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ABSTRACT

Froduct Differentiation and Price Competition Between
a Safe and a Risky Seller*

We consider a market served by a sate and a nisky seller. While the expensive
sate seller can solve the problems of all consumers, the cheap nisky seller can
help a consumer only with a certain probability. The nsky sellers success
probabilities are distributed across consumers and by the choice of her quality
the nsky seiler determines the shape ot this distribution. If the risky selier tails,
a consumer ends up with the sate seller, paying for the service twice. We
study the price-quality competition between the two providers. We show that
the principle of masximum product differentiation does not hold in our model,
1.e. the nisky seller does not choose the minimum quality level in order to relax
price competition
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NON-TECHNICAL SUMMARY

In quite a few markets consumers have a pretty good idea about what kind of
product or service they need. The consumer's problem is to find a selier who
offers a successtul match. Often these markets are characterized by the
coexistence of a variety ot sellers offering different chances of serving the
consumers needs: there are cheap sellers where chances ot being
successtully served are rather low; and there are expensive sellers offenng a
high probability ot getiing the consumer’'s problem solved.

A divorce, tor example, can be handled by a mediator or a lawyer. The
mediator is a risky cheap substitute tor the sale expensive lawyer. Similarly, a
disease may be treated by a general practitioner or a specialist. Agamn, the
generalist is cheaper and has lower success probability than the specialist. A
backyard as well as a certified dealer garage may both solve a car problem,
the first being cheaper and more risky than the second. A consumer can try to
fix a leaking taucet himself using parts from the hardware store or he can call
a piumber. All these examples have in common that a successtul service is
valued the same by the consumer, regardless ot whether it was provided by
the sate or the risky seiler. Seliers differ in the probability that they can solve
the consumer’'s probiem, however.

Given such a variety of choices, consumers face the tollowing basic trade-off:
Should they go nght away o the expensive sale seller where they get their
problems solved for sure or should they first try the cheap risky seller. if the
nsky seller is successtul, the eonsumer saves a lot of money In comparison to
the sate seller. But if they cannot solve the problem, the poor consumer finally
ends up with the sate seller. The consumer's attempt to save some money
turns out to be more expensive than if he had visited the sate seller in the first
place.

In this paper we analyse a market characterized by these tfeatures, We
describe the price-quality competition between a safe and a nisky seller. in
particular we are interested in the degree of vertical product differentiation that
will prevail in equilibrium, more specifically in the trade-off between the degree
ot product differentiation and the degree ot price competition. Will the principal
ot maximal product differentiation hold in this model, which states that firms
position thew products in product space as far apard as possible 1 order to
minimize price competition?

To answer this question, we consider a sate seller who can solve the
problems ot all consumers. The risky providers characteristics, in contrast,
are buyer-specific. We analyse price-quality competition within ihis framework.
We model the situation in which the sate seller 135 aiready in the market and



commitied to quality. The nsky seller enters and strategically picks his or her
quality and price. The sale seller then reacts to these new circumstances by
adiusting his or her price.

We consider this set-up for the tollowing reasons. We want to model markets
that have been regulated and are now opened tor competition, such as
telecommunications, electricity, or health care. Moreover, this sequencing of
events is appropriate for markets where new technologies have been
developed that offer a cheap yet less reliable alternative fo the exsting
process, such as intemet phone calls, personal communication services
{cheap mobile phones using digital technology), and steel mini-mills. Finally,
our set-up describes markets where, tor some reason, a dealer must have
repair facilities able to cope with ali problems quickly, whereas specialized
repair shops can tollow a cream-skimming policy. This 1s often the case for
vehicles, computers, and household appliances.

We first analyse the sate seller's stage two revenue when the risky sellers
quality and price are given. The safe selier either charges the consumers’
reservation price or the same price as the nsky seller. We then turn to the
risky sefler's problem. The nsky seller has to find the best price-quality
combination that does not tngger a price war.

