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Abstract

We modelthe introduction of aninimum quality standard in avertically differentiated
duopoly. We extend the literature a@eterminingthe standard endogenouskhowing
that themaximisation of social welfare entails an increaseéhim surplus accruing to
consumers served by the laality firm and a decrease in the surplus of fi@aining
consumers. Then, we consider tbHects ofthe standard on thstability of price
collusion, proving thathe standardmakes it moredifficult for firms to collude if
consumers are sufficiently rich.
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1. Introduction

The regulation of animperfectly competitivemarket with vertically differentiated
products has been long debated in the literature since the seminal contributions of Spence
(1975) and Sheshinski(1976). More recently, various papers hawxamined the
consequences of the adoption omaimum quality standard in oligopolistic markets
where each firm supplies at least one variety (see, among others, Besanko et al.,1987 and
1988; Ronnen, 1991 and Crampes and Hollanti@85). BothRonnen(1991) and
Crampes and Holland€t995) consider a duopolistic markeith single-producfirms.

The introduction of theminimum quality standard is themnalysed as aexogenous
constraint on the lovguality firm to increase its quality levelThe introduction of the
standardgives astrategic advantage arfdgher profits tothe low quality firm and
reduces the degree differentiation inthe market. Although the standard exerts a
positive welfare effect, its consequences, as far as consumers’ surplus is concerned, are
quite different depending aine costfunctions of firms. Ronneadopts amodel where

the provision of quality entails only a fixedost forfirms: in this case,all consumers

benefit fromthe standard because the price-co®irgin is reduced. Crampes and
Hollander show thathe same result holds in a model whewgiablecosts depend on

both quality and quantity, provided that the standard reduces the degiféerenftthtion
sufficiently. Otherwise,only the consumers served by the Iguality firm benefit from

the standard, although sociaélfare always increasedn both papers, the adoption of

the standardentails areduction of productdifferentiation in the market and an
asymmetric change firms’ profits. This raiseghe question of whethdirms could find

it easier to collude in presence of a standard.

There areseveral contributions dealing with price collusion in endogenously
differentiatedproductsettings (see, for instance, Chang, 1991; Ross, 199 rauinan
and Thisse1993). They mainly consider horizontal differentiation models showthgt
the stability of collusion increases #se degree of produdifferentiation increases. In
this case,the symmetry ofthe modelsimplies that asthe degree ofubstitutability
decreases, thgain associated with deviation fromhe cartel agreement decreases as
well. To our knowledge, theonly paperinvestigatingthe issue of cartebtability in a
vertically differentiationsetting is that of Haeckner (1994). ldralyseghe stability of

! For an analysis of the strategic role of quality standards imtamationaloligopolistic setting, see
Motta and Thisse, 1993, and Boom, 1995.



collusion in a model of endogenous vertical differentiation using a framework a la
Shaked andutton (1982). Heshows that price collusion is morasdy sustained the
closer the products are in tlogality range.This isdue to the fact thatyith vertical
differentiation,the punishment phase introducesasymmetry ircartel behaviouwhich

is absent in the horizontal differentiation models & la Hotelling (see Chang, 1991).

In this paper, we extend the previous literaturetwo directions. First, we
endogenisexplicitly the choice of theninimum quality standardvhich maximises social
welfare. Second, we consider thassibility thatthe reduction of productfterentiation
due to the standamaytriggercollusive behaviours betweérms in order tosafeguard
profits. We model a duopoly market a la Mussa-Rq46i@8) wherdirms produceonly
onevariety andproductioninvolves variablecostsconvex in quality and aexogenous
fixed cost. We show that thendogenous choice of the standmcteases social welfare
so that thegainsfor the lowquality firm and low income consumers outweitjie losses
suffered bythe high quality firmandhigh incomeconsumers. Moreover, we proteat
the adoption of the standardakes it mordlifficult for firms to collude in prices, if
consumers aresufficiently rich. This shows thathe minimum quality standard, in
addition to welfare gains, provides also pro-competitive benefits in the long-run.

The paper is organised as follows. Sectiaio presents thédasic model and
describes the duopoly and monopoly equibria withoubtimenum quality standard. The
endogenous choice of tlenimumquality and its effectare presented in section three.

Section four deals with price collusion. Section five contains some final remarks.

