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The extant theory on price discrimination in input marketkets the structure
of the intermediate industry as exogenously given. Thigpapdogenizes the
structure of the intermediate industry and examines thectffof permitting

third-degree price discrimination on market structure amdlfare. We identify

situations where permitting price discrimination leadsither higher or lower

wholesale prices for all downstream firms. These findinggiexeen by the fact

that upstream profits are discontinuous due to entry beirsgly.oMoreover, per-

mitting price discrimination fosters entry which in manysea improves welfare.
Nevertheless, entry can also reduce welfare because it @aaytb a severe inef-
ficiency in production.
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1 INTRODUCTION

“There are several ways in which the manufacturer may influence thebeu of retailers. [...] [T]he
manufacturer may indirectly control the number of dealers through h@my policy [...]”

— Michael L. Katz (1989)

An ubiquitous assumption in the extant theory on third-degurice discrimination in input
markets—different wholesale contracts for different letai—is that the structure of the in-
termediate industry is rigid. Abstracting from entry int@tintermediate industry ignores the
fact that pricing decisions of the upstream manufactueaanajor determinant of the result-
ing industry structure and market outcome. These pricimistEns in turn are determined by
the pricing instruments available to the manufacturerairtipular whether price discrimina-
tion is feasible or not. In this paper, we endogenize thecsire of the intermediate industry
and examine the effects of permitting third-degree prigeritinination in input markets on
industry structure and welfare.

That the pricing instruments available to an upstream moligiphave an impact on the
structure of the downstream industry—i.e., the number da¥@adirms and markets that are
served—was argued, for instance, in the case AKZO N.V. v. \SHE00 Fed 2d 1471, Fed.
Circ. 1986). Du Pont, a monopolistic provider for the pagerdramid fiber Kevldt, charged
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different wholesale prices for different end uses of Ke®larunrelated downstream markets.
In particular, the Kevlg?price charged in markets for friction products and gaskatgkets
previously served predominantly by asbestos, has beeifisagrly lower than the average
price for Kevla®.! AKZO filed a lawsuit at the ITC, arguing that the third-degpeiee dis-
crimination practice of Du Pont constituted an abuse ofd@sithant position. The economic
experts providing testimony on Du Pont’s behalf succebséutjued that the imposition of a
uniform price would have substantially increased the piiceKevlar®in the friction/sealer
market and in consequence would have resulted in the logsmbiise for the aramid fiber
Kevlar®. The AZKO case thus vividly illustrates that an upstream ofacturer’s ability to
engage in price discrimination can lead to a very differewtnlstream market structure, and
in particular to more markets being served by that manufactthan uniform pricing.

Another illustration of the potential impact of price digsomation on downstream market
structure is found on the other side of the Atlantic oceara tase of geographic price dis-
crimination, the United Brands Company (UBC) charged Qlesame of its largest Danish
retailers for Chiquita bananas, a price which was 138% hitren the price charged from
Irish retailers> Moreover, UBC started subsequently to reduce the ordeceglhy Olesen,
a behavior culminating in UBC terminating to supply OlesdathvChiquita bananas. This
conduct severely damaged Olesen’s business interest antualty might have caused Ole-
sen to exit the market for bananas, if UCB—in response to a @mgiled by Olesen to
the European Commission—had not resumed its supply of Ghitpananas. UBC's justifi-
cation of its discriminatory pricing practice alluded tethttempt to charge each geographic
market the price it could bedrThis suggests that dominant manufacturers charge whelesal
prices such that the participation constraints of retailarindependent markets—even for
those retailers operating in the most profitable markets-biading. We investigate in detail
the welfare effects of a ban on price discrimination wherethigy or exit constraint of one or
more retailers imposes a binding restriction on the manufacs choice of wholesale prices.

We conduct our analysis in the standard framework of vdrtiglations between an up-
stream manufacturer and downstream retailers. Our madaksumptions are shared by
a large part of the extant literature: a monopolistic maciwfi@er supplies an input that is
used by an intermediate industry to produce a final produst. fianufacturer makes a take-
it-or-leave-it offer to each of two downstream firms, an imbent and a potential entrant,
specifying a per-unit wholesale price at which that firm cascpre any desired quantity of
the input. The new feature in our model is that one of the dtneam firms—the entrant—
has to decide, after observing the offered wholesale pnicesther to incur a strictly positive
fixed cost in order to become active in the intermediate itrgius

In our benchmark model we assume that downstream firms epieraeparate markets.
We show that for relatively high values of the entry costrgntcurs under price discrimina-
tion but not under uniform pricing. With entry—i.e., markg@aming—being unambiguously
welfare improving, in this case, price discrimination igisdly desirable because entry is
promoted. The more interesting cases arise for intermedadties of the entry cost, where,
under both pricing regimes, the entry constraint imposeig@irg restriction on the manu-
facturer’s optimal choice of wholesale prices but entryemntheless occurs. Depending on
the relative efficiency of the potential entrant, in thesgesgprice discrimination can lead to
overall lower as well as overall higher wholesale prices parad to uniform pricing, which

1see Section 4 in Hausman and MacKie-Mason (1988) for a moréetktescription of this case.
2See Chiquita case, Commission decision 76/353/EEC(1976) 1L

3This argument was rejected by the Commission. For a more elabdeatription of this case see Russo et al.
(2010).
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immediately translates into price discrimination beingcslyy welfare enhancing or welfare
reducing, respectively.

What is the intuition underlying these latter results? Inghsence of the entry cost, under
price discrimination it would be the more efficient downatrefirm that is discriminated
against because the manufacturer charges a higher wheola$zd to the downstream firm
with the less elastic demand. The uniform wholesale prieeggd by the manufacturer in the
absence of the entry cost is bracketed by these discrinminatwlesale prices. First, imagine
that the entrant is less efficient and thus, if there was ny eosst, receives a discount under
price discrimination. With the entry constraint imposindpiading restriction under either
pricing regime, the manufacturer has to offer the entrargvam lower wholesale price that
allows the entrant just to break even. This restricted wdaéeprice, which is the same under
both pricing regimes, is passed on to the incumbent onlyumeiéorm pricing but not under
price discrimination, where the incumbent is charged divelly high wholesale price. In
this scenario uniform pricing leads to lower wholesale gsitor all downstream firms. Next,
imagine that the entrant is more efficient and thus, in thermrds of the entry cost, would
be charged a higher wholesale price than the incumbent.oleimtermediate values of the
entry cost the entry constraint imposes a “hardly” bindiestriction under uniform pricing,
but is quite distinctly binding under price discriminatiomhus, the restricted wholesale
price that allows the entrant to break even is slightly lotv&mn the unrestricted uniform
price but higher than the relatively low discriminatory Wd®ale price for the less efficient
incumbent. In this case, uniform pricing leads to weaklyheigprices for all downstream
firms. For high-intermediate values of the entry cost, tlstrided wholesale price is below
the incumbent’s discriminatory wholesale price. With tlestricted wholesale price being
charged also from the incumbent only under uniform pricimgiform pricing here leads to
weakly lower wholesale prices for all downstream firms. Eresults prove to be robust with
regard to the number of downstream firms, downstream extgad of entry), and nonlinear
wholesale contracts.

