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Abstract

We endogenize the trade mechanism in a search economy with many homogeneous se
many heterogeneous buyers of unobservable type. We study how heterogeneity and the
continuation values—which are endogenous—influence the sellers’ choice of trade mech
Sellers trade off the probability of an immediate sale against the surplus expected from it, choos
whether to trade with everyone and how quickly. In equilibrium sellers may simply target one buy
type via non-negotiable offers (price posting), or may price discriminate (haggling). We also
when haggling generates trading delays. A price setting externality arises because of a s
complementarity in the sellers’ pricing choices.
 2004 Elsevier Inc. All rights reserved.
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1. Introduction

A large segment of the macro/labor literature is based on models where market fr
are made explicit, exchange is bilateral, and prices are endogenously formed. These
“workhorse” matching models of the labor market and of monetary economies, w
prices are bargained (e.g. Mortensen and Pissarides, 1994; Shi, 1995; and Tre
Wright, 1995), and more recent models where prices are posted (Acemoglu and Shim
2000; Burdett et al., 2001, and Moen, 1997). Since the allocations depend on the
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mechanism assumed to be in place, it is natural to ask what pricing mechanisms selle
would select, when given the option.

In this paper, we endogenize the tradingmechanism in an informationally opaq
market with many sellers and buyers who engage in short-lived trading relationship
build intuition for the following questions. How does a seller’s pricing selection respo
to buyers’ heterogeneity and his competitors’ prices? Is there scope for ‘hagglin
is it optimal to charge the same non-negotiable price to every customer? Finall
coordination failures occur in pricing selections?

To answer these questions we use a random matching economy, in which eac
independently decides how to price a homogeneous good, given that buyers’ valuations
high or low—are unobservable. Paired traders play a two-stage game based on the
choice between one of two prototypical non-cooperative trading mechanisms. The
may simply make non-negotiable offers in each stage, à la Fudenberg and Tirole (
This strategic bargaining game of imperfect information may generate trading d
Alternatively, the seller can offer to negotiate if the buyer provides verifiable informa
on his valuation. Here the seller commits to let the buyer make the first offer and—in
of disagreement—gives him a chance to a second offer. This strategic bargaining g
perfect information generates immediate trade.

In equilibrium, pricing decisions reflect buyers’ heterogeneity and also the tra
continuation values—which are endogenous. Sellers trade off the probability of a
immediate sale against the surplus expected from it. This implies sellers not only
choose whether to trade with every possible customer, but also how quickly. This de
on the price and the trading mechanism retained.

When sales to some buyer type contribute little to the expected surplus, then
target only the other type, via a non-negotiable price that extracts hisentire surplus. This
market resembles one in which sellers ‘post prices.’ Although not everyone may buy,
purchase occurs at a unique non-negotiable price, and it is immediate. Such outcom
arise when buyers’ valuations are very different, or when some type is predominant

When ‘significant’ gains are expected from sales to every buyer, then sellers target b
types. This requires sharing surplus with some type, so that the market resembles on
which there is ‘haggling,’ since sellers trade at different prices with different custom
Whether trading delays occur, however, hinges onhow sellers choose to price discrimina
that—due to unobservable valuations—requires the seller to elicit information. Anindirect
way to do so is to observe the buyer’s response to a high initial offer. This may
wasteful trading delays, but lets the seller extract the surplus of low-value buyers. Adirect
way to elicit information, is to commit to compensating the buyer for supplying it. In
model, this compensation takes the form of letting the buyer make the first offer s
surplus is shared with every buyer, but trade is immediate.

Interestingly, equilibria withor without haggling, or with different price discrimination
schemes, may coexist. The reason is traders’ option values are endogenous, so t
strategic complementarities in pricing selections. We call this a ‘price setting extern
a seller’s pricing choice is influenced by the prices expected to prevail on the market, wh
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determine traders’ values from searching for a better deal.1 This may lead to multiplicity
of equilibria, and coordination failures. For example, prices may be inefficiently hig
that only some buyers consume, or trading delays may systematically occur.

2. Related literature

We contribute to the literature on endogenous selection of pricing mechanisms in sever
dimensions. There are studies on trading mechanism choices of a monopolist selling
heterogeneous buyers. For example, Riley and Zeckhauser (1983) find the seller
use a fixed price strategy if commitment is possible, while Wang (1995) focuse
cost differences in selecting bargaining or price posting. Instead, we focus on strat
interaction among many sellers, to emphasize howprice setting externalities arise due to
complementarities in the selection of trading mechanisms.

Another focus has been the issue of commitment to a price. In a model with both s
and commitment costs, Bester (1994) illustrates how the seller’s benefit from committin
to a price, rather than bargaining, depends on the commitment choices of all other
Masters and Muthoo (2000) study the possibility of price renegotiation when heterogeneit
is match-specific. Instead, we contrast economies where a commitment technology
not available, to show how commitment can be beneficial in eliminating wasteful tra
delays.

A third line of research has examined the capacity of different pricing mechanism t
better attract buyers, using directed-search models. Peters (1991) shows bargainin
a stable institution as there is always an incentive for sellers to post ex-ante prices.
a mechanism design approach, McAfee (1993)proves existence of a unique equilibriu
where sellers choose to hold identical auctions—among a vast array of mechanism
buyers randomize over which auction they participate in. We depart from these stud
assuming search is random, andcannot be directed. This is because we want to focus
the links between buyers’ heterogeneity and choice of trading mechanism, abstracting from
the trading mechanisms’ relative advantages in reducing matching frictions. Hence in o
model, the choice of trading mechanism does not affect buyers’ arrival rates, but onl
willingness to trade.