2. The model
2.1 Assumptions and notation
We consider a market farertically differentiatedproducts. There is aontinuum of

consumers whose types adentified by 0, uniformly distributed in thenterval [a,b],
with a=b-1 and B5/4. The paramete® represents consumensiarginal willingness to
payfor quality. Each consumer is assumedty one unit of thevertically differentiated
good in order to maximise the following indirect utility function:

U=68gqg-p (1)

2 This condition ensures thexistence ofhe duopolyequilibrium (seeCremer andrhisse (1994) on this

point).



where q indicateshe quality of the productand p is the market price athich that
variety is supplied. lother terms, wassumdull market coveragelhis assumption can
be justified by envisaging a paternalistic public agency which imgiosesto guarantee
universal service.

The production technologyvolves variablecostswhich are convex imuality
and linear in quantity and a sunkst k,related to the development of theoduct. The
corresponding cost function is defined as:

C=tqx+k,t>0 (2)

where x denotes thautputlevel. We also assume that ksisfficiently small toallow for
strictly positive profits for firms active in the market.

We suppose thabnly two qualities (which we indicate as higind low) are
supplied inthe market, with g& g.. Hence®6;, the index of the consumeindifferent

between the two varieties, is defined as

B = (pu-p)/(On - O) (3
So that market demand for the two varieties are

X4 = b- 6, (4a)
x =6 -a (4b)

2.2 Duopoly equilibrium
We firsttake into account a duopoly market wheexhfirm supplies a single quality.
Competition takegplace intwo stages. In the firstiirms choosequalities and in the
second they compete in prices. The soluttmmceptapplied isthe subgame perfect
equilibrium by backward induction.

The profit function of firm i is defined as

=P -tg’) %;i=H,L (5)

% For simplicity of notation, henceforth we shall consider firms’ profits gross of fixed costs k.
4



In the second stagérms choose prices tmaximiseprofits, giventhe quality levels set
in the first stage. The corresponding first order conditions for a maximdm are

O/ 8pu= (pL -2p4+ba - ba. + t g4* )/ (au - @) =0 (6a)
O/ 3pL= (Pu -2P.+0w - bay - q+bal +t )/ (g - @) =0 (6b)
Then, the resulting equilibrium prices are
PH= (O + bay - q - bg+ 2t g4® + tq.)/3 (7a)
p"= (204 - boy - 29 - b+ t g* + 2t0,%)/3 (7b)

where the superscript N stands for Nash equilibrium.
Substituting theequilibrium prices in the profifunctions ofthe firms we can

obtain the following equilibrium quality levels for the two firms

o= (4b + 1)/ 8t (8a)
q. = (4b -5)/8t (8b)

Sincethe duopoly issymmetric, demandare both equal to 1/2. The corresponding
profits amount tag" = 3/16t ; i= H,L (see Cremer and Thisse (1994)).

For future reference, it is also convenient to calculdte social welfare
corresponding to the duopoBquilibrium. Assuming a benevolent social planner, her
utilitarian social welfare function, defined #ee sum of consumer and guiucer surplus,

can be written as

i b
i

W=[(eq -tf)®+[(6q-td)8 9)

a

4 In this case, as in the rest of the paper, we do not present dbedserder conditions for optima,

which, however, can be shown to hold throughout.
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The welfarelevel corresponding to the duopogguilibrium is W, = (161§ -16b -1)/64t.
In addition, we can also calculate the consumer surplus fotwbesegments of the
market, which are, respectively, CS'=(16-24b-19)/(128t) and GS=(16-8b-

27)/(128t).

2.3 Monopoly
Consider now the case of a private monopolist produutgvarieties. The profits of
the monopolist are defined as:

™ =(Pu-t o) % +(pL-tq’) X (10)

The monopolist chooses prices rnaximiseprofits, under the assumption that the
consumers must be served. Thus, monopoly prices (see Mussa and Rosent{l078);
(1983)) are:

p"=(b-1)q (11a)

pu"'= (baw - 29 + bop + t g - tq.%)/2 (11b)

The qualities result,§=(2b-3)/4t and g"=(2b -1)/4t; the monopolist’s profits aegual
to "= (41 - 8b +5)/16t.The correspondingvel of social welfare is W= (415 -4b -
3)/16t.

It can be quickly verified thathe profit maximisingmonopolist distortsjuality
levels ascompared to a social optimdmin fact, thesocial planner would¢thoose the
quality levels inorder tomaximise (9).The resulting qualities would be¥j = (4b - 3)
/8t and g °"= (4b -1) /8tand the correspondirigvel of social welfarevould be equal to
WS = (161 -16b +5)/64t.

