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We consider a monopolistic supplier's optimal choice of wholesale tariffs
when downstream firms are privately informed about their retail costs. Th
existing literature typically ignores the possibility of downstream firms hav-
ing private information. Under discriminatory pricing, downstream firms
that differ in their ex ante distribution of retail costs are offered different
tariffs. Under uniform pricing, the same wholesale tariff is offered to all
downstream firms. In contrast to the extant literature on third-degrésepr
discrimination with nonlinear wholesale tariffs, we find that banning dis-
criminatory wholesale contracts—the usual legal practice in the EU and
US—often is beneficial for consumers and social welfare. This result is
shown to be robust even when the upstream supplier faces competition in
the form of fringe supply.
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1. INTRODUCTION

According to recent empirical evidence, vertical contracts between faanrers and
retailers are often nonlinear, see Villas-Boas (2009) or Bonnet abdiB({010). More-
over, the legal practice in the EU and US is to regard quantity discounts atifeajple
pricing strategy of manufacturers—as long as they are not discriminatting isense of
applying different conditions to identical transactions with other tradingwp&@ The
literature on third-degree price discrimination in intermediate good marketsvaow
mainly focuses on linear wholesale contracts. The few papers investigaéngelfare
effects of third-degree price discrimination in intermediate industries that &dloguan-
tity discounts find that a ban on price discrimination reduces Wﬁfanecontrast to this

*We have benefited from comments made by Matthias Krékel and Takisioioka. All errors are of
course our own.

TCorresponding author. Tel: +49-228-739212; E-mail addressetimueller@uni-bonn.de (D. Miiller).

cf. Waelbroeck (2005) and Motta (2009). Regarding the EU, howévierstatement has to be qualified
in the light of theMichelin Il judgment from 2003, “because for the first time it is found that a dontina
firm cannot even resort to pure (non-individualised) quantity distsp@apractice until then accepted by
the Courts.” (Motta, 2009, p.29)

2Cf. O'Brien and Shaffer (1994), Rey and Tirole (2005), and Istland Shaffer (2009).



Price Discrimination in Input Markets: Quantity Discounts and Private Infation 2

literature but in line with the usual legal practice, we derive conditions thatthanning
discriminatory wholesale tariffs improves social welfare as well as conssuanplus.

In our model downstream firms differ in the ex ante distribution of their retsts;
which can be either high or low. These different distributions are knoythe man-
ufacturer. If third-degree price discrimination is permitted, the manufactiffers to
downstream firms with different distributions of retail costs a differenturartransfer-
quantity pairs. Under uniform pricing, on the other hand, the same meniereofto
all downstream firms. When deciding whether or not to accept the suppféar, each
downstream firm is privately informed about the realization of its retail cbsts, the
monopolistic supplier does not only offer nonlinear tariffs to reduce Eoutarginaliza-
tion but also to screen downstream firms according to the retail efficieagywholesale
tariffs are such that each downstream firm reveals its retaiﬁctnmspective of the pric-
ing regime, a low-cost downstream firm procures the efficient quantity the integrated
structure’s point of view. The quantities procured by high-cost doseam firms, in con-
trast, are distorted downwards. With discriminatory pricing this downwarddiisn in
a particular downstream firm’s quantity increases as this downstreamdgomies more
likely to produce at low cost. Under uniform pricing, on the other handhegin of
the quantity distortion is determined by the average probability of all dowmstfiems
to produce at low cost. In general, for a high difference in retail cestéen a high-cost
and a low-cost downstream firm, it may well be optimal for the manufacturseize
only low-cost firms in order to cut back information rents. In consegegeuander uni-
form pricing, if the average probability that downstream firms produdaigt cost is
low, then only low-cost downstream firms are served. Under discriminatdecing, in
contrast, due to downstream firms’ heterogeneity with respect to ex dicterafy, some
downstream may also be served even when producing at high cost. i$ tihie case,
then permitting discriminatory wholesale tariffs leads to more markets beingdsenve
the sense that some downstream firms are served under discriminatamptbutder
uniform pricing if they are high-cost retailers. Here, permitting third-degprice dis-
crimination increases the total quantities sold in expectations and therefoexpkscted
welfare. While the results summarized so far are supportive of the predotrpin-
ion in the existing literature, welfare effects of banning price discriminatiomeversed
if the differences in retail efficiency between a high-cost and a low-downstream
firm is relatively low. Here, under either pricing regime each downstreami§ served
even if producing at high cost, with the quantity procured by a high-catsiler un-
der uniform pricing lying strictly between the highest and the lowest quantitgyred
by a high-cost retailer under discriminatory pricing. In these cases-ast fer linear
demand—banning price discrimination improves social welfare and conssungus,
which contrasts the findings in the established literature.

In order to allow for the manufacturer’s pricing behavior also causimgany-line
injuries in the upstream market, we augment the basic model by assuming what do
stream firms can purchase the essential input not only from the mamafabtut also

3A model of vertical relations where downstream firms’ costs are sttichia analyzed by Rey and Tirole
(1986). They do not discuss third-degree price discrimination.
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from a competitive fringe. Most of our findings are robust toward thigl ldhupstream
competition. In particular, for a wide range of parameter values, a barsonndinatory
wholesale tariffs benefits consumers and improves social welfare.

There has been considerable back and forth in the literature regardingetfare ef-
fects of banning third-degree price discrimination in intermediate-good nsarkenis
literature was initiated by Katz (1987). He shows that permitting price discrimmatio
reduces welfare unless it prevents inefficient backward integraticimdylownstream
chain. DeGraba (1990) extends Katz’'s model to a long-run analysieevdwosvnstream
firms can invest into cost reduction. Here, a ban on price discriminatios mateonly
increase welfare in the short run, but also is beneficial in the long rue iftuition
behind these results is that the wrong firm—the less efficient one—recaidéescount
under price discriminatioH.WhiIe the above articles assume that the upstream supplier
is an unconstrained monopolist, Inderst and Valletti (2009) and O’Bf@thComing)
relax this assumption. In Inderst and Valletti the upstream supplier is eamstr by
the threat of demand-side substitution. Here, the more efficient firmveecaidiscount
under price discrimination. As a result—in the long run—consumers bemefisa-
cial surplus increases if price discrimination is permitted and demand is lin&2nie@®
assumes that wholesale prices are determined by bilateral negotiationghéheesup-
plier and a downstream firm. This also gives rise to circumstances wheningorice
discrimination is socially harmf@.

All the aforementioned articles restrict attention to linear wholesale pricass, Thth
linear wholesale tariffs the welfare results regarding a ban on priceirdisation are
mixed. Among the few exceptions which consider pricing schemes more cotinalex
linear wholesale prices, in contrast, the predominant opinion is that badiscgmina-
tory wholesale pricing is detrimental for welfare. O’Brien and Shaffé®d) assume that
firms can bargain over the terms of a two-part supply tariff. Banning pliszimination
renders retailer bargaining power useless and mitigates the manufactoaeket power.
All downstream firms pay higher marginal input prices under uniformipgi¢han un-
der price discrimination. Thus, a ban on price discrimination is harmful fosemers
and reduces total welfare. A similar model is analyzed by Rey and Tiro@5j2Here,
the manufacturer has all the bargaining power. They show that “n@nidisation laws
[...] reduce consumer surplus and total welfare by enabling the monopotstimit”
(p.32)|§ Inderst and Shaffer (2009) abstract from any commitment problemassuine
that the offered two-part tariffs are publicly observable. Focusingsymmetric down-
stream firms they show that discriminatory contracts amplify differencesvimsipeam
firms’ competitiveness. Again, a ban on price discrimination tends to raiseaHldood
prices and thus to reduce total output. In consequence, banning fmicenihation re-
duces consumer surplus and total welfare. While the above “insightrgaideserious

4Similar results are obtained by Yoshida (2000) and Valletti (2003).
SMixed welfare results regarding price discrimination in input markets k@ @btained by Herweg and
Muller (2010).

SBuilding on the Rey-Tirole model and assuming that the supplier compgééssh a competitive fringe,
Caprice (2006) shows that a ban on price discrimination leads to an &ecireavelfare if the fringe is
sufficiently efficient.
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concerns about the efficacy of the Robinson-Patman Act” (O’BrienSathffer, 1994,
p.314) or its analogue in EU competition law, we find that, when downstream tianes
private information, the reservation toward discriminatory pricing practegabodied
in these legal enactments may well be warranted even if nonlinear priciegnsshare
feasible.

The rest of the paper is organized as follows: In Section 2, we introduc®asic
model with a monopolistic input supplier. This model is analyzed in Section 3ioBec
4 augments the basic model by assuming that the upstream supplier is celsinathe
threat of demand-side substitution. We conclude in Section 5. All proefeeteggated to
the Appendix.

2. THE MODEL

Consider a vertically related industry where the upstream market is monapbijAem
M. The upstream monopolist produces an essential input that is suppliegl dowmn-
stream sector. For simplicity, we assume that the upstream firm produaettgy at
constant marginal cosfy’ > 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 each downstream firm is a local monopolist, i.e., downstreasn fi
operate in distinct and independent markets. We comment on this assumgdton be
Downstream markets are identical in size and characterized by the imersnd func-
tion P(q), which is strictly decreasing and twice differentiable wh&re- 0. Moreover,
we impose the standard assumpt®fitq) < min{0, —¢P"(q)} whereP > OH

Downstream firmy produces at constant marginal cost and without fixed costs. The
marginal cost of production is either high or lowy, € {cp,cy} with 0 < ¢p < ¢y <
P(0). In all what follows, we assume th#t(0) > cy + K, which guarantees that the
joint-surplus maximizing quantity of a vertically integrated firm is strictly positive.

Let «; be the probability that firm has low marginal cost. We assume that o; >
ag > 0, i.e., ex ante firm 1 is more likely to produce at low marginal cost than firm
2. We refer to firm 1 and firm 2 as the efficient and the inefficient dowastr firm,
respectively. Its type—i.e., its marginal cost of production—is privateriédion of
the respective downstream firm. The upstream firm only knows the pititpav;, 7 €
{1, 2}, with which downstream firm is the low-cost type. Instead of assuming private
information regarding the retail costs, we could also assume that downsfiress are
privately informed about demand conditions. Our results, in particulartthetsre of
the optimal wholesale mechanisms as well as our welfare findings, wouldasarder
this alternative assumptioH

The upstream monopolist can make a take-it-or-leave-it offer to the dovamns firm@

"See, for example, Vives (1999).
8Suppose both downstream firms produce at marginalgodDownstream demand 8(q) in the “good”

state andP(q) = P(q) — (ca — cr) in the “bad” state. The exact demand conditions are private
information of the downstream firm that operates in this market. With thesemastions, the profit
functions of the downstream firms and the welfare function are exactlgaimne as the ones we obtain
by assuming private information about costs.

