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Advertising and limit pricing
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We enrich Milgrom and Roberts’ (1982) limit-pricing model to allow an incumbent to signal
his costs with both price and advertisements. Our fundamental result is that a cost-reducing
distortion occurs, in that the incumbent behaves as if there were complete information but
his costs were lower than they are. Preentry price is therefore distorted downward, and demand-
enhancing advertising is distorted upward, as a consequence of signalling. If advertising is
a purely dissipative signal, it is not used, nor therefore distorted. Recent refinements of the
sequential equilibrium concept are featured.

1. Introduction

B When an incumbent firm has private information about the profitability of entry, a
potential entrant has reason to use the incumbent’s actions as signals of this information.
In particular, as argued by Milgrom and Roberts (1982), an incumbent’s price may be used
as a signal of his costs. Their fundamental finding is that the entrant’s effort to infer cost
information creates a downward distortion in preentry pricing.! Bain’s (1956) notion of
limit pricing was thus shown to have an equilibrium foundation.

In this article we enrich Milgrom and Roberts’ model by allowing the incumbent to
signal his costs with price and advertisements. Specifically, we consider a two-period model
in which the incumbent is privately informed as to whether his costs are high or low. In the
first period the incumbent chooses a price and a level of advertising, and these choices
determine his first-period profit. A single entrant observes the price-advertising selection
and attempts to infer the incumbent’s costs. We assume that entry can occur in the second
period only and that entry is profitable if and only if the incumbent has high costs.

In such a setting a low-cost incumbent has an incentive to separate from his high-cost
counterpart. That is, a low-cost incumbent will tend to choose price-advertising pairs that
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would be especially unattractive were the incumbent to have high costs. It then follows that
the low-cost incumbent’s choice will typically differ from the choice he would make in an
environment with complete information. The intriguing question concerns the direction of
the distortion.

Using the sequential equilibrium concept (Kreps and Wilson, 1982), we find that a
continuum of separating equilibria typically exists. This multiplicity problem arises because
the equilibrium concept does not place sufficient structure on disequilibrium beliefs. Most
notably, the entrant is allowed to believe that the high-cost incumbent might play a strictly
dominated strategy. As initially proposed by Milgrom and Roberts (1986) and Moulin
(1981), we therefore refine the equilibrium set by eliminating dominated strategies. A sur-
prising but intuitive result then emerges. Once dominated strategies are eliminated, there
can exist at most one separating equilibrium, and in this equilibrium the low-cost incumbent
acts as if there were complete information but his costs were lower. Put differently, in the
unique undominated separating equilibrium, the low-cost incumbent chooses a price-ad-
vertising pair that would maximize first-period profit if his costs were even lower and there
were no threat of entry. The fundamental distortion occurring in the undominated separating
equilibrium is therefore a cost-reducing distortion.

We next consider the possibility of pooling equilibria, in which the incumbent’s price-
advertising selection is independent of his cost type. Even after dominated strategies are
eliminated, a great number of pooling equilibria remain. When, however, we require beliefs
to be intuitive in the sense of Cho and Kreps (1987), the set of pooling equilibria is easily
characterized. Specifically, in any intuitive pooling equilibrium, the incumbent chooses the
complete-information optimal selection for some cost level no higher than that of the low-
cost incumbent. The fundamental distortion is again a cost-reducing distortion.

Thus, in both separating and pooling equilibria, the incumbent acts as if his costs were
lower and then chooses the corresponding monopoly price and advertising levels. Conse-
quently, if advertising enhances demand,’ then an upward distortion in advertising occurs;
but if advertising is a dissipative signal that does not increase demand, then the advertising
signal is not used and, therefore, is not distorted. In either case preentry price is distorted
downward. The possibility of signalling with advertisements does not destroy the incumbent’s
incentive to limit price.

Our ideas relate to a large volume of previous research. Comanor and Wilson (1967)
have argued for a correlation between advertising volume and industry profit that is consistent
with our analysis. Bain (1956) regards product differentiation as the most important entry
barrier and suggests that this barrier can be erected with an appropriate advertising campaign.
This view implicitly derives from a model of brand loyalty. Salop (1979) makes a similar
point. He assumes that the incumbent’s preentry advertising choice must be matched by
the entrant in the postentry period and shows that a high level of advertising can deter entry.
As Schmalensee (1983) argues, however, an incumbent may also choose to “underinform”
consumers of his existence to threaten credibly an aggressive response to entry.

