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Coordination Economies, Advertising, and Search
Behavior in Retail Markets

By KyLE BAGWELL AND GAREY RAMEY*

We introduce a model of the retail firm in which consumers and active firms
benefit collectively from coordination of sales at fewer firms. Using this model,
we show that ostensibly uninformative advertising plays a key role in bringing
about coordination economies, by directing consumer search toward firms that
offer the best deals. Optimal consumer search takes the form of a simple rule of
thumb that uses observed advertising information to guide search. Both industry
concentration and social surplus are higher in the presence of advertising,
relative to a no-advertising benchmark. (JEL D83, L15)

Many observed advertisements seem to
be at odds with rational behavior. In a vari-
ety of ads, mostly on TV and radio, multi-
product sellers provide little hard informa-
tion, choosing instead to impart only vague
slogans that are suggestive of good deals.
Examples are plentiful: a hardware store
chain exclaims, “The more we sell, the lower
the price; the lower the price, the more we
sell!”’; a pharmacy chain alludes to manu-
facturer quantity discounts and promises
that its “power buying” translates into
greater “buying power” for customers; and
a furniture outlet concludes, “We’re better
because we’re bigger, and we’re bigger be-
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cause we're better!”! In these ads and many
others, the essential message seems to be
that large firms offer better deals. Yet, inas-
much as the ads provide little hard evidence
that the firms truly do offer better deals, it
is not at all clear why consumers respond to
such expensive, ostensibly uninformative re-
tail advertisements.

We offer a new model of the retail firm
that provides an explanation for this phe-
nomenon. The firm is assumed to choose a
selling technology, a product line, and
prices. Improvements in selling technology
act to lower the firm’s marginal and total
selling costs, and an expansion in the prod-
uct line increases the firm’s sales for any
given number of customers. Marginal selling
costs can be either constant or declining in
total sales; the possibility of declining
marginal costs can be motivated by the
prevalence of manufacturer quantity dis-
counts in retail markets. Using this frame-
work, we show that the firm’s various
actions are tied together by a web of com-
plementarities: greater investment in selling
technology, an expansion in the product line,

'We thank Laurie Bagwell, Ronen Israel, Ken Judd,
Randy Reed, and Bruce Wang for bringing these ads
to our attention. We also emphasize that some of these
firms do provide hard information when advertising
through alternative media (e.g., newspapers).
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and lower prices are mutually reinforcing
responses to an increase in expected market
share. Since firms offer greater variety and
lower prices when their expected sales vol-
ume expands, it follows that consumers as
well as active firms benefit when sales are
concentrated among fewer firms. This gives
rise to the possibility for mutually beneficial
coordination economies in retail markets.

Coordination economies may be difficult
to achieve, however, when firms cannot di-
rectly communicate product variety and
price information. We explore the possibil-
ity that ostensibly uninformative advertising
may play a role in this instance, by directing
consumers to firms that expect to capture
the largest market share and thus offer the
best deals. We first examine this idea in the
context of a general comparative-statics
analysis. For this purpose, the level of ad-
vertising is treated as an exogenous parame-
ter, and we focus on how the profit-maxi-
mizing technology, variety, and price choices
of a firm vary with its level of advertising.
Under the hypothesis that a firm’s expected
market share rises when it advertises more,
the firm is led to offer better deals (i.e.,
lower prices and greater variety) when its
level of advertising is increased. This in turn
establishes a general sense in which con-
sumers’ responsiveness to retail advertising
is consistent with rational consumer behav-
ior: if consumers respond positively to ad-
vertising, then a high-advertising firm will
justifiably expect greater market share and
thus offer a better deal, confirming the con-
sumers’ original inclination to be responsive
to advertising.

While this comparative-statics analysis
provides a general perspective on the role
of retail advertising, it does not offer an
equilibrium determination of consumer and
firm behavior, including the levels of adver-
tising, the extent of entry, and the welfare
consequences of advertising restrictions. To
examine these and other issues, we develop
a simple and fully specified equilibrium
model of retail advertising. Consumers are
subdivided into an informed group, which
observes the rank order of firms’ advertising
expenditures, and an uninformed group,
which observes no advertising information.
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Consumers can observe variety and price
information only through search. We posit
that consumers use simple rules of thumb to
direct their search; in particular, informed
consumers may use an aduvertising search
rule, which guides search to the firm(s) with
the highest advertising level.

We construct an advertising equilibrium,
in which endogenous entry determines the
number of firms, and firms choose positive
advertising levels in hopes of capturing the
informed consumers. Zero profits are
earned in this equilibrium, as the returns
from large expected market share are dissi-
pated via high advertising expenditures.
Moreover, since firms with higher advertis-
ing anticipate greater expected market
share, they also offer better deals. This
means that the advertising search rule is
optimal among all possible search rules for
the informed consumers, as it directs them
to the best deals in the market. Thus, con-
sumers’ sensitivity to seemingly uninforma-
tive advertisements emerges as an entirely
rational inference that coordination
economies are present.

We compare the advertising equilibrium
to a no-advertising benchmark, in which all
consumers use a random-search rule that
ignores advertising information. Since ad-
vertising expenditures reduce firms’ profits
in the advertising equilibrium, fewer firms
enter the market relative to the no-advertis-
ing benchmark, and thus concentration is
higher. Social surplus is also strictly higher
in the advertising equilibrium, as advertising
concentrates the purchases of informed
consumers and allows coordination
economies to be more fully realized. Fur-
ther, the informed consumers convey a posi-
tive externality on the uninformed con-
sumers, to the extent that the latter benefit
from the better deals that the firms offer in
the advertising equilibrium.

These results provide an explanation
for empirical puzzles uncovered by Lee
Benham (1972). In his investigation of the
retail eyeglass industry, Benham found that
eyeglass prices were lower, market structure
was more concentrated, and large-scale,
low-price outlets were more common in
markets that permitted advertising, even
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when state law prohibited advertisements
from mentioning price information. John
Cady (1976) and William Luksetich and
Harold Lofgreen (1976) reported similar
findings for the retail prescription-drug and
liquor markets, respectively. These surpris-
ing effects of nonprice advertising may be
readily understood in terms of our model:
coordination economies may be difficult to
achieve when all advertising is banned, but
once advertising is allowed it need not con-
vey hard information to play its coordina-
tion role.

Anecdotal evidence from the retail indus-
try also strongly corroborates our finding
that advanced selling technology, extensive
product variety, low prices, and high adver-
tising represent complementary activities
that are associated with large market share.
For example, Wal-Mart is well-known for its
heavy investments in state-of-the-art infor-
mation and distribution systems that reduce
variable selling costs and allow full exploita-
tion of manufacturer quantity discounts. At
the same time, Wal-Mart emphasizes a wide
product selection, together with aggressive
pricing and advertising strategies. Invest-
ments in sophisticated selling technologies
also have been made by other large dis-
count retailers, including Kmart, Shopko,
Target, and Venture.? In addition, our the-
ory of complementarities is consistent with
the experiences of so-called “category
killers,” which are retailers that emphasize

2John Huey (1989), Subrata Chakravarty (1991),
Kenneth Stone (1991), and Zina Sawaya (1992) discuss
‘Wal-Mart’s retailing technology and strategy, and Mary
Beth Grover (1992) and Chakravarty (1991) discuss the
selling technologies of other retailers. Wal-Mart’s in-
formation technology, including a comprehensive elec-
tronic scanner checkout system as well as a privately
owned satellite, leads to more efficient inventory man-
agement and dramatically reduced telephone costs.
Wal-Mart’s centralized purchasing strategy facilitates
the reception of manufacturer quantity discounts, and
its privately owned warehousing and distribution sys-
tems also reduce variable selling costs, by cutting out
the middleman and the corresponding doubling of
margins.
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tremendous variety within a narrow product
range: “Sharp pricing, huge inventory selec-
tions at all times, and heavy advertising
cemented the market positions of such
stores as Circuit City, Best Buy, Bookstop,
Staples, Home Depot, IKEA, and Highland
Appliance” (Chain Store Executive Age,
November 1988, p. 60).

