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I. Introduction
Many 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.1 And yet, perhaps surprisingly, the effect of
imperfect competition 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.2 A natural question is to what extent these estimates—and the conclusions that follow—are sensitive to
the assumptions imposed on the market structure. There has also been
a recent push by policy makers to make these markets more competitive
and less opaque.3 Again, a crucial, but underexplored, 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 appropriate theoretical frameworks.4 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

Theory and Policy, 2015 annual meeting of the Society for Economic Dynamics, 2015 meeting
of the Society for the Advancement of Economic Theory, 2015 Norges Bank Conference on
Financial Stability, 4th Rome Junior Conference on Macroeconomics (Einaudi Institute for
Economics and Finance), 2015 Summer Workshop on Money, Banking, Payments, and Finance at the Federal Reserve Bank of St. Louis, 2015 West Coast Search and Matching,
2015 Vienna Macro Workshop, New York University Search Theory Workshop, European University Institute, Toulouse School of Economics, University of Pennsylvania, Columbia University, the Federal Reserve Bank of Cleveland, and the Banque de France for useful discussions
and comments. The views expressed here are those of the authors and do not necessarily reflect the views of the Federal Reserve Bank of Philadelphia or the Federal Reserve System.
1
For evidence of market power in insurance markets, see Brown and Goolsbee (2002),
Dafny (2010), and Cabral, Geruso, and Mahoney (2014). For evidence of market power in
various credit markets, see, e.g., Ausubel (1991), Calem and Mester (1995), and Crawford,
Pavanini, and Schivardi (2018). In over-the-counter financial markets, a variety of data suggest that dealers extract significant rents; indeed, this finding is hard-wired into workhorse
models of this market, such as Duffie, Gârleanu, and Pedersen (2005).
2
See the seminal paper by Chiappori and Salanie (2000) and Einav, Finkelstein, and
Levin (2010) for a comprehensive survey.
3
Increasing 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.
4
As Chiappori et al. (2006, 796) put it, “there is a crying need for [a model] devoted to
the interaction between imperfect competition and adverse selection.”
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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 (à 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 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 in
which 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 welfare improving only in markets in which
both market power is sufficiently concentrated and adverse selection is
sufficiently severe.
Before expanding on these results, it is helpful to lay out the basic ingredients of the model. The agents, whom we call “sellers,” are endowed
with a perfectly divisible good of either low or high quality, which is private information. The principals, whom we call “buyers,” offer menus
containing price-quantity combinations to potentially screen high- and
low-quality sellers.5 Sellers can accept at most one contract; that is, contracts are exclusive. To this otherwise canonical model of trade under
asymmetric information, we introduce imperfect competition by endowing the buyers with some degree of market power. The crucial assumption is that each seller receives a stochastic number of offers, with a positive probability of receiving only one. Hence, when a buyer formulates
an offer, he understands that it will be compared with an alternative offer
with some probability, which we denote by p, and it will be the seller’s
only option with probability 1 2 p. This formulation allows us to capture
the perfectly competitive case by setting p 5 1, the monopsony case by
setting p 5 0, and everything in between.
5
The labels “buyers” and “sellers” are used merely for concreteness and correspond
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.
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For the general case of imperfect competition, with p ∈ ð0, 1Þ, the equilibrium involves buyers mixing over menus according to a nondegenerate
distribution function.6 Since each menu comprises two price-quantity
pairs (one for each type), the main equilibrium object is a probability distribution over four-dimensional offers. An important 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. Next, we establish an important
property: in any equilibrium, all menus that are offered by buyers are
ranked in exactly the 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 p, and the severity of the adverse selection problem, which is succinctly summarized 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 relatively 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

6
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 nonlinear 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 nonlinear contracts.
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of competition. 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. A key
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 p 5 0.
When adverse selection is severe, however, welfare is inverse U-shaped
in p; that is, an interior level of competition maximizes welfare. To understand why, 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 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 highquality 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

This content downloaded from 128.237.146.072 on July 24, 2019 07:07:16 AM
All use subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).

screening and adverse selection in frictional markets

343

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, which we describe in Section II and analyze in
Sections III–V, was designed to be as simple as possible in order to focus
on the novel interactions between adverse selection and imperfect competition. In Sections VI and VII, we analyze several relevant extensions
and variants of our model. In Section VI, we endogenize the level of competition by letting buyers choose the intensity with which they “advertise”
their offers. This allows us to study how the severity of adverse selection
can influence the market structure and the ensuing welfare implications. In Section VII, 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.7
Literature review.—Our paper contributes to the extensive body of literature on adverse selection and, specifically, the role of contracts as
screening devices. Most of this literature has assumed either a monopolistic market structure (à la Stiglitz 1977) or perfect competition (à la
Rothschild and Stiglitz 1976).8 The main novelty of our analysis is to synthesize a standard model of adverse selection and screening with the
search-theoretic model of imperfect competition developed by 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.9
A recent paper by Garrett, Gomes, and Maestri (2014) exploits the
Burdett and Judd (1983) model in an environment with screening contracts and asymmetric information, but the asymmetric information is
over the agents’ private values. This key difference implies that the role

7
In the online appendix, we explore a number of additional extensions: we relax the
assumption of linear utility to analyze the canonical model of insurance under private information; we allow the degree of competition to differ across sellers of different quality;
we show how to incorporate additional dimensions of heterogeneity, including horizontal
and vertical differentiation; and we consider the case of N > 2 types or qualities.
8
For recent contributions to this literature that assume perfectly competitive markets,
see, e.g., Bisin and Gottardi (2006), Chari, Shourideh, and Zetlin-Jones (2014), and Azevedo and Gottlieb (2017).
9
Carrillo-Tudela and Kaas (2015) analyze a related labor market setting with adverse selection using an on-the-job search model, but their focus is quite different from ours.
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of screening—and how it interacts with imperfect competition—is ultimately very different in our paper and theirs.10
More closely related to our work is the literature that studies adverse
selection and nonlinear contracts in an environment with competitive
search, such as Guerrieri, Shimer, and Wright (2010).11 As in our paper,
Guerrieri et al. present an explicit model of bilateral trade without placing any restrictions on contracts, beyond those arising from the primitive
frictions. There are, however, several important differences. First, we
study how perturbations to the search technology affect market power,
and the interaction between the resulting distortions and the underlying
adverse selection problem, while Guerrieri et al. 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 equilibrium in Guerrieri et al.’s paper always features separating offers. 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 refinements, whereas uniqueness in Guerrieri
et al.’s paper 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), Townsend and Zhorin (2014), Bénabou and Tirole (2016), Veiga and Weyl
(2016), and Mahoney and Weyl (2017).12 These papers vary competition
by perturbing the importance of an orthogonal attribute of each contract, which is interpreted as “distance” in a Hotelling interpretation or
“taste” in a random utility, discrete choice framework. We take a different
approach to modeling (and varying) competition that allows us to hold
preferences—and thus the potential social surplus—constant. We also
reach different conclusions about the desirability of competition. For example, Bénabou and Tirole (2016) highlight a trade-off from increasing
competition when agents allocate effort between multiple, imperfectly observable or contractible tasks. However, without multitasking, they find
that competition improves welfare, even in the presence of adverse selection. This is also the case in the study by Mahoney and Weyl (2017), who
restrict attention to single-price contracts. Veiga and Weyl (2016) also restrict attention to a single contract, but with endogenous “quality,” and

10
With private values, screening is useful only for rent extraction. Increasing competition reduces these rents, and hence the incentive to screen, causing welfare to rise. With
common values, increasing competition strengthens incentives to separate, causing welfare to (eventually) decline.
11
Also see Kim (2012), Guerrieri and Shimer (2014), and Chang (2018), among others.
12
Fang and Wu (2016) propose a slightly different model of imperfect competition.
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find that welfare is maximized under monopoly. In comparison to these
papers, we find that competition can be beneficial or harmful. Though a
number of differences (e.g., multidimensional heterogeneity, the contract
space, the equilibrium concept) preclude a direct comparison, we interpret the results in these papers as providing a distinct but complementary
insight about the interaction between competition and adverse selection.
II. Model
A.

