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EFFECTS OF MINIMUM QUALITY STANDARD UNDER
HORIZONTAL PRODUCT DIFFERENTIATION

HOSAENG RHEE*

This paper examines the effects of Minimum Quality Standard when the
products concerned are differentiated horizontally as well as vertically. The effects
critically depend on the nature of strategic competition between firms through
quality choices. In particular, it is shown that some firm might decrease its
quality level in response to the regulation.
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1. INTRODUCTION

Regulations have been imposed on firms by government for various reasons.
Externalities are known to be one of the important causes for regulation. The
government would like car manufacturers to produce fuel-efficient cars to reduce
carbon dioxide emissions and dependency on foreign oil, nevertheless, there
might not be enough incentives for car manufacturers. Safety products such as
cyclists’ helmets and fire alarms provide with a similar motivation for regulation
the government that might find the market provision of qualities to be insuf-
ficient. It seems, therefore, that often the government’s objective of minimum
quality standardMQS) would be to raise the qualities that are actually consumed,
and that the adoption of MQS is not necessarily related to consumers’ ability to
observe quality prior to purchase as argued by several authors. In Leland(1979)
and Shapiro(1983), sellers” qualities are not known to buyers while a seller can
not distinguish consumer types in Besanko, Donnenfeld and White(1988, hereafter
BDW). Ronnen(1991) looked at a complete information model to derive different
results. These analyses were carried out in various frameworks. On the supply
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side, Leland and Shapiro looked at the problem under the market structure of
perfect competition. BDW considered a monopolist while Ronnen investigated an
oligopolistic market. On the demand side, most work dealt with vertical differen-
tiation only. Accordingly, these authors derived different implications. Shapiro and
BDW showed that those consumers who purchase qualities in excess of the
standard in the absence of regulation will not change their quality selections in
response to the standard and, furthermore, some consumers might no longer
purchase the product as a result of the regulation because the imposition of the
standard may lead to an increase in prices. On the other hand, by using the
Shaked and Sutton(1982)’s model, Ronnen demonstrated that when production
involves fixed costs, an appropriately chosen standard will actually increase
consumers’ participation and will cause all participating consumers to purchase
higher qualities. Ronnen’s analysis was based upon the motivation for firms to
relax price competition through product differentiation.

Every product has its own characteristics (i.e. products are not homogeneous)
and consumers have different tastes over the characteristics. In other words,
consumers are differentiated horizontally as well as vertically. In this paper, we
look at horizontally differentiated consumers with quality considerations at the
same time. It is shown that it is crucial whether firms’ quality choices are
strategic substitutes or complements in analyzing the changes in qualities and
profits of each firm in response to MQS. Interesting results are derived when
the situation is asymmetric, for example, costs of quality production differ across
firms.

In the next section, the model is set up. In section 3, a symmetric case is
considered as a benchmark, followed by an asymmetric case in section 4.
Section 5 concludes.

. THE MODEL

We consider two firms which produce differentiated products with some level
of quality. Each firm offers only one quality and faces the costs of developing
the technology that enables the provision of quality ¢.! These costs, C;{q;), are

assumed to satisfy the following assumptions: C;(q,)>0, C/(g;)>0 for all
feasible qualities ¢;=[0, co]. For the sake of analysis, we also assume that

there are no unit production costs. On the demand side, it is assumed that each
firm faces its demand function,

x,~=a,'—-p,-+s-p,-+v- q;i—w:* q;j (l’#j and i, 7=1, 2)

where x, denotes the output, p; the price, ¢; the quality of firm ; and

' This kind of quality is of public nature in the sense that, once it is produced, it applies to
all outputs supplied by the firm.
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0<s<l, 0<w<p2

The first part of the demand, (a; —p; +s- p;), is a usual form for a horizon-
tally differentiated market. The remaining part, (v- g, —w- ¢;), describes interac-
tion between firms through qualities. An increase in firm ;'s quality raises ’s
demand by a larger amount than it reduces ;s demand, which captures new
consumers who get to purchase this product as well as diversion of consumers
from firm ; to firm ;.

The competition between firms takes place in two stages. At each stage, the
firms make their decisions simultaneously. The first-stage decisions become
observable before the second stage starts. At the first stage, each firm decides
how much to invest in quality development. Price competition occurs at the
second stage. We look for a subgame perfect equilibrium. The two-stage
modeling captures the notion that a firm can change its price almost instan-
taneously, whereas technological changes take a nontrivial amount of time. Con-
sumers are price and quality takers.

The equilibrium is solved in two steps. First, we find the second-stage price
equilibrium. At the stage two, firm ;’s problem is

max

b mi=pix;— Ci(q;)=p;(a; — p; +sp; +vg; —wq;) — Ci(q;).