9The assumption of the upstream supplier having all the bargaining pawech arguably can be justified
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With downstream firms operating in independent markets and with the type bpatg
identical for both downstream firms, without loss of generality, the inpppker offers
downstream firm € {1, 2} a direct mechanisi; = ((qr:, tr:), (qmi, tm:)), that speci-
fies a quantityg € R>o, and a transfer from firmi to the upstream supplier,c R, for
each feasible type announcement.

With this type of wholesale contracts, the question whether or not a dowansfiam
is forced to sell the whole quantity procured is immediately at hand. We asseme f
disposal for downstream firms. Thus, when having purchased quahtifythe input,
downstream firm can produce any quantity< [0, ¢'] of the final output at cost;q.

The sequence of events is as follows: First, nature draws the costolypadh down-
stream firmi € {1, 2}, which thereafter is privately observed. Next, the input supplier
makes a take-it-or-leave-it offer to each downstream firm. Under pisceichination the
upstream supplier offers each downstream firm a possibly differgfif tehereas under
uniform pricing one and the same tariff applies to both fi@w& downstream firm either
chooses one of the two offered bundles or it rejects the upstream sigopffer. In case
of rejection, the downstream firm obtains its reservation profit, which imabzed to
zero. If the downstream firm accepts a quantity-transfer (gatr), it decides how much
of this acquired input to transform into the final good, and sells the pestioatput to
consumers.

We focus on separate markets in order to isolate the effect of discriminakatgsale
tariffs in the case of asymmetric information from potential competitive effeetem
an applied point of view, this restriction also seems justifiable: Besides ggigrprice
discrimination, a case in which separate markets are a natural assumptidgyrthe
pean Commission mostly concerns itself with whether discriminatory pricing sause
primary-line or secondary-line injurywhich are adressed in Article 82 (b) and (c)
Article 82(b) does not impose the requirement that a downstream firm heespgtaced
at a competitive disadvantage in the first place. Application of Article 82(c)he other
hand, calls for a downstream firm to be placed at a disadvantageoiismofecent
practice of the EU Commission, however, generally overlooks this requirewieen
relying on Article 82(CE

on the grounds that for antitrust purposes the considerations of geacendination in intermediate-
goods markets is primarily relevant if the supplier enjoys a dominant po%ifladerst and Shaffer
(2009), p.4) is common in the extant literature. The only exceptions ‘@ged and Shaffer (1994) and
O’Brien (2008).

19As noted by Inderst and Shaffer (2009), another way to model imificing would be to assume that
the manufacturer can offer a menu of tariffs, as long as the same imefffered to both downstream
firms. In our setup the manufacturer cannot benefit from offerimgeau of quantity-transfer tariffs,
since downstream firms cannot be screened according to their exfiézigney.

Hwhile the first type of price discrimination involves discrimination on the p&e dominant firm with
the objective of excluding rival competitors, the latter type refers to tlaeguhg of different prices to
downstream competitors thereby placing one or more of them at a compeligadvantage relative to
others.

12ps criticized by, for example, Geradin and Petit (2005),when dealing gdles involving primary-line
injury price discrimination, the EU Commission often relies on Article 82(c}-Efstead of Article
82(b) EC—and usually tends to ignore the requirement that the pricirggigean question has to put
one downstream firm at a competitive disadvantage.
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3. THE ANALYSIS

Letg*(c) = argmax,>0{(P(q) — ¢)q}. Itis readily verified thay*(-) is strictly decreas-
ing in marginal cost, such that*(cy) < ¢*(cr). Due to free disposal, downstream firm
i's maximum profit when faced with tupéy, t) is 7(q, ¢;) — t, where

m(q,¢;) = [P(min{q, ¢*(¢;)}) — ¢;) min{q, ¢*(¢;)}. 1)

Thus, downstream firniis gross profitsr(q, ¢;) are strictly increasing and strictly con-
cave ing on [0,¢*(¢;)) and constant foy > ¢*(¢;). Moreover,n(q, ¢;) satisfies the
following single-crossing property:

Lemmal Forall 0 < ¢ < ¢" < ¢*(cp), w(¢",cr) — 7(q,er) > w(¢",cy) —

m(d',cH).

Letg”/9(c) = arg max,>o(P(q) — ¢)q — K¢ denote the optimal quantity produced by
a vertically integrated structure comprising of the upstream supplier and/iastteam
firm with marginal cost. Under the imposed assumptions we have ¢/°(c) < ¢*(c).
Sinceq”* () is strictly decreasing in marginal castit holds that

JS(

q"%(cy) < min{q*(ca),q”""(cr)} < q*(cv). )

3.1. Discriminatory Offers

Suppose thel! is not restricted to offering the same wholesale tariffs to both down-
stream firms. Since downstream firms operate in independent matiesslves two
independent maximization problems. Thus, when contracting with a dowmsfiea
that produces at low costs with probability M offers this firm a wholesale mechanism
I' ={((qr,tL), (qu, tm)) that maximizes expected upstream profits,

1P (g, qu, tr, ti) = oty — Kqp) + (1 — a)[ty — Kqn) - 3)

subject to the constraints thitis truthful and individually rational.

The wholesale mechanism is truthful if and only if it satisfies both the inceotive
patibility constraint for the low-cost type, (K, and the incentive compatibility con-
straint for the high-cost type, (I&). Formally,

m(qr,cr) —tr > w(qm,cn) —tw , (ICr)

7(qu,cu) —ty > m(qr,cHa) —tr . (ICxH)

Moreover, the mechanism has two satisfy the individual rationality contraia., for
each cost type the designated quantity transfer tuple has to yield nomeqgalfiits. The
individual rationality constraints for the low-cost type and the high-cqst gre

m(qr,cr) —tp, >0, (IRz)
m(qm,cr) —thg >0, (IR#)

respectively.
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Implications of free disposak-An important implication of free disposal is that in
the optimum we must havey < ¢*(cy). To see this, assume the opposite, i.e., the
optimal contract stipulateg,, > ¢*(cy). Then, leaving;;, and transferg; and¢y un-
changedM could offer the high-cost type the lower quantity(cy ). First, this change
obviously does not affect (IR. Moreover, due to free disposal, we hav/};, cx) =
m(q*(cq), cxr), which implies that (IR;) and (IGy) are also left unchanged. Last, this de-
crease in the quantity offered to the high-cost type strictly relaxes tW€causer (¢* (crr ),
cr) < m(¢y,cr). Thus, all constraints remain satisfied under this new contract, but up-
stream cost of production is strictly lower than under the original contcacotyadicting
its optimality. Analogous reasoning reveals that in the optimum we have ¢*(cy,).

Implications of incentive compatibility-Combining and rearranging both incentive
compatibility constraints, (I¢) and (ICy), yields

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

As usual, incentive compatibility imposes the following monotonicity requirementein th
optimal contract we must havg; < ¢r. Then, it follows thatr(qz., crr) > 7(qm, cr),
which in turn implies that under the optimal contract we must have ¢ty > 0.

The implications of free disposal and incentive compatibility are summarized in the
following lemma:

Lemma 2 The optimal contract satisfies the following monotonicity constraint:
qn < min{qr,q" (cu)} < q*(cr). (MON)

Since the incentive compatibility constraints limit only the differences in trassiled
not the absolute values, we can conclude that IR binding at the optimum. As itis
well established, if (IR) and (IG,) are satisfied then (IR also holds. The remaining
incentive compatibility constraint, (I&), then holds as long as the monotonicity require-
mentgy < g, IS met.

Hence, the transferrg; andt;, are uniquely determined by (IR and (IG),

ty = 7(qu,cH), (5)
t, = mw(qn,c) —m(qm,crL) + m(qu,cn). (6)
The upstream supplier’s problem consists of choosing quanditi@adqy to maximize
upstream profits under a discriminatory pricing regime,
1°(qr.qu) = of{[P(a) — clar — qu(cm — cr) — Kqu}
+ (1 —a){[P(qu) — culqn — Kqu} (7)

subject to the monotonicity requirement < min{qr, ¢*(cg)} < ¢*(cr). Setting the
partial derivative of 1”(-) with respect tay;, equal to zero immediately yields

af =q’(cr) . (8)
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This is the well-known no-distortion-at-the-top result: the low-cost typalypces the
guantity that maximizes the joint surplus of the integrated structure.

The quantity sold to a high-cost downstream firm is distorted downwardsdier o
to cut back on the information rent paid to a low-cost firm. The downwartbrdign
depends on the probability with whicl/ deals with a low-cost downstream firm. If it
is sufficiently unlikely that the downstream firm produces at high cost, Mesill offer
the high-cost type a quantity equal to zero. Formally, due to strict conaaivitystream
revenues with respect tg; as long asP(q) > 0, M will offer the high-cost type a
gquantity equal to zero if and only if

onP
Oqn

P(O)—CH—K
P(O)—CL—K‘

<0 < a>aP:=
qr=0

9)
Fora < &P, on the other hand, the optimal quantity sold to the high-cost #Béy),

is strictly positive and satisfies the following first-order condition:

P(G"(a)) = err + P'(¢7(2))§"(a) = K + (cm —cr) . (10)

11—«
Obviously, ¢ («) is strictly decreasing inv and limy~ o ¢”(a) = ¢’(cg). Intu-
itively, as the probability of dealing with a low-cost downstream firm becosmesller,

M chooses the quantity offered to the high-cost type closer to the joint-sumpdui-
mizing quantityq”®(cg7). If, on the other hand, the probability of contracting with a
low-cost downstream firm is sufficiently high, théh prefers to offer a zero quantity to
the high-cost type, which eliminates information rents and in turn allbivio extract

all the surplus from the interaction with a low-cost type. Obviously, the tiies;” ()
andq? satisfy the monotonicity constraint (MON). It is worthwhile to point out th&t
approaches 1 ity — ¢y, goes to zero. Put verbally, both cost types are served by the
manufacturer if the difference in possible retail costs is not too high.

Proposition 1 Under discriminatory wholesale tariffs, @Gf = ¢’ (cr,) and (i) ¢ () =
¢P(a) if « < &P and zero otherwise.