The Environment

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; that is, they can trade with many sellers. A fraction ml ∈ ð0, 1Þ of sellers possess a low-quality (l ) good, while
the remaining fraction mh 5 1 2 ml possess a high-quality (h) good. Buyers and sellers derive utility vi and ci, respectively, from consuming each
unit of a quality i ∈ fl, hg good, with vl < vh and cl < ch . We assume that
there are gains from trading both high- and low-quality goods, that is,
that vi > ci for i ∈ fl, hg.
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 mi that a randomly selected good is
quality i ∈ fl, hg is common knowledge. In order to generate the standard “lemons problem,” we focus on the case in which vl < ch .
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 2 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 trade with a buyer only if they are matched.
Throughout the paper, we refer to sellers who are matched with one buyer
as “captive,” since they have only 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 2 p and noncaptive with probability p, where
p5

p
2p
5
:
½ð 1 2 p Þ 1 p
11p

(1)

This formalization of search frictions is helpful for deriving and explaining our key results in the simplest possible manner. For one, it allows us
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to vary the degree of competition with a single parameter, p, nesting monopsony and perfect competition as special cases.13 Second, since the
current formulation ensures that all sellers are matched with at least
one buyer, a change in p 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 VII.
B. Offers, Payoffs, and Definition of Equilibrium
We model the interaction between a seller and the buyer(s) that she
meets as a game in which the buyers 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.14 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 C, 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 in which buyers offer a
menu of two contracts.15 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 fðxl , tl Þ, ðxh , th Þg ∈ ð½0, 1  R1 Þ2 , where (xt, ti)
is the contract intended for a seller of type i ∈ fl, hg. A seller who owns a
quality i good and accepts a contract (x, t) receives a payoff t 1 ð1 2 xÞci ,
while a buyer who acquires a quality i good at terms (x, t) receives a payoff 2t 1 xv i . Meanwhile, a seller with a quality i good who does not trade
receives a payoff ci, while a buyer who does not trade receives zero payoff.

13
Given the relationship in (1), it turns out that varying p or p is equivalent for all of our
results below. We choose p because it simplifies some of the equations.
14
The mechanisms we consider are assumed to be deterministic but otherwise unrestricted. Stochastic mechanisms present considerable technical challenges and raise other
conceptual issues that are, in our view, tangential to our key results.
15
To be more precise, we show that the (distribution of ) equilibrium allocations in any
game in which buyers offer the general mechanisms described above coincide with those
in another game in which buyers offer a menu of only two contracts.
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Let zi 5 ðxi , ti Þ denote the contract that is intended for a seller of type
i ∈ fl, hg, and let z 5 ðzl , zh Þ. A buyer’s strategy, then, is a distribution
across menus, F ∈ Dðð½0, 1  R1 Þ2 Þ. A seller’s strategy is much simpler:
given the available menus, a seller chooses the menu with the contract
that maximizes her payoffs or mixes between menus if she is indifferent.
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 F*(z) such that:
1. Incentive compatibility: for almost all z 5 fðxl , tl Þ, ðxh , th Þg in the
support of F*(z),
ti 1 ci ð1 2 xi Þ ⩾ t2i 1 ci ð1 2 x2i Þ for i ∈ fl, h g:

(2)

2. Buyer’s optimize: for almost all z 5 fðxl , tl Þ, ðxh , th Þg in the support
of F*(z),


ð
z ∈ arg max o mi ðvi xi 2 ti Þ 1 2 p 1 p xi ðz, z0 ÞF* ðdz0 Þ , (3)
z

where

z0

i∈fl,h g

8 9
0>
>
>
>
>
=
< >
0
xi ðz, z Þ 5 ½
>
>
>
>
>
;
: >
1

8 9
<>
>
>
>
>
=
< >
if ti 1 ci ð1 2 xi Þ 5 ti0 1 ci ð1 2 xi0 Þ:
>
>
>
>
>
;
: >
>

(4)

The function xi reflects the seller’s optimal choice. We assume that a
seller who is indifferent between menus randomizes with equal probability. Within a given menu, we assume 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.,
Dasgupta, Hammond, and Maskin 1979; Myerson 1979).

III. Properties of Equilibria
Characterizing the equilibrium described above requires solving for a
distribution over four-dimensional menus. In this section, we first show
that each menu can be summarized by the indirect utilities that it delivers to each type of seller, so that equilibrium strategies can be defined by
a joint distribution over two-dimensional objects. Then we establish that
the marginal distributions of offers intended for each type of seller have
fully connected support and no mass points. Finally, we establish that, in
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equilibrium, the two contracts offered by any buyer are ranked in exactly
the same way by both low- and high-type sellers: a low-type seller prefers
buyer 1’s offer to buyer 2’s offer if and only if a high-type seller does as well.
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.

A.

Utility Representation

As a first step, we establish that any menu can be summarized by two
numbers, (ul, uh), where ui 5 ti 1 ci ð1 2 xi Þ denotes the utility received
by a type i ∈ fl, hg seller from accepting a contract zi.
Lemma 1. In any equilibrium, for almost all z ∈ suppðF* Þ, it must be
that xl 5 1 and tl 5 th 1 cl ð1 2 xh Þ.
In words, lemma 1 states that all equilibrium menus require that lowquality sellers trade their entire endowment and that their incentive compatibility constraint always binds. This is reminiscent of the “no-distortionat-the-top” result in the taxation literature or that of full insurance for the
high-risk agents in Rothschild and Stiglitz (1976).
Corollary 1. In equilibrium, any menu of contracts fðxl , tl Þ,
ðxh , th Þg ∈ ð½0, 1  R1 Þ2 can be summarized by a pair (ul, uh) with xl 5 1,
tl 5 ul ,
uh 2 ul
,
ch 2 cl

(5)

ul ch 2 uh cl
:
ch 2 cl

(6)

xh 5 1 2
and
th 5

Notice that, since 0 ⩽ xh ⩽ 1, feasibility requires that the pair (ul, uh)
satisfies
ch 2 cl ⩾ uh 2 ul ⩾ 0:

(7)

In what follows, we will often refer to the requirement uh ⩾ ul as a “monotonicity constraint.” Note that, when this constraint binds, corollary 1 implies that xh 5 1 and th 5 tl .
B. Recasting the Buyer’s Problem and Equilibrium
Lemma 1 and corollary 1 allow us to recast the problem of a buyer as
choosing a menu of indirect utilities, (ul, uh), taking as given the distribution of indirect utilities offered by the other buyer. For any menu
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(ul, uh), a buyer must infer the probability that the menu will be accepted
by a type i ∈ fl, hg seller. In order to calculate these probabilities, let us
define the marginal distributions
ð
Fi ðui Þ 5 1½ti0 1 ci ð1 2 xi0 Þ ⩽ ui Fðdz0i Þ
z0i

for i ∈ fl, hg. In words, Fl(ul) and Fh(uh) 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 2 p 1
pFi ðui Þ, that is, the probability that the seller is captive plus the probability that he is noncaptive but receives another offer less than ui. However,
if Fi(⋅) has a mass point at ui, then the fraction of noncaptive sellers of
type i attracted to a contract with value ui is given by F~i ðui Þ 5 ½Fi2 ðui Þ 1
½Fi ðui Þ, where Fi2 ðui Þ 5 limu↗u Fi ðuÞ is the left limit of Fi at ui. Given F~i ðÞ,
a buyer solves
i

max ml ð1 2 p 1 pF~l ðul ÞÞPl ðul , uh Þ

ul ⩾ cl ,uh ⩾ ch

1 mh ð1 2 p 1 pF~h ðuh ÞÞPh ðul , uh Þ

(8)

subject to (7), with
Pl ðul , uh Þ ; vl xl 2 tl 5 vl 2 ul ,
Ph ðul , uh Þ ; vh xh 2 th 5 vh 2 uh

vh 2 cl
vh 2 c h
1 ul
:
ch 2 cl
ch 2 cl

(9)
(10)