The first-order condition is

(a;+va;—we;)—2pi+sp=0 (i#; and ¢, j=1, 2) where p{ and p? denote
secondstage equilibrium prices.3

The second-stage price equilibrium is

4—{32 {2(a; + va; — wg;) + s(a; +vg; — wq,)} (1

(i#ji,7=1, 2).

pilay, a2)=

As is well known, when the products are horizontally differentiated, the two
firms’ prices are strategic complements, which implies that the reaction curves
are upward-sloping.# When firm ;’s quality is increased, its price also rises :

98 g;fch) = 2”:332“’ >( since 0 <s<1 and 0 <w<v, and the change in
firm | ’s’  price éepends on the magnitudes of parameters s, v and w:
apj(Ql: Q@) _ sv—2w

0q; 4—35

* This kind of demand functions can be obtained, if not linear, by the Hotelling’s line model
with quality considerations of a simple kind. A representative consumer model, also, can be
shown to yield this form of linear demands. This is a very simple form of demands which,
however, enables us to get nice and clear implications.

* The second-order conditions are satisfied since ( "SZ __32} is negative definite.

* The terminologies, strategic complements and substitutes, are defined in Bulow et al(1985).
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At the first stage where each firm chooses how much to invest in quality,
understanding that the second-stage price equilibrium is given as (1), firm ;’s
problem is

m;f 7i(q1, a2) =1{(q, a2) - x{ (a1, ¢2) — Ci(q;)
where x$(q,, ¢;) denotes firm ;’s second-stage equilibrium output.
The first-order condition is

26,05, ) B=HE - C,(aD) =0 (i=1,2)
where ¢f denotes first-stage equilibrium qualities. )

Equation (2) yields the solution under no regulation. Firm ;’s best response
function is implicitly defined by (2) from which the slope of the best response
function can be derived as

3271',‘(611 , 22) azm(q}, Q)
__4_?_]'_ —_-— 641'2 —— aqtz
dq; 9%, (qy, az) 9 (2v-—ws)(szv-2w)_ :
dq;0¢q; 45
Therefore,
[ dg [ *ni(ay, az) .
aq; ] _ L riNa, 920 | -
Szgn[ dqi] Szgn[ 32,00, ] Sign [ sv —2uw]. 3)

(3) implies that when (sv —2w) is positive (negative), the two firms’ qualities
are strategic complements (strategic substitutes). When qualities are strategic
complements, firm ;’s increase in quality induces firm ; to raise its quality
level, which is more likely, the higher is s. The parameter s represents
substitutability between the two goods. In other words, higher s means that the
two goods are less differentiated, which says that, at the second-stage
competition, given the change in the price of one firm, the other firm responds
more sensitively to the change. When firm ; increases the quality level to raise
its price, therefore, firm ;’s response would be more favorable with higher
substitutability, making it more likely that firm ;’s marginal profit improves to
increase j’s quality. Similarly, higher » or lower w, given firm ;’s increase in
quality, makes it more likely to induce the increase of the firm ;’s price so
that firm ;'s marginal profitability goes up. In sum, at the first stage, when

s [ 2(20—ws)?~ C(g)d—s*)* 2 20— ws)(sv— 2w)

(20— ws)(sp- 210) 220 ws)i— C(a, Y4 — 5°)? is assumed to be negative

semi-definite.
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[Figure 1]
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(sv—2w) is positive (negative), we have upward-sloping (downward-sloping)
reaction curves. Figure 1 shows the two cases.

We have characterized the unregulated market equilibium so far. The
following two sections analyses the regulation by MQS imposed on the firms.

M. A SYMMETRIC CASE

A symmetric case is considered as a benchmark. Let us assume that q;=ga;
and C;(-)=C;(-)C(-). MQS requires each firm to choose a quality level at
least as high as g, Firm ;’s problem, at the first stage, is

m;x rilay, a2) =0 a1, @) - a1, a2)— Ci(ay) subject to g,>g,,. 4

Note that _M,g;_a_z_)_ = 2p V=2 (5)
Since we have qé symmetry, gf=q5=¢9°. It would be more interesting to
assume that ¢,,>¢°

Rather than trying to solve the problem (4), we can graph it out to get the
qualitative solution as in figure 2 and 3. The first-stage equilibrium without
MQS is given at E and MQS requires g;=g¢,(i =1, 2). Now, the new reaction
curves are shown by the solid lines and the new equilibrium occurs at M. The
horizontal and vertical parts of the reaction curves reflect that firms are not
allowed to choose a quality level below g,. The quality levels of both firms
rise to g,, as a result of MQS.

