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When market information such as price 18 difficult to communicate, consumers and firms
may be unable to take advantage of mutually beneficial scale economues, so that coordination
fathu es arise Ostensibly uninformative advertising expenditures can be used to eliminate coordmna-
tion failurcs, by allowing an efhicient firm to communicate impliaitly that it offers a low price Thus
provides a theoretical explanation for Benham’s (1972) empincal association of the ability to
advertise with lower prices and larger scale Advertising becomes necessary for optimal coordna-
tion when the wdentity of the efficient firm 1s uncertamn An apphcation to loss-leader pricing 15
developed

1 INTRODUCTION

Sellers often find 1t difficuit to transmut relevant information to their prospective customers
Satisfactory communication of price mformation, in particular, 15 hampered by the need
to communicate a large number of prices (e g muiti-product retail stores) or a complex
pricing structure (e g long-distance telephone service) Price advertising may even be
llegal (hustoric examples in the U S include retail eyeglass, liquor and prescrniption drug
markets) Smmularly, 1t 15 seldom easy to provide useful hard mformation about product
quahties or the vanety of product offenings (e g automobile or rug dealers)

In their efforts to communicate such information, sellers frequently resort to advertise-
ments featurng vague and unverifiable claims to “low prices, igh quahty and great
selection,” as opposed to hard information The price information that 1s available typ-
wcally consists of “loss-leader” items making up a small fraction of a seller’s total product
hne, which leaves buyers to wonder about the pricing policy for the remaming items
Assumung that firms seek to maximize profits in placing these kinds of ads, 1t becomes a
challenge for economists to reconcile the prevalence of such advertising with the hypothesis
of consumer rationality

Empirical studies have uncovered a deeper puzzle In his study of the retail eyeglass
industry, Benham (1972) found that retailers selected lower prices and operated at larger
scale 1n states that allowed advertising, even when state law did not permit advertisements
to contain explicit price information  Similar relationships have been reported 1n analyses
of other mdustries as well ' At a general level, these findings are consistent with the notion

1 See Cady (1976) and Luksetich and Lofgreen (1976) for studies of the retail prescription drug and
Minnesota hquor industries, respectively It 1s interesting to note that Benham also found prices in states that
allowed price advertising to be comparable with prices n states that permutted only non-price advertising, thas
similarity seemns best explained by Benham’s ebservation that sellers provided hitle price information even when
price advertising was legal
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154 REVIEW OF ECONOMIC STUDIES

that advertising allows a seller better to exploit scale economies  The surprising aspect of
Benham’s study, however, is that even apparently umnformative “non-price” advertising
can have a profound eflect on market conduct and structure

In this paper we propose a theorctical explanation for these phenomena, based on
the fundamental 1dea that buyers and sellers can mutually benefit by exploiting scale
economues (Cur concept of scale economies differs however, from the traditional notion
of declining average cost We posit instead the following two properties  The better piofis
property states simply that a firm profits from an expansion of 1ts market share The
centrepiece of our analysis 1s a less familiar effect, called the better deal property, which
asserts that a firm offers consumers a better deal when it expects more business The latter
property hinges on the cost and demand conditions facing sellers, and 1t may or may not
be related to the presence of dechining average cost We argue below that conditions giving
nise to the betier deal property are ubiquitous, particularly mn retaill markets

Under these two properties, buyers and active sellers both prefer business to be
concentrated among fewer firms When information about price or product variety 1s
difficult to communicate, however, then these coordmation gains may go unrealized Such
coordmation farlures take two basic forms an efficient firm may be unable to capture any
market share, or firms may spht the market and thus operate at iefficiently small scale

In this setting, we show that ostensibly umnformative advertising can play a key role
by expending resources on advertising, an efficient firm communicates that 1t intends te
caplure large market share, as 1t would be unable to recoup its advertising expense 1f
market share were small As a consequence of the better deal property, consumers thern
mfer that they will obtain lower prices from the advertising firm  In particular, consumers
draw this inference 1if they behieve that the firm does not choose advertising-pricc combina-
tions that arc equiltbrium dominated, 1 ¢ that are incapable of exceeding the profits earned
n a conjectured equihbrium In this way, advertising allows the efficient firm to commun:
cate its better deal, and thereby elimunates the possibihity of coordination failures

With incomplete information as to the wdentity of the efficient firm, advertising plays
an even more important role i bringing about coordination in the absence of advertising
consumers have no means of identifying which firm 15 most efficient, and thus optimal
coordmation 18 rmpossible 10 achieve When advertising 1s allowed, however, there exists
a focal separating equilibrium outcome that gives fully-efhcient coordination  In this case,
coordination 1s achieved at a cost, as the most efficient firm must choose a strictly positive
advertising level in order to communicate 1ts dentity > Thus incomplete information gives
nse to a welfare tradeoff between advertising and coordination consumers prefer the
fully-coordimated outcome, but imndustry profits and social surplus may be greater when
advertising 1s banned

Our theory of advertising and coordination sheds light on the phenomenon of foss-
leader pricmg by multiproduct firms, wheremn prices are communicated for only part of
the product ine  We show that loss leaders can suffice to elmunate coordination failures
under certamn conditions, but more generally 1t 1s necessary to accompany loss leaders with
dissipative expenditures

This paper contributes to the burgeoning theoretical literature on coordination 1ssues
Past work has focussed on coordinatien failures 1n the contexts of entry and technelogy
adoption (Farrell (1987), Farrell and Saloner (1985), Katz and Shapiro (1985)) and mac-
roeconomic activity {Cooper and John (1988), Dhamond (1982), Heller (1986}), and our

2 In a model without coordmation economies Bagw=! (1987) considers an alicrnate signehng channel
whereby the efficient firm uses a low first-peried price 1o convines consamers ta visit 1t m the second period
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paper may be viewed as emphasizing the sahence of coordmation failures for product
markets with imperfect information Qur approach relates most directly to recent game-
theoretic treatments of equilibrium selection, 1n particular, Ben-Porath and Dekel (1992),
Glazer and Waeiss (1990), Kohlberg and Mertens (1986) and van Damme (1989) base
their analyses on forward induction-type refinements, as we do m this paper

A variety of papers have explored the role of advertising 1n signaling product quality *
This work models quality as an experience attribute, most commonly assoclated with
particular brands (e g Coke) Advertising becomes a useful signal when high quality 1s
associated with low marginal production cost or high returns from repeat business By
contrast, we emphasize the role of advertising in communicating search attributes such as
price, and we link the usefulness of advertising to coordination economues

The plan of the paper 1s as follows Section 2 explains the better profit and better
deal properties and discusses motivating examples Section 3 explores the coordination
vole of advertising in a simple one-firm context, while Section 4 develops the full duopoly
model and incorporates incomplete information  Section 5 discusses loss-leader pricing
and Section 6 concludes

2 THE BETTER PROFIT AND BETTER DEAL PROPERTIES

We consider a market for a single homogeneous good 1n which there are a large number
of 1dentical consumers, bemg umformly distributed on the interval [0, 1] with vt mass
Consumers acquire price information through costly search  Thus their decisions whether
or not to visit a particular firm are based on the price they expect the firm to charge,
whereas purchase decisions are based on the actual price at the visited firm

Let T1(p, m) denote the profit function of a firm that charges price p and 1s visited
by mass m of the consumers The dichotomy between consumers’ visitation and purchase
decisions 1s reflected by the separate dependence of IT on m and p  Assume that IT11s a
contmuous function For m >0, let TT be strictly quasiconcave in p, with unique maximizer
p*(m) and maximized value [T*(m), thus profits are strictly increasing m p for p<p*(m),
and strictly decreasing for p>p*(m) Profits are zero if m=0

