—1) 2.

v—u o1 [ v—u
By differentiating H'(-) and applying extensive algebraic manipulations (available upon request), one
can show that H”/(-) > 0. Recall that i is defined so that H(ii) = 0 and
_ N _1-d [ V—vi }
H () =-1—— =H'(a) = 1—
B T B (e [ N ICr

where the second equality is obtained by substituting for @t and rearranging terms. When ¢, > ¢», the
term in brackets is negative, by Lemma 12, so that H’ (i) > 0. Finally, one can show that H(cy) satisfies

H(cn) = 11 v+ 7.[(‘_1)_\)1) —Ch].
(1-m)* —(1—-m) (1-m)* —(1—-m)

From Lemma 12, since ¢ < ¢1 < 0, the term in brackets is strictly positive, and, since the leading
fraction is also positive, we must have H(cy,) > 0.

Hence, when ¢, < d1 < ¢1 < 0, there must exist a solution to H({i;) = 0 with 7y € (¢, ). When
U1 < 1, one can show that Fi({i;) < 1 when F; is determined by (23) on the interval [cy, (1], which
confirms the conjecture that 1i; is the interior of the support of F;.

We now show that buyers cannot improve their profits by deviating from the constructed mixed
allocation. As in Lemma 13 with only separation, the distribution F; for u; € [{iy, max Supp(Fi)] is
chosen to ensure local deviations are not profitable. It remains to show, then, that local deviations are
not profitable in the pooling region and that no global deviations are profitable. As in Lemma 14 with
only pooling menus, it suffices to ensure that at the upper bound of the pooling region, i, no local
deviations are profitable, or

1 (vh —cn) <V (vh —c) —vn (ch —c). (72)

To prove that (72) holds, first note that since ¢» < ¢y < ¢1, we have ¢, < 1y < 1 ({iy). We now prove
that (72) is satisfied at {1;. Algebra (available upon request) shows that (72) may be written as

-1 _ 1
v+ v
T—¢r 1=y "

ul\

Since H((y) =0,if H ( v + 1= ¢ vl) < 0 then since H(+) is convex, (72) must be satisfied.
Using the form of H(- ) 1mpl1ed by the left-hand side of (71), one can show that

H<—¢1_ 1 )_(_ [v—w—(l—n)w—ch) (1—60% 1=m% (e
=[v—-w)

v+ v - +
T—d1  1—d V=V b (v— VL)“"

(73)

We now show that the term in brackets on the right side of (73) is negative. To simplify notation, define
&= (1—m)(V—cn)/(¥—v) so that the term in brackets can be written compactly as

1— e+ dr(1—p)n e,
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LetG(E)=1—&+ b (1— d)l)"%l_l 54’% and observe that for & < 1/(1 — ¢), we have

1

G'(E)=—1+[1—dp) &+ 120

so that for low values of &, G(&) is an increasing function.

Since ¢1 > ¢y, (60) implies that & < 1/(1 — ¢1). Moreover, since G(1/(1 — ¢1)) = 0, it must be that
G(&) < G(1/(1 = ¢1)) < 0, which ensures the term in brackets in (73) is indeed negative as desired.

To rule out global deviations, one can use the arguments provided in the proofs of Lemmas 13 and
14 in each region of the Supp (F{). Since the arguments are exact replicas of the arguments above, we
omit them here. [

A.2.3 Proof of Theorem 2

We begin with a lemma which ensures that the marginal distribution Fy is continuous (i.e., it has no
mass points) when ¢ # 0. We then prove uniqueness of the equilibrium first for ¢y > 0 and then for
¢1 < 0. (In Appendix C, we demonstrate uniqueness for ¢ = 0.)

Lemma 16. If ¢y # 0, then Fy is continuous.

Proof. Recall from Lemma 11 that if Fy has a mass point, then it occurs at iy = vi. As well, from
Lemma 9, there must exist a positive measure set S = {{i;, up )} such that each equilibrium menu (i, uy,)
has TTy = 0. Let u;, denote the lowest value of uy, for which (i1, un) belongs to the closure of the set S
and let 1y, denote the highest such value. Without loss of generality, we may assume that ({i;, ity ) and
(Ty, uy, ) belong to S and thus deliver the same profits to a buyer as the equilibrium level of profits.

Consider then the value of two different deviations, (i; — ¢,14,) and ({i; + ¢, Tty ), for a small value of
e > 0, both of which must be feasible. The profits from these deviations are given by

My —ew,) = pn(l—m+7nFn (u)) Ty (h—e,up) + (I —m+ 7k (G —€)) e
M +¢e0n) = pn(l—m+7nFy (Un)) Ty (46, Tn) — iy (1 =+ 7tk (G + €)) €.

These equalities are valid because Fy, does not have a mass point and F; does not have a mass point for
uy > vy or uy < vy. Since Fy is then left or right differentiable at 111, we have that

d_ . Vp —C o
(G — e uy) = —un (1= 7Fp (up)) 2y (1 =7+ 7y (W)
£ e=0 Ch—C1

Vh — Ch

d
—IT ({0 + ¢, Tp)

de —w (1 —m47F (W),

= pp (1 =7+ nFp (Tn))
e=0 Ch —C1

The optimality of menus in S implies that the above expressions must both be non-positive. Since the
equilibrium distributions are well-behaved above and below vy, the equilibrium necessarily exhibits the
strict rank-preserving property by Theorem 1 and therefore, F;” ({i;) = Fy (u;,) and Ffr (w) = Fp (i)
As a result, the above inequalities imply that

Vh —Ch

—Uh +wm < 0
Ch—C
Vh —Ch

Hn —m < 0
Ch —C

When ¢ # 0, one of the above is violated. Hence, a profitable deviation exists yielding the necessary
contradiction. [
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Case 1: ¢1 > 0. As we have shown, any separating equilibrium is uniquely determined. Thus, in
order to show the uniqueness of the equilibrium in this case, it remains to show that any equilibrium
is separating. To see this, suppose to the contrary that u; = uy for some menu offered in equilibrium.
Now, consider the following alternative menu (u; — €, uy ) for a small and positive value of €. This menu
is feasible and the change in the profits for a small value of € is given by

Ch _
e — wrf (w)(vi —u)e

s
w1 (1— 70+ 7F (wy)) e — i (1 — 71+ 7y, (u) Ch

where f| " is the left-derivative of F; at uy; recall from Appendix A.1.2 that Fy must be differentiable.
Using the definition of ¢1 and strict rank preserving property, we can write the above as

(1 — 7+ mh(w))e — wmf | (w)(vi —w)e.

The above expression must be positive: ¢ > 0, Fy and f| (u;) are weakly positive, and u; > vy since
Uy = up = cp > v where ¢y, > v by the lemons assumption. Therefore, this alternative menu is a
profitable deviation which yields the necessary contradiction.

Case 2: ¢ < 0. To prove the equilibrium characterized in Proposition 4 is unique, we first prove
that in any equilibrium with ¢ < 0, if @t = max Supp(F), then Uy (i) = T so that the best menu in
equilibrium is a pooling menu. Next, we prove that if the equilibrium has a pooling region, the region
begins at the lower bound of the support of F; or ends at the upper bound of F;. Additionally, if the
equilibrium features a separating region, this region must end at the upper bound of the support of F;.
These results imply that any equilibrium must take one of the three forms described in Proposition 4:
only separating, only pooling, or mixed. Finally, we show that the necessary conditions for each type of
equilibrium to exist are mutually exclusive so that at most one type of equilibrium exists for each region
of the parameter space, ensuring our equilibrium is unique for all ¢ < 0. We prove these results in the
following sequence of lemmas.

Lemma 17. If ¢y < 0, then the best equilibrium menu is a pooling menu.

Proof. Let i = maxSupp(F;) and suppose for contradiction that Uy (i) > . Consider a deviation
menu with (u{,u{t) = (0 +¢ Up(a)). Since Uy (1) > 1, this menu is incentive compatible and has
Fillu) =F (u]’l) = 1. This menu increases the buyer’s profits relative to the menu (1, Uy, (1)) by the

amount
Vh —C

h
=—dre>0
Ch—C1

—H1€ + Hh

where the inequality follows from ¢ < 0. This profitable deviation yields the necessary contradiction
so that we must have Uy, (1) = 1. |

Lemma 18. If ¢y < 0 and an equilibrium features [uy, us] C Supp(Fy) such that Uy (wy) = uy for uy € [ug, ugl,
then either u; = min Supp(Fy) or up = max Supp(Fy).

Proof. Suppose towards a contradiction that a pooling interval with u; > min Supp(F;) and uy <
max Supp(F) exists. Then there must exist intervals sufficiently close to and below u; and above uy,
respectively, in which the equilibrium menus feature separation. Since in these intervals, Uy (u1) > wuy
but Up(u) = uy and Up(up) = up, we must have limy, »,, U} (uy) < 1 and limy \, U (wy) > 1. In
any region with Uy (uy) > uy, the distribution Fy must also satisfy

7ifi (w) _ b
1—T[+7TF1 (LL[) u, —wvi
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since local deviations must be unprofitable. Moreover, in any such region, by the equal profit condition,
Uy, must satisfy

Up (w) =TT (1 — 70+ 7tFy (ug)) ™!

_ Vh —C1
V— by — Mn s

where TT denotes the level of equilibrium profits.
Using these features of the conjectured equilibrium, in the separating regions, U}, (u) satisfies

T o1
1 —7T+7TF1(LL1) up —vy

—r— (1 — ) Uy, (wy) =

and so Uy, satisfies

Trefy (wy) P1 T —¢u
1—m+af(u)Pw—v  1—m+aF(w) [u —wv)?

—(1—md) Up(w) =

7

which implies that Uy is concave when ¢ < 0. However, the existence of the pooling region implies
that U'hJr (u2) > 1 > U (1), which contradicts the concavity of Uy, given that u; < up. Hence, either
u; = min Supp(Fy) or uy; = max Supp(Fy). [

Lemma 19. If ¢ < 0and an equilibrium features [wy, up] C Supp(Fi) such that Uy (wy) > wy foruy € (ug, up),
then up, = max Supp(Fyp).

Proof. Suppose by way of contradiction that an equilibrium features separation (Un (1) > uy) on an
interval [u;, up] € Supp(Fi) with up < maxSupp(Fi). Then there must exist a pooling interval [uy, 1]
for some ti. Since up > min Supp(F), Lemma 18 implies that . = max Supp (Fy). Since the conjectured
equilibrium features separation in [uj, up] with Uy (u1) — u as uy — up, we must have U}~ (up) < 1.
As the conjectured equilibrium satisfies

if () __—h
1—7T+7TF1(LL1) up —vy

on the interval [uj, up], Uf (uz) < 1 implies

1 T =
N <1
11—y by 1—m+7Fy (up) up — vy

or
—P1IT < [1 =7+ 7ty (up)] (up —vy).

