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Price Discrimination in Input Markets:

Quantity Discounts and Private Information*

FABIAN HERWEGT AND DANIEL ML’JLLERi
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We consider a monopolistic supplier’s optimal choice of wholesale tarifisnwh
downstream firms are privately informed about their retail costs. Undsarin-
inatory pricing, downstream firms that differ in their ex ante distribution d¢dite
costs are offered different tariffs. Under uniform pricing, the same vaabdetariff

is offered to all downstream firms. In contrast to the extant literature ordthir
degree price discrimination with nonlinear wholesale tariffs, we find thanban
discriminatory wholesale contracts—the usual legal practice in the EU afd-U
often is beneficial for social welfare. This result is shown to be robust eden
the upstream supplier faces competition in the form of fringe supply.

JEL classificationD43; L11; L42

Keywords:Asymmetric Information; Input Markets; Quantity Discounts; Price Dmgration; Screen-
ing; Vertical Contracting

1. INTRODUCTION

Third-degree price discrimination is a widely used business practice in indeataegood mar-
kets, i.e., manufactures often apply different conditions to identical tcéinsa with different
retailers. The pros and cons of this pricing practice have been discasseng legal and eco-
nomic scholars since the 30’s and are still debatable. Whether thirdededce discrimination
by a large manufacturer represents an abuse of its dominant positionusial cuestion in
many antitrust decisions on both sides of the Atlantic oce&or a long time, the economic
literature on third-degree price discrimination has presumed that it is optimiddonanufac-
turer to offer linear wholesale contracts. As documented by recent eal@viclence, however,
another common pricing practice employed by manufacturers are quantiie rethem

which is hardly surprising in the face of the well-known double marginalizgiroblem. In the

*We have benefited from comments made by conference audiencésRaiE EStockholm), the SFB Meeting
(Tutzing), and the ANR-DFG Workshop on Market Power in Vertically RelaMarkets (Paris) as well as
seminar audiences at the University of Toulouse, and by Frago Kdirslatthias Krékel, Takeshi Murooka,
Claudia Salim, Klaus M. Schmidt and Patrick Schmitz. All errors are ofssmour own.

fUniversity of Munich, Department of Economics, Ludwigstr. 28, (589 Munich, Germany, E-mail address:
fabian.herweg@lIrz.uni-muenchen.de

tUniversity of Bonn, Department of Economics, Adenauerallee 242423113 Bonn, Germany, E-mail address:
daniel.mueller@uni-bonn.de, Tel: +49-228-733918, Fax: +49-22%10 (corresponding author).

For an overview of landmark antitrust cases in the EU see Russo e0aD)(2

2Analyzing data obtained from the American yogurt market and the Bravarket for bottled mineral water, re-
spectively, Villas-Boas (2007) and Bonnet and Dubois (2010) findviinrdical contracts between manufacturers
and retailers are often nonlinear.
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light of such evidence, there has been renewed interest in explorifmpieations of banning
third-degree price discrimination in input markets when wholesale contriémisfar quantity
discounts. By and large, the emerging literature on third-degree pricendiisation in input
markets under nonlinear wholesale contracts agrees upon a ban odipcigmination being
detrimental for social welfare—see O'Brien and Shaffer (1994), &/ Tirole (2007), Inderst
and Shaffer (2009), and Arya and Mittendorf (2010).

This clearcut theoretical prediction is at odds with the legal practice in thaglkell as in
the US, where antitrust authorities regard quantity discounts as a justifiéditegpstrategy of
manufacturers as long as they are non-discriminatory. This point of fiamtitrust authorities,
e.g. the European Commission, becomes apparent, in a series of dedtsiomstance, in the
Michelin | judgment from 1981; the Commission did not contest the quantity rebate scheme
itself, but its alleged discriminatory nature with “comparable amounts purdtels®st never
result[ing] in the same or comparable discount being granted.” (Recitaf £Zommission
decision 81/969/EEC) Likewise, in th&uropean sugar industrglecision from 1973, the Com-
mission ruled that “the granting of a rebate which does not depend on thenailmaught [...]
is an unjustifiable discrimination [...].” (Recital II-E-1 of Commission decisior‘fLDQlEC@ In
contrast to the extant theoretical literature, but in line with the usual legatipe, we derive
conditions such that banning discriminatory nonlinear wholesale contrazisiadly desirable.
The novelty of our paper is to allow for privately informed downstream firenpossibility
which so far has been ignored in the literature.

We investigate the welfare effects of banning discriminatory nonlinear waldeariffs in a
model with two downstream firms that have private information regarding digirretail cost,
which is either high or low. Ex ante, downstream firms differ in the distributibtheir retail
cost and this is known by a monopolistic upstream manufacturer. If thigdedeprice discrim-
ination is permitted, the manufacturer offers to downstream firms with diffefistributions
of retail costs a different menu of transfer-quantity pairs. Under amiforicing, on the other
hand, the same menu is offered to both downstream firms. When decidinbewntbe accept
the manufacturer’s offer, each downstream firm is privately inforntexlaithe realization of
its retail cost. Thus, the manufacturer does not only offer nonlineafstacifreduce double
marginalization but also to screen downstream firms according to retaiéaff

In our baseline model, the two downstream firms serve independent matketsallows us
to disentangle the effect of banning discriminatory wholesale tariffs frotargial competitive
effects. Moreover, with the European Commission taking a strict standsaggiographic price
discrimination across countries, the case of separate markets seemséstatting point for
our analysi@ Here, the quantities produced by low-cost retailers are independgrd pficing

30ther decisions include the Eurofix—Bauco/Hilti case, where the commisgiected that the reduction of dis-
counts was not linked primarily to any objective criteria such as quantitym{@ission decision 88/138/EEC)
Even in theMichelin 1l judgment from 2003, which sometimes is seen as a per se rule agdiastg€\Wael-
broeck, 2005), the Commission stated that “the Court of Justice hakagéénst the granting of quantity rebates
by an undertaking in a dominant position where the rebates exceedoaabésperiod of three months [...] on
the grounds that such a practice is not in line with normal competition basedae.” (Recital 216 of Com-
mission decision 2002/405/EC) Thus, it was not the quantity rebate pautsather the reference period of one
year that was contested by the Commission.

4A model of vertical relations where downstream firms’ costs are sttictia analyzed by Rey and Tirole (1986).
They do not discuss third-degree price discrimination.

SFor geographic price discrimination to be feasible, parallel imports—drbitraging across countries—have to
be absent. As stated in tR8th Report on Competition Polic§the Commission has used its competition policy
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regime because under both regimes there is no-distortion-at-the-top. u@hétigs procured
by high-cost retailers, on the other hand, depend on the pricing regimaerrice discrim-
ination, the high-cost type of the ex ante more efficient firm—more likely to bevaclust
producer—procures a lower quantity than the high-cost type of the texiess efficient firm.
The quantity procured by ex post high-cost retailers under uniforampris bracketed by the
guantities assigned to high-cost retailers under price discrimination. Baprigggdiscrimina-
tion therefore—in expectations—harms the market which is served by theerare efficient
firm, whereas the other market, which is served by the ex ante less effionbenefits. Due
to these opposing effects, general welfare results are hard to ob&iertNeless, we show that
uniform pricing is optimal from a welfare point of view as long as price distration does not
lead to an expansion of (expected) total output. For the case of lineandeand provided that
all markets are being served under either pricing regime, price discriminaigsribt lead to
an expansion of total output and thus is detrimental for welfare.

The manufacturer, however, might consider it optimal not to serve adugtretailer. On the
one hand, if the ex ante more efficient firm is very unlikely to produce 4t tigt but the aver-
age probability of high-cost production nevertheless is quite high, thdmghecost type of the
ex ante more efficient firm is served under uniform pricing but not updee discrimination—
i.e., uniform pricing leads to more markets being served in expectations. lcasgs with price
discrimination benefiting one market (due to a lower quantity distortion) butingrthe other
market (which may not be served), again a ban on price discrimination inmgwelére if price
discrimination does not lead to an expansion of (expected) total output. edsttier hand, if
the average probability of high-cost production is low but the ex ante fésgast firm is nev-
ertheless quite likely to produce at high cost, then only under price disctioriraand only in
the ex ante less efficient market—high-cost production takes place, ptare discrimination
leads to more markets being served in expectations and unambiguously iswelfare. This
finding resembles the classic Chicago school argument in favor of pigcerdination (see
Bork, 1978).

Next to the static setting we analyze a dynamic model in order to investigate theuormd-
fects of banning discriminatory wholesale contracts. Extending our modébta-run analysis
in the spirit of DeGraba (1990), we identify another channel throughkhwmiform pricing can
improve welfare: if downstream firms are allowed to invest into the (expgetédiency in pro-
duction, uniform pricing results in higher investment incentives, theretgntially leading to
overall higher welfare. This conjecture is confirmed for the case offlideaand downstream.

We demonstrate robustness of our main result—that is, a ban on price distranibeing
welfare improving even when nonlinear wholesale contracts are feasiblgeveral directions.
Most importantly, we introduce competition between intermediate firms in our st#iilcgsi
order to allow for the possibility of a secondary line injury, i.e., one dowastréirm being
placed at a competitive disadvantage. Given that competition is not too tbaghing price
discrimination is socially desirable. Moreover, in order to allow for the mastufar’s pricing
behavior also causing primary-line injuries in the upstream market, we augimedrasic model
by assuming that downstream firms can purchase the essential inputlydtomn the manu-

as an active tool [for] [...] prohibiting, and fining heavily the parties.tg pgreements that prevent parallel trade
between member states”.
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facturer but also from a competitive fringe. Most of our findings ateusd toward this kind
of upstream competition. In particular, for linear demand, a ban on disctioninevholesale
tariffs improves welfare for a wide range of parameter values.

The rest of the paper is organized as follows: Sedtion 2 reviews thedditeature. In
Section B8, we introduce our basic model with a monopolistic input supplier andstream
firms operating in separate markets. This model is analyzed in Sédtion 4.clior88, we
extend the basic model to a long-run analysis by allowing for downstreams fio invest in
reduction of production cost before contracting takes place. After aitpfor a continuous
type distribution for downstream firms in Sectidn 6, we discuss in Selction 7 &b exttent our
findings carry over the case of downstream competition. Section 8 augtherttiasic model
by assuming that the upstream supplier is constrained by the threat of diesidarsubstitution.
We conclude in Sectidd 9. All proofs are relegated to the Appendix.

2. RELATED LITERATURE

There has been considerable back and forth in the literature regardingetfare effects of
banning third-degree price discrimination in intermediate-good markets. Thigtlite was
initiated by Katz (1987), who shows that price discrimination reduces veelfialess it prevents
inefficient backward integration by the downstream chain. DeGrab@0j18xtends Katz's
model to a long-run analysis where downstream firms can invest intoezhsttion. Here, price
discrimination does not only decrease welfare in the short run, but aletrimmental in the long
run. The intuition behind these results is that the “wrong” firm—the less «iticiee—receives
a discount under price discriminati@rWhiIe the above articles assume that the manufacturer is
an unconstrained monopolist, Inderst and Valletti (2009) and O’Brienthdoming) relax this
assumption. In Inderst and Valletti the manufacturer is constrained byrteg thf demand-side
substitution. Here, the more efficient firm receives a discount unde giscrimination. As a
result—in the long run—consumers benefit and social surplus incrégsese discrimination
is permitted and demand is linear. O’'Brien assumes that wholesale pricestarmitied by
bilateral negotiations between the manufacturer and downstream firmsal$aigives rise to
circumstances where price discrimination is socially desiv@tble.

All the aforementioned articles restrict attention to linear wholesale pricass, With linear
wholesale tariffs the welfare results regarding a ban on price discriminatiomixed. Among
the few exceptions which consider pricing schemes more complex than linelsate prices,
in contrast, the predominant opinion is that banning discriminatory wholesalagis detri-
mental for welfare. O’Brien and Shaffer (1994) assume that firms aegain over the terms of
a two-part supply tariff. Banning price discrimination renders retailegdiaing power useless
and restores the manufacturer’s market power, resulting in higher rahngput prices for all
downstream firms under uniform pricing than under price discriminations;T& ban on price
discrimination is harmful for consumers and reduces total welfare. A simildems analyzed
by Rey and Tirole (2007). Here, with the manufacturer having all thedbairgg power, “non-

8Similar results are obtained by Yoshida (2000) and Valletti (2003).

"Mixed welfare results regarding price discrimination in input markets k@ @btained by Herweg and Miiller
(forthcoming), who allow for endogenous determination of the struaifitee downstream industry.
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discrimination laws [...] reduce consumer surplus and total welfare by egahkrmonopolist
to commit” (p.Szﬁ Inderst and Shaffer (2009) abstract from any commitment problems and
assume that the offered two-part tariffs are publicly observable.diogwon asymmetric down-
stream firms, discriminatory contracts are shown to amplify differencesvimstoeam firms’
competitiveness. Again, a ban on price discrimination tends to raise all foal-grices and
thus to reduce total output. In consequence, banning price discriminaiilcas consumer
surplus and total welfare. Lastly, Arya and Mittendorf (2010) show & dra discriminatory
two-part tariffs to be always welfare harming when downstream firmsav@én multiple prod-
uct markets. Thus, while the above “insight raises [...] serious conabm the efficacy of the
Robinson-Patman Act” (O’'Brien and Schaffer, 1994, p.314) or its @nuedan EU competition
law, we find that, when downstream firms have private information, thevatsen toward dis-
criminatory pricing practices embodied in these legal enactments may well bantet even
if nonlinear pricing schemes are feasible.

Considering a model with network effects and inelastic demand, Giardiniger and
Motta (forthcoming) find that third-degree price discrimination can be wesHarming if whole-
sale tariffs more copmlex than linear pricing are considered. In our moeied #re no network
effects and demand is elastic, which implies that double marginalization is an issue

3. THE MODEL

Consider a vertically related industry where the upstream market is monapblz@anufac-
turer M. The manufacturer produces an essential input that is supplied to tmstleam sector.
For simplicity, we assume that the manufacturer produces quarditgonstant marginal cost,
K > 0. There are two downstream firmse {1, 2}, that can transform one unit of the input
into one unit of the final good.