3. The introduction of a minimum quality standard
Suppose that public authority intervenes to regulatke behaviour offirms asfar as
their quality choice igoncerned, by introducingrainimum quality standarfl Thesocial

® For a seminal discussion of this point, see Spence (1975).
® In order to induce théow quality firm to adhere to thetandard, we camssumethat theauthority

introduces a penalty which makes convenient to the firm to set a quality level equal to the standard.
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planner setshe standard in order tmaximise socialvelfare, taking duopolistic price
competition as given. Thu#e minimum quality standard chosen by the sdglanner
will satisfy the first order condition

dW/ dq. = (14b -8 -555 -28 tq -20 tq + 5t°q° - 10€ g o -15€ q.°)/ 18 =0  (12)

while the high quality firms will simultaneoushsetits qualitylevel in order tomaximise

profits, so that

O/ dgu=(1 + b -tgy - tq. ) (1 + b -3tq, + tq.) /9 =0 (13)

The solution of the social planner’'s maximisation problem is given by

q.° = (20b - 34 + 9V6)/40t (14)

which corresponds to thminimum quality standard whereas theuality set by thehigh

quality firm is

g+°= (20b + 2 + 3V6)/40t (15)

It is easy to see that the introduction of the minimum quality standard incteatasls
of quality produced in the market, that i$ & greater than.gand g° is greater than,q
Sincethe minimumquality standard isigher tharthe lowerquality previously offered in
the market irabsence of regulatiothe high quality firmincreases its qualitevel since
gualities are strategiccomplements (see Crampes and Hollan@d®85, Bulow et
al.1985). The effect othe standard on the degree dfferentiation inthe market is

summarised in the following fact.

Fact 1 the setting of theminimum quality standard decreases the degree of

differentiation in the market.

" CrampesandHollander (1995, p.76) stathat setting ajuality standard is equivalent granting the
low quality firm theability to commit in quality. In fact, itcan beshownthat the standard slighly

lower than the quality chosen by a firms acting as a Stackelberg leader in the quality stage of the game.
7



Using (8a,b) and (14-15), it isnmediate to verify thatog® - %) is smallerthan @ -
).

The quantities produced by the low and the high quality firms are, respectively,

X+>= (6V6 - 21)/ (5/6 - 30)0 0.355051 (16a)

x %= (9+V6)/ (30 -5/6 ) 10.644949 (16b)

The effect ofthe introduction of theninimum quality standard on the market shares of
the two firms is summarised in the following fact.

Fact 2 the presence of thminimum quality standard reduces tltemand forthe high
quality good while increasing demand for the low quality good.

The corresponding profits for the firms &re
1. °= (54V6 + 261)/ 500t/6 (1-V6) 00.22153/t (179
Th= (756V6 - 1971)/ 500%/6 (1-v6) 00.06714/t (17b)
Fact 3 the introduction of theuality standard increaseke profits of the lowquality
firm and decreases the profits of thigh quality firmdue to the reduction of the degree
of differentiation between products in equilibrium.
It is alsoworth noting that totalndustry profits aftethe introduction of theninimum

quality standard aresmaller than total profits in the duopolgquilibrium without
standard

8 It is easy to verifythat theoptimal quality choice forthe low quality firm under the constraint
represented by the standacdincides indeed withthe latter, since both the firgind thesecond
derivatives of its profit function with respect t@ gre negative ircorrespondence dhe minimum
quality standard.



The level of social welfare is

p (420006+12000/6+12000b/6-42000b+45696-9210)
- (480001t(7/2+6))

(18)

Fact 4 the introduction of thguality standard increases social welfare compared to the

duopoly equilibrium.

It is immediate tashow that Wis greater than W The increase in social welfare is due
to: a) anincrease irthe level of qually ofboth goods produced; b) amcrease in price
competition between thiwo firms, sincethe difference (§°-0.°) is smallerthan the
corresponding difference {&q.") in the duopolyequilibrium.Moreover, théncrease in
social welfare is due to the fact that the introduction of the staed¢ads an increase in
consumer surplus that outweighs the decreadetai industry profits.However, the
effect ofthe standard on consumers’ surpluslifferentacross consumers, as stated in
the following fact.

Fact 5 the introduction of theuality standard ahays increasethe surplus accruing to
consumers who purchase the logwality good while it decreases the surplus for the
consumers served by the high quality firm for b sufficiently high.