Since u; < 1, F (up) < 1 so that
— ;T < up — w1 (74)

Moreover, Lemma 17 ensures that the best equilibrium menu is pooling with utility @t and, therefore,
equilibrium profits satisfy TT = ¥ — 1. Using the fact that u, < 1, substituting for TT in (74), and

rearranging terms, we obtain

0<% (75)

v—1u

We will show that (75) implies that a cream-skimming deviation must be a profitable deviation from
the best (pooling) menu, yielding the necessary contradiction. Since the conjectured equilibrium features
pooling in the interval [uy, @], for u; in this interval, the equilibrium satisfies

(I—m+mh(w)V—-—w) =1-mF-10)
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so that
1—m+ TEF1 (ul)

(v —w)

filu) = (76)

Consider then a cream-skimming deviation of the form (u{,u{,) = (&t — ¢, @), which yields profits equal
to
(I-—m4+nh(t—e))mvi—t+e)+ (1 -+ mFp (@) unlTh (0 — ¢, @). (77)

Differentiating (77) with respect to ¢ and evaluating it at ¢ = 0, we obtain

VhL —C
(1= e 7 (@) = e (@t (v, — @) — (1= 7 (W)t
which, given that Fi(Ti) =1 and f{(@) = 1/[n(v — )], can be written as
vi—1u
m [dn - ] >0, (78)
vV—Uu

where the inequality follows from (75). Hence, this cream-skimming deviation strictly increases the
buyers’ profits relative to the conjectured equilibrium level, a contradiction. [

Since the only possible equilibria when ¢ < 0, then, are fully separating (except at the upper bound
of the support of Fy), fully pooling, or mixed, we need only prove that only one of these equilibria may
exist for any value of ¢;. We have already shown in the proof of Proposition 4 that ¢ < ¢ < 0. Recall
that a necessary condition for a fully pooling equilibrium is that ¢1 < ¢>. Hence, there is no fully
pooling equilibrium when ¢, > ¢,. Similarly, a necessary condition for a fully separating equilibrium
is that ¢1 > ¢1 so that when ¢1 < ¢4, no fully separating equilibrium exists. This means that in the
interval ¢, < ¢ < 1, the only possible equilibrium is a mixed equilibrium. Moreover, the threshold in
the mixed equilibrium is interior to the support of F; only if ¢ lies between ¢, and ¢;. Hence, at most
one of these types of equilibria may exist for any value of ¢ < 0, proving that the equilibrium described
in Proposition 13 is unique. n

A.3 Proofs from Section 5
A.3.1 Proof of Proposition 5

In a slight abuse of notation, we write welfare as a function of p,

W(p,un) = (1 —pn)(vi —c1) + un [(1 —p) X1 (p) + pXa(p)] (79)
where
w(7m(p))
Xn(p) = (vi — ch)J X (1) (Vi — ) d (P (g, 7(p)
and )
_ 2
ni(p) = T (80)

Several facts follow immediately from our characterization of equilibrium. First, note that X;(0) =
X2(0) =1 when ¢ < 0, which implies immediately that welfare is (weakly) maximized at p = 7(0) =0
in this region of the parameter space. Second, note that X;(0) = X;(0) = 0 when ¢; > 0, while
Xn(p) > 0 for all p € (0,1]. Hence, welfare is minimized at p = 7t(0) = 0 in this region of the parameter
space. To show that welfare is maximized at an interior value of m when ¢ > 0, we will prove that
limpﬁl W, (p,un) <0.
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To this end, first note that

:hwp (P 1n) = Xa(p) — Xu (p) + PX5(p) + (1— )X, (p)

In what follows, we will prove a sequence of results:
1. limy, 41 Xo(p) — X1(p) =0;
2. limp_1 (1 —p)X{(p) =0;
3. limy, 1 pX5(p) <O.

The first result follows immediately from the fact that Fi(u;) converges to a degenerate distribution at
p = n(1) = 1. To prove the second result, we first integrate X;(p) by parts:

/ 4 (e
- =(1-p) F
e P =) s d (R i)
d w(7(p)) ,
= (1-p)5= |xn(t(n(p))) — X (w)Fr(ug; 7t(p)) dug
dp C1
w(7t(p)) dF (uy; 7(p)) dm
- (1— / AW haihe S
p) | ) D Py
From the definition of F(u;) in (48), we have
dh(w;m(p)) _ Rlw;m)
dm n(l—m)
Therefore,
/ (1—p) dnr(p) aln(p)) /
—pP)MP) =/ rluy)Fluy; 1
vh_ch(l p)Xi(p) xi—m) dp )., xi (u)Fr(ug; m)du
Using (80), we obtain
1 / 2 2 )
J— — F .
Vh —Ch L=pXilp) (2 —7) (1+7p)? Ll *alu)R(uymdu
2 2 ) a(r(p))
— o T [ - R )

Since F; becomes degenerate as m — 1 and lim,_,1 7t = 1, this final results implies
. , 1
lim (1 —p)X;(p) = (vh —cn) X2 X 5 x0=0.

p—1

This completes the proof of the second claim above.
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To prove the third result, we first integrate X;(p) by parts and differentiate:

a(m(p))
) =g | W (w)d (R, m(p))
d w(n(p)) )
= b [xnmirte) = | k) (Faa(p)) du
w(7(p)) .
=) xg(ul)dFl(uC{;Tﬂ(p))TduL.
Since 4 aFu o]] )
, 7t
ety = 2R fuy ) SRS = - SR ), (81)
we have
a(7e(p))
vhichpxﬁ(p) = ﬁ(lzg - dg;p) J x{l(ul)F%(ul;n(p))dul
5 5 rulnlp)
TR, R
a(mt(p))
— G T [ = [ xna (Fn(p)

To prove the result, we will show that

1
m
n—»11—7

Ci

[xh(al(m) - J

Define H(m) as

Ty (7t)

H(m) = xp (1 (7)) —j X (w)d (B (wy; ).

C1

Since limy_,1 H(7t) = limy_,; 1 — 7 = 0, we will apply L’'Hopital’s rule:

lim H(m) = — lim H'(n).

n—s11l—7 t—1

Next, using integration by parts, we have

du, (@0 dF2(uy; )
H'(n) = X{l(ul(ﬂ))g Ll xp, (W ld7t duy
du1 2 ()
— ! _ / F2 .
) G~ g | kR maw
_ diy 2 H(m)
= () Trl-mn
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Therefore,

. H(n) - . ;o diy . H(m
AT = Ay ) 2
so that, rearranging the terms, we have
. H(Tt) s ! (= dﬁl
AT = Ayl
We now prove that lim,_,; xﬁ(ﬂl(n))% < 0. Using the fact that
_ 1 16 ¢
xh(w) = ————— (I —pp) vi—ct) ¥ (vi—w)®” = (1 —pn)vi+w —pner g,
Hh (Vh —c1)
we have 1
xpw) = —————— (1=l —pp)(vi —c)" P (v —uw)® ).
Hr(Vh —c1)
Next, since 11 (71) satisfies
1=(1-mn) (W_Cl> ¢
vi—ty(n))
we have .
vi—(n) = (1—-m)®(vi —c1),
which implies
diy () 1 14
= — — [} i
= g e
and 1
b1
X, (7T = 1 — 1 — 1 — Tt K3
b)) = s (1= 01— w)(1-m) %)
Combining these results, we find
du vi—c¢ (1 71)%_1
X1, (T (7t I_ Lt — —(1—
n(t(m)— - o — 1) s (1—pn)
and hence da ,
lim x, () St = _(Amindu—c)

—1 dmt Un (Ve — 1)

A.3.2 Proof of Proposition 6

Proof. We start with the form of W(p, u) given by (79) and express this instead as a function of 7.
Tedious, but straightforward calculations can be used to show

_ (Vi —cn) 2(1 —m) (Vh —cn)
W(mun) = (1—pn)(vi—c) |1+ vn—cy) (2—m) ] + HUh [Ch-f—(vh_cl)(\)l—cl)
(Vh —cp) 2(1 —m)? S (1) 1—2¢H(uh)
o —oy) mz =y T T g ey (L T 1),
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Then W, (7, un ) satisfies

(Vh—cn)vi—c)2(1—m)* d  ¢(un) - )
Wo (M) = O+ (1—m)eln) = —1 82
70 vh—c m2—m) dun 12 (un) €2
where N c .
O =cn—(i—c)+ —— (v —c)
VL —C1 2—
We will argue that when 7 is sufficiently small, then
1 1
ufn,VVuh(ﬂ Hh)<:u£ghovvuh(ﬂ Hh) (83)

where y is the value of uy, such that ¢(pp) = 0. Inequality (83) implies that the W|,, must be increasing
on an interval of uy°?; that is, W must be convex on an interval of uy. In contrast, the above inequality
is reversed when 7 is sufficiently close to 1.

Let
d  $(un)
dpn 1—2¢(pn)

M(r, ) = (1m0~ 1]
and
G(m) = Im M(7m, un) — lim M(7, up).
punp—0 Hh—Ho
Since the term multiplying M(m, uy,) in (82) is positive, it suffices to show that G(7mr) < 0 for 7t close to 0
and G(7t) > 0 for 7t close to 1. Note that

lim M) = — <vh—ch> n+log(1—m)
nwr—0 Ch—C1 1—m
and
(1 n)é_z Vh—C 1
li = ¢ —1—1log(1—m) li — = (=R .
Jim Mimuw) = /() [ og(1 - lim =7 ] (=) s
As a result,
B Vh —ch \ 7+ log(1l—m) Vh — Ch 1
Glm = <Ch—01> 1—m ch—cr /) (1—up)?
It follows that .
. _ _[(Vh—Cn
TIEIJOG(T[) a (Ch—cl> (1—10)?
and
Iim G(7t) = 400
T—1
which completes the proof. |

A.3.3 Proof of Proposition 7

In this section, we examine the efficiency properties of equilibrium outcomes. As in the text, we define
the type of seller i € [0,1] by 6; € ©, where © = {l,h} x {0,1} x {0, 1}. The first element of 6; indicates
whether the seller has a high or low quality good, the second element equals 1 if the seller is matched
with buyer 1 and 0 otherwise, and the third element equals 1 if the seller is matched with buyer 2 and
0 otherwise. We let c : © — {cy, cn} denote the valuation a seller of type 6 € © has for her own good,

520t is straightforward to show that W/, (7, uy,) is continuous.
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and v : © — {v{, v} denote the buyer’s valuation of a good purchased from a seller with type 6. Let
0 : [0,1] — O denote the mapping from sellers to their respective types with © representing the set of all
possible mappings, 6.