Our focus 1n this section 1s on the followmng comparative statics question 1f a firm
expects a greater number of buyers, what happens to its maxumized profits and profit-
maximizing price? We will impose a particular answer to this question, and then venify
the answer 1n a number of plausible models Our answer 18 given by two properties

Better Profit Property T1*(m) 1s strictly increasing in m
Better Deal Property p*(m) s strictly decreasing in m

The better profit property states that a firm benefits when 1t 1s visited by a larger number of
consumers, given that 1t can adjust 1ts price 1n a profit-maximizing way This unsurprising
property 1s vahid in a variety of models, including all of those considered below, since it
holds as long as the profit-maximizing price exceeds marginal cost  The less-familiar better
deal property states that the firm’s customers also benefit when 1t expands its market
share, smce the profit-maxumzing price 1s reduced

The better deal property may seem unintwitive at first glance, but there are in fact
many situations in which 1t 1s quite plausible

3 See Kihlstrom and Riordan (1984), Klemn and Leffler (1981), Matthews and Fertig (1990), Milgrom
and Roberts (1986), Nelson (1970, 1974), Ramey (1987) and Rogerson (1986)
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V' Declinng Marginal Cost  The customary assumption of convex costs may be
inappropriate for a number of reasons, which make declining marginal cost the morc
plausible hypothests  Consider the following examples (1) Manufac turer quantity discounts
lead to declimng marginal cost for retail sellers as more units are sold, the retailer qualifies
for lower wholesale prices, which translate into lower marginal costs * (i) Learmng effcets
arc often important as a seller expands its output, personnel become better acquainted
with operating procedures, and coordmation of managers and workers mproves (i)
Technology choice might give rise to dechning marginal cost as scale expands, the benefits
from adopting low-marginal-cost technoleges mcrease

It 15 straightforward to verify that the assumpuon of declining margima! cost gives
ris¢ to the better deal property Let O(p) and C(g) represent the consumers’ mdividual
demand functions and the firm’s cost function respectively, where ¢ mdicates the firm's
output, and assume that ' <0< C" The profit functien becomes

IK( p, m) = pmQ(p) - C(mQ(p))

From this we have

@ COmg
dm A,

where A, represents the second dertvative of TT with respect to p, evaluated at p*, which
we assume 1s sinctly negative It follows that dp*/dmi <0 1f and only if C'<0

Since decliming marginal cost implies declimung average cost, the better dedl property
might be regarded as a strengthened version of the usual notion of scale economaes Ths
18 not correct, however, as one can readily conceive of situations 1 which the hetter deal
property holds even when marginal cost 15 non-decreasitng  We menfion two cxamples
that are particularly relevant for retail establishments

2 Consumer Heterogeneity The above framework may be modified by allowng
consumers to differ m thewr preferences for the firm’s product Suppose that consumers
having weaker preference for the product also have more elastic demand As a ereater
number of customers visit the firm, these weaker-preference consumers enter the custormer
base, and the firm’s total demand curve becomes more clastic This leads the firm to
reduce 1ts price as market share grows, even if it has constant umt cost °

3 Product Variety Suppose that the firm stocks a range of products, and can
expand the range by mcurring a greater stocking cost Moteover, consumer utihty 1s
mereasing m the range of products stocked The additicnal net revenue from stocking a
new product is then mcreasing in the number of consumers served Thus the firm will be
willing to ncur the added cost of stocking extra products when 1t expects more custemcis,
and consumers thereby obtain a better deal  If unit sales cost 1s constant for each product

4 Empurical evidence strongly suggests that manufactursr quantity d scounts are importanl i many
industries Cady (1976) describes a significant role for quantity discounts m the #ctail prescription drug industiry
the U S Federal Trade Commission (1980, p 44) aites evidence that anantity discounts are prevalert i the retail
eyeglass industrv and Brown and Medoff (1990) give further « vidence that guantd s dscounts are widespread and
wnpoertant

5 Let the utiity from purchasing ¢ uinsts at price p froni a given firm be @ U(g) —py where U, U > 0> 17
with the pepulation of @ umformly distribuied an [0 1] Let the firm's cost function be C({g)=cqg with
0<e<U'(0) Maximized consumer utility at any p < 8L'(0) 1s strictly .nercasmg i @ se that the brm attrads
the sub-interval [1 —m, 1] of consumers when 1ts market share 1s m The firm’s demand funchion » obtained by
mtegraning the mdividual demand funchons over fl—m 1] As long « /7 1s niot too postive ihe elasticity of
the firm’s demand function increases as m ries and thus the profitmaxupinng price falls Note that siree the
firm's market share m 1< independent of 1ts actusl peice choice p theme 15 uo difficulty for the second-o+dor
conditions with respect to the fam's profit-maxmiang price
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stocked, then this vanety-based version of the better deal property holds despite the fact
that the price of each stocked product does not depend on the firm’s market share ¢

Sull other motivations for the better deal property may be given, mcluding cost
complementanties across product lines and product quality choice, the latter two are
considered 1 Section 5 These examples demonstrate that the better profit and better deal
properties encompass many market environments that might not fit the conventional
defimition of scale economies, and that these environments would seem to be quite common,
particularly on the retail level ’

3 THE COORDINATION ROLE OF ADVERTISING

In the presence of the better profit and better deal properttes, a firm and 1ts customers
benefit jomntly from concentration of sales at the firm Since price information 1s difficult
to communicate, however, these coordination economies may go unr¢ahzed Ostensibly
aninformative advertising expenditures then play a critical role in brmging about coordina-
tion, 1 that they allow the firm to communicate imphcitly 1ts better deal In this section
we will 1llustrate this :dea 1n a simple one-firm context, our full duopoly model, which 1s
more complete and detailed, will be considered m Section 4
Specifically, we consider here the followng simple search game

Srage 1 A single firm chooses 1ts price p

Stage 2 Without observing the firm’s price choice, consumers dectde whether or
not to visit the firm If they visit, they purchase their desired number of umts at the price
p If they do not visit, 1t 1s assumed that they purchase elsewhere at some pre-specified
price p

The firm’s payoff function 1s given by Il(p, m}, where m gives the mass of consumers
that choose to visit the firm 1n Stage 2 Consumers destre simply to purchase at the lowest
possible price Here § represents the opportunity cost to the consumers of visiting the
firm, which may reflect consumers’ beliefs about the pricing behaviour of other firms in
the market Alternatively, p could represent the price that just offsets consumers’ search
cost m this market We make the important assumption that the firm 1s willing to offer
consumers a price below 7, but only 1f 1t expects to capture a large enough market share

pr(y<p<limp*(m) (1)

mlG

Let p denote the equilibrium price strategy of the firm, and let # denote the mass of
consumers that visit the firm in equibbrium  Gaven (1), 1t 15 easy to see that there exists
a sequential equilibrium outcome of the search game in which alf consumers visit the firm

6 Let consumers be identical and suppose a given firm scils a range of products indexed by 6, possible
products are umiformly distributed on [0, 1] Consumer utithity from purchasmg ¢¢ units of product & a1 price
Po 15 Ug(go)— pudte, where Uy, Uy >0> U}  Total utility 1s obtained by integrating across purchased products
Let the firm’s cost function be Cy(ge} = cage with 0 <cy < Up(0}, and tet Ry give the maximized per-consumer
profit rate for product 8, total profits are obtained by inlegrating across the product line  Let us reorder the
products so that R, s non-decreasing in @ Finaily, let S(k) with §">0=5(0) and $’(1)= = give the fixed
stocking cost when a product hine of mass & 1s stocked It 1s straightforward to verify that the profit-maximizing
level of k 1s strictly increasing wn the total mass m of consumers and further that consumer utility & strictly
increasing m k Product varnety 1s considered 1n greater detail 1n Bagwell and Ramey (1992) where complementar-
ites between selhing technology and variety are also analysed