We assume that downstream firms operate in distinct and independenttsnakke each
downstream firm is a local monopolist—we comment on this assumption belowetmdir
in a later section.. Downstream markets are identical in size and charagtbyizbe inverse
demand functionP(q), which is strictly decreasing, twice differentiable whefe> 0, and
satisfies the standard assumpt®iiq) < min{0, —qP"(q)} whereP > OE

Downstream firm produces at constant marginal cost and without fixed costs. The rahrgin
cost of production is either high or low; € {cr,cy} with0 < ¢;, < cg < P(0) — K. The
last inequality guarantees that the joint-surplus maximizing quantity of a verticddigrated
firm is strictly positive.

Let «; denote the probability that firm produces at low marginal cost. Ex ante firm 1 is
more likely to produce at low marginal cost than firm 2, iles as < a1 < 1. Its type—i.e.,
its marginal cost of production—is private information of the respectiverdtream firm. The
manufacturer only knows the probability, i € {1, 2}, with which downstream firmi is the
low-cost type.

8Building on the Rey-Tirole model and assuming that the manufacturepets against a competitive fringe,
Caprice (2006) shows that a ban on price discrimination leads to an sedreaelfare if the fringe is sufficiently
efficient.

%See, for example, Vives (1999).
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The manufacturer can make a take-it-or-leave-it offer to the downstﬁiems@ With down-
stream firms operating in independent markets and with the type space beitigatl for
both downstream firms, without loss of generality, the manufacturersoffewnstream firm
i € {1,2} adirect mechanisf; = ((qri,tri), (qmi, tri)), that specifies a quantity,e R,
and a transfer from firmi to the manufacturet, € R, for each feasible type announcement.

With this type of wholesale contracts, the question whether or not a dowanstiiem is
forced to sell the whole quantity procured is immediately at hand. We assameligposal
for downstream firms: when having purchased quantityf the input, downstream firmcan
produce any quantity € [0, ¢’] of the final output at cost;g.

The sequence of events is as follows: first, nature draws the costdypadh downstream
firm i € {1,2}, which thereafter is privately observed. Next, the manufacturer mated®t-
or-leave-it offer to each downstream firm. Under price discrimination theufaaturer offers
each downstream firm a possibly different tariff, whereas undeotmifpricing one and the
same tariff applies to both firn@. A downstream firm either chooses one of the two offered
bundles or it rejects the manufacturer’s offer. In case of rejectiorddastream firm obtains
its reservation profit, which is normalized to zero. If the downstream fircepts a quantity-
transfer pair(q, t), it decides how much of this acquired input to transform into the final good,
and sells the produced output to consumers.

We focus on separate markets in order to isolate the effect of discriminatwlesale tar-
iffs in the case of asymmetric information from potential competitive effectsmFan applied
point of view, this restriction also seems justifiable: besides geographie giscrimination,

a case in which separate markets are a natural assumption, jurisdictiomghosides of the
Atlantic ocean are mostly concerned with whether discriminatory pricing samémary-line

or secondary-line injury Since the comprehensive renumeration of articles by the Treaty of
Lisbon, primary-line and secondary-line injury are addressed in ArtiglH) and (c) EC—
formerly Article 82(b) and (c)—respective@J.Article 102(b) does not impose the requirement
that a downstream firm has to be placed at a competitive disadvantage irstiaice. Ap-
plication of Article 102(c), on the other hand, calls for a downstream firrbetglaced at a
disadvantageous position, but recent practice of the EU Commissionagjgreerlooked this
requirement when relying on Article 102@.Likewise, the Robinson-Patman Act in US com-
petition law requires a substantial injury to competition for price discrimination todeened
illegal. According to the usually applied Morton Salt rule, however, the stahdf proof for
competitive harm in a secondary-line case is rather low—existence ostastilal price differ-

19The assumption of the manufacturer having all the bargaining powdrichwarguably can be justified on the
grounds that for antitrust purposes the considerations of price disation in intermediate-goods markets is
primarily relevant if the supplier enjoys a dominant position” (Inderst 8haffer (2009), p.4) is common in the
extant literature. The only exceptions are O'Brien and Shaffer (188d)O’Brien (2008).

1As noted by Inderst and Shaffer (2009), another way to model imifaricing would be to assume that the
manufacturer can offer a menu of tariffs, as long as the same meffferiedbto both downstream firms. In our
setup the manufacturer cannot benefit from offering a menu of reairariffs, since downstream firms cannot
be screened according to their ex ante efficiency.

2While the first type of price discrimination involves discrimination on the p&e dominant firm with the ob-
jective of excluding rival competitors, the latter type refers to the chgrgindifferent prices to downstream
competitors thereby placing one or more of them at a competitive distayarelative to others.

13As criticized by, for example, Geradin and Petit (2005), when dealing géfes involving primary-line injury
price discrimination, the EU Commission often relies on Article 102(c) EC+eatsof Article 102(b) EC—and

usually tends to ignore the requirement that the pricing practice in quest®otolput one downstream firm at a
competitive disadvantage.
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ence for a substantial period of time is sufficient. (FTC v. Morton Salt G3,13.S. 37@

4. THE ANALYSIS

Letq*(c) = arg max,>o{(P(q)—c)q} denote the quantity optimally produced by a downstream
firm that operates at marginal castlt is readily verified that*(-) is strictly decreasing iw,
such thatg*(cy) < ¢*(cr). Due to free disposal, downstream fiita maximum profit when
faced with tupel(q, t) is w(q, ¢;) — t, where

7(q,¢i) = [P(min{q, ¢"(¢;)}) — ;] min{q, ¢" (c;) }. 1)

Thus, downstream firnis gross profitsr(q, ¢;) are strictly increasing and strictly concave in
g on [0,¢*(¢;)) and constant fog > ¢*(c;). Moreover, a low-cost downstream firm benefits
more from an increase in the quantity of the input than a high-cost dovanstiien. That is,
formally 7 (g, ¢;) satisfies the following single-crossing property:

Lemmal Forall 0<¢ < ¢’ <q*(cp),n(q",cr) —7(q,cr) > n(q",cu) — n(d, cn).

Letq”9(c) = argmax,>0(P(q) — ¢)g — K q denote the optimal quantity produced by a verti-
cally integrated structure comprising of the manufacturer and a downsfimamvith marginal
costc. Under the imposed assumptions we héave ¢”7°(c) < ¢*(c). Sinceq”(-) is strictly
decreasing in marginal costit holds that

JS( JS(

¢"%(cnr) < min{g*(em), ¢"*(cr)} < max{q*(cn),q”*(cr)} < ¢ (cr). )

4.1. Discriminatory Offers

SupposeV is not restricted to offering the same wholesale tariffs to both downstrears. fir
Since downstream firms operate in independent markétsolves two independent maximiza-
tion problems. Thus, when contracting with a downstream firm that precatdew costs with
probability o, M offers this firm a wholesale mechanidim= ((qr,t1), (¢z,tr)) that maxi-
mizes expected upstream profits,

1% (g, qu tr ty) = oty — Kqp) + (1 — o)[ty — Kqu) - (3)

subject to the constraints thits truthful and individually rational.

The wholesale mechanism is truthful if and only if it satisfies the incentive atibifity
constraints for both cost types, i.e., each cost type has to prefer itsesignated bundle over
the bundle designated to the other type. Formally,

m(qr,cr) —tr, > m(qm,cr) —tm , (ICr)

(g, cu) —ty > m(qr,cHa) —tr . (ICwH)

10nly in the recent Volvo case, the Supreme Court for the first time reduictual proof of retailers competing
for the same customers in order to establish competitive harm compatibleheitorton Salt rule, thereby
overruling the decision of a lower court. (Molvo Trucks North Ameriaga;.| v. Reeder-Simco GMC, Inc.
(04-905), 546 U.S. 164, 2006). For a more elaborate discussitnisgfoint see Luchs et al. (2010).
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Moreover, the mechanism has two satisfy the individual rationality contrdie., for each
cost type the designated quantity transfer tuple has to yield nonnegatiits:pr

m(qr,cL) —tr, >0, (IRg)
W(qH,CH)—tHZO. (|RH)

Implications of free disposak-An important implication of free disposal is that in the opti-
mum we must havey < ¢*(cy). To see this, assume the opposite, i.e., the optimal contract
stipulatesg; > ¢*(cq). Then, leavingy;, and transferg; and¢y unchanged) could offer
the high-cost type the lower quantigy(cy; ). First, this change obviously does not affect()R
Moreover, due to free disposal, we haug/;, crr) = 7(¢* (¢ ), cir), which implies that (IR;)
and (ICy) are also left unchanged. Last, this decrease in the quantity offered tagh-cost
type strictly relaxes (I¢) becauser(q*(cy), cr) < m(q¢}y,cr). Thus, all constraints remain
satisfied under this new contract, but upstream cost of production iyslimiwer than under the
original contract, contradicting its optimality. Analogous reasoning reveatsrtithe optimum
we havey;, < q*(cz).

Implications of incentive compatibilit-Combining and rearranging both incentive compat-
ibility constraints, (1G,) and (ICy), yields

m(qr,cr) — m(qu,cr) > tr —tg > n(qr, cu) — 7(qm, cH)- 4)

As usual, incentive compatibility imposes the following monotonicity requirement:arofh
timal contract we must hawgy < qr. It follows thatn(qr,crx) > 7(qm, cm), which in turn
implies thatt;, — ¢ty > 0.

The implications of free disposal and incentive compatibility are summarized foltbwing
lemma:

Lemma 2 The optimal contract satisfies the following monotonicity constraint:
g < min{qz, ¢"(cn)} < max{qr,q"(cu)} < ¢*(cL)- (MON)

If (IRg) and (IG,) are satisfied, then (IR also holds. Since the incentive compatibility
constraints limit only the differences in transfers and not the absolutesyaligecan conclude
that (IRy) is binding at the optimum. The remaining incentive compatibility constraing;JJC
then holds as long as the monotonicity requiremgnt ¢y, is met.

Hence, the transfertg; andty, are uniquely determined by (K and (IG,),

ty = 7(qu,cH), (5)
t, = m(qn,c) —m(qm,crL) + m(qu,cn). (6)
The manufacturer’s problem consists of choosing quantiemndg to maximize upstream

profits under a discriminatory pricing regime,

17 (qr,qu) = a{[P(qr) — clar — qu(cy —c) — Kqr}
+ (1 —a){[P(qn) — culqu — Kqu} (7)
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subject to the monotonicity requirement (MON). Setting the partial derivativié” (-) with
respect tay;, equal to zero yields

af =q’(cr) . (8)

This is the well-known no-distortion-at-the-top result: the low-cost typelpces the quantity
that maximizes the joint surplus of the integrated structure.

The quantity sold to a high-cost downstream firm is distorted downwardslér to cut back
on the information rent paid to a low-cost firm. The magnitude of the downwestdrtion
depends on the probability with whidld deals with a low-cost downstream firm. If it is suffi-
ciently unlikely that the downstream firm produces at high cost, ftiemill offer the high-cost
type a quantity equal to zero. Formally, due to strict concavity of upstresenues with re-
spect togy as long asP(q) > 0, M will offer the high-cost type a quantity equal to zero if and
only if

o> . P(0)—cy—K
8(]7;1 <0 <= aza::P((O))—cL—K'

(9)

qu=0
Fora < &, on the other hand, the optimal quantity sold to the high-cost §/9&y), is strictly
positive and satisfies the following first-order condition:

o
l—a

P(q"(a)) = e + P'(§7())§"(a) = K + (cm —cr) . (10)

Obviously,¢? () is strictly decreasing i andlima~ o ¢ (@) = ¢”%(cpr). Intuitively, as the
probability of dealing with a low-cost downstream firm becomes smadllechooses the quan-
tity offered to the high-cost type closer to the joint-surplus maximizing quagfitycs). If,

on the other hand, the probability of contracting with a low-cost downstfeamis sufficiently
high, then)M prefers to offer a zero quantity to the high-cost type, which eliminatesnrdtion
rents and in turn allowd/ to extract all the surplus from the interaction with a low-cost type.
Note that the quantitieg” () andg? satisfy the monotonicity constraint (MON).

Proposition 1 Under discriminatory wholesale tariffs, (7 = ¢’(c.) and (i) ¢5(a) =
¢P(a) if @ < & and zero otherwise.

It is worthwhile to point out thaty approaches 1 ag; — ¢y, tends to zero. Put verbally, if
the difference in possible retail costs is not too high, then both cost typesgy likely to be
served by the manufacturer.

4.2. Uniform Pricing

Suppose third-degree price discrimination in the intermediate good markatngdhaln this
case,M has to offer the same menu to both downstream firmsJi;es I's. Since this restric-
tion leaves the set of incentive compatibility and individual rationality condsainchanged,
all the above considerations—Lemina 2 in particular—also apply in this situatiogerefore,
M chooses quantitieg, andgy in order to maximize upstream profits,

Y(qr.qn) = as{[P(ar) — crlar — aulcy —cr) — Kqr}
+ (2 —as){[P(qu) — culqn — Kqu}, (11)
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whereas := a; + as. Though imprecise, we will refer tasx, as the overall probability of
contracting with a low-cost downstream firm. DifferentiatiodBf(-) with respect tq, reveals
that the no-distortion-at-the-top result carries over to a nondiscriminptaing regime,

a7 =q"%(cr) . (12)

Analogous reasoning to the discriminatory pricing regime reveals that tmityuatfered to the
high-cost type decreases in the “average probability” of contractinganatv-cost downstream
firm, ax;/2. Once this probability exceeds the thresh@|d\/ prefers not to serve the high-cost
type. Formally,M offers a zero quantity to high-cost downstream firms if and only if

8HU (65>

8qH'qH:0’_ AE;

> G (13)

Forax /2 < &, the quantity offered to high-cost typeg, (ay), satisfies

ax/2

P(§"(ax)) = cir + P'(§"(a))§" (as) = K + T—aw/2

(e —cr) - (14)
Note thatjV (ay) is strictly decreasing iy, andlimg,,~ 0 ¢V (as) = ¢’°(cx). Thus, (MON)
is satisfied. In order to summarize the above observations, let

&1(a2):::26¢—-a2 (15)

denote the value ofi; which, for a given value ofw,, results in an average probability of
contracting with a low-cost firm equal t

Proposition 2 Under a uniform wholesale tariff, @” = ¢”7(c.), and (ii) ¢% (ax) = Y (ax)
if a1 < &1 (a2) and zero otherwise.

