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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. Un-
der discriminatory pricing, downstream firms that differ in their ex ante dis-
tribution of retail costs are offered different tariffs. Under uniform pricing,
the same wholesale tariff is offered to all downstream firms. Irrespectiveof
the pricing regime, the quantities procured by less efficient downstream firms
are distorted downwards. In contrast to the extant literature on nonlinear
wholesale tariffs, we find that banning discriminatory wholesale contracts—
the usual legal practice in the EU and US—often is beneficial for consumers
and social welfare. The reason is that under uniform pricing the average
probability of the downstream firms to produce at high costs determines the
quantity distortion, whereas under price discrimination it depends only on
the probability with which a given downstream firm produces at high cost.

JEL classification:D43; L11; L42

Keywords:Input Markets; Quantity Discounts; Price Discrimination; Vertical Contracting

1 INTRODUCTION

According to recent empirical evidence, vertical contracts between manufacturers and

retailers are often nonlinear, see Villas-Boas (2009) or Bonnet and Dubois (2010). More-

over, the legal practice in the EU and US is to regard quantity discounts as a justifiable

pricing strategy of manufacturers—as long as they are not discriminatory inthe sense of

applying different conditions to identical transactions with other trading partners.1 The

literature on third-degree price discrimination in intermediate good markets, however,

mainly focuses on linear wholesale contracts. The few papers investigatingthe welfare

effects of third-degree price discrimination in intermediate industries that allowfor quan-

tity discounts find that a ban on price discrimination reduces welfare.2 In contrast to this

∗Corresponding author. Tel: +49-228-739212; E-mail address: daniel.mueller@uni-bonn.de (D. Müller).
1Cf. Waelbroeck (2005) and Motta (2009). Regarding the EU, however, this statement has to be qualified

in the light of the recentMichelin II judgment from 2003, “because for the first time it is found that a
dominant firm cannot even resort to pure (non-individualised) quantity discounts, a practice until then
accepted by the Courts.” (Motta, 2009, p.29)

2Cf. O’Brien and Shaffer (1994), Rey and Tirole (2005), and Inderst and Shaffer (2009).
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literature but in line with the usual legal practice, we derive conditions suchthat banning

discriminatory wholesale tariffs improves social welfare as well as consumer surplus.

In our model downstream firms differ in the ex ante distribution of their retail costs,

which can be either high or low. These different distributions are known by the man-

ufacturer. If third degree price discrimination is permitted, the manufactureroffers to

downstream firms with different distributions of retail costs a different menu of transfer-

quantity pairs. Under uniform pricing, on the other hand, the same menu is offered to

all downstream firms. When deciding whether or not to accept the supplier’s offer, each

downstream firm is privately informed about the realization of its retail cost.Thus, the

monopolistic supplier does not only offer nonlinear tariffs to reduce double marginaliza-

tion but also to screen downstream firms according to the retail efficiency,i.e., wholesale

tariffs are such that each downstream firm reveals its retail cost.3 Irrespective of the

pricing regime, a low-cost downstream firm procures the efficient quantity from the inte-

grated structure’s point of view. The quantities procured by high-costdownstream firms,

in contrast, are distorted downwards. With discriminatory pricing this downward dis-

tortion in a particular downstream firm’s quantity increases as this downstream becomes

more likely to produce at low cost. Under uniform pricing, on the other hand, the mar-

gin of the quantity distortion is determined by the average probability of all downstream

firms to produce at low cost. In general, for a high difference in retail cost between a

high-cost and a low-cost downstream firm, it may well be optimal for the manufacturer

to serve only low-cost firms in order to cut back information rents. In consequence, under

uniform pricing, if the average probability that downstream firms produceat high cost is

low, then only low-cost downstream firms are served. Under discriminatory pricing, in

contrast, due to downstream firms’ heterogeneity with respect to ex ante efficiency, some

downstream may also be served even when producing at high cost. If thisis the case,

then permitting discriminatory wholesale tariffs leads to more markets being served, in

the sense that some downstream firms are served under discriminatory butnot under

uniform pricing if they are high-cost retailers. Here, permitting third-degree price dis-

crimination increases the total quantities sold in expectations and therefore also expected

welfare. While the results summarized so far are supportive of the predominant opinion

in the existing literature, welfare effects of banning price discrimination are reversed if

the differences in retail efficiency between a high-cost and a low-costdownstream firm

is relatively low. Here, under either pricing regime each downstream firm isserved by

even if producing at high cost, with the quantity procured by a high-cost retailer un-

der uniform pricing lying strictly between the highest and the lowest quantity procured

by a high-cost retailer under discriminatory pricing. In these cases—at least for linear

demand—banning price discrimination improves social welfare and consumersurplus,

which contrasts the findings in the established literature.

In order to allow for the manufacturer’s pricing behavior also causing primary line

injuries in the upstream market, we augment the basic model by assuming that down-

stream firms can purchase the essential input not only from the manufacturer but also

3A model of vertical relations where downstream firms’ costs are stochastic is 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 this kind of upstream

competition. In particular, for a wide range of parameter values, a ban on discriminatory

wholesale tariffs benefits consumers and improves social welfare.

There has been considerable back and forth in the literature regarding the welfare ef-

fects of banning third-degree price discrimination in intermediate-good markets. This

literature was initiated by Katz (1987). He shows that permitting price discrimination

reduces welfare unless it prevents inefficient backward integration bythe downstream

chain. DeGraba (1990) extends Katz’s model to a long-run analysis where downstream

firms can invest into cost reduction. Here, a ban on price discrimination does not only in-

crease welfare in the short run, but also is beneficial in the long run. The intuition behind

these results is that the wrong firm—the less efficient one—receives a discount under

price discrimination.4 While the above articles all assume that the upstream supplier

is an unconstrained monopolist, Inderst and Valletti (2009) and O’Brien (forthcoming)

relax this assumption. In Inderst and Valletti the upstream supplier is constrained by

the threat of demand-side substitution. Here, the more efficient firm receives a discount

under price discrimination. As a result—in the long run—consumers benefit and so-

cial surplus increases if price discrimination is permitted and demand is linear. O’Brien

assumes that wholesale prices are determined by bilateral negotiations between the sup-

plier and a downstream firm. This also gives rise to circumstances where banning price

discrimination is socially harmful.5

All the aforementioned articles restrict attention to linear wholesale prices. Thus, with

linear wholesale tariffs the welfare results regarding a ban on price discrimination are

mixed. Among the few exceptions which consider pricing schemes more complexthan

linear wholesale prices, in contrast, the predominant opinion is that banningdiscrimina-

tory wholesale pricing is detrimental for welfare. O’Brien and Schaffer (1994) assume

that firms can bargain over the terms of a two-part supply tariff. Banning price discrimi-

nation renders retailer bargaining power useless and mitigates the manufacturer’s market

power. All downstream firms pay higher marginal input prices under uniform pricing

than under price discrimination. Thus, a ban on price discrimination is harmfulfor con-

sumers and reduces total welfare. A similar model is analyzed by Rey and Tirole (2005).

