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Abstract

In this paper,we showthatthe strategicchoice of spatial price policy underduopoly
crucially depends on the rule$ price competition.Thisseand Vives (1988) showthat
spatial price discriminationis a dominantstrategywhen the mill pricing firm is the
leaderandthe discriminatoryfirm is the follower. When the leader-followerroles are
reversed we find that equilibrium pricing policidspendon the consumer’seservation
value. The pricing policy gamehastwo equilibria in pure strategiesgither both firms
price uniformly (f.0.b.) orboth firms price discriminate when the reservationvalue is
low. For intermediatdevelsof the reservatiorvalue, price discriminationis a dominant
strategyand the pricing policy gameis similar to a Prisoner’sDilemma. When the
consumerreservatiornvalueis large enoughwe obtain asymmetricequilibria in which
onefirm pricesaccordingto f.0.b. andthe otherprice discriminatesWe also analyze
the caseof simultaneougprice competitionandfind a mixed strategiesequilibrium for
the price competitionsubgamesuchthat the pricing policy gamehastwo equilibria in
pure strategies, either both firms price uniformly or both firms price discriminate.
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1.- Introduction

There are two general spatial pricing policies: mill pricing (or f.0.b) and delpreayng.
If the pricing policy is f.0.b. (freen board)consumersick up the productat the mill,
paying the mill price and incurring the freight cost. Delivered pricing policieprarieg
rules not basedon consumerspicking up the productat the mill. The most common
deliveredpricing rules are basing-pointpricing and uniform delivered pricing. In a
uniform deliveredpricing systemeachfirm quotesthe sameprice to all consumers,
regardless of distance. In a basing-point priggstem firms decideon the location of
a base point and a price at that location (the base price); the mimgaherlocationis
calculated as the base price plus transportation chixagashe basepoint! We define
a deliveredpricing rule as any price function other thanf.o.b. Note that a delivered

pricing policy entails spatial price discrimination

The existence ofion-negligibletransportatiorcostscanalsobe interpretedin termsof
product differentiatiord.In this context, f.0.b. pricing correspondsatéirm producinga
single variety of the good and the consumerhaving to adapt the product to his
preferences(transportationcosts representthe utility loss for not consumingthe
preferredvariety). A deliveredprice schedulecorrespondgo a firm producingseveral

varieties of the produ@ndbeingableto price discriminateamongconsumergsell the

' In some markets delivered pricing policies have beiglely used. Examplesof basing-pointpricing
policies are the Pittsburgh Plus system used in the steel industry and the Portlasydtelusisedfor
plywood. See Machlup (1949), Scherer (1980) and Phlips (1983).

2 There is price discrimination whenewge differencein the endprice at any two locationsdoesnot

fully reflect the differences in transportationsts; in otherwords,whenthe netprice (deliveredprice
minus freight costs) is not constant.

% Hotelling (1929).



different varieties at prices that do not reflect the different transportation costs).

Thisseand Vives (1988) analyzethe strategicchoice of spatial pricing policy in a
duopoly marketwith homogeneougroduct and inelastic demand;they concludethat
f.0.b. is not an equilibriunpricing systemandfirms will choosediscriminating pricing
policies. In fact, a typical Prisioner”sDilemma arisessince price discriminationis a
dominant strategy bdirms would makemore profits underf.o.b. pricing. Their result

also holds when the circular model of product differentiation is considered.

Eber (1997) investigates thebustnes®f this resultby also consideringthe choiceof
location.He showsthat discriminatory pricingis the unique equilibrium outcome(in
dominantstrategies)of a three-stagesequentialgamein which firms choosefirst a
location, secondthe price policy and, finally, a price schedule However,when firms
choosetheir price policy before their location, mill pricing emergesas the unique
equilibrium outcome. De Fraja and Norman (1993) obtain an asymragtnidrium in
which onefirm pricesaccordingto f.0.b. andthe other price discriminatesin a model

with differentiated goods and elastic demand.

