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Abstract

Competitive pressure is lower in markets where goods are more
differentiated. I analyze how a change in the degree of horizontal
product differentiation affects the incentives of duopolists to disclose
quality information. If disclosure is costly, then a firm discloses high
qualities but conceals low qualities in equilibrium. The higher the
disclosure cost, the higher the equilibrium threshold below which
firms conceal quality information. I show that the effect of product
differentiation on quality disclosure depends on the cost of disclo-
sure. For low (high) disclosure costs, a firm discloses more (less)
quality information if goods become more differentiated.
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1 Introduction

The relationship between market structure and incentives to voluntarily disclose qual-
ity information has recently received some attention in the economic literature (e.g.,
see Dranove and Jin, 2010, for a review). It is an important issue, as it is relevant for
understanding how disclosure regulation may affect behavior in different markets.

Levin et al. (2009) make an interesting contribution to this literature by compar-
ing quality-disclosure strategies in a monopoly with duopoly strategies. A multi-
product monopoly coordinates its pricing and disclosure choices, whereas single-
product duopolists make their disclosure and pricing choices non-cooperatively. Inter-
estingly, Levin et al. show that a monopolistic firm has a greater incentive to disclose
quality information than a duopolistic firm. That is, in their setting, more intense
competition gives a lower expected amount of quality disclosure.

Increasing the number of firms in an industry (i.e., replacing cooperative choices by
non-cooperative choices) is one way of intensifying competition. An alternative way
to increase the competitive pressure among firms is to increase the degree of product
substitutability. Competition tends to be fiercer among firms that produce closer
substitutes (Boone, 2000). In a straightforward extension of the duopoly model in
Levin et al. (2009), I show that an increase of the degree of product substitutability
has an ambiguous effect on a duopolist’s quality-disclosure strategy. In particular,
the effect of product substitutability on disclosure strategies depends on the cost of
disclosure. For low disclosure costs, firms disclose fewer quality levels if their goods
become closer substitutes. The reverse holds for high disclosure costs, i.e., there firms
with closer substitutes disclose more quality information. In other words, the effects of
competition on quality disclosure depend on the way in which one models competition.

In the next section, I describe the model. Section 3 briefly analyzes the equi-
librium strategies, and characterizes the effects of changing the degree of product

substitutability. Finally, section 4 concludes the paper.

2 The Model

I extend the duopoly model of Levin et al. (2009) by allowing the consumers’ trans-
portation costs to differ from 1. That is, two risk-neutral firms supply differentiated
goods at zero cost from the two extremes of the unit interval (Hotelling duopoly).
Firm 0 supplies good 0 from the origin (z = 0), and firm 1 supplies good 1 from

x = 1. Good i has quality ¢; for i = 0,1. The qualities are exogenously determined



by independent draws from the uniform distribution over [0, 1].

There is a mass 1 of risk-neutral consumers who are uniformly distributed along the
unit interval [0, 1]. Each consumer demands at most one unit of the good. Consumer
x € [0,1] gets utility ¥ + qo — 72 — po if she buys good 0 at price pg, whereas she gets
utility ¢ + ¢1 — 7(1 — z) — p; from buying good 1 at price p;. The common value
component 1 > 0 is sufficiently high to give full market coverage. The consumers’
transportation cost per unit of distance from a good, 7 > 0, captures the degree of
product differentiation. A reduction of 7 makes goods closer substitutes, and this
intensifies price competition between firms 0 and 1 (Boone, 2000). In this note, I
analyze the effects of varying 7 whereas Levin et al. (2009) restrict attention to
7 = 1. Nevertheless, I assume that 7 becomes neither too low nor too high, i.e.,
% < 1 < 1, in order to focus on interior equilibrium choices.!

Also the game’s timing follows Levin et al. (2009). First, firm ¢ privately learns
the quality of its good, ¢;, for ¢ = 0,1. Firms simultaneously choose their disclosure
strategies, i.e., D; : [0,1] — {0,1} for i = 0,1. If firm ¢ discloses its quality, i.e.,
D;(¢;) = 1, then it incurs the cost ¢ > 0. The choice D;(g;) = 0 denotes concealment
of quality ¢; by firm 7. Second, the firms simultaneously choose their prices, i.e., p; > 0
for + = 0, 1. Finally, the consumers observe the disclosure and pricing choices of the
firms, and each consumer chooses which good she buys.