Our work is related to several strands of
theoretic research. First, our equilibrium
model of advertising bears a similarity to
theories of sales in which firms move ran-
domly between high-price and low-price
episodes. Random sales have been previ-
ously analyzed in a number of models, in-
cluding those by Kenneth Burdett and Ken-
neth L. Judd (1983), Robert W. Rosenthal
(1980), Dale O. Stahl (1989), and Hal R.
Varian (1980). The distinctive feature of our
model is that sales also are associated with
an increase in product variety and an inten-
sification of advertising. Sales of this kind,
where sellers temporarily increase their
stock, reduce their prices, and advertise
heavily, are quite commonly observed in
retail markets.

Second, this paper builds on a body of
research that links dissipative advertising
expenditures to communication of experi-
ence or search attributes to consumers. For
example, Richard E. Kihlstrom and Michael
H. Riordan (1984), Paul Milgrom and John
Roberts (1986), and Phillip Nelson (1974)
develop models in which advertising signals
product quality information that consumers
otherwise can acquire only by experiencing
the good. While this research has empha-
sized the advertising activity of a manufac-
turer, we differ in focusing on the retailer’s
use of advertising to communicate store-
specific price and variety selections.?

3There is also a literature that examines the nature
of advertising when retailers can communicate exten-
sive price information in their respective ads. Jacques
Robert and Stahl (1993) find that high-advertising firms
offer low prices in this setting. R. Preston McAfee
(1994) offers a related investigation of the relationship
between availability and price.
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Finally, in our forthcoming paper (Bagwell
and Ramey, 1994), we present an analysis of
advertising for search goods that develops
themes similar to those reported here. There
are two key differences between the two
papers. First, in contrast to the earlier pa-
per, the present paper employs theorems
for supermodular functions, as developed
by Milgrom and Roberts (1990), Milgrom
and Christina Shannon (1992), and Donald
Topkis (1978), and thereby provides a more
comprehensive model of retail coordination
economies. This model, which allows for
random market shares, leads naturally to a
general perspective on the role of retail
advertising. A second difference concerns
the behavior of consumers in the equilib-
rium models. In the earlier paper, con-
sumers directly observe the actual level of
advertising expenditures by all firms, and
they use sophisticated forward-induction
reasoning in drawing inferences from these
observations. This approach differs from
that of the present paper, where consumers
observe only the rank-order of advertising
expenses and search according to a plausi-
ble (but still fully rational) rule of thumb.*

The remainder of the paper is organized
as follows. Section I develops our model of
coordination economies for the retail firm
in a simple constant-marginal-cost setting.
The general role for advertising also is de-
veloped in this section. Section II presents
an equilibrium model of trading on retail
markets and derives properties of advertis-
ing and random-search equilibria. In Sec-
tion III, the more complex case of declining
marginal costs is introduced and analyzed,
and conclusions are presented in Section
IV. The Appendix collects all proofs not
found in the main text.

“The two papers differ in other respects as well. A
consequence of forward-induction reasoning for
complete-information games is that advertising arises
only off the equilibrium path, to upset inefficient con-
figurations. In the equilibrium model of the present
paper, however, positive advertising occurs on the equi-
librium path. Further, entry is endogenous in the equi-
librium model developed here, and this makes possible
a more complete analysis of the welfare consequences
of advertising restrictions.
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I. Coordination Economies
in Retail Markets

A. Framework

Our central hypothesis is that a firm and
consumers each may benefit from coordina-
tion of purchase activities at the firm. That
is, when a firm expands its market share,
both the firm and its customers are made
better off. This coordination hypothesis is
especially compelling in the case of retail
markets, where there are various factors
that give rise to coordination economies. In
this section, we develop a model of a retail
enterprise that illustrates some of these fac-
tors.

Specifically, we characterize the optimal
pricing, selling technology, and variety
choices for a single retail firm facing an
uncertain market share. The firm’s decision
variables are thus its price level, PER, =
[0,), its technology, K €R,, and its num-
ber of products or level of variety, V € R, .5
Assuming that consumers have identical
preferences, the firm’s demand side is de-
termined by a market-size parameter. Let
M be the number or mass of consumers
visiting the firm. We allow that the firm
operates under uncertainty, with M being
drawn from the interval [ M,, M,] according
to the distribution function H(M), where
M, > M, > 0 and the expected value of M is
E>0.

Notice that the expected number of visit-
ing consumers, E, is not permitted to de-
pend on the firm’s price, technology, and
variety choices. We have in mind that con-
sumers must actually visit the firm in order
to observe these selections; our focus in this

SHere we follow Milgrom and Roberts (1990) and
posit that a single price is selected for all products
offered; this is sensible if the firm’s products all have
symmetric demand and cost functions (as we assume in
what follows). Importantly, this framework does not
rule out cross-product interactions. For example, the
firm may sell a set of differentiated products, each with
symmetric demand and cost functions. As we show in
our 1992 paper, our results hold also when demand
and cost functions are asymmetric and independent
across products.
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section is then on the effect that a larger
expected number of consumers has on the
firm’s optimal choice of price, technology,
and variety. This exercise is of direct inter-
est and also serves as a building block for
subsequent sections, where multiple firms
and consumer search are formally investi-
gated.

Consumers are assumed to have positive
demand for each of the products in the
firm’s product line. Their preferences are
standard and are summarized as follows.

ASSUMPTION 1: For each good, there is a
twice continuously differentiable demand
function, D(P): R, — R, satisfying D(P) >
0> D'(P).®

With Q interpreted to be quantity of out-
put, we may now characterize the firm’s
selling cost function.

ASSUMPTION 2: For each good, there is a
twice continuously differentiable selling cost
function, C(Q,K): R, XR, - R, satisfying

(i) C(Q,K)=c(K)Q + g(K)
(ii) c(K)=0=c(K)
(iii) g(K)=0>g'(K).

Assumption 2 embodies the assumption
that the marginal costs of selling are con-
stant in output; consideration of declining
marginal selling costs is deferred to Section
ITI. Assumption 2 further specifies that a
higher level of technology weakly reduces
marginal and total selling costs. This is
a natural assumption, if we think of K
as representing such items as more ad-
vanced information systems (electronic-
scanner checkout systems, privately owned
satellites), superior delivery systems
(privately owned warehouses and trucks),
and improved storage technology (better re-
frigeration, bigger shelves, larger inventory
storage area). In general, we envisage a

50ur results continue to hold in the presence of a
choke price, above which demand is zero, provided
that the choke price is sufficiently large.
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fixed investment in technology as enabling a
reduction in the use of the variable inputs
associated with selling.

We come now to our assumption regard-
ing the fixed costs associated with purchas-
ing a better technology and securing and
administering a product line.

ASSUMPTION 3: There is a twice continu-
ously differentiable technology-cost and stock-
ing cost function, S(K,V): R, XR, -»R,,
satisfying S(K,V)> 0> Sk,

The key assumptions here are that there are
positive fixed costs to operation and that
better technologies do not increase the in-
cremental fixed costs associated with
product-line expansion.