Each buyer’s type consists of the set of sellers with whom the buyer is matched. We represent the
type of buyer k € B = {1,2} as a mapping m*(i) : [0,1] — {0, 1}. Let m* denote the mapping m*(i) and
M denote the set of all possible functions m*.

We model the realization of 6 and {m*} cp as the realization of a random variable that is drawn
from a known distribution.”® This ensures that the beliefs of each buyer and seller about the types of
other buyers and sellers conditional on knowledge of their own type give rise to well defined conditional
expectations, as discussed in Uhlig (1996).

An allocation is a given by (t¥,x¥) | where t¥ € R is a transfer of numeraire from buyer k to

keB,icl0,1
seller i and x¥ € [0,1] is the amount of good transferred from seller i to buyer k. An allocation is feasible
if for all i and k such that m*(i) = 0, the allocation satisfies t]f = x‘f = 0 and for all 1, x%x% = 0. The
tirst constraint ensures that transfers of numeraire and goods only occur between matched buyers and
sellers, while the second constraint ensures that trade is exclusive.

We consider the class of direct mechanisms given by (X, x¥) 5 icj01) where £ : © x M?> — R and

xf 0 x M? - [0,1].>

Constrained Efficiency with Direct Mechanisms. We begin by defining and characterizing incentive
compatible direct mechanisms. A direct mechanism is incentive compatible if and only if, for all sellers 1,

E | ) [t5(0:,0 i, m', m*) + (1—xF(60;, ei,ml,mz))c(ei)]]
KEB
>E | ) [tF(6,0 ¢, m!,m?) + (1—x(6;,0_5, ml,mZ))c(Gi)]] vé; € 9, (84)
keB

and, for each buyer k € B,

> E U (XX (6, 72, m~*)v(8;) —t!‘(é,ﬁlk,mk)]di} Vi € M (85)

where the conditional expectations in (84) and (85) are taken with respect to other agents’ types.
Lastly, a direct mechanism satisfies individual rationality if and only if for all sellers 1,

E | > [tF(6:,0 i, m',m?) + (1—x{(6,0 ¢, m',m*))c(08:)]| > V5(6;) (86)

keB

where V*#(0;) denotes the expected value a seller expects to receive in equilibrium, or,

VS (0;) = { J [to,, (wm) +¢(03) (1 —xoy, (w))] dFi(w)  if m!(1)m2(i)
h J oo, (w) +¢(0:) (1 —xp,, (w))] d(Fi(w)?) if m!(1)m?(i)

3 A complete description of one way to model this aggregate shock and the resulting expectations is available upon request.
%4The Revelation Principle applies immediately to this environment so that we may restrict attention to direct mechanisms
without loss of generality.

4
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and for each buyer k € B,
E { [ ek @, mvion —tik(é,mk,mkndi} _ (87)
i

where VP represents the buyer’s expected equilibrium value, or

1

Vb= —
2—T

D {(1 — ) J[Vixi(ul) —ti(w)ldF(w) + g J[Vixi(ul) - ti(ul)]d(Fl(ul)z)} :

i=Lh

Characterization. We proceed by characterizing the set of mechanisms which maximize the sum of
buyers’ utilities. First, we simplify the set of incentive constraints. Note that each seller’s match-type—
i.e., whether they are matched with buyer 1, buyer 2, or both—is correlated with the buyers’ match
types. As a result, it is straightforward to design a direct mechanism in which sellers have no incentives
to lie about their match type, and buyers’ incentive constraints are slack. This allows us to re-write
mechanisms simply as transfers (of the numeraire and the good) for each of the four types of sellers:
those with high or low quality goods and those matched with one or two buyers.

Imposing symmetry, we re-define the mechanism as {t(i,n),x(i,n)} for i = {l,h} and n = {1,2} as
the expected transfer and trade by a seller with quality i and n offers. Interim incentive compatibility
requires, for each (i,n)

t(i,n) + (1—x(i,n))ci = t(i,n) + (1 —x(1,n))ci. (88)

Individual rationality of the sellers requires
t(iL, D)+ (1 —x(i,1))ei =2 V(L 1) = J [ti(w) + (T —xi(w))ei dRy(w), (89)
t(4,2) + (1 —x(1,2))ei > V°(1,2) = J [ti(w) + (1 —xi(w))eid d(Fu(w)?). (90)

Buyers’ utility associated with any such mechanism satisfies

2

2—11,
i=lh

pi (1 =) vix(i, 1) = 3, 1) + 2 (vix(1,2) = (5,2)] - oD

Thus, a constrained efficient allocation is a feasible allocation which maximizes (91) subject to (88)—(90).
It is immediate that such an allocation satisfies x(1,n) =1 forn =1,2 and

t(l,n) = t(h,n) + (1 —x(h,n))c;.

That is, constrained efficient allocations do not distort trade for low-quality sellers (matched with either
one or two buyers) and the incentive constraint for low-quality sellers must bind. Moreover, the indi-
vidual rationality constraints for high quality sellers necessarily bind. If these constraints did not bind,
one could decrease the surplus allocated to sellers of high quality goods by increasing x(h,n) by e and
t(h,n) by eci. Such a perturbation raises aggregate buyers’ payoffs by e(vy —c1), preserves incentives,
and for e small does not violate individual rationality of high quality sellers.

Proof of Proposition 7. We first prove that equilibrium allocation is constrained efficient when ¢ > 0.
To start, note that the individual rationality constraint for low-quality sellers must bind, otherwise one
can improve buyers’ payoffs by reducing transfers to low-quality sellers and adjusting trade with high
quality sellers to preserve incentive compatibility. Since ¢1 > 0, such a perturbation raises buyers’ utility.
Summarizing the results above, when ¢ > 0 the solution to the program described above must satisfy
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X(I’I Tl) = 1/

t(L,m) =V3(L,n), (92)
t(h,n) + (1 —x(h,n))cy, = V3(h,n), and (93)
t(lL,n) = t(h,n) + (1 —x(h,n))cy. (94)

We now show that expected volume of trade in a constrained efficient allocation coincides with
expected trade in our equilibrium. It is clear that trade by low-quality sellers is the same (since x(l,n) =1
for n =1, 2). To see that trade by high quality sellers also coincides, first note that (92)—(94) imply

VE(h,n)—V*(L,n) =[1—x(h,n)] (ch —c1). (95)

Using the definition of V(i,n) in (89)-(90), along with the fact that each menu in equilibrium satisfies
the low-quality seller’s incentive constraint with equality, we have

Va(h,n) — Ve(Ln) = J 1 — xn(w))] (cn — c0)d (Fyw)™). (96)

Solving (95)—(96), we see that the volume of trade under the optimal mechanism between buyers and
high quality sellers with n offers is

x(h,n) = jxh(ul)d (FLw)™). 97)

Using (97), similar algebra reveals that the transfers satisfy

timn) = jti(ul)d (Fulu)™). 98)

An immediate consequence of (97) and (98) is that buyers” utility coincides with what they receive in
equilibrium, which proves the claim for ¢ > 0.

Consider next the case of ¢ < 0. We claim that equilibrium is constrained efficient if, and only if,
xn(uy) =1 for all uy € Supp(Fi). To see why, suppose that the equilibrium satisfies

J xn(w)d (Fu)™) <1

for some n € {1,2}. We will show that a perturbation of such an allocation is feasible and increases
buyers’ utility, i.e. the initial allocation cannot be constrained efficient. To do so, consider the mechanism

t(L,n) =V3(1,n)
x(L,n)=1

th,m) = jth(ul)d (Fu(w)™)
x(h,m) = jxh(ul)d (Flw)™).

This mechanism satisfies the incentive and individual rationality constraints by construction. Now con-
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sider the following perturbation: for some n and € > 0, let

{(ll Tl) = t(l’ln) + (Ch - C1)€
R(Lm)=1
t(h,n) =t(h,n)+che

We argue that this perturbation remains feasible and strictly increases buyers’ utilities. Note that incen-
tive constraints are satisfied since

t(Ln) =t(L,n)+ (ch —cy)e = t(h,n) + (1 —x(h,n))cy + (ch —cy)e = t(h,n) + (1 —%(h,n))cy.

Moreover, this perturbation raises the payoff of low-quality sellers and leaves the payoff of high quality
sellers unchanged. Finally, buyers’ payoffs rise since the net impact of this perturbation is given by

[Uh(Vh —cn) —i(ch —c)l € = =drp(ch —c1) >0,

where the last inequality follows from ¢ < 0.

The final step of the proof requires showing that a pooling equilibrium—with xn (u;) = 1 for all
uy € Supp(Fy)—is constrained efficient. To see why, note that V*(l,n) = V*(h,n) for n € {1,2} in any
incentive compatible mechanism with full trade. Since the sellers’ participation constraint binds, and the
total surplus generated by the constrained efficient allocation coincides with that in the equilibrium, the
payoff to the buyers must coincide as well.

A.4 Proofs from Section 6

A.4.1 Proof of Proposition 8

Given 7t! = A2 = #t, we can use the analysis of our benchmark model to characterize the unique equilib-

rium. In particular, substituting & = 7, Propositions 2 and 3 characterize the equilibrium offer distribu-
tions, {F;(u;)}, along with equilibrium profits, which we denote by TT*(7t). For any ¢ < 1, equilibrium
profits are continuous and strictly decreasing in 7t, with TT*(0) > 0 and IT*(1) = 0. By assumption, C’ (7)
is a continuous, strictly increasing function with C’(0) = 0 and C’(1) > 0, so that there is a unique
solution to the first order condition C’ (7t) = TT* (7). |

A.4.2 Proof of Lemma 5
Consider first the case of ¢ > 0. In this region of the parameter space, " satisfies
C'(m*) — (1 —pp)(1 =) —c1) =0, (99)

and hence clearly S—S; <0.
Next consider the case of ¢, < 0. If ¢y < d1, where ¢1 < 0 is defined in (55), then 7t* satisfies

C'(m*) = (1= 7*) (unvn + vt —cn) =0, (100)
and hence clearly (‘11—3; > 0. The more difficult case is when ¢ < ¢ < 0. In this case, 77 satisfies
C'(m*) — (1 —7*) [ (v — ) + unTTr (G, cn)] = 0, (101)
where 11 satisfies Y'({i;, un) = 0, with

Y, un) =V — i+ (1 =) g(un, m) (U —vi)] — (1 —7) [ (v — ) + prTTR (T, cn)l (102)
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and -
g(un,m = (1—m) e .

