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Why Fixed-Price Policy Prevails: The Effect of Trade
Frictions and Competition

Abstract: Fixed-price selling is common in today’s markets. While previous research in mar-
keting and economics literatures provide several intuitive reasons for the emergence of fixed-price
selling (e.g. clarity and simplicity of managing the fixed-price process, reduced coordination and
information costs) our study offers an entirely different rationale—based on market competition
and trade frictions—that explains the prevalence of fixed-price selling. Using a market equilibrium
approach, and employing a novel competitive search framework to account for a fully competi-
tive and dynamic market, we offer a new and micro-founded account for the widespread use of
fixed pricing policy. Considering three important market characteristics—customer risk aversion,
the degree of trade frictions and the level of market competition—we explore the strategic choice
between the fixed-price, best-offer, and over-the-sticker pricing policies. Unlike the standard mod-
els in the literature, which are based Hotelling, Cournot, Bertrand frameworks, the competitive
search framework enables us to model competition with a large number of buyers and sellers, and
to vary the degree of competition accordingly. We find that fixed pricing emerges as the unique
or the de-facto selling rule in most parameter regions. Indeed, the only region where haggling
matters is the case in which customers are risk neutral and trade frictions are significant and
market competition is moderate.

Keywords: fixed-price selling, haggling, risk aversion, trade friction, competition

1 Introduction

Fixed-price selling appears to become the norm in many modern day markets (Phillips, 2012). Hag-
gling, on the other hand, has traditionally been associated with markets involving large purchases
including houses, cars, boats, high-end jewelry and so on. However, even in these haggling dominated
markets, there is a notable trend for fixed-price selling. While companies like CarMax—a Fortune
500 used car superstore—have been offering no-haggle prices for some time, fixed-price selling has
gained further momentum recently with Costco, AAA and Lexus announcing haggle-free selling pro-
grams (Halzack, 2015; Chappell, 2015) and with Sonic—the fourth-largest dealer group in the US
with 105 stores—eliminating all haggling in its outlets with a decision to use a one-price no-haggle
selling (Taylor III, 2014). In addition, in the housing market several realtors and home sellers report
having moved to a no-haggle pricing approach which they suggest "seems to be working" (Ponce,
2015; Ludeman, 2008).

Does fixed price selling emerge just because it makes the buying process more convenient and

hassle-free for the consumer, or could there be a deeper underlying mechanism explaining the adoption



of fixed pricing? In order to better understand the drivers and prevalence of fixed-price policy, we
specifically concentrate on large-purchase markets in which the dominant practice of haggling has
been recently shifting towards a fixed-price policy. These markets are also notable as they often
represent the most significant purchases in many consumers’ lives. In addition, the search and
matching nature of such markets—the fact that buyers and sellers need to spend considerable time
and effort in order to buy or sell a limited inventory product—makes them a complex but highly
important context to study pricing decisions.

Three factors appear to be critical in determining the emerging pricing policy in such markets.
First, as these represent big purchases involving large sums, customers may naturally be risk averse.
Second, trade frictions seem to be playing a significant role where shopping around requires con-
siderable time, effort and other resources, and waiting is costly especially when a product (or a
customer) available today may not be available tomorrow. Finally, market competition plays a key
role in pricing decisions in that in highly competitive markets, sellers appear to give way for haggling
policies, whereas in markets characterized by a lack of competition, customers may end up paying
well above the posted price. These observations point to an important link between the equilibrium
pricing policy, the degree of competition, as well as the degree of trade frictions in the market. In this
paper, considering the aforementioned channels, we investigate the practice of three common pricing
strategies—best-offer, fixed pricing and over-the-sticker pricing! —and explain why fixed pricing is
the emergent and preferred strategy in most cases.

Previous research in marketing provides several reasons for the emergence of the fixed-price selling
strategy. These include, among others, clarity and simplicity of managing the fixed-price process (or
complexity of managing the negotiation process), reduced information costs (e.g., customers know
how much they should pay in advance), reduced negotiation costs, economies of scale in pricing
and reduced coordination costs (Riley and Zeckhauser, 1983; Phillips, 2012). Although these are all
intuitive motives to employ fixed-price selling, our paper offers an entirely different rationale, based
on competition and trade frictions, that explains the prevalence of fixed-price selling.

In studying our research questions, in order to account for fully competitive and dynamic markets
which are characterized by trade frictions, we employ a unique directed search (or competitive search)
setup. While previous work in marketing and pricing, notably Desai and Purohit (2004) and Kuo
et al. (2011) , investigated fixed and flexible (i.e., haggling) pricing strategies, these studies were
prone to several limitations. Firstly, despite the significant role of market competition in many real
life buying-selling contexts, this line of work considered no-competition (i.e., a monopolist seller)
or limited (e.g. duopolistic) competition as in Bertrand, Cournot, or Hotelling settings. Secondly,
these work typically assume exogenous arrival to sellers, that is, customers arrive at the sellers at
an exogenous rate and then make a purchasing decision. Our paper relaxes both of these commonly

held assumptions by characterizing a fully competitive and dynamic market, and by endogenizing the

'In the automobile market, for instance, customers typically pay more than the sticker price if they are after a newly
released model. Edmunds.com, a major online resource for automotive information, calls this practice "Over-the-Sticker
Pricing". The same is true in the housing market as well. An article in Washington Times (May 1, 2013) discusses the
surge in demand for residential real estate in DC area and how this affects the way properties are sold. It reports that
many houses are sold the day they are listed, while some Capitol Hill homes fetched more than double the asking price.



expected demand depending on the list price and the pricing strategies posted by the sellers. As such,
our study which introduces a competitive search framework and is based on a market equilibrium
approach provides also an important methodological contribution to marketing literature.

The model presents a micro-founded account for the widespread use of fixed pricing policy and,
along the way, provides several connected insights. A main conclusion is that haggling matters only
if (i) customers are risk neutral, and (ii) trade frictions are significant, and (iii) the degree of market
competition is moderate (not low, not high). In all other scenarios fixed price selling emerges either
as the unique selling rule or as the de-facto selling rule. We reach this conclusion by investigating the
model in various parameter regions (e.g., risk aversion/neutrality, high/low competition, high/low
trade frictions).

If customers are risk averse, then we show that fixed-pricing emerges as the unique equilibrium
pricing policy. The reason is this. With flexible rules (best-offer or over-the-sticker pricing) the sale
price typically differs from the posted price because either the seller or the buyer ends up asking
for a better deal. Customers, therefore, face some uncertainty in that they do not know in advance
what the sale price is going to be—a notion we label as price uncertainty. Fixed pricing eliminates
this uncertainty, which is why, all else equal, customers are more likely to shop at such stores. In
a competitive market, this inclination gives an edge to fixed price sellers; hence in equilibrium all
sellers end up being fully committed to charge what they post.

If customers are risk-neutral, then they do not mind the aforementioned price uncertainty, so
there exists a continuum of equilibria where fixed and flexible rules are payoff equivalent and coexist
in the same marketplace. Interestingly, the characteristic of each pricing rule permeates into the
equilibrium price associated with it. Best-offer sellers, for instance, correctly anticipate the discounts
to be conceded to the customers, so they inflate their list price in the first place. Similarly sellers
trading via over-the-sticker pricing realize that they will end up charging more than the posted price,
so they advertise lower prices up-front. Fixed-price sellers, on the other hand, charge what they post,
so they advertise moderate prices.

Even though fixed and flexible rules may coexist, the difference between them is pronounced only
if trade frictions are high. We prove that as trade frictions vanish, prices emerging from bargaining
converge to the equilibrium fixed price. Indeed with no trade frictions, players face the same outlook
ex-ante or ex-post (i.e. before a match or in a match); so, the ex-post bargained price approximates
to the ex-ante fixed price. Since transactions are bound to be settled at the equilibrium fixed price
anyway, the availability of haggling becomes immaterial, and therefore, fixed pricing emerges as
the de-facto selling rule. Remarkably the convergence result is robust to the underlying bargaining
protocol. Indeed, prices resulting both from Nash Bargaining as well as Strategic Bargaining—two
most commonly used and distinct bargaining protocols—converge to the equilibrium fixed price.

The discussion so far reveals that the only area in the parameter space where fixed and flexible
rules may coexist without being practically identical to each other is the region where buyers are
risk averse and trade frictions are significant. But even in this region the difference between fixed

2

and flexible rules, proxied by the degree of price dispersion,® is practically nonexistent if market

2The model implies equilibrium price dispersion both in list prices as well as in sale prices. The dispersion in list



competition is sufficiently high or sufficiently low; hence fixed pricing, again, emerges as the de-facto
selling rule.

In summary, our investigation of the model in three independent dimensions (customer risk
aversion, degree of competition, and degree of trade frictions) reveals that fixed pricing emerges as
the unique or de-facto selling rule in most parameter regions. The only exception where haggling
matters is the case in which customers are risk neutral, trade frictions are significant, and market

competition is moderate.

2 Related Literature

Previous research in marketing have studied implications of haggling and bargaining (Pennington,
1968; Mathews et al., 1972; Tauber, 1972; Neslin and Greenhalgh, 1983; Dwyer et al., 1987). These
include a large body of research in the context of channel relationships (Iyer and Villas-Boas, 2003;
Dukes et al., 2006; Srivastava et al., 2000; Draganska et al., 2010; Guo and Iyer, 2013) as well as
in consumer level transactions such as automobile purchases (Chen et al., 2008). Another stream
of marketing research that investigates haggling is the practice of name-your-own-price retailers.
Terwiesch et al. (2005) study online haggling in the context of a name-your-own-price retailer who
waits for potential buyers to submit offers for a given product and then chooses to either accept or
reject them. Consumers whose offers have been rejected may continue haggling with additional offers.
In a similar domain, Hann and Terwiesch (2003) examine frictional costs of online transactions at a
name-your-own-price retailer. Our model diverges from above by offering strategic insights to sellers’
choice of pricing policies in fully competitive markets.

Pricing is an important tool for firms with which they can gain strategic advantage in the mar-
ketplace (see Ozer and Phillips (2012) for a review) and to that end game-theoretic models of pricing
have been widely employed in marketing literature to analyze these strategic decisions (Kopalle and
Shumsky, 2012). Studying different selling and pricing policies, Wernerfelt (1994) provides a com-
parative analysis of three selling formats—price advertising, seller colocation, and bargaining—and
evaluates their relative attractiveness. Among others, he finds that under high duopolistic competi-
tion, bargaining may be profit maximizing for the sellers as it helps them avoid the costly Bertrand
competition. In other related works that investigate fixed-price and haggling policies, Riley and
Zeckhauser (1983) examine a monopolist seller facing risk neutral customers and suggest that fixed
pricing is optimal in comparison to negotiations. This is because while haggling may be advantageous
in terms of price discrimination, the gains from haggling are more than offset when buyers refuse
purchasing at higher prices. Wang (1995) creates a dynamic model and concludes that bargaining
is preferable if it costs the same as fixed pricing or if the common costs are high enough. Bester

(1993) on the other hand, focuses on the role of quality uncertainty in determining pricing policies.

prices is a corollary of the coexistence of multiple selling policies in the same marketplace, because sellers competing
with different rules post different list prices. Sale prices, too, are dispersed. Under flexible rules, the sale price is
transaction specific and depends on the local demand, which, along the equilibrium path, is stochastic; hence the
dispersion in sale prices. We can analytically characterize the distribution of prices, and study how it is affected by
different pricing rules and market features.



He proposes that fixed pricing is more competitive than negotiated pricing, however, it may lead
to a deterioration in product quality. Also in a related work that examines take-it-or-leave-it and
negotiation pricing, Kuo et al. (2011) model a dynamic pricing problem as a function of inventory
and time (remaining selling season). They demonstrate that when the inventory level is high and/or
the remaining selling season is short, negotiation could be an effective tool to achieve price discrimi-
nation. The focus in their work is operational (e.g., inventory) decisions and, unlike our setup, they
consider a monopolist seller.

The closest work to ours is Desai and Purohit (2004) who similarly investigate fixed-price and
best-offer strategies, and show that depending on the parameters, there may exist equilibria in which
both firms choose fixed prices, both firms offer haggling, or where one firm offers haggling and the
other charges fixed prices. An important finding of theirs is that the benefits of price discrimination in
a monopoly setting do not necessarily transfer over to a competitive environment. Our model differs
from Desai and Purohit (2004) in several aspects. First, while they consider a duopoly setting, we
substantially extend their model by characterizing a fully competitive and dynamic market. Second,
in our model customers arrive to stores endogenously and their arrival rates depend on the pricing
policy chosen by a firm and its list price. Finally, in our model customers are homogeneous as
our focus is on the role of degree of competition, customer risk aversion and search frictions. By
examining the role of these three characteristics, our model sheds additional light on firms’ choice of

fixed and haggling price policies, and their strategic implications in competitive markets.