7 Network externalities of the sort considered by Farrell and Salongr (1985) and Katz and Shapiro (1985)
give a source of coordination economies wheremn consumers arc directly concerned with firms' market shares
In contrast, we assume that consumers care only about firms” choices of price and vanety Our theory of
advertisnng does not 4ppily to the case of network externalities because 4 firm can use advertising only 10 w1ignal
1ts own choices, and not the choices of other consumers that are the source of network benefits
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given that ali consumers are expected to visit the firm maxmizes profits by chioosing p=
p¥(1), since consumers expect the firm to charge p*(1)<p they maximuze utility by visiting
the firm Further, this outcome 15 favourable for both the firm and consumers the firm’s
profits are greatest when 1t captures all the consumers, by the betier profit property, while
consumers are able to purchase at a price below thewr opportunity level 7 Since all agents
benefit, we call this the optimally-coordmated outcome

There also exist other, less-attractive sequential equalibria  In particular, consider the
following eqmiibrium, i which #o consumer visits the fitm given that the frm expects
to receive zere market shaie, 1t’s profits ale zero wrrespeciive of price, so that we may
specify fi>p as a profit-maxinuizing price strategy, given that consuimers expect f> p they
maximize utthty by not visiting the firm ® We refer to this outcome as a coordination
Judlure, 1n that both the firm and consumers are strictly worse off relative to the eptimaliy-
coordinated outcome

Coordination fatlure anses wn thts game because the firmi 1s unakble to communicate
s willimgness to offer a better deal, due to consumers” mability (o ohserve price pitor
to search Observable dissipative advertising can resolve this problem, by serving as a
communcation channel for the firm  To consider this possibiity, let us augment the
search game by allowing the firm to choose an advertising level 4 together with price n
Stage 1 The advertising level represents siuply an ebservable cxpenditure, which provides
no direct utihty to consumers Consumers may condition their visitation decisions on
obscrved advertising, however Payoffs for the firm are now given by [I(p m)— A, ard
the firm’s equiibrium advertising strategy 1s denoted A

The mere presence of advertising does not ehimimate the coordination-faillure outcene
described above, since consumers arc free to simply 1gnoe advertising i making thesr
visitation decisions  This brings us to the final mngredient i our theory of advertising for
advertising to play a meanmngful role, there must be some degree of sophistication m the
way consumers draw inferences from observed advertising In particular, consumers
should recognize the implications of the better profit and better deal properties for the
firm’s mcentives to choose advertising and price Thus, when the firm deviate< from an
equibtrium by choosing a large advertising level consumers unplicitly receive the messagz
“I am expending these resources only because | anticipate capturing a large market share
Guven this, you know I will be offering a better deal, so you should visit me » If consumiers
undewstand this message and accept its logie then advertising becornes a tool through
which the firm can bring about optimal coordimation

To formahze this :dea, we introduce the following definition  an advertising-price
pair (4, p) 1s said to be equilibrum dominared velative to a given equilibriuvin if

Max II(p, m) - A<TI*(h) - A

That 15, no matter what market share the firm obtins as a result of choosing (4, p), 1t
would do strictly better by sticking with its equilibnium sirategy  We now mpose the
following restriction on consumer beliefs

No Eguithbrium Donunated Conmjeciures  Consumers never iafer that 2 firm has
chosen an equiibrium domnated strategy, if it 15 possible to infer that some non-
equilibrium dominated strategy was selected °

8 We can spearfy, for example, that f=lim,,, p*(su}>p by peurmg that the firm expects to capture a
vamshingly-sinall number of consumers whe “tremble ‘0 their asitaton deasions

9 This criterion derives from Kohiberg and Merizns’ (1987) concept of strategic stabihiy for fimite normal
form games Cho and Kreps (1987) have adapted this 1dea to ssgnaling games »tth continbous sirategy spross
Our use of cquibbrium dominance can be viewed as a direct applhication of Cho and Kreps' mtmnwe cricrion
to a coordination game
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When consumers’ inferences are restricted to satisfy no equibbrium dominated comec-
tures, the firm 1s able to use advertising as a communication channel, through which 1t
brings about optimal coordination of consumer purchase behaviour The first step 1n
proving this result 1s contained n the following lemma (proofs are given in the Appendix)

Lemma. If p>p'=p*(1), then
Max II{ p, m) <Max I1{p’, m)

The Lemma states that, for prices above the “best deal” price p*(1), higher prices
mmply a strictly lower upper bound to profits, where the upper bound 1s taken over all
possible market shares The proof mnvolves a straightforward combination of the quasicon-
cavity assumption with the better profit property

We now demonstrate that the outcome mm which no consumer visits the firm 1s not
supportable as an equilibrium when the inference restriction 1s imposed Observe first that
the firm chooses A=0 1n any equlibrium supporting the zero-market-share outcome
(clearly A4 >0 would not maximze profits, since the firm has nothmg to lose by reducing
advertising), and so equilibrium profits are zero n such an equilitbrium  Choose any price
pe(p*(1), p), and define the advertising level A" by

Max N{p,my—A=0 (2)

{Jnder our assumptions we have A>0"°

Now suppose the firm deviates by choosing A’ instead of A Tt follows from (2) and
the Lemma that for any p> p', the strategy (4, p) 15 equilibrium dominated The strategy
(A, p*(1)) 1s not equilibrium domimated, however, since by the Lemma

MaxI'I(p m)<Ma.xl'I(p*(l),m) (),

where the equahty follows readily from the better-profit property Under the inference
restriction, therefore, consumers must infer that the firm charges p=p’ after they have
observed the deviation to A’, and since p’ <p, sequential equilibrium requires that consu-
mers visit the firm  The firm’s equilibrium strategy of A =0 and p> p 1s then no longer a
best response, as deviating to (4', p*(1)) captures all the consumers and gives the firm
strictly positive profits of IT*(1) — 4’ Thus the zero-market-share outcome can no longer
be supported as an equlibrium, and the coordination failure 1s thereby elimmated

This result estabhishes an important coordination role for dissipative advertismg 1f
consumers are sophisticated 1n drawing inferences from observed advertising, then the
firm can use advertising to commumcate that it offers a lower price It follows that
advertising gives rise to an implicit form of price communication that makes 1t possible
to eliminate the coordmation faillure In the next section we will show that this impheit
communication eliminates all outcomes save the optimally-coordimated outcome, thus
advertising ensures that optimal coordination 1s achieved

One may object that our formahzation of sophisticated consumer inference 1s unrealis-
tic, erther because consumers are unable to evaluate the implicit message due to computa-
tional or informational deficiencies, or because consumers and the firm must have very
strong prior agreement on an equilibrium before equilibrium dominance can be checked
These considerations, however, should be balanced against the mutual desire of consumers

10 To see that A'> 0, note that (1) 1mpltesp = p*(m') for some m'e(0, 1), and using (2) and the better-
profit property we have A'=Max,, TI(p", m) =¥ (m' )= lim,, o M* (=0
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and the firm to communicate Our results establish that these agents will have good 1eason
to look to advertising as a means of resolving their communication problems