Here, the manufacturer has all the bargaining power. They show that “non-discrimination

laws [...] reduce consumer surplus and total welfare by enabling the monopolist to com-

mit” (p.32).6 Inderst and Shaffer (2009) abstract from any commitment problems and

assume that the offered two-part tariffs are publicly observable. Focusing on asymmetric

downstream firms they show that discriminatory contracts amplify differences in down-

stream firms’ competitiveness. Again, a ban on price discrimination tends to raise all

final-good prices and thus to reduce total output. In consequence, banning price discrim-

ination reduces consumer surplus and total welfare. While the above “insight raises [...]

4Similar results are obtained by Yoshida (2000) and Valletti (2003).
5Mixed welfare results regarding price discrimination in input markets are also obtained by Herweg and

Müller (2010).
6Building on the Rey-Tirole model and assuming that the supplier competes against a competitive fringe,

Caprice (2006) shows that a ban on price discrimination leads to an increase in welfare if the fringe is
sufficiently efficient.
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serious concerns about the efficacy of the Robinson-Patman Act” (O’Brien and Schaffer,

1994, p.314) or its analogue in EU competition law, we find that, when downstream firms

have private information, the reservation toward discriminatory pricing practices embod-

ied in these legal enactments may well be warranted even if nonlinear pricing schemes

are feasible.

The rest of the paper is organized as follows: In Section 2, we introduceour basic

model with a monopolistic input supplier. This model is analyzed in Section 3. Section

4 augments the basic model by assuming that the upstream supplier is constrained by the

threat of demand-side substitution. We conclude in Section 5.

2 THE MODEL

Consider a vertically related industry where the upstream market is monopolized by firm

M . The upstream monopolist produces an essential input that is supplied to the down-

stream sector. For simplicity, we assume that the upstream firm produces quantity q at

constant marginal cost,K > 0. There are two downstream firms,i ∈ {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., downstream firms

operate in distinct and independent markets. We comment on this assumption below.

Downstream markets are identical in size and characterized by the inversedemand func-

tion P (q), which is strictly decreasing and twice differentiable whereP > 0. Moreover,

we impose the standard assumptionP ′(q) < min{0, qP ′′(q)} whereP > 0.7

Downstream firmi produces at constant marginal cost and without fixed costs. The

marginal cost of production is either high or low,ci ∈ {cL, cH} with 0 ≤ cL < cH <

P (0). In all what follows, we assume thatP (0) > cH + K, which guarantees that the

joint-surplus maximizing quantity of a vertically integrated firm is strictly positive.

Let αi be the probability that firmi has low marginal cost. We assume that1 >

α1 > α2 > 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 downstream

firm, respectively. Its type—i.e., its marginal cost of production—is privateinformation

of the respective downstream firm. The upstream firm only knows the probability αi,

i ∈ {1, 2}, with which downstream firmi is the low-cost type. Instead of assuming

private information regarding the retail costs, we could also assume that downstream

firms are privately informed about demand conditions. Most of our results, in particular

the structure of the optimal wholesale mechanisms, would also hold under this alternative

assumption.

The upstream monopolist can make a take-it-or-leave-it offer to the downstream firms.8

With downstream firms operating in independent markets and with the type space being

identical for both downstream firms, without loss of generality, the input supplier offers

7See, for example, Vives (1999).
8The assumption of the upstream supplier having all the bargaining power,“which arguably can be justified

on the grounds that for antitrust purposes the considerations of price discrimination in intermediate-
goods markets is primarily relevant if the supplier enjoys a dominant position” (Inderst and Shaffer
(2009), p.4) is common in the extant literature. The only exceptions are O’Brien and Shaffer (1994) and
O’Brien (2008).
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downstream firmi ∈ {1, 2} a direct mechanismΓi = 〈(qLi, tLi), (qHi, tHi)〉, that speci-

fies a quantity,q ∈ R≥0, and a transfer from firmi to the upstream supplier,t ∈ R, for

each feasible type announcement.

With the assumed type of wholesale contracts, the question whether or not a down-

stream firm is forced to sell the maximum possible quantity given the procuredamount

is immediately at hand. We assume free disposal for downstream firms. Thus, when

having purchased quantityq′ of the input, a downstream firm can produce any quantity

q ∈ [0, q′] of the final output.

The sequence of events is as follows: First, nature draws the cost type for each 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 price discrimination the

upstream supplier offers each downstream firm a possibly different tariff, whereas under

uniform pricing one and the same tariff applies to both firms.9 A downstream firm either

chooses one of the two offered bundles or it rejects the upstream supplier’s offer. In case

of rejection, the downstream firm obtains its reservation profit, which is normalized to

zero. If the downstream firm accepts 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 discriminatorywholesale

tariffs in the case of asymmetric information from potential competitive effects.From

an applied point of view, this restriction also seems justifiable: Besides geographic price

discrimination, a case in which separate markets are a natural assumption, theEuro-

pean Commission mostly concerns itself with whether discriminatory pricing causes a

primary-lineor secondary-line injury, which are adressed in Article 82 (b) and (c) EC.10

While application of article 82 (b) does not impose the requirement that a downstream

firm has to be placed at a disadvantageous position, recent practice of the EU Commis-

sion generally overlooks this requirement even when relying on Article 82 (c).11

3 THE ANALYSIS

Let q∗(c) = arg maxq≥0{(P (q)− c)q}. It is readily verified thatq∗(·) is strictly decreas-

ing in marginal costc, such thatq∗(cH) < q∗(cL). Due to free disposal, downstream firm

i’s maximum profit when faced with tupel(q, t) is π(q, ci) − ti, where

π(q, ci) = [P (min{q, q∗(ci)}) − ci] min{q, q∗(ci)}. (1)

9As noted by Inderst and Shaffer (2009), another way to model uniform pricing would be to assume that
the manufacturer can offer a menu of tariffs, as long as the same menuis offered to both downstream
firms. In our setup the manufacturer cannot benefit from offering amenu of quantity-transfer tariffs,
since downstream firms cannot be screened according to their ex ante efficiency.

10While the first type of price discrimination involves discrimination on the part of a dominant firm with
the objective of excluding rival competitors, the latter type refers to the charging of different prices to
downstream competitors thereby placing one or more of them at a competitive disadvantage relative to
others.