To prove that — >0, we will show that
(7, pn) = (1 —70) (v — ) + palTn (i, cn)]

is increasing in py, and decreasing in 7. To prove the first result, note that

1
oY 1—m) %
YO g <o,
oty 1]

since we are looking at the region with ¢ < 0, and

oY

S = h-w-(1-m {(m )<69+1)+ﬂh(al,ch)}
Hh

Olh
> (vh—vi) — (1 —m) (T —vy) 4+ TTh (T, cn)l

— vn—vi) + (1 =) (en — ) ("*“‘“) S0,
Ch—C1

where we use that % < 0 in the first inequality and cy, > 1 in the last. Hence, & an

=(1—m) [Ma(t, cn) + (g —vi) =1
a}lh d

=

orT* . diy ]

To show that IT* is decreasing in 71, we must show that

1 1 dU]_

5 1-m™ u—v)—(1—m)® o <0,
or
dfq 111—\)1
n T p(1—m)

Solving (102) explicitly for 1y yields

1
V=it (1—m® v —(1—mn) (V— Hhi‘éﬁi&%)

uy = T
(1—m)% —wdy (1—m)
(vi—c1) (Vvh—ch)
o Hh (Vi —V1) —(j — ) Mh——¢ —¢c
(1—m)% —wdy (1—m)
so that
. (vi—c1) (Vvh—ch) 1— +
diy Hh e —gr (1—m)%t "
dr = 1 - (U]_ Vl) 1 .
(1—m)% — iy (1 —m) (1—m)® —wdy (1 —m)
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Thus we have to show that

_ _ 1 _q
Mh% (A ) _% (1_7-[) b1 +l’lld)l S ﬂl_vl
1 — U —W T = —
(17" =y (1—7) 1-m% —mp (1-m) =7
(vi—c1)(vh—ch) R
o e o (v (dr—1)

T = il :
A=m% — b (1—m) (1= — (1))
Again, since {1y > vi and ¢1 < 0, the right hand side of the inequality above is negative and the left hand
side is positive. This completes the proof.
A.43 Proof of Lemma 6

Let
X(m) = [27(1 — ) + 7] (upXn () (v — cn) + m(vi — ) (104)

denote the gains from trade realized in a symmetric equilibrium with 7 = 7t. Welfare is defined as

W(t) = —2Ac (nt(T)) + X (7t(T)), (105)
so that d
W (1) = [X'(m) — 2Ac/ ()] d—: (106)
Since
lim 7 =1,
A—0
and

lim X(m) <0,

—1
there exists A > 0 such that X’(7) < 0 whenever A < A. Smce = <0, it follows immediately from (106)
that W/(1) > 0 in this region. [ |
A.5 Proofs from Section 7
A.5.1 Poisson Meeting Technology
It follows immediately from (31) that
e ocnfl

Qn(a) = W

and Qo) =1—3 7 ; Qn(x) =0. From (34), @ = 1 — Q1(«) and substituting into (35) implies

Gluyea) = — Q1 Z Qn(a)F Huy o)
_ Qi (x) oF(uge)
_ 1_Qﬂw[e 1. (107)

Next, using the solution to the differential equation (36),

W _u1>¢1
- 7

1—77[4-771761(111;0() = (1—77() <V1—C1
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one can show that

v Qi(e) vi—w ™
G[(ul, (X) = 1—Q1(O() [(v1-c1> —1] . (108)

Combining (107) and (108), we obtain

Fr(uy, o) = _i)l log (W —u1> .

vi—C

Note also that Fi(ti; «) = 1 implies

AL S (109)

Vi—C

and o
frlug o) = ?1(\"1 —w) Y,

which we use below.
Next, we evaluate the utilitarian welfare measure given the Poisson meeting technology:

5 Pu(a) n(vn —cr) th(ul)d(F{‘(uu )+ b~ )|

n=1
o0 o

= th(vh —ch) th ) Z o) FI 1 (wy; o) i (w; o) dwr + (v — ) ) Pl
n=1 n=1
o

= Up(Vh —Ch th uy) o) F1H ug; o) f (s o) dug + (v — ) (1 — e ).

Consider

W(«) J (uy) ZnP - T o) fr (ug; o) duy. (110)

Substituting for nP, (), and using (35) and (108), we obtain

W(a) = | xn(w OCZ Qn (o) F (g o) 1 (wy; o) dwg

r

= | xp(uw)a[Q1(a) + (1 — Q1 () Gy (uy; o)l f1(uy; ) duy

r

~ [ (w)aQs () (

Vi—1U

—dr
) fi(uy o) duy.
vi—C

Substituting for fi(u;) and xn (u) and re-arranging terms yields

Prvi —c)
Hh(Vh —c1)

W(x) = Q1(a) J(Vl —u) T v — )T v —u) Pt = (v —w) + pr(vi — )] dwg

where the limits of integration are c¢; and tii(«). Applying tedious but straightforward calculus to
compute the integral yields

A — _ L 1=dy — —
W(x) :efocL |:FL1(V1 _Cl)i + vi—A <e « ¢)11 _1>:| i i—ca o= vi—C
Hh(vh —c1) b1 1—d
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Evaluating welfare as a function of « then implies

vi—c |, wmv—c) 1 Vi —C1 —x _aV1—C
W(x) = v—c)[ + xe & ( ‘bl—e"‘)—e“]
(o) =pnvn —en Vh—cl  Mr(vh—c1) 1— &1 pn(vh —c1) Vi —Cl
+(1—e Hmvi—c1)
Differentiating welfare with respect to  and re-arranging terms, we obtain
_avn—cn)vi—cl) { 1 ol ¢ Vh —Ch
W () =e % 1—o)— e % 4 +Uup+
(o) Vh —Cl hal (1—¢1) T—¢ MRS T
Let H(x) denote the term in brackets in the equation above. Since H(«x) is a strictly concave function
with H(0) > 0 and limy_,o H(x) = —o0, there exists a unique «* such that for all & > o*, H(x) < 0.

Hence, for all finite o > o*, W/ () < 0.

A.5.2 Geometric Meeting Technology

For the Geometric meeting technology with A(«) = /(1 — ), we have
Qn(e) = (1 —oa)’na™ "

and Qq(a«) = 0. Much as in the Poisson case, one can use (35) and (36) to show

1 5
Vi —1u
Fl(ul}“):& {1<vllcll> ],

b1

e =21 (1) 3

C 2x \vi—cy v — Uy

so that

and the upper bound i («) satisfies

_ oy
A COR NP
vi—CQ '

Next, we evaluate the utilitarian welfare measure given the Geometric meeting technology:
> Pula) {Hh(vh —Ch) th(ul)d(F‘f(uu «)) + (v —ci)
n=1

= (v ) [ xnw0) 3 P (@) (g ) o)l + o — )

n=1

Consider W(«), as defined in (110). Using similar steps to those we used above, one can show that

e ) :
Wia) = (1= PO [ ) % o — e =) = (= ) + 1 — 1)) du
_ _dllmo 2 b Jq_gye_ x 2}
~ 2un(vh—cl) A Cl){ulocd>1+1—¢1/7— {(1 ) 1]+Hh1—0¢¢1 '
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Therefore, welfare as a function of « is given by

G (1—od) (v —cn)(vi —cr) { 2 1 2/dbr—1 o 2 }
W(x) = t—F+——— (1 =) """ =1 + —
. 2(vn—cl) M T2 gy
+ o (v — et
Differentiating with respect to « and re-arranging terms, we obtain
(v —en)(vi—ci) [ 1 21, $u/2 ]
W' (x) = w(vi—c1) + 1—2a) — 1—o)®  +———— +un|.
() = (v —c1) n—cl) pa( ) 1_(1)1/2( ) 12 M
Note that W/(0) = pi(vi —¢1) and
- - — 2
W 1) = i (vr — ey SR 6, Vh—cn)(y Cl)[ n ¢/ }
(1) = m(wn l)Vh—Cl (v —c1) Hn 1—¢r/2

Since W/(0) > 0 and W’(1) > 0 and W'(«) is a strictly concave function of «, there exists no « € (0,1)
such that W/(«) < 0.

A.6 Proofs from Section 8
A.6.1 Construction of Equilibrium for the Insurance Model

The construction of equilibrium follows the logic of Section 4. For brevity, we focus on the region of
the parameter space where all equilibrium menus are separating and involve no cross-subsidization.
This obtains when the fraction of type-b agents, uy, is sufficiently large. The optimality conditions with
respect to up and ug in this case are

7ifp (Up) Mg 0g(1—04) 0g(1—04)

! I my 1, a
T——— (ub)ﬂb (up) =C’ (up) o | 0y =0, C (ug) Ry C (ug) (111)
mifg (ug) (1—99)9b /(.n eg(l_eb) /
m =%/ % P9 U)o (e 112
1—m+7Fg (ug) g (o, 1) Op — 04 ¢ (ug) Op — 0y ¢ (ug) (112)

These two differential equations, along with the boundary conditions F; (Ltj ) = 0 with w = 0w (y—d)+
(1—6;) w(y), characterize the equilibrium. Note that these are similar in structure to (21), except that
the marginal cost of delivering utility varies with the level of utility (this was constant in the linear
model). To solve this system, we make use of the SRP relationship, Fy (1) = Fg(Ug(uy)), which implies
fo(up) = fg(Ug(up))U ’g (up). Dividing the first differential equation by the second and using the SRP
identities, we obtain

M (o) Up () C (o) — 22 [Sggel e (uf) — Y5500 (ug) |

_ Ho 0p—0yg Op—0y g (113)
M (16, Ug (o)) Usdagfecr (up) — Salgeler (ug) ’
where uy and ug are related to up and Ug through (37). Equation (113) is thus an ordinary differential

equation in Ug, along with the boundary condition Ug(uy) = 1y. Note that this does not depend on .
Given Uy, equations (111) — (112) can be solved for the distribution functions.

Given a functional form for the utility function, w, this system can be solved numerically. Figure 9
depicts the solution for the following parameterization: w(c) = V2c, y=10,d=9, 0y, =09, 04 =
0.6, ug = 0.3. The left panel plots the equilibrium U, while the right panel shows the resource losses
associated with imperfect insurance—specifically, the function L(uy) from (38).
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Figure 9: Effect of varying competition
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A.6.2 Type-Specific 7t

Since our proofs that Fy, and F; have no flat regions and Fy, has no mass points immediately extend
to the case when m; # 7, we omit them in the interest of brevity. Hence, we begin by analyzing the
potential for mass point equilibria; that is, for F{(-) to feature a mass point—to emerge when 7 # 7y,.