Now the trade-off between product differentiation and price competition shows
up neatly. The turther away the nsky seller's quality trom the safe seller's
quality, the higher the price the nsky seller can charge. Nevertheless, ihe
maximum product differentiation principle does not hold in our model. The
risky seller wilt choose a rather high quality together with a rather low price;
the nsky seller does not choose high product differentiation to relax price
competition. This result has the following mnteresting implication tor a
government contemplating to open a regulated market such as
telecommunications or heaith care o competition: The nsky seller does not
enter the market with the lowest quality at a high price. Instead the risky seller
chooses a high quality at a low price to have higher demand.



1. Introduction

In gwite a few markets consmners hiave a pretty good idea sbout what kind
of product or service they need. The consumer’s problem is to find a sefler
who offers a successful mateh. Often these markets are eharacterized by the
coexsstence of u vanety of sellers offering different chunces of serving the
consumer’s needs: there are cheap sellers where chances of bemg successfully
served are rather low; there are expensive sellers offering & high probability
of getting the consumer’s problem solved.

A divoree, for example, can be handled by a mediator or a lawyer. A
mediator, if successful, conducts the divorce at & low price. A lawyer 1S more
expensive but, m turn, chances that he can actually handle the divorce are
high. The mediator 15 a nsky cheap substitute for the safe expensive lawyer.
Stmilarly, » disense may be treated by a general practitioner or a specialist.
Agam, the generalist s cheaper and has lower success probability than the
specialist. A backyard as well as a certified dealer garage may both solve
a car problem, the first bemng cheaper and more rsky than the second. A
consuiner can try to fix « leaking faucet himself usmg parts from the hardware
store or he can call  plumber. All these examples have m common that 2
successful service 15 valued the same by the consumer, regardiess of whether
it was provided by the safe or the nsky seller. Sellers differ. tiowever, m the
probability that they can solve the consumer's problem.

Civen such a variety of chowes, consurmers face the following basic trade-
off Should they go nght away to the expensive safe seller where they get
thewr problems solved for sure, or should they first try the cheap nisky seller.
If she 15 successfirt, the consumer saves a fot of money in compansen to the
safe seller. But if she cannot solve the problem, the poor consumer finally

ends up with the safe seller. The consumer’s attempt to save some money



tarns out fo be more expensive than if he had visited the safe seller 1 the
first piace.

In this paper we analyze a market charactenzed by these features. We
describe the price-quality competition between a safe and a nsky seller. In
partieulay we are mterested i the degree of vertical product differentiation
that will prevail in equilibram, more specifically m the trade-off between the
degree of product differentiation and the degree of price competition. Will
m this model the principal of maxunal product differenfintion hold, which
states that firms position their products m product space as far apart as
possible mn order fo mumnuze price competition {Shaked and Sutton {1982))?

To answer this question, we consider a safe seller who can solve the prob-
tems of all consumers. The nisky providers characteristics,  contrast, are
buyer-specific. Each consumer has & certon prabability of being successfally
served by the nsky provider, These suecess probabilities are contumiousiy
distributed 1 the morket. By the choice of her quality the nisky provider
deternunes the shape of this distribution: a higher fevel of quality means
that more consumers have high success probabiiities with the risky provider.

The success probabilities of both sellers are comumon knowiedge. Fach
consumer compares wisiting the safe seller with visiting the nsky seller, an-
tiapating the nsk of buymg an unsuccessful service. If this happens the
eonsumer finally ends up with the safe seller and pays for the service twice.
Obwviously, for a consumer baving a low success probability the risky seller 15
@ poorer substitute for the safe seller than for a consumer with a high success
probabiity. This setup with buyer-specific success probabilities far the nsky
seiler penerates a system of continuous demand functions for both providers.

In 2 next step we analyze price-quality competition within this frame-
work. Here we modet the situation m which the safe seller 15 already i the

market and committed to his quality. The nsky seller enters and strateg:-
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cally picks her quality and her price. The safe seller then reacts to these new
cireumnstances by adjusting his price.