We also consider downstream Cournot competition. Herantifyeoccurs, the entrant and
the incumbent are active in the same market. While with sépak@avnstream markets entry
under price discrimination but not under uniform pricingisufficient condition for permit-
ting price discrimination to be welfare enhancing, this sloet hold true for competition.
If downstream firms compete a la Cournot, then entry allegighe quantity distortion aris-
ing from double marginalization. Under price discrimioatj however, this beneficial effect
of entry is counteracted by an allocative inefficiency indarction induced by the upstream
supplier’'s discrimination against the more efficient firnor B very inefficient entrant and/or
very high cost of entry, this negative effect can outweighllbnefits of entry, which in con-
sequence makes uniform pricing socially desirable—eveunghdt leads to less firms being
served than price discrimination.

The rest of the paper is organized as follows: Section 2 wes/tbe related literature. We
introduce our model with downstream firms operating in satgamarkets in Section 3 and
analyze it in Section 4. In Sections 5 and 6, we address méssDf our results with respect
to the presence of multiple downstream firms on the one hardtidawnstream exit on the
other hand. After allowing for nonlinear wholesale contsain Section 7, we introduce
downstream Cournot competition in Section 8. We concludgsiction 9.

2 RELATED LITERATURE

The theoretical debate about the welfare effects of pemithird-degree price discrimi-
nation in intermediate-goods markets was initiated by K&&87), who shows that price
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discrimination reduces welfare unless it prevents ingffitibbackward integration into the
production proces$.This finding is generalized by DeGraba (1990) to a long-rualyasis
where downstream firms can invest in cost reduction. Priseridhination decreases welfare
also in the long run due to a reduction of investment incesfiv

More recent contributions relax the assumption that theufzeturer has all the bargaining
power. Inderst and Valletti (2009) posit that downstreamdihave access to an alternative
source of input supply and show that this results in the méirgient firm receiving a dis-
count. In consequence, price discrimination providesédrigicentives to invest in cost reduc-
tion and thus—at least for linear demand—can result in higledfane than uniform pricing.
O’Brien (forthcoming) assumes that wholesale prices aterdened by Nash bargaining.
This also gives rise to circumstances where price discation is socially desirable.

Last, O'Brien and Shaffer (1994) and Inderst and Shaffe@@20elax the assumption that
the manufacturer is restricted to linear wholesale prices @low for two-part tariffs. In
O’Brien and Shaffer (1994), while uniform pricing may bendfiwnstream firms, it always
does so at the expense of consumers and wéifaréhe setting of Inderst and Shaffer (2009)
uniform pricing reduces allocative efficiency and can leatligher wholesale prices for all
downstream firms, resulting in lower welfare.

All the aforementioned papers take the structure of thenmteiate industry as exoge-
nously given. This paper, in contrast, endogenizes thetstm of the intermediate industry
by allowing for costly entry, and derives implications ofrpétting price discrimination for
industry structure and welfare. As was first reasoned by Bt@ir8), allowing a final-good
monopolist to price discriminate can lead to more markeisgoserved, which in turn im-
proves welfare. This entry-promoting and in turn welfargroving effect of price discrimi-
nation is also operative in our model. But even when all mar&ee served under both pricing
regimes, we identify circumstances where price discritmndeads to either overall higher
or overall lower prices than uniform pricing. These casésedrom entry being costly and
do not crucially rely on any assumptions on the demand fanctiThus, in a nutshell, the
welfare implications of banning third-degree price disgnation with an endogenous mar-
ket structure for final-good markets do not extend to the chsmermediate-good markets.
To the best of our knowledge, the only paper that also corsigledogeneity of the market
structure in intermediate good markets is Haucap and Weyl(2@\bstracting from any real
entry decision in the sense of incurring an entry cost, tiirgilings, in contrast to our results,
closely parallel the findings for final-good markéts.

3 A MODEL OF SEPARATE MARKETS

Consider a vertically related industry where the upstreaarket is monopolized by manu-
facturerM. This manufacturer produces an essential input that isliapip a downstream
sector. For simplicity we assume thiat produces without costs. There are potentially two
downstream firms; € {I, E'}, that transform one unit of input into one unit of a final good.
While firm I, the incumbent, is already active, firf, the entrant, has to expend an entry
costF' > 0 to become active in the downstream industry. Downstream fiproduces at

4Yoshida (2000) extends this model to the case where downstiieas operate with Leontief-type technologies.
Valletti (2003) generalizes the results obtained in Yoa{RD00) beyond the case of linear demand.

5Arya and Mittendorf (2010) show that price discriminatiom &g welfare enhancing if downstream firms operate
not only in one but in multiple markets.

6Analyzing a similar model but assuming that the manufacturer epespagainst a fringe, Caprice (2006) shows
that uniform pricing may cause welfare to increase.

“See Schmalensee (1981) and Hausman and MacKie-Mason (1988).
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constant marginal codt € {0, k}, k > 0, and without fixed cost. Downstream firms differ
in their marginal cost of productioik,; # kg, i.e., either the incumbent or the entrant has a
cost advantage df > 0.

The sequence of events is as follows: firkf, makes a take-it-or-leave-it offer to each
downstream firn¥. Under price discrimination)/ offers each downstream firm a possibly
different wholesale price;, whereas under uniform pricing the same price= w applies
to both firms? Thus, upon accepting/’s offer, downstream firmi’s effective marginal cost
isc; = w;+k;.10 In stage two, after observing the contracts offeredbyF decides whether
to enter the downstream industry at cé5stin stage three, all active firms in the downstream
industry purchase a nonnegative quantity of the input fidmtransform this input into the
final good, and sell the produced output to consumers.

First, we focus on the case where the downstream firms sedlepémdent markets. Both
markets are symmetric and characterized by the same irdensand functiorP(¢), which is
strictly decreasing and thrice differentiable whéte- 0. Moreover, we impose the standard
assumption” (¢) < min{0, —¢P"(q)} whereP > 0.1! The equilibrium concept employed
is subgame perfect Nash equilibrium in pure strategies.

We impose an additional assumption that ensuresithiatmaximization problem is well-
behaved under either pricing regime.

Assumption (Al): Downstream marginal revenue is conca¥®,’(q)+q¢P""'(q) < 0, when-
everP > 0.