Unlike in previous research on advertising as an entry deterrent, which has emphasized
the direct influence of preentry advertising on the postentry game, we assume that the
postentry game is independent of preentry behavior and focus on advertising as a signal of
the profitability of entry. Furthermore, our model does not establish advertising as an entry
barrier. We find that profitable entry is deterred only in pooling equilibria, where the entrant’s
uncertainty about the incumbent’s cost is not resolved. A positive level of advertising is not
fundamental to this possibility.

2 Advertising might increase demand if it provides information about the existence of the incumbent’s product
(Butters, 1977; Schmalensee, 1983; Grossman and Shapiro, 1984), if it persuades consumers to buy the product
(Dixit and Norman, 1978), if it indirectly informs consumers about the product’s quality (Nelson, 1970, 1974;
Kihlstrom and Riordan, 1984; Milgrom and Roberts, 1986), or if it indirectly informs consumers about prices
when search costs exist (Bagwell, 1987). For a survey on advertising, see Schmalensee (1986).
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Our work is also related to the product-quality literature. Nelson (1970, 1974), Kihlstrom
and Riordan (1984), and Milgrom and Roberts (1986) have argued that dissipative advertising
can signal product quality in markets without entry. The recent Milgrom and Roberts article
is particularly noteworthy, as it also features sequential equilibrium refinements in a model
with price and advertising signals. In contrast to our results, however, Milgrom and Roberts
find that dissipative advertising may occur in a refined equilibrium. The key difference
between the two models is that the level of sales in the first period can directly influence
second-period profit in the Milgrom and Roberts model but not in ours.

The remainder of the article is organized in five sections. We describe the basic model
in Section 2. In Section 3 we examine separating equilibria. Pooling equilibria are investigated
in Section 4, and concluding thoughts appear in Section 5.

2. The model

m Consider the following situation. Two firms, an incumbent and a potential entrant,
interact for two periods in a market for a homogeneous good. In the initial period the
incumbent monopolizes the market, while at the start of the second period the entrant may
choose to enter the market. If entry occurs, the firms earn duopoly profits for the second
period, while if entry does not occur, the incumbent remains a monopolist. The entrant
makes his choice without having complete knowledge about the incumbent’s production
costs, though he might be able to infer cost information by observing the incumbent’s first-
period price and advertising decisions. This process of inference might, in turn, distort the
incumbent’s incentives for choosing these variables.

Consumer behavior is summarized by a market demand function X(P, 4), where
P = 0 denotes price and 4 = 0 denotes advertising. The function X(P, A) is assumed to be
continuous. Production costs are linear in quantity, and fixed costs are zero. Although the
entrant does not directly observe the incumbent’s unit cost, he does know that it is one of
two possible levels, C* and C¥, with 0 < C* < C".? Let p € (0, 1) be the entrant’s prior
probability assessment of the event that the incumbent’s unit cost is C*.

In the first period the incumbent observes his unit cost, either C* or C*, and chooses
the first-period price and advertising levels. First-period profits are

(P, A) = (P — CHX(P, A) — A, i=L,H.

Let (P!, A%) be the unique maximizer of IT{(P, 4).

We use Il5, i = L, H, to denote the incumbent’s duopoly profits in the second period
if entry occurs, and we assume that II'(P’, 4°) > II) and that 115 > 11} > 0. Let F > 0
represent the start-up cost for the entrant, and denote by I} the entrant’s duopoly profits
when the incumbent’s unit costs are C’. Assume that the entrant would desire to enter if
the incumbent’s unit costs were high, but not if they were low: II¥ > F > I1& > 0.

While the entrant cannot observe unit cost before making his entry choice, he can
observe the incumbent’s first-period price and advertising decisions. Let p(P, A) € [0, 1] be
the entrant’s posterior belief that unit cost is high when he observes P and A.

As a formal matter, we model this situation as an extensive-form game having four
stages. First, “Nature” chooses the incumbent’s unit costs, with p being the probability that
C* is chosen. Next, the incumbent observes C' and chooses P and A; these must be non-
negative real numbers. The entrant then observes P and A, but not C’, and chooses either
to enter or not to enter. Finally, the firms earn duopoly profits in the second period, if entry
has occurred, and otherwise the incumbent receives monopoly profits.* We shall consider

* Qur general result of a cost-reducing distortion is not limited to the case of linear costs. Indeed, one can
demonstrate that our results hold if the cost of producing x units for an incumbent of type ¢ is «(t, x) with ¢, > 0.
* As in Milgrom and Roberts (1982), postentry profits are assumed to be independent of the entrant’s belief
at the time of entry. One interpretation is that the incumbent’s costs become commonly known upon entry. Cho
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only pure-strategy sequential equilibria of this game.® Let the entrant’s strategy be denoted
by R(P, A) € {0, 1}, where R = | indicates entry. The collection {(P’, A")i-;n, R(P, A),
p(P, A)} is an equilibrium if the following three conditions are satisfied.