All the aboveworks sharecertainassumption®n the rules of the pricing game.Two
typesof price competitionare consideredif both firms have chosenthe samepricing
policy in the previous stage, firms decide price legetsultaneouslhandindependently.
When the two firms choosedifferent pricing policies,the mill pricing firm becomesa
price leader and the discriminatory firm is a follower reacting optimalilgeaonill price.
The argumentfor this changein the rules of the gameis that when firms choose
different pricingpoliciesthereis no equilibriumin pure strategiesn the pricing game.
In this paper, weshowthat the resultthat discriminatory pricings a dominantstrategy

depends crucially on this change in the rules of the game.
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Firstly, we show thaif the leaderandfollower rolesarereversedso the discriminatory
firm becomes the price-leader, the pricing policy game is a Prisddigfsmaonly for
intermediatereservationvalues.When the reservationvalue is low, the pricing policy
gameis not a Prisoner’sDilemmaand,in fact, two Nash equilibria in pure strategies
arisein which both firms choosethe samepolicy, that is both firms engagein mill
pricing or both firms price discriminate.When the consumereservatiorvalueis large
enough we obtain two asymmetric equilibria in which one firm prices accaaling b.
and the other price discriminates.It must be stressedhat the last caseis the most

relevant given the critical levels of the reservation value.

We nextconsiderthe problemwhenall the price subgamesre playedunderthe same
rules: simultaneousprice competition. This approach requires us to solve the
asymmetric (differenpricing policies) price subgamesllowing mixed strategiesNote
thatin thesesubgameshe mill pricing firm chargesone price and the discriminatory
firm canchargean infinite numberof different prices.As a consequencehe strategy
spaces of the two firms have different dimension.Therefore,sucha gamenot only
exhibitsdiscontinuitiesin the payoffs but also hasinfinite strategyspacesof different
dimension for each player. We shall show tiateis an equilibriumin which the mill

pricing firm follows a mixed strategywhereasthe discriminatory firm usesa pure
strategy.The pricing policy gameis not a Prisoner’sDilemma and, in fact, two Nash
equilibriain pure strategiesarisein which both firms choosethe samepolicy, that is

both firms engage in mill pricing or both firms price discriminate.

The paper is organized as follows. Section 2 gives a description oiithel. In section
3 we describethe problemof the strategicchoiceof spatialpricing policy and present

some results of earlier work. Sectichand5 characterizehe equilibria of the pricing
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policy gameunder different modesof price competition and state the main results.

Section 6 offers concluding comments.

2.- The model

Consumersare distributed uniformly along the unit interval [0, 1]. The location of a
consumer is denoted Byand defined as the distanicethe left endpointof the market.
The preferences are &dlows: eachconsumerhasa reservatiorvalue,R for the good,
and buys preciselyone unit per period of time, from the firm that hasthe lowest end
(delivered) price, as long as his total payment ame&xceedhis reservationvalue,and
buys nothing otherwise. When severalfirms have the samedeliveredprice at a given
location the consumerchoosesthe supplierwith the lowest transportationcost! The

good cannot be stored.

There are twdirms, firm 1 andfirm 2, thatmay producea homogeneougoodin the
spatial marketd,1]. Firm 1 is located at the left endpoint of the market] firm 2 at the
right endpoint.Marginal costs ofproductionare constantandidenticalfor both firms;

for the sake of notational simplicity prices are expressed net of marginal cost.

The cost of transporting one unit of the good is given byuhetiont (d) = t d, where
d is the distancefrom the location of the consumetto the producer.We will assume
thatR > t.° The deliveredprice at a location x must cover the total (productionplus

transport) marginal cost. If firin wereto price below total marginalcostit could do at

4 The assumption that price ties are brokerhe socially efficient way is fairly standardn literature.
See, for example, Lederer and Hurter (1986) for a justification.

® This assumptionguaranteeshat the whole marketwill be servedregardlessof the firms™ pricing

policies.
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least as well, for any given price of the rival, by pricing at marginafcost.

The timing of the game is as follows:

Stagel.- Firmschoosetheir pricing policy simultaneoushandindependentlyThat s,

they decide on whether to have an f.0.b. policy or a delivered pricing policy.

Stage 2.- Each firm observes the other’s pricing policy and they dbeiderice levels
simultaneoushandindependentlyif both firms choosethe samepolicy. When firms
choose different pricing policies, we consider three kinds of price competition:
simultaneousthe mill pricing firm as leader(Thisse and Vives, 1988) and the mill

pricing firm as follower.

3. The choice of price policy

We solve the game by backward induction to obtain the subgame perfect equilibria.