3 Model

3.1 Setup

Time is discrete and runs indefinitely. The market is populated by a continuum of buyers and sellers
where each seller has one item that he is willing to sell above his reservation price, zero, and each
buyer wants to purchase one item below his reservation price, one. The market is decentralized and
operates via competitive search. At each period, sellers simultaneously and independently advertise
a list price ry,+ € [0,1] and a commitment declaration m € M = {b, f, 0o} indicating whether and to
what extent the list price is open to renegotiation. There are three commitment alternatives sellers

can choose from:

e Fixed pricing (f). Sellers are fully committed to charge what they post; the transaction neces-

sarily takes place at the list price.

e Best-offer pricing (b). Sellers commit not to request renegotiations but buyers have the option
to do so. Specifically, if at the time of transaction a buyer foresees a lower price via bargaining,
then he is free to make a counteroffer. Under this rule the sale price is less than or equal to

the posted price.

e Over-the-sticker pricing (0). This is the opposite of best-offer pricing. Sellers reserve the right

to renegotiate and ask for a higher price if, at the point of transaction, they believe such a price



is obtainable. With this scheme the sale price is greater than or equal to the list price.?

Buyers observe sellers’ selections and independently choose to match with one seller. Since a
seller might be visited by several buyers, we refer to n = 0,1, 2... as the realized demand. If n > 2,
then each buyer has an equal chance 1/n of being served. In each match, a trade process takes place
that might include renegotiation of the originally posted price (more details below). At the end of
this process players realize their gains. Specifically, if transaction occurs at price p; then the seller
obtains payoff 5~ !p; and the buyer obtains 3'~1v (1 — p;), where 3 € (0,1) is the common discount
factor.

The market starts with a measure of sy sellers and b; buyers. At the end of each period players
who have transacted exit the market while the remaining players replay the same game in the next
period. At the beginning of each period t = 2, 3... a new cohort of b'*" buyers and s““ sellers enter
the market joining the existing players. The buyer-seller ratio Ay = b;/s;, which is one of the key
parameters of the model, proxies the degree of competition in the market: a low value of A\; implies

that the market is highly competitive whereas a high value of \; implies the opposite.

3.2 Discussion of the Model

Market Characteristics & the Competitive Search Model. Our modeling approach, based
on a competitive search framework, provides unique advantages to study our research question.
In examining the prevalence of fixed price policy, we concentrate on markets in which the common
practice of haggling is being replaced by fixed-price selling (e.g., the housing market or the automobile
market). Price competition is the primary driver of selecting pricing policies and associated prices in
such markets* (Bitran and Caldentey, 2003). Despite the significance of market competition, previous
papers in the pricing literature either consider a monopolist seller who receives customer exogenously,
or they consider limited competition based on variations of Bertrand, Cournot or Hotelling models
typically with only two firms; see, Kopalle and Shumsky (2012) for an overview of game theoretic
pricing models. Unlike these approaches, our setup can encompass infinitely many buyers and sellers.
In addition, as bargaining is a key selling mechanism that we investigate, our modelling approach
allows us to examine both Nash Bargaining and Rubinstein Bargaining to establish robust results.
To the best of our knowledge, our paper is the first in the literature that studies the selection of fixed

and flexible pricing rules in a fully competitive and dynamic environment.’

30ne can consider a fourth scenario where both the seller and the buyer may have the option to renegotiate, and
therefore, the sale price may go above and below the list price. This case is a combination of the best-offer and over-the-
sticker pricing rules and it can be analyzed similarly. However, the analysis does not produce significant new insights
and therefore is omitted from our discussion.

*In a report analyzing the supply of new cars into the UK market, ? highlights that competitors’ price specifications
is the most important factor in all major automakers’ setting of their own list prices.

>The competitive search approach has its roots in search theory and, unlike the traditional random search, the
demand at each store is endogenous and it strategically depends on the terms of trade each seller posts and how those
terms compare with the rest of the market. Thanks to these features the competitive search paradigm has gained
significant popularity within the search literature. Even though most of the studies using the competitive search
approach have assumed that sellers compete via fixed pricing (Burdett et al., 2001; Shimer, 2005) there are several
studies where sellers can compete with other pricing rules such as auctions or bargaining, e.g. (??Selcuk and Gokpinar,



Furthermore, in the aforementioned markets sellers typically have single inventories (e.g., an
individual selling a house or a car), and buyers’ visits are endogenous, depending on the posted price
and the selling policy. Whether and to what extend the initial asking price goes up or down seems
to depend on the level of competition. For example, in a highly "thick" market with many buyers
and few sellers, buyers may well end up paying more than the asking price. Indeed, The Independent
reports that in London’s property market, which is notorious for its high demand and short supply,
one in five buyers pay more than the asking price (Johnson, 2014). Some sellers demonstrate their
intention of over-the-sticker pricing policy by adding words such as "from" or "offers exceeding" along
with their list price; see for example, zoopla.co.uk. In contrast, in localities where there is relatively
abundant supply and limited demand, the opposite happens, i.e., buyers manage to haggle down the
list price. (These pricing practices are in line with our stylized definitions of over-the-sticker pricing
and best-offer pricing.)

For making such large purchases, effectively, many buyers search and match with many competing
sellers in a decentralized market with trade frictions. Our model incorporates all the aforementioned
characteristics and allows us to examine implications of various pricing policies in an analytically

tractable way.

Trade Frictions. The decentralized and search-and-matching nature of the directed search
model coupled with sellers’ limited inventories create trade frictions in that no one is guaranteed to
trade immediately (Burdett et al., 2001). Multiple buyers may show up at the same seller, so, all
but one walks out empty-handed, whereas another seller may well end up with no customer at all. If
a player cannot trade today, then he needs to retry in the subsequent period and it may take several
periods before one can actually buy or sell, but, of course, waiting is costly as future utilities are
discounted. Frictions are exacerbated by the magnitude of the discount factor: the lower the value of
0 the higher the opportunity cost of not being able to trade, and therefore, the more pronounced is
the impact of frictions on equilibrium objects. So, by varying 5 we are able to discern the relationship

between the degree of trade frictions, the selling rule in place and the equilibrium prices.

Bargaining Costs. Before delving into the analysis, it is worth highlighting that throughout the
paper we assume costless bargaining, and the reason is this. We demonstrate that fixed-price selling
is the unique or de-facto selling rule in most parameter regions even in the absence of exogenous
bargaining costs. So, if we included bargaining costs, then clearly this would favor the fixed-price
policy, and therefore, it would confound our findings. In other words, our results are more conservative
without bargaining costs. Furthermore, note that a common explanation offered for some firms’
recent shift away from haggling and towards fixed-pricing is the notion that customers don’t like
haggling. Our results demonstrate that even in the absence of customers’ dislike for bargaining, a

competition-based mechanism can alone provide a rationale for fixed-price selling.

2015). Eeckhout and Kircher (2010) show that sellers can be indifferent to all “payoff-complete” pricing mechanisms,
including fixed pricing and second price auctions. Our paper diverges from existing literature by considering negotiable
posted prices, both up (i.e., over the sticker pricing) and down (i.e., best-offer pricing), in a dynamic set up. That is,
while most existing studies have only considered one-shot setups, in our model, players who are unable to sell or buy
in the first period try again in subsequent periods.



3.3 Bargaining, Commitment and Sale Price

We will move backwards to analyze the model. First we will study the determination of the bargained
price in a match. Then we will examine the decision of buyers on where to shop. Finally, we will
look at how sellers pick their prices and pricing policies.

Game theoretic analyses of bargaining adopt one of two approaches: the axiomatic Nash Bargain-
ing and the strategic Rubinstein Bargaining. Below we study how the equilibrium bargaining price
is pinned down under both methods.® One might wonder why we describe two separate methods in
detail and not focus on, say, just Nash Bargaining. The reason is this. One of the key results in our
paper is the fact that as trade frictions disappear, the equilibrium bargaining price converges to the
equilibrium fixed price. The implication is that, since players would not agree on anything but the
equilibrium fixed price anyway, the availability of bargaining becomes immaterial and fixed pricing
emerges as the de-facto selling rule. The result is important, but one may wonder if it is specific to
the underlying bargaining protocol. This is why we analyze the two most widely used protocols in
the literature and show that the convergence result is indeed robust, i.e. it holds under both Nash

Bargaining as well as Strategic Bargaining.

3.3.1 Nash Bargaining

Consider a seller with n customers and suppose that the sale price is determined via Nash Bargaining.
Let y,+ denote the bargained price. In case of agreement the seller gets payoff y,, ; and the buyer gets
v (1 —yn,). The outside options are fu;yq for buyers and fmy41 for sellers, which represent their
values of search, i.e. the present value of being a buyer or seller in period ¢ + 1. We will pin down
these expressions subsequently but for now we take them as given. The total payoff in a transaction

cannot exceed the maximum possible surplus, one; thus we have
up + mp < 1 for all ¢.

Let 6, € (0,1) denote the buyer’s bargaining power. The seller’s bargaining power, therefore, is
1 —6,,. We assume that 1 — 0, rises in n (or 6,, decreases in n), i.e. 1 —0,41 > 1—0,. In words, the

larger the local demand n, the stronger the seller’s bargaining power at the table.” The negotiated

b All players use the same bargaining method (Nash or Rubinstein) and this fact is common knowledge, i.e. there is
no ambiguity regarding which method is going to be used in case someone wants to negotiate.

"The fact that 6, falls in n is not an ad-hoc assertion. The assumption ensures that the bargained price rises
in the local demand n, i.e. the more buyers demand the item, the stronger the seller’s position at the table, and
therefore, the higher the price. From a technical point of view, it is simpler to capture this property by assuming that
negotiations takes place in one round but the seller’s bargaining power rises with n, which is the approach we take in
here. Alternatively, however, one can fix the bargaining power and assume that the seller negotiates with his customers
sequentially over a number of sub-periods (bargaining rounds). Under this specification the local demand n filters into
the bargained price not through the bargaining power but through the outside options: the higher the local demand n,
the less likely is a buyer to be matched with the seller in the subsequent bargaining round, and therefore the smaller
his outside option, and therefore the higher the price. In Appendix B we examine this alternative specification and pin
down the equilibrium bargained price analytically. Remarkably the closed form solution of the equilibrium bargained
price under both scenarios is the same, upto a relabelling of terms.



price can be found as the solution to the Nash product below:®

max (0(1 = ynt) = Burs1)™ X (yns — Brpa)' "

The FOC is given by

en B v (1 - yn,t) - ButJrl

1—0n  (yngt — Bres1) V' (1 — yng) (1)

Nash
n,t

Let yﬁ?‘gh denote the unique value of y,; solving (1). It is easy to show that y rises in n, i.e.
the higher the local demand, the higher the seller’s share from the "pie". In addition, the degree
of market competition affects bargained prices as well (through outside options w41 and mpy1).
Borrowing the expressions for w441 and w41, which are given by (19) and (20), it is easy to verify
that dyT]XfSh /dA\i+1 > 0 i.e. the bargained price today rises if players expect a higher buyer-seller

ratio tomorrow (see also Figure 2a and the subsequent discussion).

3.3.2 Strategic Bargaining

The alternative to the Nash Bargaining approach is the Strategic Bargaining or the Rubinstein
Bargaining approach, where one specifies how players interact during the haggling process, and
then derives the equilibrium of the game based on this specification. In what follows we consider a
procedure where players alternate offers until an exogenous breakdown occurs, after which parties
walk away with their outside options. (The exogenous-breakdown setup is standard in dynamic
Strategic Bargaining models; see Muthoo (2000) for an extended discussion.)

WLOG, the process starts with the buyer making the initial offer ?/Z,t- If the offer is accepted then
the seller gets Z/Z,t and the buyer himself gets v(1 — yfiht). If the seller rejects, then with probability
0 € (0,1) negotiations continue and now it is the seller’s turn to make an offer. Following rejection,
the initially selected buyer is no longer guaranteed to receive a counter offer from the seller; his chance
to be selected is same as other buyers and equals to 1/n. The process continues in this fashion until
an agreement is reached, or until negotiations break down exogenously. It should be noted that
bargaining rounds take place within the same search period i.e. they are sub-periods of a search
period. At the end of the bargaining process players who have been unable to trade go back to the
market to search again in the next period.

In Appendix B we analyze this game and show that it has a unique subgame perfect equilibrium

Strategic

where the initial offer is immediately accepted. The equilibrium offer y,, ; is the unique value of

yfm that solves

b
v ( — 5ty 15557ft+1> =50 (L=whs) + (1= 7) Buesr. (2)

Strategic
n,t

a

Similar to yT]Xt sh the bargained price y rises both in n as well as A\;yq1. In the rest of the

paper we rarely need the closed form expressions for bargained prices; only in Section 4.2, where

8For detailed information on Nash Bargaining see Muthoo (2000) Chapter 2 or Osborne and Rubinstein (1990)
Chapter 2.



we discuss risk neutral buyers, the closed form expressions will be needed, so for future reference

substitute v (x) = x (risk neutrality) into (1) and (2) to obtain:

i =1 = Bugyr — O (1 — Bugys — Breg1) and (3)

Y 9 = By + (1= Buggs — Brugr) (6 — 62/n) /(1 — 62 /n). (4)

We are going to need superscripts Nash or Strategic only for a few occasions; so they are dropped

whenever understood. Also, for convenience we let yo; = 0.