4.3. Welfare

We now turn to the welfare implications of banning price discrimination. Welfatech in
general depends on the pricing regime and is ex ante stochastic, is dagitieel sum of con-
sumer and producer surplu] = 37 { /¥ P(z)dz — (c; + K)g;}. Let the difference in
expected welfare between the discriminatory pricing regime and the unifdcingrregime be
AW = E[WP] — E[WY]. Since there is no-distortion-at-the-top under either regifxié;
depends only on the quantities produced by high-cost retailers. Formally,

AVV'::AVVQn,aﬁ

2 D (a)

-2a-a [ [ Pt — e+ a0 — dhonr + )| - @8
=1 a4 a1+a2)

According to the following lemma, the quantity offered to high-cost firms uneéiorm pric-

ing, which is determined by th average probability of contracting with a lovifoos, is brack-

eted by the quantities offered to the high-cost types under price discriminatfoch are de-

termined by the individual probability of producing at low cost.
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Lemma3 qg(al) < q}UI(ag) < qg(ozg) < q‘]S(cH).

Thus, from Propositiorlsl 1 and 2 it follows that we can distinguish the follganr cases, as
depicted in Figuréll:

(1) 0<qB(a) < g4 (ax) < ¢B(az), which holds ifas < oy < &;
(m o= qID{(al) < q}UI(ozg) < qID{(ag), which holds ifay < & < a1 < d1(a2);
m o= qg(al) = qg(ag) < qfl(oag), which holds ifay < & < é&1(a2) < ag;
(IV) 0=q¢B (1) = q%(ax) = ¢5(as), which holds ifa < as < a.
1
AW =0
! AW <0
T an(a2) L (as)
& 1 ag & 1 a2
Figure 1: Welfare comparison. Figure 2: Linear demand.

In case (IV), withM never serving a high-cost downstream firm irrespective of the pricing
regime, we trivially haveATW = 0. Therefore, in what follows we focus on cases (1) - (1), i.e.,
we restrict attention ta < A&.

Define the expected change in quantity’®® := E[Q”] — E[QY], whereQ" denotes the
aggregate quantity of the final good produced under pricing regirae{D,U}. With this
notation, we are prepared to state the main finding of this section.

Proposition 3 Suppose thatiy < &. If
() a1 < @1(a2), thenAQ < 0 impliesAW < 0;
(i) a1 > d1(ae), thenAW > 0.
Moreover, fora < a1 < G1(ae) AW is strictly increasing im; .

What is the intuition behind the welfare results presented in Propokition 3@sen(dl)—part
(i) of Proposition:3—to cut back on information renf&, assigns a zero quantity to the high-
cost type of firm 1 under price discrimination and to high-cost downstriéans in general
under uniform pricing. With high-cost production never taking placeennahiform pricing,
price discrimination leads to more markets being served (in expectation)byheemefiting
welfare in the spirit of the classic Chicago school argument againstlisonimination clauses.
In cases (1) and (Il)—part (ii) of Propositiém 3—it is not clear whickcprg regime results in
higher expected welfare due to opposing effects. In the case of bigjtpmoduction, the quan-
tity sold in market 2 is lower under uniform pricing than under price discriminatthereas
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the quantity sold in market 1 is higher under uniform pricing than under gigzgimination—
market 1 is not even served under price discrimination in case (ll). Eargh a general wel-
fare result cannot be derived in these cases, we can establistcéestiffondition—resembling
Schmalensee’s (1981) output test—for uniform pricing to improve welfapegice discrimina-
tion does not lead to an expansion of expected total output, then expesifadendincreases if
price discrimination is banned.

The conjecture that banning price discrimination can be welfare enhaixisgpported
by analyzing case (Il) in more detail. According to the final statement opd&ition[3, in
case (ll), the difference in expected welfare between the two pricgighes decreases as the
probability of firm 1 to be the low-cost type decreases. This finding stggeat banning
price discrimination—even with more sophisticated pricing schemes being at thefana
turer's disposal—can switch in case (Il) from being detrimental for welta being welfare
enhancing. In case (Il), both markets are always served underomgricing, whereas under
price discrimination market 1 is served only when firm 1 produces at lotv &anning price
discrimination—and thus ensuring that both markets are served irrespettaalized retail ef-
ficiencies, however, comes at the cost of a more severe downwardidisia the quantity sold
in market 2 in the case of high costs. Since the manufacturer trades off mingnmammation
rents paid to low-cost types versus maximizing the surplus generated witicbgglypes, the
downward distortion in quantityt, becomes more pronounced as it becomes more likely that
firm 1 is a low-cost firm. Thus, in case (ll), for high valuesof we would expect welfare
to be lower under uniform pricing than under price discrimination becaliaemuch stronger
downward distortion in the quantity offered to firm 2’s high-cost typexlis low, on the other
hand, then the negative effect of banning price discriminationtiis small and the positive
effect of more markets being served should outbalance. While not totbmed in general, as
we will show next, this conjecture holds true for a linear demand function.

4.4. An Application with Linear Demand

Suppose the inverse demand function is linédy) = max{0,1 — ¢}, and assume that; +
K < 1. Inthis case, itis readily verified that® (cyr) = =45 ¢P(a) = max{0,¢”5 (cyr) -
ce-cncLy andqY (ax) = max{0,¢’%(cy) — 1352 cactL}. A linear inverse demand
function allows us to rewrite the difference in expected welfare as

: Diq: Ul
AW—;“—%)(QEI(%)—q%(az)) (1—cH—K)_qH( Z)‘;qH( o)) ' (17)

Tedious but straightforward calculations then yield the following result.

Proposition 4 SupposeP(q) = max{0,1 — ¢}, cy + K < 1, andas < a. LetalV (az) be
implicitly defined byAW (alV (a2), a2) = 0. Then,

(i) AW < 0fora; < olV(az);

(i) AW > 0fora; > alV ().

BThis insight is well-known from the literature analyzing third-degree priserimination in final goods mar-
kets. A series of papers elaborates on Schmalensee’s basic insggtaren (1985), Schwartz (1990), Malueg
(1993), and Aguirre et al. (2010).
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In summary, there exists a unique cuteft’ (o), below which banning price discrimination
strictly improves welfare. As is proved in the Appendix, this threshold, wpa$ses through
(a1, 0) = (&, @), is strictly decreasing i with a slope strictly between -1 and 0, as is
illustrated in Figuré2.

Part (i) of Propositionl4 is in contrast to findings in the extant literature od-tiéigree price
discrimination under nonlinear wholesale tariffs: without private informatibdownstream
firms, a ban on price discrimination is found to unambiguously reduce wefféine manu-
facturer is not restricted to linear prices. Inderst and Shaffer (2060instance, consider a
manufacturer who is perfectly informed about the retail costs of two asynmaetwnstream
firms. This manufacturer offers each downstream firm a differentgardtariff under price dis-
crimination, but is restricted to offer only a single two-part tariff under amif pricing. In this
framework, a ban on price discrimination reduces welfare. For the dasparate markets—
Proposition 6 of Inderst and Shaffer—the optimal discriminatory two-aaiffs maximize the
profits of the integrated structure: both marginal wholesale prices egeahémufacturer’s
marginal production costs and the manufacturer extracts the generafitsl fpily via the fran-
chise fees because there is no asymmetric information. Under uniformgpith@manufacturer
faces a trade-off between efficiency and rent extraction, which lead$o charge a marginal
wholesale price above marginal cost of production. As a result, bothstogsam firms acquire
a quantity lower than the optimal quantities from the integrated structurer'sgfoirew, which
reduces welfare. Our finding shows that the strong welfare resutidgrst and Shaffer is an
artifact of the symmetric information case. Suppaesss close to zero and; is close to one
but belowa}V (+). In this scenario, downstream firm 1 is very likely to be a low-cost firm and
downstream firm 2 is very likely to be a high-cost f@mThus, this scenario is close to the
separate markets case analyzed by Inderst and Shaffer. Nevesthadeording to Proposition
[, when downstream firms have private information, a ban on price disatimmincreases
welfare, which is the complete opposite to the finding of Inderst and Sh@f€9). In this
sense, introducing only “little” asymmetric information can fundamentally alteripue wel-
fare results.

What do we learn from Proposition 4 for a case-based approachdiegaliscriminatory
nonlinear wholesale tariffs? If the regulation authority need not be ogerigerned about the
possibility of one or the other market not being served under either prieigighe, then—at
least for linear demand—banning price discrimination is socially desirableneRber that
the area where both markets are served irrespective of the pricing regameée large if the
difference in retail costs between a high-cost and a low-cost firm isivehalow, i.e., & is
large. Thus, for relatively small differences in ex post retail costsifatid demand function
is sufficiently linear in the relevant range of prices, then usual legattipeain the EU and
the US—which is to perceive the application of different wholesale conditfon identical
transactions with different trading partners as illegal—often improves welfa

16Sinceoz‘{"(o) < 1, the likelihood of firm 1 being a low-cost firm cannot be arbitrarily close.tdlate, however,
thatc, which increases as the difference in possible retail costs decreapesgs a lower bound far}" (0).
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45, Private Information about Demand

Our model can also be interpreted as a model where downstream firmsvatelp informed
about their own demand rather than their marginal cost of production.cSapat downstream
firms are symmetric regarding their production cost, i.e., each downstraarpriiduces with
constant marginal cost,. There are, however, two potential states of demand for each down-
stream firm, a low-demand state and a high-demand state. A downstream fine fimgh-
demand state faces (inverse) dematd). A downstream firm in the low-demand state, on the
other hand, faces (inverse) demafty;) = max{P(q) — (cy — cz),0}, i.e., downstream de-
mand is shifted downward by an amout— cz.. Obviously, the profits of a downstream firm in
the high-demand state are identical to those of a low-cost downstream fium fimevious anal-
ysis where downstream firms are privately informed about their respemtist of production,
7(q; high demandl = 7(q¢; c1,). Likewise, the profit of a downstream firm in the low-demand
state coincides with the profits of a high-cost downstream firm in our pne\zioalysi@

m(q;low demand = [P(q) — cr]q = [P(q) — culq = m(q; cn).

Which demand state a particular downstream firm faces is assumed to &te prfermation of

that downstream firm. Letting; denote the ex ante probability that fiiris in the high-demand
state, we assume thag < «;. Since the ex ante profit functions are the same as in the case of
private information regarding downstream production cost, downstbedravior is unchanged
and the optimal wholesale mechanism is identical under both interpretationsoo, welfare

in the high-demand market I& (¢; high demang = foq P(q) dgq — gcr, and in the low-demand
market is

q _ q
W (q;low demand = / P(q) dq — qcr = / P(q) dq — qcp. (18)
0 0

Thus, also welfare is unaffected by this reinterpretation of the model thattrour results do
not change when downstream firms are privately informed regardimgénmand conditions.

5. LONG-RUN ANALYSIS

For linear wholesale prices, DeGraba (1990) pointed out a furthemeh#hrough which dif-
ferences in the pricing regime can translate into differences in socialreeléth the more
efficient downstream firm being discriminated against, price discriminatiats lealower in-
centives for downstream firms to invest into a more efficient retail teclyyptbereby harming
welfare not only in the short run but also in the long run. In this sectiorsivesv that a ban on
price discrimination increases downstream firms’ incentives to invest irgbreduction also
when nonlinear wholesale contracts are in p@:e.

Specifically, suppose that initially both downstream firms produce at higfdth certainty.
At some preliminary stage, before the manufacturer makes its offers, both downstream firms

YThough somewhat imprecise, this statement is correct for the relemage where downstream profits are non-
negative. A similar qualification applies below regarding welfare in a lomated market.

18n order to maintain our formulation of privately informed downstreammgirwe do not follow the usual notion
that a downstream firm can reduce its production costs with certainty whestimg a given amount of money,
but allow for a stochastic R&D technology.



Price Discrimination in Input Markets: Quantity Discounts and Private Infation 15

can simultaneously invest into R&D. If the research of a downstream firmcdsessful, then
this downstream firm produces at low cegt otherwise, this downstream firm continues to
operate at high costy. Suppose that if a downstream firm incurs investment ¢gaf), then

the research is successful with probability where(0) = ¢/(0) = 0 andy”(-) > 0
Thus, in a sensey reflects a downstream firm’s research intensity. The investment into R&D
is observed by the manufacturer. Whether the research was sutchssiever, is private
information of each downstream firm. We focus on symmetric equilibria in puagegies. In
order to obtain a clear-cut finding with respect to the difference in investimeentives under
the two pricing regimes, we assume that downstream marginal revenuecas/eon

Assumption 1 3P"(q) + qP"(q) < 0, whenever > 0.

Remember that transfers charged by the manufacturer are pinned gq¥iRy) and (1G.).
Given R&D intensitiesy; anda;, downstream firm’s expected profit at the investment stage
under pricing regime € {D,U} is

mo(as) = ai(er — cr)qy (i, o) — (), (19)

whereq},; (o, ;) denotes the quantity offered to firfis high-cost type under pricing regime
r. Taking the derivative of (19) with respectdq yields the following first-order condition:

g (ai, aj)

Dar, = (). (20)

qp (0, a5)(cq —cp) + e — cr)

How strong the quantity assigned to the high-cost type of downstreani feacts to a change
in the probability of this downstream firm producing at low cost dependb®pricing regime.