We consider this setup for the following reasons. We want to madel mar-
kets which have been regudated and are now opened for competition, such as
telecommurncations, ejectricity, or health care. Moreover, this sequencing of
events 15 appropriate for markets where new technologies have been devel-
oped that offer a cheap yat less reliable alternative fo the existing process,
such as Internet phone calls, Personal Communieation Services (cheap mo-
bile phones using digital tectnology), and steet mammills. Finally, our setup
deseibes markets where for some reason a dealer must have vepair [acilities
being able to cope with all problems quickly wheress specialized repawr shops
can follow a cream-skimrung policy. This 1s often the case for vehicles, com-
puters, and houssehold appliances.

Formally, we consider the followmg Stackelberg-type game. In the first
stage, the nsky scler chooses her quality and her price. Upon having ob-
served these choices. the safe seller then picks his price.’ To focus on the
mterdependencies generated by the demand side, we first 1gnore all costs;
pur seilers seek to maxumze revenues. In a second step we then show that
our qualitative results concermag the degree of produet differentiation also
fiold for positive cost.

We first anaiyze the safe seller's stage two revenue when the nisky seller’s
quality and price are given. It turns out that the sale seller's revenue
strictly convex so that he either charges the consumers’ reservation price or
the same price as the nsky seller. H he charges the reservation price, he
attracts the customers for whom the nisky seller 1s a poor alternative pius

those consumers who tried the risky seller but were untucky. If he quotes the

~ *We also show that o syniiar result on the degree of product differentiation holds whesn
the two seliers choose thesr prices suwtltaneously,



same price as the nsky seller, be has the whole market because he has the
superior techmoiogy.

We then turn to the nsky seller’s stage one problem. It 15 obvious that the
risky seller never chooses a price-guality combination that feads the safe seller
to quote the same price: the nsky seller then has no customers. Accordingly,
tne risky seller tries to find the revenue maxnzng price-guality combination
such that the safe seller goes for the reservation price. To put it differently:
the nsky seller has to find the best price-quality combination that doesp't
trigger a ‘price war’.

Now the trade-olf between product differentiation aud price competition
shows up neatly. The further away the rigky seller's quality from the sale sell-
er's gquality, the higher 15 the price the risky seller can charse. Nevertheless,
the maxumumm product differentiation princple does not hold 1 our model.
An merease 1 quality together with a decrense w price erenses the rsky
seller's demand and this quantity effect on revenue 18 greater than the effect
of the price change. The nsky seller will thus choose s rather higl: quality
together with a rather low price; she does not choose high product differen-
tiation to relax price competition. This result has the following mteresting
unplication for a government contemplating to open o reguiated market such
as telecommumieations or heaith care to compefition: The risky seller does
not enter the market with the lowest quality af a high price. Rather she
chooses a high guality at a low price to have higher demand.

The papers closest to ours are Glazer snd McGuure {1996}, Bouckaert and
Degryse {1898), and Knshna and Winston (1998). Glazer and McGure's
basic setup 15 more or less the same as ours. The major difference 1s that m
therr model consumers do not know their success probability with the nsky
provider. By diagnosing the consumer, the risky seller learns this probability

and then decides whether to treat the consumer herself or whether to refer



him to the safe seller. Glazer and McGuire snalyze whether m equilibriom
there will be socially optimal referral by the nisky provider. Ther paper thus
focuses on the mformational problem created by mformed experts.®

Boueksert and Degryse consider a safe and nsky seller located at the
extreme pomts of a linear market. Consumers are located uniformly along
this market and have a linear transporiabion cost. While the safe seller
solves all consumers’ problems for sare, the risky seller merely does so with
probability less than one. This probability 15 exogencusly given and the sarne
for all consumers. Consumers face the same basic frade-off as 1 our model,
meanng to visté the risky seller can becomne very expensive. Boucksert and
Degryse analyze price competition between the two sellers.