Given disclosure choice d; € {0, 1}, the consumers perceive the quality of good i

as follows:
¢i(d;) = dig; + (1 — d;i) E{q; |D; = 0}. (1)

The marginal consumer, who is indifferent between buying good 0 and good 1, de-
termines the demanded quantities for the firms. In particular, for d;,d; € {0,1} and

1,7 = 0,1 with ¢ # j, the demand for good 17 is:
. 1 N _
zi(pi, Py dindy) = oo | 7+ @ildi) = 45(dy) +pj —pi ) - (2)
The profit of firm i therefore equals:
mi(pis pj; diy dj) = i (pi, pj; di dj) — Od;. (3)

I restrict the analysis to symmetric perfect Bayesian equilibria (PBE).

'Tf 7 < 1/3, then there may be instances in which a supplier of a low-quality good is driven out of
the market by a supplier of a high-quality good By contrast, if 7 > ¢, then there may be instances
in which firms are local monopolies.



3 Equilibrium Strategies

First, I describe the equilibrium prices. As Levin et al. (2009) argue, there is no sig-
naling role for prices in this model. Given the perceived qualities, firm i’s equilibrium
price is (for disclosure choices d;,d; € {0,1} and i, j = 0,1 with i # j):

pildidy) =+ 3| T(0) - Tla)] (@)

Firm ¢’s profit given equilibrium prices equals:

1

m; (ds, dj) = Ep:(di, dj)z — 0d;
1 2
= Iz (3T +qi(di) — ?Ij(dj)> — 8d;. (5)

Second, I analyze the information-disclosure strategies in equilibrium. A firm’s
disclosure strategy is a step function which has quality threshold ¢*(d,7) such that
the firm discloses only quality draws above ¢*(d,7). That is, the perceived qual-
ity consistent with this strategy is: ¢;(D;) = D;q + (1 — D;)q*(0,7)/2, because
Elglg <q*(0,7)} = %q*((S, 7). The following proposition characterizes the disclo-

sure strategy in more detail.

Proposition 1 There exists a threshold quality ¢*(0,7) with 0 < ¢*(6,7) < 1 such
that in the unique symmetric PBE firms disclose qualities greater than ¢* (6, T), whereas
they conceal qualities smaller than or equal to ¢*(0,7). In particular, there exists a
threshold disclosure cost, 6*(1) = 221, such that: (i) 0 < ¢*(6,7) < 1 and ¢*(6,7) is
increasing in 0 for 0 < § < §*(7); and (ii) ¢*(0,7) =1 for 6 > 6*(7).

Proof. Assume that firm ¢ anticipates that its competitor discloses all quality
levels above the threshold quality ¢* > 0 and conceals all other qualities. Further,
assume that consumers perceive firm i’s quality to be g;(d;) = d;q; + (1 — d;)q* /2 for
d; € {0,1}. Then quality disclosure yields the expected profit:

1 1\ [t 2
— 3 i — =q" — 3 P — dr — 6. 6
q187(7+q 2q) +/q* 187-( Tte x) g (6)
By contrast, quality concealment by firm ¢ yields the expected profit:
| 1 2
*— — (37 +=¢" — dx. 7
q2+/q*187<T+2q x) v (7)



The difference between (6) and (7) equals:

1 2
(37+qi——q*) —972]
2
1 2
1 ) 1,
—I—/ — |37+ ¢ — ) —(37—|——q —x) ]d:z:—& (8)
g 187

2
A is negative for ¢; = 0, and it is increasing in firm ¢’s quality ¢;. Hence, firm

1
A 2 *a57 = —
(¢i,q",0,7) T

i’s profit-maximizing disclosure strategy is a step function with threshold quality
0 < ¢*(d,7) <1 such that the firm conceals quality information only if ¢; < ¢*(9, 7).
For ¢; = ¢*, equation (8) simplifies as follows:

b _ o+ L 13 o 1\ _
A(q,(S,T)—q18T l37’+2<2q 1)} J. 9)