Price Discrimination.—Under price discrimination, we havg)(a;, o) = ¢P(a;), as de-
fined in Propositioqll. Here, each downstream firm solves an indepengkimization problem
at the investment stage. Obviously, the optimal investment intensity underdgsarénination
satisfiesa” € (0, &), such thagh () is characterized by (10). Insertinly? /do;—obtained
by differentiating [10) with respect t@,—into the first-order conditiori_(20) yields

aP (e —cr)?

— /aD )
T=aP 2P (D) + el Prafary) )

i (@) (cy —cL) + (

Equation [(211) implicitly characterizes the optimal investment level of a dowarstfem un-
der price discrimination. Notice, we have assumed that the downstream alamianue is
decreasing , i.e2P'(-) + ¢P"(-) < 0 wheneverP > 0.

Uniform Pricing.—YUnder uniform pricing, the quantity assigned to a high-cost downstream
firm depends on both firms’ investment level$;(a;, ;) = ¢%(ax). Thus, the optimal in-
vestment of a downstream firm depends not only on its own but also ownats linvestment.

For the case of zero investment cogfe;) = 0, we assume that if a downstream firm is indifferent between
several investment levels, it chooses the lowest of these investmeld. l&wor2a < 1, this tie-breaking rule
allows us to avoid unintuitive equilibria under uniform pricing in which both dstseam firms choose very
high investment levels—because, given fifisivery high investment level, firris choice of investment has no
influence on the quantity allocation—and makes zero profits in equilibrium.
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Obviously, the investment level in a symmetric equilibriah < &, and thusgy (ax) is de-
fined by [14). By taking the partial derivative ¢f{14) with respecttowe obtaindqt;/dq;.
The investment level in a symmetric equilibrium under uniform pricig, is implicitly char-

acterized by

aV (e —cr)?
2(1 = a¥)? 2P'(g5(2aY)) + g5 (2aY) P" (¢} (2aY))

which is obtained by insertindq¥, /0c; into (20).

=¢/'(a"), (22)

a5 (20" (cp—cL)+

Investment Incentives ©n the one hand, a higher investment makes it more likely that the
downstream firm produces at low costs, and thus obtains a positivenation rent. On the
other hand, the information rent decreases in a downstream firm’s invastbecause the
guantity assigned to a high-cost firm is decreasing in the investment levelermnice dis-
crimination the expected information rent of firndepends only on its own investment level,
whereas under uniform pricing it depends on the average investmeholebvoth firms. This
makes the manufacturer reacting more strongly—i.e., by cutting back this firfolsriation
rent more severely—to an increased investment of firmder price discrimination than under
uniform pricing. In consequence, permitting discriminatory wholesale aotsstifles down-
stream firms’ incentives to invest into a reduction of their production ofl iEats.

Proposition 5 Suppose that Assumptidh 1 holds. A downstream firm’s investment stto co
reduction is higher under uniform pricing than under price discrimination, fe< o < aV.

Welfare.—With investment incentives being higher under uniform pricing than undee p
discrimination, it stands to reason that in the long run banning price discriminiatepcially
beneficial. While we do not show this in generality, the next finding estalslisti® conjecture
for a specification with linear demand and zero investment cost.

Proposition 6 Suppose that demand is linear and there are no investment cost$ (i¢¢.~
max{1l — ¢,0} andy(a) = 0 for all « € [0, 1]. Then, in the long run, welfare is higher under
uniform pricing than under price discrimination.

In the long run, witha” < oV < &, both cost types of both downstream firms are always
served. Moreover, with investment incentives being higher under mmifisicing than under
price discrimination, a firm is more likely to produce at low cost under unifpriting. This
effect supports welfare under uniform pricing compared to price idigeation. With higher
investment incentives under uniform pricing, however, the downwastdrion in quantity for
a high-cost firm is higher which reduces welfare under uniform pricmgpared to price dis-
crimination. According to Propositidd 6, however, the direct effect duantincreased prob-
ability of producing at low costs outweighs the indirect effect of a highemgty distortion,
thereby making a ban on price discrimination socially desirable in the long-run.

Afinal remark is in order: with investment incentives being higher undidotm pricing than
under price discrimination and in consequence expected gains fromkedwatg higher under
uniform pricing, banning price discrimination can also be in the interest ofrtéugufacturer.
Uniform pricing can be a valuable commitment device for the manufactureorexploit the
relationship specific investment of a downstream firm—at least not as nwander price
discrimination—and thereby reduces the hold-up problem.
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6. CONTINUOUSDISTRIBUTION OF DOWNSTREAM COSTS

In this section, we allow for the marginal cost of production of downstréem: < {1,2}
being continuously distributed, i.e:,€ [cr,cy] = C with 0 < ¢; < cy. Firmi's cost is ex

ante distributed according to c.d f;(c) and densityf;(c) > 0 for all ¢ € C. We assume that

the cost distributions of the two firms are different in the sense that thesevakues ofc € C

such thatF; (¢)/ fi(c) # Fa(c)/ f2(c). The two ex ante distributions are known by the upstream
manufacturer, who offers downstream fiima direct mechanism; = ((¢;(c), ti(c)))cec. For

each feasible type announcement mecharnigspecifies a quantity;(c) € R>( and a transfer
t;(c) from firm i to the manufacturer. With the main purpose of this continuous-cost case
being to demonstrate robustness of our welfare findings, we focus om tieezandP(q) =
max{1 — ¢,0}. The manufacturer’'s expected profit is given by:

= i { / zH [ti(0) — Kai(e)]fi(c) dc} - (23)

As before the manufacturer has to satisfy the individual rationality anahiiveecompatibility
constraints: for alf € {1,2} andc € C,

i(c)[1 = qi(c) — ] = ti(c) 2 0 (IR)
ce argrlél&x{qi(é)[l = ¢i(¢) — = t:i(0)}. (1C)

If price discrimination is banned, then the manufacturer has to satisfy tlitosddl constraint
I'y = I's. Note that for the manufacturer it is more profitable to contract with low-dogin-
stream firms. This implies that the usual monotonicity requirement, which is sege® sat-
isfy incentive compatibility, here requires thatc) andt¢;(c) are non-increasing. As it is well-
known, without further assumptions on the type distribution this monotonicityirement may
be binding which makes the analysis by far more complicated. In this respeatnpose the
following assumption in the spirit of the monotone hazard rate property.

Assumption 2 Forall ¢ € CitholdsthatF;(c)/ fi(c), withi € {1,2}, and[F} (c)+F»(c)]/[fi(c)
+ f2(c)] are non-decreasing.

Note that Assumptiohl2 is satisfied if both density functions display weaklyedstrg densi-
ties.

Moreover, we focus on cases where—irrespective of the pricingneeg-the manufacturer
serves all types of downstream firms, which corresponds to casettigiprevious analysis.
The following assumption guarantees that this is the case under the optimalniseok.

Assumption 3 cy + K < 1 — [min{ fi(cg), fo(cu)} !

As before, superscript® andU denote the pricing regime: price discrimination and uniform
pricing, respectively.

Lemma4 Suppose that Assumptidds 2 did 3 holdgHfc) < qu(c) fori,j € {1,2} and
i # j, thengV(c) € (¢ (¢), 4P ().
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According to Lemmal4, one market benefits from price discrimination whéneaxther market
is harmed compared to uniform pricing for a given cost realization. Nesiess, for linear
demand we obtain a clear welfare result.

Proposition 7 Suppose that Assumptidds 2 ahd 3 hold. A ban on price discriminationyegro
total welfare, i.e. AW < 0.

7. DOWNSTREAM COMPETITION

So far, we restricted attention to downstream firms operating in separatetsiaModeling
downstream competition raises the following concerns: Regarding therafimn structure,
does each downstream firm know its competitor’s cost type or only its ovaPtiqpthe former
case, the manufacturer can use a mechanism that severely punishefowosiream firms
if their reports regarding their own and their competitor's cost types damaith, thereby
revealing the downstream firms’ private information without cost. With this tfgeechanism
being feasible under both pricing regimes, there is no scope for analyengelfare effects
of banning price discrimination. If, on the other hand, downstream firmgvianly their own
cost types, then the quantity offered to a downstream firm may neveghddeend on both
downstream firms’ reports. Under price discrimination, for example, theifaaturer now has
eight quantities and eight transfers to specify which raises analyticallegityp Besides being
by far less tractable, contracts with a firm’s transfer depending on quargitbeured by both
firms seem hard to reconcile with observed pra@:&ut even restricting contracts such that
a firm’s transfers and quantities depend only on its own type does noteissu the question
whether a firm learns its competitor’s type before or after accepting theeaps firm’s offer,
i.e., whether ex ante or ex post participation constraints matter.

In order to address robustness of our results with regard to dowmsitempetition, we
pursue the last of the above approaches: within a differentiated-doardgwork, a firm'’s
contract may depend only on its own type, and at the contracting stagestteaum firms only
know the distribution of their competitor's cost. Following Dixit (1979) and %imgd Vives
(1984), we consider a representative consumer with utility function

1 1

Ulg1,92) = q1 — itﬁ +q2 — §Q% —Yq1q2 — P1q1 — P2G2, (24)

wherey € [0, 1]. The parametey measures to what extent the products of the two downstream
firms are substitutes: for = 0, we are back in the case of separate markets, whereas=for
downstream firms produce perfect substitutes. The resulting invensandiefunction for the
commodity produced by firme {1, 2} is

P(gi,q;) =1—q — g, i#7]. (25)

We focus on cases where both downstream firms are served. In thisl i@g assume; <
& :=(1—-—cyg— K)/(1—-c— K). Moreover, we restrict attention to situations where the

2Regarding contracts where “retailers’ payments [...] depend ondheirand their rivals’ actions [...], [t]here are
many reasons why such contracts may not be feasible, ranging feoaois of enforcement to illegality under
the antitrust statutes.” (O’'Brien and Shaffer 1994, p.298)
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free-disposal constraint has no bite, i.e., none of the input offereti/lyoes to waste. Let
Ejlq] = g1 + (1 — «)g;m denote the expected quantity sold by fifmWithout referring

to a specific pricing regime, the individual rationality and incentive compatibilitystraints
regarding downstream firmh£ j resemble those in the analysis of separate markets but now
the expected quantity of firmiis downstream rival also plays a role:

¢in (1 —qim —vEjlgl —cu) —tim > 0 (26)
¢ir (1 —qir —vEjlgl —cL)—ti,, > 0 (27)
qin (1 —qim —vEjlql —cu) —tin > qir (1 — qir. —vEjlq] —cu) — tir, (28)
¢ir (1 —qr —vEjlg) —co) —tic > qu (1 —qu —vEjlq] —cL) — tin (29)

Obviously, incentive compatibility imposes the usual monotonicity requirement,< ¢;r.,
and (IR 1) holds whenever (IR;) and (IGy) are satisfied.

In contrast to the case of separate markets, under price discrimination tivdactarer does
not solve two independent maximization problems anymore. Neverthelewifg standard
procedure works here as well, i.e., upstream profits are maximized oaetitigs subject to the
above constraints with transfers being pinned down by)rRind (IG1). In the optimum,M
offers quantities smaller than in the case of separate markets,

D JS Y Js
» = - 30
¢1.(v) = q""(cr) ¢ (cm) (30)
and

1 o; CH —C

D JS i H L
| - — L 31
iz (7) 9 (cu) a2 (31)

thereby—at least partly—internalizing the externality of downstream competilote that the
monotonicity requirement is satisfied. Moreover, if the products are mufflg differentiated,
then M wants to serve both firms and the quantity offered to either firm is that low thath
free disposal does not impose a binding restriction. Formally, lettitg|c;) denote firmi’s
best reply to firmj’s quantity when producing at costitself, the following holds:

Lemma5 Letq; € {q}}(v),q/;;(7)}. There exists/” € (0,1] such that, fory < ~7, (i)

0 < g (v) < ¢, and (i) g2, (v) < ¢i(g;ler) andgl (v) < ¢i(gjler)-

Under uniform pricing, next to the above individual rationality and ina@ntompatibil-
ity constraints for each firm)/ faces the additional constraint that;, = ¢»;, = ¢ and
gy = g2 = qg. With incentive compatibility requiring monotonicityy < ¢, it follows
that F[¢g] > Ex[q]. In consequence, whenever a particular cost type of firm 2 is willing to
acceptM'’s contract offer, so is that cost type of firm 1. Likewise, downwarckimive com-
patibility with regard to firm 2 implies downward incentive compatibility with regard tofi
1. Therefore, with (IRg) and (1G;) are more pressing than (JR) and (1G ), respectively,
standard procedure corresponds to setting transfers that make) @Rd (1G,1) bind Mauxi-
mizing upstream profits—with transfers being determined by#g)and (IG)—results inM

ZlWwhile upward incentive compatibility regarding firm 1 is not satisfied in gainender the resulting choice of
transfers, fory not too large it can be shown that (I£) holds when (IG) binds.
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offering quantities

dos (2 — ax)(1+~(1 — a1))

qg(’}/) = qJS(CL) A(’}/)
B 7[Olz(l — 1) + (2 — ax)aq][(2 7\(0;2))(1 —cy — K) —as(ey —c1)] (32)
and
40&2(2 — Ozg)(l + Yo ) 2(0&2)2(1 + ’yal)
air (1) = ¢’ (en) TN B At ey vo
B fy[ag(l —aq) + (2 —Eg)al]ag(l —cH — K)7 (33)
where
Al(y) =4dax(2—ax)(1+7) — ’y2(ozg — 2a1)2. (34)

As stated in the following lemma, if the degree of substitutability is not too high, theeatibve
guantities are strictly positive (i.el/ wants to serve both firms), satisfy the monotonicity
requirement, and free disposal has no bite.