3.3.3 Sale Price

Given yy ¢ it is easy to pin down the subgame perfect sale price py, n.¢(7m,). We have

Fixed Pricing (f): et (L) =Tre
Best-offer Pricing (b): Dot (Toe) = min{yn ¢, 751} (5)
Over-the-Sticker Pricing (o): Pon,t (Tot) = max{Yn ¢, 7ot}

With fixed pricing no one negotiates; hence the sale price is equal to the list price ;. With best-
offer pricing all players expect y,, ; to arise from the bargaining process, so at the point of transaction
the buyer makes a counteroffer only if he expects to be able to negotiate a discount, i.e. if y, ¢ is

less than 7. Else he purchases at the list price. Specifically fix 75+ € (Ynt, Yn+1,] for some unique

h=0,1,2.... It follows that
Yn,t ifn<h
Pont =

Tht ifn>h

In words, the buyer manages to negotiate a discount if there are h or fewer customers present at the
store; else he pays the list price. The cutoff h is endogenous and determines whether the transaction
is settled at the posted price or through haggling. Since the bargained price y, ; increases in n, it is
clear that the buyer haggles if n is small and purchases at the list price if n is large.
Over-the-sticker pricing is similar. Now the seller has the option to request bargaining; so, if
n is small then he charges the list price, but if n is large then he asks for more. Technically if

Tot € (Yjt, Yj+1,) for some unique j = 0,1,2... then

{ rog fn<j
Pon,t = . )
Ynt ifn>j

i.e. the seller charges the list price if he gets j or fewer customers and he ask for more otherwise. From
a seller’s point of view, choosing the list price is akin to selecting the probability of haggling. For
instance, with over-the-sticker pricing a high r,; is associated with a high threshold j, and therefore,
a low probability of haggling. So, if 7, is sufficiently large then the seller almost never renegotiates
and over-the-sticker pricing becomes practically identical to fixed pricing. The mirror image of this
argument applies for best-offer pricing (see the simulations in Section 5.1.1).

Finally note that, all else equal, over-the-sticker pricing delivers the highest expected surplus to
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sellers; so one might be tempted to think that sellers might collude on this pricing rule. However,
the model is based on competitive search where customers’ visits can be encouraged by switching
to a more "buyer-friendly" pricing rule. For instance, an individual seller might corner the market
and attract a disproportionate number of customers by switching to, say, best-offer pricing if all his
competitors indeed use over-the-sticker pricing. So, it is not obvious at all which pricing rule sellers

would choose or what price they would post.

3.4 Buyers

Following the competitive search literature we focus on visiting strategies that are anonymous and
symmetric (Burdett et al., 2001; Shimer, 2005; Eeckhout and Kircher, 2010). Anonymity means that
a buyer’s visiting strategy ought to depend on what sellers post but not on sellers’ identities i.e. if
two sellers were to post the same list price r,, ; and trade with the same rule m then buyers ought to
visit them with identical probabilities. Symmetry, on the other hand, requires buyers to adopt the
same (anonymous) visiting strategies.”?

Given these assumptions, the demand at each store follows a Poisson distribution, though the
arrival rates are endogenous. To understand why, first consider a finite setting with B buyers and S
sellers, where the buyer seller ratio equals to A = B/S. For now suppose that all sellers trade with
fixed pricing and that they post the same list price, say, r = 0.75. Since all sellers post identical
terms, symmetry and anonymity imply that each seller is visited with probability 1/S by any given

buyer. Therefore, the probability that a particular seller is visited by n customers is equal to

einl = () (/57 (1= 1757

i.e. his demand distribution is binomial with parameters B and 1/S and his expected demand equals
to B/S = A. Now fix A and let the market size tend to infinity, i.e. fix A € R4 and let B = AS and
S — oo (recall that we have a continuum of buyers and sellers). As S — oo the binomial distribution

converges to (e.g. see 7)

Prn| = ¢ ;/\ n.

L.e. in a large market the distribution of demand of each seller can be approximated by a Poisson
distribution with arrival rate A. (We will use the terms "arrival rate" and "expected demand" inter-
changeably.) Now, if sellers were to adopt different pricing rules or post different prices, then, again
because of symmetry and anonymity, the distribution of demand at each store would still be Poisson,
but each distribution would have its own arrival rate that depends on what exactly the seller posts

and how it compares with the rest of the market (Galenianos and Kircher, 2012). For example, in

Imposing anonymity and symmetry on buyers’ visiting strategies greatly facilitates the characterization of the
equilibrium and leads to results that are analytically tractable, which explains why they are standard assumptions
in the directed search literature. An exception can be found in Burdett et al. (2001) where they construct equilibria
supported by asymmetric pure visiting strategies in a two-buyer-two-seller setting; however such equilibria require
buyers to coordinate between themselves on who goes where. But even Burdett et al. (2001) admit that, though such
coordination may be possible in a small market with few buyers and sellers, it is unlikely to be attainable in a large
market with many buyers and sellers. Symmetric mixed strategies, on the other hand, require no such coordination.
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the previous scenario if a seller were to post a lower price, say 0.5, then his his expected demand ¢
would be higher than A (more on this below).

In the full-fledged model, the expected demand ¢ depends not only on the list price r, but also on
the pricing rule m and the date ¢. Specifically, the probability that a seller with the terms (7, ¢, m)
meets n = 0,1, 2... customers is given by

e_Q’m,t qn

Prn] = T"” = 2 (Gmit) - (6)

The parameter ¢, is the expected demand, which is endogenous and strategically depends on the

list price r,,,; as well as the selling rule m. In what follows, we discuss how ¢, ; is pinned down.

Expected Utility. A buyer’s expected utility, conditional on being at a store displaying (7, +, m) ,

is given by

- v(l-p (rmt) |~
- 1
Unt = Z Zn(Qmit) UCUARNANKRIZANE Z (Gm,t) % Bugs1
n=0 n=0

n—+1 n—+ 1zn
1 1—29(q
- 20 (@m,t)v (1 = prnst (rmyt)) + [1 _ (gm.t) Bugi. (7)
Qm,t n—1 Qm,t

To understand the first line notice that with probability z;, (¢m+) the buyer finds n = 0,1,... other

buyers at the same store. Since there are n+1 buyers in total, his chance of obtaining the item is ——

n+1’
m*jrf*”) With the complementary

probability nLH he is unable to purchase and walks away with his value of search fuyi1 (i.e. the

the sale price is py, n+1,t, and therefore his expected payoff is

present value of being a buyer in period t + 1). The second line follows from the fact that z,+1; =
Gmt X zn/(n+1).

It is straightforward to verify that OUp,:/Orm: < 0 and OUy,+/0¢m: < 0 ie. buyers dislike
expensive and crowded stores. The sign of the first partial derivative is obvious; for the second, note
that a larger g, shifts the probability mass from low to high demand realizations. Such a shift
causes Uy, to decline because customers are less likely to be served if the realized demand is high.

Let U; denote the maximum expected utility ("market utility") a customer can obtain in the entire
market at time ¢. For now we treat U; as given, subsequently it will be determined endogenously.'?
So, consider an individual seller who advertises the package (7, ¢, m) and suppose that buyers respond

to this with the expected demand g, ; > 0. The expected demand satisfies
gm,t > 0 1f Up (T ty Gmyt) = Uy else g = 0. (8)

The indifference condition (8) says that if the price package generates an expected utility of Uy

for customers, then they will visit this store with some positive probability, else they will stay

10The market utility approach is standard in the directed search literature (Burdett et al., 2001; Shimer, 2005; Menzio
and Shi, 2010). Galenianos and Kircher (2012) provide game theoretic foundations for the use of the market utility
paradigm in a variety of directed search setups.
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away.'! Furthermore, the indifference condition reveals a "law of demand": the expected demand
gm,+ decreases as the list price r,; increases. To see why, apply the Implicit Function Theorem to

the equality Up,+(rm.t, ¢m.t) = Ut to obtain

de,t _ 8Uvm,t/a"“m,t
drm,t B a[Jm,t/8Qm,15 ‘

The numerator and the denominator are both negative (see above); hence dgy, +/drp, ¢ is also negative.
This relationship implies that if the seller raises r then buyers respond by decreasing ¢. The seller

ought to find a balance between these two opposing effects, which we study next.

3.5 Sellers

The expected profit of a seller, denoted by I, ; (rm.t, gm,t), depends on the pricing rule m, the list

price r,, ¢ and the expected demand g, ;. We have

[o¢]
Wt = Y 20 (Gmt) Pt (Tm,t) + 2087141 (9)
n=1

The expression is easy to interpret. With probability z, the seller receives n = 1,2, ... customers, in
which case he sells at price p,, n,¢; however, with probability zo he receives no customer at all and
walks away with his value of search 711 (i.e. the present value of being a seller in period ¢ + 1).
Before moving on, note that sellers are free to select any rule m € M they wish to compete with and
post any list price rp,; € [0,1] they wish to advertise, i.e. we do not impose symmetry on sellers’
selections. As it turns out, sellers competing under the same rule will end up posting the same list
price (e.g., all fixed price sellers will post the same price); however notice that this is a result, and
not an assumption.

Fix some rule m € M ={b, f, 0}. The seller’s price posting problem is

rm,te[OTﬁ%(m,teRﬂu Mt (Tt Gmot) subject to Upt (Tm ity @mt) = Ut (10)

The expected demand ¢y, is pinned down by the indifference condition (8). Recall that ¢, falls

in r, ¢, which means that when selecting the list price, the seller faces a trade-off between revenue

(intensive margin) and expected demand (extensive margin): on the one hand there is the desire to
sell at a high price, but on the other hand, there is the fear of not being able to trade today.

Let 7, + denote the optimal list price that solves (10) and let ﬁm,t be the value of 11, ; evaluated

at 7, ¢ The fraction of sellers adopting rule m, denoted by a, +, satisfies

.t > 0 only if ﬁm,t = max ﬁﬁ%t (11)

meM

i.e. a rule is selected only if it is capable of delivering the highest expected profit. This condition

"' The market utility, by construction, is either greater than or equal to the expected utility at each individual store;
hence the case Uy, ,+ > Uy is ruled out.
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does not imply that a unique pricing rule will prevail. It is possible that, and indeed it is the case
that, multiple rules coexist in equilibrium delivering equal profits, i.e. sellers adopt asymmetric yet
payoff equivalent pricing rules.

Finally to close down the model, we need a consistency condition to ensure that the weighted

sum of expected demands (per seller) equals to the market wide buyer-seller ratio A;:

Qfqrs + ot + QotGot = At (12)

Technically the expected demands in equation (12) need to be indexed not only by the pricing rule m
but also by the list price r,, +, because sellers are free to chose any price r,,, + € [0, 1] . However, below
we show that sellers trading via the same rule will end up advertising the same list price, which is

why the expected demands are not indexed by 7, ;. Now we can define the equilibrium.

Definition 1 A competitive search equilibrium consists of prices T;’t, Ther Tous queue lengths q}"cﬂf7
p4s Q¢ and fractions a},t, oy, Qg satisfying the demand distribution (6), indifference (8), profit
mazimization (10), equal profits (11) and consistency (12).

The evolution of the buyer seller ratio A, also part of the equilibrium, is discussed in Section 5.

4 Analysis

In what follows, we investigate equilibrium outcomes by concentrating on three main dimensions
that are likely to affect the pricing policy: (i) customers’ risk preference (being risk averse or risk
neutral), (ii) the degree of trade frictions, and (iii) the degree of competition. We conduct a step-by-
step analysis of the parameter space starting with risk averse customers. Table 1 in the Conclusion
lays out our roadmap of the analysis of the parameter space; we refer the reader to this table to

visually inspect how we partition the parameter space and how we proceed in our analysis.

4.1 Risk Averse Buyers
Proposition 1 If buyers are risk averse then fized pricing emerges as the unique equilibrium pricing
rule. All sellers advertise the same price r;‘[,t that solves

1= 2000 =21 () _ v (=150 [ = Bria].

z1 (M) vl =) = Bur

The equilibrium expected demand of each seller is equal to ;.

The main message of the proposition is that when faced with risk averse customers sellers prefer
to trade via fixed pricing. To understand why, note that with flexible rules (over-the-sticker pricing or
best-offer pricing), the sale price differs from the posted price at least for some demand realizations.

For instance, with over-the-sticker pricing the seller will ask for a higher price than the list price if
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demand turns out to be high.'?> The opposite is true with best-offer pricing. In either case, customers
face an uncertainty in that they do not know in advance how much they will pay—a notion we label
as price uncertainty. Fixed pricing eliminates this uncertainty; hence, all else equal, customers are
more likely to shop at such stores. In a competitive setting this inclination gives an edge to fixed-price
sellers, which is why in equilibrium fixed pricing emerges as the unique selling rule.