Proposition 10. Suppose my < 1. Then Fi(-) does not have a mass point.

Proof. We prove a profitable deviation exists much as in the case when 7, = 7. In particular, in any
such equilibrium with a mass point, Ty = 0 and the following inequalities must hold

A Vh —C — (a

—Uh (1 — Tth JrT[hFl (LL[)) ﬁ + (1 —m +7TIF1 (ul)> < 0
N Vh —C N

n (1 —7tn + 7Ry () ﬁ —w (I—m+mF (W) < 0.

Rearranging the above, we must have

1—7’[14-7'[1]:1_ (ﬂl) < &vh—ch < 1—7[1+7T1Fi'_ (ﬂ[)

1—mn+meF () moen—c  1—mp+mF () (114)
Since FfL () > F{ () and m < 71y, then we must have that
1—m +mF () 1—m+mF (1)
1—my +maFy ()~ 1—7n + 7 ()
which is a contradiction. |

Proposition 11. Suppose 7y > 7ty If a mass points exists, then Fi(vi) = 1.

Proof. First, it is immediate that a mass point cannot exist for any u; # vi. Hence, suppose by way
of contradiction that there is a mass on vy that is not full. Then either F; (v{) > 0 or Ffr (vi) < 1. Since
above and below vy, the equilibrium features no mass points, the equilibrium must also satisfy the strict
rank-preserving property. Let S = {(v{, u)} and note that S must have positive measure. Furthermore,
the set S must be of the form {(vi, uy) : up € [uy,, tnl}. Note that we have, tip, > uy, > cn, > V1.
Therefore, in a neighborhood around S, all equilibrium menus should be separating. As a result,
they must satisfy the optimality condition with respect to w—for values of u; € [vi —¢, v + €]\ {v{} for
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small but positive ¢ (depending on whether mass is above or below vy):

Vh — Ch

— (I =m+mF(w)) + mrmf (w) (v —w) + pn (1= 7tn + 7 Fr (un)) e 0.
Using SRP,
Vh — Ch
— (1 —m +mF(w)) + mrmfy (w) (v —w) + pn (1= 7t + 7 F (w) oo 0.
Therefore, if positive mass is above v{, we must have that
Vh — Ch
Hr (1 —7tp + 7t Fy () e (1—m+mF (w)) >0,
and if it is below,
Vh — Ch
Hr (1 —7tn + 7 Fy (w) sl (1—m+mF (w)) <0.
From above, if mass point is to be an equilibrium property, the inequality (114) must hold:
1—7T1+7T1FE(\)1) < Hh Vh —Ch < 1—7T1+7T1Ff;(\)1) ﬂ (115)
1—mn+mF (i)  wmch—ca  1—mp+mF (vi) 7
Now suppose that F{" (vi) < 1. Then, from the differential equation above,
Vh—C Vh—C
Fu(w) [ —— — | — wemfy () (w—v) + i (1= ) " — iy (1—m) = 0.
Ch—C1 Ch—C

The general solution to the above differential equation is given by

Vi —C
MR T e g

Fr(w) =A1 (g —w) W + As.

uhﬂh&%—m H
7T
from above. Hence, Ffr (v1) < 1 cannot hold.
Now suppose that F|” (vi) > 0. Then, similar to above, we must have that

Since < 0 from (115), the above expression approaches either +co as u; approaches v;

VL —C
Hn7h e =cl —m

Frw) =A1 (vi —wy) W + As.

As u; converges to vy, the above expression converges to oo, which is in contradiction with F” (vi) < 1.
This proves the claim.
[ |

A.6.3 Proof of Proposition 9

We have already shown a masspoint equilibrium, if it exists, must full mass at vi. Now, the worst menu
in a masspoint equilibrium (i.e., the one with the lowest uy) must set up, = cn (otherwise, lowering
un strictly raises profits). By construction, a function Fy, that satisfies (40) ensures equal profits at all
points in the support. To rule out other deviations, consider the payoff from offering uj =vi —¢, uj €
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[uy,, Tn] . The change in profits (per ¢) satisfy

— 1— F —
vh—ch _ [ (=7 +7hFh) phvh—cn w (1),

Ch—CL (1—m) Kl Ch —C1

u (1 —m) — (1 — 7w + 7thFr) pn

It is sufficient to show that this is negative at the bottom, i.e., when F, = 0, which leads to

1—m — 1—m
( NBERVR—Ch _ 5 1

1_
(1—7m) w ch—ct 1—my,

<1—¢.

To rule out equilibria without masspoints, note that, in such an environment, the equilibrium is strictly
rank-preserving, so there must be a worst menu, i.e., one with F; = F, = 0. If it is a pooling menu, then
it must offer uy, = u; = cn. In other words, TT; = vi —c, < 0. On the other hand, if it is a separating
one, it must satisfy the FOC for u; :

7'[1f1 B (1—7Th

1—m +mk L 1—m

>(1c|)1) <0 = T <0

i.e., the worst menu in a non-masspoint equilibrium must necessarily lose money on the low type. But
then, the best menu must also lose money, because

[N (111) =vi—1U <vi—uy < 0.

Now, consider a deviation of the form (fiy — ¢, Tin) changes profits, relative to (i, tin,), by

Vh — Ch

M1 — K —wfilly () =md - () > 0

Ch—C1
yielding the desired contradiction. Thus, in a masspoint equilibrium, the distribution of u; is degenerate
at vy, i.e.,, buyers make zero profits from type-1 sellers. A buyer can deviate and offer a lower u, but
that brings higher profits only from the captive l—types at the expense of lower profits from both captive
and noncaptive h—types. When the condition in part (1) of the proposition is satisfied, 7ty is sufficiently
high or equivalently, the fraction of captive l—types is too low to make such a deviation attractive.

A.6.4 Equilibrium with vertical differentiation

Here, we conjecture and characterize an equilibrium with vertical differentiation. We restrict atten-
tion to the region of the parameter space where both buyers offer separating contracts without cross-
subsidization. First, note that the upper and lower bounds of the distributions of both buyers must
coincide, i.e., the distributions of offers by both buyers have the same support. This then implies that F{"
has mass of « at its lowest point c;. To see this, consider the equal profit condition for each buyer (recall
that all ties are resolved in favor of buyer 1):

I—m(vi—c) = TI(d, an)
(1—m+7x) (v —cy+B) = TI(iy,tn) + B.
B
B+vi—ci-
the support (ii) U%l(ul) = cp foruy € [c1,cy+5s], s > 0. In the interval (cy + s, 1], Uzh(ul) is strictly
increasing. Formally, the distributions F}‘ satisfy the strict rank-preserving conditions

Solving, we obtain « = Next, we posit that (i) U} (1) is strictly increasing everywhere in

Fllw) = FL(Uj(w)) w € [y, @l (116)
Fw) = FAUi(w)) Uy € (Crqs, . (117)
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The optimality conditions for u; and uy, for the two buyers yield:

2 1— 7472 (Ul -
mif? (ulz) My = 1- M 7+ mFs, (2 L))\ v —cn (118)
1—m+nF (w) Ly 1—m+nF (w) Ch—C1
o2 (un) Vh —C1
I—m+ 7&211 (U (w)) T (1 uﬁ(ul)) N Ch —C1 (119)
mif} (w) (—w) — 1_Mn 1—m+nFf (U2 (w)) | vi —cn (120)
_ 1 l uUo= _ 1 _
1—m+ ) (u) w 1—m+ ) (w) Ch—C1
7ifl (un) ) ) Vh —C1
e (u, Us () = ——. 121
1—m+aF (U2 (w)) n (U () Ch—Ct (421

This system of equations (116) — (121), along with the boundary conditions

Fillc) = Fhlen) =0
Filcl) = «
Flm) = R =1
FLun) = Fr(un) =1
(1-m(vi—c) = (I—m+nFi(ci+s)) vi—cr—s)+(1—7)TTx (c1 +5,cn)

characterize the six unknown functions F, F%, F}L, F%L, Ulll, and U%L.

B General Trading Mechanisms

In our equilibrium construction, we assumed that buyers offer menus consisting of two contracts—one
for high-quality sellers and one for low-quality sellers. In this section, we show that this assumption
is without loss of generality. In particular, we consider a game where sellers can send arbitrary mes-
sages and buyers offer mechanisms that are deterministic and exclusive—but otherwise unrestricted—
mapping the seller’s message into potential terms of trade.”> We prove that the distribution of trades in
any equilibrium of this more general setting coincides with that of a game with two-point menus. We
prove this within the context of our baseline model, where two buyers face a continuum of sellers.

Intuitively, this result essentially shows that it is impossible for a buyer to screen a seller based on her
outside offer. To see why, note that screening is possible only when the payoffs from accepting a given
contract differ across types. For example, a seller with a low-quality good gets less utility (compared to
one with a high quality good) from accepting a contract which requires her to retain a fraction of the
good. However, sellers who differ only in their alternative offers get the same utility from accepting a
contract; since trading is exclusive, once they accept the terms of a given contract, their outside offer is
irrelevant. This feature rules out the ability to screen sellers along this dimension.

The proof proceeds in two steps. First, we map our environment into the general framework of
Martimort and Stole (2002), hereafter MS. This allows us to apply their “delegation principle,” which
establishes that any equilibrium of a game with general mechanisms and messages can be achieved by
a menu game. Second, we show that equilibrium menus have at most two contracts that are accepted
by sellers in equilibrium. Together, these steps imply that a game where buyers offer 2-point menus
induces the same equilibrium distribution of trades as a more general game with arbitrary mechanisms
and communication.

Step 1. We begin by expressing payoffs and strategies using the notation of MS. A contract is defined

%In a deterministic mechanism, the mapping from the seller’s message to an offer is a deterministic function. Note, however,
that buyers can still randomize over different mechanisms.
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by a quantity-transfer pair d = (x, t). The seller’s type is given by 0 = (j, A), where j € {l, h}is the quality
of her good and A C {1,2} is the set of buyers with whom she is matched. Given a pair of contracts
offered by the two buyers, d = (d!, d?), the payoff to a seller of type 0 is

U(d;0) = th+ (1—x") ¢j. 122
(d;0) =max t'+ (1-x) ¢ (122)
When a seller has access to both of the buyers and is indifferent between the contracts they offer, we
assume she randomizes, with each buyer being chosen with equal probability. We denote the seller’s
contract choice by st (d;0), where s! (d;0) +s2(d;0) =1, so that the buyer’s payoff can be written

Vi(d;0) = (vix' —t') s* (d;0). (123)

There is an unrestricted space of messages, denoted M, available to each buyer-seller pair. The
strategy space for buyers is the space of all deterministic communication mechanisms. Formally, such a
mechanism consists of a mapping d* : M — D from messages to the set of all contracts D = [0,1] x R,
The set of such mechanisms is represented by Y = (TD)M. Each buyer’s strategy o', then, is a distribution
over the elements of Y. A seller’s strategy is a joint distribution over messages sent to each buyer with
who she is matched. The timing of the game is as follows. First, sellers draw their types. Second, each of
the buyers simultaneously offers a mechanism to the sellers with whom they are matched. Third, each
seller chooses a message to send to each of the buyers with whom she is matched. These choices then
induce (potentially a pair of) contracts, with the resulting payoffs given by (122)—(123).