Lemma6 Letq; € {q/7(7),q/;(7)}. There existsy” € (0,1] such that, fory < 4%, (i)
0 < qg(v) < gf (v), and (i) g7 (7) < gi(gjlen) andqf (v) < gi(gjler)-

With transfers being welfare neutral, for a given degree of proditferentiation~, welfare
under pricing regime € {D, U} amounts to

2

T 1 T T T T

Wr(y) =) (1 — 54 () —¢i - K) 4 (7) =741 (V) (). (35)
i=1

Since fory = 0 we are back in the case of separate markets with linear (inverse) demand, f

Propositior 4(i) it follows that the difference in expected welfare undeh Ipricing regimes

is strictly negative AW < 0. With the quantities characterized thy (30),](31).]1(32), (33)

changing smoothly ir, the following result follows from continuity oft’" ().

Proposition 8 Supposey; < &. There exists"” € (0, min{y”,+Y}] such thatAW (y) < 0
for v < AW,

In summary, as long as downstream competition is not overly intense—in tee sédown-
stream firms competing in sufficiently differentiated commodities—banning preoeichina-
tion improves welfare.

8. DEMAND-SIDE SUBSTITUTION

As was recently shown by Inderst and Valletti (2009) and Caprice5R@be implications of
price discrimination in input markets for pricing decisions and welfare maybersed if the
assumption of a monopolistic input supplier is relaxed. We augment our basliel mith
separate markets by allowing for downstream firms to purchase the ekggmitanot only
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from the manufacturer but also from an alternative source. As we vallvsthe main effect of
this outside option is to shift rents from the manufacturer to the downstreans. f&s a result,
by and large, our findings are robust toward relaxing the assumptiomurapolistic input
supplier.

Following Katz (1987) and Inderst and Valletti (2009), we supposeditawnstream firm,
when rejecting the manufacturer’s offer, can turn to an alternativeesafrinput supply. How
profitable this switch to the alternative supply is for a particular downstreamdépends on
its efficiency in production. If a firm with marginal coste {cy,cy} acquires its input from
the alternative supply, then its profits aré(c), with 0 < 74 (cy) < FA(CL)’ We assume
that the alternative source of input supply is not too attractive in the skasthe joint surplus
generated byl and either type of downstream firm exceeds that downstream firm's profi
obtained under the alternative supply.

Assumption 4 For all ¢ € {cz,cy} it holds that:w(¢7%(c), ¢) — Kq”°(c) > n(c).

We define

(Z) — TFA(CL)—T(A@H)’ (36)

CH —CL

which declares how much more a low-cost firm benefits from the alternagne supply than

a high-cost firm, relative to the low-cost firm’s cost advan%m order to stick close to our
basic model without alternative supply, we kegpandcy fixed and assume that any variation
in ¢ arises due to changesirt' (cz) or 7 (cyr). For reasons of tractability, we assume that the
outside option is not superior, in the sense that under the optimal contisaceiter the upward
incentive constraint that is bindir@.Formally, we impose the following assumption:

Assumption5 ¢ < ¢7%(cz).

Otherwise the model is the same as before. In particular, ddtistill making take-it-or-
leave-it offers M’s objective function remains unchanged. Moreover, facing the usceahtive
compatibility constraints, the optimal wholesale mechanism still has to satisfy macitton
constraint (MON) and; > ty. The individual rationality constraints, however, are not the
same as before due to the existence of an alternative source of supply:

m(qr,cn) —tr > 7 (cr) (IR
w(qm,cg) —tg > WA(CH) ) (IR‘I‘_‘I)

Clearly, if M prefers to serve only one cost type, then welfare results requiretdisaton of
the alternative input supply. Therefore, in what follows, we restrichéitia to cases wherg/

220ne possible interpretation is that there exists a competitive fringe thatgesdn input good which is substi-
tutable to the manufacturer’s product. The downstream firms can adtisrfringe product at a per-unit cost
of w > 0. In order to switch input suppliers a downstream firm has to incur a fiestl ¢ > 0. With this
interpretation we obtain® (¢;) := max {0, max,[P(q) — ¢ — w]q — F}

ZHere, the manufacturer faces a screening problem with a type-depiematside option. This class of problems
is thoroughly analyzed, for instance, by Jullien (1996, 2000).

%The case analyzed in Sectibh 4 then corresponds to a special casesiifigtion where the outside option is
equally attractive for both types, i.e., whefe= 0.

Thus, we do not consideountervailing incentives the sense of Lewis and Sappington (1989). Cf. also Tirole
(1988, p.154.)
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serves both types of downstream firms. This allows us to draw welfare imphsdti@spective
of the particular form the alternative source of supply t@em order to state the discussion
as concise a possible, defing, with » € {D,U} denoting the pricing regime, as follows:
aP = q; fori € {1,2} under price discrimination and” = ax under uniform pricin

Following the analysis of type-dependent participation constraints in h&ffiod Martimort
(2002), under Assumptidnl 5, we have to distinguish three cases. First, fo G(a"), the
alternative source of supply is similarly attractive to a high-cost and a st-downstream
firm. Hence, this case is similar to the standard case without an outside optarortktraints
(IRﬁ) and (IG) are binding and the quantities are as in the standard case but the sarsfer
shifted downwards. Second, fgta”) < ¢ < ¢’%(cy), to ensure the low-cost downstream
firm’s participation, it must receive a higher profit than the information rergceives in the
first case. The manufacturer achieves this by increasing the informatndrwhich requires
an increase of the quantity offered to a high-cost firm. Formally, the metwé& choosegy
such that next to (IR) and (IC;) also (IR?) is binding. Last, forg”*(cy) < ¢ < ¢’%(cL),
the outside option is by far more attractive for a low-cost downstream fiem tar a high-
cost downstream firm. Here, the manufacturer does not need to wawny a low-cost firm’s
incentives but about its participation. The optimal contract now satisfids farticipation
constraints with equality (@) and (IR,j‘) and the incentive constraints are all slack. Hence, in
this case, the quantity offered to each cost type equals the respectiveymhis maximizing
quantit

Defininga™ (¢) implicitly by

§'(a"(9)) = ¢, (37)

the optimal quantities for the manufacturer to offer are summarized in the fotjgevoposition.
Figure3 illustrates the above discussion for the discriminatory pricing regime.

Proposition 9 Suppose that Assumptidds 4 amd 5 hold and that the upstream firm bethes
types of downstream firms. The optimal wholesale mechanism undiegmegimer € {D,U}
allocates quantities
() q7(a") = q"%(cr) andgy;(a”) = ¢"(a") if ¢ < ¢’5(ch) anda” < " (¢);
(i) a5 (") = ¢’%(cr) andgjy () = ¢if ¢ < ¢’S(cxr) anda” > a7 (¢);
(iii) g7 (a") = ¢”%(cr) andqy (a”) = ¢7%(cu) if ¢7%(cn) < & < ¢7%(cr).

Regarding the welfare effects of banning price discrimination in the peesafran alternative
source of input supply, we distinguish two cases: ¢a¥ [¢’/°(cx), ¢”°(c)], and (b)¢ <
¢’ (cn).

The welfare implications of banning price discrimination in case (a) are triVte: quantities
offered are the same under both pricing regimes, which im@ligs = 0.

26/ precise account under what circumstandésndeed prefers to serve both cost types of downstream firms is
given in Appendix B.

2’Under price discrimination the manufacturer solves two independeritnization problems; one for each down-
stream firm € {1, 2}. With a slight abuse of notation, we suppress the subscigptthe discriminatory pricing
regime.

Zsince we do not allow forountervailing incentivesve do not encounter an upward distortion of the more efficient
firm’s quantity.



Price Discrimination in Input Markets: Quantity Discounts and Private Infation 23

a7 (cp)

(RL), (Ry)

a7 (cm)

(ICL). (IRg), (IRy) qP (ay)

(ICL). (IRgr)

P (4") P 1

Figure 3: Binding constraints wheW serves both types.

In case (b), whileM still prefers to serve both types of each downstream firm under either
regime and offerg’“(cz) to any low-cost downstream firm, the quantity offered to a high-
cost downstream firm depends on both the pricing regime and its ex artiereffi. More
precisely, under price discrimination firin when producing at high cost, is offered quantity
g8 (i) = ¢P(ay) if a; < aP(¢) and quantityg? (a;) = ¢ otherwise. Under uniform pricing
M offersq¥ (ax) = ¢V (ax) if ax < aY(¢) andqy (ax) = ¢ otherwise. Define

af (a2;9) == a"(¢) — as, (38)

and note thaty (a?(¢); ¢) = aP(¢). This gives rise to four cases similar to the four cases
depicted in Figur€ll. Fai, > o”(¢) the quantities offered by/ are identical under both
pricing regimes such thakW = 0. The welfare implications for the remaining cases parallel
those drawn in the standard model without an alternative source of inpplys

Proposition 10 Suppose Assumptiof$ 4 5 hold and thak ¢”%(cy). () If az <
aP(¢) < a¥(ag; ¢) < aq, thenAW > 0. (i) If aa < aP(¢) < a1 < af (az; ¢), thenAW is
strictly decreasing inv,. (i) If as < a; < o (), thenAW < 0 for P(q) = max{1 — ¢,0}.

The intuition behind the welfare result of Proposition 10 is basically the sarhe ame behind
Propositior B. Due to the outside option rents are shifted from the manwdattuthe down-
stream firms, but this shift does not affect total welfare as long as wosteceam firm acquires
its input from the fringe supply. Proposition]10 shows that our previouknfigs are robust
toward relaxing the assumption of an unconstrained manufacturer.tloybar, if the potential
differences in retail costs are low, then a ban on price discrimination imprweeksre at least
for linear demand, where” (¢) = [¢/°(cx) — ¢]/[¢”°(c1) — ¢] approaches 1 as; tends to
Cr,.

Regarding a case-based approach of banning discriminatory whotesdtacts, Proposi-
tion[10 provides a justification for the competition authority to ban discriminatorylegale
contracts if concerned with a primary-line injury case. Put differently, doepetitor of a
dominant manufacturer files a complaint that the dominant manufacturediseesninatory
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wholesale tariffs, then the competition policy agency often is well advised nderon this
pricing practice. Banning discriminatory wholesale contracts is advisaihe\rer, not to pro-
tect competitors of the dominant manufacturer but to protect consumers.

9. CONCLUSION

In this paper, we analyze a vertically related industry with asymmetric informagtmween
the upstream and the downstream sector. The main purpose is to inquireeintelfare ef-
fects of banning third-degree price discrimination in intermediate-good risaskesn nonlinear
pricing schemes are feasible. This question is of immediate practical intexesmide from a
legal perspective, quantity discounts are commonly regarded as a justgrabing strategy of
manufacturers or wholesale firms as long as they are not discriminatorysenise of applying
different conditions to identical transactions with other trading partners.

While there has been considerable back and forth in the academic literaanigling the
question whether banning price discrimination in intermediate-good markestitotes a de-
sirable course of policy when wholesale prices are linear, among thexegptons which
consider nonlinear wholesale pricing schemes the predominant opinion Iatir@ng discrim-
inatory wholesale pricing is detrimental for welfare. In contrast to theskniys, we show that
even if nonlinear pricing schemes are feasible, the reservation towanthdisatory pricing
practices embodied in legal enactments may well be warranted when daavndirms have
private information. This result holds irrespective of whether geddcaprice discrimination,
primary-line injury or secondary-line injury is considered.

A. PROOFS OFPROPOSITIONS ANDLEMMAS

Proof of Lemmall
First, suppose’ < ¢” < ¢*(cg). Then

7(¢" cr) —m(d en) > n(q", ca) —7(d', cn)
— [P(¢") —crld" = [P(d) — cLld > [P(¢") — culd” — [P(d) — culd
— q/ < q//. (A.l)

Next, suppose’ < ¢*(cy) < ¢’ < ¢*(cr). Then

m(q" cr) = 7(d er) > m(q" en) = 7(d'sen) = m(q"(cn), cn) — 7(d', cn)
= [P(d") —crld" = [P(d) —cLld > [P(q"(cn)) — cula™(cn) — [P(d) — cnld
< [P(¢") —crld" = [P(q"(cn)) — cLlq"(cn) + [P(q"(cn)) — cLla™ (cn)
—[P(d) —erld' > [P(q"(cn)) — cnla™(cn) — [P(d) — cnld
< 7(q¢",cr) —n(q*(cu),cr) + (cg —cr)(q*(cy) — ¢') > 0, (A.2)

where the last inequality holds by < ¢*(cy) < ¢” < ¢*(cr) andn (g, c) being strictly
increasing iy ong € [0, ¢*(cr)).
Last, suppose*(cy) < ¢ < ¢”" < q¢*(cr). Then

m(q" cL) —7(d er) > n(q", cm) — n(d' s en) = w(q*(cu), cu) — w(q*(cu), c) = 0 (A.3)
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holds because(q, 1) is strictly increasing ip ong € [0,¢*(c)). W

Proof of Lemmal3
Inspection of the first-order conditioris {10) ahdl(14), together with éfiaition of ¢’ (c) and
the fact that

Qo a1 + a9 aq
l—as 2—a1—as 1—ay’

ay <oy = (A.4)

immediately impliesi” (1) < ¢Y(a1 + a2) < ¢”(a2) < ¢’9(cy). The desired statement
then follows from Propositioris 1 ahdl M.

Proof of Proposition
We prove each part of the proposition in turn. To cut back on notationyilwenake use of the
following notation:¢?, := ¢B(«;) fori € {1,2}, and¢?) := ¢%(ax).