Moreover, advertising seems espectally well suited to this role since 1t allows explana-
tion of the impheit message as part of the advertiseent  This point 1s 1liustrated by a
recent advertising campaign of the Builders’ Square hardware chain 10 winch the slogan
pomnted explitly to coordmation benefits “The more we sell, the lower the price, the
lower the price, the more we selt ” Direct communication such as this gives advertising a
special capability to establish focal outcomes

4 ADVERTISING AND COORDINATION TN A DUQPOIY
41 Duopoly Model with Impesfect Price Information

Thus far we have studied coordination between consumers and a single fivm, given an
exogeneously-specified price that consumers expect to pay 1if they do not vis.t the frm
We complete the theory by introducing a second firm, whose price choice endogenizes the
consumers’ opporturity cost In addition, the duepoly model further clarifies the nature
of the coordination economies that are obtamnable via advertising

Let us modify the preceding framework by assuming that there are two firis 11 the
market, called Firms 1 and 2 Firm o's profit function, profit-maaximizing price and maxim-
ized profit level are written [1(p,, m,), p*(m,) and [1*(m,), respecuively, where » 15 Fiom
r’s price choice, and m, gives the mass of consumers that wisit Firm ¢ {he above
assumptions, mncluding the better profit and better deal properties, hold for both firms
We add the assumption that the firms choose 1n Stage ! whether or not to enter the
market, thus the two-stage search game without advertising is now given by

Stage | Firms 1 and 2 simu..aneously decide whether or not to enter the market,
and 1f a firm decides to enter 1t also chooses 1ts price at this time

Stage 2 Consumers observe the firms’ entry decisions, but vot therr prices Corsu-
mers then choose one of the firms to visit, and they purchase the desired number of untts
at the price set by the visited firm

If a firm enters, 1t 15 assumed to incur an added sunk entry cost of Fe(0, T1F(1)}), and
so 1ts payofl function 1s 1T,(p, m,) —# The payoff fiom staying out 1s zore ' We assumic
further that Firm 1 15 known to be the more efficient suppher of the good, i the ~cnse
that Firm 1 offeis a lower price than would Firm 2 1f 1t expects to captwe the market

pi“(l)<p5‘11)<1u}gp?(ml) (3)

The second 1nequality 1n (3) ensures that Firm 2 1s a viable competitor 1f Firni I's market
share 1s sufficiently small In Section 4 2 we will consider the worc complex case 1 which
consumers do not know which firm 1s more efficient

Let g, denote Firm 1's equiibrium price if 1t enters and let ##, denote the mass of
consumers that visit Firm ¢ The search game has three sequential equilibrium outcorr cs

Outcome | Furm 1 captures the market  Firm | enters and chooses #, =pr(i), while
Firm 2 stays out Consumers have only one firm to visut, so Firm 1 captures all of them
Should Firm 2 unexpectedly enter the market, consumers would centinug to visit Firm |,

11 The sunk entry cost 1s useful for rubing out sitnations m whch the prce chmae of 4 firm that cantures
zero market share gives consumers a cacdible threat agamst *he other firm, given thet there 1s a positive unk
entry cost, no fitm actually would be willing to offer such an apporiurity to consumers while making 7ero sales
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based on the inference that Firm 2 must be charging some price above pf(1) Thus Firm
2 chooses to stay out to save the entry cost F

Cutcome 2 Firm 2 captures the market  This 1s ke Outcome 1, except that the roles
of the firms are reversed Now the more efficient firm 1s unable to capture any market
share from the less efficient firm, as consumers believe that the more efficient firm charges
a ligh price 1f 1t enters

Outcome 3 The firms sphit the market Equlibrium market shares iy and rr, are
umquely determined by pF(#,) =p3 (2} and #y + ;=1 Given that 7 and 7, are antici-
pated, the firms maximuze profits by choosing these prices Consumers are then indifferent
about which firm te visit, and #y, and #1; are consistent with utithty-maximizing behaviour
Existence of this kind of equilibrium requires that F1s small enough to sustam both firms
in the market, 1¢ IIXm)=F

These outcomes can be ranked 1n terms of the benefits provided to consumers and
active firms Consumers prefer Qutcome 1 to Outcome 2, since they receive a lower price
from the efficient firm, observe that Outcome 2 corresponds to the coordimnation-failure
outcome considered 1n the preceding section, where p3(1), now plays the role of 5 Since
equibbrium prices 1n Qutcome 3 exceed p¥(1), market-sphttmg by the firms represents an
even worse coordination fatlure from consumers’ point of view Each of the firms prefers
the outcome 1n which 1t captures the market to the market-sphitting outcome Thus imper-
fect price information leads to two kinds of coordination failures esther (1) the mefficient
firm captures the market, or (n) the firms spht the market, and consequently are unable
to exploit the coordination economies imphed by the better profit and better deal proper-
ties In either case, mutual benefits would be obtained if consumers could better coordinate
their purchase activities

We now augment the duopoly search game by allowing the firms to choose dissipative
advertising expenditures along with prices if they enter in Stage 1 Consumers observe
the advertising choices of both firms before they make their Stage 2 visitation decisions '
The inference restriction from above may be applied directly to the duopoly game, and
the arguments of the preceding section are readily extended to establish that Firm 1 can
use advertising to communicate that its price 1s close to pf(1), this overturns Qutcomes 2
and 3 Outcome 1 survives the inference restriction, however, and so we have

Proposition 1. Outcome 1 uniquely survives the inference restriction, 1e n every
sequential equilibruem satisfying no equilibrium domunated conjectures, the more efficient firm
captures the market and chooses zero advertismg "’

Since the efficient firm chooses zero advertising i the surviving outcome, positive
advertising appears only “off the equilibrium path,” to upset inefficient outcomes **
We show below, however, that if the efficient firm must also communicate 1ts 1dentity

12 In defining sequential equiibrium outcomes for this case, we mmpose Kreps and Wilson’s (1982)
criterion of consistent beliefs in the following way consumers must form mdependent price comjectures, meanng
that belefs about a firm's price can depend only on that firm's advertising level, and not on the advertising level
of the other firm Thais seems sensible, as firms do not know each others’ prices when they choose advertising

13 Our model can be extended to the case of multi-good sellers, and Proposition | may be derived using
arguments similar to those of the single-good case In this setting, the efficient firm uses advertising to communi-
cate that all of 1ts prices he close to the levels that are optimal when it captures the market, sec Bagwell and
Rarney (1990, Appendix B)

14 Indeed, positve advertising can arse only in sequential equilibna with macket-sphitting, 1f one firm
captures the market 1n a sequential equalibrium, the rival firm chooses to stay out, and thus the entering firm
cannot be deterred from choosing zero adverhising
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to consumers, then positive equilibrium advertising dJduees aunise under the wference
restriction

With the duopoly model m1 hand, we are now able to provide a rationale for Benham’s
empirical association of non-price advertising with lewer market prices and larger scale
firms maperfect price observability together wath the better deal and better profit propertics
lead to coordination fazlures, in which mefficient supplieis serve the market, or firms sphit
the market and fail to explost scale economies Coordimation failures may be difficult to
eliminate where advertising 1s banned Where advertising s allowed, however, mmplicit
communication via advertising causes coordination farlures to be overturned, and this
corresponds directly to lower prices and larger-scale firms

42 Incomplete Information as to the Identity of the Efficient Firm

In the preceding analysis, coordination failures may occur in the absence of advertising
yet equibbria that give optimal coordmation might also arise, thus advertising 1s sufficieni
for coordination, but not necessary Further, our assumption that consumers arc awarc
of the wdentity of the efficient firm may be untruc mm pracuce Finaily, while we have
identified a coordination role for advertising i overturning inefficient outcomes, our theory
does not explain how positive advertising might aiise m robust equilibria