Next to technical issues, there is another reason for tisisnagtion: as was shown by Katz
(1987), if downstream firms engage in Cournot competitibantunder price discrimination
the downstream firm with the lower marginal cost will be clear@ higher wholesale price
than the downstream firm with the higher marginal d8sthe firm with lower own marginal
cost has the more inelastic demand for the input, which atieemanufacturer to charge
this firm a higher price. While the peculiarity of Cournot cagtipion that total output only
depends on the sum of effective marginal costs allows K&87)Lto obtain this result in
considerable generality, this is not possible in the casepérate markets. Here, Assumption
(A1) provides a sufficient condition for the demand of the enefficient downstream firm
being less elastic, which in turn implies that price disénation results in a higher wholesale
price for the more efficient firm. Thus, next to reasons of @iwd! convenience, we impose
this assumption in order to maintain comparability to eartiontributions to the literature on
price discrimination in input markets.

We restrict attention to situations wheié¢ considers it optimal to serve both firms under
uniform pricing at least for sufficiently small entry cost. siifficient condition for this is
that the less efficient firm is not too inefficient in the sers# tt demands a strictly positive
quantity when charged the optimal (unrestricted) diseratory wholesale prica?(0) for

8As argued by Inderst and Shaffer (2009, p.660), the assumpfithe manufacturer having all the bargaining
power “can be justified on the grounds that for antitrust pags the considerations of price discrimination in
intermediate-goods markets is primarily relevant if the sigp@njoys a dominant position.”

9As argued in Inderst and Valetti (2009, 2011), the assumptioinear wholesale prices can be defended on
grounds of possible realism. lyer and Villas-Boas (2003) lillou et al. (2009) provide theoretical support
for the use of linear wholesale contracts.

10Wwe abstract from any commitment problems and assume\thaan credibly commit to the prices quoted in this
first stage. At a later point we make clear, which of our resarkésdriven by this assumption.

11 see, for example, Vives (1999).

12This result holds as long as there are no additional reististon the manufacturer’s price setting, such as back-
ward integration by downstream firms (Katz, 1987) or demadd-substitution (Inderst and Valletti, 2009).
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the more efficient firmt3 Formally, letting the optimal quantity produced by an aetiown-
stream firmi be denoted by(c;) := argmax, {¢[P(¢) — ¢;]}, we impose the following
assumption:

Assumption (A2): Marginal costk is such thaty(w?(0) + k) > 0.

As a tie-breaking rule, we assume thdt serves only the incumbent market when indif-
ferent between the two possible structures the intermediaustry can take. Lastly, super-
scriptsd andw refer to the discriminatory and the uniform pricing regimespectively.

4 THE ANALYSIS

As a preliminary consideration, note that an active dovestr firm in stage 3 realizes gross
profits(c;) := q(c;)[P(q(ci)) — ¢;], and that bothy(c;) andn(c;) are strictly decreasing
in the effective marginal cost whereq > 0. Imagine that there is no entry cost such that
both downstream firms are active in the downstream indudthe optimal discriminatory
wholesale price fol to charge from firm € {I, E} is

w(k;) := argmax{wq(w + k;)}. Q)
Under uniform pricing, on the other hantlf chooses the common wholesale price
wh (k) := argmua}x{wq(w + k) + wq(w)}. (2)

We will refer tow?(k;) andw* (k) as unrestricted wholesale prices because they represent th
optimal prices forM to offer as long as the entry cost does not impose a bindingatsn
under the respective pricing regime. We now can establighttie unrestricted uniform
wholesale price is bracketed by the two unrestricted disoatory wholesale prices. More
precisely, under price discrimination the less efficienhfieceives a discount compared to
uniform pricing. This discount, however, does not outwetgltost disadvantage.

Lemma 1: Given(A1) and(A2), thenw? (k) < w*(k) < w?(0) < wi(k) + k.14

Beside these unrestricted wholesale prices, the wholpsake which allows the potential
entrant just to recoup its fixed entry cost will play a pronminele in the upcoming analysis.
Given F and kg € {0,k}, let wf(F;kg) denote the wholesale price which equates the
entrant’s gross profit with the cost of entry,

m(w™(F;kp) + k) = F. 3)

Note thatw®(F'; kg), which strictly decreases iy, is the highest price at which/ can
induce ' to enter. Thus, ifM wishes to achieve downstream entry but cannot do so by
charging the unrestricted wholesale price because thg east is too high, the best/
can do is to charge the entrant prie€ (F; k). Therefore, we refer ta?(F; kg) as the
restricted wholesale price.

Next, we derive several thresholds of the entry cost thatraigal to determine the optimal
wholesale prices and the resulting structure of the dowastrindustry. Under either pricing
regime, if the entry cost exceeds a certain threshold, thg eonstraint imposes a binding

B3we call the wholesale price restricted (unrestricted) é émtry constraint imposes (does not impose) a binding
restriction on the manufacturer in his optimal choice of wkale prices.

1Note that the unrestricted uniform wholesale prig& (k) does not depend on whether the incumbent or the
entrant is the more efficient downstream firm.
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restriction onM in his choice of wholesale prices. While it is still optimal gerve both
downstream firms if the entry constraint is just bindingsttioes not hold true if the entry
cost is relatively high. Theny/ optimally serves only the incumbent.

The first set of threshold€; (k) and F*(kg), characterizes when the entry cost indeed
imposes a binding restriction. Entry occurs at the unresitiwholesale price as long as the
entry cost is below

FUkg) == m(w(kg) + kg) (4)
under price discrimination and below
FU(kg) := n(w" (k) + kg) (5)

under uniform pricing.

At the second type of threshold8¢ (k) and F“(kg), M is indifferent between inducing
entry and serving the incumbent firm alone. With regard toegdiscrimination ) will not
consider it profitable to makg enter the downstream industry if the entry cost exceeds

F(kp) = n(kp). (6)

For F > F(kg) there are no gains from trade to be realized, and thereforeesteict
attention tof < EF'%(kg). Under uniform pricing, on the other hand, onk&has to lower
the wholesale price below (k) in order to makeF willing to enter,M has to pass-through
this discount pricew”™(F; kg) also tol. While it remains optimal forM to serve both
downstream firms as long as the entry cost only slightly edeé® (k ), this is not the case
anymore if entry is very costly becausé’(F; kg) is strictly decreasing i". Formally, if
the entry cost exceeds” (kz), implicitly defined by

w(F"(kp); kp)la(w (F"(kg); kp) + kp) + q(w™(F"(kg); kg) + k)]
= w(kr)q(w?(kr) + kr), (7)

M prefers to serve only at the high wholesale price?(k;) instead of serving both down-
stream firms at the low wholesale prieé’(F; kg).*

Regarding an ordering of the above thresholds, we can makfllowing observations.
The ordering of the unrestricted wholesale prices in Lemnierhediately implies that
Fu(k) < FYk) and F9(0) < F“(0) becauseM considers it optimal to discriminate
against a more efficient downstream firm if unrestrictedsmwiholesale pricing. Next, since
wh(F(kg); kg) = w*(k) andw?(F4(kg); kg) = 0, continuity of upstream profits im-
plies F*(kp) < F%(kp) < F(kg). Intuitively, while it remains optimal fof\/ to serve
both downstream firms under uniform pricing if the entry sy slightly exceeds$™ (kg),
it does not pay off forl/ to induce entry if the restricted common wholesale priceeaeary to
do so is close to zero. Therefore, way before charging a zhobesale price to both firmd/
prefers not to servé at all. Moreover,F?(kg) < (k) becausé// would always serve
E if the entry cost does not impose a binding restriction. Lastether/?(k) is greater or
smaller thanf™ (k) remains undetermined in general. This discussion is suinethin the
following observation (See also Figures 1-3).