When the firms' qualities are strategic complements, (5)(i.e. dr;/dq;>0) gives

the shape of isoprofit curves as drawn in the figure 2 and we can see that both
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[Figure 2]
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[Figure 3]

A
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firms® profits may improve. When qualities are strategic complements, MQS may
act to yield a more cooperative outcome and firms are willing to accept the
regulation in this case® On the other hand, when the firms’ qualities are
strategic substitutes, (5) implies dx;/d¢; <0. In this case, the imposition of MQS

® In other words, MQS acts as a facilitating device for firms. See Salop(1986) for facilitating
devices.
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lowers firms’ profits and there is an incentive for the firms to violate MQS.
Therefore, the nature of competition at the first stage critically affects firms’
position toward the imposition of MQS.”

V. AN ASYMMETRIC CASE

Asymmetry may be a more natural phenomenon than is symmetry. Asymmetry
might come from various sources such as differences in demand conditions, cost
conditions etc. In this section, we investigate an asymmetry that results from
different cost conditions, which brings qualitative modifications on the effects of
MQS. We keep the assumption that g;=ga; =a. Let us assume that, for

simplicity, C;(q;)=c,q? (i =1, 2) where ¢,>c,8 Firm 1 has higher total and
marginal costs.

4.1 Unregulated Equilibrium

To be compared with regulation, an equilibrium without MQS is considered,
first. The second-stage equilibrium is not affected by this asymmetry and
characterized by equation (1). Now, firm ;’s first-stage problem under no MQS
is

max

e i@ a)=pla @) xilan, @) —cdl  (1=1,2).

It can be shown that

(sv—2w) — [(20—-sw)— CjM}

af=2+s)a — 21}—;352 2
{(Zv—sw)—-c,»—g———)—-zv_sw }{(2v—sw)~cj-i4———)—2v_sw }—(sv~2w)
i*+j
L,j=1, 2

which tells that ¢ <g¢,.% Equation (1) can be rewritten as

7 1t can be shown that, upon the imposition of MQS, prices and outputs by the firms
increase. Even if prices are hlgher under MQS, the fact that the higher qualities are supplied and
more consumers are induced to participate in this market suggests that MQS plays a positive
lmpact on consumers.

* The analysis is equally good even without this assumption which, additionally, gets us a
clear and closed form solution.

i {(Zv—sw)—c,—(élmu)}—}{(Zv—sw)‘c,‘%ﬁ_%}u—*}—(sv—Zw)2>0 is implied by stability

conditions.
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p(ay, )= 71_}?{ (2+9)a+(2v—sw)q; + (sv—2w)q;} 1y

Note that (2v—sw)>0>(sv—2w) and [2v— sw|>|sv—2w|. Therefore, p°— pS=
_12_—:)5%).(45_ @) <0 which means that p¢ <py. Similarly, it can be
verified that x°<x;. In sum, the unregulated equilibrium where ¢, >c¢,, can be
described as [q <gs, ' <ps, x <x5).

4.2 Regulated Equilibrium

Now, let us suppose that MQS requires each firm to choose a quality level
at least as high as ¢,. Then, the first-stage problem for firm ; becomes

mf rlq1,a2)=pa1,q) - x(a,, a) — c;qf subject to g,2q,. (i=1, 2)
11

Once again, rather than using kuhn-tucker conditions, we turn to figures to
analyze qualitative features of this problem. According to the level of the
standard ¢,, we have outcomes of a different nature which stem from the

strategic interactions between the firms.

A. Strategic substitutes: (sv—2w) <0
We look at three cases of g, which yield equilibria with different properties.

[Figure 4]

q: 4 BR,

45°
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Let g, be defined by py(as, 0) L= = cyq, Therefore, 4 <a,<as.

[case A-1] ¢/°<g,<q.

In the figure 4, ¢, is set such that ¢, =[q/, ¢;). The new reaction curves
are depicted as solid lines. The new equilibrium occurs at M where ¢”=gq,,
20— sw
4—s
regulation, the high-quality firm lowers its quality and the low-quality firm is
driven up to raise its quality to the standard. MQS does not constrain firm 2’s
choice made under no MQS since ¢5>g,. Strategic considerations induce firm
2 to reduce its quality level.10

It has never been reported in the literature that the firm which produces a
level of quality in excess of the standard lowers its quality level in response to
MQS. In the models of Leland(1979) and Shapiro(1983), firms are price takers
with qualities given exogenously under a perfectly competitive market, which
means that the firms do not have any room for strategic interactions through
either prices or qualities, while BDW(1988) dealt with a monopolist. On the
other hand, in Ronnen(1990), the high-quality firm was shown to increase its
quality even further in response to MQS to relax price competition at the
second stage.