3.2. Uniform Pricing

Suppose third-degree price discrimination in the intermediate good marketriedhaln
this case M has to offer the same menu to both downstream firms Ii;e= I's. Since
this restriction leaves the set of incentive compatibility and individual rationatity- ¢
straints unchanged, all the above considerations—Lemima 2 in particularaggty in
this situation. Thereforéy/ chooses quantitieg, andgy in order to maximize upstream
profits,

(g, qu) = ax {[P(qr) — crlar — qulew —cr) — Kqr}
+ (2 —as){[P(qu) — culqn — Kqu}, (11)
whereays := a; + as. Differentiation of IV (-) with respect tog;, reveals that the

no-distortion-at-the-top result carries over to a nondiscriminatory prigggne,

a7 =q"%(cr) . (12)
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Analogous reasoning to the discriminatory pricing regime reveals that thdityuaf-
fered to the high-cost type decreases in the overall probability of cdimgawith a low-
cost downstream firmyy,. Once this probability exceeds a certain threshéfdprefers
to offer a zero quantity to the high type. Formaldy, offers a zero quantity to high-cost
downstream firms if and only if

oY

— <0 <= ay>a¥ =24a" (13)
dqu

qu=0
Forax, < &Y, the quantity offered to high-cost typeg; (ax), satisfies

ay

P(Y(ax)) — ey + P'(§%(ax))§Y (as) = K + . (cm —cr) - (14)

Note thatg” (ax) is strictly decreasing iy andlim,\ o ¢V (ax) = ¢7%(cy). Thus,
the monotonicity constraint is satisfied. In order to summarize the abovevabieas we
define

AV (ag) == a¥ — as.

Proposition 2 Under a nondiscriminatory wholesale tariff, @f = ¢”(c), and (ii)
¢%(ax) = Y (ax) if a; < Y (az) and zero otherwise.

3.3. Welfare

Having identified the optimal menus fdr to offer under price discrimination and uni-
form pricing, respectively, we now turn to the welfare implications of bagrprice
discrimination. First, we observe the following:

Lemma 3 qg(ozl) < q}UI(ag) < qg(ozg) < qJS(cH).

We define welfare as the sum of consumers’ and producers’ suspl@ess consumer
surplus in market is given byC'S; = [ P(z)dz. With wholesale payments and final-
good prices being welfare-neutral transfers, welfare amoun®'te= C'S; + C'Sy —
(c1 + K)q1 — (c2 + K)go. Thus, under a pricing regime in which firine {1,2} is
offered a menu that consists of quantitigg«;, a—;) andgg («;, a—;) together with the
corresponding transfers, expected welfare equals

2

qL(aiya—i)
EW] =) {ai [/o P(z)dz — (e + K)QL(aiaa—i)]

i=1
qr (o,00_3)
+i-ay| [ P(2)dz — (e + K)an(asa—)| y. (15)
0
Let the difference in expected welfare between the discriminatory prieigigie and the

uniform pricing regime beAW := E[WP] — E[WY]. Since there is no-distortion-at-
the-top under either regimé&\1/’ depends only on the quantities produced by high-cost
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retailers. Formally,

AW = AW(OQ, 042)

2 a5 ()
= (1—a) [/ P(z)dz — (cg + K)(q (i) — qir(ea + a2))| . (16)
i=1 qg (a1 taz)
With the difference in welfare depending only on the quantities offered tb-bagpt
(€3]
a1 = Q9
T
11 v
Il
G N
|
af (az)
aP 1 Q2

Figure 1: Welfare comparison without demand-side substitution.

downstream firms, from Propositions 1 dnd 2 it follows that we have toidenthe
following four cases, as depicted in Figlie 1:

(1) 0<qB () < ¥ (as) < ¢2(az), which holds ifas < oy < &P;

(1) 0=qP(a1) < ¢%(ax) < ¢B(az), which holds ifas < &P < oy < &Y (a);
() 0=qP(a1) = ¢%(ax) < ¢2(az), which holds ifas < &P < 4 (as) < a;
(IV) 0= qB(a1) = ¢%(ax) = ¢5(a2), which holds ifa” < ay < a;.

In case (1V), withM never serving a high-cost downstream firm irrespective of the pric-
ing regime, we trivially havé\1W = 0. Therefore, in what follows we focus on cases (I)
- (1), i.e., we restrict attention ton, < &%,

Proposition 3 (i) If ap < &P < @V (a2) < aq, thenAW > 0. (i) If az < & < o <
a¥ (az), then AW is strictly increasing in;.
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In case (lll), part (i) of Proposition 3, a ban of price discrimination isideental for wel-
fare. This observation, in a sense, confirms the findings by O’BrierSéuadfer (1994)
and Inderst and Shaffer (2009): banning third-degree priceidistation reduces total
welfare if the upstream supplier can make use of pricing schemes moriststaied than
linear wholesale pricing. According to part (ii) of Propositidn 3, howgwace we enter
case (l), the difference in expected welfare between the two pricigignes decreases
as the probability of firm 1 to be of the low-cost type decreases. This finsliggests
that banning price discrimination—even with more sophisticated pricing schieeieg
at the input supplier’s disposal—may be welfare improving.

What is the intuition behind the welfare results presented in Proposition 32ask ¢
(111), both the probability of firm 1 producing at low cosi{) and the overall probability
of dealing with a low-cost downstream firm) are relatively high. In consequence, in
order to cut back on information rent&/ assigns a zero quantity to firm 1 in the case
it produces at high cost under price discrimination and to high-cost stogam firms
in general under uniform pricing. Put differently, high-cost doweestn firms are never
served except for firm 2 under a discriminatory pricing regime. In thiseseprice dis-
crimination leads to more markets being served (in expectation), which tutrie ba
beneficial for welfare, thereby supporting the classic Chicago sdrgoiment against
non-discrimination clauses. In case (ll), on the other hand, both maaketalways
served under uniform pricing, whereas under price discrimination rhdrke served
only when firm 1 produces at low cost. Here, however, banning pigzichination—
and thus ensuring that both markets are served irrespective of deanmsiechnology—is
not necessarily beneficial from a welfare point of view. The reastimaisboth markets
always being served under uniform pricing comes at the cost of a reeeeesdownward
distortion in the quantity sold to firm 2 in the case of high costs. Since the upstrea
supplier trades off minimizing information rents paid to low-cost types versusmiz
ing the surplus generated with high-cost types, the downward distortionaintity ¢%;
increases as it becomes more likely that firm 1 is a low-cost firm. Thus, ex(dasfor
high values ofx; we would expect welfare to be higher under price discrimination than
under uniform pricing. Ifo; is low, on the other hand, then the negative effect of ban-
ning price discrimination oY, is small and the positive effect of more markets being
served should outbalance. While not to be obtained in general, as we wvillrsdxt, this
conjecture holds true for a linear demand function.

3.4. An Application with Linear Demand

Suppose the inverse demand function is lindafg) = max{0,1 — ¢}, and assume
thatcr + K < 1. In this case, it is readily verified thaf}’ (cr) = =45, ¢h(a) =
max{0, ¢ (cy) — 12 5L}, andgl (ax) = max{0, g7 (cu) — goo 5k} Gross
consumer surplus in markete {1,2} is CS(q;) = ¢; — 3¢7. A linear inverse demand

function allows us to rewrite the difference in expected welfare and coessurplus as

2

D o U
AW =3 (1 = aiafen) —afys) | (1~ en — K) - JARRHIE B
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and

: D U
ACS = Z(l — ;) (qf () — qip(x)) |1 - qpr(i) ;‘ 0 (s) ’ 18)
i=1

respectively. Tedious but straightforward calculations then yield theoikpresult.

Proposition 4 Supposeé®(q) = max{0,1—q},cy+K < 1,andas < &P. Leta] (a2
anda{ (az) be implicitly defined bATV ()" (az), ) = 0andACS (af® (as), az) =
0, respectively. Then,

(i) AW < 0fora; < o’ (az) andACS < 0 for ag < af®(az);
(i) AW > 0fora; > alV(as) andACS > 0 for a; > af®(as).
Moreover,a§®(az) < al¥ (az) for all ag € [0, aP).

In summary, there exist unique cutofts}” (az) anda$™(as), below which banning
price discrimination strictly improves welfare and consumer surplus, réepgc As
is proved rigorously in the Appendix, these thresholds, which passghrou, as) =
(&P, aP), are strictly decreasing iny with a slope strictly between -1 and 0, as is il-
lustrated in Figurél2 with regard to welfare. Note that—according to the fiamment
of Propositiol i—the set ofa;, ae) pairs for which banning price discrimination in-
creases welfare is strictly larger than the sef®f, «2) pairs for which a ban on price
discrimination increases consumer surplus.

aq
/ a1 = 09
1 :
AW =0
G
AW <0
ay (o)
ab 1 (e%)

Figure 2: Welfare comparison with linear demand and without demand-didtitsition.

Part (i) of Propositiofl4 is in contrast to findings in the extant literature od-thégree
price discrimination under nonlinear wholesale tariffs: without privatermfttion of
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downstream firms, a ban on price discrimination is found to unambiguoushgeasel-
fare and consumer surplus if the manufacturer is not restricted to linessprnderst
and Shaffer (2009), for instance, consider a manufacturer whofesqbly informed about
the retail costs of two asymmetric downstream firms. This manufacturers affich
downstream firm a different two-part tariff under price discriminatiout, ib restricted
to offer only a single two-part tariff under uniform pricing. In this framm, a ban
on price discrimination reduces consumer surplus and welfare. For skeotaeparate
markets—Proposition 6 of Inderst and Shaffer—if price discrimination isnfited the
optimal two-part tariffs maximize the profits of the integrated structure. Pigrdiitly,
both marginal wholesale prices equal the manufacturer’s marginal giiodicosts and
the manufacturer extracts the whole generated profits via the franchisente® there is
no asymmetric information. Under uniform pricing the manufacturer facesla-toff be-
tween efficiency and rent extraction, which leads him to a marginal wHelpgae above
his marginal cost of production. As a result, both downstream firms acquijuantity
even lower than the optimal quantities from the integrated structurer’s poud\e, re-
ducing consumer surplus and Welf@eOur finding shows that the strong welfare result
of Inderst and Shaffer is an artifact of the symmetric information casep&eas is
close to zero and; is close to one but below!" (-). In this scenario, downstream firm
1is very likely to be a low-cost firm and downstream firm 2 is very likely to legh-
cost fir Thus, this scenario is close to the separate markets case analyzedtsy Inde
and Shaffer. Nevertheless, according to Proposifion 4, when d@manstiirms have pri-
vate information, a ban on price discrimination increases consumer surjwsedfare,
which is the complete opposite to the finding of Inderst and Shaffer (200®)is sense,
introducing only “little” asymmetric information fundamentally alters previous welfa
results.

