On the Competitive Effect of

Informative Advertising

Kurt R. Brekke* Michael Kuhn'

November 2008.
Work in progress. Do not quote.

Abstract
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is perfectly price inelastic. Replicating their model in a Hotelling
duopoly version, we show that results are in fact reversed if we allow
for price elastic monopoly demand. The reason is that the marginal
consumer informed about only one product is more price responsive
than the marginal consumer informed about both products. We then
use general demand (and advertising cost) functions and derive exact

conditions for when informative advertising is pro-competitive.

Keywords: Informative Advertising; Price Competition; Product
differentiation
JEL Classification: D83; L13; M37

*Norwegian School of Economics & Business Administration. Department of Eco-
nomics. E-mail: kurt.brekke@nhh.no
TUniversity of Rostock.



1 Introduction

Informative advertising is, as opposed to persuasive advertising, generally
perceived to promote competition (Bagwell, 2007). When a firm advertises,
consumers receive (at low costs) information about products, prices, etc.
This information is claimed to make the firm’s demand curve more elastic
and competition more intense, resulting in lower prices and profits.! In this
paper, we challenge the robustness of the pro-competitive effect of informa-
tive advertising.

Butters (1977) offers a first formal analysis of informative advertising in a
multi-firm setting. Firms produce a homogeneous product (at constant unit
costs). Consumers learn of a firm’s existence and price only by receiving an
ad from that firm, and ads are distributed randomly across consumers at
some costs. There are three kinds of consumers: (i) uniformed consumers
that receive no ads, and therefore do not buy any of the products; (ii) captive
consumers that have received ads from only one firm and buy this product
provided that the price is below their reservation price; and (iii) selective
consumers that receive ads from more than one firm, and buys the product
with the lowest price.

Grossman and Shapiro (1984) extend the work by Butters (1977) to in-
clude horizontally differentiated products using a Salop-type model. In this
setting, advertising informs not just about existence and price, but also the
advertising firm’s (product’s) location. Selective consumers trade-off price
differences against travelling costs, and buys the product that yields the
higher net utility. A striking result from their analysis is that informative
advertising triggers competition resulting in lower prices. In the same line,
Grossman and Shapiro (1984) show that firms may benefit from advertising
restrictions. More costly advertising lowers advertising and reduces profits,

for given prices. However, less advertising softens competition, resulting in

Tt is also argued that informative advertising can faciliate entry, as it provides a means
through which a new entrant can inform potential buyers (Bagwell, 2007).



higher prices. The net effect on profits depends on the strength of the direct
cost effect relative to the strategic price effect. Obviously, a complete ban
(infinite advertising costs) on advertising would be harmful to the firms.

A crucial assumption in Grossman and Shapiro (1984), and also Butters
(1977), is that the demand from captive consumers (who only know about one
of the products) is perfectly price inelastic. The reservation price (or gross
utility) is assumed to be sufficiently high, such that all captive consumers
buy (one unit of) the product they are informed about irrespective of the
price. Consequently, only demand from selective consumers (informed about
more than one product) is elastic with respect to prices. Thus, advertising
will by assumption lead to lower demand elasticity.

We find this assumption quite restrictive. In the current paper, we there-
fore revisit the Grossman and Shapiro (1984) model by allowing for demand
from captive consumers to be price elastic. In the first part, we replicate
their model by using the familiar Hotelling version (see, Tirole, 1988: 292-4).
In the second part, we generalise this model by using general demand (and
advertising cost) functions. In both parts, we first derive the price equilib-
rium for given levels of information (advertising). Afterwards, we endogenise
the degree of information by allowing for this to be a choice variable for the
firms, as in the informative advertising models, and derive the symmetric
price-advertising equilibrium.

In the Hotelling setting, we show that the pro-competitive results derived
in GS is in fact reversed once we allow for demand in the monopoly segment
to respond to prices. The reason is that the marginal consumer trading off
whether or not to buy the advertised product is more price responsive than
the marginal consumer in the competitive segment deciding to buy either
product. Since products are differentiated, the transport costs for consumers
in the monopoly segment is higher than in the competitive segment (on aver-
age), which explain the higher price responsiveness in the monopoly segment.

However, if we impose the assumption that consumers informed about only



one product, buys this with certainty, then informative advertising becomes
pro-competitive again.

In the generalised version, we derive exact conditions for the competitive
effects of informative advertising. Here, we show that informative adver-
tising is pro-competitive if demand is more price elastic in the competitive
segment than in the monopoly segment, provided that prices are strategic
complements.

There are many papers on informative advertising in oligopoly markets

(see Bagwell, 2007, for an overview).?

However, the competitive effect of
informative advertising has not been subject to closer investigation. The
main purpose of this paper is therefore to shed more light on this issue.
The rest of the paper is organised as follows. In section 2 we present the
Hotelling duopoly version of the GS model. In section 3 we apply general de-
mand (and advertising cost) functions in the duopoly framework. In section

4 we conclude the paper with some remarks.

2 A Hotelling Duopoly Model

We start by replicating the duopoly version of Grossman and Shapiro (1984),
henceforth GS, as presented in Tirole (1988: 292-4).> Consider a market with
two firms, indexed by ¢ = 1,2, offering one product each at price p;. The
firms (or products) are located at either end of the unit interval S = [0, 1],
where z; = 0 and 23 = 1 are the locations of firm 1 and 2, respectively.

In this market there is a uniform distribution of consumers on the interval
S with mass 1. Each consumer demands one unit of either product or no

product at all. The utility to an arbitrary consumer z € S of consuming

2The paper is also related to the literature on market transparency (see e.g., Schultz,
2000).

