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ABSTRACT

Market Transparency, Competitive Pressure, and Price Volatility*

Ir this paper we analyse the role of asymmetric nformation between firms and
consumers about market conditions. In standard models of oligopoly
informational advantages of firms over customers do not play a role because
all prices are observable. When customers are unable to observe all relevant
prices in the market, however, they will atiermpt to infer the Jeve! of uncbserved
prices from those they can observe. This generates an ncentive to use price
policies to signal the price realizations of rivals. We show that even with
arbitrarily low levels of uncerfainty about margmnal costs of production,
equilibrium prices and price varnability are strictly higher in a market with
private information about costs. We show how firms can exploit this effect to
relax competition through information exchange and analyse the role of
advertising in such markets,
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NON-TECHNICAL SUMMARY

The degree of market transparency in goods markets has been a central issue
in some important competition policy cases. In particular, anti-trust authorities
have often been concerned about information exchange betwsen firms
because such agreements create asymmetric information about market
conditions between firms and therr customers. At first sight such concerns
appear to be hard to reconcile with economic theory. As long as consumers
observe all prices i will not matter for market outcomes whether information
about market conditions (like nput prices and veolume of demand} 1s private to
the firms or not. This 1s the case because consumers make their chowce only
on the basis of prices. For given prices, information about market conditions
does not change consumers’ choices in a perfectly transparent market. We
show in this paper, however, that concermns about asymmetric information are
well founded once consumers cannot make complete price compansons
before their purchase decision. We show that with such imperfect market
transparency on the side of consumers, asymmetnic information between firms
and consumers strictly reduces the competitiveness of markets.

Imperfect market transparency on the side of consumers may have two
effects. First, it implies that not all consumers can observe all prices and
therefore price comparnsons are imperfect. As a result the dermand functions
faced by firms in the market are less elastic than under perfect market
transparency and the expected price level is higher. This effect has been
extensively studied in the literature on consumer search. The second effect of
imperfect market transparency is that asymmetric information about market
conditions may matter because consumers will try to infer this information from
observed prices in order to estimate unobiserved prices. This latter effect has
received very little attention in the theoretical literature.

We show i this paper that the informational advantage of firms over
customers can significantly reduce competitive pressure m the market beyond
the demand elasticity effect. We use a simple duopoly model with
differentiated products. Firms must post prices before consumers decide
where to shop. Some consumers will know all the prices before making their
shopping decision while others can only observe one price. Firms have
correlated private information about a commeon shock to marginal costs at the
time of setting prices, which should be mterpreted as ther knowledge about
the situation in the input market. Correlation in the information implies that
firms know more about the price decisions of competitors than those
customers who cannct observe that price. The firm’s information will be



reflected in the price it sets, however, and consumers will try to infer the level
of unobserved prices from the prices they can see. Consequently, the firm
faces a signalling problem.

A firm which has information that the nival will set a high price must distort its
own price upwards in order to credibly signal this fact to partially-informed
consumers. The high price is credibie because partially-informed consumers
know that fully-informed consumers perfectly react io price differences
between firms. As a result the expected price level will rise, helping duopolistic
firms to push prices closer o the collusive outcome. This effect remains large
even if the underlying cost uncertainty is small. The reason for this is that the
variable about which there is signalling, i.e. the price of the rival, is
endogencus to the problem. If one firm conditions on correlated private
information this gives the other firm an incentive to signal the price set by its
nval. Hence, conditioruing on common information 15 & best response. In
addition to lower competitive pressure this effect leads to larger price vanability
because the difference between high prices and low prices is greater than
under symmetne information.

We extend our base mode! of imperfectly transparent markets with asymmetrnc
information 1o analyse the impact of information exchange in this environment.
We first show that the magnitude of the asymmetric-information effect
becomes larger the higher the correlation in the private information of the
firms. The reason for this 15 that more information about the price of a
competitor is revealed through the price quoted by a firm i the underlying
information on market conditions is more correlated. As a result a firm must
increase the upward distortion in the price when correlation is higher in order
to still convince custormners that the general price level is high. Since the main
effect of information exchange in our model is fo create perect correlation in
the private iforration of firms, these results give some credence to the policy
concern that information exchange may relax price competition by increasing
the degree of asymmetric information between consumers and firms. This s in
contrast to the large established literature on information exchange in oligopoly
models (see Vives (1990), Raith (1893) and Kithn and Vives (1995) for an
overview of this literature) in which information exchange does not affect the
expected level of prices or output and the volatiity of prices and output
becomes small as the underlying cost uncertamty vanishes. The difference in
resulis is entirely due to asymmetric information mn imperfectly transparent
markets since, in the absence of asymmetric information, our medel falls into
the class of models considered by this literature.



As we have discussed above the resuits of the model hold even if firms
condition their price decisions on information that s irrelevant for payoffs, as
fong as this information is private o the firms. This fact allows a
reinterpretation  of information exchange in the model as pre-play
communication about price sefting in the market. For example, i consumers
believe that with some probability firms meet pnivately and agree on setting a
figh price they will try to infer from the observed price whether such a meeting
took place. The same equilibnum as in our model would exist because firms
would have an incentive to signal through their price that there was a mesting
and hence prices will be high. The mechanism of the paper can therefore be
fairly broadly interpreted.

Lastly, we study the role of informative advertising in endogenizing the degree
of market transparency using an advertising model similar to Bester and
Petrakis (1995). While the basic intuition of our model persists, two new effects
arise. First, there may be coordination problems in advertising. Second, for
sufficiently low advertising costs perfectly separating equilibria fail to exist.



1 Introduction

The degree of market transparency in goods markets has been a central 1ssue
i some unportant competition policy cases.! In particufar, anti-trust author-
ities have often Leen concerned about wnformation exchange between firms be-
cpuse such agreements create asymmetne information about market conditions
between firms and their customers. At first sight such concerns appear to be hard
te reconcile with economic theory. As long as consumers observe all prices it will
not matter for market outcomes whether information about market conditions
{like 1nput prices and volume of demand) 15 private to the firms or not. This 1s
the case because consumers make their choice only on the basis of prices. For
mven prices, information about market conditions does not change the consumers’
choice in a perfectly transparent market. However, we show 1n this paper that
concemns abouf asymmetric information are well founded once consumers cannot,
make compiete price comparisons before their purchase decision. We show that
with such unperfect market transparency on the consumers side asymmetric 1n-
fermation between firms and consumers strictly reduces the competitiveness of
markets,

Imperfect market transparency on the side of consumers may have two effects,
First, it implies that not alf consumers can observe nll prices and therefare price
compansons are 1mperfect, As a result the demand functions faced by firms
in the market are less elastic than under perfect market transparency and the
expected price level is higher. This eflect has been extensively studied in the
literature on consurner search. Stigler (1661} was probably the first to pomi
aut the impaortance of price compansons for competition, while Diemond (1971)
showed that the effect of search costs could lead to monogpoly pricing and market
breakdown. Later literature has exnlored this theme in & wide vanety of models
m an attemnpt to aveid the feature of market breakdown {see for example Salop
and Stiglitz 1977, Resngarum 1979, Wilde and Schwartz 1979, Burdett and Judd
1983, Rob 1985 and Stahl 1989. See also Stiglitz 1889 for a survey). In all of
these models the demand clasticity effect leads to price increases and in many
cases price dispersion arises.

The second effect of imperfect market transparency 15 that asymmetric infor-
mation about market conditions may matter because consumers will try to infer
this mformation from abserved prices mn order to make estimates of uncbserved
prices. The literature on this issue is very small. Bénabou and Gertner (1993),
Dana (1994} and Fishman {1986} have studied search models in which consumers
have {o solve 2 signal extraction problem when deciding whether to continue
search. However, there 15 no strategic mampulation of information revelation in
their models. The paper closest to ours 1s Daughety {1892} who explicitly consid-

'8ee the recent Woed Pulp Case (O L 83, 1985}, 1 whick the Comnussion of the European
Community expressesd conceris aboui market Lranspareacy.



ers the signaling problem of firms in o market with homogenecus consumers and
individual bargatmng about price. He obtams the resuit that signaling increases
the search intensity and hence increases competitive pressure in the market. In
our model we come to the upposite resull beceuse firms can convince customers
not to search by setting sufficently hugh prices.

We show in this paper that the mformational advantage of firms over cus-
tomers can significantly reduce competitive pressure in the market beyond the
demand efasticity effect. We use a simple duopaly model with differentiated prod-
ucts. Firms have to post prices before consumers decide where to shop, Some
consumers will know all the prices before meking thewr shopping decision while
othiers can only observe one price. Firms hoave correiated private mformation
about a common shock o marginal costs at the time of setting prices, which
should be interpreted as their knowledge about the situation n the inpit mar-
ket. Correlation in the information implies that firms know mare about the price
deasions of competitors than those customers who cannot observe that price.
However, the firm’s information will be reflected in the price it sets and con-
sumers will try to infer the level of unobserved prices from the prices they see.
Consequently the firm faces a signaling problem.

A firm which has information that the rival will set a high price has te distort
its own price upwards 1n order to credibly signal this fact to partially informed
consumers. The high price 1s credible because partially informed consumers knaw
that fully informed consumers perfectly react to price differences between the
firms. As a result the expecied price level will nise, heiping duopclistic firms to
push prices closer to the collusive vutcome. This eflect remams large even if the
underlying cost uncertainty is small. The reason for thisis that the vanable abous
which there 15 signaling, 1.e. the price of the rivai, 1s endogenous to the problem.
The mere fact of correlation allows firms to condition the price on correlated
private information even if this information 1s not directly pay-off relevant. If
ane firm conditions on correlated private mformation this gives the other firm
on mcentive to signal the price set by its rival. Hence, conditiening on common
mformation 1s a best response. In addition to {ower competitive pressure this
effect leads to larger price vanability Lecause the difference between high prices
and low price is greater than under symmetnic information.

The determination of an optimal strategy for o Srm i our setting 15 very
similar to modefs of quality signaling m monopuly (see Bagwell and Riordan
{1991), Bagwell (1992)}. Formally, the quality varable 1n demand 11 those mod-
eis becomes the price realization of the rival Arm i our model. What makes our
context special 15 that the price realizations of the nval are themseives enduge-
nously determined m equilibrium by the sigmaling mcentives. This distingiushes
our model from other work on signaling 1n duopoly (see Mailath (1989)). We
show that the endogeneity of signaling incentives ieads to a new type of muiti-
plicity of equilibrium not encountered in other signaling models. The reason 15
that correlated private information 1s essentially used as a coordination device.
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Firms may coordinate on setting a high price either when costs are low or when
costs are high. Signaling gives an incentive to match a high price even when costs
are low.