In words, Pi(ul, uh) is the buyer’s payoff conditional on the offer ui being
accepted by a type i seller. We refer to the objective in (8) as P(ul, uh).
Before proceeding, note that Ph(ul, uh) is increasing in ul. In particular, by offering more utility to low-quality sellers, the buyer relaxes the incentive constraint and can earn more profits when he trades with highquality sellers. As a result, one can easily show that the profit function
P(ul, uh) is (at least) weakly supermodular. This property will be important in several of the results we establish below.
Using the optimization problem described above, we can redefine the
equilibrium in terms of the distributions of indirect utilities. In particular, for each ul, let
Uh ðul Þ 5 fuh0 ∈ arg max Pðul , uh0 Þj
uh0 ⩾ ch \ ch 2 cl ⩾ uh0 2 ul ⩾ 0g:
The equilibrium can then be described by the marginal distributions
fFi ðui Þgi∈fl,hg together with the requirement that a joint distribution func-
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tion must exist. In other words, a probability measure F over the set of
feasible pairs (ul, uh) must exist such that, for each ul > ul0 and uh > uh0 ,
^h Þ; u
^h ∈ Uh ðu
^l Þg, u
^l ∈ ½cl , vh ÞÞ,
1 5 Fðfðu
^l , u
Fl2 ðul Þ 2 Fl ðul0 Þ 5 Fðfðu
^l , u
^h Þ; u
^h ∈ Uh ðu
^l Þ, u
^l ∈ ðul0 , ul ÞgÞ,

(11)

^l , u
^h Þ; u
^h ∈ Uh ðu
^l Þ, u
^h ∈ ðuh0 , uh ÞgÞ:
Fh2 ðuh Þ 2 Fh ðuh0 Þ 5 Fðfðu

(12)

Note that this definition imposes two requirements. The first is that buyers behave optimally: for each ul, the joint probability measure puts a
positive weight only on uh ∈ Uh ðul Þ. The second is aggregate consistency,
that is, that Fl and Fh are marginal distributions associated with a joint
measure of menus.
C. Basic Properties of Equilibrium Distributions
In this section, we establish that, in equilibrium, the distributions Fl(ul)
and Fh(uh) are continuous and have connected support; that is, there are
neither mass points nor gaps in either distribution.
Proposition 1. The marginal distributions Fl and Fh have connected
support. They are also continuous, with the possible exception of a mass
point in Fl at vl.
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’s study, is that payoffs are interdependent; for example, 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 Fl and Fh described in proposition 1
sequentially: we first show that Fh is continuous and strictly increasing
and then apply an inductive argument to prove that Fl 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 P(ul, uh) is
strictly supermodular. We state this here as a lemma.
Lemma 2. The profit function is strictly supermodular, that is,
Pðul1 , uh1 Þ 1 Pðul2 , uh2 Þ ⩾ Pðul2 , uh1 Þ 1 Pðul1 , uh2 Þ
8 ui1 ⩾ ui2 , i ∈ fl, h g
with strict inequality when ui1 > ui2 , i ∈ fl, hg.
As noted above, the supermodularity of the buyer’s profit function reflects a basic complementarity between the indirect utilities offered to
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low- and high-quality sellers. An important implication is that the correspondence Uh(ul) is weakly increasing. We use this property to construct
deviations to rule out gaps and mass points in the distribution Fl almost
everywhere in its support; later, in Section IV, we show that these mass
points occur only in a knife-edge case. Hence, generically, the marginal
distribution Fl has connected support and no mass points in its support.

D. 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 highquality 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, Uh(ul), is a well-defined, strictly
increasing function. We start with the following definition.
Deﬁnition 1. For any subset U l of Supp(Fl), an equilibrium is strictly
rank preserving over U l if the correspondence Uh(ul) is a strictly increasing
function of ul for all ul ∈ U l . An equilibrium is strictly rank preserving if it is
strictly rank preserving over Supp(Fl).
Equivalently, an equilibrium is strictly rank preserving if, for any (ul, uh)
and ðul0 , uh0 Þ in the equilibrium support, ul > ul0 if and only if uh > uh0 . Given
this terminology, we now establish a key result.
Theorem 1. All equilibria are strictly rank preserving over the set
SuppðFl Þnfvl g.
Theorem 1 follows from the facts established above. In particular, the
strict supermodularity of P(ul, uh) implies that Uh(ul) is a weakly increasing correspondence. However, since Fl(⋅) and Fh(⋅) are strictly increasing
and continuous, we show that Uh(ul) can neither be multivalued nor have
flats. Intuitively, if there exist a ul > min SuppðFl Þ ; u l and uh0 > uh such
that uh, uh0 ∈ Uh ðul Þ, then the supermodularity of P(ul, uh) implies that
½uh , uh0  ⊂ Uh ðul Þ. Since Fh(⋅) has connected support, if Uh were a correspondence for some ul, then this would imply that Fl(⋅) must have a mass
point at ul, which contradicts proposition 1. Similarly, if there exist uh
and ul0 > ul offered in equilibrium such that Uh ðul0 Þ 5 Uh ðul Þ 5 uh , then
Fh would feature a mass point, in contradiction with proposition 1.
Hence, Uh(ul) must be a strictly increasing function for all ul > u l .
If Fl(⋅) is continuous everywhere, then every menu offered in equilibrium is accepted by the same fraction of low- and high-quality noncaptive
sellers; we state this formally in the following corollary.
Corollary 2. If Fl and Fh are continuous, then Fh ðUh ðul ÞÞ 5 Fl ðul Þ.
Taken together, theorem 1 and corollary 2 simplify the construction of
an equilibrium. Specifically, when an equilibrium exists in which the
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marginal distributions are continuous, then the equilibrium can be described compactly by the marginal distribution Fl(ul) and the function
Uh(ul).
IV. Construction of Equilibrium
In this section, we use the properties established above to construct equilibria. Then we show that the equilibrium we construct is unique. In this
sense, we characterize the entire set of equilibrium outcomes.
A.

Special Cases: Monopsony and Perfect Competition

To fix ideas, we first characterize equilibria in the well-known special cases
of p 5 0 and p 5 1, that is, 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 p ∈ ð0, 1Þ.
When p 5 0, so that each seller meets with at most one buyer, the
buyers solve


vh 2 c l
vh 2 ch
,
1 ul
max ml ðvl 2 ul Þ 1 mh vh 2 uh
ðu ,u Þ
ch 2 cl
ch 2 cl
l

h

subject to the monotonicity and feasibility constraints in (7). The solution to this problem, summarized in lemma 3 below, is standard, and
hence, we omit the proof.
Lemma 3. Suppose p 5 0, and let