Observation 1: Given(Al) and(A2), if the potential entrant is

153trictly speaking /™ depends on bothy andk;. Since we assume asymmetry of downstream fidts£ k7,
there is, however, no loss in regardify as a function ok g alone.
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() less efficientky = k andk; = 0, then
FU(k) < min{F%(k), F*(k)} < max{F%(k), F*(k)} < F(k);

(i) more efficientkr = 0 andk; = k, then

F40) < F*(0) < F*(0) < F%(0).

4.1 Optimal Wholesale Pricing

Under price discrimination] will always be charged its respective unrestricted disitram
tory wholesale pricew?(k;). With regard toE, as long as’ < F?(kg), M charges the
optimal unrestricted wholesale priee! (k) because? is willing to enter at this price. If
the entry cost lies in the rand@(kz), E'%(kg)), M considers it optimal to induce entry by
chargingF the restricted wholesale priee’(F; k) because there are still gains from trade
to be realized.

A qualitatively similar picture prevails under uniform ging. ForF < F“(kg) the entry
cost does not impose a binding restriction andcharges the unrestricted wholesale price
w*(k). As long as the entry cost is not overly high,e (F“(kg), F“(kg)), M is willing
to cut back on the common wholesale price and to char§éF; k) in order to induce
entry and to serve both downstream firms. For> F“(kE), however, the concession in
the common wholesale price necessary to induce entry bextooecostly. In this case,
M prefersFE to stay out of the downstream industry and to seihadone at its unrestricted
discriminatory wholesale price? (k).

Letting wholesale prices in equilibrium be denoted{ly’, w?} andw® under price dis-
crimination and uniform pricing, respectively, allows assummarize the above discussion
as follows:

Observation 2: In equilibrium, the optimal wholesale price(s)
(i) under price discrimination arev?, = w?(kg)for0 < F < F(kg), w}, = w?(F;kg)
for Fi(kg) < F < F(kg), andw? = w(kr).1
(i) under uniform pricing isw* = w*(k) for 0 < F < F(kg), w* = w?(F;kg) for
F(kp) < F < F(kg), andw" = w? (k) for F*(kp) < F.

The optimal wholesale prices as a function of the entry castepicted in Figures 1 and 2
for a less efficient entrant and in Figure 3 for a more efficeritant.

H -
t t >

FU(k) Fi(k) FU(k) Fi(k)
Figure 1: Optimal wholesale prices with; = k and (k) < E*(k).

16Note that forF > Fd(kE) the discriminatory wholesale price charged to fifhis not uniquely defined because
any positive wholesale price is compatible with entry notrtglplace.
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™
L
L

A -
t t t t >

F(k) E (k) Fi(k) F‘i (k)

Figure 2: Optimal wholesale prices with; = k and " (k) < Fé(k).

A

w?(0)

4 4 -
t t >

F4(0) F*(0) F(0)  F“(0) F4(0)
Figure 3: Optimal wholesale prices wikhy = 0.

4.2 Welfare Implications of Banning Price Discrimination

Welfare is defined as the unweighted sum of consumer and peodwrplus. We express
changes in economic variables due to a regime shift fromoemifpricing to price discrimi-
nation using symbal\. If both firms are active in the downstream industry, thendhange
in welfare due to a regime shift amounts to

q(wi+k:)
AW = Y {/ P(x)dz — k; [q(w + ki) — q(w" + k;)] } : (®)
(L.} q(w+k;)

Ceteris paribus entry into the downstream industry is atn@sneficial from a welfare point
of view, sinceFE enters only if it generates a surplus that exceeds the eafity tettingQ@
denote the total quantity sold, we obtain the following \&edfimplications for the case of a
less efficient entrant.

Proposition 1: Supposér = k andk; = 0. Given(A1l) and(A2), if
(i) F < min{E"(k), Fi(k)}, thenAQ < 0 impliesAW < 0;
(iy Fi(k) < F < Fu(k), thenAW < 0;
(iiy F(k) < F < Fi(k), thenAW > 0.

Cases (i) and (iii) of Proposition 1 are well understood bynfwr low values of the entry
cost, case (i), entry occurs under both pricing regimes aitgé pliscrimination leading to a
reduction of total output is a sufficient condition for prigiscrimination to be welfare harm-
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ing.l” For high values of the entry cost, case (iii), price discriation fosters entry which in
turn improves welfare because the market outcome in theribent market is independent
of the pricing regimé?

Case (i), on the other hand, embodies a novelty. For intdiae values of the entry cost
both downstream firms are served under either pricing regivith the manufacturer being
restricted in his price setting under both pricing regintias,entrant receives wholesale price
w’ irrespectively of the regime. This low wholesale price issed on to the incumbent
firm only under uniform pricing but not under price discrimaiion. Hence, uniform pricing
leads to (weakly) lower wholesale prices for all downstrdams. In consequence, welfare
in the entrant’s market is the same under both pricing regimdnereas welfare in the in-
cumbent's market is strictly higher under uniform pricifgat under price discrimination.
Thus, even though market-opening occurs under both priggignes, price discrimination
is unambiguously found to be detrimental for welfate.

In order to state the welfare implications of banning pricgcdmination for the case of
a more efficient entrant, we have to introduce one addititima&shold with regard to the
entry cost. Remember that”?(F*(0);0) = w"“(k) and that the restricted wholesale price
continuously decreases all the way down to zero as the eostyircreases. In consequence,
there exists a vaIué“(O) of the entry cost, implicitly defined by

wf(F(0),0) = w(k), )

where the restricted wholesale price with respect to theenafficient entrant equals the
unrestricted discriminatory wholesale price charged fthm less efficient incumbent (see
Figure 3). Under uniform pricingM can serve both downstream firms by charging the
wholesale pricev™(F(0),0) = w(k). Thus, forF slightly higher thanf'(0), M prefers to
serve both firms at price ?(F, 0) instead of serving only the incumbent at pric&(k). This
implies F(0) € (F“(0), F*(0)).

Proposition 2: Supposér = 0 andk; = k. Given(Al) and (A2), if
(i) F < F“(0), thenAQ < 0impliesAW < 0,
(i) F(0) < F < F(0), thenAW > 0,
(i) F(0) < F < F“(0), thenAW < 0,
(iv) F(0) < F < F4(0), thenAW > 0.