We extend our base model of imperfectly transparent mariets with asymmet-
nc informatien to analyze the impact of information exchange 1in this environ-
ment. We first show that the magnitude of the asymmetnic information effect
becomes larger the higher the correlation in the private information of the firms.
The reason for this 1s that more mmformation about the price of a competitor 15
revealed through the price a firm quotes if the underlying snformation on market
conditions 1s more correlated. As a resuit a firm has to increase the upward dis-
tortion 1n the price when correlntion 15 higher in order to still convince customers
that the general price Jevel is high, Since the main eflect of informetion exchange
in our model 15 to create perfect correlation m the private information of firms,
these resulis give some credence to the policy concern that information exchange
may relax price competition by mcreasing the degree of asymmetnc information
between consumers and the firms. This s 1n contrast to the large established
literature on nformation exchange in oligopoly models (see Vives {1680), Rasith
{1993} and Kihn and Vives {1995} for nn overview of this literature) in which in-
formation exchange does not affect the expected level of prices or output and the
volatility of prices end output becomes small as the underiysng cost uncertainty
vanishes. The difference i results 15 eniirely due te asymmetric information in
imperfectly transparent markets since, in the absence of asymmetric information,
our modei falls into the class of models considered by this literature.

As we have discussed above the results of the model hold even if firrns condi-
tson: on payoff irrelevant information as fong as this information 1s private to the
firms. This fact allows a reinterpretation of information exchange in the model
as pre-play commumcalion about price setting 1n the market. For exampte, if
consumers believe that with some probability frms meet privately and agree on
setting a high price they will try to infer from the cbserved price whether such a
meeting tock place. The same equilibrium as in our model would exist becanse
firms would have an incentive Lo signal through their price that there was a meet-
ing and hence prices will be high. The mechanism of the paper can therefore be
farrly broadly mterpreted.

Finally we study the role of informative advertising in endogemzing the degree
of market transparency using an advertising model similar to Bester and Petrakis
(1993). While the basic intuition of cur mode! persists, two new effects anse.
First, there may be cucrdination problems in advertising. Second, for sufficiently
low advertising costs perfectly separating equilibria fail to exst.

In section 2 we introduce the medel and analyze the market i the absence
of asymmetric infermation Section 3 explains the basic signaling problem and
presents the mamn results of the paper. Section 4 applies our mode! to the issues
of mformation exchange and pre-play communication. Section 3 discusses the
rale of advertising while section § coneiudes.



2 The Model

2.1 A Hotelling Model with Imperfectly Informed Con-
surners

There are two firms in the market. Both firms produces at the same random
marginal cost ¢, which takes values € and ¢, each with prabability 4, and has
expectation ¢® For mven expected merginal costs ¢ we messure the degree of
cost uncertmnty by A = &~ ¢ > 0. Cost uncertainty should be thought of as
representing volatility in the market price of an input common teo both firms.

There 15 a continuum of consuwmers mdexed by their type =, which s uniformly
distributed on [0, 1|. A consumer of type = has reservation price v—fx > 0 for the
good of firm { and reservation price v--£(1 =) for the good of firm 2. We nssume
mmperfect market transparency sbout prices in the sense that some consumers
cannot compare all prices before making a purchase <ecisson. Consumers can
sampie randomly a fixed subset of prices and then have to make an unrevocable
decisions which store to visit. Once in the store they may buy or not buy, but
they cannot switch to another store.?

A second important ingredient to our model is heterogeneity armong consumers
nbout how many prices of stores they can sample before making the shopping
decision, There are some well informed and some badly informed buyers i the
market. More formally, we assume that for each type of consumer = there is o
proportion A of consumers who can sample two prices before making a shopping
decision. These consumers will be “fully informed” at the time of the purchase
deasion. The remaiming fraction {1-- A} of consumers of each type can only sample
randonily ene price of the two. Hence, a fraction (1 — A)/2 of consumers becomes
informed about price of firm 2, p;, but not about the price of firm 7, 7;, before
deciding which store to go to. We will call these consumers “partially mformed”
if consumers cannoct abserve the mput prices of the firms, there 15 asymmetne
mformation between firms and the consumers about market conditions.

Firms and consumers play a game in two sfages. First firins olserve the
realization of costs and sst prices. Then consumers whbtaimn thewr information and
decide on which store to go to and whether to buy or nat. We assume that each
firm 4 has to choose prices in the set /2 = |0, 1~} This guarantees that consumers
will always buy the product i the store that they go to. Tlus assumption 1s
without fess of generality as long as the pruportion of fully infermed CONSIMers,
A, 15 sufficiently large. A strategy for firm 715 a fnction p; {c.f} — P, which
maps realizations of the costs into pnce chowes. Lel Bi(p:, py} Le the demand
faced by firm :. Then firm 2 chooses pidc} m order to maximize its expected

ET . .
“This appears to be the simplest way of modeliing unperiect market traasparency. The basic
mechanism at work should, however, carry over to u farge ciass of seareh modeis.



profits given by
E{lp: — 2)D{pap;) L el {1)

The actions of consumers 1n the second stage have a sunple characterzation.
Denote the information partition of a consumer by I, which 1s the set of prices
the consumer ubserves. The type of consumer within the group with information
partition / who s indifferent between purchasing at shop [ and at shop 2 is given
by:

w1} = %__ E{p. 2:?& 1} @)
For ench conswmer of type x and mformation partition { sirategies are then fully
characterized by the following: If £ > £{f) the consumer purchases from firm 2 at
price pa(c). If z < x{f) then the consumer purchases from firm 1 at price pi(e).
Demand for the good of firm 1 from the segment of consumers with information
partition [ is grven by d(J} = max{0, mm{z({},1}} and demand of firm 2 is given
by 1 —d(l). Aggregating over the three types of consumers in the market, total
demand for firm 115 given by:

Dipr, ) = Ad{{pr,peh) + (1) + i) ®)

which can, il [E{p; — py | {}] < t for all [, be rewritien as:

Efpalpi} = E{p | pa}
41

L) -

Dilpi,pa} =

(4)

PPy,
{1+ T +{1-X)

where {p; | p;} 15 the conditional expectation about price p, of 2 consumer wha
has only observed price p; The second term in {4} refers to consumer reactions
to ehserved prices, while the last term captures the effect from smperfect market
transparency. Note that there are two effects arising from smperfect market
transparency. First, increases i the price of good 1 will lead to decreases 1n
demond proportional ondy to the number of consumers informed sbout the price
of firm {, l—’f\ The HT_,” partially informed consumers do not react to price
changes. We call this the “demand elasticity eflect” and measure it below by the
parameler 7 = ]L}i Secand, changes mn the price p, may also lead to changes
in the expeciations about the price of good 2 for those consumers whe are only
informed about the price of good 1. ve. changes in E{py | ;). We call this
the “asymmetric information effect”  This effect leads to a signalling problem
iz mperfectly transparent markeis if there 15 asymmetne information between
firms and constimers about costs,

The analysis below will be cenducted using {4) as the demand function and not
equation (3). This should be interpreted as an assumption that A1s “sufficiently
close to 1", Indeed, it can Le shown that there exists X < 1 such that for all
A€ (X, 1) our propositions hold.?

FFor exposittonal simplicity we have supressed ar explicit calculation of such & bound A,



2.2 Symmetric Information: The Demand Elasticity Ef-
fect

Before we turn to the signaling problem that arises under asymmetric information
between firms and partially informed consumers we will derive the equilibrium
under symmetrnc information as a benchmark for our later results. Symmetric
information means that consumers can, 1 addition to the prices they obsesve,
see the realization of input prices, r.e. c. As a consequence the game between the
firms and the consumers is & game of complete mformation and partiaily informed
consumers do not need nfermation contained 1 the price of firm 1 to mnfer the
price of firm 7 i equilibnium. Hence, E{p;(-) | p.c} = E{p;() | ¢} = p;(c)
sn equilibnium. While there 15 no asymmetric information i this version of the
model, unperfect market transparency does have an effect by reducing the price
elasticity of demand. Partislly mfermed consumers Jmow the equilibrium price
chaiees of all firms but can react to price deviations anly in the price they observe.

For a given choice of strategy p,(-) by firm 7, firm @ maxmizes {1} which
vields, imposing rational expectations, the necessary and sufficient condition for
an optimal price:

Lopde)=pife) 1+
2 u 4t

[pele) —¢f = 0. (8)
Using symmetry one derives directly the eguilibrium price-cost margins:
pilcl—c=(1+7)t (6)

The markup of price above margnat costs, (I + 7, is decreasing in the degree of
market transparency A since 7 decreases in A. At full market transparency it is
identical to the mark-up in Hotelling models with complete infermation, i. The
demand elasticity effect of imperfect market transparency raises the price cost
mark-up by 74 This incrense in price cost margns 15 standard 1n search models.
In the next section we will demonstrate that the asymmetnc information effect
15 an equally important factor for raising prices above marginal costs,

2.3 The Equilibrium Concept with Asymmetric Informa-
tion

With asymmetnc information, the natural solution concept for our game 1s perfect,
Bayesian equilibnum. This means that we require that, miven beliefs, strateges

which would add notling Lo the content of the paper. The mumn problem we are exchuding 15
that o firm may want to deviste to a high price to exploil customers that are net miormed
abaut Hs price. Such sirategies are clearly suboptimal whes the group of partinily mlsrmed
buyers 15 small, The restriction that A 15 large enough avoids the probiem of non-existence of
pure strategy equilibria, The qualitatsve resuits of our paper should carry over to the mixed
strategy equilibria that exist for smaller A



are optimal at every mformation set and that for @ven equilibrium strategies
beliefs satisfy Boyes' rule wherever i applies. However, perfect Bayesinn equilib-
ritim puts no testrictions on off the equilibrium path beliefs which typically ieads
to a plethara of equilibria 1 signaling models. For this reason we will want to
choose the sppropriate refinement for our context,

When consumers in our model do not observe the cost realization ¢, firms are
effectively simnaling to consumers about the action of the nival, This creates a
particular problem of refinement that 1s absent m more standard signaling mod-
els. To see this consider o market i which there 15 no asymmetnic information
between the consumers and the firms. Under these arcumstances firms can re-
veal ne new information to the consumers. Nevertheless, & continuum of verfect
Bayesian equilibriz may appear beeause, for any price p; set by firm 2, a difierent
information set in the game 1s reached for consumers with information partition
£ = {p;}. Hence, such cansumers can attach different beliefs about p; at every
information set. Then it 15 possible to sustam equilibris with & high price for 1
simply becsuse such consumers believe that p; = 0 if the firm sets any other price
but the equilibrium price p}.