What do we learn from Proposition 4 for a case-based approactdnegaliscrimina-
tory wholesale tariffs? If the regulation authority needs not be overlg@&med about
the possibility of one or the other market not being served under eithengriegime,
then—at least for linear demand—banning price discrimination is sociallyatdsiir-
respective of whether a welfare or a consumer standard is applieddiffamently, if
the demand function is sufficiently linear in the relevant range of prices,ttieetypical
practice in the EU and the US—where it is perceived as illegal to apply diffevhole-
sale conditions for identical transactions with different trading partnefter protects
consumers and improves welfare. Note that the area where a ban onlisddenina-
tion improves welfare and consumer surplus is quite large if the differéencetail cost
between a high and a low-cost firm is relatively low, i@, is large.

BIn the model of Inderst and Shaffer (2009) the restriction on two4paiffs is without loss of generality
for the case of price discrimination but under uniform pricing the mastufar could do better with a
more complex wholesale tariff. A ban on price discrimination would still base harming, however,
the low-cost firm would produce the same amount under both pricinmesg

14Sincea{"/(o) < 1, the likelihood of firm 1 being a low-cost firm cannot be arbitrarily close.tdNbte,
however, that”, which increases as the difference in possible retail costs decr@apeses a lower
bound forai" (0).
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3.5. Continuous Distribution of Downstream Firms’ Production Costs

In this section, we assume that the marginal cost of production of dovanstiiem: &
{1, 2} is continuously distributed, i.ec, € [cr,cy] = Cwith 0 < ¢f, < cy. Firm1's

cost are ex ante distributed according to c.@fc) and densityf(c) > 0 for all ¢ € C.

The marginal cost of firn? is distributed according to c.d.t7(c) and density(c) > 0

for all ¢ € C. We assume that the cost distributions of the two firms are different in
the sense that there exist valuescof C such thatF'(c)/f(c) # G(c)/g(c). The two

ex ante distributions are known by the upstream supplier. The upstrgaptiesioffers
downstream firm a direct mechanisn'; = ((gi(c),t:(c)))cec that specifies for each
feasible type announcement a quantiffc) € R>o and a transfet;(c) from firm ¢ to

the input supplier. If price discrimination is banned, then the two mechanisvesthae
identical, i.e.I'y = I's. In order to keep the analysis simple, we abstract from upstream
cost and sef{ = 0. Moreover, we focus on linear dematitiq) = max{1 — ¢,0},
since a main purposes of this continuous cost case is to demonstrate tsimeskof our
welfare findings. The manufacturer’s expected profit is given by:

m= / (O f(e) de + / M (©)g(c) de (19)

crL crL

As before the manufacturer has to satisfy the individual rationality andiiveecompat-
ibility constraints, i.e., for alf € {1,2} andc € C:

qi(c)[1 = qi(c) — ] = ti(c) = 0 (IR)
¢ € argmax{g;(0)[1 - 4:(¢) — ] — ti(e)}. (9)

If price discrimination is banned than the manufacturer has to satisfy the addlition-
straintl’; = I's. It is worthwhile to notice, that for the manufacturer it is more profitable
to contract with low downstream types. This implies that the usual monotoniaity co
straint, which is necessary in order to satisfy incentive compatibility, hepaines that
qi(c) andt;(c) are non-increasing. As it is well-known, with out assumptions on the type
distribution the monotonicity constraint may be binding which makes the analy$is by
more complicated. In this respect we impose the following restriction.

Assumption 1 Forall ¢ € Citholds thatF'(c)/ f(c), G(c)/g(c), and[F(c)+G(c)]/[f(c)
+ g(c)] are non-decreasing.

AssumptiorL 1l is not the usual monotone hazard rate property, becaesiewer types
are the better types. Moreover, we need to impose an assumption on thagtibud
tion in order to guarantee that also under uniform pricing the monotonicitgtint
is always slack. The Assumptidh 1 is obviously satisfied if both density fumctme
with weakly decreasing densiti@. Moreover, we focus on cases where—irrespective
of the pricing regime—the upstream supplier serves all types of downsfigas. The
following assumption guarantees that this is the case under the optimal meshanis

5Note that relabeling types such that higher types correspond to lowes wosld allow to impose the
standard monotone hazard rate property.
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Assumption 2 Itis assumed thaty < 1 — [min{f(cy), g(cy)}] ™ .

Let superscriptD and U denote the pricing regime: price discrimination and uniform
pricing, respectively. Now, we are prepared to state the first resthis$ection.

Lemma 4 Given Assumptiori 1 and 2. Suppgséc) < qu(c) fori,j € {1,2} and
i # j,thengV(c) € (¢P(c), q]D(c)).

Put verbally, one market benefits from price discrimination whereas tlee otarket is
harmed compared to uniform pricing for a given cost realization. Negkask, for linear
demand we obtain a clear welfare result.

Proposition 5 Given Assumptiorig 1 afidl 2. A ban on price discrimination improves total
welfare, i.e, AW < 0.

4. DEMAND-SIDE SUBSTITUTION

In this section, we posit that the upstream supplier is no longer an unamestrmo-
nopolist. As was recently shown by Inderst and Valletti (2009) andi€a$2005), the
implications of price discrimination in input markets for pricing decisions andaself
may be reversed if the assumption of a monopolistic input supplier is relaxecaug/
ment our basic model by assuming that downstream firms can purchassstdia
input not only from the manufacturer but also from an alternative souis we will
show, the main effect of this outside option is to shift rents from the manuadinthe
downstream firms. As a result, by and large, our findings are robustdorglaxing the
assumption of a monopolistic input supplier.

Following Katz (1987) and Inderst and Valletti (2009), we supposealumwnstream
firm, when rejecting the supplier’s offer, can turn to an alternative sooirmput supply.
How profitable this switch to the alternative supply is for a particular dowastriirm
depends on its efficiency in production. If a firm with marginal cost {c,cy} ac-
quires its input from the alternative supply, then its profitsratéc) with 0 < 74 (cpr) <
WA(CL)’

For notational convenience, let} := 7 (cy) andrf := 7(c). In the following,
we assume that the alternative source of input supply is not too attractibe sense
that the joint surplus generated By and either type of downstream firm exceeds that
downstream firm’s profit obtained under the alternative supply.

Assumption 3 For all ¢ € {cz, cx} it holds that:w(¢”7%(c), ¢) — Kq”%(c) > n(c).

We define
A _A
¢ = L_TH (20)
cH —cL

180ne possible interpretation is that there exists a competitive fringe thaigesdan input good that is
substitutable to the upstream firm’s product. The downstream firms cauirachis fringe product at a
cost per unit ofv > 0. To switch input suppliers comes for the downstream firms at fixedI€ost0.
With this interpretation we obtain” (¢;) := max {0, max,[P(q) — ¢ — @]q — F}

"Here, the manufacturer faces a screening problem with a type dependside option. This class of
problems is thoroughly analyzed, for instance, by Jullien (1996, 2000)
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The term¢ declares how much more a low-cost firm benefits from the alternative input
supply than a high-cost firm, relative to the low-cost firm’s cost advantakhe case
analyzed in Sectidd 3 then corresponds to a special case of the situagomtivl outside
option is equally attractive for both types, i.e., where= 0. In order to stick close to
our basic model without alternative supply, in all that follows we keg@andcy fixed

and assume that any variationdnarises due to changesﬁf or Tr;}. For reasons of
tractability, we assume that the outside option is not superior, in the sensmttatthe
optimal contract it is never the upward incentive constraint that is bir@irﬁprmally,

we impose the following assumption:

Assumption 4 ¢ < q’%(cr).

Otherwise the model is the same as before. In particular, the upstreamafirstilt
make take-it-or-leave-it offers to downstream firms. Herdestill maximizes the same
objective function subject to the usual incentive compatibility constraints.ifdividual
rationality constraints, however, are not the same as before due to theneriof an
alternative source of supply. The individual rationality constrdihthas to satisfy in
order to contract with the low-cost or the high-cost type, respectiigly,

m(qr,cr) —tr, > mf (IR

m(qu, cn) —ty > 7 - (IR%)

Clearly, if M prefers to serve only one cost type of one or both downstream firms,
then welfare results require a specification of the alternative input supbérefore, we
first identify the optimal contracts under the hypothesis aserves both downstream
firms which allows to draw welfare implications irrespective of the particulanfthe
alternative source of supply takes. Thereafter, we determine undgcwtumstances/
indeed prefers to serve both cost types of downstream firms. At this papust provide
an outline of the analysis of this case; a more detailed account is found irpfendix.

In order to state the discussion as concise a possible, défimgth » € { D, U} denoting
the pricing regime, as followsa” = «o; for i € {1,2} under a discriminatory pricing
regime, anch! = ayx under a uniform pricing regin‘lé

4.1. Serving both cost types of downstream firms

Consider pricing regime € {D, U}, and suppose the upstream suppliérserves both
types of downstream firms. Since the incentive constraints are the saneoas, the
optimal wholesale mechanism still needs to satisfy the monotonicity constraintifMO
Moreover,t;, > ty. Even though the problem is similar as before, the usual procedure,
i.e., satisfying (I%) and (IG) with equality, possibly is not feasible. This is due to
the fact thatry! # 7. Nevertheless, the following observation is immediate: In the
optimum at least one constraint regarding each cost type is bindingthfdomstraints

18Cf. Tirole (1988, p.154.)

%Under price discrimination the manufacturer solves two independenimization problems; one for
each downstream firh € {1,2}. With a slight abuse of notation, we suppress the subscfiptthe
discriminatory pricing regime.



Price Discrimination in Input Markets: Quantity Discounts and Private Infation 17

regarding one type were slack, théh could increase profits by increasing that type’s
transfer until one of those constraints bind—thereby relaxing the ineenbwstraint
while not affecting the participation constraint of the other type. More@ieen mono-
tonicity is satisfied, if one incentive constraint holds with strict equality, thenother
incentive constraint also holds.