Cases (i), (iii), and (iv) are basically known from the pmw analysis of a less efficient
entrant, which is why we focus on the interesting noveltynibin case (ii). Here, for low-
intermediate values of the entry cost, under both priciggmes the manufacturer is restricted
in its price setting but nevertheless induces entry. Ingmily, while the manufacturer is
hardly restricted in his price setting under uniform prigirunder price discrimination the
reduction inE’s wholesale price is substantial, i.ev?(kr) < wf(-,0) < w*(k). Thus,
price discrimination leads to (weakly) lower wholesalecps for both downstream firms. In
consequence, price discrimination strictly increasesasg| even though it does not lead to
more markets being served than uniform pricing. This effiets neither occur with a less
efficient entrant nor if the manufacturer sells directly t@aficonsumers.

"This finding clearly parallels Schmalensee’s (1981) resulhird-degree price discrimination in final-good mar-
kets. A series of papers elaborates on Schmalensee’s bsigihtirsee Varian (1985), Schwartz (1990), Malueg
(1993), and Aguirre et al. (2010). For overviews on pricedisination in final-good markets, see Armstrong
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Figure 4: Linear demand arid; = k. Figure 5: Linear demand arig; = 0.

Figures 4 and 5 illustrate the above discussion for the chselioear inverse demand
function, P(q) = max{1 — ¢,0}.2° Price discrimination improves welfare in the dark-gray
shaded areas and reduces welfare in the light-gray shadasl. arhis application with linear
demand shows that the novel pricing results identified abaoger for a relatively wide range
of parameter values. (Note that in Figures 4 and 5 we repthitheethresholds regarding the
entry cost in terms of/F, which allows us to represent most thresholds as straighsi
taking this scaling effect into account allows to recontfile following statements with the
areas depicted in Figures 4 and 5.) For example, in the casmofe efficient entrant (Figure
5), for k; = 0.25, in slightly more than 50% of all cases where there is scoperitry to
occur (F < Fd(o) = 0.25), one pricing regime leads to overall lower prices than ttheio
pricing regime [F™(0) — F“(0)]/F4(0) ~ 0.5126). Within these cases, however, uniform
pricing is approximately six times likelier than price discination to lead to overall lower
prices ((0) — F*(0) ~ 0.0186 and F"“(0) — F'(0) ~ 0.1096). Likewise for the case of a
less efficient entrant, fokg = 0.25, in roughly 33% of all cases where there is scope for
entry to occur £ < £4(0.25) ~ 0.1206), uniform pricing leads to overall lower wholesale
prices than price discriminatioi{*(0.25) — F¢(0.25)]/F%(0.25) ~ 0.3280).

(2007) and Stole (2007).

18This obviously is the intermediate-market analogue to thesiteChicago-school argument brought forth by Bork
(1978), which was formalized by Hausman and MacKie-Mason&)L88 well as Layson (1994).

19Note that case (ii) exists only iF¢(k) < F*(k). The effect arising in case (i) depends on the manufacturer’
ability to commit to his offers. If commitment is not possible ahe entry decision is made before wholesale
prices are set, then faf > F'¢(k) entry occurs under neither pricing regime.

2OFor a linear inverse demand function, Assumption (A2) traaslatok < 1/2.
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5 MULTIPLE FIRMS

Let n; denote the number of identical downstream incumbents, ebetich produces at
constant marginal cogt;, andn g the number of potential entrants, each of which produces
at constant marginal coétz. The ratio of potential entrants to incumbents is denoted by
N :=ng/n;.2

The unrestricted discriminatory wholesale prieggk;) as well as the restricted wholesale
pricew(F; kg) do not depend on the number of downstream firms of the respegfie.

In consequence; (k) and F(k) remain unchanged.

The unrestricted uniform wholesale price, on the other hdegends on the ratio of the
two types of downstream firms: while still being bracketedtly unrestricted discrimina-
tory prices, the unrestricted uniform wholesale price setasvardw? (k) as entering firms
become relatively more numerous. Thus, with unrestricisdridninatory wholesale prices
being set in favor of the less efficient firm (cf. Lemma 1), tineastricted uniform wholesale
price increases a¥ increases for more efficient entrants;(= 0), and decreases &6 in-
creases for less efficient entrantg:(= k). An increase inV thus makes it more (less) likely
that the entry cost imposes a binding restriction if ensame more (less) efficient:

OF“(0) OF“(k)
aN <0 and N

M'’s willingness to cut back on the uniform wholesale price idey to induce entry is
affected by the relative size of the group of potential emtsalso. Intuitively, the more new
markets there are to be opened, the more willing/igo settle for the restricted wholesale
price at which entry occurs instead of serving only the inbant firms at their respective
unrestricted discriminatory price. Formally,

> 0. (10)

M?T(\I;E) >0, kge{0k} (11)

From Proposition 1 (ii) and Proposition 2 (ii) and (iii), hen follows that an increase
in the relative number of potential entrants leads to lasgepe for our novel pricing re-
sults to prevail. With regard to less efficient entrants,ramméase inV enlarges the interval
[F(k), F(k)) (or makes it more likely that this case exists in the first gJawith regard to
more efficient entrants, an increaseNnenlarges the intervaF(0), F“(0)). In both cases,
potential entrants becoming relatively more numerous m@kaore likely that one pricing
regime results in overall lower wholesale prices than theiopricing regime?

6 DOWNSTREAMEXIT

Next, we draw out the implications of banning price discriation for market structure and
welfare when firms are initially active but have to expendst ¢4 which is the same for both
downstream firms, in order to stay actkfe As before, letw®(F; k;) denote the restricted
wholesale price at which a downstream firm with marginal ép& just willing to stay active.

From (3) it follows that the restricted wholesale price foe tore efficient downstream firm

2Ias beforekr, kg € {0, k} with k7 # kg, and all downstream firms operate in independent markets. rAzfor
derivation of the results is deferred to Appendix B.

22ps noted above, botw? (k) andw® (F'; 0) do not depend oiV. Thus, in the case of more efficient entrants, with

F(O) (as defined in (9)) not depending @, an increase iV increases the scope for both price discrimination
leading to overall higher or overall lower wholesale prices

23/ formal derivation of the results presented in this sectidéferred to Appendix C.
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exceeds the restricted wholesale price for the less effidmmnstream firm by the difference
in efficiency:

wi(F;0) = w?(F; k) + k. (12)

Thus, with F always imposing a more pressing restriction with regarchiléss efficient
downstream firm, one should expect results under downstexd@nto resemble those for a
less efficient entrant, at least qualitatively.

Price discrimination.—Fhe optimal wholesale prices are readily identified: fo F(k;),
M offers a downstream firm with marginal cast € {0, £} the unrestricted discriminatory
wholesale pricev? (k;); for F € (F4(k;), F?(k;)), this firm is charged the restricted whole-
sale pricew®(F'; k;); for F > F(k;), exit occurs.

Uniform pricing.—The optimal uniform wholesale price for low and moderateigal of
F follows from the previous analysis of entry: fét < F“(k), M charges the unrestricted
wholesale pricav®(k); for F e (F“(k), F*(k)), on the other hand)/ is willing to settle
for the restricted wholesale price of the less efficient fimoider to keep both downstream
firms active.