11As criticized by, for example, Geradin and Petit (2005),when dealing withcases involving primary-line
injury price discrimination, the EU Commission often relies on Article 82(c) EC—instead of Article
82(b) EC—and usually tends to ignore the requirement that the pricing practice in question has to put
one downstream firm at a competitive disadvantage.
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Thus, downstream firmi’s gross profitsπ(q, ci) are strictly increasing and strictly con-

cave inq on [0, q∗(ci)) and constant forq ≥ q∗(ci). Moreover,π(q, ci) satisfies the

following single-crossing property:

Lemma 1 For all 0 ≤ q′ < q′′ ≤ q∗(cL), π(q′′, cL) − π(q′, cL) > π(q′′, cH) −

π(q′, cH).

Let qJS(c) = arg maxq≥0 π(q, c) − Kq denote the optimal quantity produced by a

vertically integrated structure comprising of the upstream supplier and a downstream

firm with marginal costc. Under the imposed assumptions we have0 < qJS(c) < q∗(c).

SinceqJS(·) is strictly decreasing in marginal costc, it holds

qJS(cH) < min{q∗(cH), qJS(cL)} < q∗(c). (2)

3.1 Discriminatory Offers

Suppose theM is not restricted to offering the same wholesale tariffs to both down-

stream firms. Since downstream firms operate in independent markets,M solves two

independent maximization problems. Thus, when contracting with a downstream firm

that produces at low costs with probabilityα, M offers this firm a wholesale mechanism

Γ = 〈(qL, tL), (qH , tH)〉 that maximizes expected upstream profits,

ΠD(qL, qH , tL, tH) = α[tL − KqL] + (1 − α)[tH − KqH ] . (3)

subject to the constraint thatΓ is truthful and individually rational.

The wholesale mechanism is truthful if and only if it satisfies both the incentivecom-

patibility constraint for the low-cost type, (ICL), and the incentive compatibility con-

straint for the high-cost type, (ICH ). Formally,

π(qL, cL) − tL ≥ π(qH , cL) − tH , (ICL)

π(qH , cH) − tH ≥ π(qL, cH) − tL . (ICH )

Moreover, the mechanism has two satisfy the individual rationality constraints, i.e., for

each cost type the designated quantity transfer tuple has to yield nonnegative profits. The

individual rationality constraints for the low-cost type and the high-cost type are

π(qL, cL) − tL ≥ 0 , (IRL)

π(qH , cH) − tH ≥ 0 , (IRH )

respectively.

Implications of free disposal.—An important implication of free disposal is that in

the optimum we must haveqH ≤ q∗(cH). To see this, assume the opposite, i.e., the

optimal contract stipulatesq′H > q∗(cH). Then, leavingqL and transferstL andtH un-

changed,M could offer the high-cost type the lower quantityq∗(cH). First, this change

obviously does not affect (IRL). Moreover, due to free disposal, we haveπ(q′H , cH) =
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π(q∗(cH), cH), which implies that (IRH ) and (ICH ) are also left unchanged. Last, this de-

crease in the quantity offered to the high-cost type strictly relaxes (ICL) because

π(q∗(cH), cL) < π(q′H , cL). Thus, all constraints remain satisfied under this new con-

tract, but upstream cost of production is strictly lower than under the original contract

contradicting its optimality. Analogous reasoning reveals that in the optimum we have

qL ≤ q∗(cL).

Implications of incentive compatibility.—Combining and rearranging both incentive

compatibility constraints, (ICL) and (ICH ), yields

π(qL, cL) − π(qH , cL) ≥ tL − tH ≥ π(qL, cH) − π(qH , cH). (4)

As usual, incentive compatibility imposes the following monotonicity requirement: in the

optimal contract we must haveqH ≤ qL. Then, it follows thatπ(qL, cH) ≥ π(qH , cH),

which in turn implies that under the optimal contract we must havetL − tH ≥ 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:

qH ≤ min{qL, q∗(cH)} ≤ q∗(cL). (MON)

Since the incentive compatibility constraints limit only the differences in transfers and

not the absolute values, we can conclude that at least one individual rationality constraint

is binding at the optimum. As it is well established, if (IRH ) and (ICL) are satisfied then

(IRL) also holds. From this observation, we can conclude that under the optimalcontract

(IRH ) needs to be satisfied with equality. SincetH is uniquely determined by the binding

(IRH) constraint, it is optimal forM to increasetL up to the point where (ICL) holds

with equality. The remaining incentive compatibility constraint, (ICH ), then holds as

long as the monotonicity requirementqH ≤ qL is met.

Hence, the transferstH andtL are uniquely determined by (IRH ) and (ICL),

tH = π(qH , cH), (5)

tL = π(qL, cL) − π(qH , cL) + π(qH , cH). (6)

The upstream supplier’s problem consists of choosing quantitiesqL andqH to maximize

upstream profits under a discriminatory pricing regime,

ΠD(qL, qH) = α {[P (qL) − cL]qL − qH(cH − cL) − KqL}

+ (1 − α) {[P (qH) − cH ]qH − KqH} (7)

subject to the monotonicity requirementqH ≤ min{qL, q∗(cH)} ≤ q∗(cL). Setting the

partial derivative ofΠD(·) with respect toqL equal to zero immediately yields

qD
L = qJS(cL) . (8)
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This is the well-known no-distortion-at-the-top result: the low-cost type produces the

quantity that maximizes the joint surplus of the integrated structure. Due to strictcon-

cavity of upstream revenues with respect toqH as long asP (q) > 0, M will offer the

high-cost type a quantity equal to zero if and only if

∂ΠD

∂qH

∣

∣

∣

∣

qH=0

≤ 0 ⇐⇒ α ≥ α̂D :=
P (0) − cH − K

P (0) − cL − K
. (9)

For α < α̂D, on the other hand, the optimal quantity sold to the high-cost type,q̂D(α),

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

P (q̂D(α)) − cH + P ′(q̂D(α))q̂D(α) = K +
α

1 − α
(cH − cL) . (10)

Obviously, q̂D(α) is strictly decreasing inα and limαց0 q̂D(α) = qJS(cH). Intu-

itively, as the probability of dealing with a low-cost downstream firm becomessmaller,

M chooses the quantity offered to the high-cost type closer to the joint-surplus maxi-

mizing quantityqJS(cH). If, on the other hand, the probability of contracting with a

low-cost downstream firm is sufficiently high, thenM prefers to offer a zero quantity to

the high-cost type, which eliminates information rents and in turn allowsM to extract

all the surplus from the interaction with a low-cost type. Obviously, the quantities q̂D(α)

andqD
L satisfy the monotonicity constraint (MON). It is worthwhile to point out thatα̂D

approaches 1 ifcH − cL 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, (i)qD
L = qJS(cL) and (ii)qD

H(α) =

q̂D(α) if α < α̂D and zero otherwise.

3.2 Uniform Pricing

Suppose third-degree price discrimination in the intermediate good market is banned. In

this the case,M has to offer the same menu to both downstream firms, i.e.,Γ1 = Γ2.