With this basic framework in place, we
may define the net revenue per product for
a fixed market share M to be

(1) r(P,K,M)=PD(P)M~C(D(P)M,K)

so that the per-product net revenue when
market share is random is

(2) R(P,K,E)

= ["(P, K, M)dH (M)
M,

=[P -c(K)|D(P)E - g(K).

We are now prepared to define the firm’s
expected profits as

(3) VR(P,K,E)—S(K,V).
B. Complementarities

We illustrate next that the assumptions
made above give a framework in which lower
prices, better technology, larger variety, and
higher expected market share are comple-
mentary to one another. Using the mathe-
matics of complementarities as exposited by
Milgrom and Roberts (1990), we then will
be able to establish the comparative-statics
results that underlie our coordination hy-
pothesis.



VOL. 84 NO. 3

Complementarities may be defined in
terms of supermodular functions. Assuming
that a function f: R* - R, is twice contin-
uously differentiable, f is supermodular if
and only if f;;>0, for all i+ j. Thus an
increase in one variable raises the marginal
value of increasing all other variables for a
supermodular function. Unfortunately, the
expected-profits function as given in (3)
above is not supermodular in (— P, K,V, E).
The difficulty is that complementarities may
fail to exist if price is set below marginal
cost; for instance, greater expected market
share makes lower variety more attractive
when price is set at a very low level.

To avoid the problems created by subop-
timal price choices, we examine instead a
reduced-form expected-profits function, in
which the profit-maximizing price is embed-
ded.” First, we require an additional as-
sumption that the (fixed-technology)
profit-maximizing price is well-defined.

ASSUMPTION 4: R has a unique maxi-
mizer, P(K), at which R>0= Rp> Rpp.

Examination of the first-order condition re-

veals that the profit-maximizing price must

exceed the marginal costs of selling, c(K).
We now have the following lemma:

LEMMA 1: Under Assumptions 1-4, P is
nonincreasing in K.

Thus, under our assumptions, higher tech-
nology cannot increase prices. This result
follows from Assumption 2, under which
marginal costs are nonincreasing in technol-
ogy. It should be noted that a strict reduc-
tion in price occurs if marginal cost strictly
declines in technology.

7An alternative approach involves constraining price
to exceed marginal cost; we elected instead to embed
the profit-maximizing price, since the profit-maximizing
price in fact may lie below marginal cost when marginal
cost declines with output and a low market share is
realized, as discussed in Section III. The tension be-
tween suboptimal prices and supermodularity of the
profit function also arises in the analysis of modern
manufacturing that Milgrom and Roberts (1990) pre-
sent.
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We may now define expected profits un-
der optimal pricing:

(4) II(K,V,E)
=VR(15(K),K,E)—S(K,I}).

With this definition at hand, we have our
second lemma:

LEMMA 2: Under Assumptions 1-4,
II(K,V, E) is supermodular in (K,V, E).

Thus, when price is set optimally, an in-
crease in any one of the variables, K, V, or
E, weakly raises the benefit from increasing
the others. Intuitively, as expected market
share increases, the benefit from stocking
an additional variety cannot decrease, since
the markup of price over marginal costs for
a new product would be received from more
buyers. Similarly, the benefit from lowering
total costs with better selling technology is
weakly enhanced by a greater expected sales
volume, since Cyx < 0 under Assumption 2.
Finally, with Cx <0 and S, <0 under As-
sumptions 2 and 3, an improved technology
does not decrease the net revenue obtain-
able from stocking a new product and does
not increase the added fixed costs associ-
ated with extending the product line, and so
higher technology and greater variety are
mutually reinforcing consequences of an ex-
panded expected market share.

One thus sees the makings of a broad
pattern, whereby higher expected market
share results in greater variety and better
technology, with each effect reinforcing the
other. Note moreover that under Lemma 1
prices will not increase, since better tech-
nology is conducive to lower prices. Using
the mathematics of complementarities, we
show now that this intuition has a rigorous
and general representation.

C. Comparative Statics
To begin, we must be clear as to the sets

from which K and V are selected. We as-
sume only the following:
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ASSUMPTION 5: K €K and V €V, where
K and V are compact subsets of R, and
where minV > 0.

Thus, K and V may be drawn from finite or
infinite sets. The former is especially com-
pelling, if V' corresponds to the number of
products offered and K indexes the particu-
lar model of a bar-code-reading cash regis-
ter purchased, for example. Finally, it is
convenient to avoid the V' = 0 case; one may
think of V> 0 as a precondition for mean-
ingful entry.

The formal results given in Milgrom and
Roberts (1990) may be invoked to obtain
the following theorem:

THEOREM 1: Under Assumptions 1-5, the
maximizer set,

S(E) =argmax{(II(K,V,E)|K €K,V € V}

is nonempty and contains its component-wise
greatest and least elements, (K*(E), V*(E))
and (K ,(E),V,(E)), respectively; further-
more, both of these elements are nondecreas-
ing in E.

It should be emphasized that no concavity
assumptions are made on the function II; a
consequence is that multiple maximizers
may exist. The theorem above handles this
case and indicates that the bounds on the
set of maximizers are nondecreasing. In this
sense, the whole set of maximizers is nonde-
creasing in expected market share. We thus
may adopt the convention of focusing on
the maximal solution, (K*(E), V*(E)).

Our last step is to combine Theorem 1
and Lemma 1 in order to determine the
relation between the firm’s optimal price
choice and its expected market share. Let
us define the firm’s monopoly price, P*(E),
by

(5) P*(E) = P(K*(E)).
We now have the following corollary:
COROLLARY 1: Under Assumptions 1-5,

K*(E) and V*(E) are nondecreasing in E,
while P*(E) is nonincreasing in E.

JUNE 1994

On the basis of this corollary, we may con-
clude that greater expected market share
generates (weakly) better technology, higher
variety, and lower prices.

D. Coordination Economies

We say that coordination economies exist
if a firm that expects higher market share
earns greater expected profits and offers
better deals to consumers. We refer to the
first half of this definition as the better-profit
property, and we term the second portion
the better-deal property.

To investigate the better-profit property,
we first define maximized expected profits:

(6) T*(E)=TI(K*(E),V*(E),E).

The better-profit property may now be
stated.

LEMMA 3: Under Assumptions 1-5, I1*(E)
is continuous and increasing in E.

Thus, IT*(E) is indeed increasing in ex-
pected market share, and this follows be-
cause P*(E) exceeds marginal cost; conti-
nuity is a consequence of the maximum
theorem.

The better-deal property requires a speci-
fication of consumer preferences. We as-
sume only the following:

ASSUMPTION 6: Each consumer possesses
a welfare function, W(P,V): R, XR, - R,
where W(P,0)=0 and where W(P,V) is
increasing in V and decreasing in P.

Consumer welfare at a maximizing firm is
thus defined by

(1) W*(E)=W(P*(E),V*(E)).

An immediate consequence of Assumption
6 and Corollary 1 is our better-deal prop-
erty:

COROLLARY 2: Under Assumptions 1-6,
W*(E) is nondecreasing in E.

Thus, coordination economies exist, since a
firm that expects higher market share earns
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greater expected profits (Lemma 3) and of-
fers better deals (Corollary 2).