For I > E(k), if the more efficient downstream firm was willing to stay aetivhen
charged its unrestricted discriminatory wholesale ptiven A/ would prefer the less efficient
firm to be inactive. Under downstream exit, however, it isgiloie thatd/ also is restricted
with regard to the more efficient firm, i.e., fét > F“(k) the more efficient firm possibly
prefers to exit when offered?(0). Whether this is the case boils down to whetthf( /)
exceedsF¢(0). This happens if downstream firms differ not too much in edficy. First,
for a small value oft, F'¢(0) only slightly exceeds"?(k). Second, for a small value @f
charging a wholesale price at which the less efficient firntsdgiads ta\/ losing almost half
its sales; since this can only be profitable if the restrictbdlesale price necessary to keep
the less efficient firm active is very low, it follows that“ (k) is relatively large. Thus, for
relatively small values ok, M will serve both firms at wholesale priee®(F; k) even for
entry costs slightly abové“(k), instead of serving only the more efficient firm at wholesale
pricew®(F;0). For relatively large values @f, on the other hand)/ optimally serves only
the more efficient firm at a wholesale price equatim{w?(0), w?(F;0)}.

A

F“(k) F4k) FY0) F“(k) Fi(k)
Figure 6: Optimal wholesale prices withsmall andF?(0) < F“(k).

Welfare.—As argued in the beginning, the results regarding struatfitbe downstream
industry and welfare resemble those under downstream guitinya less efficient entrant.
Instead of reiterating our previous findings, we just wangtaphasizeV’s increased will-
ingness under uniform pricing to keep the less efficient fimthe downstream industry:
while entry of a less efficient firm does not occur for an entrgtdigher tharﬁ“(k), under
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downstream exit, ik is not too high, the less efficient firm is kept alive even foexceeding
this threshold. Since this pricing behavior results in lowéolesale prices for both down-
stream firms, there is more scope for uniform pricing to inseewelfare under downstream
exit than under downstream entry of a less efficient firm. Thise is illustrated in Figure 6.

7 NONLINEAR WHOLESALE CONTRACTS

In what follows, we abandon the assumption of linear whdéegeces and consider on two-
part tariffs consisting of a fixed fé€ € R and a unit pricev € Rx(.2* For the sake of
conciseness, we focus on situations where both downstreanrs dire served in equilibrium
under either pricing regime. Formally, a sufficient coratitfor this isF’ < 7(k)—(1/2)7(0).
For higher values of the entry cost, we would observe thelesuigy promoting effect of price
discrimination which in turn improves welfare.

Price discrimination.—The marginal wholesale price is set to maximize the profamfr
the integrated structure and thus equals upstream magisglw? = w% = 0. M fully
extracts the surplus with the individualized fixed feespwihg each downstream firm just
to break even. In general, with individualized fixed fees¢ceiscrimination provides the
necessary tools to perfectly disentangle the two goalsaifiang double marginalization and
rent extraction.

Uniform pricing.—With the same two-part tariff being offered to both downainefirms,
M cannot extract the generated surplus in each market viatgefiée. The optimal marginal
wholesale pricew®, therefore balances the trade-off between efficiency andepdraction.
First, consider the case of a less efficient entrant. The comired fee is pinned down by
the entry constrainf’ = 7(w + k) — F. In order to reduce the rent left to the more efficient
incumbent, M optimally charges a marginal wholesale price above upstr@arginal cost,
w* > 0. Now, suppose the entrant is more efficient. For low valuge@g&ntry cost it is not
E’s entry constraint buf’s participation constraint that is bindin@, = = (w + k). Similar
to the case of a less efficient entraff, sets a marginal wholesale price above upstream
marginal costsw™ > 0, in order to reduce the rent left to the more efficient entr&ot high
values of the entry cost, on the other hahts entry constraint imposes a binding restriction,
T = «(0) — F. Here, balancing the trade-off between rent extractionedfidency would
require a marginal wholesale price below upstream margiost. Since a negative marginal
price cannot be optimal\/ chargesv* = 0.2°

Welfare.—Uniform pricing leads to weakly higher marginal wholesalie@s for all down-
stream firms. Thus, the quantities sold in both markets aeakly) higher under price dis-
crimination than under uniform pricing, which in turn imgdi that uniform pricing is detri-
mental for welfare® If the entrant is less efficient or if the entry cost is low, rihgrice
discrimination is strictly welfare enhancing. For a moréognt entrant and high entry costs,
marginal wholesale prices are always zero and thus wel§atfeei same under both pricing
regimes.

The above observation seems to cast a very unfavorabledighiniform pricing. This
impression, however, at least partially is rooted in ouuag#ion of zero marginal cost up-
stream. If we allowed for strictly positive marginal cosfsstream, for the case of a more
efficient entrant and high entry costs, uniform pricing fesim below marginal-cost pricing.

247 formal derivation of the results presented in this sectidéferred to Appendix D.
25This statement is true only if free disposal is feasible.

26This finding is also obtained by Inderst and Shaffer (2009).
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Since lower marginal wholesale prices for all firms traresiato higher quantities sold in both
markets, uniform pricing in this case improves welfare. §hat least for positive marginal
cost upstream, there are cases where uniform pricing leagither overall higher or overall
lower marginal wholesale prices than price discriminatiémthis sense, the novel pricing
results identified for linear wholesale prices carry ovendalinear wholesale contracts.

8 DOWNSTREAM COMPETITION

In this section, we allow for downstream competition withtfgalar emphasis on a less ef-
ficient entrant’ Entry into the downstream industry now is not associatedl wie opening

of a new market, but with entry into the incumbent’s markettive downstream firms pro-
duce a homogeneous good and compete in quantities. Otleemuésstick to the sequence
of events introduced in Section 3. Postponing the discnssi@a more efficient entrant to
the end of this section, we focus on a less efficient entkignt= k£ andk; = 0, and assume
linear demandP(q) = max{1 — ¢,0}. Moreover, we restrict attention tb< k£ < 1/2 and

0 < VF <1/3—(2/3)k =: f%(k).28 While the first assumption guarantees that both down-
stream firms produce positive quantities at the optimal stricted uniform wholesale price,
the latter rules out the case wheveprefers to serve only under both pricing regimes.

With linear wholesale contractsy/’s interest in inducing entry and thereby promoting
downstream competition arises from the desire to reducbldanarginalization. I\ nev-
ertheless prefers to serve only one downstream firm in éguiin, then this is always the
incumbent firm.

Let 7(c;, ¢;) denote downstream firifls gross profits when itself produces at cesaind
its rival produces at cost;.. As before, for low values of the entry cost,

7

r(w (k) + k,w'(k)) > F <= VF < sk = Fuk) (13)
under uniform pricing and
m(wi(k) + k,w(0)) > F < VF < é — ék =: fl(k) (14)

under price discrimination, the entry constraint does mgidse a binding restriction. Note
that f*(k) < f?(k) because the less efficient firm receives a discount undes giscrimi-
nation.