Intuitively such equilibria are not satisfactory Lecause they allow consumers
to draw inferences {rom the price p; about the stralegy of frm 3. However, firms in
our modei move simultaneously and the strategy choice of firm 7 is not observed
by firm 2 at the time of choosing its own strategy. We would think that a firm
cannot convey information that i# has not observed. Hence, it seems reasonable
that the price of firm ¢ can convey informatien about the cost ¢ that firm ¢ has
observed before it chooses its price. However, it seems unreasonabile that it can
convey information about nnobserved strategy choices. Therefore we assume?

Assumption 1 For cvery consumer wilh mformafion partition { = {p;} belicfs
aboul the stralegy p;() are consiant across all mformation sels.

Note that this assumption does not exciude the possibility of signaling infor-
mation about the price of a nval. However, under this assumption a firm can
only signal information related to the realizalion of the price p; given the strat-
ezy pi{-}. Consumers are only aliowed to draw inferences about the mnformation
on the state of the market that firm 7 has gathered and use this mmformation to
update their beliefs on the realization of c. Consumers take the strategy of firm
¥ as gmiven.

Under assumption | we can treat the determination of the best response of
firm 7 to a strategy of firm 3, p;{-), a3 3 standard signaling game between the firm
and consumers, teking the equilibrium strategy of firm 7 as a parameter. As we

4The coadition we impose 15 sometimes calied *no signaling what you don't know” n the
literature and Fuedenberg and Tirole {199%) mclude 1t 1w ther definition of perfect Bavesn
vrquitibrium, We presend this nssumplion separately here, because it mav not be reasanable Lo
impose when we study wlormation exchunge 1n seetion .
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fmow from the signaling literature this game may still have a large multiplicity
of equilibria. We will require thet equilibria satisly, in an appropriately modified
fashion, the intuitive criterion of Cho and Kreps (1987). We will call an Inluitive
Lguilibrium o perfect Bayestan equilibnum of our game for which assumption
1 holds and in which strateges of the fivms satisfy this intuitive criberion. Be-
cause we nesd some more notation fo make this precise we mtreduce the formal
definition further below.

3  Asymmetric Information, Competitive Pres-
sure and Price Volatility

3.1 The Basic Signaling Problem

We show in this seciion that asymmetric information about market conditions be-
tween firms and partially informed consumers will significantly relax competitive
pressure beyond the demand elasticity effect. Even in the limit as uncertainty
becomes arbitrarily small, expected price cust margins strictly exceed {1 + Tt
Furthermore, prices remain volatile even when the underiying uncertamty about
production costs is arbitrarily small. This effect 1s generated by the price signal-
ing incentives of firms operating in markets with uncertan costs and imperfect
market transparency on the side of consumers,

To explen the signaling effect ansing i the model, suppose that each firm
1 hes a strategy that conditions on the cust realization ¢. Then the nformation
about cost will be perfectly revealed to thuse partially informed ronsumers who
only observe p; through the price of irm ¢ For a gven strategy p,;(-} these
censurner can draw a perfect inference about the realization of the price of Arm
J- As a result, firm { has an mncentive to convince partially mformed customers
that it 1s sefting o high price because the pnce of the rivai 1s expected to be high
as well. This constifutes the signaling problem i the model.

Note that the consumer is not interested in learming aboui o iiself. Such
nformation is only relevant to the extent that it reveals the price charged by
firm 7. This makes the problem a non-standard signaling problem. From the
voint of view of the consumer, firm 1 15 really signaling abont the realization of
the price of firm 7 (taking as given finm j's strategy). In this sense firm ¢ is
signaling about a parameter that 1s 1tself endogenons to the prablern. One sees
this most clearly supposing that firm ; does not condition its strategy on the
realization of costs. Then the information sbout ¢ that is reveated 1 the price
of firm 2 contains ne information about the price of firm 7 and 15 therefore not
payoff relevant for the customer. Hence, no signaling incentive exists for fem
m such o stbuation. More generally, the signaling incentives of firm @ will depend
endogenously on the strategy p;{-) of firm 3.



3.1.1 The Non-existence of Pooling Equilibria

From the above discussion it is easy to see that pooling by both firms across
the states of the world 15 impossible for any A > 0. Suppose there were an
equilibnium in which firm ) plays a pooling strategy, that 15 py{c) = p} for all
<. Given that all eustomers know that this is the equilibrium strategy, they will
not change thewr Geliefs about pnice p;, whatever price firm ¢ charges. Hence, the
best respense of firm ¢ to pi{c) = 7} is the optimal pnce given the cost level ¢
and given p;. However, it is straighiforward to show, that for miven p; the best
response price of firm ¢ is strictly increasing in ¢, 1e. pi(E, 9 p.{g,p}). Hence,
we have shown that the best response to a pooling strategy s always a strategy
that fully reveals the cost level

Lemma 1 Suppose esswinpiion ! hwlds and A > 0. Then there caists no cquilib-
rwm wn the game m winch both firms play a pooling strategy.

The reason for the non-existence of a symmetric pooling equilibrium 15 quite
different from other models of signaling. In our model the parameter about which
pricing policy 15 a signad for the consumer is the price realization of the rival. If
there s pooling by firm 7, the signaling problem for firm ¢ diseppears and the
best response of firm 1 is undistorted given the pricing policy of the rival. Hence,
the only symmetric equilibria that exist will have some degree of reveiation of
the information about market conditions.

While we could cbtamn the result of Lernma | imposing only assumption | on
the sofuticn, many pooling and separating equilibria will survive as m standard
signaling games. To impose more structure on equilibnum outcomes we will
adapt the mtuitive criterion of Che and Kreps {1987} to our game. Let 5, € B;
be the belief of 2 buyer whao observes p; about the realization of the cost levef ¢,
where B;1s the set of possible beliefs. [t 1s convenient to define 3% as those beljefs
in f; that are concentrated on a particular realization ¢ = (K}, o(K) € {c, &}
Let 4 = (3, 5;) Le the vector of beliels of partially informed consumers. Since
beliefs of consumers perfectly determune their purchase decision we will not make
any distinction between consumer beliefs ond actions. Let p = (pi(), p;{-}) be
the vector of straiemes of firms 1 and 3. We can then write the expected profits
of firm @ given ¢ as wie,p, B). Fix o perfect Bayeman equilibium (p*, %) and
let 77 {e) = wi{e, p*. ") be the assuciated expected payoff of firm @ when the cost
level 15 ¢, We can now define our concept of equitibrium dominanee.

Definition 1 An aclion p; of firn 1 15 equilibnum dominated jor ¢ if
7i{e) > I:;?Laa wile, p,—,p;(‘),ﬁi,fi;)

Note that we are defining equilibnum domination for fixed strategses of firm
7 and the consumers who cannot observe price p;. This seems to be the natural
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adaptation of the idea of equilibrium dominance of Cho and Kreps to vur context.
Now we can define the intuitive criterion 1n exactly the same way as Che and
Kreps, except that we base it on the above notion of equilibrium dominsnce.

Definition 2 Fiz a perfect Bayestan equilibrium (p*, 5} and let 57 be the us-
soctated vector of equilibrium payof)s for firm 1. Let o{ K} be the comptementary
state to o(K() (i.e. oK) =& f and only if o(K) = ¢). Then the equilibrium fails
the intuitive critenion if fiere 15 some p; which 1s equilibruwm domnaled for (K
and

7 {e(K)) < m(e(R), po pi () B(e{ ), 57)

Less formally the mtuitive criterion says the following. Suppose firm 2 deviates
to a price pi that, in state ¢{#'), can never give it lgher profits than in the
candidate equilibrium but i state c{K) does yield hugher profits if buyers believe
that it 15 state ¢({). Then buyers should attribute the observation of price p; as
evidence that the true state 1s (K}

With assumption 1 and our definition of the intustive criterion we can solve the
game by determining equilibria for the “best response signaling game” for each
firm @ given the strategy of its rival 3. This 1s 2 fairdy standard signaling game
and jt comes as no surprise that the miuitive criterion eliminates all remaming
pooling equililsria, These are potential equilibra in which ane firm uses a pooling
strategy while the other firm conditions its price on the true cost level.

Lemma 2 There ensis no miwiive posling equilibrzum m the game.

Proofl. See Appendix &

The idea of thas result 15 that & firm facing a high price rival can always sepa-
rate 1tself out, The reason 1s that it has lower costs of quoting a high price than
& firm facing a low price nival. This comes about because fully imformed con-
sumers will react according to the price differences Letween the two firms which
are greater 1n the latter case. Hence, to convince partially informed consumers
that the firm faces a high price firm i suffices, by the mtiutive criterion, to set a
price high enough so that a firm facing a low price rival would never be willing to
do so. In the proof we show that this argument 1s valid for any candidate pouling
equilibriuom.

3.1.2 Basic Properties of Separating Equilibria

While we have excluded the existence of puoling equilibria we will show below
that a muitiplicity of separating equilibiia exists that 1s not due to beliefs off
the equilibrium path., All miutive separating equilibnia have the property that,
given the strategy of the rival firm, signaling costs are mimmuzed. The muiti-
plicity anses because of the endogeneity of signaling mncentives as a consequence
of oligepolistic interaction. We will show that the muitiplicity 1s due to the fact
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that privately observed common mformation on custs is used by firms to correlate
strateges,

To construct completely separating equilibria, consider first the problem of a
best respense of a firm 1 to the equilibrium strategy p3{) of its rval firm 3. Since
the equilibrium is perfectly separating, firm 7 sets a low price for one realization
of cost and o high price for the other. Let ¢fL} e the realization of the cost
parameter for which firin 3 sets the low price and ¢(H) the realization fur which
it sets a high price. Note that 1} 15 not possible to determine a priort whether
o(L) = cor ¢{L} = &. Firm j may set a high price m a state with low costs ssimply
because it 15 signaling that the other firm 1s setting a high price. As long as cost
differences are small signaling incentives will be determined by the way the nval
conditions prices on his information. The state i which the firm will set a high
price 1s therefore endogencusly determined by the strategy of the nival firm. This
means that typically multipie signaling equilibria exist.