3The duopoly version has been used in numerous studies; e.g., Boyer and Moreaux
(1999), Ishigaki (2000), Brekke and Kuhn (2006).



product ¢ is given by

u =v—p; —tlr—zl, (1)

where v is the gross consumption benefit (or reservation price), and ¢ is the
travelling cost per unit distance between the consumer’s location x and the
location of product (or firm) i given by z;.

Consumers are ex ante uninformed about the products available in the
market. To generate demand, each firm must advertise its product to the
consumers. We let a; € (0,1) be the advertising level of product i. Advertis-
ing is assumed to contain true information about existence, characteristics
(location) and price of the advertised product.

Demand of firm ¢, with potential size a;, can be decomposed into two
parts: (i) a fraction 1 —a; of consumers who are informed only about product
i; and (ii) a fraction a; of consumers who are informed about both products.
The residual fraction (1 — ;) (1 — a;) of consumers remains uninformed and
does not demand either of the products. We refer to the first segment as
the monopoly segment (of firm 7), and the second segment as the competitive
segment (for both firms).

Consumers informed about both products trade-off relative prices and
distances, and choose the product that provides the higher net utility. The
consumer that is exactly indifferent between product 1 and 2, i.e., u; (¥) =

us (7), is located at

1 if p1<p2—t
T2 f pre(pp—tpatt) . (2)
0 if D12 p2+1

8)
I

All (fully informed) consumers to the left of © demand product 1, while the
residual fraction demand product 2.
We assume existence of a competitive segment, which requires the follow-

ing two conditions to be fulfilled (in equilibrium):



Assumption 1: 7 € (0,1) < ¢t > |p1 — pof,

> P +p2

Assumption 2: u; () >0 < v— 5

IS

While the first assumption requires that the transport cost (¢) cannot be
too high relative to the price difference, the second one requires that the net
benefit of consuming the product must be sufficiently high relative to average
price levels.

Consumers that are informed only about product i, demand this product
provided that consumption yields non-negative utility. The consumer that is
exactly indifferent between buying or not buying product i, i.e., u; (z;) = 0
is located at:

1— 2z if v—t>p;
Ty = }%—zi} if v—t<p; . (3)
zi — 0 if v < p;
Note that Assumption 2 above implies that v > p;, so that each firm faces a
positive demand from the monopoly segment, i.e., To < T < 7.

In contrast to GS (and Tirole, 1988), we do not impose the restriction
that all consumers in the monopoly segments demand the product they know
about with certainty, i.e., v > t + p;, such that z; = 1 and 25 = 0. In other
words, we do not restrict attention to the special case where demand from
consumers informed about only one product is perfectly price inelastic. In
the following, we allow for demand in the monopoly segment to respond to
prices by also considering the parameter range v —t < p;, though constrained
by Assumption 1 and 2.

The demand for product 1 and 2 can now be written as:

D, = / ay (1 — as) sds +/ a1a28ds, (4)
0 0

1 1
Dy = / as (1 — ay) sds ~|—/ ajagsds. (5)

~2 ~



To gain better understanding of the mechanisms of the model, it is useful
to look at the demand properties. By differentiation (), we obtain (firm 2’s

demand has the same properties):

oD ~ N oD -

%11 = (1—ag)T1 + axx > 0, W; =—a1 (11 —7) <0
0D, 0T oz 0D, oz
I (1 —a) 2 X0, L m gt >0
Ip1 “ ( a2) Op e Op ’ Opa 2 dpa ’

where

)

p 1

851_ 0 of v—t=>m
-3 Zf v—1<p;

or 1 or 1

Er =% and pr =5
We see that a higher price on own product reduces own demand, with the re-
duction coming from the competitive segment and potentially the monopoly
segment, depending on whether or not partially informed consumers are price
responsive or not. A higher price on rival product increases own the demand,
with the increase coming solely from the competitive segment. Note also that
the price responsiveness is either higher or lower in the monopoly segment
than in the competitive segment; i.e., 0 > (—1/2t) > (—1/t).

Moreover, higher own advertising increases own demand, with the effect
coming from both the monopoly and the competitive segment: (i) some unin-
formed consumers become informed about product 1 (market expansion); and
(ii) some consumers informed about product 2 become fully informed and de-
mand product 1 (business-stealing). Finally, more consumers informed about
rival product reduces demand for product 1. The effect comes solely from the
competitive segment: consumers partially informed about product 1 become
fully informed and (some of them) demand product 2 (business stealing).

Following GS and Tirole (1988), we assume that the firms face constant

marginal production costs (¢ = 0), while the cost of reaching a; consumers



with at least one ad is given by an increasing and strictly convex advertising
cost function C (a;) = ka?/2.* We can now specify firm i’s profit function as
follows:

k
T = piD; — §ai2' (6)

2.1 Price equilibrium with exogenous information

Let us start by assuming that the degree of product information among con-
sumers is exogenous. Each firm i sets the price that maximises (gross) profits
given by () simultaneously and independently, resulting in the following set

of first-order conditions:

or, [ w—a)+aa (3-252) =0 if viep
op; ai(l—aj)(”%m)—i—aiaj(%—%):() if v<t+p;

depending on whether or not the demand in the monopoly segment is price
elastic or not. The first equation refers to the case with price inelastic case,
wheras the latter equation represent the price elastic case. Below we derive

and characterise the price equilibrium for both cases separately.