The following observation will turn out to be quite useful: Suppose the leuiad , ¢ )
makes the high-cost type just indifferent between picking this bundle ibctsng to the
alternative source of supply, i.e., @Rjust binds. Next to opting for bundlg;.,t1),
the low-cost firms has two alternative options: first, switching to the outsitlergpr
secondly, picking the bundlgy,tr) designed for the high-cost type. Compared to
the profits of a high-cost firm resulting from these actions, a low-castdiprofit is
higher by s — wlf‘} > 0 in the first case, andy (cy — c¢r) > 0 in the latter. Since
the high-cost type (by hypothesis) is indifferent between these twseswf action, the
low-cost firm strictly prefers choosing bundles, tz7) over switching to the alternative
supply Wheneveﬁf — wlf_} < qu(emg — cr), or, equivalentlygy > ¢. Put differently, if
qu > ¢, then—with regard to the low-cost type—the incentive compatibility constraint is
more pressing than the participation constraint. An analogous argumeblissta that
the high-cost type’s individual rationality constraint is relevant rathan tthe incentive
compatibility constraint whenever, < ¢.

Suppose that in the optimum the only constraints that have bite aﬁg ard (1G).
Solving these binding constraints for the transférsand ¢}, reveals that, except for
being shifted downward due to the fact that there now is a relatively atteagtitside
option for both cost types of downstream firms, the transfers are the aarirethe
standard case without alternative supply. In consequence, the allo@aibemented
is exactly the same as in Sectibh 3; (a") = ¢’(c1), andgi;(a”) = §"(a”) for
a” < &" while zero otherwise. With (MON) and (&) being satisfied, it remains to
check whether (@ is also met under this contractual arrangement. According to the
above preliminary observation, this is the case whengy¢a”) > ¢. Remember that
§"(a") € [0,q”%(cy)] with dg"(a”)/da” < 0 for a” € [0,4"]. Therefore, (IR) is
satisfied as long ag < ¢’/%(cy) anda < a”(¢) € [0,4"], wherea” (¢) is implicitly
defined by

(e’ (9)) = 6. (21)

Next, suppose that under the optimal contract only the individual rationedity
straints, (IR}) and (IR?), are binding. With both individual rationality constraints bind-
ing, the upstream supplier extracts all the surplus and therefore maximizgsiti
surplus, irrespectively of whether discriminatory offers are feasibleob. Hence, the
quantities implemented atg (a") = ¢7%(c.) andql; (") = ¢7%(cy). This allocation
clearly satisfies the monotonicity constraint (MON). Regarding incentivepeibility
under this contractual arrangement, based on the above preliminanyatise, (1Cy)
is satisfied due to Assumptiéh 4, whereas; (& met only if¢ > ¢/ (cp).

Last, for the “intermediate case” of < ¢/°(cy) anda > a"(¢), both individual
rationality constraints as well as the low-cost types incentive compatibilityiignsturn
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out to be binding under the optimal contractual arrangement. While the tartitin-at-
the-top result prevails, i.eg (o) = ¢”%(c1), (IRf) and (IG,) being equally restrictive
yieldsq}; (o) = ¢ in accordance with our preliminary observation.

The above observations are summarized in the following proposition. Fyilites-
trates these observations for the discriminatory pricing regime.

Proposition 6 Suppose Assumptidnis 3 did 4 hold and that the upstream firm serves both
types of downstream firms. The optimal wholesale mechanism undielgmégimer €
{D, U} allocates quantities

(i) qf(a”) =q’%(cr) andgy, (o) = ¢"(a") if ¢ < ¢7%(cy) anda” < o’ (¢);
(i) ¢7(a") =q’%(cr) andgiy(a”) = ¢ if ¢ < ¢'5(cy) anda” > a"(¢);

(ii)) g7 (") = ¢’ (cr) andgy(a”) = ¢”%(cn) if ¢7%(cn) < ¢ < 7% (cr).

7 A
q‘]S(CL)
(IR.), (IRx)
qJS(CH)
(IC1), (IRy), (IRL) qP ()
] —
(ICy), (IRg) :
>
aP(¢") ap 1 a;

Figure 3: Binding constraints wheWl serves both types.

4.2. Serving only one type of downstream firm

It remains to investigate what happens if it is profitable fdrto serve only one type
of downstream firm. Unless stated otherwise, the following observatiqulg spboth
pricing regimes.

Clearly, when serving only one type of downstream firm with ep#te highest possi-
ble profit M could hope for would be achieved by offering the joint-surplus-maximizing
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quantity ¢’ (c) and charging a transfer that just ensures participation by that type,
m(¢”%(c),c) — 74(c). This observation has two immediate implication. First, foc
[¢7%(cr),q”%(cp)] it never pays off forM to serve only one type of downstream firm
because, according to Propositidn 6 (iii), under the optimal contractehatsboth cost
types each type is offered the respective joint-surplus-maximizing quamiityaith
both participation constraints bindinga4 extracts all the surplus. A second implication
is that even fory < ¢’ (cg) it can never be optimal fab/ to exclude the low-cost type
because this type does not reject the bur@te’ (cx), 7(q¢’° (cir), cur) — ), which
makes the high-cost type just break even. Thusgfer ¢/ (c;) the upstream supplier
will always benefit from serving both types of downstream firms instéatesigning a
contract that excludes the low-cost type.

The remaining question is wheth&f might benefit from excluding the high-cost type
when¢ < ¢’5(cy). Given Assumptionl4, a high-cost firm always rejects the bundle
(q¢"%(er), m(¢7%(cL), c) — 731). Hence,M’s profits under pricing regime € {D, U}
from serving only typd. are given by

I, = a" [n(¢"%(cr),cr) — 77t — Kq"%(cr)] - (22)

If, on the other hand}/ serves both types of downstream firms, we know that both)(IC
and (IRy) are binding under both pricing regimes o ¢”% (¢ ). With transfers being
pinned down by these constraints, the quantities offered correspah(ib) = ¢/ (cr,)
andgj; (") as identified in Propositidd 6. Thus/’s profits from serving both types of
downstream firms under pricing regimés
P3(er),e) = (e — cn)qy (@) — mfy — Kq”%(cp)}

+ 8" {m(qf ("), cr) — mi — Kqy(a”)} . (23)

L =a {W(q

Comparison ofl(22) an@ (23) reveals thidtprefers to serve only the low-cost type under
pricing regimer € {D, U} if

(e —e1)(qp(a”) = ¢) > 0" [r(qy ("), cn) — iy — Ky (a”)] - (24)

Sincer(qm, crr) — Kqp is strictly increasing i on [0, ¢7°(cgr)), under Assumption] 3
there exists a unique quantity between 0 afti(cz) at which the right-hand side (RHS)
of (Z4) equals zero. Let this quantity-threshold be denotegl. lsormally, ¢ is implicitly
defined by

71'((;;, cH) — 77}3 —Ké=0. (25)

In the Appendix, we show that faf € [g?), q’%(cx)] it never pays off forM to exclude
the high-cost downstream firm. With being relatively large, a low-cost downstream
firm benefits by far more from procuring the input from the fringe thaigh4tost down-
stream firm. Thus, the rents the manufacturer can extract when corgradtina low-
cost type are relatively low. This in turn implies that cutting back on informatiomsr
paid to a low-cost type is less important but contracting with a high-cost typet ihat
unimportant. Hence, it is optimal always to contract with a high-cost doeastrfirm.
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For¢ € [0,¢), on the other hand, we are closer to the standard case without a fringe
supply. WhileM serves both types of downstream firms when the probability of facing
a high-cost type is high, one€ exceeds a certain threshold, considers it profitable to
serve only the low-cost type. To characterize this threshold formallypfixes) € [0, g?))

and consider values af” € (0,a’], wherea” is implicitly defined by (a") = ¢.

Application of the envelope theorem yields

d(ITy, — 117 )
da”
= (cg — cp)(qir(a”) — @) + [m(qk ("), cn) — 7y — Kqgr(a”)] >0, (26)

where the inequality follows from the definition gfin (28) andg§” (o) > ¢ for o €
(0,a"]. Sincell, —II7 ;|ar=0 < 0 @ndIl; —II7 ;|ar=a- > 0, by the intermediate value

theorem we know that for any € [0, ¢) there exists a unique valu& (¢) € (0,a")
such that

HE - EH‘oﬂ':ar(tj)) =0, (27)

which yields the desired characterization of the threshold.

We summarize the observations of this subsection in the following lemma, which is
illustrated for a discriminatory pricing regime in Figure 4. In the light-gray sHatea
both types of downstream firms are served, whereas in the dark-gealed area the
high-cost type is exclud@.

Lemma 5 Suppose Assumptidns 3 did 4 hold. Under either pricing regime, thedsiv-c
type is never excluded. Under pricing regime= {D, U}, the upstream supplier does
not exclude the high-cost type if )€ [¢, ¢’ (cr)], or (i) ¢ € [0, ¢) anda” < &"(¢).

Note that the upstream firm’s motive for not serving the high-cost typagdmasy”
increases: Fox” only slightly above the threshold”(¢) the (IR}) constraint is slack
under the optimal contract when serving both firms)$s incentive for excluding the
high-cost type is rooted in the desire to cut back on the information rent@a#ie low-
cost type. For relatively high values af , on the other hand, (Ifi) is binding under the
optimal contract when serving both firms; here, exclusion of the hightgps is rooted
in M'’s desire to avoid making losses from serving this type.

4.3. Welfare under Demand-Side Substitution

What are the welfare effects of banning price discrimination in the preseinan alter-
native source of input supply? In the light of the observations obtaineckiprvious
sections, we distinguish three cases:¢a [¢’°(cx), ¢”°(cL)], (0) ¢ € [, ¢”° (cr)],
and ()¢ € [0, ¢).

The welfare implications of banning price discrimination in case (a) are triviaé
guantities offered are the same under both pricing regimes, which inpligs= 0.

2As becomes obvious frorfL(R4), the threshali¢) depends on both andw#. In order to depict the
locus of this threshold in th&n", ¢)-space, in FigurEl4 it is implicitly assumed that variationgiare

due to changes of either or 74 .
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Figure 4:M'’s decision which types to serve

Next consider case (b). Here, whilé still prefers to serve both types of each down-
stream firm under either regime and offers’(cz) to any low-cost downstream firm,
the quantity offered to a high-cost downstream firm depends on bothrittiegoregime
and its ex ante efficiency. More precisely, under price discrimination#invhen pro-
ducing at high cost, is offered quantity)(c;) = ¢P () if a; < aP(¢) and quan-
tity ¢2(a;) = ¢ otherwise. Under uniform pricing/ offers ¢4 (ax) = ¢Y(ayx) if
as < aY(¢), or equivalently

a1 < a¥(¢) — ag =: ¥ (a; ¢), (28)

andq¢¥ (ax) = ¢ otherwise. Note thaty (aP(¢); ¢) = aP(¢). This gives rise to four
cases similar to the four cases depicted in Figuire 1. Since in case IV(2uamgiteps
offered byM are identical under both pricing regimes, here we obviously haé = 0.
The welfare implications for the remaining cases parallel those drawn in thdasth
model without an alternative source of input supply.