1t 15 useful for the arguments below to define the jull mformatlien price pff ns
the best respanse price for firm 2 to (pj{-}, A7} @ven that ¢ = (K} and beliefs
are concentrated on state c{ K}, ne. & = GF Then the full information price is
@ven by

pi’ = argmaxm(e(K), i, £ (), B, 57)-

With this notation in place, we can obtain a property of the best response price
function of firm 7, which 1s familiar from many signaling models:

Lemma 3 In any fully separating cquilibrnum of the game, firm ¢ charges the
“full mforination price” m the stale ¢ = ¢(L), ve. pi{c(L)) = pF

Proof. Suppose to the contrary that pi(c{L}) # p¥. Since the equilibrum 1s
separating we have §, = A% Now consider & deviation to p¥ If consumers do
not change beliefs, profits are increased by definition of pf  Since profits mven
(e, P, 5, ;) ave strictly greater for 3 # A%, profits will also increase more from a
move to pf if beliefs change. This contradicts the assumption that ! (o(L)) # oF
15 an equilibrium price. Hence p{c(L)) = pt.

This 15 the typical result in signaling models. For the type that induces the
most unfaverable beliefs in a separating equilibrum it can never be sptimat to set
any other price than the full mformation price. A separating equilibrium also has
ta satisfy the incentive compatibility condition that i the “low state” ¢ = efL)

a firm will net want to deviate to the price of the “high state”, pH{c{H)):
i(e(L), e pHC) B8 5) 2 mile( L), pi (e H)), 7). B B5) N

Since #; increases when mare probability weight 15 put on higher prices of the
awval, we have maxp wi(c(L), p,pi(), A, 85} > mile( L), pf, p3 (), BF, ;). Together
with the fact that w;(c{L}, p.p}{-), B, £:)15 strictly concave in p this implies that
there exist p and p, such that m{e( L), pf, p3(). 88, 0;) < wde{L), p,p3(), B, 5;)
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if and only if p € (p,{1). As a consequence, 1n a separating equilibrum g} (c{H))
¢ (p, ). Indeed, mmpesing the intuitive criterion yields s unique candidate for a
symmetric separating equilibrium:

Lemma 4 [f the equilibrium 15 symmetre, the only separaiing cquilibrium prices
salisfyzng the wivilive criterion are pi(c{L)) = pl and pi(c(H)) = max{p, p{’}.

Proof. See Appendix. &

To understand Lemma 4 note that the infwitive criterion sefects the separating
equilibnum with the lowest signaling costs. When the incentive compatibility
constraint {7) is binding 1 equilibrium the equilibrium price therefore must either
be p or f. Otherwise the firm sets the full information price p!' In a symmetric
equilibnum signaling a high price of a nval with a low price p s clearly not
possible, Then the claim of Lemma 4 follows,

3.2 Egquilibrium Behavior

With the prelimmaries of the previous subsection we can now derive the behavior
of the firms in symmetric separating equilibria using Lemmas 3 and 4. For any
equilibrium we carn write the optima! chaice of price given the beliefs of partially
informed buyers as a set of (slack) first order conditions for firm i's maxirmzation
prablem. Imposing symmetry we can write tiis as:

T4 A
i

I7(e) = ¢ = 2N

= Di(p{e),pHe)) = 0 (8)
for all ¢, since p; (e} = pi(c) = p~{c). The parameter Z{c} > U indicates the depree
of stack m the first order condition of firm 1 at the equilibrium price p*{c). It
can be usefully interpreted as the additional margnal cost of production mnduced
by signaling. By Lemma 3 firm ¢ chooses the full information price i the “low
state” c{L) and therefore Z(c(L)) = 0. The stack parameter 15 non-negative
because, according to Lemma 4, the equilibnium price must (weakly) exceed the
full informatien price 1n state c{}). Expected “marginal cost due to signaling”
for firm 1 18 given Ly E{Z(c)} = z. From (8}, noting that Di(pr(c),p"(c)) = 1,
we obtain the equilibrmm condition for the nncanditional expected price p° as

prme s+ (14 (9)
where I represents the additional mark-up on expected prices due to signaling.

Writing, without ioss of generality, Z{c} = z{1 4 (c — ¢*)/(e* — e(L))] and using
{9} the frst crder conditions m {8) reduee to;

Pl =+ e - el (10)
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Equation (10) gives the of reaction of prices to deviations of costs from the mean.
If z == 0 this corresponds to the “symmetric information” response to cost real-
izations. This 15 the equilibrium price adjustment 1n the game with symmetric
information of section 2.2, The second term n curly brackets depends on the
equilibrium sjack parameter z. It represents the asymmetnie information effect
on price adjustments to shocks.

The slack parameter z is determined by the incentive compatibility condition
(7). ¥ the incentive compatibility condition is binding, it 15 @iven by:

(2 (e(H)) = p (e L)) Dilp (el L)), (<( L)) a
~tp* (e{ ) = e EDHp (L)), 1 (L)) = Dilp (el ). 17 (e( L)) = 0

We can now determme the vaiue of the slack parameter in equilibnium by subsei-
tuting from (9} and {1G}. This determines = as:

[T(l + T}

tr

Lol e

] + (L) — ¥ {12)
LT

Equations (9}, (10) and {12} completely deseribe equilibrium prices m a sym-
metnic separating equilibrium, Note that we obtain two potential equilibnia when
the incentive compatibility constramt 1s binding. There 15 one candidate equilib-
riurn m which both firms set a low price when they observe a fow cost realization,
r.e. ¢(L) = g, and one candidate equilibrium m which firms set a low price when
they observe a high cost realization, ofL} = & Note that n the latter equilib-
ntum = 35 higher which implies higher expected prices. The reaction to shocks,
p*{c} - p®, will abviausly be of opposite sign in the two equilibnia but the absolute
value is the sume. To see this write {12) as 7 = Z + {¢{L) — ¢|. Then, from (10),
p*{e) ~ p*1s prapertional to 2/(c” — (L)), which implies the claimed properties,

We have not yet shown that both equilibria will indeed exist. Nonexistence
may come about because a firm under cost realization ¢(H) can never be forced
to signal if it i not worthwhile for it to do so. The distortion needed to achieve
meentive compatibility for 2 fixm with cost (L} may be so great that a firm with
cost ¢(H) prefers to induce false beliefs and set a lower price. Hence, to have
existence we must have

mele(H), p (e}, p (1)), 31) 2 rn;;x*ﬁ’,—({:(l'l},p,p‘{(:(]'!)],;fif‘,ﬁ;f’) {13)
1 equilibnium. Now we can prove
Proposition 1 For coery A < | und each & € {¢, 7] there ensis & > 0 such
that, for all A € (0,A), there crsis a wmgue symmelric miyitive equilibrium

with & = (L) that perfectly separaies belween o L) and o) for1 = 1,2, [l 1w
characlerized by equations (6], (10} and (12).



Proof. See Appendix.

Why can equilibria coexust 1n which frms condition differentiy on the infor-
mation sbout costs that they receive? After all, at first sight it appears counter-
intwitive that prices should vary inversely with the level of costs. However, the
tevel of cost realizations is unimportant for the firms when A 1s aot oo large.
What matters 15 that uncertanty sllows firms to set different prices for different
realizations of casts. When some consumers cannot observe all prices, the fact
that firm 7 conditions its strategy on costs creates private information about the
price of firm 7 for firm ¢ reiative to its potential consumers, For smzll & firm
1 wants to set a high price whenever j sets o high pnice wndependently of the
realization of costs.

In the absence of asymmetne information between firms and consumers com-
petition would equalize the prices set 1n the two states in the limt s A — Q.
However, the signaling distortion assures that this does not happen in the pres-
ence of asymmetric information. Indeed, firms could raise prices in our model
by conditioning strategies on the realization of “sunspots” that are observabie to
the firms but not to the consumers. The enly difference to proposition { would
be that the “pooling equilibrium™ 12 which firms do not condition on the sunspot
would exist. Strictly positive cost differences A exciude the passibility of pooling
but not, the fact that privately observed costs are used os coordination devices for
the frme. Since it is the correlation in the information of rival firms that matters
for the resuit snd not the size of the cost differences, we have:

Proposition 2 Bven arbifrarify small unceriamly ghout costs i the market strictly
decreases the wlensily of compelition when there w5 asymmelric mjormation. be-
tween consumers and firms. More formally,

lim i — = (L)t 5> (147 (14)

Proposition 2 tells us that even in the limit as the difference between marginal
casts tends to zero, the expected price stays strictly above the price that would be
charged under symmetnc formation, But not only the price level is qualitatively
different. The same 1s true for the volatility of prices. To see this, note that the
prices for the two cost levels do nat converge to the same level evenin the limit as
A — 0, since lima—o 1p" (2] — 7] = 2 > 0. Hence, even n the limit as underlying
costs became almost certain, large price volatility remains in the market.

Proposition 3 Buen for arbiirarily small underlymmyg cosi wucertamiy the vari-
ability of prices may be large. More formally

lim £{p*(c) - pT) = 15" > 0 (15)

Note that the effect on the expected price level and the effect of mcreased
volatility of prices are decreasing in the degree of market transparency. If the
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market 15 more transparent it is mare costly for a firm to deviate to 2 high price
i the state (L) and so the distortion needed m the high state is juwer. Hence,
firms have less scope to credibly rase prices.

We have characterized up to now equilibria i which the size of the cast
uncertamty 15 small relative to the degree of market fransparency. However,
unperfect market transparency does not always generate these types of results.
When underfymg cost differences are farge relative to the degree of transparency
of the market there are twa effects. First, distertions in pricing tn the state o H)
may not be needed in equilibrium to separate between states when o{H)} =& As
market transparency becomes perfect the gams for the “low” type from mimicking
the "high” type disappear. But at the some time the costs of rurmcking a different
type stay large because of the cost differences. Second, the equilibrium in which
c(H} = g disappears. As market transparency becomes perfect the gans from
copvincing partially mformed consumers that the nival’s price 15 high converge
to zero. However, to have a separating equilibrium the distortion i price must
be at least as large as the cost difference. But then the firm has an mcentive to
deviate to a fower price and the downward incentive compatibifity constraint will
be violated. This argument 15 summanzed m:

Proposition 4 Fiz A > 0. Then there emsts A < L such that Jor all A e (A, 1),
therc exists a urague symumcine mivilive eguilibnium.  In this cquilibrium the
meentive compalibilily constrami 13 nof binding.

Proof. See Appendix. 8

We have thus established that the simnaling incentive in markets with asym-
metnic information between cunsumers and firms may lead ta significant increases
in the price level relative to markets with symmetric information.