In thas subsection we address these 1ssues by positing that consumers do not know «
priore the 1dentaty of the efficient firm  With mcomplete mmformation, the optimally-coords-
nated outcome cannot be supported by any equilibrium in the absence of advertising  Full
coordination can be obtained when advertising s allowed, but only at the added cost of
strictly-positive advertising expenditures by the efficient firm

Suppose for simphlicity that there s uncertainty concerning the costs of Firm 2 Lhus
Firm 1’s costs are known by all, but consumers and Firm 1 are uncertan as fo whether
Farm 2 1s more or less efficient than Firm 1 Firm 2 s said to be of 2 “high type,” or
type H, 1f 1t 15 less efficient than Firm 1, this 1s the situation considered n Section 41 If
Firm 2 1s of a “low type,” or type L, then Firm 2 15 the more efficient firm We refer to
the igh and low types of Firm 2 as Furm 2H and Firm 2L, respectively

Consumers and Firm 1 beheve that with probability pe(0, 1) they are competing
agamst Firm 2H, just as above, but with probability 1—p they are competing agamnst
Firm 21 The earlier profit-function assumptions, wcluding F<IE(1), hold for 7=
1,2H 2L Assumption (3) 1s extended as follows

IR

) <pf(1)<hm p%(my) and p(1)<piu(l) <hm pi(m;)
il
We add a condition that makes it possible for advertismg credibly to signal costs
Sorting Condition  For miy>mb
IT3y(mz) — MBu(ma) <113 (m2) — [T (mz)

That 15, Firm 2H gamns strictly less than does Fum 2L from any given increase in market
share The sorting condition can be derived from the assumption that Firm 2H has strictly
greater marginal cost than does Firm 2L at every output level 1

The two-stage search game proceeds as above, augmented by a “*Stage 07 in which
“Nature” determmes whether Firm 2’s position 1s to be taken by Fum 2H or Firm 2L

15 Let the cost function be (g a) where (<0 and €, >0 The sorung condition holds when Firmi
2’s types are identified with values @y and @, of @ with an> o
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In the absence of advertising, three sequential equilibrium outcomes are possible Firm
1 may capture the market, or Firms 2H and 2L. may capture the market, or the firms may
split the market In the latter case the cquilibrium market shares are determined by the
condition that consumers are indifferent as to which firm to visit  Further, letting #, give
the equlibrium market share of Firm 1, we must have #iu =ty 1f Firms 2H and 21 both
enter, since the consumers cannot tell whether Firm 2 1s the tugh or low type

These outcomes exhibit each of the coordination farlures described above the less
efficient firm serves the market when Firm 2H captures the market from Firm 1, and
coordination economies are unrealized when the market 15 sphit Note however that effi-
ciency 1s no longer guaranteed when Firm 1 captures the market, since Firm 2 15 more
efficient when 1t 15 the low type Thus in the absence of advertising, 1t becomes mmpossible
to obtain equilibrium outcomes that give optimal coordmation for both of Firm 2’s pos-
sible cost levels ' The difficalty 1s that each of the three outcomes nvolves “pooling” by
Firm 2’s types, and so consumners are unable to discriminate between the situations in
which Firm 2 1s the more or less efficient firm

If firms are allowed to advertise and conswimers are sophisticated 1 interpreting the
advertising, then advertising becomes a channel by which Firm 2 can estabhsh its identity
Let us henceforth denote the decision to stay out by A4,= —1, thus 4,20 means that
Firm : enters, and 4,= — | means that Firm ¢ stays out Let 4, denote the equihbrium
entry/advertising strategy of Firm 4, and m,( 4., 4;) give the proportion of consumers that
visit Firm 1, 1=1, 2, when the strategies 4; and A, are observed, we neccessanly have
(4, —1)=1for 4,20 and v(—1, 4)=1for 4,20 The following proposition demon-
strates that under the inference restriction, advertising ensures that the most efficient firm,
which 1s Firm 2L, 1s always able to capture the market '’

Proposition 2.  In any sequential equilibrium satisfying no equilibrium dominated con-
Jectures, A2L>0 and ml(Al, Ax) =1, te Firm 2L must enter and capiure the market

As before, advertising allows the efficient firm to communicate that its price 1s low,
but now Firm 2L must alsc communicate that it is the efficient firm This 1s made possible
by the sorting condition smce Firm 2L differenually prefers capturing the market, there
are profitable advertising deviations for Firm 2L that would vever be profitable for Firm
2H, and so consumers do not associate such dewviations with Firm 2H

In view of Proposition 2, 1t follows that an equilibrium must be “separating” 1n order
for Firm 1 to capture the market from Firm 2H, 1 ¢ consumers must be able to infer Firm
2’s type from 1its advertising level The following proposition establishes existence of a
separating equiltbrium that gives optimal coordination, and moreover the proposition
shows that this 1s the only possible separating outcome under the inference restriction

Proposition 3. There 1s at most one separating sequential equiltbrium outcome that
satisfies no_equiltbrium dommated comectures  This outcome 1s characterized by A,=0,
Ampm=-—1, AzL—H w(1)— F>0, and i Ay, An)Y=1 Moreover, such an equilibrium exists
if and only of pTIF(1)—Fz0

16 It 15 concervable that Firms 1 and 2L enter, Firm 2H stays out, and consumers visit Firm 2 if both
firms enter, thus optimal coordmation 1s achieved This outcome cannot be supported as an equilibrium, however,
since F<T13(1) imphes that Firm 2H would choose to enter and mumic Firm 2L

17 The wference restniction extends to the new game 1n the natural way In particular, if (4, p2) 15
equilibrium dominated for borh Firms 2L and 2H, while some (4> p3) 1s not, then consumers do not conjecture
that p» accompanies 4,

Copyright © 2001. All Rights Reseved.



164 REVIEW OF ECONOMIC STUDIES

In the surviving separating equiibrium sutcome, only Firms 1 and 2L enter, and only
Firm 2L advertises at a positive level, the level of 4. is the smallest that discourages
deviation by Firm 2H Further, the most efficient firm captures the market in each contin-
gencey, since Firm 2H stays out whale Firm 21 captures the market from Firm 1 For the
separating equilibrium to exist, Firm 1 must desire to enter given that 1t has only probability
p of captuning the market, thus p must be sufficiently large Here non-existence of separat-
g equilibrium 1s equuvalent to mmfeasibility of the optimally-coordinated outcome, since
coordinatior: requires Firm 1 to commut to the entry cost before it knows whether or not
it 1s the most efficient firm '8

Note that Firm 2L must choose strictly positive advertising in the separating equilib-
rium, in order to establish credibly that 1t 1s not Firm 2H  Thus with incompleie informa
tion, positive advertising on the equilibrium path is required 1 order to achieve optimal
coordmation The need for positive advertising introduces a potential welfare tradeofi
between advertising and coordination consumers strictly prefer the optimally-coordinated
outcome, but because of the advertising expense, industry profits may well be higher m
onc or more of the outcomes 1 which advertising 13 banned For example, it 1s casy to
show that 1f [17(1) > TI5(1) — [T5,(1), then the outcome 1n which advertising 1s banned
and Firm 1 captures the market gives higher industry profits than the separating equilib-
rum If coordmation leads to small gams in consumer surplas, then social surplus may
well be greater in the absence of advertising

While 1t has been established that advertising makes optimal coordination poss:ble,
1t 15 also true that advertising does not completely ehmmnate the possibility of conrdination
falure, contrary to the complete information case  This 1s because the pooling equilibrium
m which Firm 2 captures the market can survive the inference restriction  Letung V(p)
denote consumers’ utihty from purchasing at price p, we have