2.1.1 Price inelastic monopoly demand

Assuming that v — t > p;, and solving the corresponding set of first-order

conditions, results in the following price equilibrium:

4a; + 2a; . .
p;“:t<u—1>, i,j=1,2and i # j. (8)
36%(17

Using () we get the relative prices and market shares in the competitive

segment:
A A o 2t al - CL2

a; — asg
Py — Do -

1
2 3@1 (05} ’

and 7 =

3 a1a9

4For details about the advertising technology, see Grossman and Shapiro (1984).



Thus, () constitutes an equilibrium if:

a; —aj

a; Qg

L 24e(0,1)et> pt—pl| < 3

2.7 =1 & th(M).

3a;a;

Note that the latter restriction implies that « (f (p‘f‘, p‘g‘)) > 0.

From () we see that if a; = a; = 1, then p' = ¢, which is the standard
price equilibrium under full consumer information: the equilibrium price is
above marginal costs (¢ = 0), and is increasing in the degree of product dif-
ferentiation (measured by t).

The impact of information on prices is obtained by taking the partial
derivatives. op! By op! w N

8ai B ?)_CL? ’ 8aj n 3CL]2

Thus, equilibrium prices are decreasing in the degree of information of own
and rival products — a result that is consistent with the pro-competitive
effect of informative advertising identified by GS. Here, we show that the
effect on prices holds for any level of product information of both own and
rival products (within the boundaries defined above).

Considering the price difference, we see that in fact the firm with higher
advertising levels has the higher prices, i.e., p! > pj-‘ if a; > a;. This
might seem counterintuitive considering the negative impact of advertising
on prices. However, the firm with more informed consumers has a larger
monopoly segment with price inelastic consumers. Since the optimal price is
balancing marginal revenues from the two segments, the firm with a larger
monopoly segment would have a higher price. This is also the reason why
the firm with more advertising captures less consumers in the competitive
segment.

Inserting () into (), we obtain the equilibrium demand
4 4a;+2a; — 3aa,

Di ,
6




Observe that if a; = a; = 1, then each firm receives half of the market, i.e.,
D& = 1/2. Comparing demand levels, it is easily verified that D > D;‘ if
a; > aj. Thus, the firm with more informed consumers has the larger demand.
This is not trivial because the firm with more informed consumers has lower
market share in the competitive segment due to higher price. However, the
monopoly segment is larger.

The impact of information on demand is found by taking the partial

derivatives:

8D{4_4_3%>0 and 8D;4_2—3az
8ai N 6 8aj N 6 '

An increase in a; has three effects on the demand for product i: (i) it expands
demand by informing some uninformed consumers; (ii) it steals consumers
that are better off with product ¢ from the rival firm; and (iii) it changes
relative prices and thus the demand from fraction of fully informed consumers
(competitive segment). While the latter effect is negative on demand, as
shown above, the two first effects are positive, and dominates the change in
relative prices.

The effect of a; on demand for product i is two-fold: (i) it steals con-
sumers from firm ¢ that are better off with product j; and (ii) it changes
relative prices and thus demand in the competitive segment. The first effect
is negative, while the second is positive, on firm i’s demand. For low lev-
els of information about product i, i.e., a; < 2/3, the strategic price effect
dominates the business-stealing effect, and vice versa for a; > 2/3.

Defining gross profit as V; := p;D;, and inserting () and () into (), we

obtain:

(4ai + 2(1,]' — Saiaj)2
]_SCLz‘CLj '

VA =1

(2

(10)

10



We see that if a; = a; = 1, then VA = ¢/2, which is the standard outcome

under full information. Comparing profit levels, we get

2t (CLZ' + CLj — CLZ‘CL]') (CLz‘ —
3aiaj

a;) .
VA - VA= 22> (<) 0iff a; > (<) ay.

The impact of information on gross profit is found by differentiation of

0

ovA (4a; — 2a; — 3a;a;) (4a; + 2a; — 3a;a;)
i\ j i i j i%5) < 11
da; 18a?a; <0, (11)
8‘/1'A _ t(—4ai + QCL]' — 3aia]~) (4;(1% + 2(1,]‘ — 3(11‘(1,]') <0. (12)
da; 18a,a;

Thus, more information about own product (a;) would decrease prices, but
increase demand, with the net effect on gross profits being indeterminate.
However, more information about rival product (a;) would depress prices
and demand (unless a; is high). The net effect on gross profits is, however,
always negative.

We can sum up the results in the following proposition.

Proposition 1 Assume a Hotelling model with price inelastic monopoly seg-

ment demand (T; = 1), then in equilibrium:

.y OpA apA aDA aDA ovA ovA
a2 L Z i i > i > i
(i) 3& <0, e, <0, 5= >0,55 20, 5= 20,5 <0.

(it) p* > pt, DA > D} and VA > VA if a; > a;, and vice versa.