4 Market Transparency and Information Exchange

In the previous section we have shown that asymmetric information about market
conditions between firms and consumers matters i a market with imperfect
market transparency, Our mudel, therefore, gives us a framework to evaluate
the cuncern of anti-trist authorsties that informational advantages of the firms
may hurt consumers, Earlier literature on mformation exchange {see Kiihn and
Vives {1995}, Rasth (1993) for an overview} could not address this mssue because
it analyzed perfectly transparent markets. In all of these models there 15 no effect
of information exchange on the ferel of expected prices, * We will show below

*T'he abseace of an 1mpuct on the expected price level is an wrielact of wodels with linear
demund as anaiyzed n this Berature. However, and in contrast to cur results, the effect of
wlormation exchange on price levels s always of second order for smail degroos of uncertanty
when market transparency = perfect.



that with mperfect market transperency we will get substantial effects from
information exchange on price levels despite mamtaming all other assumptions
1n this literature.

4.1 Imperfectly Correlated Information

To analyze the effects of information exchange we first have to slightly generalize
the model used in section 3. In that modei the information of firms sbout mariet
conditions is perfectly correfated because the cost level 18 known to the firms at
the time of price setting. Therefore, there 15 no need for information exchange.
In renl mackets, however, firms frequently have to set cutput prices before mput
prices are known. Hence, we assume that firms have to set prices before they
have observed the realization of margmina costs. However, at the time of choos-
ing prices, exch firm ¢ has received an independent, private signal s about the
renlization of marginal cast. This can be interpreted as the private iformation
each firmn has about the state of input markets. Given the realization of margnal
costs ¢, the signal s; takes the irue value of the realization of ¢ with probabil-
ity %1 and with probability § — 1’—;5}— the opposite vajue, g € {0,1]. Hence, the
expected value of costs miven the signal 1s mven by Ele | s} = ¢ + pls; — ¢l
The parameter g measures the mformativeness of the signal. If p = 0 the signal
is compietely uninformative while for p == | the signal perfectly reveals the true
fevel of costs which yelds the model of section 3 as a special case.

Instead of conditioning on the cost level firms now condition their strategies
on the realization of their signal. This means thai even in symmetric equilibria
price choices will not be perfectly correlated among the firms, The signal of firm
1, 8y, is an imperfect signaf not only of its own cost but also of the signal received
by firm 3, s;, and firm i's conditional expectation of firm j's signai s given by
E{s; | st = &+ pPlss — . The parameter * therefore measures the degree
of correlation m the iformation of firms. In a separating equilibrium consumers
who can only observe the price of firm » will be able to infer the realization of s;
and use this to update their beliefs abcut the realization of s; and therefore the
price p;{s;) of firm 7. Hence, the inference partially informed consumers make
about the unobserved price 1s imperfect. In line with the notation in section 3 we
will call s{L) {s(#)) the realization of s; for which the price of irm j is expected
fo be lower (higher). As s shown i the appendix all resuits of section 3 continue
ta Jiold for this modified medel.

To obtain some more intuition about the changes induced by imperfect cor-
relation of information consider the first order condition of the problem:

144
41

i (si) = Ee | sit = Z{s:)i = E{Ddpi(s:), pils;)) L sih =0 {16}

This first order condition 1s exactly analogous to equation {8} v section 3 only
that the marginal cost level 1s replaced by the expectation E{c | s;} and ex-
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pected demand depends on the conditional expectation of p;(s;} mven s;. The
unconditional expected price in & symmetric equilibrium s again given by p° =
¢ 4 z + {1 + 7)t. Price adjustments to the information will now depend on the
degree of correiation between the signal and the cost fevel, p, and the degree of
correlation Detween the signals, g° In a symmetric equilibnum we have

c 1 . z g -
plsi) - p = Ta—an Pt (CQ_S(L))%, Y (17)
and z = Z{p*) + pis(L) — ¢, where
n —1 2
=t = o P ,
He'y= 11+ H(E_Tﬁﬂ)(i_pn] [“sz] {147t (18)

Both the price fevel and the volatility of prices are positively affected by the
degree of correlation in the information between the two firms, o The more
correlated the information of the firms 15, the more information about the real-
1zation of the nival's sygnal 1s revealed in the price. Hence, the mgher correlation
between signals, the stronger the reaction of partielly informed buyers to the
information contammed in the price and the greater the incentives for the firm
te chest. As a result, upward distortions in the high price become iarger the
stronger the correlation. Te summanze:

Proposition 5 The expecied price m the market and the variance of eguilibrium
2

prices mereases w the degree of correlation m the mformalion of firms, p
Proof. See Appendix. 8

This proposition already gives some intuition shout the effects of information
exchange on eguilibritem prices. As far as information exchange leads to greater
correlation in the informatien of firms we should expect it to increase the sverage
price level. We confirm this inbuition below in a format model of information
exchange,

4.2 Imformation Sharing

We modei “information shering” as a special frade asscamtion agreement i which
firms commut to defegate information gathering about costs to the trade sssocia-
tion. To simplify the discussion below we will make two restrictive assumptions,
First, we assume that firms can only use information obinined from the trade as-
sociation. Second, we assume that the signal s generated by the trade association
contains no more information than the private signal s; each firm recerved in the
absence of the association. Hence, s takes the frue value of ¢ with probability
’% and the opposite realization with probability '—;ﬁ ‘We make this sssumption
simply to 1selate the correlation effect of information exchange and discuss more
realistic settings below.
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Asn the previous section equilibrium prices in a symmetnic equilibrium sat-
15fy the slack first order condition

i+

R BDE ) [ sh =0 (19)

' (s)— Blc] s} — X{s)}

where X (s) vefers to the “margmal cost due to slack” under information exchange.
The eflect of inperfect signals persists for the term F{c| s}, However, the signals
firms recerve are now perfectly correlated and E{D{p*(s), p*(s)} | s} = % as1n the
case of cbserved costs of section 3. It should therefore be clear that the solution of
the problem can be obtained from the solution m the previous subsection setting
all terms i p?* equal to |, but leaving terms in g unchanged. Hence:

p(s) = Efe] sh = (14 1)t + X(s), (20)

where X{s} = [Z(1) + pls(L) — <]} — s(;__Ticl Terms in g refer to updating of
beliefs about costs and are preserved. All terms that refer to beliefs about nvals
are as in the model with perfect corvelation. Information sharing on the basis of
a trade nssociafion creates a common pool of information, ve. perfect correlation
s the mfermation of the firms, which mmplies by vropasition 3 an increase in
expected prices and the vanability of prices,

In the literature on mformation exchange trade associations are usually mod-
eled in a different. way. In particular, it 1s assumed that firms commit to exchange
the private signals they cbserve (see Kirby 1988 or Vives 1990)° Tt should be
clear that the effect of creating perfect correfution in the mformation of the frms
will still persist. On top of this, two additional effects anse. First, mforma-
tien exchange improves the mformation of both firms about the cost realization,
Second, firms are able to distingwsh a greater numuer of states of the world.
The first effect simply leeds to a more precise estimate of ¢ in equaticn (20} but
does not qualitatively affect the result that nformation exchiange increases the
expected price fevel. The degree to which firms can raise price above the full
wnformation level only depends on the degree of correlation of therr infarmation.
The second effect, however, leads to a larger multiplicity of equilibria and higher
prices on average. To see this, suppose each Hrm @ makes available its signal
s to the competitor. Both firms can then condition thewr prices on the vector
of realizations (s;, ;). This will have two consequences for equilibnum prices.
First, the multiplicity of equilibna for small A will be enlarged because of the
larger number of states that can be distinginshed by the frms, Second, the full
information price will only Le charged i one of the four possible states while

SThis kind of information exchange irrangement i the context of trade wssociations is
quite common n practice (see Vives 1900). To credibly exchange cost miormation firms often
submit ther bills for isputs o the trade wssociation which computes mdustry averages from
the collected daia. The aggregate diuts s then distributed to the firms (see Kihn and Vives
1895).
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there 15 an upward deviation in oll other states. This means that the distribution
of prices will get more skewed towards higher prices the more states the firms
can distinguish. Indeed, in the limit as A — { the distorted prices all converge
to the same level 1n our model which strictly exceeds the full information price
in each state.

To complete our discussion we will now argue that the incentives to exchange
information may radically change relative to the standard literature if there 1s
asymmetric information between firms and consumers. We will illustrate this for
the miormation sharing technology we discussed at the beginning of the section
although it should become ciear that, based on the argumenis in the previous
patagraph, the argument carmers over to more standard models. Asin the litera-
ture on information exchange we want to evaluate the incentives for information
exchange by compsring the er-anie profits before signals are known to the firms.
Linearity in demand allows us to seporate ex-snte profits into effects due to the
level of expected prices and effects due to changes i the covanation of the devi-
ations of price cost margins and demands from their expected levels:

E{{pi — )Dilpips)} (21}
= [p®~ | D{{pi, p;)
+B{{(pdsi) — Ble | si})— (0 = ")iDdps pi) — Dilpispil}-

For the firm information exchange is only desirable, for given jevel of expected
prices an< quantities, if there 15 a larger positive correlation between price cost
marging and demand after mformation exchange. In our special case of a Hotelling
model, demand is always El when firms have the same information and so there s
no corretation between price cost margins and demand when there 15 information
exchange. As a resutt we only have to analyze the sign of the last term mn {21}
for the case of no information exchange.

Consider first the situation without nsymmetric information between con-
sumers and the firm, 1.e. consumers who observe p; can also observe the signal s
Equilibrium prices sre gven by {9) and (10) setting = = 0. Hence, the expected
value of prices 1s unaffected by information exchange as i the standard models.
The sign of the variance term is positive. This s because for higher costs the
price cost margins are lower and demand 15 lower. Consequently the expected
profits of the firms are higher in the absence of information sharing when there
15 no asymmetric information.

When there 15 asymmetric information and 4 15 not too large the situation
15 dramatically different. With smoll A the incentive compatibility constraint 15
binding, 1.e. z > 0, and the expected price, §°, is mereased through mformation
exchange. The variability effect of profits is strictly negative for A sufficiently
small. Signaling tends to mvert the usual correlntion between price cost margins
and demand. With signaling, ptice cost margins tend to be high when demand 15
low. The reason for this inverted correlation 1s that in the absence of information
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exchange sometimes o firm with high price faces a competitor with a low price.
Hence, with asymmetric information both the price level effect and the effect
due to correlations between price cost margins and changes in demand encourage
information exchenge. As a result we obtain:

Proposition 6 /n unperfectly transparent markels without asymmetric mforma-
tion as well as w perfectly iransparent markets firms have no meentive o share
mformation. In conirast, i unperfectly transparent markels with asymmelric
wformation about markel conditions firms strictly gamn from cxchanging wfor-
treation, ab least for sufficently small uncertamiy A,

Proof. See Appendix. ©

This proposition shows that in markets with asymmetric information between
consumers and firms information sharmg may have very different effects from
those studied in the traditional information exchange literature. Firms have an
meentive to create a common pool of infermation i order to mcrease the degree
of asymmetric imformation. This increases signaking incentives and thus 15 o
commibment device to rmse prices in the market. We have thus demonstrated
that information exchange may have the anticompetitive implications conjectured
by antitrust practitioners. Furthermore, our analysis shows that the remedy of
foreing firms to disciose their information about market conditions to consumers
13 an appropriate one.