Proposition 7 Suppose € [¢, ¢’ (cy)]. () If as < aP(¢) < ol (a9;¢) < ay, then
AW > 0. (i) If ag < aP(¢) < a1 < oY (ag; ¢), then AW is strictly decreasing imv; .
(iii) If ag < a1 < aP (), thenAW < 0for P(q) =1 —q.

The intuition behind the welfare result of Propositidn 7 is basically the sameamth
behind Propositiofl]3. Due to the outside option rents are shifted from thefacanu
turer to the downstream firms, but this shift does not affect total weHdarlmng as no
downstream firm acquires its input from the fringe supply. Proposiflohotvs that
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our previous findings are robust toward relaxing the assumption of eaaonstrained
manufacturer. In particular, if the potential differences in retail costslaw, then a
ban on price discrimination improves welfare at least for linear demance Werhave
aP(¢) = [¢"%(cr) — ¢]/[¢"°(cL) — ], which approaches 1 ify; tends tocy,.

Regarding a case-based approach of banning discriminatory whates#lacts, Propo-
sition[4 provides a justification for the competition policy authority to ban discrimigato
wholesale contracts if concerned with a primary-line injury case. Putrdiftly, if a
competitor of a dominant manufacturer complains before the competition pokecag
that the dominant manufacturer uses discriminatory wholesale tariffs, thegémncy of-
ten is well advised to condemn this pricing practice. Banning discriminatoryesale
contracts is advisable, however, not to protect competitors of the donmranifacturer
but to protect consumers.

Last, consider case (c). Without further specification of the alternativece of input
supply there are only few cases that allow to draw out the welfare implicaifdranning
price discrimination. Remember that under price discrimination the high-costdfyp
firm i, is offered quantity/? (;) = ¢P () if a; < &P (¢) and is not served otherwise.
Under uniform pricingV offersq¥ (ax) = ¢V (ax) if ax < aY(¢), or equivalently

a1 < aY(¢) — ag =: &Y (ag; ¢), (29)

but does not serve the high-cost downstream type otherwise. Notelttiat’ (¢); ¢)
= aP(¢). Thus, ifay > a”(¢), then M does not serve high-cost downstream firms
irrespective of the pricing regime. In this cagelV = 0. On the other hand, if; <
aP (¢), thenM serves high-cost downstream firms irrespective of both the pricirigesg
and ex ante efficiency, offering; (a") = ¢"(«"). In this case, from Propositidd 4 we
know thatATW < 0 at the least for linear demand.

In summary, even with an alternative source of input supply, for a braade of
parameter values a ban on discrimination improves welfare.

5. CONCLUSION

In this paper, we analyze a vertically related industry with asymmetric informaten
tween the upstream and the downstream sector. The main purpose is t@ imgoir
the welfare effects of banning price discrimination in intermediate-good rsavieen
nonlinear pricing schemes are feasible. This question is of immediate practeralst
because from a legal perspective, quantity discounts per se are cdymegerded as a
justifiable pricing strategy of manufacturers or wholesale firms as long gsatieenot
discriminatory in the sense of applying different conditions to identical &@iens with
other trading partners.

While there has been considerable back and forth in the academic literegareling
the question whether banning price discrimination in intermediate-good markett-c
tutes a desirable course of policy when wholesale prices are linear, dimoifigw ex-
ceptions which consider nonlinear wholesale pricing schemes the preddropiaion
is that banning discriminatory wholesale pricing is detrimental for welfarecohtrast
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to these findings, which raise “[...] serious concerns about the effifatye Robinson-
Patman Act” (O'Brien and Schaffer, 1994, p.314) or its analogue in BWpsiition law,

we find that, when downstream firms have private information, the resamaward
discriminatory pricing practices embodied in these legal enactments may welkbe w
ranted even if nonlinear pricing schemes are feasible. This result hoddpdctive of
whether the upstream firm is a monopolistic supplier of the input or has to cemjth

an alternative source of input supply.

We restrict attention to downstream firms operating in separate markets irorsie-
late the effect of discriminatory wholesale tariffs in the case of asymmetrieniation
from potential competitive effects. Moreover, modeling downstream ctitigrewould
raise the following concerns: Regarding the information structure, dagsadownstream
firm know its competitor's cost type or only its own? In the former case, tistre@m
firm can use a mechanism that severely punishes both downstream firrai rietborts
regarding their own their competitor's cost types do not match, therelmaliag the
downstream firms’ private information without cost. With this type of mecharismg
feasible under both pricing regimes, there is no scope for analyzing tli@reveffects
of banning price discrimination. If, on the other hand, downstream firros/lanly their
own cost types, then the quantity offered to a downstream firm may nelesthdepend
on both downstream firms’ reports. Under price discrimination, for exantpée up-
stream firm now has eight quantities and eight transfers to specify waisdsranalytical
complexity. Besides being by far less tractable, contracts with a firm’s sadspending
on quantities procured by both firms seem hard to reconcile with obseraetioe. But
even constricting contracts such that a firm’s transfers and quantitieademly on its
own type does not circumvent the question whether a firm know’s its compgetype
before or after accepting the upstream firm’s offer, i.e., whether exareg post par-
ticipation constraints matter. Regarding all these issues, an investigation wéltaee
effects of banning price discrimination with downstream competition seemstieiie
scope of this paper and is left for future research.

A. PROOFS OFPROPOSITIONS ANDLEMMAS

Proof of Lemmal(l:
First, suppose@’ < ¢" < ¢*(cg). Then

m(q",c) = 7(d'ser) > 7(¢", em) — n(q, cn)
— [P(¢") —cLld" = [P(¢) = cLld > [P(¢") — culd” — [P(¢) — cnld A1)
— (cg—c)(d"—q)>0 .

q/ < q//‘
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Next, suppose’ < ¢*(cy) < ¢” < ¢*(c). Then

m(q",er) —7(d'ser) > 7(¢", em) — n(q',cn) = 7(q"(cm), cu) — 7(q', cn)
= [P(¢") —cld" = [P(¢) —cLld > [P(q"(cn)) — culq”(cu) — [P(d) — culd
= [P(¢") —crld”" — [P(q"(cr)) — cLlq" (cn)
+ [P(q"(cH)
> [P(q"(cm)

— 7(¢",cr) —7(q"(cu),cr) + (ca —cL)(q"(cu) — ¢') > 0.

) —crlq*(cn) — [P(¢') — c]d
) — culq’(cu) — [P(d) — culd

(A.2)

where the last inequality holds gy < ¢*(cx) < ¢" < ¢*(cr) andr(q, cz,) being strictly
increasing iy ong € [0, ¢*(cr)).
Last, suppose*(cy) < ¢’ < ¢”" < q¢*(cr). Then

m(q" cr) —n(d er) > n(q" cn) — 7(d',cn)

(¢"(cu),cn) — m(q"(cn), cn) (A.3)

1
o 3

holds sincer(q, c1) is strictly increasing iy ong € [0,¢*(cz)). B

Proof of Lemmal[3:
Inspection of the first-order conditions {10) ahdl(14), together with #fenition of
q’%(c) and the fact that

9 a1 + Qg o

ay <y — (A.4)

1—Oz2 2—0&1—042 1—0&1’

immediately impliesi” (a;) < ¢V (a1 + a2) < GP(a2) < ¢’%(cy). The desired state-
ment then follows from Proposition$ 1 anidie.

Proof of Proposition[3:
We prove each part of the proposition in turn. To cut back on notationyiWenake use
of the following notationg?), := ¢ (a;) fori € {1,2}, andq¥; == ¢4 (a1 + a2).
(i) With an < &P < aY(a2) < ay, i.e., in case (lll), we havel), = ¢% = 0 <
g8, = ¢P(az2). According to [I6), the difference in expected welfare under the two
pricing regimes is

D

AW:O—mdAmP@w—@H%M%. (A5)

The desired result then follows from the first-order condition (10) tagyetlith P'(-) < 0
wheneverP(-) > 0:

P(qfs) — (cu + K) = —P'(a2)af +

a
1_a(chcL) >0
= [P(qi2) — (cu + K)] qfzp > 0 (A.6)
7 D
= P(2)dz — (ca + K)qgy >0
0
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(i) With ap < &P < a1 < &Y (az), i.e., in case (ll), we haveh, = 0 < ¢Y =
¢Y (a1 + aa) < q8y = ¢” (). According to [16),

dAW
da1 o

/0 P(2)dz + (cg + K)q%

U
H

+(1-a) [dqgle) Yt gy (e 4 K) <dq51 _ dq%ﬂ

daq doy day do
dq¥, dq¥,
#0- a0) [~ PG+ (en+ )G

(A7)

D
First, note that% = 0. Next, remember that; = ¢V (a; + a2) is defined by[(14).

This implies that% < 0. Moreover, withP’(-) < 0 wheneverP(-) > 0, from (14) it
follows that

a1+ a9
2 — (051 + 062)
g
= P(z)dz — (cu + K) > 0. (A.8)
0

P(qy) — (cu + K) = —P'(qf)ar + (cir —cr) >0

Taken together, these observations allow us to conclude that

dAW
da1 -

a9 U
/ P(2)dz — (crr + K)d)
0

dq% U

— (2= (01 + a2)) [Pa) — (en + K)] >0 (A9)

dOél

which establishes the desired resHit.