2.1.2 Price elastic monopoly demand

Assuming that v — t < p; and solving the corresponding set of first-order
conditions, results in the following price equilibrium:
v (8 — 4a; — 6a; + 2aa;) + ta; (4 — a;)

7 .. 3 3
. pr— _ 1 2' . 13
: 16 — 8@1' - 8aj + 3aiaj o b 745 1 7£ J ( )

11



Inserting () into () and (), we get the following demand in the monopoly and

competitive segments

=5 _ U (8 —4a; — 2a; + a;aj) — ta; (4 — a;)
! t (16 — SCZZ‘ — Saj + 30@@]‘) ’

EB:l_ 2t — v a; — Qs '
2 t 16-8@1 —8CL2+3CL16L2

The equilibrium prices given by () constitute an equilibrium if the follow-

ing three assumptions are fulfilled:

~ B
L=<l & v<2t,

7

Y

5 2(2t—v)(a;—a;)
2. P € (0, 1) < t> 16—8ai—8aj+3;iaj

~B t (4—ai)(4—a;) 3t
3. u (I ) 2 0 & v> 58—3@1-—3%-—1—(;1-(1]- € (t’ 7) :

From () we see that if a; = a; = 1, then pf = p? =t, and if a; = a; = 0,
then pf = pP = v/2. From equilibrium condition 1 (v < 2t) it follows that
pP (1,1) > p2 (0,0) . Furthermore, differentiating () with respect to own and
rival product information yields

opy 2a; (4 — a;) (2t —v)

= > 0, 14
da; (16 — 8a; — 8a; + 3a;a;)’ (14)

B . . _
Jp; _ 4(4—a;)(2—a;) (2t UQ) S0 (15)
aaj (16 - 8&1' - SCL]' + SCLL’CL]')

In contrast to the case with price inelastic monopoly demand, prices now in-
crease as more consumers become informed about own and/or rival product.
Notably, this result is not consistent with the pro-competitive result in GS.
To understand the result, consider the price elasticities of the two demand

segments

Di > Di
v—pi t—=pitpj

lez,| > lez,| <= = v—t—p; <0.

12



Thus, the monopoly segment is more price elastic than the competitive seg-
ment if v < ¢ 4+ p;, which is always true for z; < 1. The reason is that the
marginal consumer informed about only one product is in fact more price
responsive than the marginal consumer that is fully informed due to being
located further away on average. A marginal increase in price reduces de-
mand in the monopoly segment with —1/¢, while in the competitive segment
the effect is only —1/2t.
Comparing the prices, we get
B p_ 202t —v)(a; —a)

pi = pj a 16 — 8@1' — 8CLj + 3CLZ'CLj

>Oifai<aj.

Thus, in contrast to the case with price inelastic monopoly demand, we now
find that the price of product i is higher if less consumers are informed about
this product relative to product j. The reason is due to demand being more
more price elastic in the monopoly segment than in the competitive segment,
as shown above. Thus, the firm with a lower monpoly segment will charge
higher prices.

Inserting () into (), we get the following equilibrium demand

(2 —a)
D,B:a’(—ﬂ. B 1
; on j25 (16)

Comparing demand, it is easily verified that

If a; > a;, then firm 7 has a larger monopoly segment than firm j. Moreover,
the market share in the competitive segment is higher due p; < p;.

The impact of information on demand is obtained by differentiation

oDP 2—aj; B opP

13




8DZB a; B 8 53
(a2 <o 8

More information of own product (a;) has a positive direct demand due to (i)
some uninformed become informed about product ¢ (market expansion); and
(ii) some consumers informed about product j become fully informed and
demand product i (business-stealing). However, a higher a; has also indirect
demand effects due to price changes. In the monopoly segment, a higher a;
leads to less demand due to price increases. In the competitive segment, the
net effect on demand depends on the change in relative prices. We can show
that
ozP (2t —v) (4 — 3a;) (4 — a))

— 2> 0.
aai t<16 — 8(1@ — 8(Zj + 3Cli(1,j)

As shown in (), the direct demand effects and the indirect demand effect in
the competitive segment dominate the negative indirect demand effect in the
monopoly segment.

The direct demand effect of more consumers informed about rival product
is negative; some consumers informed only about product i shift to product
j as they become aware of this product (business-stealing). The indirect
demand effects due to price changes are two-fold: (i) a lower demand in
the monopoly segment due to a higher p;, and (ii) a lower demand in the

competitive segment due to changes in relative prices:

ort _ (2t —v) (4 — 3a;) (4 — ;)

5 < 0.
da t (16 — 8a; — 8a; + 3a;a;)

Thus, it follows that 9D /da; < 0 must be true.

Inserting () and () into (), we obtain the following equilibrium gross profit:

Vo %;a]) (P)°. (19)

14



Comparing profit levels, we can show that

(a; — a;) (20* (2 — a; — a;) + a;a;t (20 — t))

VB . VB —
’ ! t(3a1a2 — 8(1,2 — 8&1 + 16)

>0 & a; > a;

Thus, if consumers are more informed about product ¢ than product j, then
firm ¢ sets higher prices, receives more demand, and in turn obtains higher
gross profits than firm j.

The impact of more information about product 7 and j is obtained by

differentiation of ():

B 2 — a B
85‘2- =pP. ( 215@]) <pf +2a¢%%4) > 0,

L — B 2P —2(2—a =] =0.
Gaj i 9 (pz ( a]) aaj> <

More consumers informed about product ¢ increase firm #’s gross profits due

to higher price and demand. More consumers informed about product j
induce higher prices but lower demand for firm . The net effect on firm 7’s
gross profit is ambiguous.

We can sum up the results from this section in the following proposition:

Proposition 2 Assuming a Hotelling model with price elastic monopoly seg-
ment demand, i.e., ; < 1, then in equilibrium:
.\ OpP opP ODEB ODE ovB ovhB
(i) e > 0,50 > 0,750 > 0,50 <0, 5> 0 and 7 < 0.
(it) p? < p?,DF > DP and V;” >V}’ if a; > a;, and vice versa.