It should be noted that our anaiysis suggests that the effect we have uncovered
15 of a larger order of magnitude than the effect m the traditional information
exchange literature even when we consider modeis with non-linear demand. While
i models with non-linear demand expected prices should be affected, the level
effect on price 1s of second order relative to the size of the cost uncertainty A. In
contrast, the effect we have uncovered 1s a first order effect that holds even for
small degrees of uncertamty.

4.3 Pre-Play Communication

We have argued above that the important effect in cur model 15 the possibility
to use the signaling of private dformation to credibly coordinate an setting high
prices in some states of the world, For this reason it 15 1n the interest of the firms
to create a common poot of information. Since the mechanism works even in the
case of & sunspet which 1s privately observed by the firms, it 1s not even necessary
that firms exchange real underlymyg cost data to relax competition. Indeed, we
can remterpret our medel of infermation exchange as firms talking about which
prices to set before making their pricing decisions.

Te be slightly more formal about this censider a vanation of cur model m
which there 15 some probability ¥ (in our base mode] 7 = 3) that firms have a
chance to meet and decide on 2 common price. With probability {1 — ) the
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meeting does not fake place. Suppose that consumers cannot observe whether
the firms meset or not. In this case partially mformed consumers will try to mfer
from the price whether a meeting took piace and whether as a result there is an
agreement to quote high prices. There will clearly be an eguilibrsum in which
firms quote high prices when they meet and low prices when they do not meet.
Hence, there will be equilibriz with the same properties as in our model because
firms can condition their pricing policies on whether they have met or not. In
this sense pre-play communication cen matter in our model.

While the basie mtuition of our modei will carry over to pre-play commumniea-
tion it becomes problematic to reduce the equilibrium set using assumption L. If
there 15 communication between firms about: the price te be set, there will be cor-
refation in strategies and it s less convinemnyg to essume that firms cannot signal
the strategies of rivals to partially snformed consumers. While this means that
the equilibrium set to be considered may be significantiy enlarged, the equilibra
we derived will always survive and the basic insights ore preserved.

5 Endogenous Market Transparency Through
Advertising

In this section we endogenize the degree of market transparency by mmtrodueing
the possibility of informative price advertising by firms. We will show that adver-
tising has two additional effects in the presence of asymmetrnic information. First,
it may create coordination problems Detween the firm. Second, the possibility
of advertising may make fully separating equilibr:a mmpossible. To analyze these
questions we will integrate advertising into the madel of section 3 in the simplest
possible way, A firm can inform either all consumers about sts price, spending
an amount @ of advertising costs, or none. Advertising only matters for those
consumers who can only sample one price end would be imperfectly mformed 1n
the absence of advertising. We will think of advertising as giving each consumer
one sampling of a price for free in addition to their previons sampling possibil-
ities. Hence, i at ieast one firm advertises m the market all consumers become
perfectly mformed about prices.

Before analyzing the effects of advertising with asymmetric information it 1s
convenient to discuss, as » benchmark, the advertising modef with symmetric
mformation. This will also hefp to understand the workings of the model under
asymmetnie information. In addition, we replicate for our context the mam re-
sults known from the literature on informative price advertising in duopaly, n
particular those of Bester and Petrakis (1995).



5.1 Advertising with Symmetric Information

Consider our benchmark modet of section 2.2 1n which there s no asymmetric
information between customers and firms. We will introduce the advertising
technology described above and concentrate on symmetric equilibrin 1n which
botk firms use the same price and advertising strategy. Let us suppose there 1s a
symmetric equilibrium in which each firm advertises with probability g the price
p* and with prebability (1 — ¢) it does not advertise and charges price g If rm
¢ decides to advertise, given that firm 7 uses the equilibnium strategy, firm 1 foces
expected demand Z{D:(m,p)} = { - 11— E{p}}, where E{p} = qp*+ (1 - gJp"
15 the expected price of firm ). The eptimal advertising price for firm 7 1s given
by p: = 4{t + ¢+ B{p}] and. henee, the candidate equitibrium must satisfy

!
o= gtk e L gl (22)
Profits from advertising 1n the candidate equilibrium are given by
. Lt +e o ) )
I'I(q}=§ W+EPML}J - g {an

Expected demand when firm 1 does not advertise is slightly more complicated.
With probability g firm 7 advertises and demand 1= given by &~ #{p; ~ p*|. With
probability {1 — g) there is no adveriising and the demand structure 15 as in
equation {4). It 1s then easy to dersve profits conditional on not sdvertising for

firm 7 as: . " .
(g = o - g E N g - o, (24)

where in (23) and (24} p" 15 a decreasing function of q. For g € {0,1) to be an
equilibriam advertising fevel, we must have:

. ¢t lpg) - ] .

M g) — M"{g) = 3 [ (2 . - =) {25}

it can be shown that IT%(¢) — II*(q) 1s decreasing 1z g. Furthermore, IT1°(1) —
II%(1) = —a, so that there can be no equilibrum 1 which both frms advertise

with prebability 1. This result should be clear since a firm's price 15 perfectly
knawn if the other firm advertises and so there is a stnict preference to save on
advertising cost. Hence, we ubtain:

Proposition 7 There ensis o nmque symmelre equilibroun of the game with
advertising under symmelrc miormaiion. Ifa > a° = % then g = 0 and there
15 no advertismyg wmoequilibrium. If @ < 2 then botl: firms advertise with posilive
prohability q € (0, 1) where the advertising probabilily solves

- 1
) {2 +q{3 - q}T:{ = (26)
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and lhe prices charged are guen by (282} and

0

Pt —c= {14 7)5 (27

2+g{d - qiT
Proof. See Appendix 8

We obtain from this the stondard results of informative price advertising
in duopoly. First it 1s immediate from (27) that the non-advertised price falls
below the price m the absence of advertising, 1.e. below ¢+ {1 + 7). Second,
the advertising incentives incresse ns market transparency goes down, Le. as 7
imcreases. Furthermore the advertising probability falls as advertising costs are
incrensed. These properties replicate for our model the results of Bester and

Petrakis (1995).

5.2 Advertising with Informational Asymmetries

We will now turn to the question under what circumstances symmetric mtuitive
equilibria exist that are fully separating. We will assume that costs are perfectly
observable to the firms as m section 3. To stmplify the arguments we will further
assume that A 1s arbitrarily small, In a fully separating equifibriam much of the
above analysis of advertising 1s still applicable. First note, that i a state c(L)
the full nformation actions are taken so that p*(c{L)}, p*(e{L}), and q(=(L)} are
determmned as i the symmetric information case sn the subsection above. This is
simply the anaiog to Lemma 3 in our context which says that actions m the worst
state will be the full information actions in a perfectly separating equilibrium.
Since there 15 no asymmeiric information when one firm advertises 1ts price, the
advertising price p*(c{H)} in state o(#} only depends on the non-advertising price
p*{c{H}) and on g{e(H)) but not on decisions 1o state ¢ L). Hence. equation (22)
cantinues to describe the optimal choiee of an advertised price in state e(H). As
a consequence equation {23) continues to describe the advertising 1ncentives af a
candidate symmetric separating equilibrium in this state,

There 15, however, one price that changes in the market with asymmetric
snformation. The non-advertising price p™(c( )} is not determined ly the optimal
choice n skate ¢{H) but in order to satisfy the meentive compatibility condition
for the firmn i state ¢{L}. The price p™(e{H)) in & separating equiliboium therefore
does not depend on the probability of advertising g(e(F)) chosen by the firm
in state c(H). While in the symumetric information case p° 15 decreasing in g
and therefore the adverbisement incentive in (25} 15 decreasing mn g, p™(c{H)) 1s
censtant m g(c{H)) and as a result the advertising 1ncentive 1 the asymmetric
information case is increasing in g(c(H)). This feature of the model drives the
two eflects that we anaiyze below.

Let us consider the range of advertising costs a € {a’, co0). For these advertis-
ing cost levels we know that the firms will not advertise in state [, in a separating
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equilibrnium by the above argument. Define 2** by:

o L[t - o)) - o]

Y 2=q)

(28)

where p"(c{}}} 1s the price of section 3 where advertising was not possible. Note
that p*(c{H)) ~ {H) > p*(c{L}) — (L) > 1, s that 2* > o' For advertising
costs g exceeding a** there is clearly no incentive to advertise i1 state ¢{H} even
i the firm charges the non-advertising equilibnium price 7*(c(H)} and the rival
does not advertise. Hence we obtain:

Proposition 8 Suppose thal a > a**  Then there exsls an equilibrium of the
game wilh adverlisty such i ne adverlismy oceurs m eguilibrium and equilib-
rum prices are equal fo these v seclion .

This preposition stmply states thet for sufficiently high advertising casts there
15 always an equilibrium m which advertising does not accur and the characteri-
zation of section 3 1s valid, Note, however, that the signaling distortion in state
¢(H} mves higher advertising incentives to the firm in state ¢{H) than in state
e(L). Essentially, the profitability of undercutting another irm with an adver-
tised price i1s ligher 1n the high state because markups are higher due to the
signaling incentive. This effect jeads to a'* > a° and may cause both coordina-
tion problems in advertising and the impossibility of fully separating symmetnic
equilibria for low levels of advertising custs as we will now demonsirate.

5.2.1 Coordination Problems in Advertising

Despite the fact that for @ > a** our analysis of section 3 still describes sn
equilibrium 1t 15 not always unique.  We will now show that for some range
a € (a*",a*) there exist vther equilibna with advertising. First, recall that for
a > a' and & small the mcentive compatilility constramt binds in a separating
equilibrium.  Therefore p"(¢(H)) 1s determined Ly the ncentive compatibility
constramt 1n state of L) whatever the advertising sirategy in state /{. The price
p*(e{ 1)) dees not f2ll if there 15 advertising 1n state /.