Horwzontal differentiation 15 generated o thewr model by transportation
costs. There are three differences to our setup. Fist, all of the nisky
providers’ failures visit the expert m our model. In contrast, in the trans-
portation cost model whether or not a failure visits the expert depends on
where the consumer ¢ located. Secoud, if the safe seller lowers his price
the transportation cost model, he attracts the marginal customer that he
would have otherwise served with the risky sellers failure probability, This
probability 15 independent of who the marginad customer 15, thus generating a
linear demand for the safe seller. If the failure probabilities are buyer-specific
as 1 our model, it 15 more attractive for the safe seller to atiract customers
who have a low failure probability with the nisky seiler than customers with
high failure probability: they are very likely to show up anyway. Demand is
thus non-linear. Third, while Bouckaert and Degryse take the risky seller's
quality as exogenously gmven, we deternune the quality endogenousty.

In Knishna and Winston each of two firms first chooses 1ts quality which 1s,

as 1 onr model, the probability that it solves the consumers” problem. Then

*Other papers 1 this area mclude Wolinsky {1993), Tayior (1995), and Emsons (1997).



firms sumuitancousty choose prices. [n equilibnum one fivm chooses a high
quality level wihile the other fivm picks a low one. The equilibrius of the price
gatne 15 i nuxed strateges, The high quality product 18 mere profitable than
the low guality one. In Knstns and Winston consumers arve wentieal. This
menns that ether all or no consumers try the low quality seHer whieh, 1 tarw,
naplies that the bigh quality firs pas either the low quality seller's residuat
demand or the whole market. Demand 15 this identical consumers world 1s
thus discontinuous. Such drastic demnand behavior generates some strange
effects as we explam 1n section 5. In our modet the nsky seller's suceess
prabability 15 buyer-specific and distvibuted m the nurket. This feature
generates smooth demand functions for both sellers so that our resaits are
not driven by drastic demand behavior,

The remainder of the paper 18 orgamzed as follows. In the next section
we describe the basic model. In section 3 and 4 we analyze the safe and the
risky seller's problems and denve the equitibrium. In the subsequent section

we discass our results. Section § concludes.
9. The Model

Consider a market with a continuum of consumners, each wishing to receive a
certain service. The service can be supplied by two providers: » safe provider
and n nisky provider. The distinction between the two types of sellers i not
m the kind of service they provide, but only m the probability that they will
serve the consumer successfully. If the service 1s carned ouf suceessfully, each
consumer values it the same, regardless of whether it was provided by the
safe or the nisky seller. Denote this vamation for a successtul service by ».
This willingness to pay 1s the same for all consumers.

The service of the safe provider — the expert - 1 the same for all con-

sumers. We normalize the probability that the safe provider 15 successful to
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one for all consumers. The safe provider thus represents the ‘state of the art’.

The service of the nsky provider differs from the safe providers service.
Eact: eonswer has some probability A € 10, 1] of being suceessfally served
by the nsky provider. If the nmsky provider has tried once and {ailed, the
consumer’s problem cannot be solved by the nisky provider. This particular
consumer and the nsky seller's service are meompatible. It 15 thus useless
that the risky provider gives it sanother try; all the consumer can do 1 this
case 15 to visss the safe provider.

The nisky provider chooses her quality 4. This parameter g determines
the distribution of A. Increasing ¢ means that mass 15 shifted from the low
to the high success probabilities: more of the customers have good chances
with the risky seller. Formally, we model this effect by assumung the density

function of A as
flA g =2~q~(2-2¢)) Ae b1}, ge ]l 2.
The effect of g on the density f can be seen m Figure 1*
- msert Figure 1 about here -

Let F(A g} be the distribution of f(A,q). Since F{A, g} > FlA,q) ¥A €
(0,1}, Y1, g2 with g, > gs, the distribution F(A, q,) first-order stochastically
dommates F{A, g2); see Rothschild and Stiglitz (1970). For the average suc-
cess probabilities we compute E(X, ¢) = 1/3+¢/6 so that, e.g., B{\ 1) = 1/2
and F(A,2) = 2/3. Accordingty, within this modelling framework ¢ = 1
means maximal differentiation and ¢ = 2 minmmal differentiation between
the two sellers. The safe provider's quality is the same for a8l consumers,

whereas the nisky provider’s guality 1s buyer-specific. For some buyers (A

4For on expianation why we don't consider g € 10, 1] see section 5.



close to 1) the rsky seller 15 a close substitute for the safe seller, while for
others (A close to 0} the nsky provider 1s out of question.