Coordination economies may be expected
to be even more pronounced under a weak-
ening of some of our assumptions. As ar-
gued below, declining marginal selling costs
would act to reinforce the better-deal prop-
erty. Also, we ignore any interaction in costs
across products, even though such effects
might only strengthen our argument. As
William J. Baumol et al. (1982 Ch. 4) show,
when a “public input” contributes to the
output of all goods produced by a multi-
product firm, the cost function exhibits cost
complementarities in that the marginal cost
of any one good is nonincreasing in the
output of other goods. Sales personnel as
well as the physical selling area would ap-
pear to serve as public inputs in the retail-
firm context. Cross-product cost interactions
thus provide an additional channel through
which expanded market share might induce
cost reductions and, therefore, price reduc-
tions.®

E. Advertising and Coordination:
A General Perspective

We now illustrate a general role for ad-
vertising when coordination economies ex-
ist. Let 4 be an advertising expenditure,
with profits now given by IT — A, and allow
that the expected market share depends on
A. We have the following corollary:

COROLLARY 3: Under Assumptions 1-6,
if in addition E(A) is nondecreasing in A,
then P*(E(A)) is nonincreasing in A, and
K*(E(A)), V*(E(A)), and W*(E(A)) are
all nondecreasing in A.

8Inventory considerations represent another source
of coordination benefits. In particular, a firm that ex-
pects greater market share is subject to less demand
variability (assuming that individual consumer demands
are random but not perfectly correlated), and this in
turn may enable it to reduce costs by turning inventory
over more quickly and by reducing the frequency of
idleness for sales clerks. Walter Oi (1992) provides an
excellent overview of these and other points. We thank
Tim Bresnahan for this reference.
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Intuitively, if high advertising increases ex-
pected market share, then the presence of
coordination economies ensures that a
high-advertising firm offers better deals. It
follows that, when consumers respond posi-
tively to advertising, a firm that advertises
heavily behaves in a manner that justifies
the consumers’ original responsiveness to
advertising. In this general sense, con-
sumers’ responsiveness to advertising is en-
tirely rational.

While we have focused on a model with a
single firm, the insights are more general.
For example, the relation of E to a firm’s
advertising activity may depend in part on
the advertising behavior of rival firms. Still,
as long as E is nondecreasing in the given
firm’s advertising level, the firm is led to
offer better deals as it advertises more.’
Similarly, the results in Corollary 3 are con-
sistent with a model in which consumers
each receive only noisy signals as to the
advertising expenditure of a given firm.

The general model does have some limi-
tations, however. In particular, the level of
advertising is not endogenized, and conse-
quently the effects of advertising on the
entry of firms and on welfare are not treated.
These important extensions are handled in
the next section, where we apply the gen-
eral framework presented above to a partic-
ular, fully specified equilibrium model of
advertising.

II. An Equilibrium Model of Advertising
and Search

A. The Model

We now construct a specific equilibrium
model of retail advertising. Assume the ex-
istence of a large number of identical firms

°Note also that this conclusion requires only that
advertising increase a firm’s mean market share. Thus,
the conclusion is compatible with the notion that ad-
vertising redistributes a fixed market size among firms,
in which case M, and M, would be independent of A,
and it is also compatible with the idea that advertising
expands the market customer base, with M, or M,
increasing in A.
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that conform to the assumptions made
above. Market interaction between con-
sumers and firms is represented by the fol-
lowing extensive-form game:

Stage 1: The firms simultaneously decide
whether to enter the market or stay out.
Entering firms’ payoffs are II — A. Firms
that stay out can make no further choices
and earn zero profits.

Stage 2: Firms that have entered observe
the total number of entrants and then
make simultaneous choices of Z and A,
where Z =(P,K,V).

Stage 3: Each consumer visits one of the
firms that have entered and makes any
desired purchases given the Z that has
been chosen by the visited firm.

Notice that we have not yet specified the
information that each consumer has when
picking a firm to visit; we develop these
assumptions below. Observe also that a con-
sumer is assumed to visit only one firm. This
assumption greatly simplifies the analysis of
equilibria, as it ensures that a firm expecting
E buyers simply chooses the corresponding
m011100poly price, technology, and variety lev-
els.

We assume that consumers cannot ob-
serve any part of Z prior to making their
visitation decision; thus, price and variety
information cannot be directly communi-
cated in this market. Proportion I (0, 1) of
the consumers do gain some information
from advertising expenditures, however, in
that they can observe the rank-ordering of
firms in terms of advertising levels. Con-
sumers possessing this ordinal information
are called informed. The remaining propor-

1%We show in our 1992 paper that our main insights
are robust to the possibility of sequential search by
buyers (see in addition footnote 16). It also should be
noted that the results presented in this section are all
maintained without alteration for an alternative
extensive-form game, in which firms first choose their
respective technologies, varieties, and advertising lev-
els, and then, after observing the rank-order of all
firms’ advertising levels, choose their respective prices.
This is because the optimal price is a direct function
only of the technology choice.
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tion U =1— I of consumers observe nothing
about advertising and are called unin-
formed 1!

Finally, recalling that the total consumer
population has unit mass, we make the as-
sumption that entry is potentially attractive:

ASSUMPTION 7: I1*(1) > 0.

That is, if a firm expects to sell to all con-
sumers and sets Z optimally, then it
makes positive profit. Since S(K,V)> 0 im-
plies that II*(0) <0, we have from the
better-profit property (Lemma 3) that
a unique E €(0,1) exists such that

(8) *(E) =0.

We maintain Assumptions 1-7 in what fol-
lows.

B. Search Rules and Equilibria

We adopt subgame-perfect equilibrium as
our basic solution concept, although in this
setting it places very few restrictions on the
set of possible outcomes. Since consumers
cannot observe Z, the only subgames of the
model consist of stages 2 and 3 following
each stage-1 entry profile, and thus sub-
game perfection requires only that Nash
equilibria arise following stage 1. Any entry
or advertising behavior that is off the equi-
librium path can be punished by the threat
by consumers who have observed the devia-
tion to stay away from the deviating firm. A
great variety of equilibrium entry and adver-
tising profiles become possible based on such
threats. Moreover, requiring consumer be-
havior to be sequentially rational changes
nothing, since the threat to stay away from a
deviant firm is utility-maximizing if con-
sumers believe that the firm offers a very
bad deal (e.g., P =).

"0our modeling approach in this section relates
closely to that of Varian (1980). A key difference is that
here the informed consumers observe only advertising
information, rather than price information as in Var-
ian’s model.
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In this paper we handle the multiplicity
problem by specifying that each consumer’s
search behavior conforms to a simple rule of
thumb that maps observed entry and adver-
tising information to visitation decisions.
The rule of thumb will serve to restrict
consumer responses to off-equilibrium-path
behavior. At the same time, on the equilib-
rium path the rule is required to maximize
the consumer’s utility among the set of all
possible visitation rules. In essence, we
model consumers as following simple rules
that are nevertheless rational, in the sense
that a consumer never has an incentive to
depart from his rule.

Two kinds of rules of thumb are consid-
ered. First, the random-search rule specifies
that a consumer randomly chooses which
firm to visit, placing equal probability weight
on each firm that has entered the market.
The uninformed consumers will always be
assumed to follow the random-search rule.
Second, the advertising-search rule specifies
that informed consumers visit the firm that
has chosen the greatest level of advertising
expenditure. If two or more firms are tied
for the greatest level, then the informed
consumers choose randomly from among
them, placing equal probability weight on
each of the advertising leaders.

Given the two allowable search rules, two
kinds of equilibria may emerge. In a ran-
dom equilibrium, all consumers use the
random-search rule, and thus the informed
consumers ignore their advertising informa-
tion. In an aduvertising equilibrium, the in-
formed consumers use the advertising-
search rule. Finally, in addition to the re-
strictions on consumer search rules, we
require that firms make only nonrandom
entry decisions in stage 1.!?