Given that p"{c(H}) 15 fixed, the relative vrofits of firm i from advertising and
nut edvertising nise as the probability of firm 3 advertising, g, sncreases. Firm ¢
looses more 10 profits from setting the incentive compatible nen-advertising price
p™(c(H)) when q increases than it looses from setting p°(c{/f)). The reason 15
that firm ¢ can adjust price p*{c{H}) downwards, limiting the potentist loss in
market share from the other firm advertising with higher probability. This may
lead to a coordination preblem n advertising for the firms. Despite the fact that
an equilibrium with no advertising exists, = firm may see itself forced to advertise
because it expects the rival to advertise with positive probability. To see this
consider an advertising cost u** + ¢, with « small, By construction of a** we have
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11%{0} - 11*(0} < 0 and, since ¢ 15 small, there exists ¢ such that 11*{g}—II"(g) > €
for all ¢ 2 ¢. By monotonicity of [1*(g) ~[I"*(g) there will be a g(a) close to 0, such
that [1%(g{a)) — {I"(¢{a}) =0, so that firm 7 is mndifferent between advertising st
the price p*(c(H), q{a)) snd not advertisimg at price p*(c{H}), given that firm ;
randomizes between these prices with probability g(a} in state e(H). Indeed, we
gob:

Proposition 9 There exisls an open wmicreal of adverfising cosis {a**,a%) such
thal there crests an cquilibrium which ias fully separaiing non-adverlising prices,
w which finns do not adverlise m state L end sel the prices of section 3 and
which n slate I firms advertise with provability g(a) price *{c(H},q(a}) ana
with provability | — q{a) set the non-edveriismg price p*(e(H)) = p*{c{H)).

Proof. Note, that by consiruction prices are optimai for the firm in state L
and the price p*{c(H}, ¢{e)} 15 optimally chosen given the strategy of the nival
firm. Also, if the firm chouses »*(c{H)} when it does not advertise 1f is indif-
ferent between advertisig and not advertising in state H and randomizing with
probability g{a) 15 optimal. We have to check 1s whether firm ¢ has an incen-
tive to deviate from the non-advertising price p*(c{H)}. Note that for g{a} small
the optimal non-advertismg price given any belief 3 s arbitrarily close to the
optimal price at ¢ = 0. Since we have shown in the proof of propesition 3 that
p*{c{H)} > p" and that the downward incentive compatibility 1s siack, this wil
aiso hold for ¢{u) close to 0. Hence, there 1s no incentfive for the firm in state
c(H} to deviate from its non-edvertising price. Clearly, for u close to &, ¢(a) s
close te zero, so thaf this argument will be true for an open interval of advertising
levels abave a™°.

We have shown here that there exists an open interval of advertismg costs
with 2 > «* > a° such that there are multiple equilibna in the game with
advertistng. This multiplicity 15 due v a coordination problem that 1s generated
through signaling. Because of signaling the non-advertising price dues not respond
to higher advertising by the rival. Since higher sdvertising fevels by a nival
therefare 1ncrease the advertising incentives for a firm 1t becomes possible that
there 15 a no-advertising equifibrinm in which firms strietly prefer not to advertise
given that the other firm does not advertise which coexists with an advertising
equilibrium sustained by the fact that, the other firm advertises. Such coexistence
15, however, limited because of the downward mcentive compatibility constramt
of the firm in state c(/{). If the advertising probability of a rival 1s very high,
Le. g close to |, the less from inducing unfavorable beliefs in the case of an
intransparent market becomes very small and the firm in state c(H} will set a
non-advertising price that viciates the mcentive compatibility constraint for the
frm 1n the of L} stote.
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5.2.2 The Impossibility of Fully Separating Equilibria for ¢ < ¢*

We have just argued that fully separating advertising equilibria may fail to exst
slongside no-advertising equilibna because the downward mcentive constraint for
the firm 1 state ¢ M} may be viclated. This 1s true mare generally for levels of
advertising costs m the range (u°, ¢**}). Note, that for advertising leveis a < a**

gy ~ 1%*(g) > 0 for all ¢ & |0,1}. However, there cannot be a symmetric
equilibrium at which q == §, since it 1s preferable for one firm to set p™ = p® and
not advertise at all, since the cbservability of all prices 1s guaranteed. As a result,
1n equilibrium we must have [1%(g} — [I"(g) < 0. Hence, for & < a™* we must
have that p*(e(H)) < p*(e(H)). However, since a > a° the firms in state ¢{L)
will not advertise in equilibrium so that p*{c{H}) 2 p*{c(f}) to susiain incentive
compatibifity 1n a symmetric equilibronm. As a result there cannot exst a fally
separating equilibrium for this range of advertising parameters.

Let us Lriefly discuss why fill separation Lreaks down for fower advertising
costs, As advertising mcentives rise with lower advertising costs, the probability
of & rival charging a low advertised price becomes larger. Hence, it becomes
very costly to eharge a high nun-advertised price. At the same time the foss
from inducing the wrong beliefs in uninformed consumers becomes low because
the probability that consumers are informed is high at higher advertising levels.
Hence, when the costs of advertising are low enongh not advertised prices in
the high state must fall, violaling mcentive compatibility in sfate L. The cnly
ituitive equilibnia that can exist for low advertising costs are therefore ones
i which there 1s partial pocling Ly the firm in state o{L). This implies that
lower advertising costs bring duwn the non-sdvertised prices in state o(H) bur
meresse them in state c(L), reducing thus the volatility of non-advertised prices.
Advertising therefore does not eliminate the eflects of asymmetnic information
bat reduces price increases on average and stabifizes prices in the market.”

6 Conclusions

In this paper we have shown the unportance of asymmetnic information between
the firms and consumers when there 15 imperfect market transparency on the side
of cunstners about prices. We have shown that asymmetric information may sig-
nificantly relax competition Leyond the demand elastioity effect of cenventional
search models, Even when the underlying uncertainty in input prices 1s small
asyminetric mformation may create large mcreases i the price fevet and large
price volatility. We have demonstrated that this eflect can be exploited by firms
through the creation of information exchange agreements or simple pre-play com-
mumeation that s unobserved Ly consumers. Cur modet, therefore, gives some

"We have dropped a full aonlysis of cquilibria in this range of parameters because the

esenial effeeis can siready be uadersiood from Lie discussion above.
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support to competition policy cancerns about the role of information exchange
agreements in creating asymmetric information n markets te the detrsment of
Consumers,



7 Appendix

In this appendix we will analyze a slightly generalized version of the modei pre-
sented in section 7 that encompasses both the medels used in section 3 and section
4. We assume here that firms have to set prices before they have observed the
realization of margnal costs. However, at the time of choosing prices, each firm
i has received an independent, privaie signal & about the realization of marginal
cost, Given the realization of margmat costs ¢, the signal s; takes the true value
of the realization of ¢ with probability ﬂ:r_i and with probability 1 — f%i the
opposite value, p € {0, 1}. Hence, the expecied vajue of casts given the signal 1s
mven by E{c| s} = ¢+ pls; — . We will derive all the results for this general
model. The resuits of section 3 (Lemma I-Lemma 4 and Proposition [-4) follow
as special cases by setfing p = L.

The strategy p;(-) maps from the realization of the signal s; € {g,&} to the
set P. We will denote Ly s{J{) the realization of the signal for which firm j sets
a high price. The price pi{s{H}) therefore denotes the price that firm @ sets if it
has recerved the signal s; = s{#) and knows that firm 7 would set a high price
if he received signal s; == s(/). Otherwise we will adopt the same notation as
section J replacing ¢ by s; and c(K) by s(K).

Proof of Lemma 1:

Follows by the same argument as i the text.

Proof of Lemma 2:

By Lemma 1 there 15 no equilibrinm in wluch Loth firms use a pooling strategy.
Therefore we only have to consider a situation in which one firm uses a poaling
strategy and the other firm conditions 1ts strategy on its informatien, Without
toss of generality suppose firm : sets the pooling price pi{s;) = ¢ for all s:m
equilibriurn. Then the equilibrium strategy for firm 3 sotisfies:

i I—=A Efels; .
v (s5) [f-"i*t?— PE] bl {29)

“iva 9

%]

Hence, p}{€) > pj(c) for all A > 0 and pi{s,} = pi+ §E{c — ' | 5,}. Note that
(1) = ¢ and s{L) = ¢ as a consequence.

We now demonstrate that the pooling strategy pi(s;) = p viclates the intuitive
criterion for firm t. Let f; be the beliel of Luyers m the candidate poaling
equilibrium with » charged by firm . Since partinlly informed buyers do not
obtam any information fram 7, beliefs ; put the ex-ante probability 1 on the high
realization of s:.. Since demand s strictly increasing when buyers attach higher
prabability to a high realization of s;, we have mf{s;, p, 87,4} > Wi(si,p,ﬁi,ﬁj)

By concavity of 7; 1in p; there exists § > i such that

mi{e = mle, p.p}, O, 1) = wile, .05, B, 6) (30)
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Hence all prices p; > § nre equilibrium dominated for s; = ¢. I in addition
3 (8) < m(e, 5.0}, 5, B7) {31)

holds, there exist, by continuity of profits i p;, prices slightly above p such that
the intuitive criterion ts violated, I remamns te be shown that (31) is indeed
satisfled.

First note that

(s} = w5, p.p3, A, 8)) — 7 (s0)
= (5 -pE{D{, p,(s,)} | sl} {39)
+(E = E{c] s HB{DG. pi(s)) | i} ~ B{D(G. i {s;) | 5:}]

where the difference in conditicnal expected demands 1n the last line 15 indepen-
dent of s;. Using pi{s;) = p% + LE{c — ¢* | 5;} we obtamn:

(e} — ¢le)
=1B{c|e} - E{c] eJ{3(p ~ )1 (33)
=HELD(E pi(s;)) | sih = E{D(B,p3(s;)) | si}]}
Since ¢{c} = 0 by definition of /i, the last line in (33) is strictly positive since the
second term m (32} 1s strctly positive, Hence, ¢{2) — é(c} = ¢(2) > 0, viclating
the mtuitive criterion.