This is immediate from atraightforward comparison between #gwglilibrium levels of
the consumers’ surplus in the two settings (see appendix B).

4. Price collusion

In this section we consider collusive behaviouthim market stage of the game, with and
without minimum quality standard. In such a settingualities are still set non-
cooperatively by firms. This assumption can be justifiedh@ngrounds of the fact that
quality choices can baterpreted as long-run commitmerits firms and thus it would

be toodifficult for them to reach an agreementbioth stages of the game. Thece
setting behaviour ofhe cartel is analogous to that of a profit-seeking monopolist as

shown in section 2.3.

° From equation (24b), it emergé#sat the sunkcost kmust be not greatehan0.06714/t. In fact, if

k=0.06714/t, only two firms can operate in the market when a minimum quality standard is present.
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In order tomeasure thestability of collusion, we camesort, asusual, to the
definition of critical discount factor, that is

o =@M -1/ ([ -mY); i=H,L (19)

wherett" indicates firm i’'s non-cooperative profits- indicatesfirm i’s collusive profits
andfinally Ti° denotedirm i's profits from deviation fronthe price cartel. Thetability

of the cartel requires that bdiims’ discount factors are greater than thnigical value
defined in(19). Cartel profits ardetermined according to the Nalsargaining solution
which establishes thdhe totalincrease in profit withrespect to the non-cooperative
equilibrium is equally divided between firfsThus, for each firm, we obtain

e = + (N -V -1g%/2; ij=H.L, % (20)

where N indicatestotal cartel profits.Deviation profits,denoted byr°, obtain by
calculatingthe optimal deviation price fofirm i whenfirm j remains loyal tothe price

agreement.

4.1 Collusion without minimum quality standard

We can first considghe case wherrms collude in prices withouthe minimumquality
standard. Thelobal profits accruing tthe cartel ar€l® = (81 -16b +9)/32tGiven the
symmetry otthe modelyi°= M/2. On thebasis ofequations (6a,b) and (11a,b) it can be
established that deviation leadsthe following pairs of prices and profit®r the low
and the high quality firm, respectively:

p.°= (48b” - 112b +101)/128t (21a)

pi°= (4807 - 16b +41)/128t (21b)
i °= (167 -32b +51F /12288t (229
"= (1607 -32b +39% /12288t (22b)

9 For a seminal treatment of sharing rule of cartel profits in asymmetric settings, see Friedman (1977).
10



We can now calculate theritical discountfactors for thetwo firms without minimum

quality standard:

. (873-192b+11200H102415+2561) 23
0U*= (297-3264b+2656h10245+2560) (23)

In order to ensure that *[J[0,1] it is necessary that=b2.61962.

. _(-207+576b+736b-10245+256k") 04
OH*= (:783-2496b+2272b10245+2560") (24)

Similarly, it can be asily shown thatoy*0[0,1] if b = 1.90139. In theinterval

[2.61962¢[, botha;* are increasing and concave in b.

4.2 Collusion with minimum quality standard

In the case of the minimum qualgyandard, we can calculate cartel and deviation profits
for the two firms, following the same procedure shown above.

Collusive profits amount to, respectively,

¢ (109206-429666+84000b-2400086-420008+1200056)

(48000t(7+2/6)) (25)
cs_ (-172458+601386+84000b-24000t6-420006+1200015V6) 26
™= (48000t(7+2/6)) (26)
and deviation profits are
1.°°=(190953+59292/6-146400b-1296006+2332005+648005v6-1600008+
+400001)/ (38400016(V6-1)) (27)
TH°=(631777-2421726+520800b+148800t6+4204008-744006V6-
1600008+400008)/(38400016(V6-1)) (28)

11



Using the previous expressions, we can calculatecthigal discountfactorsa;™ (the
expressions are presented in apiperC). In order toensure thai, >*0[0,1] it is
necessary that  1.25.Analogously,a>* 0[0,1] if b = 3.26553, so that in theterval
[3.26553¢[ both a;>* are increasing and concave in b. The effecthaf introduction of

the minimum quality standard on theritical discountfactors and thus on treability of
the cartel is summarised in the following proposition.

Proposition 1 the introduction of theminimum quality standard makegollusive
agreement more difficult to sustain as compared to the duopoly without standard.