Proposition 4. There s at most one pooling sequential equilibriiom outcome that satis
fies no equlibrion dommated cowpecrures  This outcome 15 characierized by A4, = - 1 and
Aon= A =0 Moreover, such an equiltbrium exists if and only

pPYpi(I)) + (1= p)V(ph(1) 2 V(pi(1)) (4)

Only Firms 21 and 2H enlter in this equihbrium and they do not advertise since Fum
1 does not enter If (4) were to farl, Firm 1 could overturn the equilibrium by entering
and advertising to commumcate a low price, thereby ¢apturing the market When (4)
holds, meaning that p s sufficiently small we can think of the poohng equilibrium as
giving optimal coordmation 1n an ex ante sense, m that Fim 2 1s more cfhcient on
average '

18 It s straightforward to extend the model to give Firm 1 the option of delaying 1ts entry decision in
order to observe Firm 2's deviston  [he analysis of this case 15 given in Bagwell and Ramey (1990, Appendia
D) Separating cquilibria that give optimal coordination exist for all values of p, and Proposition 2 1s unalicred
Propositions 3 and 4 hold when p s sufficently close to umity and the inference restriction 15 modified a<
Section 4 3 below  For small p, however, equlibrium dominance may be insufficient to rule out market-sphtting
outcomes, for the same reasons as discussed 1n Section 4 3

19 Propositions 1-4 continue to hold when mived strategies are allowed, given that the 'nference restrniction
and sorting condition are extended 1n the natural way TIn the incomplete-informanion model, there arises a new
class of mixed equilibnia, where Firms 1 and 2H spht the market wath positive probability | the inference restrichion
chminates these if and only if p 15 sufficently large  See Bagwell and Ramey {1990, notes 15 and 25)
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Finally, Propositions 2 and 3 together indicate that inefficient market-sphtting out-
comgs are possible only for markets in which advertising 1s banned The scope for coordin-
ation failures in such markets 15 again consistent with Benham’s association of the ability
to advertise with larger-scale firms and lower prices

43 Coordmnation when Prices are More Flexible than Advertising

We have assumed that the firms commut to their prices at the same time as advertising
levels are chosen, but there are many situations 1n which prices mught be more easly
adjusted than advertising The strategic situation 1s then changed, as firms are able to
alter their prices in response to each others’ observed advertising

The duopoly game may be modified to reflect this possibihity, by allowing firms to
adjust prices after observing each others’” entry and advertising decisions, but prior to
consumers’ visitation decisions Under an appropnate strengthening of the inference
restriction, Propositions 1 and 2 hold as stated *° Proposition 3 1s weakened, however, in
that for small p, inefficient separating equilibria 1 which Fums 1 and 2H split the market
may survive the inference restriction 2' Further, condition (4) of Proposition 4 1s altered,
but the pooling outcome agam survives the inference restriction only for smail p

The price flexaibility case, along with other permutations of the order of moves, 1s
discussed i detaif 1n Bagwell and Ramey (1990) The key conclusion 1s that optimal
coordination remains the umque separating equlibrium outcome f and only 1if p s
sufficiently large, mtwtively, Firm 1 1s willing and able to use advertising to capture the
market 1f and only if 1t 15 sufficiently hkely ex ante to be the most efficient firm

5 LOSS-LEADER PRICING

In many retail markets, sellers are able to commumcate price information for some, but
not all, of the products in thewr product hnes In this section we investigate whether such
“loss-leader” advertising 1s by tself sufficient to eluminate coordinztion faillures When
consumers are sophisticated mn interpreting observed prices, 1t 1s indeed possible under
certain conditions for loss-leader advertising to be used to communicate low prices for
the rest of the product hne Under more general conditions, however, coordination failures
are eliminated only 1if loss-leaders are accompanied by dissipative expenditures *

Let us modify the fiamework of Section 4 1 by supposing the firms supply two goods,
g and 5 Price communication 18 possible only for good s, which serves as the loss-leader
itern Let p, and r, denote the prices charged by Firm 1 for goods ¢ and s, respectively

20 The strengthened inference restriction states that the strategy (4, p.(A4,)) 1s equhbrium dominated for
Firm 11f Max,, TL(p(4,), m)—A,— F<W, where W, 1s Fum :’s equihbrium payoff Thus equilibrium domi-
nance apphes only to that part of a firm's strategy that 1s relevant given the other firm’s equihbrnum strategy
This cntenon 15 implhed by the elirunation of never weak best responses cnitenion (Kohlberg and Mertens (1986),
Cho and Kreps (1987)) Our criterion 1s a bit weaker, 1n that dommance 1s assessed against the enttre range of
possible consumer responses, rather that the consumers’ equilibrium response, although both critena produce
sdentical results in our game

21 Speafically, consumers can comjecture that Firm 1 shufts 1ts price to py(1) when Firm 2H dewiates, so
that Firm 2H cannot capture the market in the inefficient separating equilibria that remain after Proposition 2,
m contrast to the proof of Proposition 3 These equilibria are ehminated 1f Firm 1 uses advertising to capture
the market from Firm 2H, but not Firm 2L, by choosing A, large enough to convince consumers that p,(Axu)
15 close to p¥(1} Firm | desires to do this if and only 1f p 15 sufficiently farge

22 Lal and Matutes (1991) emphasize a different role for loss-leaders, whereby a low loss-leader price
guatantees sufficient consumer surplus to justify costly consumer search, even though unadvertised goods are
priced at consumers’ reservation value

Copyright © 2001. All Rights Reseved.



166 REVIEW OF ECONOMIC STUDIES

The profit function 18 now written I'L(p,, r,, m,), where [T, 15 continuous and strctly quasi-
concave n p, for each r,, m, Let pF(1,, m} denote the profit-maximizing choice of p, when
r, and m, are fixed, and let IT#(r,, m) denote the corresponding maximized profit level
Further, let r} denote the level of r, that maximzes [1}(r,, 1), 1e rf gives the full-market
monopoly price for good s We assume F<TL¥r¥, 1) for both !

Since firms cannot raise r, to exploit higher market share the better profit property
must be modified, as follows

Better Profit Property Fix m, and m] with m,>m;
(a) IfITX(r,, m,) >0, then TIF(r,, m.) > T (r,, m;)
(b) I TI*(r,, m) <0, then ITF(r,, m) 0

This assumption states that profits are increasing i market share if r, 1s set higa
enough to gmive positive profits If r, 1s so low that profils are non-positive, then profits
are non-positive at smaller market shares as well  This version of the better profit properly
1s 1implied by non-increasing ray average cost for example (Sharkey (1982), Ch 4)
Further

Better Deal Property  pf(r,, m) 1s strictly decreasing mn m, for each r,

The better deal property could agamn be motivated by positing declimng marginal
cost for good ¢, but n the present case cost complementarities across the two products
can generate the better deal property even if costs are convex i geod g

Let ¥(p,, r.) give the consumer utility obtained from purchasing at pnces g, r,, V15
assumed to be continuous and strictly decreasing in its arguments, and also

V(pt(r, 1), )= V(p3(rs, 1), r2) > V(hm pi(r, md, rl) for all », and r, 5
m 0

bm IT*(r, 1)—F<0 (6}

Assumption (5) 1s a very strong form of (3), wheremn Firm ! offers greater utility
when 1t captures the market, rrespective of the loss-leader prices chosen by ether firm
Assumption {6) ensures that a firm loses money when 1t captures the market via a very
low loss-leader price, despite profit-maxmzing pricing on the remamder of the product
ling