Since this restriction leaves the set of incentive compatibility and individual rationality

constraints unchanged, all the above considerations—Lemma 2 in particular—also ap-

ply in this situation. Therefore,M chooses quantitiesqL andqH in order to maximize

upstream profits,

ΠU (qL, qH) = αΣ {[P (qL) − cL]qL − qH(cH − cL) − KqL}

+ (2 − αΣ) {[P (qH) − cH ]qH − KqH} , (11)

whereαΣ := α1 + α2. Differentiation ofΠU (·) with respect toqL reveals that the

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

qU
L = qJS(cL) . (12)

Analogous reasoning to the discriminatory pricing regime reveals that the quantity of-

fered to the high-cost type decreases in the overall probability of contracting with a low-

cost downstream firm,αΣ. Once this probability exceeds a certain threshold,M prefers
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to offer a zero quantity to the high type. Formally,M offers a zero quantity to high-cost

downstream firms if and only if

∂ΠU

∂qH

∣

∣

∣

∣

qH=0

≤ 0 ⇐⇒ αΣ ≥ α̂U := 2α̂D (13)

ForαΣ < α̂U , the quantity offered to high-cost types,q̂U (αΣ), satisfies

P (q̂U (αΣ)) − cH + P ′(q̂U (αΣ))q̂U (αΣ) = K +
αΣ

2 − αΣ
(cH − cL) . (14)

Note thatq̂U (αΣ) is strictly decreasing inαΣ andlimαΣց0 q̂U (αΣ) = qJS(cH). Thus,

the monotonicity constraint is satisfied. In order to summarize the above observations we

define

α̂U
1 (α2) := α̂U − α2.

Proposition 2 Under a nondiscriminatory wholesale tariff, (i)qD
L = qJS(cL), and (ii)

qU
H(αΣ) = q̂U (αΣ) if α1 < α̂U

1 (α2) and zero otherwise.

3.3 Welfare

Having identified the optimal menus forM to offer under price discrimination and uni-

form pricing, respectively, we now turn to the welfare implications of banning price

discrimination. First, we observe the following:

Lemma 3 qD
H(α1) ≤ qU

H(αΣ) ≤ qD
H(α2) < qJS(cH).

We define welfare as the sum of consumers’ and producers’ surpluses. Gross consumer

surplus in marketi is given by

CSi =

∫ qi

0
P (z)dz . (15)

With wholesale payments and final-good prices being welfare-neutral transfers, welfare

amounts to

W = CS1 + CS2 − (c1 + K)q1 − (c2 + K)q2 . (16)

Thus, under a pricing regime in which firmi ∈ {1, 2} is offered a menu that consists

of quantitiesqL(αi, α−i) andqH(αi, α−i) together with the corresponding transfers, ex-

pected welfare equals

E[W ] =
2

∑

i=1

{

αi

[

∫ qL(αi,α−i)

0
P (z)dz − (cL + K)qL(αi, α−i)

]

+ (1 − αi)

[

∫ qH(αi,α−i)

0
P (z)dz − (cH + K)qH(αi, α−i)

] }

. (17)
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Let the difference in expected welfare between the discriminatory pricing regime and the

uniform pricing regime be∆W := E[WD] − E[WU ]. Since there is no-distortion-at-

the-top under either regime,∆W depends only on the quantities produced by high-cost

retailers. Formally,

∆W := ∆W (α1, α2)

=
2

∑

i=1

(1 − αi)

[

∫ qD

H
(αi)

qU

H
(α1+α2)

P (z)dz − (cH + K)(qD
H(αi) − qU

H(α1 + α2))

]

. (18)

With the difference in welfare depending only on the quantities offered to high-cost

α1

α2

α1 = α2

α̂D

α̂D

α̂U
1

(α2)

1

1

I

II

III IV

Figure 1: Welfare comparison without demand-side substitution.

downstream firms, from Propositions 1 and 2 it follows that we have to consider the

following four cases, as depicted in Figure 1:

(I) 0 < qD
H(α1) < qU

H(αΣ) < qD
H(α2), which holds ifα2 < α1 < α̂D;

(II) 0 = qD
H(α1) < qU

H(αΣ) < qD
H(α2), which holds ifα2 < α̂D ≤ α1 < α̂U

1 (α2);

(III) 0 = qD
H(α1) = qU

H(αΣ) < qD
H(α2), which holds ifα2 < α̂D ≤ α̂U

1 (α2) ≤ α1;

(IV) 0 = qD
H(α1) = qU

H(αΣ) = qD
H(α2), which holds ifα̂D ≤ α2 < α1.

In case (IV), withM never serving a high-cost downstream firm irrespective of the pric-

ing regime, we trivially have∆W = 0. Therefore, in what follows we focus on cases (I)

- (III), i.e., we restrict attention toα2 < α̂D.

Proposition 3 (i) If α2 < α̂D ≤ α̂U
1 (α2) ≤ α1, then∆W > 0. (ii) If α2 < α̂D < α1 <

α̂U
1 (α2), then∆W is strictly increasing inα1.
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In case (III), part (i) of Proposition 3, a ban of price discrimination is detrimental for wel-

fare. This observation, in a sense, confirms the findings by O’Brien andShaffer (1994)

and Inderst and Shaffer (2009): banning third-degree price discrimination reduces total

welfare if the upstream supplier can make use of pricing schemes more sophisticated than

linear wholesale pricing. According to part (ii) of Proposition 3, however, once we enter

case (II), the difference in expected welfare between the two pricing regimes decreases

as the probability of firm 1 to be of the low-cost type decreases. This finding suggests

that banning price discrimination—even with more sophisticated pricing schemesbeing

at the input supplier’s disposal—may be welfare improving.

What is the intuition behind the welfare results presented in Proposition 3? In case

(III), both the probability of firm 1 producing at low cost (α1) and the overall probability

of dealing with a low-cost downstream firm (αΣ) are relatively high. In consequence, in

order to cut back on information rents,M assigns a zero quantity to firm 1 in the case

it produces at high cost under price discrimination and to high-cost downstream firms

in general under uniform pricing. Put differently, high-cost downstream firms are never

served except for firm 2 under a discriminatory pricing regime. In this sense, price dis-

crimination leads to more markets being served (in expectation), which turns out to be

beneficial for welfare, thereby supporting the classic Chicago schoolargument against

non-discrimination clauses. In case (II), on the other hand, both marketsare always

served under uniform pricing, whereas under price discrimination market 1 is served

only when firm produces at low cost. Here, however, banning price discrimination—and

thus ensuring that both markets are served irrespective of downstreamtechnology—is

not necessarily beneficial from a welfare point of view. The reason isthat both markets

always being served under uniform pricing comes at the cost of a more severe downward

distortion in the quantity sold to firm 2 in the case of high costs. Since the upstream

supplier trades off minimizing information rents paid to low-cost types versus maximiz-

ing the surplus generated with high-cost types, the downward distortion in quantity qU
H

increases as it becomes more likely that firm 1 is a low-cost firm. Thus, in case (II), for

high values ofα1 we would expect welfare to be higher under price discrimination than

under uniform pricing. Ifα1 is low, on the other hand, then the negative effect of ban-

ning price discrimination onqU
H is small and the positive effect of more markets being

served should outbalance. While not to be obtained in general, as we will show next, this

conjecture holds true for a linear demand function.