Letting Z*(E)=(P*(E), K*(E),V*(E))
denote the optimal price, technology, and
variety choices for a firm with expected
market share E, we may characterize ran-

2The restriction to pure entry strategies is for sim-
plicity only. It is straightforward to introduce mixed
entry strategies for a population of N firms, and our
basic results continue to hold for symmetric mixed
random and advertising equilibria.
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dom equilibria as follows:

PROPOSITION 1: A random equilibrium
arises if and only if in any subgame in which
N firms have entered, each entering firm
chooses

9) Z=Z*(1/N) A=0

and the equilibrium number of entering firms
NR satisfies

(10) 1/NR>E>1/(N®+1).

Sufficiency follows from the fact that,
given the random-search rule, entering
firms’ best responses are symmetric, and
thus the random-search rule is a best re-
sponse for each consumer. Further, because
advertising deviations do not affect the
search behavior of the informed consumers,
the entering firms necessarily choose zero
advertising in each subgame.

We turn now to advertising equilibria.
We will restrict attention to advertising
equilibria in which entering firms’ strategies
are symmetric within each subgame, which
are called symmetric advertising equilibria.
Further, it will be necessary to allow for
mixed strategies in the choices of Z and A,
as nonexistence of pure-strategy advertising
equilibria of this model, either symmetric or
asymmetric, follows from standard argu-
ments (Varian, 1980). When firms play
mixed advertising strategies, the market
share of an entering firm becomes a random
variable, since the firm becomes uncertain
as to whether or not it will capture the
informed consumers.!?

To characterize the set of symmetric ad-
vertising equilibria, we begin by fixing a
subgame in which N >2 firms have en-
tered. Let F(A) give the distribution of
each firm’s advertising expenditures in the

Byt is straightforward, however, to reinterpret our
mixed-strategy equilibria as pure-strategy equilibria of
a plausible incomplete-information game (i.e., our
mixed-strategy equilibria can be readily purified). This
is demonstrated in Bagwell and Ramey (1992).
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subgame. Given the restrictions on con-
sumer search rules, the distribution F satis-
fies familiar properties that are summarized
in the next lemma.

LEMMA 4: F is continuous and supp F =
[0,I1*(/+U/N)-TI*(U/N)].

Lemma 4 indicates that the advertising
distributions have no atoms and no gaps in
their supports. In particular, firms do not
play pure strategies in any subgames with
N > 2. Further, the support ranges from
zero to the level that just exhausts the net
gains from capturing the informed con-
sumers with probability 1, as opposed to
probability 0.4

It follows that, when an entering firm
chooses 4 and N >2 firms have entered,
its probability of capturing the informed
consumers is F(A)V™! thus, E(A) =
[F(A)N-'I+U/N in this context. In or-
der to play a best response, the firm there-
fore must choose

(1) z=z*([F(4)""|1+U/N)

in conjunction with 4. As profits must be
constant along the support of F, it must be
that when N firms have entered, F is deter-
mined by

(12) m*([F()""|1+U/N)- 4

=II*(U/N).

Since the better-profit property (Lemma 3)
states that IT* is increasing in E, it follows
at once that (12) gives a properly defined
distribution function. Intuitively, F(A) is

“The arguments in the proof of Lemma 4 are very
similar to those used to characterize equilibria in the
price-dispersion and auction literatures. In the present
case, however, restricting off-equilibrium-path con-
sumer responses is crucial to the result, since otherwise
there are a great many other symmetric equilibria,
including pure-strategy equilibria, that in principle can
be supported by the informed consumers’ threat to stay
away from firms that deviate from their place in the
advertising rank-order.
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defined so that, along the support of possi-
ble advertising levels, the cost of a higher
advertising expenditure is just balanced
against the benefit of a greater chance of
capturing the informed consumers. Finally,
for subgames in which N =1, it is clear that
a single entering firm chooses Z = Z*(1)
and A =0, and all consumers visit it.

Next consider the consumer search rules.
Since all entering firms use the same strat-
egy in any subgame, it follows that the
random-search rule is optimal for the unin-
formed consumers. Further, when A > A
we have F(A)N~1> F(A)V~1 and so the
better-deal property (Corollary 2) gives

w*([F(a)" ' 1+u/N)

2W*([F(a)" |1+ U/N).

In other words, firms that advertise more
heavily will offer better deals, as a conse-
quence of their greater expected market
share. This in turn ensures that the
advertising-search rule is optimal for the
informed consumers.”

Finally, the number of entering firms, de-
noted by N4, is determined by the zero-
profit condition. Since expected profit is
constant along the support of the possible
advertising levels, we may focus on the case
in which a firm selects zero advertising and
is sure to capture only the uninformed con-
sumers. Thus, the zero-profit condition may
be expressed as

(13)

The final inequality in (13) will surely hold
for a sufficiently large number of firms. The
first inequality might fail for all N4 > 2,
however, in which case we put N4 =1. This

U/NA>E>U/(N*+1).

BAs is easily verified, if K and V are intervals and
Cok <0, then firms with higher expected market share
offer strictly better deals, and so utility maximization
implies that the informed consumers must concentrate
search among firms with the highest advertising levels.
In Bagwell and Ramey (1992), we show that Cop <0
also suffices for a strict better deal in this model.
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completes the proof of the following propo-
sition.

PROPOSITION 2: A symmetric advertising
equilibrium exists if and only if the following
conditions hold:

(a) if N >2, then (12) gives the mixed ad-
vertising strategy, and (11) gives the Z
choice that accompanies the advertising
level A;

(b) if N=1, then Z=Z*(1) and A= 0; and

(c) the equilibrium number of entering firms
is given by N* as defined in (13).

This proposition gives an equilibrium
demonstration of our earlier finding that
consumers’ sensitivity to ostensibly uninfor-
mative advertising may be based on the
entirely rational inference that higher ad-
vertising indicates a better deal. Moreover,
consumer reliance on simple and easily im-
plemented rules of thumb can emerge from
an equilibrium in which the rules are pre-
ferred over any other possible search pro-
cedures.’® Note finally that the symmetric
advertising equilibrium gives rise to hetero-
geneity in market structure: firms with large
scale, high variety, low prices, and high ad-
vertising coexist with firms that have small
scale, low variety, high prices, and low ad-
vertising.!”

15As we show in Bagwell and Ramey (1992), this
conclusion also holds when consumers are allowed to
search sequentially at a constant cost per search, in
which case an optimal rule for informed consumers is
first to search a highest-advertising firm, and then,
should additional searches be desired, always to search
from among those unvisited firms whose advertising
levels are highest. A novel feature of the sequential-
search model is that low-advertising firms are driven to
“compete,” offering greater consumer welfare than
would a monopolist facing the same expected market
share; this is because uninformed consumers otherwise
would choose to search again, hoping thereby to find a
high-advertising, good-deal firm. This additional con-
straint on firms’ choices results in lower profits, and so
fewer firms enter; thus, concentration is higher when
sequential search is possible.