Second stage

There are several cases depending on the outcome of the previous stage:
a) Both firms price according to f.0.b.

b) Both firms use delivered pricing.

c) One firm is committed to f.0.b. and the other firm uses delivered pricing.

a) Both firms price according to f.o.b.
If both firms have chosen f.o.policies,they will selectmill pricessimultaneouslyand

independently. The demand for each firm is given by:

® See Lederer and Hurter (1986) and Thisse and Vives (1988).
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o 1 h<p -tC
Di(r-\’H):%"' pjétp if pj + t> |q>|q-tEi,j:1, 2, j#i.
= 0 if = p +t%

The profit functions arér; (p, ) =p0; (P, B). 1.] =1, 2,j # i. Theseprofit functions

are quasi-concavegnsuringthe existenceof a price equilibrium. The equilibrium mill

pricesaregiven by (seefigure 1): p;Y = p,Y = t. The equilibrium profits are given by

t
n1UU - /72UU = E

b) Both firms use delivered pricing

Denoteas p;(x) and p,(x) the deliveredpricesof firm 1 andfirm 2, respectively,at

locationx, 0 £ X < 1. At a given location x, competitionis a la Bertrand:with cost

asymmetries ifx # % and with thesamecostif x = % Whenx < % firm1’s costis

lower than firm 2’s. The opposite is truhenx > %.8 This implies thatin equilibrium

the delivered price atwill equal the transportation cost the firm locatedfurther from
x. Given the previouargument, the equilibrium pricing policiesare given by: p; (x) =
Po(X) = maxtx, t (1 -x)} for allx O [0, 1].

1

I‘IlDD:IZ{t(l-x) -tj(dx:%
0

" See d’Aspremongt al (1979).

8 When firms price according to f.0.b., they are competing iretiige markewith only one strategic
variable: the mill price. However, under discriminatory pricing, firms competeat each location x

separately. In this situation, stability of price competition is less difficult than under f.o.b..

° See Lederer and Hurter (1986) for a formal proof.
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1
g% =[x dx =
2

In firm 1's marketarea,the end price decreasewiith the distanceto the firm, whereas
the transportation costs increase with that distatheenetprice is not constantin firm

2's market area, the net price also varies with distance and there is price discrimination.

c) One firm is committed to f.0.b. and the other firm uses delivered pricing
Simultaneous price competition
As noticedby Thisseand Vives (1988),theremay not be a simultaneousmove Nash

equilibrium in pure strategies. Assume ttia mill pricing firm (firm 1) chargesa mill

pricep,, then the best reply of the discriminatory fiffiim 2) is to seta pricing policy
po(x) = max{t (1 - x), p; + tx}. Thatis, given the price of firm 1, p;, thenthe best
response ofirm 2 is to equalthe correspondindull price wheneverpossible'® But
note that if firm 2 has a pricing poli@g(x) = max{t (1 - X), p; + t«}, the bestresponse
of the mill pricing firm is to sell taonsumers-below p; in orderto capturethe whole
market. For any p;, given the bestresponse othe other firm, the mill pricing firm
always hasthe incentiveto reduceits price slightly and sell to the entire market. In
section5 we solvethe pricing policy gameby allowing mixed strategiesn the pricing

game.

We next analyzethe different pricing policy subgamesinderthe three rules specified
above. We start by assuming, as peisseand Vives (1988),that the mill pricing firm

is the price leader and the discriminatory firm is the follower.

19 Recall that according to omssumptionif the two firms quotethe sameprice consumersuy from

the firm with lower total delivered cost.
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The mill pricing firm isthe leader

Assume that the mill pricing firm is firrh and the discriminatoryfirm is firm 2. Given

firm 1’s pricep, the marketboundaryX is determinedoy p; + tX =t (1 - X), which
yields X = (t - p))/2t, since the optimal response of firm 2 is to match fifmfull price
p; +t X, whenever possible, that is when+t X >t (1 - X). Profits of firm laregiven
by I, = p; X and the optimal price for firm 1 is p;" = t/2 with associatednarket
boundaryx* = 1/4, yielding profits off1," = [1,YD =t /8. The equilibrium priceschedule
of firm 2 isp,"(X) = max{p;" +tx, t (1 -x)} and the equilibrium profits are

ot

1
t
[l = 1,Ub = —+ X - (1 - Y} dx = —
) =11, ﬁ{z (1 - %} i
2

Whenfirm 2 is the mill pricing firm andfirm 1 the discriminatoryfirm we obtain the