3.4 An Application with Linear Demand

Suppose the inverse demand function is linear,P (q) = max{0, 1 − q} for q ≥ 0, and

assume thatcH +K < 1. In this case, it is readily verified thatqJS
H (cH) = 1−cH−K

2 , and

qD
H(α) = max{0, qJS

H (cH)− α
1−α

cH−cL

2 }, qU
H(αΣ) = max{0, qJS

H (cH)− αΣ

2−αΣ

cH−cL

2 }.

Gross consumer surplus in marketi ∈ {1, 2} is CS(qi) =
∫ qi

0 (1 − z)dz = qi −
1
2q2

i .

A linear inverse demand function allows us to rewrite the difference in expected welfare
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and consumer surplus as

∆W =

2
∑

i=1

(1 − αi)(q
D
H(αi) − qU

H(Σ))

[

(1 − cH − K) −
qD
H(αi) + qU

H(Σ)

2

]

. (19)

and

∆CS =
2

∑

i=1

(1 − αi)(q
D
H(αi) − qU

H(Σ))

[

1 −
qD
H(αi) + qU

H(Σ)

2

]

, (20)

respectively. Tedious but straightforward calculations then yield the following result.

Proposition 4 SupposeP (q) = max{0, 1 − q} for q ≥ 0, cH + K < 1, andα2 <

α̂D. Let αW
1 (α2) and αCS

1 (α2) be implicitly defined by∆W (αW
1 (α2), α2) ≡ 0 and

∆CS(αCS
1 (α2), α2) ≡ 0, respectively. Then,

(i) ∆W < 0 for α1 < αW
1 (α2) and∆CS < 0 for α1 < αCS

1 (α2);

(ii) ∆W > 0 for α1 > αW
1 (α2) and∆CS > 0 for α1 > αCS

1 (α2).

Moreover,αCS
1 (α2) < αW

1 (α2) for all α2 ∈ [0, α̂D).

In summary, there exist unique cutoffs,αW
1 (α2) andαCS

1 (α2), below which banning

price discrimination strictly improves welfare and consumer surplus, respectively. As

is proved rigorously in the Appendix, these thresholds, which pass through (α1, α2) =

(α̂D, α̂D), are strictly decreasing inα2 with a slope strictly between -1 and 0, as is il-

lustrated in Figure 2 with regard to welfare. Note that—according to final sentence of

Proposition 4—the set of(α1, α2) pairs for which banning price discrimination increases

welfare is strictly larger than the set of(α1, α2) pairs for which a ban on price discrimi-

nation increases consumer surplus.

Part (i) of Proposition 4 is in contrast to findings in the literature, where a ban on price

discrimination unambiguously reduces welfare and consumer surplus if the manufacturer

is not restricted to linear prices. Inderst and Shaffer (2009), for instance, consider a man-

ufacturer who is perfectly informed about the retail costs of two asymmetric downstream

firms. This manufacturer offers each downstream firm a different two-part tariff under

price discrimination, but is restricted to offer only a single two-part tariff under uniform

pricing. In this framework, a ban on price discrimination reduces consumersurplus and

welfare. For the case of separate markets—Proposition 6 of Inderst and Shaffer—if price

discrimination is permitted the optimal two-part tariffs maximize the profits of the inte-

grated structure. Put differently, both marginal wholesale prices equalthe manufacturer’s

marginal production costs and the manufacturer extracts the whole generated profits via

the franchise fee since there is no asymmetric information. Under uniform pricing the

manufacturer faces a trade-off between efficiency and rent extraction, which leads him

to a marginal wholesale price above his marginal cost of production. As a result, both

downstream firms acquire a quantity even lower than the optimal quantities fromthe in-

tegrated structurer’s point of view, reducing consumer surplus and welfare.12 Our finding
12In the model of Inderst and Shaffer (2009) the restriction on two-part tariffs is without loss of generality

for the case of price discrimination but under uniform pricing the manufacturer could do better with a
more complex wholesale tariff. A ban on price discrimination would still be welfare harming, however,
the low-cost firm would produce the same amount under both pricing regimes.
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α1

α2

α1 = α2

α̂D

α̂D

α̂U
1

(α2)

1

1

∆W < 0

∆W > 0 ∆W = 0

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

shows that the strong welfare result of Inderst and Shaffer is an artifact of the symmetric

information case. Supposeα2 is close to zero andα1 is close to one but belowαW
1 (·). 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 firm. Thus, this scenario is close to the separate markets

case analyzed by Inderst and Shaffer. Nevertheless, according toProposition 4 a ban

on price discrimination increases consumer surplus and welfare, which is the complete

opposite to the finding of Inderst and Shaffer (2009).

What do we learn from Proposition 4 for a case-based approach regarding discrimina-

tory wholesale tariffs? If the regulation authority needs not be overly concerned about

the possibility of one or the other market not being served under either pricing regime,

then—at least for linear demand—banning price discrimination is socially desirable ir-

respective of whether a welfare or a consumer standard is applied. Putdifferently, if

the demand function is sufficiently linear in the relevant range of prices, then the typical

practice in the EU and the US—where it is perceived as illegal to apply different whole-

sale conditions for identical transactions with different trading partners—often protects

consumers and improves welfare. Note that the area where a ban on pricediscrimina-

tion improves welfare and consumer surplus is quite large if the differencesin retail cost

between a high and a low-cost firm is relatively low, i.e.,α̂D is large.

4 DEMAND-SIDE SUBSTITUTION

In this section, we posit that the upstream supplier is no longer an unconstrained mo-

nopolist. As was recently shown by Inderst and Valletti (2009) and Caprice (2005), the
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implications of price discrimination in input markets for pricing decisions and welfare

may be reversed if the assumption of a monopolistic input supplier is relaxed. We aug-

ment our basic model by assuming that downstream firms can purchase the essential

input not only from the manufacturer but also from an alternative source. As we will

show, the main effect of this outside option is to shift rents from the manufacturer to the

downstream firms. As a result, by and large, our findings are robust toward relaxing the

assumption of a monopolistic input supplier.

Following Katz (1987) and Inderst and Valletti (2009), it is supposed that a downstream

firm when rejecting the supplier’s offer can turn to an alternative sourceof input supply.