Outcomes 1, 2 and 3 of Section 4 1 can all be supported as sequential cqulibria n
the loss-leader case, since consumers are free to make unfavourable mferences about p,
when they observe deviations in r, (supporting Gutcome 3 again requires F to be sufficiently
small) Thus competition 1n the loss-leader price does not by itself eliminate the possibihiy
of coordination failures When the mmference restriction 1s 1mposed, however, loss-leader
advertising 1s sufficient to bring about optimal coordination

Proposition 5. Qutcome | uruquely satisfies no equulibrium dommated conjectures when
firms are allowed 1o use only loss-leader advertising

The proof of Proposition 5 closely follows that of Proposition 1, except that here
Firm 1 communicates via a low loss-leader price, rather than direct expenditures

While 1t 1s concetvable that loss-leader advertising suffices to eliminate coordination
failures, the preceding result relies on assumptions that seem contradictory (5) essentiaily
means that the loss leader represents a small percentage of consumers’ total purchases
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but (6) requires the loss leader to be important 1n the firm’s profit function Moreover,
Proposition 5 may break down if the inconsistency 1s resolved 1n either direction On the
one hand, 1if the loss leader forms a significant percentage of total sales, then deep cuts
m the loss-leader price may induce the firm to make large increases in the prices of
the remaiming products {this occurs, for example, if the goods are substitutes, costs are
strongly concave 1n ¢ and cost complementarities are weak) We may then have
Vip¥(ry, 1), r) < V(pa, F:) for levels of r, that are low enough to establish p, close to
pi(n, 1), where p> and 7, give Firm 2’s equilibrium price choices, 1t follows that Firm 1
cannot mduce consumers to leave Firm 2

On the other hand, if the loss leader 1s a small percentage of sales, then it may be
reasonable to suppose that II¥(r,, 1)— F>0for all r,,1¢ profits from capturing the market
are positive for all ry, The inference restriction then allows consumers to associate any
given r, with a range of possible values of p,, and Outcome 2 will not be overturned 1f
the range includes high levels of p; and good s 1s relatively ummportant to consumers
This difficulty 1s exacerbated if firms can ration supplies of the loss leader, ¢ g through
“ramn checks” that scrve to delay dehivery of the good

In the latter cases, loss-leader advertising and sophisticated consumer inference do
not rule out the possibility of coordination farlures Coordmmation failures are ehminated,
however, when loss-leaders can be combined with dissipative advertising expenditures In
particular, the following proposition establishes that loss leaders and dissipative expendit-
ures ensure optimal coordination under conditions much weaker than (5) and (6)

Proposition 6. Let (5) be weakened to

(a) prir, ) <pX(r, 1) <l o p¥(r, ) for all r, and
(b} V(pi(rt, 1), rf)>V(p3(ra, 1), r2) for all ry

Also let (6) be relaxed Then Outcome | uniguely satisfies no equilibrium dominated
conjectures when firms choose dissipative advertising expenditures together with loss-leader
prices

The proof directly parallels the proof of Proposition 1 and 1s omitted Condition (a)
gives a sufficient condition for existence of coordination faillures Condition (b) ensures
that there 1s a profitable market-captunng strategy for Firm 1, in which Firm 1 accompan-
1es the loss-teader price r{f with a large advertising level, thereby convincing consumers
that p, 15 close to pf(rf, 1) The condition also rules out the possibility that Firm 2
overturns Outcome 1 through direct competition 1 the loss-leader price It follows that
dissipative advertising may be essential for ehminating coordmation failures, even 1n the
presence of loss-leader advertising The incomplete-information results may be extended
in a sumilar way to allow for loss-leader pricmg and dissipative advertising, given an
appropriate extension of the sorting condition %

Finally, the loss-leader model can be immediately re-interpreted as a model of price
and advertising as signals of product quahty 1n this case there i1s a single good, with r,
denoting Furm s price and p, 1its quality choice, lower p, now corresponds to higher
quality Here quality 1s a search attribute, 1e consumers can observe quality prior to
purchase, but not prior to search As discussed in Bagwelt and Ramey (1990), the better

23 One mnportant added feature 1s that the loss Jeader price of Firm 2L wn the efficient separahing equihib-
rium wiil not be umquely determined unless a sufficiently strong form of the sorting condition 15 specified
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profit and better deal properties are present for an umportant class of cases m the product-
quahty context, and 1 particular a firm’s profit-maximazing quality chowce 15 strrctly
mereasing 1n its market shdre, thus coordination faitures may arise despite the fact that
price 1s observable prior to search  Assumptions (5) and (6) may be directly applied to
obtain a quality-based version of Proposition 5 m any sequential equilibrium that satisfies
the inference restriction, the high-quality firm captures the market when firms are ailowed
to communicate only with price and not dissipative advertising As m the loss-leader case,
optimal coordination can be assured under conditions much weaker than (5) and (6) if
the high-quality firm 1s able to accompany 1ts price signal! with dissipative advertising
expenditures

6 CONCLUSION

We have provided a theory of advertising that explans the pievalence of “vague” rctail
advertisements, as well as Benham’s association of the ability to advertise with lower prices
and larger scale The analysis hinges on three key assumptions sellers find 1t difficult to
commumicate relevant mformation (e g price, quahty, selection), buyers and active sellers
mutually benefit when buyers concentrate thewr purchases among fewer firms and con-
sumers are sophlusticated 1n mterpreting advertising messages

An intriguing area for future research concerns the transiion path to equilibria
Implicit 1n our story 1s an unmodelled dynamii . which positive advertising 15 used to
“break’” mnefficient equlibria  While our analysis has considered explicitly only the steady-
states of such a dynamic, it does suggest a transition path along which advertising s
expanded in the short-run, and then decreased gradually, m the course of establishing 2
long-run outcome

APPEFNIMX

Proof of Lemuma  For p’ Zlim,.;o p* (1), the result follows directly from strict quasiconcavity  Otherwise
we have p' =p*(n"} for some m' mzm' 1mples

[I(p, m}<Ti(p', m) <Max T1(p" m}

where the first inequality follows from quasiconcavity  Thus if the result does not held we contradict the better
profit property, sice for some #r<m’

M*(m") S Max T1(p’, m) = Max [I(p, m) =TL(p, i) Si*uiy

Proof of Proposition 1 Note first that the equihbrium payoff of Furm ¢ s given by

W, {l’l,‘“(n‘f,) ~A,—F, 1f Fum senters,
"o, if Farm ¢ stays out

where ;1, gives the equlibrium advertising strategy of Fuma ¢ 1f 1t chooses to ent=r The adverusing-price parr
(A, p) 18 equibrium domnated for Firm 1 1f

MaxTi(p, m,)— A~ F<W,

Using these extended defimtions the inference restriction of the text may be applied directly to ihe Juopoly
search game
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Consider Outcome 2, 1n which Firm 2 enters and chooses (ﬁz,ﬁz)z(pz‘(l). 0) and Firm 1 stays out Fix

pie(ptil), p2(1)) and define 4; by
Max II{pi, m)— A —F=0
|

The assumption F<TI¥(1) ensures that 4)>01f pi 15 chosen sufficiently close to p¥(1) Usmng the Lemma, 1t
follows that any (A}, ;1) with p, > pi 15 equilibrium dominated for Fum 1, while (41, pf(1)) 15 not equlibrium
dominated Thus the inference restriction requires that consumers must infer p, =pi 1f they observe Firm 1
entermg and choosing A}, they must continue to mfer p,=p¥(1) following Firm I's deviation, according to ihe
independent price conjectures restrichon (see note 12), thus by sequential rationality all consumers must wvisit
Firm 1 following the deviation, and in fact Firm 1 strictly prefers to deviate  Simular arguments are used to
¢limmate Outcome 3 together with all positive-advertising sequential equilibria with market-sphiting, 1n this
case the deviant advertusing level 47 15 defined by