Studies have also focused on private information issues. For example, Bester
studies competition between pricing mechanisms when goods’ quality is private inform
tion. Instead, we study the case where buyers’ valuations are private information. M
and Wooders (2002) consider a model with unobservable buyer valuations, and ho
neous sellers, as we do. Unlike us, they impose bargaining to study trade patterns
ics and the link between market composition and types of trades realized. Michelac
Suárez (2002) study a labor market where firms choose between bargaining or pric
ing given that workers’ skills are unobservable. They assume directed search, to e
whether bargaining allows firms to better attract highly skilled workers.

1 See also Rubinstein and Wolinsky (1990), although in our model buyers’ trading opportunities are stationary
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3. Environment

Time is discrete and infinite wheret = 0,1,2, . . . identifies a period. The economy
comprised of a continuum of agents divided into two sets,sellers andbuyers. The mass of
agents in each of these sets is normalized to one. Sellers are endowed with an homo
indivisible good from which they derive no utility. Buyers have no endowment and rece
some utility from consumption of the sellers’ goods, but have heterogeneous prefere
A proportionλ of buyers derives utilityuL > 0 from consumption of the good, while 1−λ

buyers have high valuationuH > uL. Buyers can transfer utility to sellers. The buyer’s ty
i ∈ {L,H } is private information.

At the end of each period sellers choose a trade mechanism characterized
stages of play, within the period. Traders discount next stage payoffs at rateδ ∈ (0,1). We
consider two distinct cases. In one of them, ex-ante commitment is possible. In the othe
is not. Only if ex-ante commitment is possible can the seller stand by his choice of tr
mechanism. At the beginning of each periodt , buyers and sellers are randomly pair
A seller meets a buyer with probabilityσ , while a buyer meets a seller with probabilityα.
Unmatched agents sit idle int and undergo matching again int + 1. Paired agents attem
to find mutually agreeable terms of trade via the trade mechanism selected by the se
If this cannot be accomplished by the end oft , the match is dissolved and both age
return to the search pool. If trade and consumption take place the agents exit the
and are replaced by an identical pair. The distribution of buyers’ types on the market
thus constant.2 Agents discount nextperiod utility by 1/(1+ r) = δ2.

4. Symmetric pure strategy equilibria

We focus on equilibria where agents play pure strategies that are invariant fun
of t . An agent chooses his strategy taking as given market prices and the strategies
by others.

A trading game, taking place int, is a two-stage game characterized by an offer ve
p = (p1,p2), p1 in the first andp2 in the second stage. The specifics of the trading gam
depend on the seller’s selection of trading mechanism, at the end oft − 1. This selection
denoted byπ , amounts to choosing whether to make unilateral non-negotiable o
π = 0, or to engage in bilateral negotiations,π = 1. If π = 0 the seller chooses to make
offer in each stage, that the buyer can accept or reject. Ifπ = 1, bilateral negotiations tak
place as follows. At the start of the game the seller offers the buyer the possibility to
his type, that is to provide costlesslyverifiable information. The seller commits to lettin
the buyer who reveals his valuation make the first-stage offer. If the seller rejects this
a final counter-offer is made in the second stage by the seller, with probabilityθ , and by
the buyer with probability 1− θ . If the buyer does not reveal his type, the seller mak
non-negotiable offer in each stage.3 Notice that ex-ante commitment must be available

2 Thus we avoid sorting externalities: the agents’ strategies do not influence the distribution of buyers
3 Assuming traders go on to the second stage followingdisagreement is w.l.o.g. since matching takes pl

only at the beginning oft . This implies that disagreement does not change the search pool’s composition.
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order for the seller to be able to credibly propose bilateral negotiations, as he would
on his beginning-of-game promises absent commitment.4

In a match wherep is the offer vector, a buyer of typei initiates a purchase atsome
stage of the trading game with probabilityβi = 0,1. A trade taking place in the first stag
at ‘price’ p1 > 0, is a simultaneous transfer of goods for utility. It gives p1 period utility
to the seller andui − p1 period utility to buyeri. Utilities from trades occurring in th
second stage are discounted byδ. We letbi(p) ands(p) denote the beginning-of-perio
expected utilities to, respectively, a buyer of typei and a seller, from a trade occurring
a match wherep is expected. Thusbi(p) = ui − p1 if trade occurs in the first stage, an
bi(p) = δ(ui − p2) if trade occurs in the second stage. Similarlys(p) = p1 if trade occurs
in the first stage, ands(p) = δp2 otherwise.

In general, negotiated offers depend upon the buyer’s valuation. Thus, we let the
subscriptn stand for “negotiated,” sopi

n = (pi
n,1,p

i
n,2) represents the price vect

negotiated by typei. In the absence of negotiations the price vector is type-indepen
so we denote itpf = (pf,1,pf,2), indexedf for ‘fixed.’ The superscript ‘∗’ identifies
equilibrium market strategies and prices.

4.1. Value functions

The problem of a representative agent has a recursive formulation. Thus, we
dynamic programming approach lettingVi denote the end-of-period value of search
a buyer of typei, andV = max{Vn,Vf } the end-of-period value of search to a seller wh
Vn andVf respectively refer to the value from committing to negotiations and not.