We consider the followmg two stage game. In the Brst stage rhe nsky
provider picks g and p,. In the second stage the safe provider. apon having
observed the nsky providers chowees, picks p,. We will commens on how
our results change s smultaneous move gume m section 5. Margmal
production costs are zero for both sellers. The sale provider thus maximizes
revenue. The nsky provider mcars o setup cost lor the quality ¢ of Clyg)
with € 2 0 and C'(1) = 0. The rnsky provider maxnmzes revenve mims
these sefup costs. We derve first the subgame perfeet equilibrnou for the
case where setup costs ave zero. Then we show that onr result en product

differentiation aiso bolds for positive setap costs.
3. The Safe Provider

We solve the game by backwards mduction. Belore domg so we need two
more fechniea) assumptions: a constamer who 15 mditforent whether or not to
see o seller, visits the provider; o consumer who gels no service, be it that be
dids't consult a seller or that the nsky provider failed, ends ap with o utility
of zero.?

Let us stirt wath the safe providers demand D.(p,, pe.g) m stage two
when g and p, ave gven. First note, if the safe provider charges p, > »,
lis detand 18 zero beeause his price s above the consumers willinguess to
pay. Next, as a pomnt of reference, consider the case where the safe provider
has & monopoty. He faces an meinstic demand up to the reserviaiien price
v, Accordingly, us monepolist he charges the monopely price p = », serves

the whole market, and approprates the entire surpius.

'His payolf is his wtility muus the price he puid so that mcse of failure of the nsky
seller the consanor will end up with a pegative pavodf.



Let us now return to the duopoly case. H he charges p, < p. < », he has
the whoie market because he 15 cheaper than the nisky provider and offers
the hetter service.

Finally, f 0 < p. < p, < v, the two sellers split the market. In this
situation consumers fzee the followmg tradeoff. Either they go to the safe
provider right away. There they pay the high price but, m: return, ret their
probiem solved for sure. Or they try the cheap, nsky provider. I she solves
the probiem, the consumer 15 happy because he saved money compared to
having visited ihe save provider; consumers value a successful service the
same regardiess of the type of seller. I, however, the risky provider cannot
solve the problem, the consumer has pad p, for nothing.” He reenters the
market and goes to the safe provider who offers a surplus of v — p, after all.
I this case the conswiner 15 worse off than if he had visited the safe provider
11 the first place. Obviously, for consumers with low A the safe provider 15
more attractive compared to the nisky provider than for consumers with high
\

W

Formally, consumers prefer the safe provider if
Mo=p)+ (1= No—p—p)Sv=p <v or ASp/p <l

Accerdingly, consumers with X € |0, p,/p,] divectly go to the safe seller while
conswners with A € (p-/p,, 1| ficst gve 1t a shot with the nsky provider.
Those whom the risky provider could not help also end up with the safe

provider. Thus, for § < p, < p, the safe provider's demand is

i 1
Dipeped) = [ fAada+ [ (1= N[0 q)a =

e
3/8 — /6 + (221 — /2 + (2p./3p.) (g — D]

“We assume that the consumers' satistaction s not verifisble. *Satisiaction guaranteed’
warranties are thas not feasible.
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Sunused up, the safe providers demand s gven as

D»(I’Sv[’re‘!) =

1, ifo.<p <m

243w gf6 -+ (P — /2 + (26 /300 — DL i e <,

a8

0, if p, > n

Next consider the safe provider s revenue I, {(p,, pe. @) = 1.D.{p.. p..q). This
functien has the following properfies. it 1s contimuous m p, on [, #l monoton-
wally mereasing on [0, pel, pe € 0, sirietly convex on {pe, vl and zero for
pe > v Revenue maxinnzing chosces ave fhus either p) = p, or pl = . H the
safe supplier iatches the nsky supplier's price, he sins the whole market and
Ry, = pe, By q) = b 1 he charges the monopoly prece pf = ¢, he goes for

the Jow A's plus the residunt demand and
Ra(ph = v, p,q) = 012/3 = qf0l + (07 /0) |1~ g/ 20+ (207/36%) Jg ~ 11