(i) Note that the expected total output under price discrimination and umdffermn pricing
is given by,

E[QP] = anqf (1) + (1 — a1)gqp(on) + o2qr (az) + (1 — az)gf (az) (A.5)
and

E[Q"] = awgf (as) + (1 — a1)gfy(as) + azqf (as) + (1 — az)q(ax), (A.6)
respectively. ThusAQ := E[QP] — E[QY] is given by

AQ = (1 - a2)afz> — ay) — (1 = en)lafy — aipn). (A7)
The change in expected welfare can be rewritten as follows,
QEIQ qlg
AW = (1 — ag) P(z)dz — (1 — o) P(z)dz — (cyg + K)AQ. (A.8)

U D
5 91

By the usual argument, we can find an upper bound for the first terra &owder bound for the
second term (see Varian, 1985). Hence, the change in expectedenglfrunded from above

by
AW < (1 - a2)P(qfy) (a2 — 4] — (1 — 1) P(aRy) [afr — ] — (e + K)AQ. (A.9)
Rearranging the above inequality yields,
AW < [P(qg(ax)) = (cn + K)]AQ.

We conclude by noting thaP(¢%) — (ci + K)] > 0 because”’® (cy) > ¢% > 0.
(i) With &1 (a2) < a1, we havegh), = ¢¥ = 0 < ¢, = ¢P(as). According to [I6), the
difference in expected welfare under the two pricing regimes is

AW = (1 — ag) [/0qu P(2)dz — (cg + K)qhs | . (A.10)
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The desired result then follows from the first-order condition (10) tagettith P'(-) < 0
wheneverP(-) > 0:

P(qfs) — (cu + K) = —P'(qf2)a, + (e —cr) >0

[0
11—«
= [P(qi2) — (cu + K)] qfzy > 0 (A.11)
a1 D
= P(2)dz — (cg + K)qgy >0
0
Last, we prove the final statement, i.e, in case @M}J is strictly increasing iny;. With
ay < & < ap < d1(az), we havegh, = 0 < ¢ = ¢Y(ax) < ¢5, = ¢P(a2). Note that
dqB,/day = 0. Differentiation of [I6) w.r.ta; yields

a5

U
P(z)dz — (cy + K)q%] —-(2- azﬁff;j [P(q%) — (cu + K)] (A12)

dAW
da1 N

0

With ¢% = ¢ (ax) being defined by[{14), we hav; /da;y < 0. Moreover, withP'(-) < 0
wheneverP(-) > 0, from (14) it follows that

ay

P(qf) — (cu + K) = —P'(qf)ay + 2~ (an)

(cg—cp)>0

U

q
= / " P(2)dz — (cg + K)¢% > 0. (A.13)
0
Taken together, these observations allow us to conclude/thHt/da; > 0. R

Proof of Proposition 4
With AW being given by[(1l7), we consider in turn each of the three relevaesadsntified in
the maintext: (INay < a1 < &; (1) ag < & < a1 < dy(ag); and () ay < & < d1(as) <
«y. To cut back on notation, we will make use of the following notatiqﬂ% = qB () for
i €{1,2},d% = d%(ax), ¢/ := ¢’%(cu), andA. := cy — cf.

(I) With ay < a1 < & we haveyfy, = g — 2-5¢ andgf; = g7 — 5%2-5¢. Noting that
AQ =[3-15(1 — ai)afp;] — (2 — ax)qf; = 0, AW < 0 follows from Propositiofi3(ii).

() With as < & < a1 < d1(az), we havqul =0, q22 = quS — 92 % andq%’[ =

1—ao
q{IS — 2—%2) %. The difference in expected welfare thus equals

AW = (1 - 042)(1122 {1 )

1
3iha — (en + ) |
1
— (2 - ax)ay {1 — 54— (en + K)} - (A14)
Let ol (az) be implicitly defined by

AW (e} (a2), o) = 0. (A.15)



Price Discrimination in Input Markets: Quantity Discounts and Private Infation

27

Differentiation of A.1% with respect ta, reveals that

dol (ag) a5 U U Ly
d D
—(1—04) P

1
2)das ({1_%132_ (CH+K)} +q§2{1 - 5‘]1]32 - (CH+K)}

U
@ an) G {1y ent K0} =y {1 i Cn + KO | (A26)

D U
Substituting forgfz, andqf;, and noting thaf7iz = — -1 5+ and% =
yields
doj’(e2) [ 2 Ac > Ac
das [2—ax 2 |7 " 2-ay 2

(A.17)
A first important observation is that each term in square brackets is strio#iyie, which

implies thatda}” (a2)/das > —1. Moreover, all the terms witg?” on the RHS of (A1)
cancel out, which allows us to rewrife (Al17) as follows:

dam()@)[ 2 Ac{

dOéQ 2—0427

22 —ay 2
(5) (o -]

(A.18)
Straightforward manipulation of the RHS yields

AN? [2(2—a2)  axd— ay] 1 (A2 02 — das + 4aa(2 — ag)

Be _ — - (2 . (A19)
2 (1 —ay)? (2 —ayx)? 2\ 2 (1 —a2)%(2 — ax)?

Sincea% — 4oy, +4as(2 — ag) < 0ifand only if a; € (ag,4 — 3as), the RHS of [[A1B) is

strictly negative. Therefore, with the term in square brackets on the & I8) being strictly

positive, we must havéa}" (az)/das < 0. Taken together, the above observations imply

doa’(02) () ) (A20)
das
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Last, note that]” (&) = 4. To see this, note that far; = as we haveg), = ¢¥, and in
consequence

1

oy A

1
- —el (A1
21—a22} (A.21)

3
— (1 - a2)qh, {QQI{[S +

With ¢f° > 0, for AW = 0 we must have/?, = 0, which holds foray = &. Together with
dalV (az)/das € (—1,0) this last observation implies)” (a2) € (&, &1 (az)). The result then
follows immediately from the final remark of Propositian 3.

1y AW < 0 follows from Propositiofi 3 (i).

Taken together, the above observations establish the desired Besult.

Proof of Proposition
First, we show that the equilibrium investment levels are indeed charactézg1) and[(22).
Thereafter, we show that comparifigl(21) and (22) revealsithat oV .

Consider price discrimination first. Firi's expected profit at the contracting stage does not
depend on firny’s investment intensityy; such thatrd’ (ay; ;) = 78 (). The information
rent left to a low-cost downstream firm is zero if its investment level is tob hig., 7% (o) = 0
for a; > &P. Moreover,dnf (a)/dala=0 = 7 (0)(cy — cz) > 0. Thus,a” € (0,a").
Finally, note thatr}’(-) is a continuously differentiable function and thu§ is characterized
by the first-order condition (21).

Under uniform pricing the profit of a downstream firndepends also on the rival’s invest-
ment levela;. If a; = 0, then firmi chooses a strictly positive investment level because
oy (230)/dci|a;—0 > 0. Forr = U, implicitly differentiating [I9) with respect to; reveals

dog [ 0dfi(az) | Pifilox)  w'(en) \__0dias) _ Pdflas) o, oo
daj 80@ 80(22 (CH — CL) 8aj ﬁaiaaj

Under Assumptiofll, froni_(14) it follows that

04y (as)  0qfj(axn) 2ew — c1)
da; Oy (2—an)? [2P'() + P"(){ (ax)] <0 (A.23)

and
Pilas) Y ax)
da? Oy
2en - e1) {2 [2P'() + P()if (az)] — (2 - az) [3P"() + P()if (ax)] 20521}
(2 - ax)? [2P'(-) + P"()i4 (ax))’

<0. (A24)

This allows us to conclude that firfis best-response function is weakly decreasingeakly
decreasing because it might be the case that fichoosesy; = 1 for values ofo; suffi-
ciently close to zero ot; = 0 for values ofa; sufficiently close to one. With downstream
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firms being ex ante symmetric, their best-response functions are symmetiigteriee of a
symmetric Nash equilibrium with equilibrium investment lewél < (0, 1) then follows from
best-response functions being continuous and fioghoosing an investment level strictly less
than 1 fora; sufficiently high. To see the latter point, note the following: (iRéf < 1, then
a; = 0 is a best response ; € [24,1] because a higher investment by fiindloes not
change the quantity allocatiogl (c; + o) = 0, but comes at higher cost; (ii) if < 24, then
on (i;1) /0| a,=2a—1 = ai(cr —cr)?/(2 — &)2P'(0) — ' () < 0, such that firm’s best
response is smaller th&a — 1, which itself is smaller than 1 becauge< 1 for ¢y < cr. Last,
note that any symmetric equilibrium under uniform pricing must haVe< &: if oV > 24,
then firmi's best response to; = o is nota; = oV buta; = 0; if oV € [&,24), then firmi
can profitably deviate te; slightly below2a& — oV, which results in strictly positive expected
profits because?; (a; + o) > 0.

Comparing the equalitie§ (22) arld{21) immediately revealsdiat: «V. Note that for
oV = oP, we would have¥, = ¢&. Suppose, in contradiction, that’ < o, which implies
thatq¥, > ¢b. Let MR/(q) = 2P'(q) + q¢P"(q), so thatM R(q) denotes the marginal revenue
of a downstream firm. With' (o) < v/ (a?), by hypothesis, it has to hold that

aP (ey —cp)?

1—aD)? MR/(qD)

oV (g —cp)?

2(1-aP)> MR'(qp)’

> % (cr —cr) +

aic —cL) + (

or equivalently,

U_ D aV (cu —cp)? aP ey —cp)?
(cu —co)dp —am) + 20— aD)? MR(qY) - (1—aD)? MR(qD) <0. (A.25)

The above inequality is violated because (a) by hypoth€sis «” andg¥, > ¢2, and (b) by
Assumptior 1M R/ (¢) is non-increasing. This completes the prdiif.

Proof of Proposition [6l For ¢(«) = 0 and P(¢) = max{1 — ¢,0}, where the latter implies
MR/(q) = —2, itis straightforward to show that the investment level under price discriioma
is given by

D V2¢7%(c) (cu —cr)

=1- 0,1 A.26
with ¢”%(cz) = (1/2)(1 — ¢ — K). The symmetric investment level under uniform pricing
amounts to

(0%

UzliCH—CL+m\/CH—CL+16qJS(CL) € (P, 1). (A.27)
8qJS(CL)

Given our tie-breaking rule that a downstream firm who is indifferetivben several invest-

ment levels always choses the lowest one, there are no asymmetric eqaitithtize symmetric

equilibrium is the unique one. In order to see thisalf{«;) be the reaction function of firm

The slope of the reaction function

«

doll 2+ai—aj
L= — —-1,—-1/2 A.28
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Thus, there is only a symmetric equilibrium because the absolute value of {ie aidhe
reaction function is always less than one.
The difference in expected welfare between price discrimination andromfacing is

1

AW = —
W16

(CH — CL) [(\/CH — CL)2 + 3\/ CH — CL\/CH — CJ, + 16qJS(CL)

— 10\/5\/(CH —cr)q’5(cp)|. (A.29)

Thus,AW < 0 if and only if

Ver — e+ \/Q(CH —cp) + 144¢75(cr) — \/200qJS(cL) <0, (A.30)
which holds becausey; <1 - K. 1

Proof of Lemmal4t
First, we analyze the manufacturer’s screening problem for the conrdistribution of down-
stream types. Noting that neither the individual rationality constraints nontesmtive com-
patibility constraints depend on the pricing regime, we begin with drawing ourtribkcations
of these constraints for the optimal wholesale tariff. To cut back on notatiersuppress the
subscript indicating the downstream firm.

Define

V(c) = q(c)[1 —q(c) — ] —t(c). (A.31)

Using a revealed preference argument for typés= C and¢ > ¢ we obtain

q(c) >

V(c;: Y@ < o) (A.32)

C
The above chain of inequalities implies tHét(c) = —¢(c) except for points of discontinuity.
Moreover, from[(A.3R) we immediately obtain that the incentive compatible quaantidytrans-

fer schedules;(c) andt(c), are non-increasing. Using the insights from above, the tratigfer
can be stated as

(o) = a(elL - a0~ - [ " 4(2) da (A.33)

becausé’(c) = V(cy) — [ q(2) dzandV (cy) = 0 in the optimum.
Discriminatory Offers.-With downstream firms operating in separate markets, the manufac-
turer solves two isolated maximization problems. After integrating by parts, thafawarer’s

problem regarding firmi = 1, 2 can be stated as follows:

Program D1:

Fz(C)
fi(e)

mox [ (q<c>[1 ~ 4le) - e~ K] — q(c)

(@(c))eecc Jey,

) fi(e) de

subject to: ¢(c¢) is non-increasing
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Ignoring the monotonicity constraint for the moment, point-wise maximization yields

1 Fi(c)
D A
g (c)=z|l—c— K —
By Assumption§ 2 and 3, the quantity schedque(c) is strictly decreasing and assigns a posi-
tive quantity to all types.

Uniform Pricing.—Being restricted to offer the same wholesale tariff to both downstream
firms, the manufacturer maximizes

. (A.34)

10 - K@l + fate)) de (A.35)

crL
subject to the (IC) and (IR) constraints. Since the constraints are theasamraler price dis-

crimination, the incentive compatible transfer schedule is still characterizdd.B3). Inte-
grating by parts yields

/cH /'CH q(2) dz[fi(c) + fa2(c)] de = /CH q(c)[Fi(c) + F(c)] de, (A.36)

cL

such that the manufacturer faces the following problem:

Program U:

Fi(c) + F(c)

max /CH <Q(C)[1 —q(C) _C_K] _Q(C) fl(c) +f2(6)

(g(e))cec cr,

> [fi(e) + fa(c)] de
subject to: ¢(c) is non-increasing

Ignoring the monotonicity constraint for the moment, point-wise maximization yields

Fi(c) —i—Fg(c)]
fi(e) + fa(e) |

By Assumption&R ard 3, the quantity schedyiiéc) is strictly decreasing and assigns a positive
quantity to all types.
Based on the above insights, we now can prove Lefima 4. AccordihgTo)(4.34 (c) <
¢ (c), thenF(c)1/f(e)1 > F(c)2/f(c)2. In combination with[[A37) 4" (c) < ¢Y(c) <
¢ (c) is equivalent to

qU(c):l[l—c—K—

5 (A.37)

F1(0)>F1(C)+F2(0)>F2(C) Fi(e) _ F(c)
file) = fi(e) + fae) ~ fale) file) = fa(e)’

which establishes the desired resHit.