In a symmetric pure strategy equilibrium the distribution of offersp∗ is degenerate
Thus, if buyers reveal their valuation to sellers committed to negotiations, in equilibr

rδVi = απ∗ max
{
bi

(
pi∗

n

) − δVi,0
} + α(1− π∗)max

{
bi

(
p∗

f

) − δVi,0
}
,

rδVn = σλβ∗
L

(
pL∗

n

)
max

{
s
(
pL∗

n

) − δV,0
}

+ σ(1− λ)β∗
H

(
pH∗

n

)
max

{
s
(
pH∗

n

) − δV,0
}
,

rδVf = σ max
{
s
(
p∗

f

) − δV,0
}
. (1)

These are standard flow return conditions whereδVi and δV denote the beginning-o
period continuation values from avoiding trade. The discount factorδ reminds us tha
search can take place only at the beginning of a period,5 while V tells us that the
seller’s choice of trading mechanism can be revised at the end of each period. C
all continuation values depend on the equilibrium pricesp∗; we do not make this explicit
say by writingV (p∗), for notational simplicity.

4 A referee, whom we thank, indicates a practical way to commit. The seller can pay someone to ma
at say,pf . This agent will pay the seller a large sum, should a sale occur at a different price. Perhaps this is h
supermarkets commit to a price: the checkout clerk does not have the authority to set prices and gets fired i
does.

5 For example, ifπ∗ = 0 the end-of-period lifetime utility of buyer of typei in equilibrium is the sum of two
expected payoffsVi = αβ∗(p∗ )δbi(p∗ )+[1− αβ∗(p∗ )]δ2Vi .
i f f i f
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The first line in (1) tells us that a buyer of valuationi meets a seller with probabilityα.
If the seller negotiates,π∗ = 1, and the buyer reveals his valuation, the offer vectorpi∗

n

arises. In the absence of negotiations, the buyer expectsp∗
f . The value of search to a sell

committed to negotiations is described in the second line of (1). He meets buyer
probabilityσ and if the buyer is of low valuation, with probabilityλ, pL∗

n results, otherwise
pH∗

n results. When the seller chooses to make non-negotiable offers (see the third
(1)) the vectorp∗

f is match-independent, since valuations are private information. Her
seller’s payoffs(p∗

f ) accounts for the likelihood that trade occurs in the first, second s
or not at all, as we later clarify.

Since traders can reject disadvantageous offers at any stage of the trading game (the m
operators in (1)),δVi andδV are bounded below by zero. Furthermore,δVi is bounded
above byαui/(r + α), whenp1 = 0, while δV is bounded above byσuH/(r + σ ), when
p1 = uH andλ = 1.

4.2. Optimal strategies

The discussion above tells us that neither seller nor buyer can do worse than a
in equilibrium. If the match generates unfavorable offers to a trader, he can postpone
transaction in the hope of finding better terms of trade. Unfavorable here means th
prices quoted leave the agent strictly negative surplus, defined as the difference b
the net period utility from completing the trade and the continuation value from avo
trade. Thus, a transaction accomplished in the first stage at pricep1, givesui − p1 − δVi

surplus to a buyer of typei andp1 − δV to a seller. Transactions accomplished in
second stage at pricep2, giveδ(ui − p2 − Vi) surplus to a buyer of typei andδ(p2 − V )

to a seller, in value discounted to the beginning of the game.
We use this information to discuss the optimal strategies of a buyer of valuationi. This

is done by moving backward in the sequence of choices he faces in a trading game. T
buyer will want to buy at some stage of a trading game where the offer vector isp, given
that market prices arep∗, if the net utility from doing so is no less than his value of sea
or

βi(p,p∗) =
{

1, if bi(p) �δVi,

0 otherwise.
(2)

When the buyer’s reservation utility constraint is satisfied, min{ui −p1, δ(ui −p2)} � δVi,

he participates in trade,βi(p,p∗) = 1. This requires a price smaller than the buye
reservation price, at some stage of the game. The buyer acceptsp1 � ui − δVi , and
p2 � ui − Vi .

Moving one step back, at the beginning of the trading game, the buyer might be o
the possibility to reveal his valuation in order to negotiate. He will do so if and only i
expected utility is greater than that generated by passively receiving offers from the
The participation constraint of a buyer of typei is

bi

(
pi

n

)
� bi(pf ). (3)

When this inequality holds, it is optimal for a buyer of typei to reveal his valuation to
seller committed to negotiations.
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Finally, it is obvious that a buyer will always enter a trading game with any selle
can always refuse to buy at the proposed price, having no loss, while his best altern
doing nothing and searching again next period—generates zero surplus.

Now consider a seller’s selection of trade mechanism, at the end of a period,
presence of ex-ante commitment. In doing so the seller considers the market prip∗
but also the pricesp he expects to arise in a match, based on his choice of mecha
Feasibility of trade requires that the seller’s surplus is non-negative, at some stage
game. Thus we say thatp is feasible if the seller’s reservation utility constraint is satisfi

s(p) � δV . (4)

This implies that for the seller to willingly trade, the price must be greater than the se
reservation price at some stage of the game, i.e.p1 � δV or p2 � V.

Moving one step back, givenp and p∗, the seller chooses between making n
negotiable offers in each stage, or to let a buyer who reveals his valuation free to
the initial offer (and possibly a counter-offer). The best course of action must deliver t
highest lifetime utility,

π(p,p∗) =
{

1, if Vn � Vf ,

0 otherwise.
(5)

In a symmetric equilibrium, the strategiesof an individual must reflect those adopted o
the market, and prices in every match must be identical to those prevailing on the m

π(p,p∗) = π∗(p,p∗), βi(p,p∗) = β∗
i (p,p∗), p = p∗. (6)

Definition. An equilibrium is comprised of an offer sequencep ∈ {pf ,pi
n}, strategies

{π(p,p∗), βi(p,p∗)} and lifetime utilities{Vi,Vf ,Vn} that are invariant functions oft and
satisfy (1)–(6).