We have H{p. = v} 2 R, = p} for p, € J07] and vice versa for

e € {j., u] where

w12 4 g} 4 600 4 Bl — 1507g7
8{g - 1)

H

Brlay

The safe provider's reaction fnnction p.(p., g) 15 thus as grven m Figure 2.
-sert Figure 2 about here -

If the nisky provider charges a fow prce, mafehing this price means low
profits for the safe provider. He s better off with the monopoly price servimg
the residual demand at the reservadion prce, In contrast, if the risky seller’s

price s high, maiching this price means that profits per consuner are high.

He



Having the whole market at this price 15 more attractive fhan serving the
residual demand at the monopoly price. Note that j.{q) s decreasimg m g;
see Figure 3. If the nsky seller wants to mcresse quality and keep the safe
seller iclifferent, she has to fower hier price. Increasimg g unplies thut the
risky provider mereases her demand at the expense of the sufe provider if
he continnes to charge . Throwing the nsky provider out of the market by

nratching her price thus becomes the better alternative for the safe seller.
4. The Risky Provider

Let us start with the nsky provider’s demand. It follows nnmediatety from
the preatous sechion that her demand Do(pe.pa.y) 15 zero whenever she s
more expensive than the safe provider or when her price exceeds the con-

surser’s willingness to puy o, For 0 < g, < p, < ¢ consamers prefer the nsky

to the safe provider H
e S Mr—p )+ (1 =M —p—p)<e o pip <AL

Accordingly, for 0 < p, < p, < v the nsky provider's demand is

Dulpropo) = [ FOLa)AN = 1= (pe/pf2 = + {pe/po) = 1)

Pl

Finadly, lor 0 < p, < » < p, the rsky provider has a monopoly. Consumers

Lay from the nsky provider if
Me=—p )+ {1 =X{~m)20 or pje<A
Demand s thus

Delprpest) = [ TN = 1= (po)i2 =+ (/0 = 1)

The ease of a monopoly for the rsky provider s of particular noportance

because 1t 18 formally equivalent to the duopoly scenario e which fhe safe
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provider charges his monopoly price pM = «. In both cases the risky provider
competes aganst the consumers’ outside option of zern: if the nsky seller 1s
alone m the market, the consumers’ outside option 1s not gong to the risky
seller which means zero payoff; m the duopoly case a consumer treated by
the safe provider pays his reservation price se that he also ends up with zero
utils.

Let Relpr,psi @) = peDe(pr,ps. 4} denote the nisky provider's revenue.
Since the demand function D.(-} 15 concave mn p, on |6, mmip,, v]], s0 15 the

revenue function. Over this range the nsky seller's revenue » gmiven as

Relpes e td = pe((ps — 22 02 ~ 20305 + {1 = {ps — pe)/paduil

As a useful point of reference let us first determine the nsky selier's optimal

choice of p. given g and p,. Sotving the first-order condition yields

_Pla -2+ /1 —g+4%)

Pelpsyip) = g~ 1)

Now consider the case where the nsky seller has a monopoty. Since the risky
seller bas de facte a monopoly whenever p, > #, we will identify this case
with p, = ». Since revenue 15 linear 1 4, the nsky monopolist picks g% = 2

and, accordingdy, p.(v,2) = v/ /3.
- msert Figare 3 about here -

Let us return to our duopely game which we can now solve rather easily.
Consider Figure 3 where we have plotted all the information we have gathered
so far 2 (p., q) - space. Consider first the unction 5.(q7) along which the
safe provider s mdifferent between charging his monopoly price p¥ = » and
matching the risky provider's price. In order not £o work on open sets, assume

that the safe provider goes for the monopoly price » for all price-guality

12



combinations on Fe{g). Accordingly, for all price-quality combinntions below
Bl {regou 1) the safe provider chiarges the monopoly price, whereas for
alk price-quality combinstions abave F.(g) (regmion 1I) he matehes the rsky
provider’s price.