symmetricresults,thus, /7,YP = 11,PY and /7,PY = 1,UD. Given theseprofits, Table 1

summarizes the possibteitcomesof the secondstage.Note that we obtainthe typical
Prisioner’s Dilemma sincg,PY > 7,YV > 11,bb > 7,UD and7,Vb > 7,WU > 7,bD >
[,PY. That s, price discriminationis a dominantstrategy,although firms would be
betterunder mill pricing. The generalconclusionof Thisseand Vives (1988) isthat
there isa robusttendencyfor a firm to choosethe discriminatorypolicy. However,we

show that their result crucially depends on the rules of price competition.
4. The discriminatory firm is the price-leader

In orderto provideintuition on the equilibrium outcome we derive the equilibrium by

construction. Suppose that firm 2, anticipating that the follower may undercut itinprice

order to capturethe whole market,decidesto implementa pricing policy of p,(X) =

max{t(1 - x), tx}. Given this pricing policy, firm 1 would reactby settinga price p; =t

-9-



1
/2, and firms profits would bél; =t /8 and I'T, = ﬁ{ tx -1 - 3} dx = % However,

2

firm 2 might increase profits by increasing its full price up to (qusb below) p, (X) =

max{t (1 -x), t /8 + tx}. Note that firm 1 would be (almost) indifferebetweencharging
a pricet /2 or charging a price/s - € and capturingthe whole market.Profits would be
81t

1
/71=t/8and/72'=Il { é"‘ X - t(l - )9} dx = g6
4

In more general terms it can be demonstrated that

Lemma 1.- The bestpolicy for the discriminatoryfirm is to keepfirm 1 indifferent

between pricep, O [ p., p,] (or just preferp,), with an associated profit dfl for firm

1.11

The lower extreme of the interval, is the highest price that allows firm 1dapturethe
whole market and to obtain a profit M (note that p, = ). This price therefore
dominates pricep, < p,. The upper extreme difie interval, p,, is the highestprice that
allows firm 1 to obtaina profit M given the rival’s pricing policy and the consumer

reservation value.

Proof. Considerany two possiblepricesfor the mill pricing firm: p’, p" O [ p., pil.
with p'# p”. Assumethat, given the pricing policy of firm 2, M,(p’) =M >M,(p"),
that is firm 1 strictly preferp’ to p”. Given firm 2's pricing policyp,(x) andfirm 1's
mill price p', the market boundar¥( p') is determinedby p' + t X(p') = po(X(p')),

and therefore:

1 A similar ideaarisesin the paperof Prescottand Visscher(1977). Theseauthorsanalizesequential
location among firms and show that when an incumbiemt may chooseto locatetwo outletsin the

market the optimal strategy is to keep the potential entrant indifferent as regards location in the market.
-10-



rn(p)=n=p[

;( _ ’)“( ] _ ]
As a consequence, firm 2 could increase its pricg @t') with noloss of marketshare

and could increase profits. Q.E.D.

We next derive the optimal pricing policy for the discriminatoryfirm. Given firm 2°s

pricing policy, p,(X), and firm 1°s mill price, p;, the market boundary X(p;) is

determined by, +t X(p;) = po( X(py)), which yields

K(py) = PR~ B ®

To keep firm 1 indifferent betwegn U [ p,, p.] it must be satisfied that

My =p, (P2R) =By @

By solving (2) for X(p;) and using (1) we obtain the pricing policy for the

discriminatoryfirm p,(x) = n + tx. Figure 1 showsthe equilibrium policies when
X

n= é The lowest price that allowfsm 1 to obtainthe profit M is p, = M and,at

this price, firm 1 would capturethe whole market. The price p, dependson the

: : . Mn
consumer reservation value. Denotexpyirm 1°s market share sut¢hat — + txy =
Xy

R, that isx, is the quantity sold by firm 1 when it charges a ppjcdt is easyto check
thatx, andp,, as a function of1, are given by:
R- VR - 411

(M) = ©
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(4)

py (M) =

R+ VR - 411
2

Note that given the discriminatory firm’s pricing policy p(X) = % + tx, the mill

pricing firm is indifferent betweenprices [p,, p.]. It is easyto check that the
discriminatory firm maximizes profits when the mill firm chargies highestprice p,,.*?
Thereforethe maximum profit that the discriminatoryfirm can obtain, maintaining a
profit M for firm 1, is given by:

1

M,(MT) :IR'\W {5 - (L - ) o
2t

This profit can be expressed as
Mo(M) = = Minxy (M) + tx (M[1 - Xy ()]

Given that the pricing policy of tHeadermustsatisfyp,(x) = t (1 - x ), sinceit hasto

cover its transportation costs, firm 1 might guaraatpeofit of t /8 by charginga price

p,=1/2. Therefore, fim 2's pricing policy, thati$, solves the following problem:

mav =TI (1) + by (ML= % ()] 5)

st. M > t
8

It is straightforward to show that the objective function is concave and that

Mﬁt/& > 0. The first order condition is given by:

o

2 Due to the optimapricing policy of the discriminatoryfirm holdsthe mill pricing firm indifferent
between pricesy[, p.], so in order for firm 1 to choog®, its profits at prices], py) must be e-below

M. We have to change the discriminatory pricing policy slighuyx) = { n + tx- g, forx, < x <1;
X

R forx<x, }, with 6 >0,9 - 0.
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M, () = —Inx,, (ﬁ)—ﬁ)::'T(lﬁ-l_))ﬂxH'(ﬁ)[l_sz (M]=0 (6)

Given (3), condition (6) can be rewritten as:

_ _ —*D —k
“ntR \R; 4 B 21T
] t ]

VR - MfT|R- R - 4ﬁ*J

Therefore, the backward induction solution is given by:

*

(R
X

P’ (%) = + X

by’ = pu((R) = RF AR 4T (R

, and the equilibrium profits are

2
m'=Mmur=" (R
1 — %
. (R
= ub = - -
=1, J'R-\/RZ-M'I*(R){ MR (VLT (8)

2t

Condition (7) defines the optim&l *(R) as an implicit function ofhe reservatiorvalue.
It is easy to check thdl “isan increasing functioaf R. However,it is not possibleto
obtain an explicit expression fail - from condition (7). For this reasorwe considera
numericalapproximationWith no loss of generalitywe normalizet to bet = 1 and
evaluate the firms™ profits at different levels of the reservation value. Tabi@arizes
the equilibrium profits as a function of R so we canapproximatethe value of T’ that
maximizes thediscriminatory firm’s profit for each R. We obtain the following

eguations of linear regression (Whg)%is the determination coefficient) :
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M =-0.15064+ 0 36548 p?= 099 9)

1" =0.098288 0 3677R 0% 0 (10)

Note that(9) and (10) provide a very good aproximationof equilibrium profits. When
firm 2 is the mill pricing firm andfirm 1 the discriminatoryfirm we obtain symmetric
results, thusf7,YP = 1,BY andf1,PY = [1,YD. Given theseprofits, Table 1 summarizes
the possible outcomes of the second stage and the foll@rapgsitionstatesthe main

result of this subsection.

Proposition 1.- If the discriminatoryfirm is the leaderwhen firms choosedifferent
pricing policies, the equilibrium analysisof the pricing policy gamedependson the
consumerseservatiorvalue,R. (i) Whent < R< R the pricing policy gamehas two
Nash equilibria in pure strategiestherboth firms price uniformly or both firms price
discriminate.(ii) When R <R <R spatialprice discriminationis a dominantstrategy
and the pricing policy gameis a Prisoner’sDilemma. (ii) When the consumer
reservationvalue is large enough,R > R, the pricing policy game has two Nash
asymmetricequilibriain which onefirm pricesaccordingto f.0.b. and the other price
discriminates. The critical levels of the reservation value are giveRby:1.0923 and

R =1.0962.

Proof. Given (9), (10) and Table 1, we have three possibilities:

(i) When t <R < Rthe equilibrium profits are suchthat /7,YY > 7,6V > 7,00 > f7,UD

and 1,9V > r,Ub > r1,bb > [1,bU. Therefore therearetwo Nashequilibria: (U, U) and

(D, D).
-14-



(i) When R <R<R the equilibrium profits are such th@PV > f7,UU > [7,0b > [7,UD
andf1,YP > ,VY > [1,bb > r1,bU. Therefore(D, D)* is the uniqueNashequilibrium

and price discrimination is a dominant strategy.