We emphasize that stationarity here means that strategies are invariant functiont .
Due to discounting, however, price offers are stage-dependent, as clarified in th
section.

5. The determination of the individually optimal offers

Consider an economy where ex-ante commitment is available. To start, we define

pi = ui − δVi and pi′ = ui − Vi. (7)

Herepi is the reservation price of a buyer of valuationi, in the first stage of the tradin
game, as it leaves him zero surplus. The pricepi′ refers to the second stage. Note t
pi > pi′ ∀Vi > 0 due to discounting. Letpi = (pi,pi′ ). In the full information case
(λ = 0,1) the seller would optimally chargepi . That isp∗ = pH if λ = 1 andp∗ = pL

if λ = 0 (see Diamond, 1971). In the remainder of the paper we focus on the ca
heterogeneous buyers,λ ∈ (0,1).
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5.1. Negotiable offers

Suppose a buyer has revealed his valuationi to a seller committed to negotiate. Then, t
buyer makes a first-stage offer; if refused the seller makes a counter-offer with probabilityθ

(the buyer makes it otherwise). The following holds.

Lemma 1. Negotiations with buyer i lead to trade at price pi
n,1 < pi where

pi
n,1 = max

{
δV, δV + θδ(ui − Vi − V )

}
.

Proof. See Appendix A. �
Negotiated trades are settled immediatelydue to discounting. The initial offer make

the seller indifferent to attempting a counter-offer. The sale is settled at the selle
reservation price,pi

n,1 = δV, if second-stage trade generates no surplus,ui − Vi � V .

Otherwise, the buyer increases the offer by a fractionθ of second-stage surplus,pi
n,1 =

δV + δθ(ui − Vi − V ) hencepH
n,1 > pL

n,1. Here, the lower the buyer’s likelihood to ma
counter-offers, the higher the price. The need for ex-ante commitment is obvious, beca
the negotiated price is below the buyer’s reservation price,pi

n,1 < pi. If ui − Vi > V ,

pi
n,1 corresponds to the Nash bargaining solution where the threat points are the va

search, andθ is the seller’s bargaining power.

5.2. Non-negotiable offers

Suppose buyer and seller play the unilateral offers trading game and the b
valuation is private information. Then, the buyer receives a first offerpf,1 whose refusa
leads to the seller’s final offerpf,2, reflecting updated beliefs on the buyer’s valuati
The offers must be sequentially rational forpf = (pf,1,pf,2) to be a perfect Bayesia
equilibrium.

To determinepf we follow the procedure in Fudenberg and Tirole (1983). Follow
rejection ofpf,1, the offerpf,2 must maximize the seller’s second-stage expected pa
given pf,1 and expectations revised using Bayes’ rule. Moving backward,pf,1 must
maximize the seller’s first-stage expected payoff, givenpf,2. The optimalpf depends
on these key elements: the probability of meeting a low-value buyer,λ, the disparity in
buyers’ valuations,uL/uH , and theendogenous continuation values,V andVi . There are
three possible solutions to the seller’s pricing problem.

Lemma 2. Let λ ∈ (0,1). The optimal non-negotiable offer vector is

pf =



pH if uL − VL < V,

p̂ if uL − VL � V and 1− λ > uL/uH ,

pL if uL − VL � V and 1− λ � uL/uH ,

(8)

where p̂ = (p̂,pL′
) and p̂ = (1− δ)uH + δuL − δVL ∈ (pL,pH ).
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Proof. It mirrors Fudenberg and Tirole (1983). For details, see Camera and Dela
(2004). �

There are two key results. First, buyers of low valuation never obtain surplus, soVL = 0.
Second, the optimal offer leavessome buyer type indifferent to making an immedia
purchase. Thus, high valuation buyers might obtain some surplus. The seller sets
such that buyeri = H buys in the first stage. Ifpf,1 is rejected, the seller’s learns that t
buyer is of low type. The optimal pricing rule depends on the seller’s reservation va
the second stage that, as we will later see, depends also on the pricing strategies
by all other sellers.

To understand these results, one must realize that the seller has two distinct str
The first is reminiscent of ‘price posting.’ The seller targets a specific buyer offeringpi so
that typei buys right away. By offering low pricespL, the sale is immediate but surpl
is lost in high-value trades (henceVH > 0). By offering high pricespH , the seller obtains
the entire trade surplus (henceVH = 0) but faces the possibility of a prolonged custom
search.

The second strategy,p̂, is reminiscent of ‘haggling.’ Sellers trade with the first custom
met, but the transaction may be delayed. A rejection of the initial high-price offep̂,
triggers the price reductionpL′

sufficient to entice a purchase from low-value buye
The initial offer p̂ leaves high-value types indifferent to waiting for the price reduct
so its rejection reveals the buyer’s true (low) value. This screening device is feasibl
if delayed low-value trades generate surplus.

The optimal pricing strategy hinges on distribution of types, but also on the continu
valuesV andVi that, we stress, reflect market-prices expectations. These factors influen
the seller’s opportunity cost of targeting a single buyer type, instead of both, as fo
Offering pH makes sense when low value consumption generates so little utility th
seller prefers to search repeatedly for high valuation buyers. Otherwise, a new ro
search is never justified and the sale takes place at the first encounter. Risking a on
delay by, making an initial high-price sales pitchp̂, is worthwhile in markets that are eith
dominated by high-value buyers or where some buyers like the good a lot. Otherwi
seller will choose to sell the good at once by offeringpL. In any case, low valuation buye
never earn surplus.