What does this discontinuous stage 2 behavior of the sife seller mply
for the rsky seller m stage 17 If she chivoses a price-quality combination s
regton H, the safe seller will mateh her price and, gmven that he has ¢he better
technology, he will attract gll customers. The risky sellor thus ends up with
zoero domand mud zero revenue m region H and she con certamly do better by
offermg a price-quality combination i region L The nsiv seliers problem,
therefore, boils down to find the revenue masamzing combination {(pLg) m
reon i

Rather than deriving this solution explicrtly, we will discuss its qualitative
properties by means of Figure 3, There we have depieted the function p.{v, ¢}
which gives us the risky seller’s monopely price for a grven . Straghtforward
computations eonfirm that the functions pe(g) aned p(r.g) have a amque
mfersection (., §) with § € (1, 2). Since the nsky seller's revenue 1s mereasing
m g along (v, g), we can deduce already that (B, ) 15 the best chowee for
the risky seller on the intersechion of p (v, g} within region L Put differently,
il we restrict the nsky seller o price-guality combinations on p(v, ¢}, she will
mek (Fe, §3 She will definitely not go for maxemal product differentintion,
re, g > 1.

The last question we wanlb to aslk 18 whether the rsky seller wants to
deerease or increase product differentiafion relative to ¢ when she s free to
choose any price-guality combinabion out of region 1. Here the answer 1s that
the rsky seller increnses her revenue if she ruses ¢ and at the sane tune
fowors p,., menung that she will decrease product differentsation.

In (f, 7) revenue 15 maanuzed with respect to p, gven . This means by
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the enveiope theorem that the first-order effect of & price reduetion 1s zero. In-
creasing ¢, however, rases revenue so that a movement up the curve p.(g) m-
crenses the risky seller's revenve. Graphically, the 1so-revenue curve R} passes
througt: {#,§) with zero siope. Thus, there exist higher 1so-revenue curves
mn the leas formed by R} and #-(g). The nisky selier will pick a price-quality
combination (pl, o'} which 15 to the north-west of {f., 7). Consecuently, the
misiky seller will not opt for maximal product differentiation.

To sum up our results:

Proposition: In the umque subgame perfect eguilibmum of our fwo stage
game with C{q) = 0, m the first sioge the rsky seller chooses ¢° > § > 1
wnd p; = P{q*). In the second stage the safe seller micks the monopoly price

i
B,

= 1.

We have shown that the equilibrium stage fwe revenue 1s mereasing over
the range of ¢ € {1, ¢*]. Accordingly, we may mmediately deduce that i the
setup cost s not too high so that the risky seller wants to be in the business,

she will also not opt for maxumura product differentiation,

Corollary: Lei Clg) < R.{q,5-{q)} for some g € 11,2]. Then the opiimat

g =1,

Proof: The assumption Clq) < R.(g,5-(v)} for some ¢ € {1, 2] uzplies that
the stage two revenue exceeds the setup costs for some g € i1,47|. Since
R.{q,5-{g)) 18 increasing m g for g € |1, ¢*] and C'(1} = 0, the result follows.

QED.

5. Discussion

Let us first explain why we have chosen 2 model in which the nisky provider's

quality 15 buyer-specific. Suppose we had instead chosen the simpler setup
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where the nisky provider picks (Q which 1s the probability of bomng successful
with all consumers.” Then either all or no consumers try the nsky seiler.
The safe seiler, m turn, bos either the whole market of 1 or he gets the
vessdual demasnd (1 ). Accordingly, both providers’ demand functions are
discontinuous m thewr own prices, I contrast, 1 our setup both demands
are continous functions m therr own price for prices not exceeding v any
small price change leads to a smal change i demand. Our results are thus
not driven by drastic demand behavior.