Condition 1: optimality for incumbent. For i = L, H,

(P', A" € argmax {II{(P, A) + 8[R(P, A1} + (1 — R(P, A)IT(P', 4Y]},
(PA)

where 6 € (0, 1) is the incumbent’s discount factor.
Condition 2: optimality for entrant. For all (P, A), R(P, A) = 1 if and only if
p(P, Y + (1 — p(P, A)IIE > F.

Condition 3: Bayes’ consistency of beliefs. If (P_L, A:L) # (PY A"), then p(PL, AY) = 0 and
p(PH, A™) = 1. If (P*, 4%) = (P!, A™), then p(P~, AY) = p.

In other words, Condition 3 requires the entrant’s posterior beliefs about C’ to be obtained
from his prior beliefs by using Bayes’ rule together with the incumbent’s equilibrium strat-
egies. For a (P, A) pair that the incumbent does not choose under either cost level, Bayes’
rule cannot be used, and thus p(P, 4) may take any value; it is here that arbitrary off-
equilibrium-path beliefs are allowed.

3. Separating equilibria

m If(P%, A%) # (PY, A™), then observing price and advertising allows the entrant to become
fully informed of the incumbent’s unit cost before making his entry decision; this is called
a separating equilibrium. In this section we begin with a characterization of the set of
separating equilibria. A large class of possible price and advertising levels can arise in sep-
arating equilibria; the incumbent’s incentives might be distorted in any direction. We show
that a unique separating equilibrium emerges when dominated strategies are eliminated.

In any separating equilibrium the incumbent will make his optimal one-period mo-
nopoly choice (P¥, 4™ if C' = C*, since any (P¥, A™) # (P", A") would yield

AP, A" + 118 < TTH(PH, A"y + S[R(PY, AHIIE + (1 — R(PH, A")IIH(PH, 4M)),

which violates Condition 1. Let us exploit the arbitrariness of off-equilibrium-path beliefs
by setting p(P, A) = 1 for all (P, A) # (P*, A*), which means that the entrant always enters
unless he observes the equilibrium choices of the low-cost incumbent. In this case we can
be sure that Condition 1 is satisfied for i = H as long as

APL, 48 < (1 — SIIHPH, AY) + 811§ = 117, (1)

Thus, (PL, AY) must give the incumbent sufficiently low first-period profits under C* = C#
to discourage him from choosing it and deterring entry. Figure 1 depicts a possible shape
for the isoprofit curve II”(P, A) = I1”, so that the shaded region H then gives the set of
possible (P*, A%) that satisfy (1).

Moreover, if the incumbent does not prefer (PX, A*) under C' = C*, then his optimal
choice, given the beliefs we have specified, will clearly be (PX, A%). This means that Condi-
tion 1 will be satisfied for i = L if

(1987) and Bagwell and Ramey (1987) have relaxed the complete-information assumption to study the preentry
distortion associated with the incentive to manipulate the postentry game. The latter paper builds on the present
work and finds that a postentry price (quantity) game causes a cost-increasing (decreasing) distortion in preentry
variables.

3 Although the sequential equilibrium concept is formally defined for games with finitely many actions, the
definition of equilibrium we offer is the obvious extension of this concept to our game. See Kreps and Wilson
(1982) and Kreps and Ramey (1987) for further discussion.
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FIGURE 1
PRICE—ADVERTISING PAIRS THAT C" WOULD NEVER CHOOSE
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The set of (P*, A") satisfying (2) is depicted as the shaded region L in Figure 2. As long as
(P*, A*) € HN L, it is certain that Condition 1 is satisfied under our specification of beliefs.
Further, if either (P, A%) & H or (P, A¥) & L, then Condition 1 will be violated for either
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i = Hor i = L, respectively, for any specification of beliefs, and (P*, 4%) cannot then yield
a separating equilibrium. This completes the proof of the following theorem.