7Persistent differences between firms may be dif-
ficult to explain if our mixed-strategy advertising equi-
libria are repeated period-by-period; however, our
equilibria may be purified (see footnote 13) by suppos-
ing that firms’ advertising costs vary and that advertis-
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C. Market Structure, Welfare, and
Information Externalities

It is straightforward to compare symmet-
ric advertising and random equilibria from
the standpoints of equilibrium market share
and social surplus. Note first that N® > NA
(i.e., the symmetric advertising equilibrium
is associated with a more concentrated mar-
ket structure). This result, which follows at
once from the free-entry conditions (10) and
(13), is easily understood. In the random
equilibrium, a firm garners its proportionate
share 1/NR® of the total consumer popula-
tion. In the symmetric advertising equilib-
rium, in contrast, a zero-advertising firm
can draw only from the uninformed con-
sumer population, and hence its market
share is U/N*. Since U<1 and the firm
must earn zero profit in either case, N® >
N# is required. More generally, rivalry for
the informed consumers in the symmetric
advertising equilibrium serves to dissipate
the profits available from capturing them.
Thus, there is less profit remaining for any
given number of firms, and so fewer firms
enter.

Although the symmetric advertising equi-
librium encourages greater industry concen-
tration, the social surplus that it generates
is at least as high as that found in a random
equilibrium. This is clear if N4 =1, since
consumers obtain the best possible deal
when all purchases are concentrated at a
single firm, given that coordination
economies are present. Suppose then that
N# > 2. Note first that from (10) and (13)
we have 1/NR=U/NA. Tt follows that
Z*(1/N®)= Z*(U/N*), and so the
better-deal property (Corollary 2) gives

(14) w*(Q/N®)=Ww*(U/N*)

< wa*([F(A)NA 11+ U/N*) dF(A)
0

ing costs are private information. Persistent differences
can then be associated with differences in advertising
costs.
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where F is the advertising distribution when
N# firms enter.!® The first term in (14)
gives consumer utility in the random equi-
librium, which is (approximately) equal to
the utility offered in the symmetric advertis-
ing equilibrium by a firm that chooses zero
advertising. The latter event occurs with
probability zero, however, and a consumer
will almost surely visit a firm that chooses
positive advertising and offers a better deal.
The final term in (14) gives the expected
utility of an uninformed consumer in the
symmetric advertising equilibrium. In-
formed consumers fare even better, since
they are able to locate the best deal from
among N* firms. Since the firms earn (ap-
proximately) zero profits in either equilib-
rium, it follows that social surplus will be no
lower in the symmetric advertising equilib-
rium.’® We summarize these points in the
following proposition.

PROPOSITION 3: (a) N® > NA (i.e., con-
centration is at least as high in the symmetric
advertising equilibrium as in the random equi-
librium). (b) Social surplus is at least as high
in the symmetric advertising equilibrium as in
the random equilibrium.

The key idea is that the informed con-
sumers’ sensitivity to advertising and the
ensuing advertising rivalry among firms op-
erate to improve coordination in the mar-
ket, both by concentrating purchases at ex-
isting firms and by reducing the number of
firms. Further, a positive externality arises
to the extent that the coordination
economies brought forth by the informed
consumers are beneficial to the uninformed
consumers as well.

These results square nicely with the em-
pirical findings of Benham (1972), Cady
(1976), and Luksetich and Lofgreen (1976).
As discussed in the Introduction, these au-
thors examined the effects of legal restric-

®Integrability of W* in (14) follows from the
monotonicity of W*((F(A)N~"'I+U/N)in A.
Social surplus is strictly higher in smoother ver-
sions of the model; see footnote 15.
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tions on advertising activity for the retail
eyeglass, prescription drug, and liquor in-
dustries, respectively. A prominent conclu-
sion present in all of these analyses, and
particularly so in the study by Benham, is
that the ability to advertise results in lower
prices and greater concentration, even when
the advertisements are restricted to convey
little or no actual price information. Propo-
sition 3 offers an explanation for these find-
ings. In particular, we may associate the
random equilibrium with the outcome that
would occur were advertising banned, and
we may interpret the advertising equilib-
rium as a plausible outcome when only
“noninformative” advertising is legalized.
Our model then predicts that the presence
of coordination economies leads to lower
prices and greater concentration when such
advertising is permitted, just as the previous
authors found in their industry studies.

The extent of coordination economies
achievable through advertising is influenced
by the informativeness of advertising, which
is reflected here by the proportion of con-
sumers who are informed. In particular, as
the proportion I of informed consumers
rises, the number of firms does not increase,
and the social surplus does not decline.
Entering firms also advertise more heavily
when there are more informed consumers.

PROPOSITION 4: In the symmetric adver-
tising equilibrium, an increase in I leads to:

(a) entry by the same number or fewer firms;

(b) a first-order shift in the equilibrium ad-
vertising distribution toward higher ad-
vertising levels; and

(c) the same or greater social surplus.

To understand part (a), note that an in-
crease in I is tantamount to a decrease in
U. Thus, the free-entry condition (13) im-
plies that N cannot rise. Part (b) follows
from the equal-profits condition (12): Since
I increases while U/N“ remains (ap-
proximately) constant, the probability of
capturing the informed consumers at any
given A, which is F(A)™"~! must fall in
order to preserve (12). As N“ is nonin-
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creasing in I, it can only be that F(A)
declines for each A > 0. Finally, given that
entering firms offer (weakly) better deals on
average when [ increases, it is intuitive that
social surplus cannot decline; this intuition
is verified in the Appendix.

This result shows that advertising brings
about better coordination when it is more
informative. Further, consumers who switch
from uninformed to informed convey a posi-
tive externality on all other consumers. This
suggests the intriguing possibility that, from
a social welfare standpoint, consumers may
pay too little attention to advertising.

III. Declining Marginal Costs

In the preceding analysis, we have made
the simplifying assumption that marginal
costs are constant. Our results can be ex-
tended to incorporate the possibility of
declining marginal costs, however. This
possibility tends to broaden the scope for
coordination economies, since higher mar-
ket shares then lead directly to reduced
marginal costs, and this encourages firms to
choose lower prices. Further, declining
marginal selling costs are highly salient em-
pirically in retail markets, due to the preva-
lence of manufacturer quantity discounts in
these markets. Empirical studies have shown
that quantity discounts are a widespread
and significant feature of retail markets
(Charles Brown and James Medoff, 1990),
especially for the retail prescription drug
market (Cady, 1976) and retail eyeglass
market (U.S. Federal Trade Commission,
1980 p. 44).%°

20Qualntity discounts also are an important source of
cost savings for large discount retailers; for example,
Wal-Mart and Kmart each use centralized purchasing
strategies in order fully to exploit manufacturer quan-
tity discounts (see also footnote 2). Finally, manufac-
turer quantity discounts are fundamental in the retail
toy industry, with giant retailers such as Toys “$5I” Us
receiving especially attractive deals: “According to the
terms of the Robinson-Patman Act, manufacturers may
not offer the same merchandise at different prices to
different customers. Any kind of special deal—volume
discounts, advertising allowances, markdown money,
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To introduce the possibility of declining
marginal costs, we weaken Assumption 2 as
follows:

ASSUMPTION 2': For each good, there is a
twice continuously differentiable selling cost
function, C(Q,K): R, XR, - R,, satisfying

(i) Cop=<0
(ii) Co 202 Cpyi
(iii) Cx<0.

Thus, a better selling technology lowers
marginal and total selling costs, while
greater output also lowers marginal selling
costs.

The results of Section I may be verified
also to hold under the weaker Assumption
2', if a firm faces no uncertainty as to its
market share. In this case, £ = M, and the
optimal price satisfies

(15) D(P) +(P - Co(D(P)M,K))D'(P)
=0.