One might be tempted to think that buyers should not mind the price uncertainty if prices may
only go down and never up, as it appears to be the case with best offer pricing. Notice, however,
when deciding between fixed and flexible sellers, a buyer’s reference point is the equilibrium fixed
price i.e. one needs to compare the potential savings against what fixed price sellers charge and
not against the already-inflated best offer price. Indeed in the next section we show that best offer
sellers, anticipating potential discounts to customers, inflate their list prices upfront. So, even if it
may seem that a customer haggles and purchases below the list price at a best offer seller, the savings
may not be "real" in the sense that the final price may still exceed what fixed price sellers charge
(the simulations in the next section show that obtaining a "real" discount is possible, but unlikely).
Therefore, the notion of price uncertainty applies to best-offer stores as well.

The second part of the proposition characterizes the equilibrium fixed price. Putting some struc-
ture behind the utility function yields closed form expressions for prices and payoffs. Suppose, for
instance, customers possess CRRA utility function v (1 —r) = (1 — )% /(1 — ¢) and that A\, = A
for all ¢ i.e. the buyer-seller ratio remains constant. Since A\; = X\, we have u; = v and m = 7 for
all ¢, where the expressions for u; and m; are given by (25) in the Appendix (we omit the subscript ¢

when understood). Under this specification we have

o 1—2zp(A\) — 21 (N) [1 = Bzo (N)]
T =20 W] 1= B0 (A) — 9Bz (\)] — 021 (A) (1= B)’

It is easy to verify that that r;‘c rises both in A and ¢, where A is the buyer-seller ratio and the
parameter ¢ is a measure of risk aversion. In words, the price is higher if the market is not so
competitive and/or if buyers are risk averse.

Notice that we highlight the notion of price uncertainty as a key mechanism that leads to the
emergence of fixed pricing as the unique equilibrium policy when faced with risk-averse customers.
While we do not explicitly introduce exogenous haggling costs into our model (please see our Discus-
sion of the Model for details), one can consider price uncertainty as an integral component of haggling
costs. To see why, note that a haggling process effectively involves two constituent dynamics and
associated costs, one based on time and effort spent by the customer, and the other based on the
uncertainty about the outcome of the negotiation process. By incorporating a concave utility func-
tion, our model with risk averse customers inherently takes into account the second, and arguably
the more salient part of the haggling cost. Therefore one advantage of our model is that we provide
insights into costs associated with the haggling process without resorting to introduce exogenous

haggling costs.

?Note that the equilibrium expected demand of each seller is equal to \;; the realized demand n, however, is
stochastic (it follows a Poisson distribution) and it differs from seller to seller.
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4.2 Risk Neutral Buyers

We now turn to risk neutral customers, i.e. we let v (x) = z.!3 There are two main results in this
section. First, unlike the previous section, customers do not mind the price uncertainty, so fixed
and flexible rules may coexist in equilibrium; however a pricing rule emerges only if it is "unbiased",
i.e. if it is capable of dividing the trade surplus between the seller and the buyer in a way that
is commensurate with the degree of market competition. Second, if trade frictions disappear, then
the equilibrium bargained price converges to the equilibrium fixed price; hence the availability of
bargaining becomes immaterial and fixed pricing emerges as the de-facto selling rule.

To start, substitute v (z) = « into (7) and combine it with (9) to get

s =1 = Bugr1 — 20 (qmyt) X (1 = Bugyr — Bregt) — dmyt (Ut — Bugs1) -

Substituting the constraint Up, ¢ (T ¢, Gm,t) = U, into the objective function, the seller’s price selec-

tion problem in (10) becomes

, nax 1 — Bugs1 — 20 (qme) X (1 = Bugrr — 1) — qma(Ur — Bugsr)-
m,t +

The first order condition is given by

Ut - ﬁutﬂ
mit) = = H,. 1
20 (gm.t) 1 — Bugyr — By ! (13)

It is easy to verify the second order condition; thus, the solution of FOC corresponds to the global
maximum. Combine U,,; = U; with (7) and (13) to obtain

Z Zn (Qm,t) pm,n,t@'m,t) =M (Qm,t) s (14)

n=1

R, t(¢m,t,mm,t): Expected Revenue

where
P (Gmt) = [1— 20 (qm,t)] (1 — Bugs1) — 21(gmye) (1 — Bugrr — Brigr) (15)

Inserting sale price functions, which are given in (5), into equation (14) and solving the equation for

Tm,t yields optimal list prices under all pricing rules.

Lemma 1 Sellers trading with the same rule m must post the same list price T, ¢. Specifically, sellers
using fized pricing post

Zl(Qf,t)

rre=1—PBugyr — T~ 2o(ass) (1 = Bugyr — Brgy1) = of (ar4) - (16)

YFor risk neutrality, v (2) needs to be linear in z. Applying a monotonic transformation to a utility function
representing a preference relation creates another utility function representing the same preference relation; so WLOG
we use v (z) = .
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Sellers who compete via over-the-sticker pricing post

? _ 0 if‘]o,t S qt
ot — . . . _
Qo (Qo,t) € (yjayj+1] Jor a unique j =1,2,3,... ifqor > 7,

whereas sellers competing via best-offer pricing post

?b _ 1 Z'fflb,t > q;
= . ) -
0y (av,t) € (YnsYn+1] for a unique h =0,1,2,... ifq: <Gy

where G, € Ry is the unique value of g; solving Y 7 1 zn(qt)Ynt = p(qt) and

M (QO,t) - Zzozj+1 Yn,tZn <QO,t) and o (Qb t) = 1% (qb,t) - 2221 Yn,tZn <Qb,t) ‘ (17)
S 1 % (o) ’ >t #n (@ot)

%o (C_Io,t)

To understand the lemma, note that the equation (14) requires the expected revenue of a seller,
Ry ¢, to be equal to p(gm,). With fixed pricing R;; has a sufficiently small lower bound and a
sufficiently large upper bound; hence for any given gy: there exits an interior price s satisfying
Rpy=p (qf7t)14. With over-the-sticker pricing, R,; has a non-zero lower bound, which may lead to
a corner solution. Indeed, if the expected demand ¢, is small (i.e. less than threshold g), then the
seller earns more than p(go:) even if he posts the lowest possible list price 7,+ = 0, so we have a
corner solution 7, = 0. An interior price g, obtains only if g, is large enough. The case with best-
offer pricing is the opposite: the upper bound of the revenue can be low due to discounts conceded
to haggling customers, which, in turn, may lead to a corner solution. Specifically if the expected
demand ¢ is below threshold g; then the profit maximizing price g, is interior; else we have a corner
solution where the seller posts the highest possible list price, 1, but still earns less than 1 (gp,¢) -

Note that at this stage we do not know which pricing rule emerges in equilibrium; Lemma 1
only says that if a seller competes via rule m then he ought to post the price 7p,;. To study
the selection of pricing rules we start by classifying them as "seller-biased", "buyer-biased" and
"unbiased" depending on how they allocate the surplus between buyers and sellers. To do so, we
borrow an upcoming result that if a rule m is active, then all sellers competing with this rule must
have the same expected demand )¢ and their expected revenue must be equal to p (A;) . Fixing the
expected demand at \;, the upper bound for a seller’s expected revenue is Emt (A, 1), which is
obtained by substituting the highest list price r,,; = 1 into R,, ;. Similarly the lower bound is equal
to R, + (A, 0).

We say that pricing rule m is seller-biased if R, , > p(\) i.e. if the lower bound is too high (if
it allocates too much surplus to the seller and too little surplus to the buyer). Similarly rule m is
buyer-biased if Ry, + < p1 (M), i.e. if the upper bound is too low. Finally the rule is unbiased if pu (\t)

falls between the upper and lower bounds.

B "The lower bound R;,(gy,0) = 0 is obtained by substituting ry; = 0 into Ry,;. Similarly, the upper bound
Ry.4(gs,,1) = 1 — z0(gy,t) is obtained by substituting ry,. = 1. It is easy to show that R, , < p < Ry,.
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Lemma 2 Fized pricing is unbiased for any given A\i. Best-offer pricing is unbiased if the market
is sufficiently competitive i.e. if Ay is small. Over-the-sticker pricing is unbiased if the market lacks

competition i.e. if My is large. Specifically:

Seller biased Unbiased Buyer Biased
Over-the-Sticker Pricing: if M < At if At > N\ never
Best-offer Pricing: never if Ay <A if Ae > At

where ¢ is the unique value of Ny satisfying oo 2 (A Yng = (M) -

To prove the Lemma one needs to apply the definition of unbiasedness to the scenarios studied
in the proof of Lemma 1. The algebra is repetitive, so we skip the full-blown analysis. In words,
a pricing rule is unbiased if it manages to divide the surplus between buyers and sellers in a way
that is commensurate with the degree of market competition, proxied by \;. Consider, for instance,
best-offer pricing, where buyers are able to get deductions off the list price. Such a rule is unbiased in
a highly competitive thin market, where there are few buyers per seller (A\; < \¢); however in a thick
market flush with buyers ()\t > Xt) this selling practice over-rewards buyers and penalizes sellers, so
it is buyer-biased. Mirror-image arguments apply to over-the-sticker pricing, where sellers are able
to charge more than what they post. In markets that lack competition (large A\;) this selling practice
is unbiased because in such markets buyers’ payoffs are small anyway. As the market becomes more
competitive, though, the over-the-sticker rule starts to over-reward sellers; thus becoming seller-
biased. Remarkably, fixed pricing is unbiased irrespective of the degree of market competition, i.e.

it is always capable of dividing the surplus between buyers and sellers in a commensurate way.'"

Proposition 2 In equilibrium sellers compete via unbiased rules only, i.e. they never adopt a biased
rule, be it seller-biased or buyer-biased. There exists a continuum of equilibria where unbiased Tules

coexist in the same market, specifically:

o If \y > ), then sellers are indifferent between fized pricing and over-the-sticker pricing. No

seller competes via best-offer pricing.

o If \; < )i, then sellers are indifferent between fized pricing and best-offer pricing. No seller

picks over-the-sticker pricing.
o If \y = X\, then sellers are indifferent to all three rules.

Equilibriwm list prices vy, > 13, > 15, are giwen by

(18)

0 if A\ = Mt . 1 if At = At
, - and T, = . .
Qo ()\t) Zf)\t > )\t ’ O ()\t) Zf)\t < >\t

T},t = 0y (M), 7"2,1: = {

!5The notion of unbiasedness in our paper is similar to the notion of a pricing rule being "payoff-complete" in
Eeckhout and Kircher (2010), who, too, classify pricing rules based on how they divide the surplus.
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Sellers receive the same expected demand ¢ and earn the same expected profit m¢ no matter which
rule they commit to, whereas buyers earn the same expected utility uy no matter which seller’s rule

they join in, specifically:

=1 — Buri1 — [z0 (M) + 21 (A)] (1 = Buggr — Bresa), (19)
up = 20 (A¢) [1 — Bugrr — Brega] + Bugrr. (20)

Risk neutral customers do not mind the aforementioned price uncertainty; as such fixed and
flexible rules may coexist in the same market, i.e. sellers may adopt asymmetric yet payoff equivalent
pricing rules. The emergence of a rule is endogenous and critically depends on how competitive the
market is. Over-the-sticker pricing, for instance, can be adopted if the market is not quite competitive
(many buyers, few sellers); so only in such markets may we observe sellers asking for more than the
posted price. Best-offer pricing emerges only in highly competitive markets with few buyers and
many sellers. Again, only in such markets may buyers refuse to pay the list price in an attempt to
negotiate better deals. Fixed pricing, on the other hand, is always unbiased and emerges under any
degree of competition.

The proposition further reveals that the equilibrium list price associated with best-offer pricing
is the highest, the one associated with over-the-sticker pricing is the lowest and the one associated
with fixed pricing lies in the middle. To understand why, note that sellers adopting best-offer pricing
correctly anticipate the discounts they are bound to concede to the customers, so they offset the
shortfall in revenue by raising the list price. Similarly sellers trading via over-the-sticker pricing
realize that they will end up charging more than what they post, so they advertise lower prices up-
front. Fixed-price sellers, on the other hand, charge what they post, so they advertise moderately.
In expected terms, all sellers (and buyers, too) earn the same.

Furthermore, the model implies equilibrium price dispersion, both in list prices as well as in sale
prices. Dispersion in list prices follows from coexistence of different pricing rules. For instance, when
A: > \; the market exhibits two prices; a low price r,+ and a high price T;Zyt. Similarly when \; <
there are two distinct prices, a high r,’)‘?t and a low 7’;‘%. In the knife edge case \y = A\; one observes
three different prices, a low rg;, a moderate %, and a high ry ,.