The simple setup has another unpiensant festure. Given (p,.(J), the safe
sefler either charges v and gets the residual demand {1 — ) or he undercuts
with p. /) and gets the whole market. Charging the wonoepoly price v 1s
better than undercutting i p, < Q(1 — @)n, which also defines o ‘region
I in (pr, Q) - space. Here we have, however, the strange phenomenon that
for ¢ < 1/2 the nsky seller can actually merease p,. together with ¢ and
keep the safe seller indifferent between his two actions. Increasmg (J, cetens
paribus, fowers p./(} and (1 — Q. For (J < 1/2 the first effect domunates
the second.”

In our setup the first effect 15 absent. Even for very fow g there are always
some customers for whom the nsky provider 1s very attractive. To get the
whole market, the safe seller has to charge the swame price as the rsky seller
dependently of 9. Accordingly, if the risky seller wants to merease g and
keep the safe seller mdifferent, she has to lower p.. Note that for g € 0,1}
the safe seiter wiil always charge ». Thus, even for values of g which we
didn’t explicitly consider in the paper, 5.{q) 15 never mereasmg. This fast
abservation explans why we didn't constder vatues of ¢ less than 1) they are

weakly dominated for the nsky seller by g = 1,

SThis 15 the modelling of Krishna and Winston (1598},
"Note that this implies that 1 the sunple modet the rsiky seller wili choose 0 20 1/2,
L, she will also not go for mavunal product differentintion.



A similar result concernung the degree of product differentiation holds
when the nsky seller first chooses ¢ and then the two providers set their
prices simultaneousty. The equilibriurs of the second stage price game 1s
given by the intersection of the two reaction functions ps{p,, q) and p{p,, q}.
For 4 < § the reaction funchions have a umque mtersection (v, p.(v, q)). The
risky provider charges the monopoly price and, given that we are in region L
the safe provider answers with ». Since the nsky provider's profit meresses
m g along (v, ), she will pick § in stage 1 for this class of subgames.

If ¢ > §, the two reaction functions do not mtersect. The safe provider
then randonuzes between p, = v and p, = P-(g) so that his expected price
makes the risky provider choose fi.(g). For each of these subgarmes we can thus
determune the nsky seller's equilibnium revenue; 1 stage one she wiil prek
the g that maximzes her revenue. Finally, the nsky provider compares this
maxumum revenue for g > 7 with ber revenue under 7 and chooses whatever
15 greater. It follows from this argument that the equilibrum value of g 18
either § or higher so that also m this game the risky seller will not opt for
maoximum product differentiation.

Let us concinde this section by a discussion of the welfare properties of
our equilibnism, Obwiously, welfare 18 maximized if the safe seller alone serves
the market. The problems of all consumers are solved so that the maxumum
weilfare of 15 realized. The monopolist appropriates the eatire surplus. Our
equilibrium 15 mefficient.  Agam, all conswmers have thewr problem solved
but the risky seller incurs the setup costs so that welfare amounts » — C(g7}.
Of this surplus a positive share goes to all of our three actors, the safe, the
risky provider, and consumers as a whole. Consequently, consumers do better
under the mefficens duopoly than under the efficient monopoly of the safe
provider. Entry by the risky provider thus redistributes surplus from the safe

seller to consumers,
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§. Conclusions

The purpose of this paper 15 to study the price and quality chowees of a nisky
provider who enters a market which was dommated by a safe provider. We
are parfreularly interested in the quality level the nsky provider chooses when
entermg the arket. A quality level close to the safe provider's quality means
wnbridled price competition which the nsky seller can relax by moving hor
quality further away from the safe seller's. Price competition 1s numnnzed by
maximal product differentiation. Nevertheless, 1 our modes the nisky seller
does not go for maxumal product differentiation. She prefers a higher guality
levet even though: this means a lower price.

This result has the following mteresting nuplication for a government
contempiating to open a regulated market such as telecommumcations or
Lealth care to competition: The nisky seller does not enter the market with
the jowest guality at a high price. Rather she chooses o high guality at o low
price to have higher demand. Thus, if the government wants to redistribute
surpius from the safe seller to consumers, opemng the market for the nsky

seller s a pretty good means to achieve just this.
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