How profitable the switch to the alternative supply is for a downstream firm depends on

its efficiency in production. If a firm with marginal costc ∈ {cL, cH} acquires its input

from the alternative supply, then its profits areπA(c) with 0 ≤ πA(cH) < πA(cL). One

possible interpretation is that there exists a competitive fringe that producesan input good

that is substitutable to the upstream firm’s product. The downstream firms canacquire

this fringe product at a cost per unit of̄w > 0. To switch input suppliers comes for the

downstream firms at fixed costF ≥ 0. With this interpretation we obtain

πA(ci) := max
{

0, max
q

[P (q) − c − w̄]q − F
}

.

In the following, we assume that the alternative source of input supply is not too attractive

in the sense that the joint surplus generated byM and either type of downstream firm

exceeds that downstream firm’s profit obtained under the alternative supply.

Assumption 1 π(qJS(c), c) − KqJS(c) > πA(c) for c ∈ {cL, cH}.

For notational convenience letπA
H = πA(cH) andπA

L = πA(cL), and define

φ :=
πA

L − πA
H

cH − cL

. (21)

The termφ 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 advantage. The case

analyzed in Section 3 then corresponds to a special case of the situation where the outside

option is equally attractive for both types, i.e., whereφ = 0. In order to stick close to

our basic model without alternative supply, in all that follows we keepcL andcH fixed

and assume that any variation inφ arises due to changes inπA
L or πA

H . For reasons of

tractability, we impose the following assumption:

Assumption 2 φ ≤ qJS(cL).

Given Assumption 2, the outside option is not superior, in the sense that under the optimal

contract it is never the upward incentive constraint that is binding.13

Otherwise the model is the same as before, in particular, the upstream firm can still

make take-it-or-leave-it offers to downstream firms. Hence, the upstream firm still maxi-

mizes the same objective function subject to the usual incentive compatibility constraints.

13Cf. Tirole (1988, p.154.)
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The individual rationality constraints, however, are not the same as before due to the ex-

istence of an alternative source of supply. The individual rationality constraintM has to

satisfy in order to contract with the low-cost or the high-cost type, respectively, is:

π(qL, cL) − tL ≥ πA
L , (IRA

L)

π(qH , cH) − tH ≥ πA
H . (IRA

H )

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 supply. Therefore, we

first identify the optimal contracts under the hypothesis thatM serves both downstream

firms which allows to draw welfare implications irrespective of the particular form the

alternative source of supply takes. Thereafter, we determine under what circumstances

M indeed prefers to serve both cost types of downstream firms.

4.1 Serving both cost types of downstream firms

In order to analyze both pricing regimes in one go, we defineαr, with r ∈ {D, U}

denoting the pricing regime, as follows:αD = αi for i ∈ {1, 2} under a discriminatory

pricing regime, andαU = αΣ under a uniform pricing regime.14 The upstream supplier’s

objective function is

Π = αr[tL − kqL] + δr[tH − kqH ] . (22)

If discriminatory offers are allowed, thenδD = 1 − αi with regard to downstream firm

i ∈ {1, 2}. Under uniform wholesale tariffs, we haveδU = 2 − αΣ.

Since the incentive constraints are the same as before, the optimal wholesalemech-

anism still needs to satisfy the monotonicity constraint (MON). Moreover,tL ≥ tH .

Even though the problem is similar as before, the usual procedure, i.e., satisfying (IRA
H )

and (ICL) with equality, possibly is not feasible. This is due to the fact thatπA
L 6= πA

H .

Nevertheless, the following observation is immediate: In the optimum at least onecon-

straint regarding each cost type is binding. If both constraints regarding one type were

slack, thenM could increase profits by increasing that type’s transfer until one of those

constraints bind—thereby relaxing the incentive constraint while not affecting the par-

ticipation constraint of the other type. Thus, in the optimum, at least two constraints

are binding, one constraint regarding the low-cost type and another constraint regarding

the high-cost type. Moreover, given monotonicity is satisfied, if one incentive constraint

holds with strict equality, then the other incentive constraint also holds.

Standard Case: The Low-Cost Firm’s Incentives Matter.—Suppose in the optimum the

only constraints that are satisfied with equality are (IRA
H ) and (ICL). If this is the case, the

transfers under pricing regimer ∈ {D, U} as functions of the implemented allocation

(qL, qH) are:

trH = π(qH , cH) − πA
H ,

trL = π(qL, cL) − π(qH , cL) + π(qH , cH) − πA
H .

14Under price discrimination the manufacturer solves two independent maximization problems; one for
each downstream firmi ∈ {1, 2}. With a slight abuse of notation, we suppress the subscripti for the
discriminatory pricing regime.
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Except for being shifted downward due to the fact that there now is a relatively attractive

outside option for both cost types of downstream firms, the transfers arethe same as

before. Hence, in the absence of the (IRA
L) constraint the optimal allocation would be

exactly the same as in Section 3:qr
L(αr) = qJS(cL) andqr

H(αr) for r ∈ {D, U}. Thus,

it remains to determine for which values ofπA
H , πA

L , cH , andcL, the wholesale mechanism

described above indeed satisfies the (IRA
L) constraint: forr ∈ {D, U},

π(qJS(cL), cL) − trL ≥ πA
L ⇐⇒ φ ≤ qr

H(αr). (23)

Thus, under pricing regimer ∈ {D, U}, if φ exceeds a critical threshold,qr
H(αr), then a

low-cost downstream firm would rather turn to the alternative supply than tothe package

designed for a high-cost firm. Note that this impliesφ ≤ qJS(cH) which is the maxi-

mum quantity possibly offered to a high-cost downstream firm under the above wholesale

mechanism.

Givenφ ≤ qJS(cH), for which values ofα1 andα2 does the above wholesale mech-

anism characterizes the optimal wholesale tariff under either pricing regime?Let αr(φ)

be implicitly defined as

qr
H(αr(φ)) ≡ φ, (24)

which implies that
dαr

dφ
=

(

dqr
H(αr)

dαr

)−1

< 0. (25)

Recall thatqr
H(αr) is a strictly decreasing function withqr

H(0) = qJS(cH) andqr
H(α̂r) =

0. By the intermediate value theorem, forφ ∈ [0, qJS(cH)] we haveαr(φ) ∈ [0, α̂r], and

thereforeqr
H(αr) = q̂r(αr). Thus, if φ ≤ qJS(cH) andαr ≤ αr(φ), then (IRL) is

satisfied when (IRAH ) and (ICL) bind.

Both Individual Rationality Constraints are Binding.—Suppose the outside option is

sufficiently more attractive for a low-cost firm than for a high-cost firm such that under the

optimal contract only the individual rationality constraints, (IRA
H ) and (IRA

L), are binding.

If this is the case, the transfers under pricing regimer ∈ {D, U} as functions of the

implemented allocation(qL, qH) are:

trL = π(qL, cL) − πA
L (26)

trH = π(qH , cH) − πA
H (27)

With only the two individual rationality constraints binding, the upstream supplier’s goal

is to maximize the joint surplus, irrespectively of being able or not to make discriminatory

offers. Hence, the quantities implemented by the optimal wholesale mechanism under

either regime areqr
L(αr) = qJS(cL) andqr

H(αr) = qJS(cH). Since the quantity offered

to a particular cost type is the same under both pricing regimes, also the transfer charged

to this type is independent of the pricing regime,tDH = tUH = tH andtDL = tUL = tL.