Sale prices, too, are dispersed. Under flexible rules, sale prices are transaction specific and
depend on the local demand, which, along the equilibrium path, is stochastic and follows a Poisson
distribution. Hence, sale prices, too, are stochastic and differ from seller to seller, even if those sellers
trade via the same (flexible) rule and post the same list price. For instance, all sellers trading via
over-the-sticker pricing post the same list price; but the ones who receive few customers charge what
they post, whereas the ones who get many customers negotiate better prices; hence the dispersion.

In Section 5.1.1 we further discuss price dispersion via numerical simulations, however at this
stage we need to answer a question triggered by price dispersion—that is, whether a customer should
buy right away or whether, given the dispersion, he should walk away with the hope of obtaining a

better deal in the future.

Remark 1 Buyers and sellers are better off to transact immediately rather than waiting.
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The intuition is this. The market is characterized by trade frictions and no-one is guaranteed
to find a suitable match in the next period: the seller may not get a customer at all, whereas the
buyer may well end up in a crowded store and walk out empty handed as a result. Therefore, a sure
transaction today, even if it involves paying more than the list price or conceding a discount to the
customer, is still better than walking away and facing the prospect of not being able to buy or sell
tomorrow. (The proof of the remark is in the Appendix.)

Trade frictions are exacerbated by the magnitude of the discount factor: the lower the value of
B, the more costly it is to wait and search, and therefore, the more pronounced can be the difference
between the ex-ante posted price and the ex-post transaction price. We will document this claim
via numerical simulations in the next section, however at this stage we have a theoretical result that
makes this point from the opposite angle. We show that as 5 — 1, i.e. as trade frictions disappear,
the difference between ex-ante posted prices and the ex-post bargained prices vanishes and fixed

pricing emerges as the de-facto selling rule.

Proposition 3 If § — 1 then we have

Nash __

. Strategic
lim 3.
—1 ’

= élinl Ynt = élinl 7% for alln,t
i.e. equilibrium bargained prices under Nash Bargaining or under Strategic Bargaining converge to
the equilibrium fized price. Consequently fized pricing emerges as the de-facto selling rule because

negotiations would not produce anything but the equilibrium fized price anyway.

Due to trade frictions, players face different outlooks ex-ante and ex-post, i.e. before being
matched with a counterparty and in a match. Players in a match realize that if they do not trade
today, then they will have to search again, but of course, they are not guaranteed of a sure trade in
the next period. This is why the player who holds the key for bargaining, i.e. who has the option
to renegotiate, can take advantage of his position and obtain a better deal than what was posted
earlier. The deal goes through because the equilibrium offer accounts for the "costs" associated with
searching again (see the proof of Remark 1). However as  — 1 players start to face the same
outlook ex-ante or ex-post, and therefore, trade frictions start to lose their effect on the outcome of
bargaining. Indeed if players can costlessly wait for the next period and search again without losing
any surplus, then they would not agree on anything but what was initially posted, which is why the
ex-post bargained price y,, ; starts to converge to the ex-ante posted price r;‘cvt.

A corollary of the convergence result is that fixed pricing emerges as the de-facto selling rule,
because even if players were to negotiate, the resulting price would be the equilibrium posted price
anyway. What is remarkable, this outcome is robust to the underlying bargaining protocol: prices
coming from Nash Bargaining as well as from Strategic Bargaining—two most commonly used and

distinct protocols—both converge to the equilibrium fixed price.
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5 Further Investigation via Numerical Simulations

The analysis so far has established that the only region in the parameter space in which flexible
rules may coexist with fixed pricing, without being practically identical to it, is where buyers are
risk neutral and trade frictions are pronounced. In what follows, via numerical simulations, we
demonstrate that even in this region fixed pricing emerges as the de-facto selling rule, provided
that the market is sufficiently thin (few buyers, many sellers) or sufficiently thick (many buyers,
few sellers). In such markets, all sellers—irrespective of the rule they compete with—post almost
identical list prices and players almost never attempt to renegotiate even if they have the option to
so. As a result, transactions are almost always settled at the posted price and, again, fixed pricing
emerges as the de-facto selling rule.

The key parameter in the simulations below is the buyer seller ratio A;, which inversely proxies
the degree of competition in the market. To verify the robustness of our insights and conclusions,
the simulations are run under both constant and fluctuating trajectories of A;. Specifically, in Case
1 we let \y = A for all £, which can be thought of as a steady and mature market in which the
buyer-to-seller ratio tends to remain constant. In Case 2 we consider a fluctuating A; over time,
which is reminiscent of markets with seasonal trends.

Recall that the market begins with a measure of s; sellers and by buyers. At the end of each
period, trading players leave the market whereas the ones who could not trade move to the next
period to replay the same game. In addition, at the beginning of each period ¢t = 2, 3... a new cohort
of 57" sellers and by“ buyers enter the market joining the existing players. Now consider the first
period. The expected demand along the equilibrium path is equal to A1, so each seller trades with
probability 1 — zp (A1). The law of large numbers implies that s1(1 — zp (A1)) sellers trade and exit
the market. Each transaction involves one seller and one buyer, so the total number of buyers who
trade and exit is also s1(1 — 29 (A1)). The number of sellers present in the second period, then, is
equal to

s9 = 85" + 8129 (A1) ,
whereas the number of buyers is equal to
by = by + by — s1(1 — 29 (\1)).
Iterating on this procedure, we have
st = sy + si—120 (M—1) and by = 0P + b1 — se—1(1 — 20 (M\e—1)) for ¢ > 2.

The buyer seller ratio \;, therefore, equals to

N = b + b1 — se—1(1 — 20 (Ae—1)) for £ > 2 (21)
SPEY + sp_120 (Ae—1) -
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5.1 Case 1: Constant )\,

Suppose A = A for all £. This case corresponds to a perfect replacement scenario where each outgoing
player is replaced by a clone.'® Dashed lines in Fig 1a and 1b depict bargained prices: y; obtains
if a single customer is present at the store, yo obtains if there are two customers, and so on. Solid
lines, on the other hand, depict list prices. The horizontal axis traces the buyer seller ratio A, which
inversely proxies the degree of competition in the market: a low value of A corresponds to a high
degree of competition and vice versa. Cutoffs A\, )\QL, etc., which are defined subsequently, help us
determine the likelihood of transactions being settled via bargaining. In panel la the opportunity
cost of search is high (5 = 0.2) whereas in panel 1b it is less so (8 = 0.95).

Posted and Bargained Prices (beta=0.2) Posted and Bargained Prices (beta=0.95)
1 T T T T T

£

F

i - - + + + +
/ I I2 N |2I3 Iy I s
0 12 1lels 21 24 26 24 5
< High | Low >

Competition Competition
Fig 1a Fig 1b

Convergence of Prices. In la prices are somewhat dispersed but in 1b they are considerably
squeezed around 75, ;. The reason is that as one moves from la to 1b trade frictions start to fade
away (/3 rises from 0.2 to 0.95) and, as predicted by Proposition 3, prices start to converge to the

equilibrium fixed price.

Coexistence of Multiple Selling Rules. Focus on panel 1a, where the critical threshold for
unbiasedness is equal to A = 1.8.!7 Fixed pricing is always unbiased, hence Thyeq €Xists for any A.

If A < X then best-offer pricing is also unbiased, so Thest-offey COEXists with r¢ ;. Similarly if A > A

Y6 Technically, substituting s7¥ = bpé* = st—1(1 — 2o (At—1)) into the law of motion (21) yields A+ = A for all ¢.

'"The threshold A solves >.°° | zn (A) yn = p(A). In the simulations the bargained prices are assumed to be deter-
mined via Nash bargaining with 6, = 1/n, so the closed form of y, can be obtained from (3). Substituting for y, and
B and solving the equation above for \, one can obtain the threshold A.
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*

then over-the-sticker pricing is unbiased and therefore 77 ., ...

coexists with r;__;. Observe that
if A is small enough (i.e. if the market is sufficiently competitive) then sellers post almost identical
(and low) prices no matter which rule they compete with. For instance 7} . g = Tfceq When
A < 1.2. In the opposite extreme where A is large, again, sellers post almost identical prices. Indeed

r N Theq When A > 3.6. It follows that the dispersion in posted prices is pronounced

*
overthesticker

only for moderate values of A and it fades away otherwise (we will come back to this point later).

*

: * *
Incidentally observe that 77 . cger = Tfixed > Toverthesticker

whenever they coexist, which confirms our
previous finding that sellers competing with best-offer pricing advertise high, the ones competing with
over-the-sticker pricing advertise low, and the ones competing with fixed pricing advertise moderate

list prices.

Discounts. One might be tempted to think that if a customer shops at a best offer seller and
if he manages to obtain a discount then he will be better off than someone who shops, say, at a
fixed price seller. A quick investigation of panel la reveals that this is not necessarily the case.
E.g. fix A = 1.7 and observe that best-offer sellers advertise r; = 0.73 whereas fixed price sellers
advertise r;‘c = 0.63. A buyer visiting a best-offer seller faces the following prospect: he can negotiate
a substantial discount and pay only y; = 0.52 if he is the sole customer there (the probability of this
outcome is equal to e=* = 18%). If, on the other hand, there is another buyer at the same seller, then
he can still negotiate y2 = 0.67; however, this amount is more than what fixed price sellers charge.
Finally, if two or more other customers are present, then he cannot even get a discount because ys
exceeds the list price 0.73, so he will pay the full price r; = 0.73. It is clear that obtaining a "real"
discount is possible, but highly unlikely.®

Incidentally this observation sheds further light on why risk averse customers prefer fixed pricing
instead of flexible pricing, even if the flexibility may involve a potential discount. As discussed
earlier, one may think that risk averse buyers ought not to despise price fluctuations if the direction
of the fluctuation is down and not up, as it seems to be the case with best offer pricing. Notice,
however, when deciding between fixed and best-offer sellers, a buyer compares his expected utility at
both stores, so the potential savings are judged against the equilibrium fixed price and not against
the already-inflated best offer price. Given the reference point, it is clear that the direction of the
fluctuation is rarely down, which explains why risk averse customers stay away from flexible stores

even if they may be promising potential savings.

5.1.1 Price Dispersion

As noted earlier the model implies equilibrium price dispersion, both in list prices as well as in sale
prices. Below we discuss both types of price dispersion and conclude that they are pronounced only
when A is moderate. If A is small enough or large enough then price dispersion fades away and fixed

pricing emerges as the de-facto selling rule.

8 Despite the differences in sale prices, players still prefer to transact immediately rather than waiting. Please see
Remark 1 and the subsequent discussion.

23



Dispersion in Posted Prices. With risk neutral buyers the equilibrium choice of pricing rules
is indeterminate; hence the distribution of the list prices, too, is indeterminate. To get around this
issue we take the following approach. In the region A < A, where best-offer pricing and fixed pricing
coexist, we fix a} = ap = 1/2, i.e. we assume that half of the sellers adopt fixed pricing and the
other half adopt best offer pricing. Similarly, in the region A > A\ we set oz} = a} = 1/2. Finally
in the knife edge case A = A, where all three rules may coexist, we fix o = o = ag =1 /3. Based
on these parameters we plot the average list price as well as the standard deviation. (Putting equal
weights behind each active rule maximizes the standard deviation and amplifies the dispersion.)

The average list price in panel 2a generally rises in A, since each individual list price rises in A. The
discontinuity at X is due to the switch in the pricing regime, where best-offer pricing is replaced with
over-the-sticker pricing. More importantly, the standard deviation in 2b is hump-shaped implying
that price dispersion is pronounced only for intermediate values of A and it vanishes elsewhere. Said
differently, if there are too few or too many buyers in the market then sellers post almost identical
prices irrespective of the pricing rule they compete with.

The fact that sellers post almost identical prices does not necessarily imply that transactions
are settled at similar prices because some transactions may involve bargaining. In what follows we
investigate the dispersion in sale prices and conclude that if A is sufficiently small or sufficiently

large, then sale prices, too, are almost identical.

Awerage List Price

St Dewiation (List Prices)
0.25 T

X 5 Q . 12 X 5
=" High | Low o <" High Low e
Competition Competition Competition Competition

Fig 2a Fig 2b

Dispersion in Sale Prices. In equilibrium sellers competing via the same flexible rule post the
same list price, however the equilibrium demand is stochastic, so the ones who receive few customers
charge less and the ones who receive many customers charge more; hence the dispersion in sale prices.
(Sale price dispersion applies only to flexible rules.) To quantify this dispersion we will pin down

the probability of a transaction being settled via bargaining. The higher this probability, the more
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dispersed are the sale prices. We will show that this probability is hump-shaped in A, implying that
the dispersion fades away and fixed pricing emerges as the de-facto selling rule if A is sufficiently
large or sufficiently small.