mh vh 2 c h
fl ; 1 2
:
(13)
ml ch 2 cl
If fl > 0, then the unique equilibrium has ul 5 cl with xl 5 1 and uh 5
ch with xh 5 0; if fl < 0, then ul 5 uh 5 ch with xl 5 xh 5 1; and if fl 5 0,
then ul ∈ ½cl , ch  with xl 5 1 and uh 5 ch with xh ∈ ½0, 1.
The parameter fl 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 one 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, fl is small, the cost of trading with high-quality sellers is low, and adverse selection is mild. Conversely, when this term is small,
fl is large, it is costly to trade with high-quality sellers, and therefore adverse selection is relatively severe. According to this measure, adverse selec-
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tion is thus severe when the relative fraction of high-quality sellers, mh =ml , is
small; the gains from trading with high-quality sellers, vh 2 ch , are relatively
small; and/or the information rents associated with separating high- and
low-quality sellers, ch 2 cl , are large.
When fl > 0, the net cost to a buyer of increasing ul is positive, so she
sets ul as low as possible, that is, ul 5 cl . This implies that the high-quality
seller is entirely shut out, that is, xh 5 0. Otherwise, when fl < 0, increasing ul yields a net benefit to the buyer. As a result, a buyer raises ul until
the monotonicity constraint in (7) binds; that is, she pools high- and lowquality sellers, offering uh 5 ul 5 ch .
Before proceeding to the perfectly competitive case, we highlight two
features of the equilibrium under monopsony. First, buyers offer separating menus (uh > ul ) when fl is positive and pooling menus (uh 5 ul ) when
fl is negative. Second, they make nonnegative payoffs on both types
when fl > 0 but lose money on low-quality sellers when fl < 0. In other
words, the equilibrium features cross-subsidization when fl is negative,
but not when fl is positive.
When competition is perfect, that is, when p 5 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 fl ⩾ 0, the unique equilibrium is in pure strategies, with buyers offering the standard “least-cost
separating” contract; type l sellers earn ul 5 vl and type h sellers trade a
fraction of their endowment at a unit price of vh, such that the incentive
constraint of the low-quality seller binds. However, when fl < 0, there is
no pure strategy equilibrium.16 In this case, an equilibrium in mixed strategies emerges, as in Rosenthal and Weiss (1984) and Dasgupta and Maskin
(1986).17 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 Fl(⋅) is such that
profitable deviations are ruled out. The following lemma summarizes these
results.
Lemma 4. When p 5 1, the unique equilibrium is as follows: (i) if
fl ⩾ 0, then ul 5 vl , xl 5 1, uh 5 ½vh ðch 2 cl Þ 1 vl ðvh 2 ch Þ=ðvh 2 cl Þ, and
xh 5 ðvl 2 cl Þ=ðvh 2 cl Þ; (ii) if fl < 0, then the symmetric equilibrium is
described by the distribution


ul 2 vl 2f
,
(14)
Fl ðul Þ 5
mh ðvh 2 vl Þ
l

16
All buyers offering the least-cost separating contract cannot be an equilibrium, as a
pooling offer is profitable. All buyers offering a pooling contract cannot be an equilibrium
either, since it is vulnerable to a cream-skimming deviation, wherein a competing buyer
draws away high-quality sellers by offering a contract with x < 1 but at a higher price.
17
Luz (2017) shows that the equilibrium is unique.
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with SuppðFl Þ 5 ½vl , v and Fh ðuh Þ 5 Fl ðUh ðul ÞÞ, where v 5 mh vh 1 ml vl
and Uh(ul) satisfies
mh Ph ðul , Uh ðul ÞÞ 1 ml Pl ðul , Uh ðul ÞÞ 5 0:

(15)

As with p 5 0, equilibrium when p 5 1 features no cross-subsidization
when fl ⩾ 0 and cross-subsidization when fl < 0. However, unlike the
case with p 5 0, equilibrium with p 5 1 features separating contracts
for all values of fl. These properties guide our construction of equilibria
in the next section, when we study the general case of p ∈ ð0, 1Þ.
B. General Case: Imperfect Competition
We now describe how to construct equilibria when p ∈ ð0, 1Þ. Recall that
an equilibrium is summarized by a distribution Fl(ul) and a strictly increasing function Uh(ul). A key determinant of the structure of equilibrium
menus is whether the monotonicity constraint in (7) is binding. When
it is slack, the local optimality (or first-order) condition for ul, along with
the strict rank-preserving condition that relates Fh ðUh ðul ÞÞ 5 Fl ðul Þ, together characterize the equilibrium distribution Fl(ul). The function Uh(ul)
then follows from the requirement that all menus (ul, Uh(ul)) must yield
the buyer equal profits. When the monotonicity constraint is binding, the
policy function is, by definition, Uh ðul Þ 5 ul .18
Our analysis of p 5 0 and p 5 1 points to the importance of fl. Recall
that when fl > 0, the monotonicity constraint was always slack, that is,
Uh ðul Þ > ul for all ul ∈ SuppðFl Þ. When fl < 0, on the other hand, the
monotonicity constraint was binding only when p 5 0 and slack at
p 5 1. Guided by these results, we discuss our construction separately
for the fl > 0 and the fl < 0 cases.19
Case 1: fl > 0
Given the analysis of p 5 0 and p 5 1, we conjecture that the monotonicity constraint is slack for any p ∈ ð0, 1Þ. Proposition 2 confirms that
this is indeed the case.
Proposition 2. For any p ∈ ð0, 1Þ and fl > 0, there exists an equilibrium in which (i) Fl satisfies the differential equation

18
Of course, uh 5 Uh ðul Þ must be locally optimal as well, but this condition is implied by
the joint requirements on ul and Uh(ul) described above.
19
The equilibrium when fl 5 0 has a slightly different structure, and for the sake of
brevity, we relegate analysis of this knife-edge case to app. D.
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(16)

with the boundary condition Fl ðcl Þ 5 0; and (ii) Uh ðul Þ > ul and satisfies
the equal profit condition
½1 2 p 1 pFl ðul Þ½mh Ph ðul , Uh ðul ÞÞ 1 ml ðvl 2 ul Þ
5 ml ð1 2 pÞðvl 2 cl Þ:

(17)

Equation (16) is derived by taking the first-order condition of (8) with
respect to ul —holding uh fixed—and then imposing the strict rankpreserving property.20 This necessary condition is familiar from basic
production theory. The left-hand side is the marginal benefit to the buyer
of increasing ul, that is, the product of the semielasticity of demand and
the profit per trade. The right-hand side, fl, is the marginal cost of increasing the utility of the low-quality seller, taking into account the fact that increasing ul relaxes the incentive constraint.21 Note that, even though (16)
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 cl. From (17) and the fact that Fl ðcl Þ 5 0, we find
Uh ðcl Þ 5 ch , 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 cl, the buyer could profit by decreasing ul
and uh; 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 fl > 0. Given that u l 5 cl , if the worst equilibrium menu offers more utility to high-quality sellers than ch, then a
buyer offering this menu could profit by decreasing uh; his payoff from
trading with high types would increase without changing the payoffs
from trading with low types.
The final equilibrium object, Uh(ul), is characterized by the equal profit
condition: the left side of (17) defines the buyer’s payoff from the menu
(ul, Uh(ul)), while the right side is the profit earned from the worst con-

20
As we discuss in the proof of proposition 2, this first-order condition requires three
assumptions: that uh > ul for all menus, that there is no mass point at the lower bound
of the support of Fl(ul), and that the implied quantity traded by the high-quality seller is
interior in all trades, i.e., 0 < xh 5 ðuh 2 ul Þ=ðch 2 cl Þ < 1, except possibly at the boundary
of the support of Fl. All of these assumptions are confirmed in equilibrium.
21
It is straightforward to derive a closed-form solution for Fl(ul) from (16); see eq. (1) in
the appendix.
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F IG . 1.—Equilibrium for p ∈ ð0, 1Þ, fl > 0. The left panel plots the cumulative distribution function Fl(ul) and the right panel plots the mapping Uh(ul).

tract offered in equilibrium. Figure 1 plots the two equilibrium functions
in this region.
Notice from (16) that, since fl > 0, our equilibrium has vl > ul 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 p 5 0 and p 5 1. Finally, it is also worth noting that
the equilibrium distribution of offers converges to the limiting cases as p
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: fl < 0
In this region of the parameter space, the equilibrium features a pooling
menu when p 5 0 and a distribution of separating menus when p 5 1.
This leads us to conjecture that the equilibrium for p ∈ ð0, 1Þ can feature
pooling, separating, or a mixture of the two, depending on the value of
p. The following lemma formalizes this conjecture and shows the existence of a threshold utility for the offer to low-quality sellers, u
^l , such that
^l are pooling menus, while all offers with ul > u
^l are
all offers with ul < u
separating menus.22 Depending on whether this threshold lies at the lower
bound, at the upper bound, or in the interior of the support of Fl(ul),
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 sep22
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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arating menus (offering higher utility). Later, in proposition 4, we provide conditions on fl and p under which each case obtains.
Proposition 3. For any p ∈ ð0, 1Þ and fl < 0, there exists an equilibrium in which (i) there exists a threshold u
^l such that, for any ul in the
interior of Supp(Fl),
^l , Uh ðul Þ 5 ul and Fl satisfies
1. if ul ⩽ u
pfl ðul Þ
ðmh vh 1 ml vl 2 ul Þ 5 1;
1 2 p 1 pFl ðul Þ