It follows from (9) that A*(0,0,7) < 0. Further, A*(1,0,7) > 0 if and only if § <

6*(7), where §*(7) = 221, Differentiating A* with respect ¢* to gives:

OA*(q*,0,7) 1
q* 187

37 + % [Bq* — 1]) : (10)

Since 7 > % by assumption, A* is increasing in ¢*. Consequently, if § < 0*(7), then
there exists a unique interior quality threshold ¢*(d,7) with 0 < ¢*(d,7) < 1 such
that A*(¢*(6,7),d,7) = 0. Further, if § > 6*(7), then A*(¢*,d,7) < 0 for all ¢*, and
therefore the quality threshold ¢*(d,7) equals 1. m

This result is a straightforward extension of Proposition 1 in Levin et al. (2009)
by allowing for 7 # 1. It is intuitive (and immediate to show) that the equilibrium
threshold quality is increasing in disclosure cost 6, i.e., d¢*(d,7)/05 > 0 for all §.> The
higher the cost of disclosure, the fewer qualities does a firm disclose in equilibrium.

Further, the proof of Proposition 1 has the following immediate implication.

Corollary 1 The threshold disclosure cost, §*(1) = 25 beyond which a firm does

not disclose any information, is decreasing in transportation cost T.

This means that more intense competition yields more quality disclosure if disclo-
sure is sufficiently costly. For any transportation cost parameter 7" and disclosure cost

§' = §*(7'), a firm does not disclose any information in equilibrium. A reduction of 7

2This follows from the observations that A(g*,d,7) in (8) is decreasing in &, and ¢*(,7) is the
root of A(q*,0,7) =0, where A(g*,d,7) is increasing in ¢*.
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to 7" < 7' intensifies competition between the firms, and it increases the critical dis-
closure cost, i.e., §*(7") > §*(7'). Hence, for disclosure cost ¢’, the more competitive
firms disclose qualities between ¢*(&’, 7”) and 1, as Proposition 1(i) applies.® In other
words, fiercer competition yields more disclosure of quality for a sufficiently high cost
of disclosure. This observation differs from the finding in Levin et al. (2009), who
intensify competition by switching from coordination to competition.

The following result characterizes how equilibrium disclosure strategy of Proposi-

tion 1 depends on parameter 7 for any cost of disclosure.

Proposition 2 The equilib'r’z’um threshold quality ¢* (6, T) from Proposition 1 is:
(a) decreasing in T if 0 < 6 < g, (b) constant in 7 if 6 = 3, and (c) increasing in T
for § <0 < 6(7), where 5*(7) is defined in Proposition 1.

Proof. Solving A*(¢*,6,7) =0 for ¢*, with A* as in (9), gives:
1
_g( (67— 1)7 + 21676 — (67— 1)) (11)
Partial differentiation of ¢*(d,7) with respect to 7 gives:

oq*(0,7) (6r —1)+185
or <\/(67 —1)2 4 21676 1) ' 12)

(i) It is easily verified that 9¢*(0,7)/01 = 8¢*(5,7)/0T = 0.
(ii) The partial cross-derivative of ¢*(d, 7) equals:

Oq*(0,7) 3610870 — (67 — 1)]
ords  [(67 — 1) + 2167]3/2

(13)

Consequently, the critical disclosure cost 6°(7) = (67 — 1)/(1087) exists, with 0 <
6°(1) < 5, such that §2¢*(6,7)/(9700) < 0 if and only if § < 6°(7).

It follows from (i)-(ii) that: dg*(d,7)/0T < 0 for 0 < § < §, whereas dg*(d,7)/91 > 0
ford> ¢ m

This result has the following intuition. The trade-off between a firm’s additional
expected product-market profit from disclosure (i.e., the first two terms of A in (8))
and the cost of disclosure (i.e., §) determines the firm’s incentive to disclose qual-
ity information. The disclosure cost does not depend on 7, whereas the additional
product-market profit from disclosure does. If a firm has a quality above the condi-

tionally expected quality (i.e., ¢; > 5¢*), then the degree of product differentiation has