To start, note that the equilibrium probability of renegotiation hinges on the pricing rule, the
list price, as well as the local demand n. Start with over-the-sticker pricing where the sale price is
equal to max{r},y,}. Assuming that r} € (y;,y;+1] for some j = 1,2, .. the transaction takes place
at the posted price r} if there are j or fewer customers present; else, the seller negotiates a better
price. Let )\j denote the unique positive value of A that satisfies QO()\;_) =yj for 7 =1,2,3,... and
note that A\] = X. (The subsequent discussion is best understood with the aid Figure 1a.) We have

1 if A=A
Pr[bargaining | over-the-sticker pricing] = ¢ >°° ., 122(0)6)) €(0,1) if xe( j, )‘g+1] (22)
0 if A=

The probability that the transaction is settled via bargaining equals to the probability that the
seller gets more than j customers (conditional, of course, on making a sale), which is given by
> omeji1#n (A) /[1 =20 (A)]. This expression falls as A grows. Indeed the growing A raises the list
price r}, which in turn means that the seller is not likely to negotiate a better deal than the already
high list price r. In the extreme scenario where A\ — oo (practically A > 3.6 in Fig la) this
probability converges to zero; hence over-the-sticker pricing virtually turns into fixed pricing.

The case with best-offer pricing is similar. Let A, be the value of X satisfying o,(\,) = yp, for
h =1,2,3,... and observe that A\, = \. It follows that

0 if A< AT
Pr [bargaining | best-offer pricing] = { S*_, 1?;?&))\) € (0,1) if Ae (A, Al (23)
1 if A=A

Here the probability that the transaction is settled via bargaining equals to the probability of getting
h or fewer customers, which is given by the expression 2221 zn (A) /[1 — 20 (N\)]. The expression rises
in A. Specifically, if A is sufficiently small (i.e. A < A] = 1.2 in figure la) then the list price r; falls
below y; and no buyer manages to negotiate a better deal than the already low list price. Thus, the
probability of haggling falls down to zero and best-offer pricing becomes practically identical to fixed

pricing.
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Equilibrium Probability of Haggling
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Fig 3

A glance at Figure 3, which plots probability functions (22) and (23) against A, reveals that,
overall, the equilibrium probability of haggling is hump-shaped, which implies that the dispersion in
sale prices, like the dispersion in list prices, is pronounced only for moderate values of A and it fades

away as A grows or shrinks.!” The following Remark summarizes the results so far.

Remark 2 If X is sufficiently small or sufficiently large, then all sellers, irrespective of the pricing
rule they compete with, post almost identical list prices. In addition, players almost never attempt to
renegotiate even if they have the option to so. Therefore, transactions are almost always settled at

the posted price and fized pricing emerges as the de-facto selling rule.

Before we move on to discuss Case 2, note that in our model ex-ante heterogeneity, informational
asymmetries or exogenous matching frictions—prominent assumptions in earlier investigations—do
not play a role in generating price dispersion.?’ Equilibrium dispersion arises simply because different

sellers may have different types of commitment to what they post and therefore transactions may be

19The function is non-monotonic, because both the list price and the expected demand grow with A, which creates op-
posing effects on the probability of bargaining. Consider, for instance, over-the-sticker pricing where po,»n = max{r;, yn}
and suppose for a moment that )\3' <AL )\g' S y2 < 1) < ys ie. the seller negotiates if he gets more than two cus-
tomers. A rise in A causes 7} to grow, but as long as r) remains between ys and ys the rise in A increases only the
probability of renegotiation, which explains why in Fig 3 the probability keeps going up as A moves from AJ to AJ. But
once A exceeds )\g', the list price r) grows beyond ys and the probability jumps down because now the seller negotiates
if he gets more than three customers (not two).

20The existing literature cites various sources of price dispersion, namely information heterogeneity as in Baye et al.
(1992), Varian (1980); costly search as in Carlson and McAfee (1983); firm heterogeneity as in Reinganum (1979);
random search that limits price information as in Burdett and Judd (1983). See also Camera and Selcuk (2009).
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settled via bargaining. We show that even in the absence of all the previously mentioned sources,

this is enough to generate price dispersion, both in list prices as well as in sale prices.

5.2 Case 2: Fluctuating )\,

To verify the robustness of our findings in the previous case, here we consider a fluctuating trajectory
for ). Specifically we consider periodic cycles where each cycle lasts 7 periods, that is Ay = A\pq; for
some integer 7. The trajectory of \; is endogenous but given the law of motion (21) one can reverse-
engineer and pick the starting cohort {b1, s1} as well as the incoming cohorts {by*", sp¢" };r?l in such
a way that the resulting A; exhibits the trajectory one has in mind. For instance let 7 = 2 and
suppose that the market alternates between episodes of high demand and low demand, where in
odd periods A,gq = 0.5 and in even periods Aeyen, = 1. One can generate such cycles by picking
fbr, 1} = 12,4}, {B<, $120, ) = {2.5,0.5) and {be,,, it} = {0.92,2.92}.2

In the simulations below we set 7 = 12 and pick the starting and entering cohorts so that the
expected demand \; starts at its lowest value 0.5, then it reaches its maximum at 3, then it declines
back to 0.5 to start again (see 4a). Solid lines in 4b, 4c, and 4d depict equilibrium list prices whereas
dashed lines depict bargained prices. The lessons in previous simulations remain valid here as well
(confirming their robustness), so our discussion will be somewhat brief.

First, recall that all prices, listed and bargained, rise as \; rises and they fall as \; falls. This is
why price trajectories resemble the trajectory of A, i.e. they start low at the beginning of the cycle,
peak in the middle of the cycle and subside towards the end of the cycle.

Second, the simulations confirm the convergence result reported in Proposition 3. Prices are most
dispersed in 4b but they gradually get squeezed and converge to the equilibrium fixed price as one
moves to 4c and 4d; indeed, in 4d all prices are almost equivalent to what fixed price sellers charge.
The reason is that as we move towards 4d, trade frictions start to fade away as g rises from 0.5 to
0.95.

21 The buyer seller ratio in the first period equals to A1 = b1/s1 = 0.5. At the end of the period s1 (1 — efAl) = 1.57
buyers and sellers trade and exit, which means that a measure of 2.43 sellers and 0.43 buyers are unable to trade so
they move to the next period. At the beginning of period 2 we have bi%y,.,, = 2.5, s7%eyer, = 0.5; thus by = s3 = 2.93
and therefore Ao = 1. At the end of period 2 s2 (1 — esz) = 1.85 buyers and sellers trade and exit; hence a measure of
1.08 sellers and 1.08 buyers move to period 3. At the beginning of period 3 we have b %, = 0.92 and s; S0, = 2.92;
thus b3 = 2 and s3 = 4 and therefore A3 = 1. And so on. Note that this solution is not unique as there is a continuum

of other pairs of {b1,s1} and {b®", sP°”}71} generating the same cycle.
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Third, the emergence of a pricing rule is time-dependent. Fixed pricing is always unbiased, hence
Tixeq €Xists throughout. Best-offer pricing is unbiased if ); is small; so it emerges at the beginning
and at the end of the cycle where demand is scarce (the relevant regions in panel 4b are ¢t < 4 and
t > 10). Over-the-sticker pricing, on the other hand, is unbiased if A is large, so it emerges in the
middle of the cycle where the demand peaks (e.g. 4 < t < 10 in panel 4b).

Finally, it is easy to verify that price dispersion is pronounced if A; is moderate and diminishes
as A\t grows or shrinks, confirming the findings of the previous section. Consider, for instance, the
dispersion in posted prices and focus on panel 4b where prices are most dispersed. In regions t < 3 or
t > 11, where )\; is small, posted prices are almost identical: observe that rayed & Thest-offer- Similarly
in the region 6 < t < 8, where )\; is large, we have Tgyed & Tover-the-sticker- Lispersion is pronounced
only if \; is moderate, i.e. when 3 <t < 6 or 8 <t < 11. The dispersion in sale prices, too, displays
the same pattern, i.e. it is pronounced only for moderate values of \; and vanishes otherwise. The

implication is that the availability of haggling matters only towards the beginning and towards the
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end of the mid-season where the demand is moderate. In other times fixed pricing emerges either as

the unique or the de-facto selling rule.

6 Conclusion

Pricing policies (e.g. fixed pricing, haggling, etc.) that we normally take for granted in many markets
are not immutable. The majority of American retailers, for instance, moved from bargaining to fixed
pricing within two decades towards the end of the nineteenth century (Phillips, 2012). Recently, we
observe a further surge in the practice of fixed-price selling even in traditional haggling markets such
as the automobile market or the housing market in some localities. What are the drivers of this
phenomenon? Why does fixed price selling emerge even in these markets? We set to explore these
questions with a rigorous analytical model based on competitive search which allows us to study
the selection of pricing policies in a fully competitive environment. In doing so, we examine three
different pricing policies—fixed pricing, best offer pricing and over the sticker pricing—which are,
arguably, the most commonly used pricing policies in markets that we concentrate on.

While fixed pricing offers some intuitive benefits such as the sense of fairness, money-back guar-
antee options, centralization and economies of scale in pricing, and increased efficiency (Phillips,
2012), our model, using a market equilibrium approach, offers a new micro-founded account for the
widespread use of the fixed price policy. Investigating our setup in three main dimensions includ-
ing customer risk aversion, the degree of competition, and the degree of trade frictions; we address
questions such as when and how the sellers gain a strategic advantage by posting fixed prices, and
we find that fixed pricing prevails in most cases. These include when customers are risk averse, or
when market competition is very high or very low, or when trade frictions are low (see Table 1 for
an extended overview of our results).

In addition, we investigate the evolution of list and sales prices. An interesting finding is that
in markets where fixed and flexible policies coexist, best offer sellers advertise high list prices, over-
the-sticker sellers advertise low list prices, and fixed price sellers advertise moderate list prices. This
is because sellers using over-the-sticker pricing realize that they will end up charging more than the
list price so they post low, whereas best offer sellers anticipate subsequent price reductions during
negotiations so they inflate the list price in the first place. Fixed price sellers, on the other hand,
charge what they post, so they advertise moderately. An implication is that, discounts obtained at
best offer sellers may not be "real" i.e., even if a customer manages to obtain a discount at a best

offer seller, the sale price may still exceed what fixed price sellers charge.
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Appendix

Proof of Proposition 1. The proof consists of two steps.

Step 1. We will show that in equilibrium all sellers adopt fixed pricing. The proof is by contradiction;
so, suppose that there exists an equilibrium where a seller adopts a flexible rule (over the sticker
pricing (o) or best-offer pricing (b)). Let m = {o,b} denote the rule the seller competes with, 7, ;

the list price he posts, pm.nt ("m,¢) the resulting sale price and g, the expected demand. We have

0< i MU (1 = Pmmt (Tmit)) < 1_207(%”)” (1). (24)

n—=1 cIm,t Qm,t

First note that since customers are risk averse the utility function v satisfies v (0) = 0, v' > 0, v < 0.
The term on the far right in (24) is obtained by substituting py, ,+ = 0 for all n into the term in
the middle. The term on the far left (zero) is obtained by substituting p,, ,: = 1 into the term in
the middle and noting that v (0) = 0. Both inequalities are strict because pp, .+ 7# Pm.a,+ at least for
some n and 7. as the rule m is flexible.

The seller must provide buyers with market utility Uy, so gm,t satisfies

Um,t (rm,ta Qm,t) =Uy.

We argue that if the seller switches to fixed pricing then he can earn more, thus the conjectured
outcome cannot be an equilibrium. The main obstacle in reaching this conclusion is that, if the
seller changes the pricing rule, then his expected demand changes as well, which, of course, renders
the comparison of expected profits non-trivial. To get around this issue we show that there exists a
unique fixed price 7 € (0,1) that satisfies U ¢ (7, gms) = Uy. Le. if the seller switches to fixed pricing
and posts this specific 7, then he can provide buyers with the same market utility U; and he would
still keep his previous expected demand ¢y, ;. Once g, s is controlled for, we can compare profits and
show that the seller indeed would earn more if he were to switch to fixed pricing.

To start, fix some generic price r¢; and observe that

1 — 20 (qgm,t)

qm.t

1-—- 20 (Qm,t)v(

Bugy1.
dm,t

Uf7t (Tf,ta Qm,t> = 1— rf,t) + |:1 _
Let A(ry¢) = Usy (rye,am) — Ur and recall that Up,t (Tm¢, @m,t) = Ur where Uy, is given by (7).

Substituting U, for U, yields

Al(rye) = 1=z (ms), (I=rp) = 2 lamd),, (L =Pt (rmyt)) -

Qm,t n—1 Qm,t

Note that A decreases in r¢;. Furthermore, the inequalities in (24) imply that A (0) < 0 and A (1) >

0. The Intermediate Value Theorem, therefore, implies that there exists some 7 € (0,1) satisfying

Uf,t (?, Qm,t) = Ut~
Given that Uyt (Tm,ts @m,t) = Ust (T, @m,t), we now show that Iz, (7, gm,¢) > It (Tmyes @mot) 5 iee.
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the seller is better off by switching. To start, observe that
o
Ust (T Gm,t) = Umpt (Tmt, mt) = v (1 =7) = Z Cuv (1 = Pmnt (rm,t))
n=1

where
Zn (qm,t)

Cn = 1— 20 (Qm,t)

€ (0,1).