Proof. simple numerical calculatiorshow thatay>>ay* for b>4.52953.This imdies
that if b is sufficiently highthe introduction of theminimum quality standard makes it
more difficult for the high quality firm tostick to the cartel agreement. On the other
hand, it is esily seen thati *>a.* for all b>3.26553jmplying thatfor the lowquality
firm it is alwaysmore difficult to collude after the introduction of the standarthis
entails that cartektability is reduced by the introduction of theinimum quality

standard.

This result is in line withthe findings of Chang (1991) in amodel of horizontal
differentiation with quadratic transportatiotosts’. The difference inthe critical

discount factors for thewo firms can be justified byhe asymmetry imon-cooperative
profits induced by the standard in favour of the low quality firm.

The behaviour ofthe critical discountfactors in thetwo setting for eachirm are

represented in figures 1 and 2.

[Insert figure 1 about here]

[Insert figure 2 about here]

5. Concluding remarks

1 As shown by Cremeand Thisse (1991), the Hotellinmodel with convextransportatiorcosts is a

special case of a vertical differentiation model with convex variable production costs.
12



In this paper wehave considered a model of duopoly a la Mussa-Rosen ilmase
produceonly onevariety andoroductioninvolves variableeostsconvex in quality and an
exogenousdixed cost.Building onthe work ofCrampes and Holland¢t995), wehave
considered the endogeneous setting ahiaimum quality standard by a benevolent
regulatoraiming at maximising sociakelfare. In line with the previous literature, we
have shown thatthe introduction of the standard (i) decreases the degree of
differentiation inthe market{ii) reduces the market share of thigh quality firm to the
advantage of the loguality firm; (iii) increases social welfare in a way tke gains for
the lowquality firm and low income consumers outweitjie lossesuffered bythe high
quality firm and high incomeconsumers. We have also studidwe effect of the
introduction of the standard on te&bility of collusion irthe market stage of tlgame.

In this repect, we hav@roved that the presence of the standaades it moralifficult

for firms to collude in prices, if consumersgharginal willingness to pajor quality is
sufficiently high. The reduction of cartestability is due to the decrease of product
differentiation which entails a higher incentive to devifte both firms, although the
asymmetryproduced by the standardakes deviation morgkely for the low quality
firm. This final result is interesting in showing th#te minimum quality standard, in

addition to static welfare gains, yields also pro-competitive effects in the long-run.

13
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Appendix A

In this appendix we it show that theevel of social welfarecorresponding to the
introduction of theminimum quality standard, denoted by Wcannot be increased if the
social planneacts as a Stackelberg leageth respect to théigh quality firm in séing
the minimum quality standard. In that case, the so@knner wouldmaximise(9) with
respect to g taking into account the reactidanction of the high quality firm, which

corresponds to
Q= qu/3 + (1+3b)/3t (A.1)
The first order condition for a maximum would be defined as
SWiBq. = (130b -73 -40b -260 tq +160 btq + 160 £g.%)/ 162 =0 (A.2)
and the resulting minimum quality standard would be
q.°°= (40b - 65 + 3/145)/80t (A.3)
where superscripSS indicatesthe minimum quality standard thatmaximises social
welfare when the social planner mimics the behaviour of a Stackelberg leader.

Using (A.1), we can calculate the corresponding level of social welfare:

(47780/145-451900-1972800b+10080045+197280061008006v145)
t(7891200-403200145)

WP (A.4)

It is thenimmediate tashow that W= W®® and that thelifference (W- W9 is convex
in b.
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Appendix B

In this appendix, we showhe consumer surplulevels in presence ahe minimum

quality standard

css= (-22944+6309/6-15720b+1920t86+96005-6005V6)

240001(7-26) (8.1)

(-127098+498086-26280b+1008016+324005-1140086)
24000t(7-2/6)

CS= (B.2)

It is thenimmediate to verify that GS- CSy"<0 for 1J]2.219¢0[, while CS>- CS >0

for all admissible values of b.
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Appendix C

In this appendixhe critical discountfactors in presence ahinimum quality standards

are displayed:

o, >*=(542042982-217073958+415569600b-1709856006-137704800b
58612800HV6-70080000f+268800008vV6+175200006-67200008v6)/
(66499686-20330496+66513600b-3216960@16+368323000-

10795200p/6-70080000%+268800008V6+175200008-67200008V6)
(C.1)

oy >*=(-255433770+10101672B-29044800b+1385280816+846024006-
338064000/6-70080000H+268800008v6+175200006-67200006V6)/
(-727613226+29646993/6-378100800b+1526688096+2591304000

1032144000/6-70080000f+268800008V6+175200008-67200008V6)
(C.2)
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