Max TI(p}, )~ A} — F=[1$(hy) ~ 4, — F

it remains to show that Outcome 1 survives the inference restniction  Since W, =ITF(1}— £ 1n any equilib-
rum supporting Qutcome 1, any (A:, p)) with A,>0 18 equlibrium dominated, thus we may specify that
consumers conjecture p, =pf(1) for any 4, they observe As for Firm 2, suppose that (A3, p;) 1s #of equilibrium
dominated Since Max,., ITo( pz, 1) ST 1), it follows that (A3, pF(1)) 1s not equilibrium dommated This altows
us to specify that consumers conjecture p; = p3(1) for any observed A3, and by sequential rationality all consumers
visit Firm | for any observed profile (4,, 42} ||

Proof of Proposition 2 Suppose Firm 2L chooses 3;._ 20 and has equihbrium market share #t.; with
M <1 Note that

Iim Max HzL(P;I f mz) = H;L(l)

rapill}

Thus using the sorting condition, we may choose pie(ph (1), pF(1)) sufficiently close to p (1) to give

Max I (ph, ma) — I8 (o ) > N (1) — 13u(#fin ) > 0 (Al)
my

Now define 43 by
Max I ( ph, mz) — A3 — F= W5 (A2)
o

By (A1) we have 45> flu, and further the Lemma imphes that for all p, > p3, {43, p2) 15 equilibrium doninated
for Firm 2L Moreover, combining (Al) and (A2) gives

(1) ~ A5 — F< (o ) — Aoy — F < Way

where the weak mequahty follows from the equihbrium conditions {Firm 2H cannot strictly prefer Ay) Thus
for alt ps, (43, p2) 1s equiibnum dominated for Firm 2H [t 15 apparent that (A3, p3i(1)) 15 not equihbrium
dommated for Firm 2L, and further that capturing the market with (A3, p% (1)) gives Firm 2L profits strictly
greater than W% Thus when consumers observe Firm 2 deviating to A3, they must conclude that Firm 2 s
actually Firm 2L and that 1t charges p,<p% Since p; <‘p'|'r(1)§ﬁ|, Firm 2L captures the market with such a

deviation The argument 15 easily modified to rule out 45 = ~1 ||

Proof of Proposiion 3 Suppose first that
Az > (1)~ F~ Wan (A3)

Define A5 by (AZ2) for pie{p% (1), pT(1)) Proposition 2 implies that 43< Ay and the Lemma imphes that for
all p,>p3 (A3, p2) 18 equlibrium dominated for Firm 2L Further, by choosing p} sufhciently close to p3.(1)
we have

As > Ay> TIu(1) = F— Wiy

from which 1t follows that for all p., (43, p2) 1s equilibrium domuinated for Firm 2H  Clearly (43 p3 (1)) 1s not
equihbrium dommated for Firm 2L, and 1t gives profits greater than W when the market 1s captured Thus
consumers visit Firm 2 when they observe a deviation to A5, and so Firm 2L deviates  The equilibrium conditions
rule out the reverse strict inequality to (A3), and so equahty must hold  Since Wi =0 in any equilibrium that
supports the efficient outcome, the proposition gives the umque level of 4x 0 any such equilibrium
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Now consider an equilibrium m which Firms 1 and 2H split the market  Since the equilibnium 1s separatng
market-splitting smphes that the equihbrium poces of Firms 1 and 2H satisfy pf(1 — iy} = phu (), where oy
1s the equilibrium market share of Firm 2H Choose pi€(pPn(1} phi(rin)) and define the advertising levet 4}
by

A5 = Max {Max Ioulpz, my— F— BWoy Max Tl (p: my)— F— WZ,_\L
m .

}

(A3) with equality implies that 0< Ai<.§2L if p5 35 chosen sufficiently close to p%.(1) Usmng the Lemna we
know that for all py>p5, (A5, p2) 18 equihbrium dommnated for both Firmo 218 and Firm 2L If the first term in
braces gives the maximum, then Firm 2H strictly prefers (4%, pfa(1)) and capturing the market te 113 eguwhbrium
payoff, while Firm 2L strictly prefers (45, p% (1)) and capturing the market if the <econd term gives the maximue
In erther case consumers infer p; £py<pi{1 —Aiyy) and vist Firm 2 when they observe a deviation to 43, and
50 at least one of Firm 2 s types will deviate

Finally, an equiibrium i which Firm 21 captures the market Firn | captures the market frem Farm 211,
and Ay =T15,{1)— F satisfies the inference restnction  Suppese that (4, p) with A4, >0 15 not equhibrium
domunated for Firm 1 Then for some m;

Wisi{p,m) -4, - F<ITF (1) -4, - F

so {4, p¥(1) 15 not equilibrium dommated Thus consumers may conjecture p,=pf(1} and p;=p3 (1) upon
observing (A, A1) and visit Firm 2, and lh}s deters dewation by Firm 1 Stmlarly, consumers may wonjecture
p=pH() and p; - phi(1) upon observing (A, A2) with A;£(0, Ay ), since (Ao, pha(1)) 15 not equilbrum domi-
nated for Fiem 2H  Of course, A;> A2 15 eqmbibrium dominated 10 conjunction with any p, for both types of
Firm 2 |

Proof of Propostion 4  Proposiion 2 wmphes that Fiem 2L must capture the market in any pochng
equilibrium that satisfies the inference restriction  In such an equibthnium Firm 1 stays out and Firms 2H ard
21. choase zern advertising Firm 1 can use positve advertising to commuricate that it chooses a price close
to pf(1), and this deviation captures the market 1f and only if (4) s violated ||

Proof of Proposition 5 Mote first that under the modified version of the better profit property, the Lemma
1s altered as follows Fix r, and p,>pi2p¥(r,, 1) Then Max,, I1{p, r.,w)>0 waplics Max, i{pl,r,»)>
Max,, I1(p, r.+2), while Max. [T{p, r, m) =0 mmphes Max,, ML{p., t, #) =0 (the proof of this (lam 5 a
straightforward adaptanon of the proof of the Lemma

Next, let r, be defined by

r,=Max{r]| [1}(r,, NS Ftorali: <r'}
Existence of r, 15 assured by (6) For any p/>pt(r,, 1), we have

Max IL(pi, r, m) <INy, D=F

oy
By contiranty of I, i r,, we may choose r; >r, sufficiently close to r, to give pi>pXrl, 1) and

Max l'l,(p,’,r,’,ln,)<F<le"(r", 1) (Ad)
Now consider Qutcome 2 By choosmg p) > pf(r,, ) sufficently close to pfir,, 1) and ri>r, sufficiently
close to r,, we have (A4) and

Vg, ri)y> V(p2(F, 1)L ) (A5}

where the latter mequahty follows from (5), and #; gives Firm 2’ equihbrium loss-leader price (A4} wplies
that for all p;>pi, (py, r1) is equilibnium domunated for Fam 1, while Firm | strictly prefers {p¥(ri. 1), ry) and
capturing the market to its equitibrium payoff of zero  (AS) ensures that this deviation captures the market for
Firm 1 QOutcome 3 18 ruled out by a sumlar argument, and by (5) Qutcome 1 survives the inference restriction |
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