V.
a

Comparing the results reported in Proposition 1 and 2 it is evident that
the impact of product information on prices, demand and profits is highly
sensitive to the assumption of whether or not demand in the monopoly seg-
ment is price elastic or not. If consumers informed about only one product
buys the product with certainty, then information (advertising) has a pro-

competitive effect. However, if these consumers trade-off whether or not to

15



buy the product, then the pro-competitive effect vanish and prices increase

in the degree of information.

2.2 Advertising and price competition

Let us now endogenise the degree of product information by assuming this is a
choice variable for the firms. Employing the standard informative advertising
model, as introduced by Butters (1977) and developed further by GS, we let
the cost of reaching a fraction a; of consumers with ads be given by C; (a;),
which is assumed to be increasing and strictly convex in a;. To enable explicit
solutions, we follow Tirole (1988) by assuming a quadratic advertising cost
function, i.e., C (a;) = ka?/2. Firm i’s profit function can now be written as
k

:.

As in GS and Tirole (1988), the firms set prices and advertising simultane-
ously and independently in order to maximise profits. The profit maximising
price is given by (), wheras the profit maximising advertising level is defined

by the following first-order condition

omi _ pi[l=a;+a; (3 - B5%)] = kai =0 if v=t>p;
da; pi [(1—a;) (%) +a; (53— 22)] —ka;=0 if v—t<p;

2.2.1 Price inelastic monopoly demand

Starting out with the GS assumption (v — ¢ > p;) and solving the correspond-
ing set of first-order conditions, we obtain the symmetric price-advertising
equilibrium is as in Tirole (1988: 292-4)°

oo () - vam 1)

a€

®Note that we use a slightly different notation than Tirole (1988), where a; is ®; and
k is a. Otherwise, the set-up is identical.

16



c 2p°

2
C2k+p° 1+ 2K/t

which constitute an equilibrium if and only if

1. 72=1 < v >t+V2kt.

2. a <1sk>t/2

Note that dp®/0a® < 0 whereas da®/0p® > 0. Hence, greater levels of
advertising stimulate price competition (i.e. lower prices) and higher prices
stimulate advertising competition (i.e. higher levels of advertising). We also
see that price and advertising levels are increasing in product differensiation
(t), while more costly advertising technology (k) induces less advertising but
higher prices. In the limit case, where k = t/2, so that a® = 1, we get the
full information outcome, with p© = t.

Inserting () and () into (), we obtain firm ¢’s equilibrium profits:

2
7% = b (23)

(1 vam)”

Expectedly, profit increases in the degree of product differentiation, reflecting

higher prices and a greater level of demand due to additional advertising.
Somewhat unexpectedly, however, profit also increases in the costliness of
advertising. As firms engage in less advertising, the corresponding decrease
in price competition overcompensates the direct tendency towards higher
advertising costs.

This is precisely the result found by GS and Tirole (1988). We can

summarise in the following proposition:

Proposition 3 If monopoly demand segment is price inelastic, then
(i) a higher advertising cost (k), lowers advertising, increases prices, and

increases profits.

17



(i) more product differentiation (t), increases prices, advertising and

profits.

2.2.2 Price elastic monopoly segment

Assuming v—t < p;, the symmetric price-advertising equilibrium is implicitly

defined by the following set of equations:®
Z° o =2(1—a)v+at—(4—3a)p=0 (24)
7% . =(2—a)p*— 2akt = 0. (25)

From this we can express the equilibrium price and advertising level as

2v (1 —aD) + ta?

P=——F35 (26)
2
2kt + (pP)*’

which constitute an equilibrium if and only if

1 ove [vP,2], with P = =) ¢ (¢, 27)

2. (pP)* < 2kt.

Note that
opP  2(2t — da® 8pPkt
pD = ( U)2 >0 and aD = P 5 > 0.
da? (4 - 3aC) P (2Kt + (pP)?)

Thus, in contrast to the previous case, advertising relares price competition,

whereas higher prices continue to promote advertising competition.

®We obtain the expression in (25) when substituting 2 (1 — a)v + at = (4 — 3a) p into
the foc with respect to a, p[2 (1 — a) (v — p) + at] — 2akt = 0, and rearranging.

18



Let us now look at the properties of the price-advertising equilibrium,
p? (v,t,k),aP (v,t, k), by performing comparative statics on the system (24)
and (25):

P Zpzg - ZrZy  2(1 —a) (p° + 2kt) -0
dv JP JP

dp” _ _ZfZg—ZfL’Zf:2p2[(2—a)v—at]>O
dt JD 7Dt (4 — 3a)

dp? 7y - Z8Zp  —dat (2t —v) <0

dk D 7P (4 — 3a)

d? BRI -ZZ; A(1-a)2-a)p
dv JP JP

da? 2} -ZVZ5  (2—a)ap[(2—a)t —2(1—a) ]
da P B JPt
P BZ - BZy  —2a(d-3a)

dk JP JP ’

where JP = ZPZ¢ — ZP 7 is the Jacobian of the system (24) and (25), which
2p*(1—a)

— > 0, implying a unique

after some rearrangments simplifies to JP =
and stable equilbrium.

Note that % >0 & v < 5?1:“31’;, where it is readily checked that
;((21:‘;)) > vP. The ambiguity with regard to the effect of ¢ on a arises for

the following reason: On the one hand a higher ¢ increases price and there-

fore renders advertising more attractive. On the other hand, (for a given
price) a higher ¢ depresses demand in the monopolisic segment ¥ = — and,
thereby, renders advertising less attractive. The loss in revenue due to this
latter effect increases in v.