Proof of Proposition[4:

With AW being given by [(1l7), we consider in turn each of the three relevamscas
identified in the main text : (2 < a; < &P (1) az < &P < oy < &Y (ao); and (1)

as < &P < &Y (az) < ay. To cut back on notation, we will make use of the following
notation: ¢&, := ¢B(«;) fori € {1,2}, and¢¥ = ¢¥(ax), ¢ff = ¢’/%(cy), and
AC . CHg — CJ,.

i 2D D _ JS A U _ JS A
() With oy < a1 < &P we haveyl), = ¢/ — 1% 5° andq}) = ¢ — 7592~

11—« —(a1+a2) 2
It follows that

D U a; + o (a7} A, Qj — oy A
L — _ - _ — (A.10
Ui — 90 {2—(al-+aj) 1—a,»] 2 T2 (utay) (- 2 (A.10)
and
D U JS i +aj o | Ac
. =9 —

:2q1{157 |:Oéj —a; + 204 {2* (ai+aj)] A, (A11)

2 (i tay)](l-a) | 2
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First, note that

2

> (1= ai)(af (@) = (=) [~(cn + K)]

i=1

B (H+K){(1 1)[2—(a1+a2)](1—a1)2 +{ 2)[2—(a1+a2)](1—a2)2}
B (H+K){[2—(a1+042)]2 [2_(a1+0‘2)]2}

-0,

such that

2 D U
qg (i) + qp(s)
AW = ACS = ;:1(1 — ) (qH () — ¥ (%)) [1 — A 5 H } , (A12)

After substituting[(A.1D) and (A.11), some further manipulation of this expregields

(o1 — a2)?(Ac)?
8(2 — Ozz)(l — Oél)(l — 042)’

AW = ACS = — (A.13)

which obviously is strictly negative.

(D) With ay < &P < a1 < aY(az), we havegd, = 0, ¢2, = ¢ — 1224 and

1—a2

Y = qff — %% The difference in expected welfare thus equals

1
AW = (1 - 042)61132 {1 - 561122 — (cu +K)}

- @)y {1 gaf - o+ 50} A2

LetalV (as) be implicitly defined by
AW ()" (a2), az) = 0. (A.15)
Differentiation o A. 1% with respect ta; reveals that

dai” (as)

dCYQ

dqb 1
= (1 a0) P ({1 affy (e + 50} + o {1~ o~ Cen + KO

U
— (=) {1 gfy (e + K0} + {1 - b (en + O

U
+(2- 042)332 {1—qi — (e +K)} — gy {1 — %q% — (cu +K>} (A.16)

D
Substitutinggfy, = g7 — 12 5¢ andqy) = g — z22-%¢ and noting thafj2 —
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1 A dq 2 Ac i
T 2 and doy = " (—axn)® 2 yields

dof(a2) [ 2 Acf ;6 ax Ac
doy  |2—ay 2 Y T2 4052

gs__ax Ac 3 55 1 oz Ac
+{qH 2—a22}{2qH+22—0@2

2
1—as 2 } 1
B {2 —QQEAQC {q{ﬁ+ 2620@%}
+{Qifs_2fi@?}{gqifs ;QS@@EAQCH

(A.17)

A firstimportant observation is that each term in square brackets is stragltiye. This
immediately implies thafa!" (as)/das > —1. Moreover, all the terms with?” on the
RHS offA.17 cancel out, which allows us to rewiite A.17 as follows:

dof(a2) [ 2 Acf ;6 ax Ac
dovy 2—ay 2 aH 2—ay 2

gs o Acl[3 55 1 ay Ac
+{QH 2—ag2}{2qH+22—0@2

-(3) {5 - r)

(A.18)
Straightforward manipulation of the RHS yields
AN\ a2(2 — ag) B ax[4 — ayx)
2 (1—ag)? (2 —ax)?
_1 (A o} —daptdas2-ar) 0
2\ 2 (1—2)?(2—ayx)?

Sincea —4ax +4a2(2—az) < 0ifand only if a1 € (ag,4— 3as), the RHS of [A18)
is strictly negative. Therefore, with the term in square brackets on the dfH&.18)
being strictly positive, we must have

da‘fV(ag)

< 0. (A.20)
dag

Taken together, the above observations imply

doz‘fv (a2)

T €(-L0) (A.21)
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Last, note that itv}" (a) = ag, thenal’ (az) = az = &P. To see this, note that for
a1 = az we havegh, = ¢¥, and in consequence

AW = —(1 — az)q { qH2 cHJrK)}

3 1 (6% A
—(1— D IS 4 - —=1. (A22
( az)QH2{2QH +21—a2 5 (A.22)
With ¢/° > 0, for AW = 0 we must havel), = 0, or equivalentlyqs = a°. Together
with M € (—1,0) this last observation implies]” (a2) € (&?,aY (az). The
result then follows immediately from Propositich 3 (ii).
Next, consider the change in expected consumer surplus,

ACS i= ACS(ar.02) = (1 - as) [afy — 3(ah)?| - (2 aw) | df — y(ah?[A23)

Differentiation of [A.23) with respect ta; reveals that consumer surplus decreases as
o« decreases,

dACS das [y 1, o dq] dos
doy  dog [qH ( i) (2-as) [1 ] dax da1
A,
ZQH|:1_QH:| 1_QH 2 ay
>0
Let a5 (az) be defined implicitely by
ACS (a5 (ag),az) = 0. (A.24)

Implicit differentiation of [A.24) with respect ta; yields

qu]

do’® (az)
do

1

v L ue o B

oty a5 Q(QH) (2—asx) [1-qy]
1 dqy¥

U U aqp

= —qy [1 - 2@1{} +(2-oax) [1-qy] dors

1 dqP
+ qg2 [1 - 2Q132] — (1 - ) [1 - QH2] d(f;- (A.25)

Note that the term in square brackets on the LHS of (A.25) s strictly posmh&;h

implies thatda{"(az)/das > —1. Substitutingqg2 = qff — 1225 andqf; =
. dafy d

0 — S TR = e anddi’; = — gz 3 allows us to rewrite the

RHS of [A.Z5) as

g5 __os Ac 1JS 1 as Ac
W =505 2 4n 22—0@2
as A, 2 A,
1—gls Ze Ze
2—0@2 2—axn 2
2 AC 1JS 1 a9 AC
1- = - —c
+{QH 1—a22}{ 29 T 37 a, 2

Al 1A
1— g8 @2 Ac e
+{ W1 a2 [T 2

(A.26)
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Again, all the terms containing/;® cancel out and the RHS df (AR5) reduces to

1 (AC>2 ad —dax + 4as(2 — a9)
2\ 2 (1—a2)?(2—ay)?
Note that [[A.2¥) is identical td_(A.19). Comparison of the LHSs[of (A.18) @h@5)
then reveals thal > da{®(az)/das > dal’ (az)/das, and thusd) (as) > oS (as)
for all as < &P.

() AW < 0 follows from Proposition3 (i). Withy?, = ¢% = 0 < ¢B,, ACS < 0
follows immediately from[(1B).

(A.27)

Taken together, the above observations establish the desired Besult.

Proof of Proposition[@:

In order to analyze both pricing regimes in one go, we defifewith » € {D,U}
denoting the pricing regime, as denoted in the text = o, for i € {1,2} under a
discriminatory pricing regime, and” = ayx, under a uniform pricing regi The
upstream supplier's maximizes its objective function

=o'ty — kqr] + 6" [ty — kqm) (A.28)

subject to (IF%’,), (ICx), (IRE), and (IG,). If discriminatory offers are allowed, then
6P = 1 — o; with regard to downstream firm € {1,2}. Under uniform wholesale
tariffs, we havetV = 2 — asx.

First, consider the relaxed optimization problem where, under pricing regirae
{D,U}, M maximizes the above objectiie (Al28) subject only toff)Rnd (IC;). Ob-
viously, for a given allocatiofy;, ¢ ), in the optimum transfers are chosen to make both
constrains bind:

ty = w(qu,cu) — i,
tp = m(qw,cr) — m(qm.co) + m(qm, cu) — T

Except for being shifted downward by the amow}j, the transfers are the same as
in the standard case without alternative supply. In consequence, tineabpllocation

is the same as in Sectibh 3} (o) = ¢’%(cy), andgy(a”) = §"(a”) for o™ < &~
and zero otherwise. With the allocation satisfying the monotonicity constrai@NJ\
(ICp) is satisfied trivially because (I holds with equality. Thus, this allocation and
the associated transfers sol¥é's original problem as long as the (¢ constraint is
satisfied, or, equivalently, as long as

W(qJS(cL), cr) —th > 7rf — ¢ <qyxla"). (A.29)

Recall thatj" (a") is a strictly decreasing function wiff (0) = ¢’ (cy) andg” (a") =
0. In consequence, (IB holds under the above wholesale mechanism i ¢/ (czr)
anda” < o”(¢) € [0,4"], wherea” (¢) is implicitly defined as

qu(a”(¢)) = ¢. (A.30)
2lynder price discrimination the manufacturer solves two independenimization problems; one for

each downstream firh € {1,2}. With a slight abuse of notation, we suppress the subscfiptthe
discriminatory pricing regime.
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Note that existence and uniquenessbfe) follow from the intermediate value theorem
together withj" (o) being a continuous, strictly decreasing function@ny"].

Next, consider the relaxed problem where, under pricing regime {D,U}, M
maximizes the objective functioh (A.28) subject only toﬁl)?and (IRz‘). Again, for a
given allocation(qz,, ¢z ), in the optimum transfers are chosen to make both constrains
bind:

ty = W(qL,CL)—Wf (A.31)
ty = W(qH,cH)fwf} (A.32)

Inserting these transfers infa (Al28) reveals thds goal is to maximize the joint surplus.
Hence, the quantities implemented atga”) = ¢’ (c) and ¢} (") = ¢’%(cn).
Obviously, the above wholesale mechanism satisfies the monotonicity cong#aN).
For this solution to the relaxed problem also to be a solution to the original pnolitie
needs to be checked that the mechanism is also incentive compatible. Thevimce
constraint of the low-cost firm, (1), is satisfied if

m(¢"%(cr),cr) —tr, > w(¢"(cu),cr) —tn <= ¢’%(cu) < ¢. (A.33)

A high-cost firm truthfully reveals its type, i.e. (19 is satisfied, if

m(q"%(cn),cn) —tu > m(q”®(cL),cn) —tr <= ¢’(cL) > ¢. (A.34)

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

Last, consider the relaxed problem where, under pricing regine {D,U}, M
maximizes the objective functioh (A.R8) subject to three constraintgél)(IRRf), and
(ICz). Clearly, for¢p < ¢’%(cy) anda” < a”(¢), on the one hand, and far €
[¢”%(cr), q”%(cr)], on the other hand, the solution to this problem is given by the solu-
tion to the respective less heavily constrained optimization problem condibefere,
where only two of the constraints were binding in the optimum. &ox ¢7%(cy)
anda” > o"(¢), however, in the optimum all three constraints must be binding. Thus,
transfers under pricing regimee {D,U} as functions of the implemented allocation
(qr, qm) are given by:

ty = m(qm cn) =i (A.35)
t, = m(q,cL) — g (A.36)
th —ty = w(qn,cr) —7(qm,cr). (A.37)

Solving the above equatioris (Al39)—(Al37) fgy yields

A A
r r T, — T
dr(a”) = 762 — Cf = ¢. (A.38)

With ¢y being fixed by[(A.3B), the upstream supplier choagem order to maximize

th —kqr = 7(qn,cr) — 7 — kqr, (A.39)



Price Discrimination in Input Markets: Quantity Discounts and Private Infation 31

which is achieved by’ (a") = ¢’“(c1). The above allocation clearly satisfies the mono-
tonicity constraint (MON), and (Ig) trivially holds because (1g) is satisfied with equal-
ity. Thus, the above wholesale mechanism also is a solution to the origindéprdar

¢ < q¢’%(cy) anda” > o’ (¢). This establishes the desired resHit.