To makeE enter for higher values of the entry costF > f7(k), M has to offer a
discount wholesale price such thatcan recoup its fixed cost. With competitiah’s profit
not only depends on its own wholesale price but alsd’srwholesale price. Therefore, in
contrast to the case with separate downstream marketgdtieted wholesale price at which
E is just willing to enter is not necessarily identical undes two pricing regimes.

If the entry cost imposes a binding restriction, it is not @ in M'’s interest to serve
both downstream firms. Under price discriminatibh prefers to implement a downstream
monopoly forvF > fd(k). Likewise, under uniform pricind/ prefersl to monopolize

27A detailed account of the discussion of a less efficient and merefficient entrant can be found in Appendix E
and F, respectively.

28For illustrative reasons, all the thresholds regardingetfieey cost will be expressed in terms ofF. While we
denote these thresholds under downstream competition ovithricasef, as beforef refers to the value of the
entry cost at which\/ becomes restricted in it price setting, afithdicates thai\/ does not want to serve firm
E for higher entry costs. More precisely, and in analogy tocéme of separate markets, these thresholds depend
on bothk g andk;. Due to cost asymmetry, however, we denote these thresholde@®ns ofk g only.
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the downstream market whefi is very inefficient or when entry costs are high, i.e., for
V'F > f*(k), where

Fow = {

(1/12)2 = Th + VI— 3k ¥ &%) .for k<2— 3

0 .for k>2—-+3 (15)

Note thatf“ (k) < f¢(k). Hence, there exists a range of entry costs where entry socufer
price discrimination but not under uniform pricing, i.erige discrimination promotes entry
also when downstream firms compete. The thresholds charastieabove are depicted in

Figure 7.
vE VF
113 13
U (k) AW >0
4 7k 114 AW =0
i3 n 16
v AW <0
7 (k)
s
12 | Fu(r) I 12 1 AW <o
|
\
0.1I I 0.‘2 I 0.§Ii ' 0.:1 ' 0.5 k I 0.2‘[ I 0.‘2 I 0.3 0.:1 ' 0.5 k
Figure 7: Market structure. Figure 8: Welfare comparison.

Welfare.—As illustrated in Figure 7, we distinguish five cases (labiél® V) with respect
to the resulting downstream market structure. In casesl) where a downstream duopoly
is implemented under both pricing regimes, uniform pricimgproves welfare. In case I,
M is restricted in his price setting under either regime. Hprie discrimination leads to
overall higher wholesale prices, which implies uniformcprg to be welfare improving. In
cases | and Il, with\/ not being restricted under uniform pricing, price discnation leads
to the less efficient firm being subsidized. The resultingattosation in production shares
under price discrimination is detrimental for welf&Pe.

The more interesting cases a& andV, where the downstream market is monopolized
under uniform pricing while under price discrimination batownstream firms are active.
The relatively high entry cost and/or the relatively highrgiaal cost of the entrant render
the concession in the uniform wholesale price necessarydiace entry unprofitable. Price
discrimination, on the other hand, provideswith a tool to “orchestrate” entry and to prof-
itably implement a downstream duopoly.

For moderate values of the entry cost and a not too ineffi@attant—represented by
the dark-gray shaded area in Figure 8—the entry promotiregiefff price discrimination is
socially desirable: society benefits from output being poadl inefficiently rather than not
being produced at all. If, however, the entry cost is highanithe entrant is very inefficient—
represented by the light-gray shaded area in Figure 8—emirgrbes undesirable from a
social perspective: while entry alleviates the quantitstatition arising under downstream
monopoly, the increase in aggregate output comes at theotasteduction in the efficient

29Case | exactly corresponds to the short-run analysis in Bie&¢1990).
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downstream firm’s output brought about by downstream comtigret With the increase in
consumer surplus and’’s profits being gained at the price of burdening society Withcost
of entry and higher production costs, here price discritiomdeads to a strictly inferior wel-
fare outcome even though market entry is promoted—whichrastst our results for separate
markets, see Proposition 1.

Defining

1/3—(8/9)k ,for k<3/10
fY(k) =4 /(23/72)k? — (5/18)k + 17/288 ,for 3/10 <k <17/46 ,  (16)
0 ,for k> 17/46

we summarize the above discussion as follows:

Proposition 3: For a less efficient entrankz = k£ andk; = 0, and downstream Cournot
competition, (JAW > 0if f(k) < VF < fW (k) and (i) AW < 0 if eitherVF < f(k) or
fY(k) < VF < f(k).

More efficient entrant.-With a more efficient entrankg = 0 andk; = k, the findings
resemble the results obtained for separate markets withra efficient entrant, as revealed
by comparison of Figures 5 and 9. With regard to the followdiggussion, light-gray (dark-
gray) shaded areas in Figure 9 indicate uniform pricingcdiscrimination) to be welfare
improving. For low values of the entry cost, entry occurseamigoth pricing regimes even
for the unrestricted prices. In this case welfare is highrten uniform pricing than under
price discrimination. For slightly higher values of thegntost, f¢(0) < f < f“(0), M
is restricted in his price setting under price discrimioatbut not under uniform pricing.
With E not breaking even at its relatively high unrestricted dimaratory wholesale price,
it is optimal for M to reduce this price in order to effectuate entry. Withirsttange, for
relatively high entry costg € (f"(0)f*(0))—and thus a relatively low discriminatory price
is offered to E—welfare is higher under price discrimination than underfami pricing.
This case, in which price discrimination can lead to styiéthwer wholesale prices for all
downstream firms, does not existhf is less efficient. For intermediate values of the entry
costf4(0) < f < f”(O), M is restricted in its price setting under both pricing regime
Nevertheless, it is optimal fa¥/ to serve both downstream firms under either pricing regime.
In this case, for a large range of parameter values, unifaining leads to strictly lower
wholesale prices for both firms and thus a ban on price discation improves welfare.
For high values of the entry cost, € [f*(0), f4(0)), M prefers not to serve firnt under
uniform pricing, but considers it optimal to serve both firamgler price discrimination. Here,
price discrimination fosters entry of a more efficient firndahis unambiguously improves
welfare. Note that—in both Figure 9 and the discussion above—restricted attention to
k< 1/4andf < (1/2)(1 — k), which are sufficient conditions for the incumbent to be
served under both pricing regim#s.

9 CONCLUSION

We investigate the effects of banning third-degree priceritnination on market structure
and welfare in a vertically related industry where costlyredownstream is possible.