Theorem 1. The set of price-advertising strategies that support separating equilibria is
{(Pjy A.f)i=L.HI(PL: A‘L) E H m L, (‘PH-» AH) . (PHs AH)}-

The set H M L may be extremely large or it may be empty. When nonempty, it generally
includes (P, 4) such that A > 0, even if advertising is a purely dissipative activity. Further,
the set often has (P, 4) with P> P*: limit pricing is not necessary for a separating equilibrium.
In Theorem 3 we present a sufficient condition for H N L # (. But first we examine the
“plausibility” of the various separating equilibria.

It is, of course, the arbitrariness of off-equilibrium-path beliefs that gives rise to so
many separating equilibria. The low-cost incumbent can be induced to choose any (P%, A%)
in H N L by the threat of certain entry following a deviation, which is based on very
optimistic off-equilibrium-path beliefs by the entrant. We now argue that such beliefs rep-
resent excessively unsophisticated behavior on the part of the entrant. If the entrant’s in-
ferences are required to be somewhat more sophisticated, there will exist only one separating
equilibrium, and a cost-reducing distortion occurs in it.

In particular, the entrant should take some account of the incumbent’s actual incentives
to price and advertise when the entrant draws inferences, even if the observed (P, 4) could
not have arisen under the equilibrium strategies. At the very least, the entrant should not
believe that the incumbent has played a strategy he could never have had an incentive to
play. This means that the entrant excludes all possibility that the incumbent plays strictly
dominated strategies. We shall proceed by refining the set of separating equilibria by
eliminating dominated strategies, as proposed by Moulin (1981) and Milgrom and
Roberts (1986).

To this end, the pair (P, 4) will be called dominated for C* if

I(P, A) + SIIY(P’, A) < (P, A") + o105,

Thus, (P, A) is dominated for C' if it yields less profit under the best entry conditions than
does the one-period monopoly optimum under the worst conditions. An equilibrium will
be called undominated if p(P, A) = 0 whenever (P, A) is dominated for C¥ but not for C*,

Observe that H N L is the set of equilibrium (P, A) that are weakly dominated for C*
and not dominated for CX. Thus, any (P, A) € H with II"(P, 4) < I1¥ is dominated for
C*, but as long as (P, A) € L, it is not dominated for C*. Reasonable beliefs for the entrant
then entail p(P, 4) = 0 at all points of H N L for which II”(P, 4) < I1¥”. If Condition 1 is
satisfied for i = L, it follows that (P, 4*) must maximize the low-cost incumbent’s preentry
profit on H, since he may obtain the most favorable entry conditions for points arbitrarily
close to the maximizer. It then follows that (P%, 4%) = (P%, 4") in the undominated separating
equilibrium when (P%, AY) € H. The more interesting case has (P, AY) &€ H.

To find (P%, AY) when (PE, AY) & H, it is helpful to extend the definition of the profit
function to arbitrary cost levels. Thus, for any real number C,

H(P, A|C)y = (P— C)X(P, 4)— A.

Let ¢(C) = (P(C), A(C)) give the price and advertising levels that uniquely maximize
II(P, A|C) for every C. As we vary cost, y(C) gives the complete-information, monopoly
price-advertising selections. We assume that Y(C) is continuous.® Although our proofs do

® Continuity of Y(C) is plausible under the assumption that X(P, A4) is bounded. If lim X(P, A) = + o0, then
P=0

the revenue-maximizing price will be optimal for C = 0, while P = 0 would be optimal for C < 0; this may create
a discontinuity at C = 0. Continuity of (C) is only important in establishing the existence of C° (see below). The
assumptions needed for the theorems are, thus, somewhat weaker than those given in the text.
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FIGURE 3
COMPLETE—INFORMATION PRICE—-ADVERTISING SELECTIONS
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not require Y(C) to be monotonic, the natural assumption is that P(C) is strictly increasing
and A(C) is strictly decreasing when advertising is positively related to demand.” Of course,
if advertising is a purely dissipative signal having no effect on demand, then A(C) = 0. Note
that ¥(C) intersects the P = 0 axis for some cost level C < 0, as shown in Figure 3.

With this structure established, we prove in the Appendix that the element of H that
maximizes IT%(P, A) is the point of intersection of Y(C) and I1¥, shown as (P(C?), A(C?))
in Figure 4. In other words, in the unique undominated separating equilibrium the
low-cost incumbent acts as if he were maximizing single-period profit and his costs were
sl g Al

Theorem 2. If (P, A") & H, then there exists at most one undominated separating equilib-
rium, and in it (P%, AY) = (P(C?), A(C?)) for some C° < C~.