Inserting (26) and (27), it is readily verified that equilibrium profits is
given by:
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We then obtain

S oy, pda” | p py dp”

dD D-_D 2 _ D D dD dD
il el L T, +<1_QD>pD%+aD<2_aD>%]<o
drP o pD: D DdaD D D dp”

% = 2—t_(1—a )p %‘l—a (2—a )%:|<O

Here, the signs of the first and third derivatives are immediate. A higher gross
willingness to pay for the product, v, induces the firms both to charge a higher
price and engage in more extensive advertising. Both activities contribute to
a higher profit. In contrast, by stifling advertising a higher cost of advertising,
k, enhances price competition. Both effects tend to depress profits. This is
precisely opposite to the result from the earlier case with perfectly price
inelastic demand. The impact of the degree of product differentiation, ¢, is
ambiguous a priori. Greater product differentiation allows to charge a higher
price, thus enhancing profits, but at the same time lowers the level of demand
in the monopolistic segment, thus lowering profit. The effect on advertising
activity is ambiguous in of itself. After tedious calculations one can confirm,
however, a negative overall effect on profit. This counterintuitive finding
stands again in contrast to the case of a perfectly price-inelastic monopolistic

segment. We can summarise as follows

Proposition 4 If the monopoly demand segment is price elastic, then
(i) a higher advertising cost (k) lowers advertising, prices, and profits;
(i) more product differentiation (t) increases prices, but has an ambigu-
ous effect on advertising and depresses profits;
(iii) a greater gross willingness to pay (v), increases advertising, prices,

and profits.
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3 A generalised model

In this section we will look for more general conditions for when informative
advertising can be considered as pro-competitive or not. Let firm i’s demand
in the monopoly and competitive segments be given by z; (p;) and y; (pi, p;),
respectively, where i, j = 1,2 and ¢ # j. Both z;(:) and y; () are assumed
to be continuous and twice differentiable, where dz;/0p; < 0, dy;/Ip; < 0,
Jy;/Op; > 0, and z; (p;) > y(pi,pj). We can specify firm ¢’s demand as
follows:

D = a; (1 = a;) x; (pi) + aiazy; (pi pj) - (28)

This demand function has the following properties:

0D; 0x; y;
—ai (1 —a.) == 2Tt
o, a; (1 —aj) o, + a,a; o, <0,
dD; Jy;
= a;a;— > 0,
op; J Op;
0D;
S (1 —a;) zi (pi) + a;yi (pi, pj) > 0,
Q;
0D,
aa, = —a;[z; (pi) — yi (pi,pj)] <O0.

A higher price on own product reduces own demand, with the reduction
coming from both the monopoly and the competitive segment. A higher price
on rival product increases own the demand, with the increase coming solely
from the competitive segment. More consumers informed about own product
increases own demand, with the effect coming from both the monopoly and
the competitive segment: (i) some uninformed consumers become informed
about product i (market expansion); and (ii) some consumers informed about
product j become fully informed and demand product i (business-stealing).
Finally, more consumers informed about rival product reduces demand for

product 7. The effect comes solely from the competitive segment: consumers
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partially informed about product ¢ become fully informed and (some of them)

demand product j (business stealing).

4 Price equilibrium

Let us now derive the equilibrium when firms set prices simultaneously and
independently taking the degree of product information as exogenously given.
In this case, each firm i chooses the price that maximises the gross profit
function

Vi= (pz‘ - C) D, (29)

where c is a constant marginal cost parameter assumed to be identical across
firms. The profit-maximising price of firm 7 is defined by the following first-

order condition”

Oy
Op;

oV, oz,
o (1—ay) <xz + (pi — ¢ 8pi) + a; (yz + (pi — ¢)

) —0.  (30)

We see that the profit-maximising price is balancing the marginal profitabil-
ity from the monopolistic (first-term) and the competitive (second-term) seg-
ments.®

Equation (30) implicitly defines a best-response function p; (p;). By dif-

"The second-order condition requires that

0%V, Ox; 0% Jy; D%y
8—p?—(1—a]—) (2a—lh+(pz_c)a—p2) +(Lj <2a—pi+(pi—0) ) 2) <0,

[ [

which is assumed to hold. Note that if 9?z;/0p? and 0%y;/Op? are non-positive, the
condition is always fulfilled.

8Obviously, firm 7 would increase its profits if it could charge different prices to fully and
partially informed consumers. However, we do not allow for price discrimination. Uniform
pricing can be justified by the fact that firms are not able to observe each consumer’s degree
of product information.
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ferentiation, using the implicit-function rule, we obtain:

9V, [ Bui o y;
dp; __ 9piopi _ _a] <3Pj +(pi—o) Op;Opi (31)
dp; o 2v; 22V )
J 8pf 8p12

Since the denominator is the second-order condition, assumed to be negative,
prices are strategic complements (substitutes) if the numerator is positive

(negative), i.e.,

0y 32%’

dp;
—+ ; — C
p; (i =) Op;Op;

dp;

> ()0 <& > (<)O0.

If 9y;/Op;0p; > 0, then prices are always strategic complements. Otherwise,
the strategic relationship is determined by the relative strength of the first-
order and the second-order cross-derivatives. Observe from (31) that all
strategic interaction is going through the competitive segment. If a; = 0,
there is no strategic relationship in prices, and firm i sets prices as a local
monopolist.