Since (i) ¢,, € (0,1) for all n, (ii) > o2 ¢, = 1 and (iii) v (-) is concave we have (Jensen’s Inequality)

Z Cnv (1 - pm,n,t) <wv (Z <n (1 - prn,n,t)) .
n=1 n=1

The inequality is strict because P n,t 7# Pm i+ at least for some n and 7, since rule m is flexible. It
follows that

v <Z Cn (1 _pm,n,t)> > (1 - ?) = ch (1 _pm,n,t> >1-—7.
n=1 n=1

Substituting for ¢,, yields

Z Zn, (Qm,t) (1 - pm,n,t) > [1 — 20 (Qm,t)] (1 - ?) )
n=1

which in turn implies that

Iy, (7, Qm,t) > 1 (Tm,ta Qm,t) .

L.e. there is a profitable deviation; hence there cannot be an equilibrium where flexible rules are
adopted. In other words, a market with risk averse buyers can exhibit only a fixed price equilibrium,

which we discuss next.

Step 2. We now characterize the fixed price equilibrium. Consider a seller with price r; and expected

demand gy;. We have

ys = (1—20(qre)) rrs + 20 (qre) Bres1, and

1—2z 1—2z
Upy = 0 (qf’t)v 1- Tf,t) n [1 _ 0 (Qf,t)} By
af.t daft

The seller’s problem is

maxIl;; subject to Uy, = U,.

Tft

The FOC is given by

det det
— — = = 0.
d?“ft Bzo (Qf,t)ﬂtﬂ det

) )

1— 20 (qpt) + 71020 (q1.0)
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The indifference condition Uy; = U, implies that (Implicit Function Theorem)

dgre _ OUyps/Orps _ qre (1 — 20 (qre)) v' (1 — 154)

dryy — OUpt/0qp0 (1= 20 (qpe) — 21 (qr0)) (0 (1 —754) — Bugy1)’

hence the FOC is equivalent to I' (rf4,qr+) = 0, where

[rpe = Brepa] v (L—rpe) 1= 20(qre) — 21 (qr)
v(1=rpe) = Buga 21 (qf.t)

F (vat’ qf7t) =

Notice that ¢y > fmiq and v (1 —17p) > Pugg1. These inequalities imply an upper bound 7y,
and a lower bound r, for the list price ry, where (i) v(1 —7s;) = Bui1 and (ii) r;y = Bresa.
Recall that v' > 0, v” < 0. Using these inequalities, along with (i) and (ii), one can show that T
increases in 7y, and that I'(rs;,qr¢) < 0 and I'(Fs4,q5¢) > 0. Thus, there exists a unique price
rit = p(are) € (ry4,7yre) satisfying the FOC, i.e. satisfying T' (p(qs),q7:) = 0, where p(-) is an
increasing function of gy ;.

To establish that all sellers post the same list price, consider another seller with price 7“}7t and
expected demand ¢} ,. His problem is similar, so he optimally posts p(q},). Since in equilibrium all
sellers must earn equal profits, we need Hﬁt(p(q}’t),q},t) = Ils.(p(qre),qse) hence gpp = q}’t and
therefore T}’t = ry+ because p is one-to-one.

Since all sellers post the same list price, symmetry in buyers visiting strategies implies that the
expected demand of each seller must be equal to A;; thus the equilibrium price r;“c’t uniquely solves

I‘(r}i,t, A¢t) = 0. Substituting 7, = rj},t and qy; = A\ into Uy and 1l yields the equilibrium payoffs

_l1-2 (At)
At

1 — 20 (M)
At

uy v(1=7%,)+8 [1 - } utr1 and = (1 — 20 (M) 75+ 620 (M) me1. (25)

This completes the proof. l

Proof of Lemma 1. The proof consists of three steps.
Step 1. This step deals with obtaining the profit maximizing price 7, ;. Start with fixed pricing (f):
Substituting ps .+ = 7y, into the FOC (14) yields

Ap(rpe) =rpel—20(are)] — plare) = 0.

Observe that Ay (0) < 0 and Ay (1) > 0. Indeed Ay (0) < 0if p(gss) > 0, which is true if

(1 = Burs1) {1 — 20 (gm,t) — 21 (gmt) } + 218741 > 0.

The term 1 — Bug41 is positive because usy1 cannot exceed the maximum possible surplus, 1. The
expression inside the curly brackets is positive since Y ° ;z, = 1; hence A (0) < 0. In addition
Ag (1) >0if

Bursr [1— 20 (qr.0)] + 21 (1) (1 — Bugr — Bregr) > 0,
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which is true because of the same reasons above. Since Ay rises in ry;, the Intermediate Value
Theorem implies that there exists a unique price 77, in the unit interval satisfying A;(7y,) = 0.
Basic algebra yields 7y, = oy, where oy is given by (16).

With over-the-sticker pricing (o) we have p, ,,; = max {ro, yn+}; thus the FOC (14) becomes

o0
Ao (Tot) = Z Zn (Qot) max {ro ¢, Ynt} — p(gos) = 0.
n=1
Using the steps above it is easy to show that A, (1) > 0. However A, (0) is bounded below by

> Zn (qot) Ynt — 1 (o) , hence there are two cases:

o If > > 20 (Got) Ynt — 14 (go) < O ie. if o > G;, where g, € Ry is the unique value of ¢ that
solves Y % 1 2, (q)ynt = p(q), then there exists an interior price ro; € (y;,y;+1] for a unique
J(t) =1,2,3, ... satisfying the FOC. Solving for r,; yields 7o = 0, (¢o,t) , Where g, is given by
(17).

o If > 1 2 (Got) Ynit — 1 (o) > 0 ice. if o < G, then no interior price satisfies the FOC, hence

we have a corner solution where 7,; = 0.

The case with best-offer pricing () is similar. Substituting pp .+ = min {ry, yn} into (14) yields

oo
Ay (rog) = Y 20 (qog) min{ros, yne} — 16 (g5,4) = 0.
n=1
Using the steps above it is easy to show that A (0) < 0 however Ay (1) is bounded above by

Yooy Zn (@bt) Ynt — 1 (qve) , SO, again, there are two cases:

o If S zn (qbt) Ynt — 1 (qpr) > 0 ie. if gy < G then there exists a unique interior price
"ot € (Ynt,Ynt1,) for a unique h(t) = 0,1,2,... satisfying the FOC (recall that yo; = 0).
Solving for 7, yields 7p+ = 0, (qb¢) , Where gy, is given by (17).

o If Y 2 (qvt) Ynt — 1 (qpy) < 0 ie. if gy > G, then the FOC cannot hold with equality, so

we have a corner solution where 7}, ; = 1.

Step 2. This step involves proving the following Lemma.

Lemma 3 Suppose that the FOC (13) associated with the price posting problem binds for one seller
(so he posts an interior price) and does not bind for another seller (so he posts a corner price). The

former seller’s expected profit exceeds the latter’s.

Proof. WLOG, consider two sellers competing via different rules; one with rule m and the other

with m.22 Suppose the FOC (13) associated with 71 does not bind while the one associated with m

22The case where both sellers compete with the same rule is identical except for a slight modification in notation.
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binds, i.e. suppose zo (¢mt) # Hy and 29 (¢m,) = H¢, where Hy is given by (13). This means that
dm,t 7 @m,t- Expression (9) implies that

Hm,t =1- But+1 — 20 (Qm,t) (1 - But+1 - 57Tt+1) — Adm,t (Um,t - But+1) ,
Wit = 1 = Bugr1 — 20 (@int) (1 — Bugr — Bre1) — @it (Ut — Buig)

where II,,, ; and Il are sellers’ expected profits and U,,: and Uy, are buyers’ expected utilities.
Both sellers must be providing their customers with the same market utility Uy, that is Uy, s = Ug e =
U,. Tt follows that

Wt — e = [20 (@mt) — 20 (@myt)] (1 — Bugpr — Bresa) + (@t — Gmyt) (U — Bugs)
= (1 = Pugy1 — Breg1) X {20 (@t) — 20 (@myt) + (@t — Gmit) 20 (Gmye)
= (1= Bugs1 — Bi1) X 20 (gmye) x {e X =1+ x},

where X = ¢m,t — ¢m, and note that x # 0 since ¢p: # gme. In the second step we used the
relationship Uy — Burr1 = 20 (gmt) (1 — Bugs1 — m1) which follows from (13). In the third step,
note that the expression in the curly brackets is positive for all x # 0. It follows that II,,; > 1Lz,
i.e. the seller whose FOC holds with equality earns more than the other seller. Q.FE.D.

Step 3. In this step we argue that any two sellers competing with the same rule m ought to post the

same list price. Again, there are three cases:

e Fixed pricing. Suppose that another seller, still competing with fixed pricing, posts a different
price 7, and has a queue length ¢},. The FOC of his price posting problem is given by
zo(q}’t) = Hy, which in turn means that he ought to post 7“}7t = gf(q}yt) (from Step 1 above).
Combining the FOCs we have 20(¢},) = 20 (¢r,t) = H; which implies that gz = ¢} ;, since the

expression H; is independent of ¢;; and q}i. It follows that 77; = r},t since ¢y is one-to-one.

e Best-offer pricing. Again suppose that another seller competing with the same rule posts T;;,t

and has queue length ¢ ,. There are three possibilities:

1. Both r}, and 7, are interior. This case is similar to the case of fixed pricing. The FOCs
together imply that zo(q,’)?t) = 20 (qpt) = Hy; hence gy = q,')?t, and therefore ry; = rfm

since g, is one-to-one.
2. Both 7}, and 7y are corner. Then r,; =7}, = 1, so both prices are identical.

3. One price is corner and the other is interior. This case is impossible as it violates the

equal profit condition (Lemma 3).

e Over-the-sticker pricing. This case is similar to best-offer pricing; hence it is skipped.

Proof of Proposition 2. The proof consists of three steps.
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Step 1. We prove that sellers compete via unbiased rules only, i.e. they never commit to a biased
rule, be it seller biased or buyer biased. Let M;CM be the set of active pricing rules in equilibrium
at time ¢, i.e. let M) = {m € M| QU t > 0} . By way of contradiction, suppose that M} includes a
biased rule. Then the FOC, given by (13), or alternatively by (14), cannot hold with equality for
all rules in M. To see why, suppose it does. Then we would have zg (gm ) = 20 (qm/,t) = H; for
all m,m’ € My, and therefore ¢,,; = ¢py +. Inserting this equality into (12) yields g, = A for all
m € M. Substituting ¢, ; = A into (14) yields > > 1 zn (M) Pt (Tme) = 1 (M), for all m € M,
which implies that all rules in M;" are unbiased; a contradiction.

So, let m denote the pricing rule for which the FOC does not hold, that is zo (gs,¢) # H¢. Lemma
3 above implies that a seller who adopts rule m can earn more if he were to switch to a rule for
which the FOC holds with equality. Fixed pricing is a candidate for such a switch. Indeed, with
fixed pricing we have 2y (qr:) = H; for any given gs; (Lemma 1). It follows that the seller would
earn more if he were to switch to fixed pricing instead of sticking with rule m. Hence the outcome

where M includes a biased rule cannot correspond an equilibrium.

Step 2. We show that unbiased pricing rules are payoff equivalent in equilibrium and there exits
a continuum of equilibria where such rules may coexist. To start suppose that \; > );. In this
parameter region best-offer pricing is buyer-biased (Lemma 2), so it will not be offered in equilibrium
Le. ap, =0 (Step 1). Now consider an outcome where some arbitrary fraction of sellers compete via
fixed pricing while the rest compete via over-the-sticker pricing, i.e. fix some arbitrary O‘?,t > 0 and
o, = 0 such that o}, + a5, = 1. We will show that over-the-sticker pricing and fixed pricing are
both payoff equivalent; so, no seller has a profitable deviation from the pricing rule he is randomly
assigned to.

To start, conjecture that (to be verified) the FOC (13) holds with equality under both rules, i.e.
conjecture that zo (¢f:) = 20 (qost) = Hy, which in turn means that gf¢ = go¢. Substituting this
equality, along with the fact that O‘at =0, into (12) yields ¢ = go,y = A;. Therefore equation (14)
becomes -

> 20 (M) Pt (rm ) = i () for m = f, 0. (26)
n=1
Since A\; > A, both rules, f and o, are unbiased; so, there exists unique interior list prices rs; = o 7 (M)
and 7.+ = 0, (A\¢) (characterized earlier in Lemma 1) satisfying the above equality for both pricing
rules and verifying the conjecture above. Combining (26) with (9) reveals that along this outcome

sellers earn the same expected profit

Mt = 1= Bugrr — [20 (M) + 21 ()] (1 = Bury1 — Bres1) =,

whether they compete with fixed pricing or over-the-sticker pricing. Similarly combining (26) with

(7) shows that buyers earn the same expected utility

Uit = 20 (M) [1 = Buggr — Brpya] + Bugpr = ug
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whether they shop at fixed price sellers or over-the-sticker sellers. The arbitrary selection of a}’t >0
and ag, > 0 corresponds to payoff equivalence, which means that there exists a continuum of
equilibria where either rule may be offered by any fraction of sellers.