The distortion associated with efficient signalling is therefore fundamentally a cost-reducing
distortion. This leads, in turn, to a downward distortion in preentry pricing and an upward
distortion in preentry, demand-enhancing advertising. If advertising is a purely dissipative
activity, in which case Y(C) is horizontal at A(C) = 0, then the low-cost incumbent does
not employ, nor therefore distort, the advertising signal. In general, the net effect of signalling
is that demand is increased relative to complete information.

We now provide a sufficient condition for the existence of an undominated separating
equilibrium.

Theorem 3. If IIX(PE, AY) — 115 = MH(PH, A"y — 11Z, then an undominated separating
equilibrium exists.

The proof of this theorem is also in the Appendix. Intuitively, the condition of the theorem
is that the low-cost incumbent has more to gain from entry deterrence than does the high-

"1t is easy to see that a reduction in C has a direct effect that tends to reduce A(C) and to raise A(C), since
increases in demand are more profitable when the markup is higher. But the cross effects of advertising on the
profitability of price increases and vice versa could counteract the direct effect, thereby possibly leading cost reductions
to have net effects on A(C) and A(C) that are in the same direction. By assuming that the cross effects are of
sufficiently small magnitude, we can be sure that P(C) strictly increases and that demand-enhancing A(C) strictly
decreases in C when P(C), A(C) > 0, at least for C < C¥.
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FIGURE 4
THE UNIQUE UNDOMINATED SEPARATING EQUILIBRIUM
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cost incumbent, which is to say that the low-cost incumbent is willing to incur a larger
sacrifice to deter entry than is his high-cost counterpart. Since signalling entails a financial
sacrifice, the condition is sufficient for the existence of the equilibrium.

4. Pooling equilibria

m Thus far we have considered equilibria in which the entrant becomes fully informed,
but there can also exist equilibria in which the entrant learns nothing at all from observing
price and advertising. These pooling equilibria are characterized by (P, AY) = (P", A™). It
is immediate, though, that pooling equilibria cannot exist when entry would be favorable
under the entrant’s prior beliefs. For suppose we have

plIE + (1 — p)lIE > F. (3)

Then R(P%, A%)is 1 in a pooling equilibrium, and for any specification of off-equilibrium-
path beliefs, the incumbent could always do better under at least one cost level by deviating
to his one-period optimum. Under (3), then, the entrant will always gain information in
equilibrium.

When (3) does not hold, however, many price-advertising pairs can arise in pooling equi-
libria, even after the elimination of dominated strategies. Yet, the beliefs supporting these
equilibria need not be “reasonable.” To illustrate these points, we consider momentarily
the special case in which advertising is purely dissipative and 4' = 0, for i = H, L. Define
PH to be the price below P solving IT1%(P, 0) = I1”. To make the example interesting,
assume that (P%, 0) € H and (P, 0) € L.® Choose A° to satisfy

0 < A° < IXPE, 0) — IX(PH, 0). (4)

It then follows that (P%, 4°) is a common incumbent strategy in an undominated pooling
equilibrium. First, Condition 2 will be satisfied if R(P*, 4°) = 0. For all (P, 4) such that

8 [I4PL, 0) — IT§ = IA(PH, 0) — 114 is sufficient for (P, 0) € L.




BAGWELL AND RAMEY / 67

4P, 4) < 11", we may set p(P, A) = 0 in an undominated equilibrium, and p(P, A) =
may be specified for all the remaining (P, A) # (PL, A%).

Second, the incumbent with low costs prefers (P, 0) with no entry to (P%, 0) followed
by entry, since we have assumed that (P”, 0) € L. Thus, by (4) he will certainly prefer
(P, 4% to (PE, 0). In other words, (P, A°) is in region L, and Condition 1 will be satisfied
for i = L. Assuming that demand is negatively related to price, it is easy to establish that
the isoprofit curve IT4(P, A) = II*(P", 0) lies strictly below 117 for all P > P, as shown in
Figure 5. This guarantees that (P*, 4% is not in H, and under high costs the incumbent will
prefer (P, A°) with no entry to his next best choice, which is (P", 0) followed by entry.
Thus, Condition | is satisfied for i = H. We have an undominated pooling equilibrium with
positive dissipative advertising.