3That is, ' < 0*(7”) and ¢*(§',7") < 1, since ¢*(8,7") is increasing in § with ¢*(6*(7"),7") = 1.
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two conflicting effects on the firm’s additional product-market profit from disclosure.?
On the one hand, the additional profit is decreasing in 7, if the firm’s competitor
conceals its quality (i.e., the first term of A in (8) decreases in 7). This happens with
probability ¢*. On the other hand, the firm’s additional product-market profit from
disclosure is increasing in 7 if the competitor discloses information (i.e., the second
term of A in (8) increases in 7). This happens if ¢; > ¢* which has probability 1 — ¢*.
The former, negative effect dominates if and only if the firm’s quality is high, i.e.,
¢ >1— %q*. Conversely, the latter, positive effect dominates for intermediate quality
levels (i.e., for %q* <g<l-— %q*)

The effect which plays a role for the firm’s disclosure strategy is the effect which
dominates at the margin, i.e., for ¢; = ¢*. If ¢* < % (which happens for § < é),
then ¢* < 1 — %q*, and therefore the firm’s additional product-market profit from
disclosure is increasing in 7 for ¢; = ¢*. This enhanced benefit from disclosure yields
more disclosure in equilibrium (i.e., the disclosure threshold ¢*(d,7) decreases in 7,
as Proposition 2(a) shows). Conversely, if ¢* > 2 (i.e., if § > §), then an increase of
7 makes disclosure less profitable at the margin (since ¢* > 1 — %q*), and the firm
discloses fewer quality levels in equilibrium (Proposition 2(c)).

Figure 1 illustrates the effects of changing 7 from % to 1 on the quality disclosure
threshold ¢*(d,7). The bold curve sketches ¢*(d, 5) for different costs of disclosure
whereas the thin curve sketches ¢*(d,1). The two curves cross twice. First, without a
cost of disclosure (i.e., 0 = 0) the firms disclose all quality information, i.e., ¢*(0,7) =0
for all 7. This is an unraveling result (Milgrom, 2008, and Dranove and Jin, 2010).
Second, the curves cross for disclosure cost § = %, as Proposition 2(b) predicts, since
q*(%, T) = % for all 7. For § < %, Figure 1 illustrates that the threshold ¢* decreases in
the degree of product differentiation (Proposition 2(a)), since the curve of ¢*(d, 1) lies
below the curve of ¢*(d, 5), whereas the reverse holds for § > § (Proposition 2(c)).

In other words, the effect of a change in the degree of product differentiation, 7,
on quality disclosure depends on the cost of disclosure. On the one hand, if disclosure
is not very costly (i.e., 0 < § < %), then firms are more likely to disclose quality
information if their goods become more differentiated. That is, firms disclose less in
more competitive markets, which is in line with the qualitative result in Proposition

3 of Levin et al. (2009). On the other hand, if disclosure is sufficiently costly, then

41f a firm’s quality is below the conditionally expected quality (i.e., ¢; < %q*)7 then the firm has
no incentive to disclose its quality, since disclosure reduces the firm’s product-market profit, and it
has a direct disclosure cost. In this case, the additional profit from disclosure is decreasing in 7.
However, this effect does not play a role at the margin for a firm’s disclosure strategy.
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Figure 1: Threshold ¢*(d, 7) plotted against disclosure cost ¢ for 7 = % and 7 = 1.

the reverse holds. With high disclosure costs, the suppliers of more differentiated
goods are less likely to disclose quality information. That is, competitive pressure
has a positive effect on the expected amount of quality disclosure in this case. This

contrasts with the qualitative result in Proposition 3 of Levin et al. (2009).

4 Conclusion

This note attempts to contribute to the current debate on the effects of competition
intensity on the disclosure of quality information. The paper considers an alternative
way of modeling competitive pressure. Instead of increasing the number of inde-
pendent firms in the market (Levin et al., 2009), I increase the degree of product
substitutability. An increase of the degree of product substitutability has a different
effect on a firm’s disclosure incentives than a change in the number of firms. Whether
a higher degree of product substitutability yields more or less quality disclosure de-
pends on the cost of disclosure. By contrast, intensifying competition by switching
from monopolistic to duopolistic supply yields less quality disclosure for any cost of
disclosure (Levin et al., 2009). In short, the effect of competition on the incentive
to disclose quality information depends on the particular way in which one models

competitive pressure.
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