(18)

^l , Uh ðul Þ > ul and Fl satisfies (16);
2. if ul > u
(ii) Uh ðu l Þ 5 ch and Uh ð
ul Þ 5 u
l .
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 mh vh 1 ð1 2 mh Þvl . This yields (18). In the region where buyers offer separating menus, Fl(ul) is characterized by the local optimality condition (16), exactly as in the fl > 0 case. Recall from our discussion that
this differential equation accounts explicitly for the effect of an offer ul
on the seller’s incentive constraint. In this region, Uh(ul) 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 ch to high-quality sellers. To see why, suppose that the worst menu is a pooling menu with Uh ðu l Þ 5 u l > ch . Then,
lowering both uh and ul leads to strictly higher profits. If the worst menu
is separating with Uh ðu l Þ > ch , then a downward deviation in only uh 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 xh < 1.
This cannot be optimal when fl < 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—f1(p)
and f2(p), with f2 ðpÞ < f1 ðpÞ < 0—that determine which of the three
cases described above emerges in equilibrium. When fl < f2 ðpÞ, the threshl and there is an all pooling equilibrium. When fl > f1 ðpÞ, the
old u
^l 5 u
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monotonicity constraint is slack almost everywhere, so that u
^l 5 u l , and
the equilibrium features all separating menus. Finally, if fl lies between
these two critical values, we have a mixed equilibrium, with an intermediate
l Þ. Figure 2 illustrates Uh(ul) for all three possibilities.
threshold u
^ ∈ ðu l , u
Proposition 4. For any p ∈ ð0, 1Þ, there exist cutoffs f2 ðpÞ < f1 ðpÞ <
0 such that an all pooling equilibrium exists for all fl ⩽ f2 ðpÞ, a mixed
equilibrium exists for all fl ∈ ðf2 ðpÞ, f1 ðpÞÞ, and an all separating equilibrium exists for all fl ∈ ðf1 ðpÞ, 0Þ.
Intuitively, for a pooling menu (ul, ul) to be offered in equilibrium, the
cream-skimming deviation ðul 2 ε, ul Þ for some ε > 0 cannot yield strictly
higher profits. To see how incentives to cream-skim vary with fl and p,
notice that there are two sources of higher profits from the menu ðul 2
ε, ul Þ, 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 highquality sellers. Therefore, incentives to cream-skim are weak—and thus
pooling is easier to sustain—when high-quality sellers are relatively abun-

F IG . 2.—This figure plots the mapping Uh(ul) for an all-pooling equilibrium (top left),
an all-separating equilibrium (top right), and a mixed equilibrium (bottom).
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dant (fl very negative) and/or there are relatively few noncaptive sellers
(p 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, ch, then pooling cannot be sustained at all: this is the condition that determines the cutoff f1(p). Similarly, the cutoff f2(p) defines the boundary at which cream-skimming is
not profitable even at the best pooling menu, u
l . We derive these thresholds formally and provide a full equilibrium characterization in appendix A.2.2.
Notice that, in all three cases, ul > vl (since ul ⩾ ch > vl ) so that buyers
always suffer losses when trading with low-quality sellers. Hence, as in the
extreme cases of p 5 0 and p 5 1, there is cross-subsidization in every
equilibrium when fl < 0. Finally, as in the case of fl > 0, the equilibrium
distribution converges to the limiting cases as p 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 fl, which is a function of mh, the fraction of high-

F IG . 3.—Equilibrium regions
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quality goods, as well as the valuations vh, ch, cl. For concreteness, we use mh
to vary fl on the y -axis; a higher fraction of high-quality goods implies a
lower fl and, therefore, milder adverse selection.23
C. Uniqueness
In theorem 2, below, we establish that the equilibria constructed above
are unique. For intuition, we sketch the arguments here for fl ≠ 0.24 First,
we show that equilibria do not feature a mass point, even at vl. Next, when
fl > 0, we prove that equilibria do not feature pooling menus on a positive measure subset of Fl. Since equilibria have no mass points and must be
separating almost everywhere, the equilibrium we construct in proposition 2 describes the unique equilibrium. Finally, when fl < 0, we demonstrate uniqueness in steps. First, we show that any equilibrium features
pooling at the upper bound of the support of Fl. Second, we prove that
any equilibrium features at most one interval of pooling menus followed
by at most one interval 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 fl < 0, these results establish the uniqueness of the equilibrium characterized in proposition 4.
Theorem 2. For any p ∈ ð0, 1Þ and fl ∈ R, there exists an equilibrium
and it is unique.
Note that we obtain a unique equilibrium without any refinements or
restrictions on off-path behavior, because buyers’ payoffs are well defined
for any offer. In particular, since buyers are not capacity constrained, the
fraction of type i ∈ fl, hg sellers who accept any offer (ul, uh) is uniquely
determined by the (exogenous) meeting technology and the (endogenous) distribution of offers.25
D. Discussion
The equilibrium characterized above has a number of testable implications. To start, we highlight three robust predictions about the properties of equilibrium menus. 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-

23
The boundaries are redefined accordingly: mh ⩽ m0 if and only if fl ⩾ 0 and mh ⩽ mj ðpÞ
if and only if fl ⩾ fj ðpÞ, j ∈ f1, 2g.
24
In app. D, we also prove uniqueness for the knife-edge case of fl 5 0.
25
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.
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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.26
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.27 Pooling is more likely
when competition among buyers is weak and adverse selection is mild.
Third, the theory 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.
Our analysis also has implications about dispersion. In the region with
separating menus, the model predicts dispersion within and across types.
This is true for both quantities traded (coverage in an insurance context
or loan size in a credit market context) and prices (premia or interest
rates, respectively). The extent of dispersion—both the support and the
standard deviation of the quantity/price distributions—is determined
by the interaction of competition (measured by p) and adverse selection (measured by fl). This joint dependence calls into question the practice of identifying imperfect 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.28 In our equilibrium, depending on market structure, the correlation between the seller’s quality and the quantity she sells can be either negative or zero. As a result, using the relationship between quantity
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 dispersion.29 In markets

26
This result stands in stark contrast to, e.g., that of 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.
27
Consistent with our findings, Decarolis and Guglielmo (2016) find evidence of greater
cream-skimming by health insurance providers when the market is more competitive.
28
This 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, Finkelstein, and Schrimpf (2010), and Crawford et al. (2018).
29
Using price dispersion to help identify search frictions is standard in the industrial organization literature; see, e.g., Gavazza (2016).
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in which adverse selection is a concern, the magnitude 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.
V. 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 overthe-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 welfare improving only when both frictions are relatively severe, that is, when buyers have a lot of market power (i.e., when p is
low) and the adverse selection problem is relatively severe (i.e., when
fl 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 compare
equilibrium outcomes to a constrained efficient benchmark. We argue
that, in the region of the parameter space in which fl > 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.
A.