The equilibrium derived above does not require the entrant to believe that the incumbent
takes action that could never possibly be in his interest. Still, the entrant is not very so-
phisticated in taking account of the incumbent’s incentives. Suppose that the entrant an-
ticipates an equilibrium in which the incumbent will choose (P%, 4°) under either cost level,
but then unexpectedly observes the values (P, 4) shown in Figure 5. What should the entrant
then believe? With high costs the incumbent would have preferred the equilibrium choice
(PE, 4°) followed by no entry to (P, A), no matter what entry decision the latter elicited.
This fact could easily be deduced by the entrant, so that it does not seem reasonable for
him to entertain the possibility that the high-cost incumbent had deviated to (P, 4). Thus,
p(P A) = () gives the appropriate inference. But in this case the incumbent would prefer
(P A) under low costs, and the equilibrium would collapse.

To eliminate equilibria based on unreasonable beliefs of this sort, we must further
refine the equilibrium concept. Returning now to the general model of advertising, we
follow Cho and Kreps (1987) and call a set of equilibrium beliefs unintuitive if there exists
(P, A) # (P*, AY), (P", A™) such that

AP, A) + sIIH(PH, A4%)
< ITH(PH, 4™) + §[R(PH, A1 + (1 — R(PY, AM)H(PH, 4] (5)

4P, A) + sTIH(PE, AY)
> IHPE, AY) + S[R(PE, ADITS + (1 — R(P*, AY)IIH(PE, AY)]. (6)

FIGURE 5
AN UNINTUITIVE POOLING EQUILIBRIUM WHEN ADVERTISING IS DISSIPATIVE
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The right-hand sides of (5) and (6) give the equilibrium profits of the incumbent under high
and low costs, respectively. By (5) the high-cost incumbent prefers his equilibrium choice
to (P, A), even if the latter leads to the most favorable entry situation. Inequality (6) indicates
that the low-cost incumbent would prefer (P, 4) to the equilibrium, as long as choosing
(P, A) convinced the entrant that the incumbent’s true cost level was low. Thus, the equi-
librium could be supported only by an “unintuitive’ inference of p(P, A) > 0. We call an
equilibrium intuitive if it can be supported by beliefs that are not unintuitive.

In the case of a pooling equilibrium, we know that R(P%, A") = 0, so that equilibrium
beliefs fail to be intuitive if there exists (P, A) # (PX, AY) = (PY, 4") such that I*(P, A)
< I1H(PH, 49y and TP, A) > IIX(P*, A%). We now have the following theorem.

Theorem 4. In any intuitive pooling equilibria with strategies (P, A), (P, A) = Y(C) for some
Ce[ce, CH.

This theorem, which we prove in the Appendix, establishes that a cost-reducing distortion
also occurs in intuitive pooling equilibria. Thus, whether or not the equilibrium is infor-
mative, efficient signalling entails a downward distortion in preentry prices, an upward
distortion in preentry demand-enhancing advertising, and no distortion of a dissipative
advertising signal.

We next provide a sufficient condition for the existence of intuitive pooling equilibria.

Theorem 5. Suppose that NYPL, AYH — IIs = IHPH, 4") — 4. Then for every
C € [C?, C*] there exists an intuitive pooling equilibrium with strategies (P, 4) = Y(C).

Intuitive pooling equilibria are not unique.” To understand the theorem, note that CH will
choose the pooling strategy Y(C) only when C = C° The supposition of the theorem is
simply to ensure that C* is also willing to pool at such price-advertising pairs. The re-
mainder of the proof, which appears in the Appendix, is to show that a point on Y(C) with
C € [C?, CH is itself supportable as an intuitive pooling strategy.

7. Conclusion

m We have extended Milgrom and Roberts’ (1982) model to the case in which the incum-
bent firm uses both price and advertising to signal his costs. Our analysis indicates that there
is a downward distortion in price, whether advertising is dissipative or demand-enhancing.
Limit pricing can therefore be expected to occur, even when the incumbent has the option
of signalling costs with advertising. We have also argued that the signalling process causes
an upward distortion in demand-enhancing advertising. The choice of a purely dissipative
advertising variable is not distorted. Thus, the possibility of signalling does not lead to a
proliferation of signals. A particular instrument will be used as a signal only if it is also
useful in a complete-information setting. In general, the entrant’s effort to infer cost infor-
mation leads the incumbent to act as if he had lower costs in a complete-information setting.
Finally, these distortions will always lead demand to be greater than under complete infor-
mation, so that consumer welfare improves as a byproduct of signalling.