(A.38)

Proof of Proposition [t

Inserting [(A.34) and (A.37) into

E[WP] = 22:{

=1

[ 1P - /2P0 ~ (e + K1) £t dc} (A.39)

cL
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and

EWY] = /CH [47(c) = (1/2)(a"(e)* = (¢ + K)q” ()] (f1(e) + fa(c)) de,  (A.40)

CL

respectively, reveals

e BO] R - BOAE]
AW‘8{[Lﬁ”P A 1 | s e e R G

+lwﬁ@P_@+m_Fmﬂ[<LM@ ﬂhﬁ@}@} (A42)

fa(c) fa(e)[f1(c) + fa(c)]
Simplifying the above expression yields
_ L[ [R(Qfe) ~ F(Si)
AV=5 / (O RO () + falo)] © <" (A.43)

which establishes the desired resHit.

Proof of Proposition
The manufacturer maximizes

II=a"[t, —kqr]+ 0" [ty — kqmu] (A.44)

subject to (I%) (ICx), (IRE), and (IG,). If discriminatory offers are allowed, theif =
1 — «; with regard to downstream firine {1,2}. Under uniform wholesale tariffs, we have
(5U =2— ay.

First, consider the relaxed optimization problem where, under pricing regimeg D, U},
M maximizes [[A.44) subject only to (HR and (IC.). For a given allocatioriqy,, gir), the
optimal transfers make both constrains bind:

ty = W(QH,CH)—Wﬁa

tp = m(qw,cr) — m(qm,co) + m(qm, cu) — T

Except for being shifted downward by the amourj, the transfers are the same as in the
standard case without alternative supply. In consequence, the optlowtian is the same

as in Sectioll4:q} (a") = ¢’%(cr), andgy;(a”) = ¢ (a”) for o™ < &, wherea? = a
andaV = 24, and zero otherwise. With the allocation satisfying the monotonicity constraint
(MON), (ICg) is satisfied trivially because (I holds with equality. Thus, this allocation and
the associated transfers solvEs original problem as long as the (fFX constraint is satisfied,

or, equivalently, as long as

m(q"%(cp), L) =t > 1) = ¢ < qi(a). (A.45)

Recall thatj” (") is a strictly decreasing function wifi (0) = ¢’(cz) andg”(a") = 0. In
consequence, (KR holds if¢ < ¢”°(cy) anda”™ < a”(¢) € [0,&"], wherea™ (¢) is implicitly
defined as

du(a’(9)) = ¢ (A.46)
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Existence and uniqueness @f(¢) follow from the intermediate value theorem together with
¢" (o) being a continuous and strictly decreasing functiorilon”].

Next, consider the relaxed problem whéeve maximizes [(A.44) subject only to (@ and
(IRf). For a given allocatiofig;,, ¢z ), the optimal transfers make both constrains bind:

ty = W(qL,CL)—Wf (A.47)
ty = W(qH,CH)—ﬂ'f[ (A.48)

Inserting these transfers into_(Al44) reveals thas goal is to maximize the joint surplus.
Hence, the quantities implemented afga”) = ¢’°(c1,) andq}; (a”) = ¢’ (cy). Obviously,
the above wholesale mechanism satisfies the monotonicity constraint (MOINhig solution
to the relaxed problem also to be a solution to the original problem, it needs ¢bdunked
that the mechanism is also incentive compatible. The incentive constrairg twthcost firm,
(ICL), is satisfied if

m(q’5(cr),cr) —tr > m(q¢’% () er) —tn <= ¢’%(cu) < ¢ (A.49)

A high-cost firm truthfully reveals its type, i.e. (|9 is satisfied, if

JS(

m(q"%(cr),cn) —tu > w(q"%(cL),cn) =t = ¢’%(cL) > ¢ (A.50)

Thus, forg € [¢7%(cx), ¢’ (c1)] the above wholesale mechanism is optimal under the original
problem.

Last, consider the relaxed problem whéfemaximizes[(A.44) subject to (Iﬁ), (IRf), and
(IC). For¢ < ¢’%(cy) anda” < o’ (¢), on the one hand, and far € [¢/%(cyr), ¢”%(cL)],
on the other hand, the solution to this problem is given by the solution to theataspless
heavily constrained optimization problem considered before, where onlpftithe constraints
were binding in the optimum. Fab < ¢”%(cg) anda™ > a"(¢), however, in the optimum
all three constraints must be binding. Thus, transfers under pricinmeeg € {D,U} as
functions of the implemented allocati¢qy,, ¢;7) are given by:

th = w(qm,cu) — (A.51)
ty = w(qp,cr) — ﬂ'f (A.52)
th —ty = w(qn,cr) —m(qm,cr). (A.53)

Solving the above equatioris (Al51)—(Al53) fgy yields

r r 7TA — 7TA
qu(a’) = ﬁ = 0. (A.54)

With ¢y being fixed by[(A.5%) M chooses;, in order to maximize
th —kqr =m(qr,cr) — Wf — kqr, , (A.55)

which is achieved by} (a") = ¢’%(c1,). The above allocation clearly satisfies the monotonicity
constraint (MON), and (Ig) trivially holds because (Ig) is satisfied with equality. Thus, the
above wholesale mechanism also is a solution to the original probleg forq”“(c) and

a” > o’ (¢). This establishes the desired resHit.
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Proof of Proposition
(i) For as < aP(¢) < a¥(ag; ¢) < a1, we haver?, = ¢ = ¢ < ¢, = GP(az). According
to (18), the difference in expected welfare amounts to

P (az2)
AW = (1 — a3) {/¢> P(z)dz — (cy + K) [¢7 (a2) — ¢] } (A.56)
Thus,AW > 0 if and only if

GP (a2) ¢
/0 P(2)dz — (e + K)iP(as) > /0 P(2)dz — (ci + K)o, (A57)

To see that this inequality indeed is satisfied, note that the fungfidP(z)dz — (cx + K)q
attains its maximum at* which is implicitely characterized b¥(¢*) = ¢y + K. Comparing
this last expression with the first-order condition characterizifign;) in (I0) immediately
implies ¢” (a2) < ¢*. Since the functionf P(z)dz — (cu + K)q is strictly concave in
wheneverP > 0, the result follows fromp < ¢”(as).

(i) If ao < &P (¢) < 1 < af (az; ), thengf), = ¢ < ¢} = Y (ax) < qf}, = 7 (a2).
The difference in expected welfare then is

¢
AW“=ﬂ—aﬁ{/w f%@ﬂ—@m+ﬁﬁw—dW%ﬂ}

~D

§” (a2)
+ (1 — ag) {/ P(2)dz — (e + K) [§7 (a2) — ¢Y (ax)] } . (A.58)

Y(asx)

Differentiation with respect ta;; yields

]
N {/ P(2)dz — (cy + K) [¢ — ¢V (ax)] }

dO[l U(ag)

Y (ax)

dOél

— (2= (o1 + a)) [P(¢Y(ax)) — (cu + K)] . (A.59)

Note thaty < ¢Y(ax) < ¢*, whereq* was defined in the proof of part (i) and the sec-
ond inequality follows from[(14). The same reasoning as in the proof df (Baimplies

~{ Sy Pz = (e + K) [0 = ¥ (a5)] } > 0. By @) P(d" (o)) — (en + K) =
P'(q% ()" () 522 (cy—cr) > 0, and the desired result follows frog” () /da; <

0.

(iii) Follows immediately from the proof of Propositionh i
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B. SUPPLEMENTARY MATERIAL (NOT FORPUBLICATION)

Supplementary Material for Section[7

Proof of Lemmals:
In what follows, we continue to make use of the following® = ¢/(¢;) = (1 — ¢; — K)/2;.
Note, however, thay;’s does not refer to the joint-surplus maximizing quantity in the context
of downstream competition.

With transfers charged to firmbeing pinned down by (IR;) and (IG;), M chooses quan-
tities in order to solve

max P =a {qiz[1 — qir —vEslq] —er] — qinlen —cr) — Kair}

Q1L Q1 H 2L G2 H
(1 —a){au 1 —qr —vE2(q] —ca] — Kqiu} (B.1)
a2 {q2r [1 — q2r — vE1[q] — cL] — qor(cq —cr) — Kqar}

(1 —a2){gen [1 — @2 —vE1[q] — cua] — Kqm'}

The necessary F.O.C.s read:

omP
0qir,

=0 = g =q"%(ct) —7E;ld), (B.2)

and
omP
0qin
wherei # j. With E[¢;] = a;qir, + (1 — o4)g;m, combining [B.2) and (BI3) yields

a; cg—cr
— _ B.3
a2 (B.3)

=0 = g =q"%(ci) —vE;[q]

JS
Bild = Bjld = { (8.4)

Plugging [B.4) back intd(B]2) an@ (B.3) allows us to solve for

D JS v Js D L s Qi g —CL
. = and : = . B.
a1 () = az, 7@1{ % (7) 1 4H 1 . 9 (B.5)

In order to show that the above F.O.C.s are not only necessary butudfistest, consider the
associated Hessian mtrix of second-order derivatives:

foad 1 At foad 15 0P foad 1 St

o¢? 0q10.01n  0q1.0¢21.  Oq1.0q2H
821'1% foad 15 o*nP foad 1 St

HP — 0q1a9q11, 2 0q1u9q21,  0q1HOG2H
- o*nP 82H% Foad ) Lt foad 1 St

0q2r.01. 0q21.0q1H 0q3 0q21,092H
9%l foad 15 a2n% foad 1 St
02m0q1,  Oq2m0q1m Oq2m0q2L 042

—201 0 —2vai —2va1 (1 — )
B 0 —2(1 —aq) —27(1 —aj)ae —2v(1 — a1)(1 — a2)
—2vajan —27(1 — ) o —2009 0

—2va1(1 — ag) —27(1 — a1)(1 — ag) 0 —2(1 — ag)
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Letting D;, denote theth leading principal minor, we have

(-1)'D; =2a; >0 (B.6)
(-1)°Dy = 4a1(1 —ay) >0 (B.7)
(—1)3D3 = 8araz(l — a1)(1 — +%az) > 0 (B.8)
(=1)2Dy = 1601a2(1 — ay)(1 — an)(1 —~4%) > 0 (B.9)

such that the objective function is strictly concave and the F.O.C.s are irsidfgcient for
optimality.

From [B.5) it follows immediately that the monotonicity requirement imposed by thaen
compatibility is satisfied:

Q

g () > an(y) = ai’ > i — (B.10)
(2
Next, we show thafl/ wants to serve both firms for sufficiently low:
l—cg—K)—aj(l—cp — K
4() >0 = < ( i ) =: 75, (B.11)

CH —CL

where(1 — cg — K) — a;(1 — ¢, — K) > 0 sinceq; < aP.

Last, it remains to argue that free disposal has no bite feufficiently low. Given quantity
¢;, firm i’s best response is given by
1l—¢ 7

5 5l (B.12)

qi(qjlci) = arg mgxq(l —q—g —¢) =

With firm ¢'s best response being decreasing in fjrexquantity, for free disposal not to impose
a binding restriction we must havgy; (v) < ¢i(¢/7,(7)|e:) andg/] (v) < qi(gfy,(7)]ei). First,
note thatg/7;(7) < ¢i(¢j7,(v)lcr) if and only if

Q5

JS
( 1—0&@

Y (cm —cL) +7 ¢ (L) — (cm —er) —(1— CH)}

|:K + (CH - CL):| <0. (813)

1—0(2

The quadratic function on the LHS df (Bl13) has two zeros, one of whidtristly posi-
tive, whereas the other one is strictly negative. In consequence,) (8. katisfied for all
v € [0,vRy], where

(1 —cn) = q¢"%(cr) + 125 (cm — cr)

D ._
TFPH : 2(CH _ CL)
) 2
(1 —cnm) —q’/%(cr) + 125 (ca — 1)
+ 1-ai K+ (CH—CL) . (B.14)
2(CH - CL) I —a

Likewise,¢/7 (7) < ¢i(¢}7,(v)|cr) if and only if

(e —cn) +v [q"(er) +2(cm —er) = (1 —er)] — K <0. (B.15)
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The quadratic function on the LHS df (Bl15) has two zeros, one of whistriistly positive,
whereas the other one is strictly negative. In consequdnce] (B. 15sfeestfor ally € [0,~2; ],
where

N ¢’5(c) — 2(cn —c1)
FL 2(eg —cp)

n \/|:1 —cCy, — (]JS(CL) - Q(CH - CL) ? + K . (B.16)
2(cy —cr) CH ~ CL

Definingy? := min{~y%,, v}, v, } establishes the desired res#it.

Proof of LemmalG:

In what follows, we continue to make use of the following® = ¢’/“(¢;) = (1 — ¢; — K)/2;.
Note, however, thag/® does not refer to the joint-surplus maximizing quantity in the context
of downstream competition.

As we argued in the text, if (IRy) and (IG) are both satisfied with equality, then—with ex-
ception of (IG y)—all remaining incentive compatibility and individual rationality constraints
are automatically satisfied. For the moment, we therefore ignorg;§l@nd show that this
constraint is satisfied as well under the optimal contractfeufficiently small.