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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1 mh
22p
ð


p
mh ½xh ðul Þðvh 2 ch Þd Fl ðul Þ2 ,
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(19)

where, in a slight abuse of notation, we let
x h ðu l Þ 5 1 2

Uh ðul Þ 2 ul
:
ch 2 cl

(20)

The first term in (19) represents the gains from trade generated by lowquality goods; since all sellers receive at least one offer and xl 5 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 (1), we can write the
measure of captive sellers as 1 2 p 5 ð2 2 2pÞ=ð2 2 pÞ. A randomly selected captive high-quality seller transfers xh(ul) to the buyer and consumes the remaining 1 2 xh ðul Þ herself, where ul is drawn from Fl(ul). Finally, the last term in (19) captures the expected gains from trade between
buyers and noncaptive high-quality sellers. A measure p 5 p=ð2 2 pÞ of
sellers are noncaptive, and since noncaptive sellers choose the maximum
indirect utility among the two offers they receive, they trade an amount
xh(ul), where ul is drawn from Fl(ul)2.
B. 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.30 We do so by examining the relationship between welfare and competition, as captured
by p. In proposition 5, we establish that welfare is maximized at p 5 0
30
For 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 US 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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when the adverse selection problem is relatively mild. However, when
the adverse selection problem is severe, we show that W is hump-shaped
in p; that is, there is an interior level of competition that maximizes welfare in this region of the parameter space.
Proposition 5. If fl ⩽ 0, welfare is maximized at p 5 0. Otherwise,
it is maximized at a p ∈ ð0, 1Þ.
The first result in proposition 5 is straightforward. Since a monopsonist offers a pooling contract in this region of the parameter space, all
gains from trade are realized. Competition serves only 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 is less obvious. To see the intuition, first note that, as
p increases, buyers allocate more surplus to sellers: Fl(ul) shifts to the
right (in the sense of first-order stochastic dominance) and u
l increases.
Second, and crucially, xh(ul) is hump-shaped in ul: it increases near the
monopsony offer cl, and it decreases when ul is sufficiently close to the
l is relatively small, and
competitive offer, vl. When p is close to zero, u
the distribution of offers is clustered near the monopsony contract; a
small increase in p causes a rightward shift in the density of offers to values of ul associated with higher values of xh, increasing the gains from
trade realized between buyers and high-quality sellers. When p is close
to one, u
l is close to vl, and the distribution of offers is clustered near
the competitive contract; a small increase in p causes a shift toward values of ul associated with lower values of xh.
Therefore, understanding why welfare is hump-shaped in p ultimately
requires understanding why xh(ul) is hump-shaped in ul. Note that, ceteris paribus, an increase in ul relaxes the type l seller’s incentive compatibility constraint, allowing buyers to raise xh. In contrast, ceteris paribus,
an increase in uh tightens the type l seller’s incentive compatibility constraint, requiring buyers to lower xh. Thus, as offers to both types increase, the net effect on xh depends on which one rises faster—formally,
whether Uh0 ðul Þ is greater or less than one. Figure 4 illustrates this relationship between the quantity traded with high types, xh, and the rate
at which uh and ul increase within the set of equilibrium menus being offered. The figure reveals that ul rises faster than uh for smaller values of ul,
so that xh is increasing in this region. However, as ul nears vl, uh rises faster,
and thus xh is decreasing in this region.
To explain the hump shape of welfare, then, we need to understand
why Uh0 ðul Þ < 1 for low levels of ul and Uh0 ðul Þ > 1 for high levels of ul. 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 oppos-
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F IG . 4.—Trade (xh) and utility (Uh) of high-quality sellers as functions of ul when p > 0

ing 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, Uh0 ðul Þ. Second, as ul rises, buyers
have more incentive to attract type h sellers, relative to type l sellers; formally, one can show that Ph ðul , Uh ðul ÞÞ=Pl ðul , uh Þ is increasing in ul. This
effect, which we call the “composition effect,” leads them to increase uh at
faster rates at higher ul.
To illustrate these two forces more clearly, consider the following optimality condition that any equilibrium menu (ul, Uh(ul)) must satisfy:31
Uh0 ðul Þ 5

fl
fh
|{z}

Ph ðul , Uh ðul ÞÞ
,
Pl ðul Þ
|ﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ{zﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ}

incentive effect

composition effect

(21)

where fh 5 ðvh 2 cl Þ=ðch 2 cl Þ is the marginal cost of providing an additional unit of utility to type h sellers—that is, fh 5 dPh =duh —and for notational convenience Pl ðul Þ ; Pl ðul , uh Þ. 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 one, all else equal, the incentive effect leads to more aggressive competition for the low type and
therefore to uh rising more slowly than ul.
The second term, the ratio of profits, can be larger or smaller than one,
depending on ul. When ul is close to the monopsony outcome, Ph ≈ 0, so
the composition effect is also less than one, and we have Uh0 ðul Þ < 1. However, as ul approaches the upper bound vl, this second term overwhelms
the incentive effect, resulting in Uh0 ðul Þ > 1. In fact, one can show that

31
This equation combines the optimality condition (16) for ul, the corresponding optimality condition for uh, ½pfh =ð1 2 p 1 pFh ÞPh 5 fh , and the strict rank-preserving property
Fl ðul Þ 5 Fh ðUh ðul ÞÞ, which implies fl 5 fh Uh0 ðul Þ.
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limu → v Ph =Pl 5 limu → v Uh0 5 ∞.32 This is why xh0 ðul Þ < 0 close to the
Bertrand outcome.
l

l

l

l

C. 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 which such information can
be used by the uninformed party (the buyers in our model) to discriminate.33 Moreover, technological developments in these markets also have
the potential to decrease informational asymmetries, as advanced recordkeeping and more sophisticated scoring systems (e.g., credit scores) provide buyers with more and/or better information about sellers’ intrinsic
types.
To study such changes, we introduce a noisy public signal s ∈ f0, 1g
about the quality of each seller.34 The signal is informative, so that Prðs 5
1jhÞ 5 Prðs 5 0jlÞ > 0:5. Since the signal is public, the buyers may condition their offers on it, that is, offer separate menus for sellers with s 5 0
and s 5 1. Thus, the economy has two subgroups, j ∈ f0, 1g, with the fraction of high-quality sellers in subgroup j given by
mhj 5