9 It is interesting that the set of undominated and intuitive equilibria admits a unique Pareto-optimal equilibrium
for the incumbents. To see this, suppose first that pIl1# + (1 — p)II§ < F, so that both pooling and sepamti_ng
equilibria exist. Using Theorem 4, we can easily establish that the intuitive pooling strategies (P, 4%) = (P¥, A™)
= (PL, A%) give more profit to each incumbent type than any other intuitive pooling strategies. Moreover, if
(P%, AY) € H, both incumbent types do better pooling at (P*, 4") than by separating, as in Theorem 2. Thus, if
oIl + (1 — p)II§ < F, there exists exactly one Pareto optimal, intuitive, undominated equilibrium, in which
pooling occurs at (P~, AY), Alternatively, if pIT1¥ + (1 — p)II& > F, pooling cannot occur, and in fact the separating
equilibrium described in Theorem 2 is the only undominated equilibrium.
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Appendix

B The proofs of Theorems 2-5 follow.

Proof of Theorem 2. We first establish the existence of an intersection point (P(C?), 4(C?)) of Y(C) and I¥(P, 4)
= 1" with P(C?), A(C°) > 0. Since (P, A") > T1" > 0 > N¥(0, A), Y(C) and I1¥(P, A) are continuous, and
Y(C) intersects the P = 0 axis, it is sufficient to show that II(Y(C)| C*) is strictly increasing in C for C < C¥,

To this end, choose C < € < C¥, Let (P, A) = (P(C), A(C)) and (P, 4) = (P(C), A(C). Then

P-OXPAH-A-(B-CXBAH+A4>0 (A1)
(P-CX(P,A-4-(P-COXP, H+A>0.

Adding these inequalities gives 0y
(C— ONX(P, 4) — X(P, A)] >0,

whence X(P, 4) > X(P, A). Using (A1), we may write
(P—CMX(P,A)—A—(P—CNX(P,d)+4>0,

which proves monotonicity and establishes the existence of the intersection point (P(C?), A(C?). Notice that
C? < Ch, since N(PE, 4% > 1P, oY o h
Second, we argue that [1”(P*, 4%) = 11", For suppose that IT"(P~, 4%) < I, Let (A(C?), A(C?) = (P°, 4°).

Then

(P* — CMX(P°, 4°) — A° — (X — CMX(PL, 4Y) + 4 > 0

(PL — CHX(PE, A" — AL — (P° — CHX(P?, A% + A° = 0, (A2)
where (A2) follows from the fact that (P%, 4) must maximize I1%(P, A) on H. Adding gives

(CH — CHIX(PE, AY) — X(P°, A9)] > 0,
whence X(P%, 4%) > X(P°, A°). But using (A2) and C° < C*, we obtain
(PE — CYX(P, AY) — A- > (P° — CO)X(P°, A9) — A°,

which is a contradiction.

We now complete the proof by showing that (P°, A°) uniquely maximizes I*(P, A) over (P, A) such that
%P, A) = ¥, Pick any (P, A) # (P°, A° such that ITI¥(P, 4) = I1”. Then

(P° — COX(P%, A% — A° — (P — COX(P, A) + A > 0

(P=CX(P, A) = A =[PP COXP, A+ A =0, (A3)
Adding these yields
(C¥ — CX(P°, A%) — X(P, 4)] > 0,

so that X(P° A% > X(P, A). Using (A3), we may write
(P° — CHX(P°, A%) — A° — (P — CHX(P, A) + A = (C¥ - CHIX(P?, A% — X(P, A)] > 0.
This proves that (P°, 4°) uniquely maximizes [I*(P, 4A) on H. Q.E.D.

Proof of Theorem 3. The theorem is immediate if (P*, 4%) € H. Suppose then that (P%, 4*) € H. From the proof
of Theorem 2 there exists C* < C* such that P(C?), A(C?) > 0 and I#(P(C°), A(C°)) = 1. Thus,

(A(C?), A(C°)) E H.
Letting (P°, 4°) = (P(C), A(C)), notice that
I4(P, A°) + STIH(PL, AY) — IH(PE, AY) — 811}
= IIH(P°, A% + STIH(PE, AY) — TP, AY) — 8115 — TIH(P°, A%) — STI#(PH, AM) + DI¥(P¥, A"y + o1
= [IIX(P°, A9) — IF(P°, A%)] — [I(PE, AY) — TP, A™)] + S[TIX(PE, AY) — I — II(PH, %) + 1]
> [IH(P°, 4°) — OF(P°, 49)] — [IHPL, AY) — II7(PH, 4™))
> [IIH(P°, 4°) — TIA(P°, 4] — [IHPE, AY) — ITF(PL, AY)]
= (CH" — CHX(P°, 4% — X(P*, A)].