We continue to use Assumption 4, so that P
is uniquely defined; this is a sensible as-
sumption, provided that marginal costs do
not decline too steeply. Inspection of (15)
reveals that P is now a function of both K
and M. Further, it is direct to verify that P
is strictly decreasing in M for given K if
Cop <0. Thus, declining marginal costs
represent a new source of coordination
economies.

To allow for uncertain market shares, we
now limit attention to a family H(M|E) of
distribution functions parameterized by E,
where Ho(M|E) <0 for all M. In addition,
let the parameterization be chosen so that

E= ["“MaH(MIE).
M,

trade-in allowances, liberal payment terms—is legal
only if it is available to everyone. In reality, there is no
one price in the toy business, and no one even bothers
to pretend there is. Not all customers are equal: ‘The
bigger the pencil, the better the terms’” (Sydney
Ladensohn Stern and Ted Schoenhaus, 1990 p. 282).
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Therefore E also gives the expected value
of M under the distribution H(M|E).*

Expected net revenue per product is now
given by

R(P.K,E) = ["r(P,K,M)dH(MIE)
u,

where r(P,K,M) is defined in (1). It is
straightforward to extend Lemma 1 to the
present case: Cyx <0 ensures that P is
nonincreasing in K for given E, for any
distribution H(M|E). The remaining coor-
dination properties also hold, provided that
added restrictions are imposed:

LEMMA 5: Suppose Assumptions 1, 2’
and 4 all hold, and also Cy, > 0. If for all
E, P, and K we have

(16) Var(M|E) < EQM, - E)
(17) Var(M|E)
<E(M,-E)
+ E/{Cool D(P)M,, K1D'(P)}

then it follows that

(a) P is nonincreasing in E;

(b) (K, V,E) is supermodular in K, YV,
and E;

(c) II(K V,E)> 0.

With Lemma 5 at hand, it is a simple
matter to confirm that all of the results of
Section I continue to hold under the added
restrictions listed above. Intuitively, greater
expected market share continues to encour-
age the selection of large variety and better
technology; further, lower prices also be-
come more attractive when expected market
share rises, since expected marginal selling
costs are then reduced, as a consequence of

Ulet G(M|a) be any family of distribution func-
tions parameterized by a, with G, <0. Let E(a) be
the expected value of M under distribution G(M|a).
Since E(a) is strictly increasing in «a, we may define
the family H(M|E) by H(M|E)= G(M|E~(E)).
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better technology and declining marginal
selling costs.

The added restrictions are needed to ad-
dress the possibility that C, (D(P) ,» K)>
P (i.e., the expected-profit- max1mlzmg price
lies below marginal costs at the lowest pos-
sible market share). In this case, a slight
upward shift in the lower tail of the
market-share distribution, which would raise
E, might reduce the firm’s expected profits
by adding sales only in states of nature in
which price lies below marginal costs. Such
a shift in the distribution also could lead the
firm to raise its expected-profit-maximizing
price.?

This perverse possibility arises when the
market-share distribution places a great deal
of weight on levels of M that lie far above
Mg, so that marginal costs in low-M out-
comes do not figure prominently in ex-
pected profits. Conditions (16) and (17) re-
strict the family H(M|E) by requiring that
low-M outcomes be given sufficient weight:
E must lie close enough to M,, and the
market-share variance must be sufficiently
small.? Finally, the assumption Cgpo > 0 is
used to simplify the statement of the restric-
tions on H(M|E), and it can be substan-
tially relaxed.?* Note however that the
assumption is reasonable in the case of
manufacturer quantity discounts, given that
wholesale prices decline by smaller incre-
ments as quantity rises.

It is also important to remark that the
results of Section II are completely unal-

22Consider the parameterization D(P)=2.5(1— P),
C(Q)=0.75Q —0.25Q? for Q <1 (extendable to Q > 1
in conformity with Assumption 2’), and let M have a
two-point distribution with support {M,, M,}. It can be
shown that for M, =1, the expected-profit-maximizing
price is strictly increasing in M, and maximized ex-
pected profits are strictly decreasing in M, at M;=0.

BObserve that (16) implies (17) when CQQ is small
(17) can be thought of as an added restriction that is
needed in the case of very steeply declining marginal
costs

CQQQ > 0 may be replaced by Cy, €[ A, B] for all
Q, K, where A and B are constants satisfying A < B <
0. Then Lemma 5 holds if the term 2M; on the
right-hand side of (16) is replaced by (A4 + B)M /A
and if the Cpp D' term on the right-hand side of (17) is
replaced by AD'.
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tered under the weaker Assumption 2'; in
other words, our equilibrium advertising
model is fully robust to the possibility of
declining marginal costs, whether or not
restrictions (16) and (17) hold. This asser-
tion is proved in Bagwell and Ramey
(1992).»

IV. Conclusion

In this paper, we have developed an ex-
planation for consumers’ responsiveness to
ostensibly uninformative advertising in re-
tail markets in which coordination
economies are present. The basic idea is
simple: when consumers respond to adver-
tising, firms that advertise heavily expect
large market share and therefore offer bet-
ter deals; as a consequence, consumers are
entirely rational in responding to uninfor-
mative retail advertising. After developing
this result at a general level, we turn to a
specific equilibrium model of advertising,
finding that the ability to advertise leads to
a more concentrated market structure and
greater social welfare. These results give a
theoretical rationale for the empirical find-
ings of Benham (1972) and others that link
advertising regulations to structural features
of retail markets.

Our equilibrium advertising model, while
providing a tractable vehicle for the analysis
of entry and welfare, has a few features that

The added restrictions are not needed because
firms face two-point distributions of market shares,
having only U/N and I+U/N in their supports. In
this case, raising E by increasing I+ U/N for fixed
U/N and F(A)V, or by increasing the probability of
I+U/N for fixed support, will raise expected profits
and reduce expected-profit-maximizing prices, irre-
spective of whether (16) and (17) hold. Further, these
monotonicity properties suffice for our results in Sec-
tion II, despite the fact that increasing the lower point
in the support may have the perverse effects discussed
above and demonstrated in footnote 22. Finally, the
results of Section III are slightly altered in this case if
firms can choose their prices after observing the adver-
tising rank-order; see also footnote 10. In the present
case, the advertising leader chooses P(I +U/N), and
the losers choose P(U/N), but the key qualitative
features of the symmetric advertising equilibria are
unaltered.
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might strike some as unrealistic or difficult
to interpret: observability of the advertising
rank-order implies a ‘“winner-take-all”
property whereby the advertising leader
captures all of the informed consumers, no
matter how small its lead; market advertis-
ing levels do not affect the proportion of
informed consumers; and firms’ strategies
must be randomized. As we have empha-
sized, however, our main results do not rely
on the particular structure of our equilib-
rium model, and it is easy to conceive of
other models having different features but
the same coordinating role for advertising.

As an example, suppose that firms can
choose from among only two advertising
levels, “high advertising” and “zero adver-
tising.”?¢ Informed consumers observe ad-
vertising, and in advertising equilibria they
divide themselves only among the high-
advertising firms; high-advertising firms in
turn offer better deals since they gain both
their share of the uninformed consumers
and a portion of the informed consumers.
Despite the artificiality of assuming only
two advertising levels, this model delivers
pure-strategy advertising equilibria in which
advertising leaders split the informed con-
sumers, and in which our entry and welfare
results hold up. Further, it is simple in this
setting to allow the total consumer popula-
tion and the proportion of informed con-
sumers to rise with total advertising expen-
ditures.