6. Existence of equilibrium

Having analyzed optimal pricing, we study existence of equilibria starting wi
benchmark case.

6.1. The case of no commitment

When the promise of negotiations is not credible,π = 0 since sellers prefer to mak
non-negotiable offers to buyers of known valuation, hence buyers do not reveal it. It fo
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Proposition 1. Absent commitment, the following are equilibria:

p∗ = pf =



pH ⇔ uL/uH < ū(λ),

p̂ ⇔ u(λ) � uL/uH < 1− λ,

pL ⇔ 1− λ � uL/uH ,

(9)

where 0 < u(λ) < min{1− λ, ū(λ)} and ū(λ) < 1− λ when λ < λ.

Corollary 1. Equilibria with high and low prices may coexist; pH may coexist with p̂ or
pL.

Proofs. See the Appendix A, wherēu(λ), u(λ) andλ are also defined. �
The proposition confirms our earlier intuition. Low prices,pL, arise in markets wher

many buyers do not care much for the good sold, or where valuations are quite sim
is otherwise optimal to raise prices top̂, to discriminate between buyers’ types, or all t
way topH , targeting only high-value trades. Looking at the expressionsū(λ) andu(λ), we
see that sellers offer high prices on a widerrange of the parameter space as agents bec
more patient, or as the proportion of high-valuation buyers increases. The reason
sellers’ option valuesV increase and so they will be more inclined to target high-va
types.

The crucial finding is the possibility of multiple equilibria, illustrated in Fig. 1 a
explained as follows.6

The lifetime utility of high value buyers, hence their reservation price, reflects the p
expected to prevail on the market (low market prices imply a low reservation price). T
is what we call aprice setting externality, as a seller’s ability to trade at a given price
affected by the price selections made by others. Since pricing decisions are uncoord
different prices can prevail on otherwise identical markets. The reason is that trade
continuation values depend on the prices that are expected to prevail.

This opens the door to coordination failures in pricing selections, as is dramatica
evident in markets where valuations are moderately different (see Fig. 1). In this casepH

andpL coexist but have very different efficiency levels (see later).7

6.2. The case of commitment

The equilibrium set is richer because bilateral negotiations can take place. It is e
prove (see Appendix A) that in equilibrium (3) holds. Obviously, low-value buyers p

6 Technically, whenu(λ) � uL/uH < ū(λ), then pH and p̂ coexist if λ < λ, while pH and pL coexist if
λ � λ anduL/uH > 1 − λ. Whenū(λ) � uL/uH then p̂ is unique ifλ < λ andū(λ) � uL/uH < 1− λ, while
pL is unique ifλ � λ. Note thatp̂ cannot coexist withpL since offeringp̂ makes sense only under minimal ri
of trade delays (smallλ), the opposite of what is required forpL to arise. The numerical illustrations are f
δ = 0.95, σ = 0.6, andα = 0.7.

7 If agents remained in the market indefinitely, trading repeatedly, they would never change state a
reservation prices would not dependon continuation payoffs. Here pricing and trading decisions would b
independent of the agent’scontinuation value, and would only hinge on his period utility. Hence, strat
complementarities are absent, and multiple equilibria are impossible when there are no flows of traders in
of the market.
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Fig. 1. Equilibria without commitment.

to reveal their type in exchange for the ability to make an initial offer. Thus, should a b
choose not to negotiate, the seller would optimally offerpf = pH . SincepH

n,1 < pH , then
high value buyers would prefer to engage in bilateral negotiations. We prove the follo

Proposition 2. With commitment, an equilibrium with bilateral negotiations where pi
n,1 =

δV + δθ(ui −Vi −V ) exists for intermediate values uL/uH , and sufficiently large δ and θ .
Otherwise, only equilibria with non-negotiable offers pf exist.

Corollary 2. Equilibria with and without negotiated offers can coexist.

Proofs. See Appendix A. �
Commitment enriches the equilibrium set, since sellersmight have an incentive to shar

the surplus with buyers who reveal their valuation. In this caseboth traders earn surplus, a
δV < pi

n,1 < pi . The buyer gets surplus since he makes the first offer, while the selle
more than his reservation price, even in low-value matches, or otherwise he would turn
offeringpH .

The need for intermediateuL/uH reflects our prior discussion of haggling by setti
p∗ = pf = p̂. The seller has an incentive to discriminate across buyers, by mea
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Fig. 2. Equilibria with commitment.

negotiations, only if there is sufficient heterogeneity in buyers’ valuations. We emph
that the bounds onuL/uH depend onλ, as in the case of non-negotiable offers (s
Appendix A). The requirement for largeδ andθ is also quite intuitive. Greater patien
or a greater facility at making counteroffers give the seller a stronger ‘bargaining positio
Therefore, the buyer’s initial offer rises inδ andθ . This gives the seller a greater incent
to negotiate, as he can acquire information about the buyer’s type, quite cheaply
illustrates equilibria whenθ = 0.8).