Proof of Lemmal5:

We first prove Part (i). First, consider the case [qB, q”%(cpr)]. Under pricing regime

r € {D,U}, according to Propositionl 6 (ii), fa”™ > «"(¢) the optimal quantity to
offer when serving the high-cost type ¢,(a”) = ¢. In consequence, the left-hand
side (LHS) of [Z#) equals zero, whereas the RHS is (at least weatbiiye, i.e.,M
does not exclude the high-cost type.aoff < a"(¢), then—according to Proposition 6
(i)—the optimal quantity to offer when serving a high-cost downstreamifify (o) =
q"(a") > ¢. To see thaf\/ prefers to serve both types of downstream firms in this case as
well, suppose that—while leaving the quantity to a low-cost firm unchangedeesuld
offer gz = ¢ to a high-cost downstream firm (instead@f«")) together with tariffs
chosen such that (H) and (IC,) bind. Sinceqy = ¢, (IR%) is satisfied with equality.
With this contractual menu, the LHS &f (24) obviously equals zero, wkdteaRHS is
(at least weakly) positive singe> ¢, i.e., M prefers serving both types of downstream
firms with this alternative allocation over serving only the low-cost type. Glead’s
profits under the optimal contractual menu for serving both typs of doeenstifirms as
identified in Propositiohl6 (i) cannot be lower than profits under this altdlecbdion. In
summary, under pricing regimec {D, U}, for ¢ € [$, ¢’ (cy)] we havell; > IT}
irrespective otv”, 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 ¢ < ¢ anda” > a’. If o € (&",a"(¢)), theng < §"(a”) < ¢, which implies
that the LHS of[(24) is strictly positive whereas the RHS[0f (24) is stricthatieg, i.e.,

M prefers to serve only the low-cost type of downstream firma'lf> " (¢), then

gy (a”) = ¢. Sincep < , the left-hand side (LHS) of {24) equals zero, whereas the
RHS is strictly negative. Thus\/ prefers to exclude the high-cost type in this case as
well, which establishes the desired resHit.

Proof of Proposition[Z:
() For as < aD(gZ)) < o/lj(ag;gi)) < a1, We haveqlf?,l = q% =¢ < qu = ch(ozg).
According to [16), the difference in expected welfare amounts to

" (a2)
AW = (1 — ag) {/ P(z)dz — (cp + K) [¢7 (a2) — ¢] } (A.40)
¢
Thus,AW > 0 if and only if
P (az) ¢

/ P(2)dz — (cg + K)GP (a0) > / P(z)dz — (cu + K)¢. (A.41)

0 0
To see that this inequality indeed is satisfied, note that the fungfid(z)dz — (cy +

K)q attains its maximum at* which is implicitely characterized b¥(¢*) = ¢y + K.
Comparing this last expression with the first-order condition characteriitigs) in
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(10) immediately implieg” (a2) < ¢*. Since the function))’ P(z)dz — (cy + K)q is
strictly concave iny wheneverP > 0, the result follows fromp < ¢” ().

(i) If as < aP(¢) < a1 < of (a2;9), thengy, = ¢ < ¢ = ¢Y(ax) < qf}y =
¢” (). The difference in expected welfare then is

¢
AW = (1 - ) { / vy PO = e + ) [0 quﬂ}
q- (ax

5D

(a2)
+(1—a9) {/q P(z)dz — (cg + K) [QD(ag) — LjU(ag)] } (A.42)
q

Ulax)

Differentiation with respect te;; yields

¢
dAW _ {/ P(2)dz — (cg + K) [Qb - QU(QE)}}

doy Y(ax)

Y (ox)

da1

— (2= (a1 + a)) [P(¢Y(ax)) — (e + K)] (A.43)

Note thaty < ¢Y(ax) < ¢*, whereq* was defined in the proof of part (i) and the
second inequality follows froni(14). The same reasoning as in the prfopérb (i)
implies — {fq%(az) P(z)dz — (cy + K) [¢ — Y (ax)] } > 0. Since [(I#) also implies
that P(¢V (ax)) — (cu + K) = P'(¢"(ax))q" (ax) + 522 (cy — cz) > 0, the desired
result follws fromdg¥ (ax)/day < 0.

(iii) Follows immediately from the proof of Propositignh i

B. PROOFS FORSUBSECTION[3.5

We analyze the upstream supplier’'s screening problem for the consirdistnibution of
downstream types. First, the implications of the constraints for the optimal sdlele
tariff are analyzed. Note that neither the individual rationality constraiotghe incen-
tive compatibility constraints depend on the pricing regime. To cut back oniotae
suppress the subscripindicating the downstream firm. Define

Vie) = q(e)[1 — q(c) — ] = t(c). (B.1)
Using a revealed preference argument for typés= C andé > ¢ we obtain

Vie) = V(o)

q(c) =2 ——F——— 24(0). (B.2)

The above chain of inequalities implies th&t(c) = —¢(c) except for points of discon-
tinuity. Moreover, from[(B.R) we immediately obtain the following result.

Lemma 6 The incentive compatible quantity and transfer schedules,andt(c), are
non-increasing.

Using the insights from above, the transfét) can be stated as

He) = g(@)[1 — g(c) — ] / " 4(2) d, (B.3)



Price Discrimination in Input Markets: Quantity Discounts and Private Infation 33

sinceV (¢) = V(cu)—[" q(z) dzandV (cy) = 0inthe optimum, i.e., the participation
constraint is binding for the highest-cost type.

Discriminatory Offers.—Suppose the manufacturer is not restricted to non-discriminatory
offers. Thus, the manufacturer solves to isolated maximization problemsnakeza the
contracting problem with downstream firta After using integration by parts, the up-
stream suppliers problem can be stated as follows:

Program D1:

F(e)
f(c)

subject to: ¢(c) is non-increasing

max [ <q<c>[1 — 4le) = ] — g0

(a(e))cec cr,

) £(¢) de

From the first-order condition, obtained by point-wise maximization and iggdhe
monotonicity constraint, we obtain:

1 F(C)]
D
q(c)==|1—c— . B.4
By Assumption§1l and 2, the quantity schedyfféc) is strictly decreasing and assigns a
positive quantity to all types.

The contracting problem with downstream firm 2—Program D2—can beeddby
same reasoning. The optimal quantity schedule in this case is

qQD(c) = % [1 —c— j((cc))] . (B.5)

Uniform Pricing.—Now, the upstream supplier is restricted to offer the same wholesale
tariff to both downstream firms. The supplier maximizes

/ O () + 9(0)] de. (B.6)

cL

subject to the (IC) and (IR) constraints. Since the constraints are theasanmeler price
discrimination, the incentive compatible transfer schedule is still charaadnz€B.3).
In order to rewrite the upstream supplier’s profit, we use integration kig.pdote that

/CH /CH q(z) dZ[f(C) + g(C)] de = /CH q(C) [F(C) 4 G(C)] de. (B.7)

cL

Under uniform pricing, the upstream supplier faces the following problem.

Program U:

(1 - a(0) - d — a0 ZOFCOY (1) 4 g0 de
e / <q<c>[1 a(e) = ¢ q()f(c)+g(c)>[f()+g( )] d

subject to: ¢(c) is non-increasing
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Suppose the monotonicity constraint is non-binding, then using point-wisenizaion
we obtain . F(e) + Gle)
U

CO=3 [ T e
By Assumption§ll and 2, the quantity schedyliéc) is strictly decreasing and assigns a
positive quantity to all types. Now, we can proof Lemima 4.
Proof of Lemmal4:
Supposer’(c) < ¢ (c). According to the lemmag (c) < ¢V (e) which is equivalent
to

. (B.8)

_._Fl _,_Fl+6(©

A C I CEY 0 (B.9)
Flo . G
) (.10)

By hypothesis thai” (c) < ¢¥(c), the inequality[(B.10) is fulfilled. By a similar reason-
ing it can be shown that” (¢) < ¢&(¢), which completes the prodi

Welfare.—Suppose price discrimination is permitted. The expected welfare is then
given by

E[W?] = /CH a1’ (¢) = (1/2)(a7’(€))* = cai’(0)] £(c) de

CcL

+/Whﬂd—W%%%W—mﬂMM@%-Bﬂ)

cL

Inserting [B.4) and (Bl5) into the above expression for expected \eglfatds

E[WP) = :{ /LH [f(c) —ef(e) - F(c)} {1 et ;;((CC)J de

# [t -t -] e 0] ). @12

If price discrimination is banned, the expected welfare amounts to
CH
EWY] = / [47(c) = (1/2)(¢7(¢))* = ed” ()] (f () + g(c)) de (B.13)
crL

By using the explicit expression for the implemented quantities (B.8), the mpee!-
fare under uniform pricing can be written as

E[WU] = 2{/H [f(c)—cf(c)—F(c)] [1—c+ m] de
+/:{ [g(c)—cg(c)—G(c)] [1_c+ m] dc}. (B.14)

Let the expected change in welfare from a regime shift away from umifaticing to
price discrimination bW := E[W "] — E[WY].



Price Discrimination in Input Markets: Quantity Discounts and Private Infation 35

Proof of Proposition[5:
The expected change in welfare is

aw = 1 [ g1 o HO] [Eonlo_Glosta) ,,
G(

8 L
WA

Simplifying the above expression yields

s = [Floste —C) [0 F0) | a1

8 F(e) +9(c) 90 ~ flo)
1 e [F(e)g(e) = G(e)f (o) )
-8 / fle)g(e)[f(e) + g(c)] de <0, (B.17)

which establishes the desired resHit.
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