Now consider the case A\; < A;. In this region, over-the-sticker pricing is seller-biased (Lemma
2) and cannot be offered (Step 1). Best-offer pricing and fixed pricing, on the other hand, are
unbiased. Going through similar steps, one can show that both of these rules are payoff equivalent
and, therefore, there exits a continuum of equilibria where either rule may be offered by any fraction
of sellers. The analysis is same as above; hence it is skipped. Finally, in the knife edge case \; = A,
where all rules are unbiased, one can similarly show that there exits a continuum of equilibria where

any one of the three rules may be offered by any fraction of sellers.

Step 3. To obtain the relationship rp, < r?t fix some \; > )\; and some generic list price r >
y1,¢t- For the given list price r, the sale price with over-the-sticker pricing exceeds the sale price
with fixed pricing i.e. r < max(r,y,) where the inequality is strict at least for some n. Recall
that in equilibrium both rules must attract the same demand \; and must be payoff equivalent i.e.
ot (r, At) = gy (7, A¢) . Both profit functions increase in r. Since ); is already controlled for, payoff
equivalence is possible only if 73, < r%,. The fact that r;, > r}, is proved using mirror image

arguments.ll

Proof of Remark 1. We establish that players prefer to trade immediately rather than waiting.
1. Fized Pricing. A seller prefers to sell if

*
The = BT,

i.e. if the equilibrium fixed price is greater than or equal to the discounted value of continuing to

search as a seller. Recall that r}, = o (A¢), where g, is given by (16). One can verify that
Oy ()\t) > ,87[',54,_1 if 1— 2z (At) — 21 ()\t) > 0.

The inequality is true since Y -7z, (Ar) = 1; hence the seller is better off trading right away. Now
consider a buyer. If he transacts immediately then he gets 1 — o (A\¢), but if he waits then he obtains
Busy1. Note that

L= o7 (M) > Bugyr if 1 — Bugy — Bregr > 0.

Recall that u; +m; < 1. Hence the above inequality is true and the buyer, too, is better off purchasing

immediately.

2. Over the Sticker Pricing. Recall that y, ; rises in n. Since the sale price is equal to max{r} ;, yn.¢}

the lowest possible sale price is y;¢. If the seller trades at this price then he will certainly trade at
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other (higher) prices. Note that y; ¢ is equal to

v = 1= Bugrr — 01 (1= Buryr — Brepa)
Strategic _ d (1 _ ﬁut-i-l) + Bﬂt—l-l
yl,t 1 + 5 Y

depending on whether players use Nash Bargaining or Strategic Bargaining. These expressions
are obtained by substituting n = 1 into (3) and (4). The seller will trade if y1; > fmppq. It is
straightforward to show that

y{\ff‘Sh > By if 1 <1 and

ylsttTategic 2 /Bﬂ't_j’_l lf 6(1 - ,But-i-l - Bﬂ-t‘f‘l) > 0

s -

The first inequality is satisfied because 0, < 1 for all n. The second inequality is satisfied because
w41+ m41 < 1 and 0 € (0,1). Hence the seller is better off transacting immediately.

Now consider the buyer. With over-the-sticker pricing the buyer will end up paying more than
the list price if there are a number of other buyers at the same store. The worst case scenario is where
n — 00, and therefore having to pay lim, oo Yn,t = Yoo,t- If the buyer purchases at this extreme price

then he will certainly purchase at lower prices. Note that y.+ is equal to
N‘whzl_ﬁ .y 1_[3 _,B d
Yoo,t Ut41 oo ( Utt1 Ter1) an
Strategic __
Yoot =6 (1= Bugy1) + (1 —=6) Bresa-
The buyer purchases if 1 — Yoot > Bui41. It is straightforward to show that
1 — ylash > Buy iy if O > 0 and
1 — yoieaic > Buyyq if § < 1

The first inequality is satisfied because 6, > 0 for all n. The second inequality is satisfied because

0 € (0,1). Therefore the buyer, too, is better off transacting immediately.
3. Best-offer Pricing. This case is similar to over-the-sticker pricing; hence it is skipped. B

Proof of Proposition 3. Start by rearranging expressions (19) and (20) to obtain

e =1— Pusp1 — [20 (M) + 21 (M) Apr and ug = Bugr + 20 (M) Agga

where
Apy1 =1 = Pugrr — Brgya.
Given Ay the expressions for y2'fsh, yfftmwgic and 7%, which are given by (3), (4) and (18), can
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be re-written as follows.

Yt =1 = Bugyr — OnAyia,
2
Strategic d—0 /TL
= B + ———— A1,
Yn,t Bt =52
* 21 ()‘t)
Tt Burt1 — 7 20 () t4
Now, pick an arbitrary integer s € N,.. Iteration on ¢ yields
s— ‘ 7
Appr=(1-8)x [1+) B[z (Aery) H (At45) X Appiys. (27)
; i i
0(s)

The terms z; (A1) are all strictly less than 1. Since time runs indefinitely (i.e. the terminal period

T = o), one can pick s large enough to ensure that O (s) = 0; hence

s—1 %
A r (1=8)x |1+ B ]2 (sy)
—~ L

Consequently we have limg_,; Ay = 0; and therefore limg_,q 7 = 1 — uy41 and limg_j uy = Ugq1.

It follows that, as 3 tends to 1, we have u; = @, m; = 1 — @ for all ¢, and therefore

Nash Strategic

hmy —hmy —hmrft—l—u

This completes the proof. l

7 Appendix B: Bargaining (Not Intended for Publication)

7.1 Nash Bargaining

In the main body of the text we assume that the bargaining power of a buyer 0,, drops in n and
based on this assumption we derive the equilibrium bargained price. Here we consider an alternative
scenario where the bargaining power 6 is constant but negotiations take place over a number of
bargaining rounds, where the seller sequentially negotiates with buyers. Specifically consider a seller
with n customers and, WLOG, suppose that negotiations take place over two rounds.”® In round
one, the seller is randomly matched with a buyer and they negotiate via Nash Bargaining. In case of
disagreement negotiations continue to the second round where the seller, again, is matched randomly

with a buyer. The initially selected buyer has the same chance as the other buyers to be reselected

231t is straightforward to increase the number of rounds, however this requires computing intermediate prices at each
round, which makes the analysis burdensome and yet does not add any additional insight when compared to the case
with two rounds.
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(1/n). If negotiations fail yet again then all players go back to the market empty-handed to search

again in the next period. Bargaining rounds are sub-periods within the same search period, and in

order to keep things simple we assume that there is no discounting between the bargaining rounds.
Start with round 2. Let yo denote the bargaining price that would emerge in this round and note

that at this stage the outside options are Su;41 for the buyer and Bmsy1 for the seller. Thus the Nash

product is given by

1-6

n?ljzxx (v(1—y2)— ﬁut+1)0 (Y2 — Bres1)

Note that the bargaining power @ is fixed and it is no longer indexed by n. The bargained price 5
solves the FOC, which is given by

(ya = Brop)v' (1 —y2) 16
v(1—y2) — Buy 0

Note that yo must satisfy v (1 —y2) > Puy4+1 and yo2 > By, ie. each player ought to get a payoff
that is greater than or equal to his outside option. Now consider round 1. The outside option of the

buyer who negotiates with the seller is equal to

n—1 v (1 —1y2) — Bugs1
Bury1 = Buprr + ( ) A=Y

1
—v(1—1y9)+
n n n

To see why, note that if bargaining results in disagreement in the first round, then in the second
round the buyer will be reselected to deal with the seller with probability %, in which case he would
obtain payoff v (1 — y2). With the complementary probability ”T_l, however, he will not be reselected
and he will walk away with his value of search, fu;11. Observe that the buyer’s outside option falls
as n increases because the larger n, the less likely is the buyer to be re-selected in the next round. As
for the seller, his outside option in this round is simply s, which is the price he would obtain in the
next round. Unlike the buyer, the seller does not worry about not being reselected as he is always
a counterparty in bargaining. (He is the central player whereas buyers are peripheral players.) The

Nash product in round 1 is given by

0
- (v (1= 40) — Buges - ° (1—y2) — BUtH) (1 — )"

U n

The bargained price y; solves the FOC

(y1 —y2)v' (1 — 1) _1-0

(1-y2)-5
v(1—y1) — Bupyy — L 0

Call the expression on the left hand side M (y1,n) and note that % is a constant. Applying the

Implicit Function Theorem to the equality above we have

dyy _ My

dn My’
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where M,, and M,, are partial derivatives. Note that M,, is negative because y2 is independent of n

whereas the term %

is positive and falls in n. Furthermore My, is positive because v is
weakly concave (as the individual is either risk neutral or risk averse). It follows that % is positive
i.e. the larger the local demand n the higher the equilibrium bargained price y;. This completes the
first part of the claim—that is, even though the bargaining power may be fixed, one can obtain a
positive relationship between the bargained price and the local demand n by considering sequential
rounds of negotiations

Now we show that the closed form solution of the equilibrium bargained price in this scenario
is indeed identical to its counterpart in the main body of the text, given by equation (3), up to a
relabelling of the bargaining power. Recall that expression in (3) is derived when buyers were risk
neutral; so, in order to compare the closed form solutions we will consider risk neutral buyers here

as well. Substituting v (z) = z into the first order conditions above, we have

Y2 =1 — Buprr — 0 (1 — Bugyr — Breya)

and therefore
0?(n—1)+6

y1 =1—Bug1 — (1= Bugyr — Briyr) -

n
T

Note that w falls in n. If we label this term as 6,, and interpret it as the buyer’s "composite

bargaining power" (which not only depends on the constant factor 6 but also on the realized demand

n) then indeed we have 6, > 60,41 justifying the assumption in the main body—that the buyer’s

bargaining power falls (and the seller’s bargaining power rises) in n . What is remarkable, after

this relabelling, the closed form solution of the equilibrium bargained price y; is the same as its

counterpart in the main text, given by expression (3).24 W

7.2 Strategic Bargaining

Consider the strategic bargaining setup described in Section 3.3. In what follows we focus on a
subgame perfect equilibrium (SPE) where offers are stationary and are accepted without delay. So,
let y;, ; denote the seller’s offer to a buyer, and let yfm denote a buyer’s offer to the seller. (Note that

both y;, , and ny’t are prices.) The indifference conditions are given by

5 5
Yo = O+ (1= 0) my and o(l—yp) = —o(l—yp) + (1= —)Bursr.

—v
n
Substituting for y;, ; yields

O(yne) = v(1 —yp /0 + (1= 8) Bmr1/8) — du(l — ypy)/n— (1 = §/n) Bur1 = 0.

24 Along the equilibrium path negotiations result in agreement in round 1, so the relevant price is 31, and not ys.
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Below we show that there exists a unique offer @bm satisfying @@fm) = 0. Recall that w1 and w41

are sellers” and buyers’ expected payoffs from the next period. It follows that yZ}t € [gi t@%,t], where

gfm = fBmy1 and  v(l — @Z,t) = [upsq.

Using these relationships it is easy to verify that

G(Qfm) = [o(1 - yfm) — Bugy1] (1 —6/n) > 0 and
OFns) = v(1 = Tp /0 + (1= 0) fres1/8) —v(1 =Ty ) <O,

In addition, notice that 0O/ Oygyt < 0, where

V' (L=9b /0 + (1= 6) Bmys1/0) N §v'(1—yh )
) n '

b _
6G)/ﬁyn,t -
The expression is negative since v’ is non-increasing and

_ l/%t i (1—6)Bm

! o 0

<l-ypy

Given that © is decreasing and that @(yfh ) >0> ©(¥5,,), the Intermediate Value Theorem implies
that there exits a unique 75 ; € [gfl7t,y27t] satisfying ©(75 ;) = 0. Once 7} ; is obtained, the seller’s
optimal offer g, , can be recovered from the indifference conditions above.

Existence of the unique pair 372775 and g/jf;t implies that there is a unique SPE satisfying stationarity
and no-delay. It is easy to check that the following strategies are indeed subgame perfect. (i) Each
buyer offers to buy the good at price @27,5 and accepts any offer y, , from the seller as long as y;, ; < ¥y, -
(ii) The seller offers to sell the good at price gy, ; and accepts any offer y,bm from the buyers as long
as yZ,t 2 ij,t-

Finally, we verify that g,l;’t rises in n. Notice that

00/0n = do[v(1 — @Z’t) — Bugs1]/n? > 0.

The Implicit Function Theorem suggests that

00 /0n

d@\zyt/dn = —W
n,t

> 0.

The numerator is positive and the denominator is negative (see above); hence dg/jfm /dn is positive. B
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