(i) WhenR = R, the equilibrium profits are such th@PY > /7,UY, [7,UP > 7,00 and
Yo > r,uu; r,bu > 11,6, Thus, therearetwo Nashequilibria: (U, D) and (D, U).

Q.E.D.

Note that whenthe discriminatoryfirm is the leader,if t < R < R the pricing policy
game is not a Prisoner’s Dilemma and, in fact, thezéwo equilibriain pure strategies
(andanotherin mixed strategies)If onefirm is committedto f.0.b. the bestresponse
for the other firm is f.0.b. as well. If orfem haschosento be flexible and produceall
the varietiesof the product,the bestresponse fothe otherfirm is deliveredpricing as
well. When R <R< R spatial price discriminationis a dominantstrategyand the
pricing policy game is a Prisoner’s Dilemma. WRen R, the pricing policygamehas
two Nashasymmetricequilibria in which one firm prices accordingto f.0.b. and the
other price discriminatesThis caseis the mostrelevantgiven the critical levels of the
reservation valueR = 1.0923 and R = 1.0962. Figure 2 graphicallysummarizeshe

above proposition.
Therefore, the conclusion of Thisse and Vives (1988) that ih@eobusttendencyfor

a firm to choose the discriminatory policy does not hold when the discrimirfataris

the price-leader .

-15-



5. Simultaneous price competition

The above game provides us with an intuition as to the equilibrium outcomemitezh
strategiesare allowedin the simultaneougricing game.We obtainedin the previous
subsection that the equilibrium pricing policy of ttiscriminatoryfirm is suchthatthe
mill pricing firm is indifferent between prices belongitaythe interval [p (), p,(M)].

In order to find an equilibriunm the simultaneougyame,we would only needto prove
that there exists a distribution function for the mill pricing firm with supportin an

interval [pl(I:I), ph(I:I)] suchthat the bestresponse othe discriminatoryfirm to that

mixed strategy ig,(X, ﬁ) = %+tx. Lemma2 and 3 give us somepropertiesthat the

equilibrium must satisfy.

Lemma 2. In the marketareaof the mill pricing firm the full price of the mill firm at
p( I:I) is lower or equal to thegansportatiorcostfrom the discriminatoryfirm. Thatis,

p( I:I) +tx<t(1 -x) for xJ [0, X] , wherex, denotes the marginal consumep,at

Proof. If this conditionis not satisfiedthe discriminatoryfirm might undercutthe full

price of the mill pricing firm in order to capture a greater market area.

Lemma 3. The value off1 is 18

Proof. The valueof Icannotbe Iessthanl8 sincefirm 1 (the mill pricing firm) can

always ensure this profit. Note that if it charggsrice p; :% thenits marketareawill
1 . S . .

never be less thaz given thatthe discriminatoryfirm mustcovertransportatiorcosts.

Thereforel = —. On the otherhand,Lemma2 implies that the function py(X, I:I) =

x |
|~

+ tx cannot be always abot@ —x) (however, the intersection betwegn+ tx and
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p,(X) would be ovet(1l —x) and Lemma 2 would not be satisfied). The valueRB) tfat

. . . ~ t ~ t
satisfy this condition arél < e Thus we can conclude that = e

Lemma 4. The support ofthe mixed strategyfor the mill pricing firm is the interval
tt

[ g’ 2]-

Proof. Note that the lower extreme of the support must saﬁ,shjé giventhat p; :%

is the highest price that allows firm 1dapturethe whole marketandto obtaina profit

n= % From Lemma2 we know that the intersectionbetween p; + tx and p,(Xx)

cannotbe over t(1 — x). In order for this condition to be satisfiedit is neccessary
thatpy, < % Finally if we do not considerthe completeinterval the discriminatoryfirm

could always change its strategy in order to obtain more profits.

Lemma 5. The following strategiesconstitutea mixed Nash equilibrium with an
associated profifl :é for the mill pricing firm:

t
_t—2p1
() The cumulativedistribution function for the mill firm R (p;) =1- k?
—<ph
4

3 o tt
wherek = —t with support[—, —].
o pport .-

(in) The delivered pricing policy

. gda-x  forx D[QE)E
P (X) = [ ¢ C for the discriminatory firm.

O—+tx  forxUO[=,1C

18X 4 "L

Proof. See Appendix.