Because reservation values are endogenous and reflect expectations of market price
equilibrium multiplicity may arise. It is of particular interest to note that each of
two trading mechanisms may emerge in equilibrium. Indeed, it is ‘as if,’ haggling t
place, as different buyers pay different prices. The reason is that if sellers intend to
discriminate, extracting a higher price from high-value customers, they can ove
private information obstacles in one of two ways. Sellers can elicit informationindirectly,
as part of a trading process where the buyer responds to a sequence of declining offe
the seller relinquishes surplus only to high-value buyers, but trading delays are po
Alternatively, the seller can elicit informationdirectly from buyers, compensating them f
it, by letting them make the initial offer, and possibly a counter-offer. Here prices increa
in the buyer’s valuation, delays are avoided, but surplus is shared in every trade.



G. Camera, A. Delacroix / Review of Economic Dynamics 7 (2004) 851–868 863

ears
is
ns. If
ers

ilibria

ers
the

ket,
g to
en

re
ix,

y
are
ipate

g
e
rs,

ilar
t,
y,
some

se

teral
ways.
ssibility
elays,
From an efficiency perspective, eliciting information directly from the buyer app
to be preferable. This eliminates the incidence of trading delays, so that no surplus
dissipated. However the equilibrium course of action hinges on market expectatio
prices are expected to be abovepL′

, for example, sellers have no incentive to reward buy
for information, and no one will negotiate. Thus, one question remains. How do equ
compare in terms of social efficiency?

6.3. Efficiency

Let average welfareW(p) measure efficiency. Given the equilibrium pricep∗ = p,

W(p) = λVL(p) + (1− λ)VH (p) + V (p).

Two key components influenceW(p). The first is the relative ease of trade for sell
and buyers. In a seller’s market,σ > α, sellers trade more frequently than buyers hence
efficiency criterionW is ‘biased’ in favor of sellers. The opposite holds in a buyer’s mar
σ < α. Valuation differentials also matter in ranking outcomes. For instance, sellin
those who value minimally the good makes littlesense, in terms of average welfare, wh
there are many buyers who like the good a lot.

To disentangle these two separate components affectingW, we first study the case whe
traders face identical matching probabilities,σ = α (details are in Camera and Delacro
2004). Here

W
(
pH

)
< W(p̂) < W(pn) = W

(
pL

)
if uL/uH is large,

W(p̂) < W
(
pH

)
< W(pn) = W

(
pL

)
if uL/uH is moderate,

W(p̂) < W(pn) = W
(
pL

)
< W

(
pH

)
if uL/uH is small.

Mechanisms eliciting immediate purchases by everyone,pL or pn, are equivalent as the
generate identical surplus (the way it is shared does not affect average welfare). They
socially preferred if disparity in valuations is small, as higher prices would only diss
surplus either form trade delays (as whenp = p̂) or no trade (as whenp = pH ). W cannot
be a maximum whenp = p̂ as this createsadditional market frictions, in the form of tradin
delays. Thus, it is dominated by eitherpn or pL. However,pH maximizes average welfar
when low-value trades generate little surplus, asgoods should go only to high-value buye
in such a market.

Whenσ andα differ by small amounts, the ranking of outcomes is generally sim
(see Appendix A). A key difference is that, if high and low valuations are not far aparpL

is socially preferred in a sellers’ market, butpn is preferred in a buyer’s market. Intuitivel
when buyers get to do a lot of trading, relative to sellers, every buyer should earn
surplus, which can be accomplished through negotiations. In a seller’s market, the rever
is true.

We conclude that the possibility to exploit commitment in order to carry out bila
negotiations, is not necessarily optimal. However, it can be beneficial in one of two
In markets where sellers want to discriminate among heterogeneous buyers, the po
to commit to bilateral negotiations has the potential to eliminate wasteful trading d
(sincep = pn may coexists withpf = p̂, while pf = pL does not coexist withpf = p̂).



864 G. Camera, A. Delacroix / Review of Economic Dynamics 7 (2004) 851–868

locate
n non-

t-lived
ow
the

ected
rs
price

r type,

with
aking

s’
alues
and

eneity.

t have
ments,
inar

BER–
west

ng the

wn
match,
hould
Furthermore, in a buyers’ market the possibility to commit to negotiations can help al
the gains from trade more efficiently, compared to trading mechanisms based o
negotiable offers.

7. Conclusion

We have endogenized the trading mechanism in an economy with random shor
matches between heterogeneous buyers and homogeneous sellers. We have studied h
heterogeneity and the traders’ continuation values—which are endogenous—influence
sellers’ choice of trade mechanism.

Sellers trade off the probability of an immediate sale against the surplus exp
from it, choosing whether to trade with everyone and how quickly. In equilibrium selle
may simply target one buyer type via non-negotiable offers (price posting), or may
discriminate (haggling). When sellers expect ‘small’ gains from sales to some buye
they target only the other type, via a non-negotiable price that extracts hisentire surplus.
This market resembles one in which sellers ‘post prices.’ Else, the seller will trade
both buyer types, but at different prices—as if they ‘haggled.’ This can be done by m
a sequence of non-negotiable offers or—to avoid trade delays—by committing to sharing
the surplus with buyers who reveal their valuation.

A price setting externality arises because of a strategic complementarity in the seller
pricing choices. Since individual pricing selections must take into account option v
that reflect the prices expected to prevail on the market, equilibrium multiplicity
coordination failures may result.

Extensions could include mixed strategies,directed search, or more general trading
mechanisms, to study links between price dispersion and trade mechanism heterog
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Appendix A

Proof of Lemma 1. Consider a bilateral bargaining match with a buyer of kno
valuation i. Suppose the offers generate surplus in the second stage of the
ui − Vi − V � 0. In this case the seller is expected to participate in a second stage, s



G. Camera, A. Delacroix / Review of Economic Dynamics 7 (2004) 851–868 865

way

h,
e

ere
s

ther
he refuse the initial offer. Then the optimal first stage offer made by the buyer,pi
n,1, must

solve

pi
n,1 − δV = δ

[
θ
(
pi′ − V

) + (1− θ)
(
pi

n,2 − V
)]

.