mh Prðs 5 jjh Þ
:
mh Prðs 5 j jh Þ 1 ml ½1 2 Prðs 5 j jl Þ

32
Indeed, one can show that if this limit were finite, the equality in (21) cannot hold:
the right-hand side must be strictly less than the left-hand side. Intuitively, if the ratio of
profits is finite in the limit, buyers have an incentive to offer a lower uh. The only way to
discourage such deviations is to make high types more profitable—in the limit, infinitely
so. See our working paper version (Lester et al. 2015) for a detailed discussion.
33
In insurance markets, these questions typically concern an individual’s health factors,
both observable (e.g., age or gender) and unobservable (e.g., preexisting 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.
34
The restriction to a binary signal is only for simplicity. It is easy to introduce richer
information structures.
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Note that the average across subgroups is equal to the unconditional fraction of high types, that is, E½mhj  5 mh . The equilibrium outcome for each
subgroup can be constructed using the procedure in Section IV with the
appropriate mhj. Welfare is then given by the average welfare across subgroups, that is, E½W ðp, mhj Þ. When buyers do not observe a signal (or,
equivalently, are not permitted to condition their offers on it), welfare is
simply W ðp, E½mhj Þ. Hence, whether the signal increases or decreases welfare, respectively, depends on whether W(p, mh) is convex or concave in
mh 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 mh. 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 mh < m0 , so that fl > 0, which
is more tractable and shows interesting interactions between competition
and additional information.35 Moreover, in this region, W is linear in mh
when p 5 0 or p 5 1. Hence, imposing monopsony or perfect competition would lead us to the conclusion that additional information has no
effect on welfare.
Proposition 6 shows that W has a strictly convex region when p 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.
 ∈ ð0, 1Þ such that (i) for all p ∈ ð0, pÞ,
Proposition 6. There exist p, p
there exists 0 < mh < m
h < m0 such that W is strictly convex on the interval
h ; and (ii) for all p ∈ ð
p, 1Þ, there exists 0 < m0h < m
 0h < m0 such that
½mh , m
0
0
 h .
W is strictly concave on the interval ½mh , m
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. In particular, a lower fl
drives down the first term in (21), which encourages more competition
for low-quality sellers and, hence, boosts trade and welfare. Now, from
(13), we see that fl is a concave function of mh. Since the additional signal
induces a mean-preserving spread of mh, it results in a lower fl on average, which, ceteris paribus, increases trade. This mechanism makes more
35
Numerical simulations suggest that additional information always reduces welfare
when mh > m0 .
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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 Uh0 and hence decreases
trade. Close to monopsony, since the incentive effect dominates, more information raises welfare. The opposite happens when p is close to one,
and the effect on relative profits dominates.
D. Constrained Efficiency
The analysis above establishes that, when fl > 0, increasing competition
and reducing information asymmetries can have nonmonotonic effects
on the equilibrium volume of trade and hence on the (utilitarian) welfare measure. However, one might worry that this nonmonotonicity is an
artifact of the particular game we study, and not a robust feature of markets with asymmetric information. To address this concern, in appendix B,
we adopt a mechanism design approach to derive a constrained efficient
benchmark. A direct mechanism prescribes transfers of goods and numeraire for each buyer and seller based on their reported types. A seller’s
type includes the quality of his good and the set of buyers with whom he
is matched. A buyer’s type simply includes the set of sellers with whom
he is matched. An allocation is constrained efficient if it is implementable
by a direct mechanism and maximizes a Pareto-weighted sum of utilities,
subject to feasibility (only matched agents can trade), individual rationality (each agent receives a payoff at least as high as in equilibrium), incentive compatibility (types are reported truthfully), and exclusivity (sellers
can trade with at most one buyer).
A key result is that the expected volume of trade in this benchmark
coincides with that in our equilibrium when fl > 0. This implies that a
benevolent planner cannot propose a trading mechanism that would
strictly increase trading volume or welfare, relative to our equilibrium allocation, given fl > 0 and p ∈ ½0, 1. In contrast, when fl ∈ ½f2 , 0—where
f2 is defined in proposition 4 —then the constrained efficient allocation
implies full pooling (xh 5 1) in all trades while the expected trading volume of high-quality goods in equilibrium is strictly less than one. In this
region, a benevolent planner could make everyone better off by inducing more cross-subsidization from high- to low-quality sellers. The source
of this inefficiency 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): buyers’ incentives to cream-skim high-quality sellers limit equilibrium cross-subsidization.36
36
Hence, as in many models of adverse selection (i.e., hidden information about the
common value of the asset), policies that incentivize pooling can potentially improve welfare when the equilibrium is constrained inefficient. In the context of our model, these
policies would include restrictions on the type of contracts that buyers offer (e.g., ruling
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Finally, another natural question is whether the welfare-maximizing allocation is attained in an environment in which the level of competition
is determined endogenously by the choices of market participants. In
the next section, we take up this question by extending our analysis to
study an environment in which the market structure—summarized by
p—is endogenous.37
VI.

Endogenous Market Structure

In this section, we allow buyers to choose how intensely they advertise
their offers to sellers. This exercise has two benefits: the degree of competition will be endogenous, and the measure of sellers who are contacted by
at least one buyer, or coverage, will also be endogenous. This allows us to
study which features of the environment determine the market structure
and the corresponding welfare implications.
To this end, suppose that, in addition to choosing a menu of contracts
to offer, each buyer k ∈ f1, 2g also chooses the effort or intensity with
which his offer will be advertised to sellers. Exerting effort is costly but
increases the likelihood that each seller observes the offer. Formally, we
assume that buyer k can choose the probability p
^ k that each seller obk
serves his offer by incurring a cost Cð^
p Þ, which is a continuously differentiable, strictly increasing, and strictly convex function with Cð0Þ 5
^ k represents a slightly different
C 0 ð0Þ 5 0 and C 0 ð1Þ 5 ∞.38 Note that p
object than p in our benchmark model, since it affects both competition
and coverage. However, what is crucial is that—just like p in our earlier
analysis—^
p2k is the conditional probability that a seller whom buyer k
meets has a second offer. Hence, in a symmetric Nash equilibrium, p
^k 5
2k
^ remains the key determinant of the level of competition.
p
^ ;p

out separating contracts) or mandates that sellers must trade a minimum quantity. Note,
however, that if sellers had hidden information about their private valuation, one may obtain constrained efficiency in an environment with directed search, implying no role for
policy interventions (see, e.g., Albrecht, Gautier, and Vroman 2014).
37
A related exercise is to consider interventions that mimic the effects of increasing or
decreasing competition. In Lester et al. (2015), 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, or certain financial assets. 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 p. Such
an intervention can increase welfare only when both market power and the distortions arising from adverse selection are severe. Otherwise, we show that such programs can be detrimental to welfare even if, in principle, the intervention makes nonnegative profits.
38
Note that this implies a fraction ð1 2 p
^ 1 Þð1 2 p
^ 2 Þ 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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Taking as given the other buyer’s advertising intensity, p
^ 2k , and the distribution of offers that he makes to sellers of type i ∈ fl, hg, Fi2k ðui2k Þ,
buyer k chooses a tuple ð^
pk , ulk , uhk Þ to maximize

o m ½p^ ð1 2 p^

2k

k

i

Þ1p
^k p
^ 2k Fi2k ðuik ÞPi ðulk , uhk Þ,

(22)

i∈fl,h g

subject to the participation and incentive constraints described in the
^k
benchmark model, with Pi(⋅, ⋅) defined in (9)–(10). Factoring out p
k
k
k
from (22), one can see that the choices of p
^ and ðul , uh Þ are separable.
Hence, given p
^ 2k , the first-order conditions on ulk and uhk are exactly as
they were before (replacing p with p
^ 2k ), while the first-order condition
determining the optimal choice of p
^ k is
pk Þ 5
C 0 ð^

o m ½1 2 p^
i

2k

1p
^ 2k Fi2k ðuik ÞPi ðulk , uhk Þ:

(23)

i∈fl,h g

^2 ; p
^ , equation (23) implies
In a symmetric equilibrium, where p
^1 5 p
that the marginal cost of increasing p
^ is equal to the equilibrium profits
characterized in propositions 2 and 3. Since these profits are decreasing
in p
^ , the next result follows almost immediately.
Proposition 7. For any fl < 1, there exists a unique symmetric equilibrium, with p
^ * ∈ ð0, 1Þ and fFi* ðui Þgi∈fl,hg as described in propositions 2
and 3.
In lemma 5, below, we offer comparative statics with respect to the
fraction of high-quality sellers, mh.39 Recall that there exists a m0 such that
^ * is U-shaped
fl ⩾ 0 if and only if mh ⩽ m0 . We show that the equilibrium p
in mh, achieving a minimum at mh 5 m0 .
Lemma 5. The equilibrium advertising intensity p
^ * is decreasing in
mh if mh < m0 and increasing otherwise.
To understand the intuition, consider first the case of “severe adverse
selection,” that is, when mh < m0 or, equivalently, when fl > 0. In this region, once information rents are taken into account, the buyer’s payoff
from trading with low-quality sellers is larger than the payoff from trading with high-quality sellers (even if vh 2 ch > vl 2 cl ). Thus, from the
buyer’s perspective, an increase in mh in this region actually worsens
the pool of potential sellers, and as a result, buyers optimally choose a
lower p
^ . The opposite is true when mh > m0 , 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 p
^ as the fraction of high-quality sellers increases.

39
Comparative statics for other parameters may be similarly derived by considering the
effect of perturbing each parameter on equilibrium profits.
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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 mh) and weakest in
markets with more uncertainty about sellers’ types (i.e., intermediate values of mh).40
The model with endogenous p
^ also allows us to connect some of our
welfare results to more concrete implications for policy. To see this, suppk Þ for some positive constant A > 0, and consider the
pose Cð^
pk Þ 5 Acð^
effect of taxing buyers’ advertising intensities according to a proportional tax, t^
p. 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.
~ > 0 such that welfare is inLemma 6. Suppose fl > 0. There exists an A
~
creasing in t for all A < A.
The result in lemma 6 follows closely from the fact that welfare is
hump-shaped in p
^ , even taking into account that an increase in p
^ increases coverage. As a result, when A is sufficiently small, p
^ * is large
and a decrease in p
^ * —brought about by an increase in t—causes welfare
to rise.
VII.