We can now apply the delegation principle from MS (Theorem 1). It states that the distribution
of contracts and trades induced by any Perfect Bayesian Equilibrium in the game with mechanisms
can be achieved by a game where buyers post menus of contracts and sellers choose their desired
contract. Formally, a menu game is one in which each buyer’s strategy is a distribution (possibly
random) p € A (2P) over all possible menus z C D. Facing two menus, a seller of type j proceeds in
two steps. First, she chooses a contract from each menu, which is described by a probability distribution
X;j (z1,22;0) € A(z1 X z2) over pairs of contracts d € z; x z. She then chooses one of the two contracts
according to the functions s*(-) described above.

Step 2. The second step, stated formally in the following result, shows that equilibrium menus
cannot contain more than two “active” contracts, i.e. ones that are actually traded in equilibrium.

Proposition 12. In any equilibrium of the menu game, any menu z has at most two contracts that are chosen by
some seller type in equilibrium.

Proof. Without loss of generality, consider an arbitrary menu z offered by buyer 1 with positive prob-
ability in equilibrium, and define Dj (z) as the set of all contracts in that menu that are chosen by a type
j seller with positive probability, i.e.,

Dj(z) = {dtez: Jd%ez € Supp(n) : (dl, d2) € Supp(xj(z,z’)),sl(dl,dz; (j,-)) > 0}

We will show that ‘Dj (z)| =1 for j € {1, h}. The strategy is to show that all elements in D;(z) must yield
the same utility to type j sellers and the same payoffs to the buyer, i.e., for all (x,t), (x’,t') € Dj (z), we
must have

t+e(1—x)=t'+¢5 (1—x') (124)
vix —t =vjx’ —t/, (125)

which implies (x,t) = (x/,t’). It is easy to see that the two contracts must offer the same utility to
the seller, otherwise she cannot choose both from the same menu with positive probability. To show
that they must yield the same payoff to the buyer, consider the offer intended for the type 1 seller. Now,
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suppose that (x,t), (x’,t’) € Dy (z) withvix —t > vix’ —t’. This inequality, combined with (124), implies
A%} (x—x’) >t—t' = C1 (x—x/) =x>x'.

As a result,
ch(x=x")>c(x—x)=t—t' = t+cn(1-x) >t +cn (1-x).

This implies that (x’,t’) ¢ Dy, (z). Hence, if we eliminate from z every contract in Dy (z) except the one
that delivers the maximum payoff to the buyer from type 1 sellers, the buyer’s payoff strictly increases
and the high type seller’s choice is not altered. Therefore, if there is more than one element in D1(z),
they must all yield the same profits.

Now suppose there exist (x,t),(x/,t’) € Dy (z) such that vix —t > viyx’ —t’. As before, this implies
x > x’. We then have

t—t'=ch(x—x)>c(x—x) = t+c(1—-x) >t/ +¢c (1—x).

Hence, (x/,t’) ¢ Dy (z). Then, as with type 1 sellers, eliminating all contracts in Dy, (z) that deliver less
than the maximum payoff to the buyer is a profitable deviation. This concludes the proof.

C Masspoint Equilibria: The Case of ¢ =0

Proposition 13. Suppose ¢ = 0. The unique equilibrium of the game is described by the pair of distribution
functions, with Fi(uy) degenerate at vy and Fy (un) satisfying

(1 =7+ nFp (up)) uhITh (v, un) = (1 —70) wy (v —c1) (126)

with Supp(Fr) = [ch, cn + (v —c1) (Vi —cn) /(v — ).

Proof of Proposition 13. To show that the constructed distributions constitute an equilibrium, we show
that there are no profitable deviations. In other words,

Y () (1 P () T () (1 P () () < (1) ).
We consider two cases:
1. w}, > max Supp (Fr,) = Tin: In this case, when uj > v, the profit function is given by
HrTTh (up,ug) + e (v —ug)

Since ¢ = 0, the above function is invariant to changes in u}, and is strictly decreasing in uj.
Therefore, its value must be less than its value evaluated at (i, vi), which gives the equilibrium
profits. When, u] < vy, the profits are given by pnITy (u{,u{i), which is decreasing in uj, and
therefore

HrTTh (up,uh) + (1 =70) (v —uy) < prlTh (U, Gn) + e (1—7) (vi—uy) .
Note that the right-hand side of the above inequality is a linear function of 1] whose derivative is
given by

Vh — Ch Vh — Ch
—w(l—=m) = pp — T
i—Q Ch —C1

= —uydr+mm=wmr>0.

Uh
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Therefore, we must have that
prTTh (uy, Gn) + e (1—7) (vi—uy) < gl (v, n) = (1—71) i (v —c)
where the last equality follows from (126).

2. uj, € [ch, Tnl. In this case, when u| > vy, profits are given by

tn (T—m+aFy (uh)) TTh (U, up) + e (vi—w)) < pn (T—7+7tFy (uh)) TTh (v, uh)
= (1-m)wvi—ct)

where the inequality is satisfied since u > v and the last equality follows from (126).

When u] < vy, profits are given by

Wh (1 —m+ 7tk (u’h)) Iy, (u{,uﬁ) + (1 —m) (V]_ —ui) .

The above function is linear in u{ and its derivative is given by

Vh —Ch Vh —Ch Vh —Ch
n (1 =47k (uf,)) —wm(l-m = (1-m) <Hh — H1> +7Fy (uy,)
Ch —C1 Ch—C Ch —C
= oy (u)y) TSR s,
Ch—C1

Therefore, it is maximized at u] = v;. This establishes that there are no profitable deviations.

To conclude the proof, we show that the equilibrium constructed is the unique equilibrium when
¢ = 0.

In order to show uniqueness of equilibrium, it is sufficient to show that, in any equilibrium, Fy must
be degenerate at vi. When F; is degenerate at v{, from Lemmas 7 and 10, we know that Fy, must be
continuous and strictly increasing and therefore it must satisfy (126).

Suppose that u; # vy exists that belongs to the support of Fi. Then the proof of Lemma 11 can
be used to show that for values of u; # v, Fy must have no flat and mass points and consequently
equilibrium must exhibit the strict rank-preserving (SRP) property. Now consider any menu for which
u; < vy and a deviation that increases the value of u; by a small amount. In this case, Fy is differentiable
and we can write the change in profits from such a deviation as

Vh — Ch
Ch —C

e (w) (v —wy) — (1 — 4+ 7F () + pn (1—m+7mFp(un)) =
et (w) (v —w) — ey (1 — 4 mF (wy)) > 0

where in the above f; is the right derivative of F; and we have used SRP. The above implies that
increasing u; must be a profitable deviation which proves the contradiction. The case with u; > vy is
ruled out in a similar fashion. This concludes the proof. n

D The Model with Many Types

D.1 Environment and Construction of Equilibrium

We now extend our analysis to the case with an arbitrary, finite number of seller types. We focus our
attention on equilibria where all offers are separating menus. We do so for two reasons. First, in the
case of N = 2, this region yields some of the most interesting results—such as the non-monotonicity of
welfare in =——and we want to confirm that these results are true in a more general setting. Second, in
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the equilibrium with all separating menus, the monotonicity constraints are slack (x; < xi11), which is
the most commonly studied case in the mechanism design literature.”® We first provide a method for
constructing such a separating equilibrium, and then use the constructed equilibrium to demonstrate
that the welfare implications from the model with two types extend to the general case of N > 2.

Suppose there are N > 2 types, with buyers and sellers deriving utility vi and c;, respectively, per
unit from a good of type i € N = {1,..,N}. The types are ordered so that vi < v, < ... < vy and
c1 < ¢ < ... < cN, and there are gains from trading all types of goods, i.e., vi > ¢; for all i € N. The
distribution of types is summarized by the vector (..., un), with 3 ;- i = 1. As in our benchmark
model, sellers (of all types) are privately informed about the quality of their good and receive two offers
with probability 7t and one offer with probability 1 — .

Equilibrium Properties. The definition of strategies and a (symmetric) equilibrium are identical to
those in the model with two types, and hence we omit them for brevity. We begin our analysis, in
Lemma 20 below, by establishing that buyers” offers never distort the quantity traded with the lowest
type of seller, and that local incentive constraints always bind “upward,” i.e., equilibrium offers always
leave a type i seller indifferent between his contract and the one intended for type i+ 1. As a result, a
buyer’s offer can again be summarized by the indirect utilities it delivers to each type i € N.

Lemma 20. For almost all equilibrium menus:

1. There is full trade with the lowest type, so that xy = 1, and the local incentive constraints are binding
upward, so that
ti+ci (1—xi) =tig1+ci (1—xi41) foralli:1,2 ..... N—1;

2. Each menu can be summarized by a utility vector u = (uy,--- ,un) with uy > ¢i V iand

UN —UN-—1 S s U — Uy

1> >0, (127)

= =
CN —CN-_1 C2—C1
with the corresponding quantities and transfers given by

Ui —uj—q

x1=1, xi=1—-—"1  {=23...N (128)
Ci—Ci

t1=w, Y{4 :ui—L(ui—ui_l), i=2,3....N.
Ci—Ci—1

This proof of Lemma 20 is a direct extension of the proof of Lemma 1, and hence is omitted for
brevity. Given the results, we can recast each buyer’s problem in terms of the utility vector u. In
particular, given a family of marginal distributions Fi(u;) for i € N, each buyer chooses a vector u to
solve

N
max >y (1—7+7F (w)) Ty (wiog,wi) (129)
i=1

ui=cq

subject to the monotonicity constraints in (127), where (in a slight abuse of notation) profits per trade
with a seller of quality i are given by

M (W) =v1 —w,
Vi —Ci—1 Vi —Ci

T (wi—q,uy) = vy — uy + i1, for alli =2.....N. (130)
Ci —Ci—1 Ci —Ci—1

56Gee, e.g., Fudenberg and Tirole (1991).
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The program in (129) resembles a standard mechanism design problem, where the binding incentive
constraints are substituted into the profit functions in (130). The monotonicity constraints in (127) are
necessary to ensure that local incentive compatibility implies global incentive compatibility.