Note thatpi′ is the seller’s optimal counter-offer in the second stage. It takes a
the buyer’s surplus. In the second stage the buyer will offerpi

n,2 = V , i.e. the seller’s

reservation value. The solution ispi
n,1 = δV + δθ(ui − Vi − V ).

Now suppose surplus cannot be generated in the second stage of the matcui −
Vi − V � 0. Then clearlypi

n,1 = δV . Sincepi
n,1 � δV , the seller always trades. Th

worse case scenario for a buyer isθ = 1, when he cannot make a counter-offer. H
pi

n,1 = δui − δVi < ui − δVi . This implies thatpi
n,1 < pi , so buyeri has also some surplu

when he negotiates. Thus both buyer and seller are willing to trade at pricepi
n,1. When

negotiations take place,

δVi =
{

α(1 − θ)
[
(1−δθ)ui

1−θ
− δV

]/[
r + α(1 − θ)

]
if pi

n,1 > δV,

α
r+α

(ui − δV ) if pi
n,1 = δV .

(A.1)

Notice thatδ(r +α) > α always (note thatrδ = (1−δ2)/δ). SinceV � 0, thenuH −VH >

uL − VL > 0. This implies thatpH
n,1 > pL

n,1.
The lifetime utility to a seller under negotiations isV = Vn, where

Vn =
{

θσ
r+θσ

[
λ(uL − VL) + (1− λ)(uH − VH)

]
if pi

n,1 > δV ∀i,

θσ (1−λ)
r+θσ (1−λ)

(uH − VH) if pH
n,1 > pL

n,1 = δV .
(A.2)

HereuH − VH > V whenpH
n,1 > pL

n,1 = δV andpi
n,1 > δV ∀i. Notice that

(i) uH − VH >
θσ(1− λ)

r + θσ(1− λ)
,

and

(ii) uH − VH >
θσ

r + θσ

[
λ(uL − VL) + (1− λ)(uH − VH)

]
sinceuH − VH > uL − VL. �

Proof of Proposition 1 and Corollary 1. Here π∗ = 0 henceV = Vf . Consider an
equilibrium p∗ = pf , calculate the value functions, and check (2) and (8) (all o
conditions are satisfied). Usingpi , s(p) andbi(p), thenVL = 0 and

δVH =




α(uH−uL)
r+α

δ α(uH−uL)
r+α

0

and

δV =




σuL

r+σ
if pf = pL,

σ
r+σ

[δuL + (1− λ)(1− δ)uH ] if pf = p̂,

σ (1−λ)uH if pf = pH .

(A.3)
r+σ(1−λ)
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Consider each possible equilibriumpH , p̂ andpL, separately.
Let pf = pH . From (8),pH is individually optimal ifuL − VL < V . This amounts to

uL

uH

< ū(λ) ≡ σ(1− λ)

rδ + δσ (1− λ)
.

Here (i) ū(λ) is decreasing inλ, 0 < ū(λ) < σ
δ(r+σ)

and limλ→1 ū(λ) = 0; (ii) ū(λ)

decreases inr with limr→0 ū(λ) = 1, sincerδ → 0 as r → 0; (iii) ū(λ) > 1 − λ if
λ > λ = (r + σ)/σ − 1/δ.

Let pf = p̂. From (8),p̂ is individually optimal ifuL − VL � V and 1− λ > uL/uH .
These imply

u(λ) ≡ σ(1− δ)(1− λ)

rδ
� uL

uH

< 1− λ

whereu(λ) is decreasing inλ, 0 < ū(λ) < σ(1− δ)/(rδ) and limλ→1 ū(λ) = 0. Note
u(λ) < 1 − λ iff σ < rδ/(1 − δ) = (1 + δ)/δ is always satisfied since(1 + δ)/δ > 1 and
σ < 1. Also, ū(λ) > u(λ), sincerδ2 = 1− δ2, andū(λ) < 1− λ if λ < λ. Thus,pf = pH

andpf = p̂ coexist ifu(λ) � uL/uH � ū(λ) andλ < λ.
Let pf = pL. From (8),pL is individually optimal if 1−λ � uL/uH anduL −VL � V ,

rearranged asσ < rδ/(1− δ) = (1+ δ)/δ, always holding. Thus, we needuL/uH � 1−λ.
This implies thatpf = pL andpf = p̂ cannot coexist. Sincēu(λ) � 1 − λ whenλ � λ,
thenpf = pL andpf = pH coexist whenλ � λ. �
Proof of Proposition 2 and Corollary 2. We first prove (3) holds, given commitmen
From (8), pf,1 � pL and pf,2 � pL′

. SincepL
n,1 < pL, (3) holds strictly for i = L.

Suppose (3) does not hold fori = H . Using the definition ofbi(p), it must be that
pH

n,1 > min{pf,1, δpf,2 + uH (1 − δ)}. This is impossible: a refusal to negotiate tells

seller that the buyer’s type isi = H . Then, the seller would optimally setpf = pH ,
a contradiction.

If π∗ = 0 the value functions must satisfyVL = 0 and (A.3).
If π∗ = 1, then (A.2) impliespH

n,1 > pL
n,1 = δV only if uL −VL � V . Using (A.1)–(A.2)

this is

uL

uH

� u(λ) = θσ(1− λ)

r + α(1− θ) + θσ(1− λ)
.