The set of first-order conditions given by (30) implicitly defines the Nash-
equilibrium in prices; pi (a1, a2) and p} (a1, as). Using the (own-price) elas-
ticities
€p, 1= (%i& and ¢, = ayi&,

' Op; x; ' op; Yi

we can write the equilibrium conditions as:

ox; | 1 pr —c Oy; | 1 pr—c
(1 —aj)a—p |:€—+ p* :| +aj8p' |:€— + p* :O, (32)
7 x; 7 7 Yi 7

where 7,7 = 1,2 and ¢ # j. We assume that the price equilibrium defined by
(32) is unique and stable.’

9Uniqueness and stability of the price equilibrium are ensured by a strictly positive
Jacobian, i.e.,

o 02V, 0*V; 0%V, 0%V

" Op? 9p? Op;Opi Opidp;

> 0.
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From (32) we see that the equilibrium prices are determined by both the
relative sizes (a;, 1 — a;) and price elasticities (e,,, €,,) of the competitive and
the monopolistic segment. To analyse the equilibrium further it is convenient
to make the following definitions. Define p!* as the price that maximise profits

in the monopoly segment!’

ox; (p™ T — 1
x<pz):0<:>—pzmcz—7 (33)

op; 2 Ex;

zi (pi") +
and p§ as the equilibrium price of the competitive segment

Ay; (ps, ps c_
Oui (Pioi) _ oy _pizc_ L (34)

i (5 5) + (=€) —5 g,

Obviously, if a; — 0, then p; — pi* and if a; — 1, then p; — p§. Using the
definitions in (33)-(34), we can establish the following result:

Proposition 5 The price equilibrium defined by (32) implies either of three
possibilities: (i) If e,, = €,, = const, then
pi—c 1 1

p; Ex; €y

C
e

(i) If demand in the monopoly segment is less price elastic than in the

competitive segment, i.e., 0 > &4, [p; > €, |pi, then

1 r—c 1
_<_pz_*<_ and p§ <p; <p".
Ex; p; Ey;

(i) If demand in the monopoly segment is more price elastic than in the

10Note that pl™ is not equivalent to the monopoly price. Monopoly pricing is defined
by the set of prices (pf‘/‘[,p;-”) = argmax {V; (pi,pj) + Vj (ps,p;)} . It is easily verified that

monopoly prices always exceed the equilibrium prices defined by (32).
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competitive segment, i.e., 0 > &, |p; > €, |pi, then

1 *—c 1
—<—pz* <— and pl' <p; <p;.
‘Syi pz’ 5001‘

A proof is provided in the Appendix.

From Proposition 1 it follows that the price effect of a larger competitive
segment is not as clear-cut as in Grossman and Shapiro (1984). In fact,
if demand in the competitive segment is less elastic with respect to own
price than demand in the monopoly segment, then a larger fraction of fully

informed consumers will result in higher prices.

4.1 The impact of information / advertising

The impact of consumer information on price competition is analysed by
comparative statics of the effect of a change in a; and a; on the equilibrium
price p;. The comparative statics are obtained by total differentiation of (30)

applying the Cramer’s rule.!!

dp; l 62‘/} 9%V,
da;  J 0a;0p; Op;Op;’

dp; 1 0%V, 9%V
da; — Jda;0p; Op?

1 Generally, we have that:

N 2%V; 2V; N 2%V; 2%V;
dp; 1| Ba;0p, 3175 Ipi nd dp; 1 5%‘ Opi apg Opi
_— = 2 = —

TR ) - 7 /S e P ) I /B

i 0a;0p; op7 J 0a;0p; op3

However, since 8%V;/da;0p; = 9*V;/da;0p; = 0, the comparative statics simplify to
those reported in (35)-(36).
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Applying the assumptions on the Jacobian (J > 0) and the second-order
conditions (82V;/dp? < 0), it follows that

sign dpi = sign OV; O,
g dai - g 8@18}%‘ apjapz ’

s1gn dpi) _ sign OV,
J daj - 8(1]‘(9]% '

Using (30), we get

82‘/; __i l‘—i—( '_C>8xi
aajﬁpi N a; ‘ bi apz
Using the elasticity, it follows that
0%V, 1 pi — ¢
> ()0l — > () —
bapp, ~ 0 E T O

which corresponds to the above case 3 (case 2), where the monopolistic

segment is more (less) elastic than the competitive segment. Equivalently,

Yy (<)0 & L > (<) — 2=, We can thus conclude the following.
0a;0p; Ea; pj

Proposition 6 (i) Own information reduces (increases) own price — i.e.,
ZLZ < (>)0 — (through a strategic effect via competitior’s price) if and only
if either of the following is true:

(a) prices are strategic complements and the monopolistic segment is less
(more) price elastic than the competitive segment; or

(b) prices are strategic substitutes and monopolistic segment is more (less)

price elastic than competitive segment.

(i1) Rival’s information reduces (increases) own price — i.e., Z’; Lo (>)0-
J

(through a direct effect) if and only if the monopolistic segment is less (more)

price elastic than the competitive segment.
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5 Price and advertising equilibrium

Let us now endogenise the degree of information in the market by allowing
firms to advertise their products. As in Grossman and Shapiro (1984), we
let the cost of reaching a fraction a of the population be given by C' (a; k),
where k is a shift parameter, where Cj, > 0, Cy;, > 0. We assume that C, > 0
and C,, > 0.'2 The net profit of firm i is then given by

m =V, —C(a; k). (37)

Following Grossman and Shapiro (1984), we assume that the firms choose
prices and advertising simultaneously and independently. Thus, each firm ¢
chooses a; and p; in order to maximise profits taking the rival’s decision as
given. Since Om;/0p; = OV;/0p;, the profit-maximising price is defined by the
first-order condition in (30), whereas the profit-maximising advertising level

is given by the following first-order condition'?