It needs to be checked that the mechanism is indeed incentive compatible, given the

joint surplus maximizing quantities are implemented. The incentive constraint of the

low-cost firm, (ICL), is satisfied if

π(qJS(cL), cL) − tL ≥ π(qJS(cH), cL) − tH ⇐⇒ qJS(cH) ≤ φ. (28)
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A high-cost firm truthfully reveals its type, i.e. (ICH ) is satisfied, if

π(qJS(cH), cH) − tH ≥ π(qJS(cL), cH) − tL ⇐⇒ qJS(cL) ≥ φ. (29)

The Intermediate Case.—There is one case left that needs to be investigated. In this

intermediate case, in whichφ < qJS(cH) andαr > αr(φ) for r ∈ {D, U}, we must

have that all three constraints, (IRA
L), (IRA

H ), and (ICL), are binding. Thus, transfers

under pricing regimer ∈ {D, U} as functions of the implemented allocation(qL, qH)

are given by:

trH = π(qH , cH) − πA
H (30)

trL = π(qL, cL) − πA
L (31)

trL − trH = π(qL, cL) − π(qH , cL). (32)

Solving the above equations (30)–(32) forqH yields

qr
H(αr) =

πA
L − πA

H

cH − cL

= φ. (33)

With qH being fixed by (33), the upstream supplier choosesqL in order to maximize

trL − kqL = π(qL, cL) − πA
L − kqL , (34)

which is achieved byqr
L(αr) = qJS(cL).

The above observations are summarized in the following lemma. Figure 3 illustrates

these observations for a discriminatory pricing regime.

Proposition 5 Suppose Assumptions 1 and 2 hold and that the upstream firm serves both

types of downstream firms. The optimal wholesale mechanism under pricing regimer ∈

{D, U} allocates quantities

(i) qr
L(αr) = qJS(cL) andqr

H(αr) = q̂r(αr) if φ ≤ qJS(cH) andαr ≤ αr(φ);

(ii) qr
L(αr) = qJS(cL) andqr

H(αr) = φ if φ ≤ qJS(cH) andαr ≥ αr(φ);

(iii) qr
L(αr) = qJS(cL) andqr

H(αr) = qJS(cH) if qJS(cH) ≤ φ ≤ qJS(cL).

4.2 Serving only one type of downstream firm

It remains to investigate what happens if it is profitable forM to serve only one type

of downstream firm. Unless stated otherwise, the following observations apply to both

pricing regimes.

Clearly, when serving only one type of downstream firm with costc, the best theM

can possibly do is to offer the joint-surplus-maximizing quantityqJS(c) and to charge

a transfer that just ensures participation by that type,t = π(qJS(c), c) − πA(c). An

immediate implication is that forφ ∈ [qJS(cH), qJS(cL)] it never pays off forM to serve

only one type of downstream firm: IfM contracts with both types of downstream firms,
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1 αi

φ

q̂D(αi)

(IRL), (IRH )

(ICL), (IRH ), (IRL)

(ICL), (IRH )

φ′

αD(φ′) α̂D

qJS(cH)

qJS(cL)

Figure 3: Binding constraints whenM serves both types.

according to Proposition 5 (iii) each cost type is offered the respective joint-surplus-

maximizing quantity, and since both participation constraints are satisfied with equality

M extracts all the surplus. A second implication is that even forφ < qJS(cH) it can

never be optimal forM to exclude the low-cost type. According to the above reasoning,

for exclusion of the low-cost type to be possibly profitable, this type has to reject the

bundle(qJS(cH), π(qJS(cH), cH) − πA
H). This, however, will never happen because

π(qJS(cH), cL)−{π(qJS(cH), cH)−πA
H} > πA

L ⇐⇒ qJS(cH) >
πA

L − πA
H

cH − cL

= φ .

(35)

Thus, forφ < qJS(cH), M will always benefit from serving both types of downstream

firms instead of designing a contract that excludes the low-cost type.

It remains to determine whetherM might profit from excluding the high-cost type

whenφ ≤ qJS(cH). From the above reasoning it follows thatM ’s profits under pricing

regimer ∈ {D, U} from serving only typeL are given by

Πr
L = αr

[

π(qJS(cL), cL) − πA
L − KqJS(cL)

]

. (36)

If M serves both types of downstream firms, we know that forφ ≤ qJS(cH) the incentive

constraint for the low-cost firm, (ICL), and the participation constraint for the high-cost

firm, (IRH ), are binding under both pricing regimes. With transfers being pinned down by

these constraints, the quantities offered correspond toqr
L(αr) andqr

H(αr) as identified



Price Discrimination in Input Markets: Quantity Discounts and Private Information 19

in Proposition 5. With the quantity offered to the low-cost firm not dependingon the

pricing regime,qr
L(αr) = qJS(cL), M ’s profits from serving both types of downstream

firms under pricing regimer is

Πr
LH = αr

{

π(qJS(cL), cL) − (cH − cL)qr
H(αr) − πA

H − KqJS(cL)
}

+ δr
{

π(qr
H(αr), cH) − πA

H − Kqr
H(αr)

}

. (37)

Comparison of profits reveals thatM prefers to serve only the low-cost type under pricing

regimer ∈ {D, U} if

Πr
L − Πr

LH > 0

⇐⇒ αr(cH − cL)(qr
H(αr) − φ) > δr

[

π(qr
H(αr), cH) − πA

H − Kqr
H(αr)

]

. (38)

Sinceπ(qH , cH) − KqH is strictly increasing inqH on [0, qJS(cH)), under Assumption

1 there exists a unique quantity between 0 andqJS(cH) at which the right-hand side

(RHS) of (38) equals zero. For reasons that will become obvious in justa second, let this

quantity-threshold be denoted bỹφ. Formally, we have

π(qH , cH) − πA
H T KqH ⇐⇒ qH T φ̃. (39)

Moreover, letα̃r be implicitly defined as

q̂r(α̃r) = φ̃. (40)

To serve the high-cost type ...First, consider the caseφ ∈ [φ̃, qJS(cH)]. Under pricing

regimer ∈ {D, U}, according to Proposition 5 (ii), forαr ≥ αr(φ) the optimal quantity

to offer when serving the high-cost type isqr
H(αr) = φ. In consequence, the left-hand

side (LHS) of (38) equals zero, whereas the RHS is (at least weakly) positive, i.e.,M

does not exclude the high-cost type. Ifαr < αr(φ), then—according to Proposition 5

(i)—the optimal quantity to offer when serving a high-cost downstream firmis qr
H(αr) =

q̂r(αr) ≥ φ. To see thatM prefers to serve both types of downstream firms in this case as

well, suppose that—while leaving the quantity to a low-cost firm unchanged—M could

offer qH = φ to a high-cost downstream firm (instead ofq̂r(αr)) together with tariffs

chosen such that (IRAH ) and (ICL) bind. SinceqH = φ, (IRA
L) is satisfied with equality.