30with E being more efficient and both firms operating in the same markeanite optimal forM to effectuate
entry by not serving, thus allowingE to generate monopoly profits. With a refusal to serve an dstedul
incumbent by an upstream monopolist most likely being regaadesth abuse of a dominant position in violation
of antitrust statutes, we focus on cases where the incumbemisfserved.
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Figure 9: Downstream Competition with a more efficient emttra

Irrespective of whether price discrimination is banned o, for intermediate values of
the entry cost, the manufacturer optimally induces entrpfifgring the restricted wholesale
price that allows potential entrants just to break evensGies rise to situations—in terms
of the entrant’s efficiency in production and the cost of yratwhere price discrimination
leads to either higher or lower prices for all downstreamdittran uniform pricing. In these
cases, with wholesale prices being clearly favorable underof the two pricing regimes,
we obtain unambiguous implications of banning price diearation regarding welfare and
consumer surplus.

If downstream firms are Cournot competitors, price disanatibn has the beneficial effect
that it supports entry which in turn reduces double margiatibn. This beneficial effect,
however, can be outweighed by entry being costly and analieinefficiency in production
induced by discrimination against the more efficient firm.

These results are novel to the extant literature on thigteke price discrimination in
intermediate-goods markets and are not to be obtained indelnad price discrimination
in final-goods markets.

A PROOFS OFPROPOSITIONS ANDLEMMAS

Proof of Lemma 1:
Forw; > P(0) — k; firm i's input demand equals zero, whereasdgr< P(0) — k; the
optimal input demand(c;), is strictly positive and characterized by

MR(q(e;)) = q(ci)P'(q(ci)) + Plale)) = ci. (A1)

Moreover, wheneveg(c;) > 0, we havey'(¢;) < 0, ¢"(¢;) < 0, 7'(¢;) < 0, MR'(q) < 0
andM R (q) < 0.

M’s profit from charging an active downstream firm with own magdcostk; < P(0) a
wholesale pricev < P(0) — k; is II(w; k;) := wq(w + k;). With II(w; k;) being strictly
concave on0, P(0) — k;] the optimal unrestricted discriminatory wholesale pric&k;)
satisfies

q(w (k) + ki) + w? (ki)q' (w* (k:) + ki) = 0. (A.2)
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We first show thatw?(k) < w?(0). Suppose, in contradiction, that(k) > w?(0).
Differentiation of (A.1) with respect te; yields

1 1
2P (q(ci) + a(c) P"(q(c:)) ~ MR/ (q(e:))’

where the second equality follows from the definitionMdfR(q). From (A.2) it follows that
w?(k;) satisfies

q'(ci) = (A.3)

() = SR ) 4 MR () + ). (A
In consequencey?(0) (k) if and only if —g(w?(0)) M R’ (¢(w?(0))) < —q(w(k) +

<w
EYMR'(q(w(k) + k)). Since

% [—a(c) MR (q(c))] = —q'(c) [MR'(q(c)) + a(c) M R"(q(c))] <O, (A.5)
wt(k) > w?(0) impliesw?(0) > wi(k) + k, a contradiction. Hencey? (k) < w?(0).

We next show that?(0) < w(k)+k. Suppose, in contradiction, that' (0) > w?(k)+k.
Theng(w?(0)) < g(w?(k) + k), and in consequence

0> MR/(g(w(0))) > MR (q(w™ (k) + k) (A6)

by marginal revenue being decreasing and concave. Froneakba know thaty?(0) >
w?(k), and thus, according to (A.4), we have

—q(w*(0)) MR (q(w®(0))) > —q(w?(k) + k) MR (q(w’ (k) + k)). (A7)

Taken together (A.6) and (A.7) imply(w?(k) + k) < ¢(w?(0)) and in consequenae’ (k) +
k > w?(0), a contradiction. Thusy?(k) + & > w?(0).

When unrestricted in its price settindy/’s profit from charging a uniform wholesale price
wis

IT(w; 0) for P(0)—k<w< P(0) ,

II(w;0) + IM(w; k) for w< P(0)—k
(w; k) {
0 for w > P(0)

Serving no firm cannot be optimal. Moreover, under Assunmp(is?), it is never optimal
to serve only firm/, i.e., we must havev (k) < P(0) — k. Note thatlI*(w; k) is strictly
concave orf0, P(0) — k]. By definition ofw?(0) andw?(k), w?(0) > w?(k) from above,
and concavity ofI(w; k;) on[0, P(0) — k;] for i € {I, E'}, we have

diT*(w; k) dl(w;0)  d(w; k)

dw - dw + dw >0

for all w € [0, w?(k)], which immediately implies that?(k) < w" (k).
It remains to show that(k) < w?(0). With w?(0) < P(0) — k, under Assumption (A2)
we have

I (w; k) _ dII(w;0) | dNl(w: k) _ dlI(w; k)

<0,
dw w=w4(0) dw w=w(0) dw w=w(0) dw w=w(0)

where the last equality follows from definition @f?(0), and the inequality follows from
w?(0) > wi(k) andII(w; k) being strictly concave of, P(0) — k]. Strict concavity of
% (w; k) on [0, P(0) — k] then immediately implies® (k) < w?(0). W
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Proof of Proposition 1:

We prove part (i) first. As a preliminary consideration, ddestwo active downstream firms
i andj with own marginal cost; < k;. Forw < P(0) — k;, we have0 < g(w + k;) <
q(w + kj;), andq’(c) < 0forall ¢ € [w + k;, w + k;]. The optimal quantity demanded by a
downstream firm with own marginal coste [k;, k;] at wholesale pricev satisfies

Plqw+k)) —k =w— q(w+ k)P (q(w + k)). (A.8)
Differentiation of this expression with respectitgields

d - -
= Pla(w+ ) =

= —¢'(w+Ek) | P (q(w+ k) + q(w+ k)P (g(w + i;i))} <0. (A9

Thus, a more efficient downstream firm charges a higher mark-u

Now, in case (i), with®” < min{F%(k), F“(k)}, we always have the optimal uniform price
bracketed by the optimal discriminatory wholesale pri¢esF < F*(k) we havew?(k) <
w*(k) < w?(0) by Lemma 1; forF € (F*(k), min{ F¢(k), F*(k)}) the optimal uniform
wholesale price equals’(F; k) wherew (F“(k); k) = w*(k), w®(F(k); k) = w(k),
anddw’/dF < 0. Letting ¢¢ andq* denote firmi’s quantity under price discrimination
and uniform pricing, respectively, whefec {I, E}, this in turn implies thay? < ¢% and
q% > ¢%. Welfare under price discrimination is

qd q}i;
Wa(F; k) = / ' P(x)dx +/ P(z)dx — kq% — F, (A.10)
0 0

whereas welfare under uniform pricing is
ar a5
WY(F;k) = P(z)dx + / P(z)dx — kqy — F. (A.11)
0 0

Then

ar

aw(E = [ Py - [ Pde - ket - at)
< (q% — qi)[P(qh) — k] — (qf — ) P(q}). (A12)

From (A.9) we know that’(¢%) — k < P(g%). Thus,¢% — ¢% < q% — ¢¢, or equivalently
QUF; k) = qf + q% < q% + ¢% = Q“(F; k), is a sufficient condition foAW (F; k) < 0.
Parts (ii) and (iii) follow immediately from the reasoningthe textll
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