More general and realistic models could
combine a continuum of advertising levels
with noisy observability by consumers of ad-
vertising rank-order. While analyzing equi-
libria in these cases might prove to be tech-
nically involved, it is important to recognize
that the general results given above would
continue to hold: as long as expected equi-
librium market share rises with advertising,
consumers have every incentive to seek out
the firm that is most likely to have adver-
tised the most, and this in turn facilitates
coordination of consumer purchases.

%We thank a referee for suggesting this model.
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We view advertising as a natural vehicle
with which to coordinate consumer pur-
chases, since so many consumers observe
major advertising efforts. Advertising is not,
however, the only means of coordinating
consumer behavior. Reputation also may be
a plausible coordinating device, in the sense
that a firm with a reputation for large vari-
ety and low prices receives a large market
share, and this response in turn makes it
desirable for the firm to sustain its reputa-
tion. Reputation formation may depend on
a dynamic process of information transfer
via consumer word-of-mouth. Presumably,
in such a dynamic setting, zero profits might
still emerge, if firms battle in the industry’s
early phase for the large-variety and low-
price reputation. Interesting future work
might explore dynamic models, in order to
assess the role of advertising expenditures
in creating and maintaining such a reputa-
tion.

APPENDIX

PROOF OF LEMMA 1:
This follows immediately after the obser-
vation that Rpx = — ¢'D'E <0.

PROOF OF LEMMA 2:
Observe that

(A1) Hgz=VRyz=—-VcD>0
(A2) Myz=Rz=[P(K)-c|D>0
(A3) Mgy =Rg—Sky

=—CcDE—g' — S8k, =0.

PROOF OF LEMMA 3:

Continuity of IT*(E) follows from the
maximum theorem, since Il is continuous
and KXV is compact. Next, pick E'> E?
and observe that

I*(E') =N(K*(E"),V*(E"),E")
>TI(K*(E?),V*(E?),E")
> TI(K*(E?),V*(E?), E?)
=II*(E?)
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where the first inequality follows from the
definition of a maximizer, while the final
inequality follows since Ilp=VRgz>0 by
(A2).

PROOF OF LEMMA 4:

Suppose first that N firms have entered
and that F is discontinuous at A4, so
that F(A~) < F(A%) = F(A). Letting
E(M|A) represent the expected market
share given A, the expected profit obtained
when a firm chooses Z and A is given by

(A4) VR(P,K,E(MIA))—-S(K,V)—A.

When the firm chooses A, in equilibrium it
must choose Z to maximize (A4); using
Assumption 4, it therefore follows that P =
P(K). Further, from Assumption 5, we know
V > 0. Combining these facts and employing
(A2), we may conclude that the firm’s ex-
pected profits are strictly increasing in
E(M|A). Thus, choosing A+ ¢ for suffi-
ciently small £ > 0 would assure the firm of
strictly greater profits than the maximized
value of (A4), and this contradicts A €
supp F.

Next, put A= minsupp F and suppose
A > 0. Since F is continuous, it follows that
a firm captures the informed consumers with
probability 0 when it chooses A= A4. But
this continues to be true when it chooses
A =0, and profits are strictly higher in the
latter case. For 4 = maxsupp F, we must
have [N*(I+U/N)— A=M*(U/N), since
by choosing A= A a firm captures the in-
formed consumers with probability 1, and
profits must be equalized over the support.
Finally, suppose there exists 4’ € (0, A) with
A &suppF, and let (x,y) be the largest
interval containing A’ such that (x,y)N
supp F =J. Since x,y<€suppF and F is
continuous, we have

/l{irlan*([F(A)N_l]I+ U/N)-A

=*([F(x)]" ' 1+ U/N)-x
=m*([F(»)]" ' 1+U/N)~y

T * N-1 _
—/lluTnyH ([F(]" ' 1+U/N)- A.
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But we have a contradiction, since F must
be constant on (x, y).

PROOF OF PROPOSITION 4(c):

Recall that N2 is a nonincreasing func-
tion of I. The expected utility of unin-
formed consumers in the symmetric adver-
tising equilibrium may be written as

(45 [""9N'w*(E)dG(E)
U/NA

where G(E) is the implied distribution of
E, given by

G(E)=Pr{(F(A)N"~)I+U/N* < E)

=Pr{F(A) <[(E-U/N*) /1] 71

1/(NA-1)

=[(E-U/N*)/1]

with the final equality following from the
fact that, for any X €[0,1], Pr{F(A4) < X} =
PlA<F {(X}=FF N(X)=X. As I
rises and U therefore falls, N* adjusts down
to keep U /N* (approximately) constant; as
a consequence, G(E) is decreasing in I, and
so the integral above cannot decrease, since
W*(E) is nondecreasing under Corollary 2.

The informed consumers purchase only
from the firm that chooses the highest ad-
vertising level and thereby anticipates the
highest E. Thus their utility may be written
as

[lre W (a6 (E)
U/NA

and an increase in I, with the correspond-
ing reduction in N4, continues to have a
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nondecreasing effect on utility since
[(E _ U/NA)/I]NA/(NA—I)
is decreasing in I.
PROOF OF LEMMA 5:
(a)_ P is nondecreasing in E if
Rpp(P, K, E) < 0, which in turn follows from
rop(P,K,M)<0 for all M. To show the

latter, rearrange the first-order condition
Ry(P,K,E)=0 to get

(A6) D+ PD’
M,
=(1/E)f Co(DX,K)D'XdH(X|E)
M,
where D and D’ are evaluated at P. Using

(A6) then gives equation (A7), below. Un-
der the assumption that Coop = 0, we have

Co(DX,K)—Cy(DM,K)
X
= ["Coo(DY, K) DdY
M
> Coo( DM,K)D(X ~ M).

Plugging this into (A7) gives

rPM(I;>K’M)
<(D'Cyo(DM,K)D /E)

x ["™(X —2M) XdH(XE).
M

(A7) rpy(P,K,M)=D+ PD' -~ Co(DM, K)D' — Cpp( DM, K)DD'M

=(D'/E) j;"’{cQ(DX, K)— Co(DM, K)— Cpo( DM, K)DM} XdH(X|E)
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(A8)

=(D/E){—(E/D')+ L

JUNE 1994

P —Cyo(DM,,K)=—(D/D')+ (1/E)f:bCQ(DX, K)XdH(X|E)— Co(DM,, K)

7 Coo(pY, K)dY] XdH(XIE)}
MS

> (D/E){ —(E/D')+ Cyp(DM,, K)f:”(x - MS)XdH(MIE)} >0

Thus, we have rp,,(P, K, M) <0 if
M,
[ (x —2M) XdH( XIE)
MS

=Var(X|E) + E2—2ME <0

which under (16) holds for all M > M.

(b) Observe first that I, > 0 holds with-
out imposing (16) or (17). Next, we have
that

II VR VR op 0
= + —>
KE KE KP(?E_

where Rgz>0 and Rgp <0 both follow
from Cgk < 0. Finally, II, ;> 0 if
Ry (P, K, E)> 0, which in turn would follow
if ry(P, K, M)> 0 for all M > M. We now
show this to be the case. Observe that
Coo < 0 implies that

ru(P,K,M) =[P —Cy(DM,K)|D
>[P - Cy(DM,, K)|D

where D and D’ are evaluated at P. Thus,
it suffices to show that P — C,(DM,, K) > 0.
To see this, observe that equation (AS8)
above holds, where the first equality uses
(A6) to substitute for P, the first inequality
uses Cogp = 0, and the second inequality is
implied by (17).

(c) Iz > 0 follows immediately from part
(b) and Assumption 5.
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