By continuity, ifuL/uH > u(λ) thenuL−VL > V so thatpi
n,1 > δV ∀i. Notice 0< u(λ) <

1 andu(λ) > 1 − λ, if λ > λ̄ = (r + α(1 − θ))/θσ , whereλ̄ < 1 if θ > (r + α)/(σ + α)

andr < σ .
Givenpi

n,1 = max{δV, δV + δθ(ui −Vi −V )} andpH
n,1 > pL

n,1, we must consider thre
cases:

(1) V � uH − VH > uL − VL, in which casepi
n,1 = δV ∀i,

(2) uH − VH > V � uL − VL, in which casepL
n,1 = δV < pH

n,1, and

(3) ui − Vi > V, in which casepi > δV ∀i.
n,1
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e

, so
pi
n,1 = δV ∀i, cannot be an equilibrium:π = 0 sinces(pn) = δV implies Vn = 0.

pL
n,1 = δV < pH

n,1, cannot be an equilibrium either. It requiresuL − VL � V , thus the

seller would setπ = 0 andpf = pH (see Lemma 2) since

(i) the seller receives no surplus in negotiations with a buyeri = L aspL
n,1 = δV , and

(ii) the seller earns less by choosingπ = 1 sincepH
n,1 = δV + δθ(uH − VH − V ) < pH =

uH − δVH (from Lemma 1,uH − VH > V ).

Only pi
n,1 = δV + δθ(ui − Vi − V ) can be an equilibrium. HereV = Vn, where

δVn = θσ [δ(r + α) − α]
r[r + α(1 − θ) + θσ ]

[
λuL + (1− λ)uH

]
.

To proveπ = 1 is individually optimal, we must verify that, givenp∗ = pn, thens(pn) �
s(pf ).

Consider onlypf = pL, p̂ sincepf = pH is not a possible deviation whenp∗ = pn. The
reason ispi

n,1 > δV requiresuL − VL > V , hencepf = pH is suboptimal. Thus compar

s(pn) = δV (1− θ) + δθ
[
λ(uL − VL) + (1− λ)(uH − VH)

]
,

s
(
pL

) = uL − δVL,

s(p̂) = δuL + (1− λ)(1− δ)uH − δVL,

whereVL > 0 sincep∗ = pn. Specifically, from (A.1),

δVi = α(1− θ)

[
(1− δθ)ui

1− θ
− δV

]/[
r + α(1− θ)

]
.

If θ = 0 then s(pn) < s(pf ), since pi
n,1 = δV ∀i ⇒ Vn = 0. One can provide

expressions foruL/uH that satisfys(pn) = s(pf ). These expressions are cumbersome
we follow an alternative route. Since∂Vn/∂θ > 0 and∂VL/∂θ < 0, then∂s(pn)/∂θ > 0
and∂s(pf )/∂θ > 0. Therefore consider the caseθ = 1. Using continuity inθ andδ, we
prove existence ofp∗ = pn using the intermediate value theorem.

If θ = 1, useVi andV from (A.4) to gets(pn)|θ=1 and s(pf )|θ=1 for the mutually
exclusive casespf = pL andpf = p̂.

(1) pf = pL is a possible deviation ifuL − VL � V and 1− λ � uL/uH (from
Lemma 2). Then

s(pn)|θ=1 � s
(
pL

)|θ=1 if
uL

uH

� uL(λ) = α(1 − λ)(1− δ) + r(1− λ)δ

α(1 − λ)(1− δ) + r(1− λδ)
< 1.

SinceuL/uH > u(λ) is necessary forp∗ = pn, thenπ = 1 is individually optimal when
u(λ) < uL/uH < uL(λ) (from Lemma 2). Since prices are linear inθ , ∂s(pn)/∂θ > 0
and ∂s(pf )/∂θ > 0, and both functions are continuous inθ , uL and uH , then by the
intermediate value theorem there exists a 0< θ∗ < 1 and auL/uH = u∗(λ) ∈ (0,1) such
thats(pn) � s(pL) for all θ > θ∗ andu(λ) < uL/uH � u∗(λ).

(2) pf = p̂ is a possible deviation ifuL − VL � V and 1− λ > uL/uH . It is easy to
show that forθ = 1,

s(pn) � s(p̂) if
uL � uLL(λ) = δr − (1− δ)(r + α)

.

uH δr − (1− δ)α
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It is obvious thatuLL(λ) > 0 only if δ is sufficiently close to one, and it is negati
otherwise. Once again, by the intermediate value theorem we conclude that ther
θ andδ sufficiently large and an intermediateuL/uH such thats(pn) � s(p̂) henceπ = 1
is individually optimal.

Coexistence. Supposep∗ = pn. From Proposition 1,u(λ) < ū(λ) andu(λ) � u(λ) if θ �
θ̄ = δ(r + α)/[1+ δ(1+α)] < 1. Hence, ifθ � θ̄ thenu(λ) � u(λ) < ū(λ) so thatp∗ = pn

may coexist withp∗ = pf wherepf = pH , p̂. If θ > θ̄ then (i)u(λ) < u(λ) � 1−λ if λ � λ̄

so thatp∗ = pn may coexist withp∗ = pf wherepf = pH , p̂ and (ii)u(λ) < 1− λ < u(λ)

if λ > λ̄, so thatp∗ = pn may coexist withp∗ = pf wherepf = pH ,pL. �
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