We now formally define a separating equilibrium, provide a characterization and a method for con-
structing such equilibria, and then use numerical examples to study their normative properties.

Definition 2. An equilibrium is separating if the utility vector u associated with any equilibrium menu solves the
relaxed problem of maximizing the objective in (129) ignoring the monotonicity constraints in (127).

As a first step, in the conjectured equilibrium, one can use an induction argument to extend Propo-
sition 1, establishing that all the distributions F; (1) are continuous with connected support. Since
the profit function is strictly supermodular, any separating equilibrium must satisfy the strict rank-
preserving property. The following proposition summarizes.

Proposition 14. If 1 = 1— [222=C1 5 0, then, in any symmetric separating equilibrium,

1. Foralli € N, F; (-) has a connected support and is continuous.

2. There exists a sequence of strictly increasing real-valued functions {U; (u1)}\, such that the utility vector
associated with any equilibrium menu z satisfies:

u(z) = (u (z), Uz (ug (2)), Us (w1 (2)), -+, Un (w1 (2))). (131)

As in the model with two types, Proposition 14 greatly simplifies the construction of separating
equilibria: it implies that we only need to characterize the distribution of offers to the lowest type,
Fi (u1), together with the sequence of functions {U; (ul)}l\]:z.57 The equilibrium distribution of utilities
can then be derived from the fact that all types have the same ranking across equilibrium menus, i.e.,
Fi (ui (ul)) = Fl (ul) foralli= 2,...,N.

Equilibrium construction. We now illustrate how to construct a separating equilibrium. Differentia-
bility of the profit function in (129) implies that any separating equilibrium must satisfy

ify (Uy (uq))
1 —T[+7TF1 (ui (ul))

mifi (U; (uq))
1-— 7'[+7'[Fi (ui (ul))

M (w) = & (132)

M (Uig (w), Wi (w)) = & foralli=2,..,N, (133)

where ¢4, the marginal cost of increasing the utility of a seller of type i, is given by

H2 V2 — C2
pr=1-—="—"=
M1 C2—C1
Vi —Ci—1 i+1Vi+1 —Ci+1 .
Py = — _ K1 Vig Laas foralli=2,--- ,N—1
Ci—Ci— K Cig1 —Ci
VN —CN-1
on=—.
CN —CN-—1

Equation (132) implies that F; must satisfy

7ify (u) _
1 — 7+ 7Fy (uq) vl—ul'

(134)

57This proposition relies on the assumption that the marginal cost of transfers to the lowest type net of any benefits aris-
ing from binding incentive constraints, ¢1, is non-zero. As in the two-type case, this assumption is required to show that
equilibrium distributions do not have mass points.
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Since the strict rank-preserving property implies that each U; must satisfy Fi(U;i(u)) = Fy(uy), it must
be the case that U/ (u)f;(Ui(ug)) = f1(ug). Substituting this result into (133) implies that the equilibrium
functions U; must satisfy the set of differential equations:

~ $1 T (Ui (wa), Uy (wq))

ti ) = of Vi— W
1

foralli=2,---,N. (135)

The system of differential equations (134) and (135) are ordinary first order differential equations; to
complete the characterization, we need only provide the appropriate boundary conditions. As in the
two-type model, these conditions depend critically on the marginal costs, (¢1,...,dn), and are closely
tied to the outcome under monopsony. The following result shows that the solution to a monopsonist’s
problem can be represented in the form of a threshold type.

Lemma 21. Let ] denote the largest integer i € {1,2...N} such that
-1
> s < 0, (136)
i=1

with] =1 ifZ]f:l widi > 0 forall k €{1,2...N}. The solution to a monopsonist’s problem is to set u; = cj for
i< Jand wy =cq fori>7J.

Intuitively, the accumulated marginal cost of trading with the first | types is negative (31| wid; <
0), so they are pooled. In contrast, for the remaining types, the information rents outweigh the potential
gains, so the monopsonist chooses not to trade with them.”® The next result links this threshold ] to the
best and worst menu when 7 > 0.

Lemma 22. Let ] be as defined in Lemma 21. Then, in any equilibrium, the best menu has ui = uj for i < J, and
the worst menu has w; = ¢y forall i > J.

To see the intuition, note that the best menu trades with probability 1, i.e., attracts all captive and
noncaptive sellers. Therefore, it cannot be profitable for that menu to separate types that a monopsonist
finds profitable to pool; if u; < uj for some i < J, then increasing u; has no effect on the probability or
composition of trades but yields strictly higher profits (because the effective marginal cost of increasing
u; is negative). Similarly, it cannot be profitable for the worst menu to give any surplus to the types that
the monopsonist finds optimal to shut out completely; if such a menu offers more than c; to any type
i > ], the buyer can raise her profits simply by lowering that utility.

The system of differential equations (134)-(135), along with the boundary conditions described in
Lemma 22, describe necessary conditions for any separating equilibrium. By the Picard-Lindelof theo-
rem, it has a unique solution. In Appendix D.2.5, we provide analytical expressions for this solution. To
ensure that this solution is an equilibrium, one need only verify that the monotonicity constraints (127)
are satisfied for every u; € Supp(Fy).

Finally, we solve two numerical examples using the method described above. The two cases both have
N = 4, but differ in the marginal cost vector, (¢1,...¢N ).5? In the first case, ] = 1, so the monopsonist only
trades with the lowest type. In the second case, ] = 2. We use these cases to demonstrate the robustness
of the welfare results in section 5.2. In Figure 10, we plot expected trade for types 2 through 4 (recall
that x; = 1 always) as a function of 7. They show a non-monotonic relationship between expected trade
and competition. In the first case (left panel), in which the monopsonist only trades with type 1, trade
by all three types is hump-shaped. This is analogous to the case with ¢y > 0 in the two-type model. In

58For brevity, we ignore the non-generic case in which the inequality in (136) is satisfied with equality.

5For both cases, we assume a uniform distribution p; = 0.25 for all i, with valuations ¢; = 1,2,3,4 and v; = ¢;6 +0.5. In
case 1, 0 = 1.2 and in case 2, § = 1.3. In each case, we solve the system (134)-(135) and verify that the monotonicity constraints
are satisfied.
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the second case (right panel), however, trade with one of the types (type 2) is monotonically decreasing
in 7t. This is similar to the case with ¢ < 0 in the two-type model. In both cases, these patterns imply
that ex-ante welfare is maximized at 7t < 1.

Elxi] A Elxi]A
T o Ex,]
05+ Elxo] 054
Elx3] Elx3]
0t E[x4] ot E[x4]
} — i
0 1 T 0 1

Ay

Figure 10: Expected trade and competition when N =4 and ] =1 (left panel) or ] = 2 (right panel).

D.2 Proofs
D.2.1 Proof of Lemma 20

This proof is a direct extension of the proof of Lemma 1, and hence is omitted for brevity.

D.2.2 Proof of Proposition 14

To show the strict rank-preserving property, we first show that F;’s are continuous and strictly increas-
ing. The argument for this claim is inductive.

Step 1: Fy is strictly increasing and continuous.

Fn is strictly increasing. Suppose, towards a contradiction, that there is an interval [u}, uf,] where
Fn is constant and takes a value between 0 and 1. Without loss of generality, we can assume that
uf; belongs to some contract that is offered in equilibrium. Let one such menu be given by u” =
(uf,---,uf). Given our assumption that the equilibrium is separating, this menu must maximize
Z}ll wi (1 — 7+ 7F; (ui)) T (wi—1,uq) over the set of menus that are subject to the participation con-
straints. Now consider a menu given by (ui’ U, W — e) for a small €. Since uf, > uj, > cn,

this menu satisfies the participation constraint. Moreover, this menu keeps the fraction of noncaptive N
types constant while increasing profits per N-th type, thus yielding higher profits, a contradiction.

FN is continuous. Suppose, towards a contradiction, that Fyy has a mass point at {iyy. Let

u = (uy,---,un—1,7Un) be an arbitrary equilibrium menu with its N-th element given by {in. Note
that we must have TTy (un—1,0n) < 0 and iy = cn. The fact that Ty (un—1, Tin) < 0 is immediate,
since otherwise a small increase in 1ty would attain a higher level of profits. Additionally, if iin > cn,
then a small decrease in 1ty would attain higher profits. Such a change increases profits because either
TNy < 0—in which case this change decreases the probability that an N type accepts the offer discretely—
or Ty = 0—in which case this change makes profits per N type strictly positive.
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Non-positivity of profits, together with {iy = ¢, implies that

iy ONTEN o YNTON <0 NN < NN s iy < enet

CN —CN-1 CN —CN-1 CN —CN-1 CN —CN-—1

This inequality, together with the participation constraint, cny—1 < un—1, implies that un_1 must equal

cn—1 and Ty = 0. That is, any menu u with 1y as its N-th element must also satisfy un_—1 = cn—1,

so that Fy_1 must also have a mass point at cny_1. Repetition of this argument implies that any menu

containing a mass point at ity must also satisfy u; = c¢j, and thus F; must have a mass point at c;.

However, then a small increase in u; from u; = ¢; must increase profits, as F; puts a mass at c; and

profits from type 1 sellers are positive. This yields the necessary contradiction.

Step 2: If {Fk}l]:;j 41 are strictly increasing and continuous, then F; must have the same properties.

To prove this claim, we first prove the following lemma:

Lemma 23. Suppose that, for some j < N —1, the distributions {Fk}]]:l:j are continuous and strictly increasing.

}E:j 1 such that for any

menu G offered in equilibrium with its j-th element given by 1, (011, ,an) = (U1, (045), -+, Un (95)).

Then there exists a sequence of strictly increasing and continuous functions {Uy; (u;)

Proof. We prove this claim by induction. For any value of un_1, let Uﬁ (un—1) be the set of values of
un such that equilibrium menus exist with (N — 1)-th and N-th elements given by (un_1, un).

We first show that U§ (un—1) is a strictly increasing function. Using exactly the same arguments
as in the two-type case, it is straightforward to show that: (i) U (un_1) must be a strictly increasing
correspondence; and (i) if u,u’ € Uf{l (un—1), then [u,u’] C Uﬁ (un—1). These results are direct im-
plications of strict supermodularity of the function un (1 —7t+ 7FN (un)) TTn (un—1, un) and the strict
monotonicity of Fy.