Proof of Lemma 3:

Follows from the proof in the texs by substituting ¢{L) by s(L).0

Proeof of Lemma 4:

By Lemma 3 p(s(L)} = p* To prove Lemma 4 1t remains to be shown that
p{s{H)} = max{p,p"} in » symmetnic inbuitive equiliboum.  Since 1 a sepa-
rating equilibrum 8 = 8" for 5 = s(M{)} and since the incentive compatibility
constramt must be satisfied 1in equilibriim we have p(s{H)) € (p.F). Purther-
morze, every price p € [p, fil s equilibiim dommated for the firm that observes
s: = s(L}. Suppuse p'f ¢ ip. | and n(s(H)) # p* Then the mtuitive criterion
fails by setting p; = p'. Suppose p” € {p, - Then the mtwtive criterion fails for
pi *E{p(s(h' )3 pt i pls(H)) < p and fer p: € {f,p(s(H))) if p{s(H)} > p. Hence,
for ﬁ 51_5 [;n 7} we have only two pussible equilibrium prices: 7 and p. However,
p can never be part of a symmetric equilibrmum. To see this note thaf P < i
Thss mmplies that firm 12 sets a low price for 5: = s(H} violating symmetry. Thus,
we have shown that, for each s(L) € {& ¢}, there 15 o unique candidate for a
symmetnc separabing equilibemm with p(s{#)) = max{p”, 5}.O

Before proving the remaming propositions of sections 3 and - we briefly denve
the candidate equilibnum strategies for a symmetric equilibrium. Differentiating
and mmposing symmeiry the {siack) first order conditions can be written as:

P (s) = Be] sih = 22

(s P sk =0 (34)



for sll 8;, where Z(s;) 15 the degree of slack in the first order condition 1n state
8, which s 0 for s; = s(L}. Let B{Z(s:)} = ={p}. Since unconditional expected
demand 1s %, expected price is given by:

F=c+zp)+{14+7H (35)

It cen be shown that, given our assumptions, the optimal strategy for each firm ¢
15 a price function which 1s linear in |s,— ¢, the deviation of the signai realization
s; from its expected value. Hence, we con restrict ourselves to strategies p(s;) =
7 + &s; — ) where p° and § are constants. With this simplifications in place we
can write expected demand of firm 1 when it observes the signal s, and sets price

pi(s{K)}) as

E{D(p (s(1}),p7) itk ﬂ-“(i*a\)

—;,r)

E[(s(K) — ) = p*{si — e, (36)

The term in K} — ¢ comes frum the price that the firm sets and term m
{8: — ¢} vefers to expectations abont the prce firm J sets in the market. In
a separating equilibrsum the firm has to set the price corresponding to ifs true
signal s so that s{K) n (38} 1s replaced by s, Then the term in brackets reduces
o {1 — p*}s; — ). Note that the cunditional expectation of demand will differ
from i whenever g < i since the irm 1s uncertaun abont the information received
by 1f5 rival. Using {34) and (35) we can derive:

. i =(p) . "
Me) - 00 = - —lp + {5; —¢* 3
IMCAE {3+(1—T{J')(1—ﬁ'}i{ E[__S(L)i},, | {37

The slack parameter z{p} 15 derermined by the incentive compatibility condi-
tion which reduces to

By {s(I)) - p"(s {(s(L)).p* ()

=P ({1} = c][Depr (s( L) ), ( N = Diptis(H)) pr (D s = 8(L)} = (
38)

if it 1s binding. Substituting p"{(K) = p° + &1s(K) — <1 and {35} in (38} one

sotves for ={p) as:

() 7 7' e
=(p) = 1+1+{1—r;ﬂ)(1—~p'~‘}} [1_T{J](1+ M+ ple(L) — 51 (39)

Equations {33}, (37) and (49} comupletely describe eguilibsium prices in a sym-
metnie separating equilibnium. Note that we obtam two potential equilibria when
the mecentive compatibility constramt 1s binding. It 1s convernent to define 3{p%}
by 2(p) = £(5") + pls(L) — 1.

Proof of Praoposition 1:

For each configuration s(L) = ¢ and s(L} = T there 1s only one candidate for
an ntuitive equilibrsum given by equations (35), (37) and {39). There remam
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three facts to be shewn to prove proposition 1. First, we have to show that for A
small the incentive compatibility constraint 15 binding in both candidate equilib-
ria. Second, we need to demonstrate thet the downward incentive compatibility
constramnt is not binding. Third, we have to check thab the intuitive critenan 1s
not wolated,

Step L: Since lima_.p pls{L}—c*t = 0 we have from (39) lima .o z(p} = Z(p*) >
0 for all A < 1. Hence, there exists A1 such thst for all candidate equilibria the
1ncentive compatibiiity constrang s binding.

Step 2: The firm hos no mncentive ta deviate from the equilibrium price for
signal reuhzutlons w s{H}, 1

m(s(”),p(s(”)),p'(),ﬁ.”ﬁ;} 2 m}?—‘(ﬁl(s(il)?p!p.()rﬂbng;) (40)

for 2ll A < L. Let p* = argmax, m(s(H),p,p (), 8%, B;) < p™ < p{s(H)) be the
price that & firm would optimally set if it would be faced with e realization of
the signal s{/f) and would induce Leliels 8% Since we can always sustan the
proposed equilibrium with off the equilibrium path beliefs g% for all p < p(H)
an intuitive equilibrium, we only have to ensure thet the firm does not want to
deviate to p¥ inducing beliefs 3 Rewriting {10} as

e(s(H)) — o"IE{D:(p* p* () | s(H))}

= B{pts() = ellDlp* 50 = Delp(s(i)). 7 (N | st} 20, (1
noting that by definitien of #'
BDG 5 0) 1 U] = 1 Ble | s (42)
and using the fact that
Ddptpt ()~ D nypin = l{]) s(H)) — p = 78 s(H} ~ s(L ”
{43)

(41) reduces to:
—p(sUT)) = 1 F 4 r8 iU ~ s(L)ip(s(H)) — Ele | s(H))] 2 00 (44

Now note that Hmg_olp{s(H}) — p*] = (4"}, hence in the imit as & — 0, the
left hand side of (44} can Le writien as

9
it i i - "

Eebeait 5 ’ s f+ + CYSd ] 45
E1+{1-—7p3)(1- -l P+ (1=l - Y o u8)

where we have suppressed the argument ? for convenence. Nating that {147}t =

2 -
14 W’ l—f;”—l from (77}, we obtan after some stmple manipula-
tions:

les

2 f e el _
+[P(1+(i——r 1= 2)] >E [,75"429' (46)
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Since profits are continuous 1n A, the strict ineguality continuous te hold for some
strictly positive A, and there exists Ay > 0 such that there are no incentives for
downward deviations by the firm for s = s(H).

Step 3: To complete the proof we have to show that p(s()) cannot be elimi-
nated through the intuitive eriterion through quoting some price p < p. Note that
m{s(H)) con only be elimmnated for fem i 77 (s{H)) —w{s(H).p, p* (). 87, 87) <

LR |
4. However, we obtain that:

w () = wls(H),pop (). 87, )
2O+TH+Elels(i)) - (47}
>pls(L)}—p >0

where the last inequality follows from the fact that p < p < p{s{L)) = (1 + 7}t +
£{cis(L}}. This completes the proof of propoesition 1.0

Proof of Proposition 2:

Follows directly from equations (35} and (39).

Proof of Proposition 3:

Follows directly frem equation {37) and (38}

Proof of Proposition 4:

We will prove this proposition in two parts. First, we prove that for A close
enough to | there exists no equilibnium wath s(L) == £ Second, we prove that
for an equilibrium with s{L) = ¢ the inrentive compatibility constraint 1s not
binding.

Step 1: Note from equations (39) and (37) that

tim plsi) = limp* = Efe | s(L)} +¢ (48)

for all &;, which 15 the full information price for a firm that receives symal s; =
#{L). Suppose s{L} = 7 and, gven this, define p! as in the proof of propaesition
f. Note that lima_y p* = Bfe| e+ < limy.. p* Since for A close to | a change
0 beliefs by partially informed consumers has virtually no effect on demand it
must be the case that fur such A the price ¥ yields higher profits than p{s{H}).

Step 2: Suppose s(L} = c. Then from (39) there exists A < | such that
for all A > A&, ={p) < 0, a contradiction to the assumption that the incentive
compatibility constramnt s binding. In addition this implies that, for such A, the
mcentive compatibility constramnt s slack at the full information vrices. Hence.
the full mformation prces are equililrmum prices. O

Proof of Propaosition 5:

Follows directly frum differentiatimg eqnation (39} with respect to p?

Proof of Proposition G;

Using the fact that sirategies are linear i the signals equilibnium payoffs in
{21) can be rewritten as

P+ A - 1Y)

i~ I3 e —p

6" E{ls; — flls: ~ 55}, (49
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where E{[s; —c|[s;—3;]} = Var{s;}~Cou(s;, s;} = 0. When there 1s information
exchange demand is always 5‘ and there 15 no correiation between price cost mar-
gits and demand, 1.e. Var{s;) — Cou(s;,5;} = 0. When there 15 no information
exchange Var(s;) ~ Cov(s;, 8;) = |1 — ,02]_‘-‘.‘72 and the sign of the variance teom is
deterrmined by the sign of —|6* — p}§* When there 15 no asymmetnc information
between consumers and the firm, 1.e. consumers who observe p; can alsa observe
the signal $;, equilibnum prices are given by (9) and {10} setting = = 0. Hence,
the expected value of prices s unaffected by information sharing as i the stan-
dard models of information shanng. However, the sign of the vartance term 1s
determmed from {10) by

—~{6" — pld" = p*1 - EL;"}* >0 (50}
Moz
where it = | + (1 — rp*}{1 — p°). Consequentiy the expected profits of the firms
are higher i the absence of information sharing. When there 15 asymmetric
information and when the ircentive compatibility constraint 1s lnnding, 1.e. 2 > G,
the expected price, p*, s mereased through information exchange, The vanability
effect of profits 1s grven by

A

—18" = pIE (=~ 1) =~z — et — s(L)]E(L - oY), (51)

4T T
which 15 strictly negative for & sufficiently small. This praves the proposition.
Proof of Proposition T:
Given that firm 7 charges the equilibrmm prices p” ard 7* conditional on ad-
vertising and non-advertising, the cptimal non-advertising price for irm = maxi-
frizes:

(= aly = o= D + L=l ~ o) (3

Maximizing, substituting for p* and imposing symmetry yields (23) which defines
P'{g)- Substituting (28) m (26) we obtain that [1°(g) — IT"{y} 1s decreasing 1n
g Sinee, for a > o, TI*{0) - IT*{0} < 0, there will not Le any advertising 1m
equilibrium and there 15 clearly no incentive to deviate from p™{0). For a < a”.
M6} — II*(0) < 0 and TI*1) — II"(1) = —a < 8. Hence there 1s a umque
advertising {evel that makes the firms indifferent.
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