But we know that
(P° — COX(P°, A%) — A° — (PX — COX(P-, AY) + A > 0

(PE — CHX(PY, A%) — A — (P° — CHX(P, A%) + A° > 0.
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Adding, we obtain
(CE = COX(P°, A°) — X(P*, AM)] > 0,

whence X(P°, A% > X(P*, A"), which establishes that (P°, 4°) € L. By Theorem 1 (P%, 4“) = (P°, A°) and
(P¥, 4H) = (P¥, A") can thus be supported as separating equilibrium strategies. Since from the proof of Theo-
rem 2 4P, A) is uniquely maximized over H at (P°, A°), the above strategies also support an undominated
separating equilibrium. Q.E.D.

Proof of Theorem 4. Suppose that (P, A) with (P, A) € W(IR) gives pooling equilibrium strategies. Since
nHPH, A%) > (P, A) > 117,

we can argue as above to establish the existence of C < C* such that

(B = C™X(B, A) — A = (AC) — CHX(AC), AC)) — AC) (A4)
(PC) — CXAC), AC)) — AIC) > (P — C)X(P, A) - A.
Adding these inequalities gives

(€ — CXX(AC), AC)) — X(P, 4)) > 0,
so that X(P(C), A(C)) > X(P, A). Using (A4), we obtain
(P - ChHX(P, A) — 4 < (AC) — CHXAC), AC) — AC).

Thus, since IT{P, 4) is continuous and TI”(P, A) has strict monotonicity properties on W(C), there exists (P, A)
near (P(C), A(C)) such that II*(P, A) > M¥(P, A) and 4P, A) < N4(P, A). Intuitive beliefs then imply that
p(P, A) = 0, and Condition 1 is violated for i = L.

Now suppose (P, A) = (P(C), A(C)) for € > C*. Under our assumptions it is easy to establish the existence
of " < C* such that

(P — CHX(P, A) — 4 = (AC") — CHX(AC), A(C")) = A(C") (AS5)
(PC") = CHX(P(C"), A(C")) — A(C) > (P — C)X(P, A) — A.

Adding these inequalities gives L.
(CE = C'NX(A(C'), AC")) — X(P, 4)) > 0,

or X(A(C"), A(C")) > X(P, A). From (A5) we have

(P = CX(P, A) — A > (P(C") — CHX(P(C), AC")) — A(C").
Thus, for some (P, A) near (P(C"), A(C")), NH(B, A) > N#(P, Ay andlI{P, A) < NHP, A). (P, 4) cannot then
give intuitive pooling equilibrium strategies. Finally, (P(C), A(C)) is dominated for CHwhen C<C° QE.D.

Proof of Theorem 5. Pick any C € [C?, C*). Since II(Y(C)|C") is strictly increasing in C for C < C* and since
#(P(C?), A(C?) = T, we have that [T#(A(C), A(C)) + sTIH(PH, A7) = 1¥(PH, 4¥) + 5I1}. Furthermore, from
the proof of Theorem 3 we have that (P(C?), A(C?) € L. Thus, since II(\(C)|C*) is strictly increasing in C for
C < CL, it follows that TTXP(C), AC)) + SILHPF, AY)= TTHPL, A" + 8115. A pooling equilibrium therefore
exists in which (P¥, 4%y = (PL, AL) = (K(C), A(C)), H(P¥, A™) = p, and p(P, A) = 1 for all (P, 4) # (PY, A™).
To establish that the equilibrium is intuitive, assume to the contrary that there exists (7, 4) # (A(C), A(C))
such that
(P = CHX(P, A) = 4 - (AC) — CHX(AC), A(C)) + A(C)> 0 (A6)

(AC) = CHXAC), AC)) — AC) — (P~ C"X(P, A) + 4> 0.

Adding inequalities gives o =
(CH — CHIX(P, A) — X(KC), AC))] > 0,

whence X(P, A) > X(A(C), AC)). But € < C* and (A6) give
(P~ CWX(P, ) — A — (AC) = OXPC), AC)) + AC) >0,
which is a contradiction. Q.E.D.
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