Now suppose that for some fin_1, U (tn—1) is a correspondence and so contains an interval given
by [u/, u”]. Then

Pr (uN,1 = fLN,1) = J do > FN (LLH) —FN (u/) >0
{(ull"'ruN72/ﬁN71/uN)esupp((D)}

where the last inequality follows from the fact that Fy is strictly increasing. This inequality implies that
Fn—1 has a mass point at {iy_1, in contradiction with the assumption that Fn_1 is continuous. Hence,
Uy, must be a single-valued function.

One can also adapt our arguments from the two-type case to show that U (un_1) is strictly increas-
ing. If it were constant on an interval, then FN must have a mass point, contradicting the continuity of
Fn. Thus, UL (un—1) is a strictly increasing function and we may write profits from the N-th type as
function of un_1 only. Let this function be given by H?Q (un—1).

Next, let U§ _;1 (un—2) be defined in a similar fashion as above. Since the profit function

un—1 (T —7mt+ 7PN (un—1)) Tzt (e, un—1) + T (un—1)

is strictly supermodular and Fyn_1 and Fn_ are strictly increasing and continuous, Uy, ; must be a
strictly increasing, single-valued function. Exact repetition of this argument implies that for all k €
G,...,N—=1}, Ll).+ is a strictly increasing function. Therefore, we must have that

Uiy (85) = Uy (U, (- (U ()

forall k € {j +1,..., N}, and this concludes the proof. [ |
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We now return to proving step 2 of the induction argument.

F; is strictly increasing. Suppose, by way of contradiction, that F; has a flat over an interval [u}, u}']. Much
as in Lemma 11, we prove that if F; is flat on the interval [ug,ug’ |, then the marginal benefit of delivering
one additional unit of surplus to type j 4+ 1 (incorporating the impact on all types i > j + 1) changes
with uj € [uf, uf]. This fact allows us to show alternative menus with higher levels of profits than the
conjectured equilibrium level must exist.

To see this, first let U, ; (u;) be the correspondence defined in the proof of Lemma 23. By our

j+1
induction assumption and Lemma 23, profits from types {j + 1, ..., N} can be written as

W1 (L= mFi (W) T (W, w40) 411 (w4

where ﬂj++2 (uj41) are equilibrium profits constructed by applying Uy ;11 as defined in Lemma 23. Note
that these profits are strictly supermodular in (u;,u;41), and, as a result, thrl (u;) is a strictly increasing

correspondence. Additionally, since F; is flat over the interval [ug,u’.’ ], we must have that U:", . (u}) and

J I+
Ll).++1 (ug’ ) must have a common element (as in the proof of Lemma 11). Let 1151 be this common element.
Let u’ be an equilibrium menu with j-th element given by uj and (j + 1)-th element given by 1.1
and u” be an equilibrium menu with j-th element given by uj’ and j + 1-th element given by ;1. Note
that a perturbation of u’ which increases u; by a small amount must not increase profits. Similarly, a
perturbation of u” which decreases u;” by a small amount must not increase profits. Since F; is flat on
[u, 1], non-positivity of these two perturbations imply
Vi —C6j—1 — Vi+1 —Cj+1
i () 2T e R (W) 2T g, 137
])())Cj_cj—l j+1F1 (W41) Ci1— Cj (137)
As a consequence, profits obtained from any menu @, which is the same as u’ except at its j-th element
and has j-th element equal to u; € [ug,ug’ |, must yield the same profits as u’.
We now show that a perturbation from some such @ must strictly increase profits. In particular,
consider a perturbation from @ which increases u;,1 = 141 by a small amount, . Since F;, 1 is strictly
increasing and continuous, the change in profits from this perturbation is given by

_ _ _ Viip—¢C d _
W11 (Wn) M1 (W, Wian) + e (T— 7+ 7F40 (W) C:i — C; + dujﬂﬂ)ﬁz (We1). (138)

Since fji1 (Wj+1) > 0 and TTj4q is linear in u; the expression in (138) must be non-zero for some
uj € (ug,u]f’ ). This implies some menu can strictly raise profits above the conjectured equilibrium
level and is a contradiction. Thus, F; cannot have a flat.

F; is continuous. Now suppose that F; has a discontinuity at {i;. Asin step 1, it must be that IT; (1j_1, ;) <
0. There are two possibilities: 1; = ¢; or {i; > ¢j. If @i = c;j, then a straightforward adaptation of the
argument in step 1—where we proved Fy is continuous—can be applied to yield a contradiction. Hence,
consider the second case with {i; > ¢;. Notice immediately that IT; (ﬂj_l, ﬁj) must equal zero, since oth-
erwise a small decrease in {i; would strictly increase profits. Since there is a unique value 1;_; such that
Tl (041, 05) = 0, if Fj has a mass point at {ij, F;_; must also have a mass point at some 1i;_;. Repeating
this argument implies that F; must have a mass point, and this mass point must be at v since u; =vj is
the unique value such that TT; (uq) = 0.

Let u = (vi,... 01,05, 441, Ujoi41 (Wjg1) ..., Unj+1 (uj41)) . Since the distribution functions

: + " _ " / "
Fj11,...,Fn have no mass points, Uj+1(uj) = ] for some values U544 and u/

/
j+17 Y41 j+1

Let 1 < k < j be the highest index for which ¢y # 0; recall, by assumption ¢ # 0 so that k > 1. Now
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consider two different perturbations from u where we perturb elements k through j according to

= (Vll .. -lakfllﬁk —€,... /ug — €, uj/+1luj+2,j+1 (ug-Q-l) AR /uN,j+1 (u;+1)) ’
+

A ~ / 12 2 2
ut = (v, e T+ €. e g, Ujrai (ujH) s UNg (u]-H)) )

For small €, the change in the profits from the above perturbations are, respectively, given by

—~n ) Yk — Ck—1 - — A
i (1 — 7+ 7ty (Uk))m+Hk+1(1—7[+7d:k+1(uk+l))+"'+Hj(1—7[+7d:5 (%))
- Vi+1 —Cj+1
w1 (1 — 71+ 7TF: ! a2+ I+
Hjal 75 (W) Cj+1— Cj
+n vy Yk T Ck—1 + [ + (1
—Hk (I =74k () —— — e (L =+ i (Qaeg)) — -+ — 1y (1 — o+ 7wF (1)

Ckx —Ck—1

_ Vj+1 — Cj+1
i (1 —m+mF, (uf ) 22—,
j+ JH1 g +1 Cj1 — Cj

Since the distributions F; are well behaved above and below each {1;, the strict rank preserving property
implies F, (11;) = Fj+1(u]'/+1)/ and F (1) = F]-H(uj”ﬂ) for all values of i < j. We may then write the
change in profits from the above perturbations, respectively, as

)
(1—m4mFy () ) iy,
i=k

)
—(1 =4 () ) mids.
i=k

Since k is the highest index below j for which ¢y # 0, one of the above expressions must be positive.
Therefore, one of the constructed menus increases profits, yielding a contradiction. The claim that
equilibrium is strictly rank-preserving then follows immediately from Lemma 23. n

D.2.3 Proof of Lemma 21

The monopsonist maximizes

N N

Vi—Ci—1 Vi—Ci

wvi—w)+ ) [Vi - ui + U-i—l] = i (vi— i)
i Ci—Ci—1 Ci—Ci-1 o1

subject to the monotonicity constraint

1> Un —Un—1 S s Uiyl — Uy S ui_uiflm

> Z = > 0. (139)
Cn—Cn—1 Ci+t1—C§ Ci—Ci—1

Given the linearity in payoffs and constraints, the solution to this problem is a single price offer, i.e.,
u; =cj, i <J and u; = c; for i > J for some | € {1,2...N} ; see arguments in Myerson (1985b) and
Samuelson (1984). To see why ] must be the largest integer such that Z{j nidi < 0, suppose otherwise,
ie.,, 3 k < J such that Z]f;ll ni¢i < 0 and the monopsonist sets u; = cx for i < k and u; = ¢; for i > k.
Then, a deviation which increases all u; for i < J by e changes profits by —¢ Z{j nidpi > 0. [
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D.2.4 Proof of Lemma 22

To show that the best equilibrium menu satisfies u; = uy for i < J, suppose by way of contradiction that
for some i < J, uj < uj. The monotonicity constraint implies uj > uy_y; if u;y = uj_y, then we must have
ui = uj—g for all i < J. Now, consider an alternative menu that increases all the utilities of types below
] by €. The probability of trade with any type does not change (since this is already the best menu), the
change in profits is given by —e ) {;i 1idi, which is strictly positive by the definition of ] in (136).

To show that the worst equilibrium menu satisfies u; = ¢ for i > J, suppose by way of contradiction
that ujx > ¢y for some k > 0. This inequality, together with repeated application of the monotonicity
constraint, implies that u; > c¢; for all i < J+ k. Now consider an alternative menu that lowers the utility
of all types below and including ] + k by e. This does not change the probability of trade as the original
menu is the worst menu. However, the change in profits from captive types is ¢ 3_J*F 1;¢;, which is
positive by the definition of J in (136). |

D.2.5 The Solution to the System of ODEs in (135)

The general solution to this system of equations depends on the sign of the profits from the lowest types,
vi1 —uy. From (134), this profit is positive when ¢; > 0, and negative when ¢ < 0. In what follows, we
%% takes on different values for all i > 2, i.e., yi # ;.50 We thus
have the following general solution:

assume that the sequence y; =

i
U = Z api (jvi —wqg])¥*

k=0
with
Yo=0,v1=1
where
ovilei—cia1) | vi—g
api = + api—1
Vi —Ci—1 Vi —Ci—1
_ o ovi— G Yi
axi = Ay,i—1
Vi—Ci—-1Yi— Yk
with
Qg1 = V1
aj; = sgn(vy —uq)

where sgn is 1 if it’s argument is positive and —1 when it’s argument is negative.

In the above formulation, the variables {ai,i}]i\lzz are unknown and have to be determined by the
boundary conditions in Lemma 22. To do this, for any value of 1; = min Supp(F;), we can use equation
(134) to solve for Fy, with the boundary condition that u;. We can then find the value of 1, i.e., the
upper bound of the support of Fy, using F;(u;) = 1. We refer to this value as i;(u;) as a function of u,.
The boundary conditions then are given by:

Uj(w) =cjy,---, Un(wy) = cn

The above is a system of N —J +1+ ] —1 = N equations with N unknowns given by a; ;]\, and w;.
Solving this system of equations determines the equilibrium.

60While it is possible to provide the general solution of the ODEs, this assumption greatly simplifies the formulation.
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