The low-quality firm becomes strictly better off and the high-quality firm may

and ¢,"<gqf. g7 is obtained by py(q.,, ¢27) = ¢, ¢,". Compared with no

[Figure 5]

q: A
BR;

45°

q:

BR;

1t should be noted, nevertheless, that even at the new equilibrium, the previously
high-quality firm still produces higher qualities, ie. g <¢/”
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be worse off,ll which we could not observe in the symmetric case with
strategic substitutes. In this model, it is the strategic interaction between the
firms through qualities that drives the outcome. The superiority of a firm's
technology reveals itself as the high level of quality in the market. The fact that
the qualities are strategic substitutes, implies that an increase in the quality level
of one firm benefits the firm, inducing the other firm to reduce its quality level.
The equilibrium action, however, prevents the firms from committing to a higher
quality level credibly. The introduction of MQS offers the low-quality firm an
official and credible mechanism to commit to the higher quality level, thereby
doing a favor to the low-quality firm with the less efficient technology. On the
other hand, the advantage of the high-quality firm with the more efficient
technology is undermined by MQS that deteriorates the firm’s profitability.t2

[case A-2] qu<qn<qy

In the figure 5, the new equilibrium is attained at M where ¢ <gq/"=g;'=
gm<qs. The previously high-quality firm lowers its quality and the previously
low-quality firm raises its quality such that they produce the same level of
quality at the equilibrium. Even though ¢,, is not set too high (below g5), ie.

the high-quality firm is not constrained by the imposition of MQS, MQS leads
to the same level of quality chosen by both firms. The advantage of the firm
which has the more efficient technology of quality production is offset by the
introduction of MQS and firm 2 becomes strictly worse off. Firm 1 might be
better off, depending on how high g¢,, is.

[case A-3] g,=q;

MQS is set so high that both firms’ choices of qualities are constrained by
the standard and there is no room for strategic interaction. The new equilibrium
is entirely commanded by MQS so that we have an outcome which is similar
to that of the symmetric case with strategic substitutes and both firms are
strictly worse off.

B. Strategic complements: (sv—2w)>0

g, is defined as before, ie. py(qu, Qd)%:i%‘)_20244' Therefore, gf<gqs

<gg.

' Similar results were reported in Ronnen(1990).

" 1t can be shown that, in all cases of strategic substitutes, the low-quality firm’s price and
output increase while the high-quality firm's price and output decrease, however, industry output
increases as a result of MQS.



HOSAENG RHEE: EFFECTS OF MINIMUM QUALITY STANDARD UNDER HORIZONTAL PRODUCT 189

[Figure 6]
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[case B-1] ¢ '<qn.<qq4

In the figure 6, the new equilibrium arises at M where ¢,”=g,, and gJ*>g¢;.
g is obtained by p.(g,., qz”')%”—:—szﬂ = cpq," The fact that the qualities are
strategic complements, implies that, when one firm increases its quality, the other
responds favorably by raising its own quality to improve its profits. When firm
1I’s quality is driven up to ¢, by MQS, firm 2’s strategic response induces firm
2 to raise its quality.13

Upon the imposition of MQS, the high-quality firm becomes strictly better off
and the low-quality firm may be better off. As in the symmetric case, MQS
may act as a facilitating device and be accepted willingly by the firms.14

[case B-2] ¢,,=q4

This corresponds to [case A-3] of strategic substitutes. MQS requires too high
a quality level that there is no room for strategic interaction and both firms’
choices are totally commanded by the regulation. The nature of the new equili-
brium is very similar to that of the symmetric case with strategic complements.

" The quality gap, however, is smaller than that under no MQS. In this case, even when
MQS is set above the high quality in the market, ie. ¢f<gn(<q.), the high quality firm, still,
has room for strategic responses and pushes the quality level up above 4,(¢/">gm).

" It can be verified that, in all cases of strategic complements, both firms’ prices and outputs
increase.
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V. CONCLUSION

This paper analyzes the effects of MQS when the products are horizontally
differentiated and suggested other possibilities than those obtained in previous
works that did not take horizontal differentiation into account. The results
derived in this paper were shown to critically depend on the nature of strategic
competition through qualities. In the symmetric case, this nature of competition
determines the firms' position toward the regulation. In the asymmetric case,
MQS offers an official mechanism for the less efficient firm of lower quality to
credibly commit to a higher quality level and the more efficient firm of higher
quality responds strategically to the commitment. In particular, it is shown that
the high-quality firm in the absence of the regulation might decrease its quality
level in response of the regulation. Obviously, a market has other characteristics
than horizontal differentiation. What outcomes prevail in a market by the
introduction of MQS, therefore, should be stated carefully after the characteristics
of a specific market of interest is examined thoroughly.
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