With transfers being determined by @R) and (IGr), M chooses quantities in order to
solve

max IV = ax {qr [1 — qr — vE1[q] — cL] — qu(ca — c) — Kqv}
aL-qn (B.17)
+2—ax){qu [ —qu —vEA[q] — cu] — Kqn'}

The necessary F.O.C.s read:

oy 1 an(l—a1)+(2—ax)a
-0 = = ¢’5%(c — , B.18
L aw = a7 (er)y pa— 2a5(1+yon) " (8:18)
and
oy 1
O R R T
ay, Ccg —Cj, 1

T 2—ay 2 1+9(1-m)
Ozg(l — 051) + (2 — az)al

"0 — a1 40— apy i B19)
Rearranging these F.O.C.s yields
) = S (o) 2=
_ 7[@2(1 — 041) + (2 — 062)061”(2 — ag)(l — CH — K) — OJE(CH — CL)] (BZO)
A(v)
and
0% — (6% (6] 2 (6]
i) = (e RO (o ) 2O 00
_ ’Y[ag(l — Ck1) + (2 — az)aﬂaz(l —CI, — K)’ (B.21)

A(v)
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where
A(y) =4dax(2—ax)(1+7) — 72(042 — 2041)2. (B.22)

In order to guarantee that'’'s problem is well behaved, consider the Hessian matrix

92nv oYy

2 0qr,0
ORI T A
9qr0qr, 8q%{
_ —2ax(1 4+ yaq) —ylas(l —a1) + (2 — as)a]
—as(l—a1) + (2 -ap)aa]  -2(2—ag)(l+7(1—a1))

It is readily verified thai Y| > 0 if and only if A(y) > 0. In consequencel!’s objective
function is strictly concave foy € [0,~7Y), where

’yg — 20[2(2 — Oéz) n \/(2@2(2 — 042)>2 N 4@2(2 — CMZ)' (823)

(Ozz — 2@1)2 (Ozz — 2@1)2 (Oéz — 2051)2

Focusing on the case whefdy) > 0, we next show thab < ¢ < ¢¥ is satisfied fory
sufficiently small. First, we havg% > 0 if and only if

Q2 < 2ax2(1 —cyg — K) — ax(1 — ¢ — K)], (B.24)

where

Q=lax(l—a1)+ 2 —ax)au]ax(l —cr — K)
— (1 —cp — K)2a501(2 — ax) + 2(ax)’a1(cyg —cr). (B.25)

Since the RHS of(B.24) is strictly positive far, < &, (B.24) is satisfied fory € [0,7}_ ),
wherey{_,, is defined as followsy_,; = 1if @ < 0and

N 2042[2(1—CH—K)Q— as(l—cp — K)] (B.26)
if > 0.
Likewise,q¥, < ¢¥ if and only if
VQ > —dax(cy —cp), (B.27)
where
Q:=4dax(l1 —cy — K)—[2—as +2(ag — 201)](1 — ey — K) (B.28)

Thus, [B.26) is satisfied foy € [0,7Y_ ), wherey¥_; is defined as followsy},_, = 1 if
> 0and

4o (eg —cp)
U Y\CH L
= . B.29
THL = Yos(1—cy — K) — [2 — as + 2(ax — 201)|(1 — cr — K| (8.29)

if Q<0.



Price Discrimination in Input Markets: Quantity Discounts and Private Infation 40

We still to check that free disposal does not impose a binding restrictiost, Rinte that
¢% () < ¢(q¥ (7)|ex) if and only if

v*Apg +vBpu + Cpg <0, (B.30)
where
AFH = (1 —cCr, — K)QOQ)(Q — Odz))(l — 051> + (Odz) — 20&1)2<1 — CH)
—las(l—a) + (2—as)ul{(2—as)(l —cy - K) —ax(cy —cr)}, (B.31)

BFH = 4(1 — CH — K)Ozz(Q — ag)al — 4(@2)2<CH — CL)Oq
— 2[042(1 — 041) + (2 — 042)041]042(1 —Cr, — k)
+ (1 —C[, — k)2a2(2 - O[E) - (1 - CH)4012(2 — 042), (B32)

Crpg = —4ax[K(2 — ay) + ax(cg —cp)] < 0. (B.33)
Defining
_mﬂ/(ﬁ%)tm it Apg >0
MO T \/(m)Q — Ceiif Appy <0, Bpy > 0and (54%)2 > Crn
— g if Apg=0,Bpg >0
1 otherwise
(B.34)
(B.30) is satisfied at for € [0,7Y ). Likewise,q¥ (v) < ¢:(¢¥ (7)|er) if and only if
Y Apr +vBrr + Crp <0, (B.35)

where

AFL = (1 — CL)(OQ) — 20&1)2 + (1 — CJ, — K)Qag(? — Ozg)(l — 041)
—fax(l—a1)+ 2 —ax)a1{(2—ax)(l —cyg — K) —ax(cg —cr)}, (B.36)

BFL = (1 — CJ, — K)QO[E(Q - az) + 4(1 —CJ, — K)QE(Q - az)(l — 011)
— 2[0[2(1 — al) + (2 - ag)al]{(Q - Ozg)(l —CH — K) — OZE(CH_L)}
— (1 =cp)dax(2 —ay), (B.37)

Crr = —4&2(2 — OJE)K < 0. (838)
Defining
( 2
B B C R
i +\/(2A?L) — CEL i Apg >0
2 2
B B CrL B C
=4 () G Apy < 0By > 0and (£ 2 Get
—% if Aprp =0,Bpr >0
1 otherwise

(B.39)
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(B.38) is satisfied at foy € [0,7Y,).
It remains to show that (1Gy) is satisfied fory sufficiently small if transfers are chosen such
that (IG,1) just binds, i.e.,

a [1- q7 — E1[q"] - cr] — afr [1- af; — E1lqd"] — cr] =tp —tu
>q7 [1-qf — Eil¢"] —cu] —qu [1 — ¢ — E1[¢"] — cu] . (B.40)

Using the fact that the monotonicity requirement is satisfiedfsufficiently small,g¥ > ¢¥,
and thatv; — a9 = 2a1 — a3, the above condition can be rewritten as

Y201 — ax)(qf — qf) < (cu —cL) (B.41)

Substituting [(B.2D) and(B.21) intg (B.41) and (straightforward but rtkeégss very tedious)
rearranging results in the following equivalent condition:

Q< (en — cp)dax(2 — ax) +7(cn — cp)dax2(1 — ay), (B.42)

where

0= (201 —ag){(l—cL ~ K)asd—2(as +201)(1— e — K) + (e —e) (2an —ag)}.
(B.43)

Note that the RHS of (B.42) is strictly positive. Thus, {9 is satisfied if (IG.) binds for
v € [0,v1c1m), Whereyror g is defined as followsy oy = 1 if Q<0,and

(CH — CL)4C¥22(1 — 041)
20

(e —cp)das2(1 — )\ 2 (cy — cp)dan(2 — ax)
+\/< - > + = . (B.44)

YIC1H =

if Q> 0.
Definingy" := min{Y, vy, 7Y < 1. Y81 Y%L, 7501 1 establishes the desired resiit.

Supplementary Material for Section

To complement the analysis in Sectldn 8, we now give a detailed accountder what cir-
cumstances the upstream firm prefers to serve only one type of doamdiren. Unless stated
otherwise, the following observations apply to both pricing regimes.

Clearly, when serving only one type of downstream firm with egghe highest possible
profit A could hope for would be achieved by offering the joint-surplus-maximizunangjty
q”%(c) and charging a transfer that just ensures participation by that typer(¢/°(c), c) —
74 (c). This observation has two immediate implication. First,doe [¢7°(cy), ¢/ (cp)] it
never pays off fotM to serve only one type of downstream firm because, according to Propo
sition[9 (iii), under the optimal contract that serves both cost types eaehsyqdfered the re-
spective joint-surplus-maximizing quantity and—with both participation conssrdinding—
M extracts all the surplus. A second implication is that evengfor ¢/°(cy) it can never
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be optimal forM to exclude the low-cost type because this type does not reject the bundle
(q¢"%(cn), m(q?%(cm), ci) — 74, which makes the high-cost type just break even. Thus, for
¢ < q’%(cxr) the upstream supplier will always benefit from serving both types ofdtieam
firms instead of designing a contract that excludes the low-cost type.

The remaining question is wheth&f might benefit from excluding the high-cost type when
¢ < q¢’%(cy). Given Assumptiorl, a high-cost firm always rejects the bundlg’®(cy),
m(q”%(c1), c) — m3). Hence M’s profits under pricing regime € {D, U} from serving only
type L are given by

7, = o [w(q”%(cr), er) — 7 — Kq”(cr)] (B.45)

If, on the other hand)/ serves both types of downstream firms, we know that both)(B&d
(IRg) are binding under both pricing regimes for< ¢”°(cy). With transfers being pinned
down by these constraints, the quantities offered correspogi(td’) = ¢/ (c1,) andg}, (")
as identified in Propositidn 9. Thus/’s profits from serving both types of downstream firms
under pricing regime is
P ew),en) = (e — er)ai(a”) — iy — Kq'%(er)}

+6" {m(gp(a”), cm) — mf — Kqj(a”)} . (B.46)

g =a {W(q

Comparison of[(B.45) and (B.46) reveals thdtprefers to serve only the low-cost type under
pricing regimer € {D, U} if

o (et — en) (@ (@) = 6) > & [n(qhy (@) cn) — 7y — Kaiy(a?)] . (B.AT)

Sincer(qm, cr) — Kqyy is strictly increasing imyz; on [0, ¢’ (cz)), under Assumptionl4 there
exists a unique quantity between 0 ayid (cz) at which the right-hand side (RHS) ¢f(B147)
equals zero. Let this quantity-threshold be denoted.biyormally, ¢ is implicitly defined by

m(p,cr) — iy — Ko = 0. (B.48)

As we prove below, foi € [6,q”%(cy)] it never pays off forM to exclude the high-cost
downstream firm. Withp being relatively large, a low-cost downstream firm benefits by far
more from procuring the input from the fringe than a high-cost dowastrérm. Thus, the
rents the manufacturer can extract when contracting with a low-cost tgpelatively low. This

in turn implies that cutting back on information rents paid to a low-cost type is lessrienyi

but contracting with a high-cost type is not that unimportant. Hence, it is optimays to
contract with a high-cost downstream firm. kore [0, gﬁ), on the other hand, we are closer
to the standard case without a fringe supply. Whileserves both types of downstream firms
when the probability of facing a high-cost type is high, onéexceeds a certain threshol,
considers it profitable to serve only the low-cost type. To characterizehteshold formally,

fix some¢ € [0,¢) and consider values af” € (0,a"], wherea” is implicitly defined by
§"(&") = ¢. Application of the envelope theorem yields

Ay, =117 )

L) (e = ) (qir(a”) = 0)+ [r(air (o), cn) = i — Kairla”)] > 0, (B.49)
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where the inequality follows from the definition ofin (B:48) andj” (o) > ¢ for a” € (0,&"].
Sincell;, — I} ;|ar=0 < 0 andIl;, — II} ;;|ar=a~ > 0, by the intermediate value theorem we

know that for anyy € [0, ¢) there exists a unique vald€ (¢) € (0,a") such that
07, — Oy plar=ar(¢) =0, (B.50)

which yields the desired characterization of the threshold.
“p

JS(

q CL)

JS(

q CH)

o & 1 o

Figure 4:M’s decision which types to serve

We summarize these observations in the following lemma, which is illustrated focrinais
inatory pricing regime in Figurgl4. In the light-gray shaded area both typeswnstream
firms are served, whereas in the dark-gray shaded area the highyoess exclude@ In
consequence, all the statements in the main text refer to the light-gray sraded

Lemma 7 Suppose Assumptions 4 did 5 hold. Under either pricing regime, thedsitype
is never excluded. Under pricing regimes {D, U}, the upstream supplier does not exclude
the high-cost type if (i € [}, ¢”% (cx)], or (ii) ¢ € [0, ¢) anda” < & (¢).

Proof:

We first prove Part (i). First, consider the case= [¢, ¢’ (cy)]. Under pricing regime: €
{D, U}, according to Proposition 9 (ii), far” > a"(¢) the optimal quantity to offer when
serving the high-cost type ig, (a") = ¢. In consequence, the left-hand side (LHS)[of (B.47)

2As becomes obvious froffi(BJA7), the threshald¢) depends on both# andz. In order to depict the locus
of this threshold in théa", ¢)-space, in Figurgl4 it is implicitly assumed that variationgiare due to changes

of eithermy or ;.
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equals zero, whereas the RHS is (at least weakly) positive M.edpes not exclude the high-
cost type. Ifa” < o”(¢), then—according to Propositién 9 (i)—the optimal quantity to offer
when serving a high-cost downstream firmgfs(a”) = ¢" (") > ¢. To see that\/ prefers
to serve both types of downstream firms in this case as well, suppose thde-teaving the
guantity to a low-cost firm unchangedt4could offerq; = ¢ to a high-cost downstream firm
(instead ofj" («")) together with tariffs chosen such that QRand (IG) bind. Sincegy = ¢,
(IRf) is satisfied with equality. With this contractual menu, the LHS of (B.47) obWaeguals
zero, whereas the RHS is (at least weakly) positive since ¢, i.e., M prefers serving both
types of downstream firms with this alternative allocation over serving onliotheost type.
Clearly, M'’s profits under the optimal contractual menu for serving both typs of dowam
firms as identified in Propositidn 9 (i) cannot be lower than profits under ltieised allocation.
In summary, under pricing regime € {D,U}, for ¢ € [¢,¢”5(cy)] we havell; > I} .,
irrespective ot", i.e., M will always serve both types of downstream firms.

Regarding part (ii) it remains to show thaf prefers to serve only the low-cost type for
¢ < panda” > a". If o’ € (&, a"(¢)), theng < ¢ (a”) < ¢, which implies that the LHS of
(B.41) is strictly positive whereas the RHS of (B.47) is strictly negative, Meprefers to serve
only the low-cost type of downstream firm. df* > o (¢), theng}; (o) = ¢. Since¢ < b,
the left-hand side (LHS) of (B.47) equals zero, whereas the RHS is stnietjstive. Thusj/
prefers to exclude the high-cost type in this case as well, which estabiighdssired resull

Note that the upstream firm's motive for not serving the high-cost typagdmasy” in-
creases: Foa” only slightly above the threshold”(¢) the (IRf) constraint is slack under the
optimal contract when serving both firms, &6's incentive for excluding the high-cost type is
rooted in the desire to cut back on the information rent paid to the low-cost Bar relatively
high values otx", on the other hand, (Ife) is binding under the optimal contract when serving
both firms; here, exclusion of the high-cost type is rootedl/ils desire to avoid making losses
from serving this type.