The density function is given by
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_dR(p) _ 3plt ()
f t-2p, 3
“(py) = an, o) ;@

The following proposition states the main result of this section.
Proposition 2. Undersimultaneousrice competitionin all the subgamesthe pricing
policy game has two Nash equilibria in pure strategies: either both firmsupifoemly

(f.0.b.) or both firms price discriminate.

Proof. The expected profit of the discriminatory firm is given by

o, ]
Ny = nS(t/8) = ZEI’ [—+tx {1 ] dXdE( p)
8 [T 8p .

where Fl* (pyis givenby Lemma5. Assumethatthe mill firm follows a pure strategy

o)} :% (maintainingthe discriminatoryfirm pricing policy p,” (x) = é +1x) thenthe
secure profit for firm 2 would be

1

—+tx—t(1 W] dx=+2n4,
16
Therefore
I'IEJD=ﬂ§(t/8)<3+2|n4t<£2:ﬂgu

and fromTable 1 we concludethat the pricing policy gamehastwo Nashequilibriain

pure strategies: both firms price uniformly or both firms price discriminate. Q.E.D.
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6.- Concluding remarks

We have shownthat the generaltendencyfor firms to price discriminatefound by
Thisse and Vives (1988) crucially dependson the rules of price competition. In
particular, spatial price discriminationasdominantstrategyonly whenthe mill pricing
firm is the leaderand the discriminatoryfirm the follower. When the leader-follower
roles arereversed.equilibrium pricing policies dependon the consumer” geservation
value. Under simultaneous price competition in all subgames, wa fimiged strategies
equilibrium whenfirms choosedifferent pricing policies and we demonstratehat the
pricing policy game has two perfect Nash equilibria: doths price uniformly or both

firms price discriminate.
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Appendix

Proof of Lemma 5

We seekto obtaina distribution function for the mill pricing firm with support[%,iz]

such that the best response ofthe discriminatory firm to that mixed strategy is

. %(1—x) forxO[Q, 1)E

Po(X) =0 t C. Given that the discriminatory firm can chargea
O—+tx forxO[=,1C
[18x 4 "L

different price at each point of the market, we solve the prakimizationproblemat a

generic point.

The discriminatoryfirm sellsthe productto the consumerocatedat x if its delivered
price, p,(X), is lower thanor equalto the full price of the mill pricing firm, p; + tx.
Thereforethe probability of this eventis P(p +tx= p(X)= K p= p( ¥— tx =
1- R (po(X) - tx), where F(po(X) — tX)is the distribution function of the mill pricing
firm evaluated aftp,(X) — tx. So the expectedprofit of the discriminatoryfirm at x is
given by M5(X) =[p( ¥ — (1- X][1- H p{ X— t{. Thefirst orderconditionof the

maximization problem is

aN3(x)

(%) X=[1-F1(|Oz(><)-t><)] I ¥-€- ¥ { g x= x=0 (A1)

where f;(p,(X) - tX) is the density function. (A1) can be rewritten as

[1-FR(p(¥ -] =[pf X - €1- X { & X- ¥ (A2)

We want to obtain the density functidi(.) such thatp,” (x) = é +1tx is a solutionfor

this maximization problem. By substituting this value in (A2) we get
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to_ ot oot
[1- Fl(&)] —(a +2tx = 1) f( 8x) (A3)

If we denote& =z (A3) can be expressed as

2
Z + L -tz
[1- R(2)] :(+) f(2) (A4)

Given thatf,(z) = R'(2, then (A4) is avariablecoefficientfirst orderlinear differential
equation. It is straightfoward to check from the solutiothaf differential equationthat

the equilibrium distribution function for the mill firm is given by
t

 t-2p, 4
N e 3
F =1-k>~ __ wherek=—t
1 (P) — 4 g

dF'(p)_ 3pt ot
and the density function i§” (p;) = —= = t-2p 3" Q.E.D.
dpy (t—2p1)Se
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Table L Summary of firms’ profits.
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0.225
0.58
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1.31
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3.51

Table 2- Equilibrium profits.
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Figure 1. Equilibrium pricing policies when the mill pricing
firm is the follower.
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Figure 2. Equilibrium pricing policies as a function of the
reservationvalue. The asteriskdenotesNash equilibrium with
dominant strategies (Prisoners” Dilemma).