37@-
9.~ Pi =)l —a;) it a;-y] = Co, = 0. (38)

where 7,7 = 1,2 and ¢ # j. Assuming symmetry, the equilibrium is defined

by the following two implicit functions:

Zp:(l—a)lva(p—c)g—;]+aly+(p—c)g—z]:0, (39)
Z% = (p—C) [(1_a)x+ay]_0a(a'>k) 207 (40)

where a and p are endogenous variables and £ is an exogenous cost parameter.

By differentiation, using the implicit-function rule, we obtain the following

2For details about the underlying advertising technology, see Grossman and Shapiro
(1984). Here, we simply adopt their cost function.
627l'i 827'(-; — 7320 8271'-; 627l'i
op? > BaZ T da? Op? Oa?

2 2 2
aig;i 8‘;% > 0. Since 8‘25& = 0, the third condition is fulfilled by the two first ones.

13The second-order conditions require that <0 < 0, and
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(second-order) partial derivatives

oz P Ay 0y
P _ _ J _
7 (1 a)l28p—|—(p c)ap2]+a[28p+(p C)8p2 <0
p B y| B ox
Z [er (p—rc _ap] lx+(p c) . ]
7P = 0

Ox

Zy = (1—a) {:UJr(p—c)ap}Jra[er(p—c)g—ﬁ:O
Zg = =0 (y—2)—=Ca <0
Zy = —Cq <0

It is instructive to consider relationship between equilibrium price and

advertising levels

Oa Zy

— = —2>9
dp Zy

dp ZP

— = ——=2>0&7Z>0.
da zy “

Whereas higher prices unambigously fuel advertising competition, the im-
pact of advertising on price competition is ambiguous. Noting that Z? > 0
holds under the same condition as in (??) it follows that Z? > (<) 0 if the
monopolistic segment is more (less) price elastic than the competitive seg-
ment. Hence, for a symmetric equilibrium it is true that advertising stifles
price competition if and only if the monopolistic market segment exhibits a
higher price elasticity of demand. Note that this results holds irrespective of

whether prices are strategic complements or strategic substitutes.

5.1 The impact of more costly advertising

Denoting the Jacobian for the system (??) and (??) by J = Z0Z¢ — ZPZ¢ >

0, we can now examine the impact of the costliness of advertising on the
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equilibrium*

d — 7P za

e Tk

i J

dp Zv7Z¢  Opda

i o N i 70 < 0.
dk T " oaar “Vo %<0

While a higher advertising cost always stifles advertising competition, the
effect on price competition is now ambiguous. In contrast to GS, more costly
advertising may well lead to a stifling of price competition if the monopolistic
segment, being more price elastic than the competitive segment. Note that
this result is in line with our previous findings. If the monopolistic segment is
relatively price elastic, then higher levels of both own and rival’s informative
advertising tend to boost prices. In this case, increases in advertising cost
lower both equilibrium advertising and equilibrium price.

Consider now the effect of k£ on firm i’s profit. The equilibrium profits

can be written as:

ﬂ-;( (k> = (p;k _C) DZ (a;>a;7p;7p;> —C(G;JC)

Total differentiation, observing the envelope theorem (fl’;’f = Zg% = 0) and
symmetry (%:L = % and % = %), yields
ak P da; Ok | Op; Ok ) Ok

Hence: Direct effect + strategic effect

11t is easy to find conditions such that J > 0. For instance, J > 0 if price elasticities
between the monopolistic and competitive segment do not vary much such that Z2 is
small. Another case is a situation, where the advertising intensity a is low, implying that
Z, is small. We show for an example in section 5.2 that J > 0 is satisfied.
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. o
dri OD;dp ~ OD; da
T e Y T PO

- " . _
—_ 4 —

= —-C} (a,k‘)—l—(p—c) da ap oa %
J J

Hence, there are three effects: A higher k
e raises cost directly (provided C (a, k) > 0, which is true in general);
e increases own demand as the rival engages in less advertising'® ;

e increases own demand if and only if it raises the rival’s price. This
is true in GS but not necessarily in our model. Here, if j—z < 0 the

increase in competition tends to depress profits.

The effect of advertising cost on operating profit is thus ambiguous for
% < 0. For instance, if the level of demand in the competitive segment is
close to the level of demand in the monopolistic segment, i.e. if y — x, then
%TDJ?‘ =y —x — 0. In this case, the effect through price dominates, leading
to an unambiguous reduction in operating profit and, for the corresponding
increase in advertising cost, to a reduction in overall profit. In section 5.2.2
we show for a Hotelling-model with price elastic demand in the monopolistic
segment how the effect of advertising cost on profit is negative.'® We can

summarise our general results as follows.

Proposition 7 Consider a symmetric price-advertising equilibrium. (i) A

higher advertising cost (k) always induces lower levels of advertising and

15Recall that for a given price z > y is always true.
+ +

In the duopoly version of G&S Cy(a,k) = (p—rc) %’;?% implying % =
J

(p—2c) %% > 0. Obviously, this is not neccessarily true in a more general model.
J
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induces a higher (lower) price if and only if the monopolistic segment is less
(more) price elastic than the competitive segment. (ii) A higher advertising
cost (k) leads to a higher profit if the monopolistic segment is less price elastic
than the competitive segment. Otherwise the effect on operating profit as well

as on total profit is indeterminate.

6 Concluding Remarks

To appear.
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