Large Markets and Meeting Technologies

We now show how our analysis and results extend to an environment
with an arbitrarily large number of buyers and sellers and a more general
meeting technology. Suppose there is a measure b of buyers and a measure s of sellers. As in our benchmark model, buyers send offers and sellers receive them. The meeting technology dictates the number of offers
each buyer sends and where these offers end up.
Formally, let h denote the (expected) number of offers that each buyer
sends; let l 5 hb=s denote the ratio of offers to sellers, and let Pn denote the probability that each seller receives n ∈ f0g [ N offers. A meeting technology, then, can be summarized by a pair (l, Pn).41 For a buyer, a
meeting technology implies that an offer he sends is received by a seller
with n 2 1 other offers with probability Q n, where nP n 5 lQ n for all n ∈ N.
Following the convention in the literature, we let Q 0 5 1 2 o∞n51 Q n .
40
One can also show that there exist cost functions that are consistent with any p
^ * , so
that endogenizing competition does not rule out certain types of equilibrium.
41
This formulation of a meeting technology is slightly more general than what is commonly used in the existing literature (e.g., Eeckhout and Kircher 2010) in that we allow the
“queue length” l to depend on the meeting technology.
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As in our benchmark model, we restrict attention to symmetric equilibria, where fFi ðui Þgi∈fl,hg summarizes the distribution of menus being offered by buyers. Taking this distribution as given, an individual buyer
makes an offer (ul, uh) that solves
∞

n21
max o mi o Q n Fi ðui Þ Pi ðul , uh Þ,
(24)
ul ,uh

i∈fl,h g

n51

where, again, Pi(ul, uh) is defined in (9)–(10). Importantly, the objective
in (24) can be rewritten as
½1 2 Q 0 

o m ½1 2 p~ 1 p~ G ðu ÞP ðu , u Þ,
i

i

i

i

l

h

(25)

i∈fl,h g

where p
~ 5 1 2 Q 1 =ð1 2 Q 0 Þ 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
Gi ðui Þ 5

1 ∞ Qn
o 1 2 Q 0 Fin21 ðui Þ
p
~ n52

(26)

is the probability that the seller accepts the offer ui, given that he owns a
good of quality i ∈ fl, hg.
Notice immediately that (25) has the same form as our objective function in the two-buyer case, replacing p with p
~ and Fi(ui) with Gi(ui). As a
result, our characterization of equilibrium in propositions 2 and 3 is preserved, and the distribution Gi(ui) is uniquely defined in all regions of
the parameter space. Moreover, from (26), it is easy to show that Gi(ui)
uniquely determines the distribution of offers made by buyers, Fi(ui). Using these results, one can easily determine the type of contracts that are
offered in equilibrium;42 the distribution of offers that are made to each
type of seller, Fi(ui), which is the solution to (26); and the prices and
quantities that are ultimately traded in equilibrium.
B. Competition, Coverage, and Equilibrium
Gains from Trade
In our benchmark model, we studied the effects of changing the probability that a seller received two offers, p. We now explore similar comparative statics within the context of a general meeting technology. In particular, we let Pn and l (and hence Qn) depend on a parameter a. This
formulation is intentionally general: a change in a could correspond
42
This is done by comparing fl, which is unchanged, to f1 and f2, which are updated by
replacing p with p
~.
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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 VI, we focus on the case in which fl > 0 and define the
utilitarian welfare measure


ð
∞
W ðaÞ 5 o Pn ðaÞ mh ðvh 2 ch Þ xh ðul Þd ðFln ðul ÞÞ 1 ml ðvl 2 cl Þ
n51

1 o mi ci :
i5l,h

As in our benchmark model, when fl > 0, the distribution Gl(ul) solves
the differential equation
p
~ gl ðul Þ
fl
5
12p
~1p
~ Gl ðul Þ vl 2 ul

(27)

l ðaÞ such that Gl ðcl Þ 5 0 and Gl ð
ul ðaÞÞ 5 1.
with support ½cl , u
Solving (27) and imposing equal profits implies that the mapping
Uh(ul) must satisfy


vl 2 c l
vl 2 ul

f

l

½ml ðvl 2 ul Þ 1 mh Ph ðul , Uh ðul ÞÞ 5 ml ðvl 2 cl Þ,

exactly as in the case of two buyers. An immediate, and important, implication is that xh(ul) is hump-shaped in ul and independent of a. Hence, a
change in a affects only the distribution of offers that are made, summarized by Fl, and the distribution of offers that sellers receive, summarized
by Pn.
As a result, the effects of a change in a can be decomposed as follows:


ð
∞ ∂P ðaÞ
n
0
n
mh ðvh 2 ch Þ xh ðul Þd ðFl ðul ; aÞÞ 1 ml ðvl 2 cl Þ
W ðaÞ 5 o
∂a
n51


ð
∞
∂ u ðaÞ
n
xh ðul Þd ðFl ðul ; aÞÞ ,
1 o Pn ðaÞ mh ðvh 2 ch Þ
∂a c
n51
l

l

where, for the purpose of clarity, we have made the dependence of Fl on
a 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 a 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 a on
the distribution of offers, or what we call the competition effect.
For example, suppose that increasing a leads to a first-order stochastic
dominant (FOSD) shift in the number of offers that sellers receive. In
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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 a leads to an FOSD shift in the distribution of offers Fl. As in
our benchmark model, when a is sufficiently large, this shift puts more
weight on the downward-sloping region of xh(ul), thus reducing welfare.
Which of these two effects dominates typically depends on the details
of the meeting technology. Consider, for example, the Poisson meeting
technology with lðaÞ 5 a and Pn ðaÞ 5 e 2a an =n !. This is perhaps the
most popular meeting technology in the literature (see, e.g., Butters
[1977] and Hall [1977] for early examples and Burdett, Shi, and Wright
[2001] for a more recent example), and an increase in a clearly leads to
an FOSD shift in the distribution of offers that sellers receive. We show in
the appendix that when fl > 0, there exists an a* such that welfare is decreasing in a for all finite a > a* . Therefore, as in our benchmark model,
some frictions can increase welfare even after accounting for the coverage effect.
The same is not true, however, for all meeting technologies. For example, consider the geometric meeting technology with lðaÞ 5 a=ð1 2 aÞ
and Pn ðaÞ 5 an ð1 2 aÞ, which was studied recently by, for example,
Lester, Visschers, and Wolthoff (2015). Under this meeting technology,
when fl > 0, we show in the appendix that the coverage effect always
dominates the competition effect, so that welfare is increasing in a. Intuitively, the coverage effect is relatively strong because the fraction of
sellers who fail to receive an offer, P0, falls slowly in a as a → 1, whereas
the competition effect vanishes more quickly.43
VIII. Conclusion
In their survey of the literature on insurance markets, Einav, Finkelstein,
and Levin (2010) 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” (330). In this paper, we
overcome this challenge and develop a tractable, unified framework to

43
Note, however, that one can augment the geometric meeting technology to ensure
full coverage by setting lðaÞ 5 a=ð1 2 aÞ and Pn ðaÞ 5 an21 ð1 2 aÞ for n ∈ N, with P0 5 0.
This specification removes the positive effects of increased coverage on welfare, leaving only
the negative competition effect as a → 1.
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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.
Our framework can be exploited and extended to address a variety of
important issues. 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 contracts, prices, and quantities that are traded. On the theoretical
side, one natural extension is to study the analogue of our model with
nonexclusive contracts; although this would complicate the analysis considerably, it would also make our framework suitable to analyze certain
markets in which exclusivity is hard to enforce. We leave these exercises
for future work.
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