With this contractual menu, the LHS of (38) obviously equals zero, whereas the RHS is

(at least weakly) positive sinceφ ≥ φ̃, i.e.,M prefers serving both types of downstream

firms with this alternative allocation over serving only the low-cost type. Clearly, M ’s

profits under the optimal contractual menu for serving both typs of downstream firms as

identified in Proposition 5 (i) cannot be lower than profits under this altered allocation. In

summary, under pricing regimer ∈ {D, U}, for φ ∈ [φ̃, qJS(cH)] we haveΠr
L ≥ Πr

LH

irrespective ofαr, i.e.,M will always serve both types of downstream firms.

... or not to serve the high-cost type? Next, supposeφ ∈ [0, φ̃). In this case, if

the probability of facing a high-cost type is high, i.e., forαr sufficiently low, thenM

serves both types of downstream firms. In contrast, onceαr exceeds a certain threshold,
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which we characterize more precisely below,M considers it profitable to serve only the

low-cost type. Forαr only slightly above this threshold the (IRA
L) is slack under the

optimal contract when serving both firms, soM ’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 type.

For relatively high values ofαr, on the other hand, (IRAL) is binding under the optimal

contract when serving both firms, andM excludes the high-cost type in order to avoid

making losses from serving that type.

To characterize this threshold formally, fix someφ ∈ [0, φ̃) and consider values of

αr ∈ (0, α̃r]. Application of the envelope theorem yields

d(Πr
L − Πr

LH)

dαr

= (cH − cL)(qr
H(αr) − φ) +

[

π(qr
H(αr), cH) − πA

H − Kqr
H(αr)

]

> 0, (41)

where the inequality follows from the definition of̃φ in (39) andq̂r(αr) ≥ φ̃ for αr ∈

(0, α̃r]. SinceΠL−Πr
LH |αr=0 < 0 andΠL−Πr

LH |αr=α̃r > 0, by the intermediate value

theorem we know that for anyφ ∈ [0, φ̃) there exists a unique valuẽαr(φ) ∈ (0, α̃r)

such that

Πr
L − Πr

LH T 0 ⇐⇒ αr T α̃r(φ). (42)

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 shaded area

both types of downstream firms are served, whereas in the dark-gray shaded area the

high-cost type is excluded.15

Lemma 4 Suppose Assumptions 1 and 2 hold. Under either pricing regime, the low-cost

type is never excluded. Under pricing regimer ∈ {D, U}, the upstream supplier does

not exclude the high-cost type if (i)φ ∈ [φ̃, qJS(cH)], or (ii) φ ∈ [0, φ̃) andαr ≤ α̃r(φ).

4.3 Welfare under Demand-Side Substitution

What are the welfare effects of banning price discrimination in the presence of an alter-

native source of input supply? In the light of the observations obtained in the previous

sections, we distinguish three cases: (a)φ ∈ [qJS(cH), qJS(cL)], (b) φ ∈ [φ̃, qJS(cH)],

and (c)φ ∈ [0, φ̃).

The welfare implications of banning price discrimination in case (a) are trivial:The

quantities offered are the same under both pricing regimes, which implies∆W = 0.

Next consider case (b). Here, whileM still prefers to serve both types of each down-

stream firm under either regime and offersqJS(cL) to any low-cost downstream firm,

the quantity offered to a high-cost downstream firm depends on both the pricing regime

15As becomes obvious from (38), the thresholdα̃r(φ) depends on bothπA

L andπA

H . In order to depict the
locus of this threshold in the(αr, φ)-space, in Figure 4 it is implicitly assumed that variations inφ are
due to changes of eitherπA

L or πA

H .
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1 αi

φ

q̂(αi)

α̃

φ̃

Φ̃(αi)

α̂

qJS(cH)

qJS(cL)

Figure 4:M ’s decision which types to serve

and its ex ante efficiency. More precisely, under price discrimination firmi, when pro-

ducing at high cost, is offered quantityqD
H(αi) = q̂D(αi) if αi ≤ αD(φ) and quan-

tity qD
H(αi) = φ otherwise. Under uniform pricingM offers qU

H(αΣ) = q̂U (αΣ) if

αΣ ≤ αU (φ), or equivalently

α1 ≤ αU (φ) − α2 =: αU
1 (α2; φ), (43)

andqU
H(αΣ) = φ otherwise. Note thatαU

1 (αD(φ); φ) = αD(φ). This gives rise to four

cases similar to the four cases depicted in Figure 1. Since in case IV(2) the quantities

offered byM are identical under both pricing regimes, here we obviously have∆W = 0.

The welfare implications for the remaining cases parallel those drawn in the standard

model without an alternative source of input supply.

Proposition 6 Supposeφ ∈ [φ̃, qJS(cH)]. (i) If α2 < αD(φ) ≤ αU
1 (α2; φ) ≤ α1, then

∆W > 0. (ii) If α2 < αD(φ) < α1 < αU
1 (α2; φ), then∆W is strictly decreasing inα1.

(iii) If α2 < α1 ≤ αD(φ), then∆W < 0 for P (q) = 1 − q.

The intuition behind the welfare result of Proposition 6 is basically the same as the one

behind Proposition 3. Due to the outside option rents are shifted from the manufac-

turer to the downstream firms, but this shift does not affect total welfareas long as no

downstream firm acquires its input from the fringe supply. Proposition 6 shows that

our previous findings are robust toward relaxing the assumption of an unconstrained

manufacturer. In particular, if the potential differences in retail costs are low, then a

ban on price discrimination improves welfare at least for linear demand: Here we have

αD(φ) = [qJS(cH) − φ]/[qJS(cL) − φ], which approaches 1 ifcH tends tocL.
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Regarding a case-based approach of banning discriminatory wholesalecontracts, Propo-

sition 6 provides a justification for the competition policy authority to ban discriminatory

wholesale contracts if concerned with a primary-line injury case. Put differently, if a

competitor of a dominant manufacturer complains before the competition policy agency

that the dominant manufacturer uses discriminatory wholesale tariffs, then the agency of-

ten is well advised to condemn this pricing practice. Banning discriminatory wholesale

contracts is advisable, however, not to protect competitors of the dominantmanufacturer

but to protect consumers.

Last, consider case (c). Without further specification of the alternativesource of input

supply there are only few cases that allow to draw out the welfare implicationsof banning

price discrimination. Remember that under price discrimination the high-cost type of

firm i, is offered quantityqD
H(αi) = q̂D(αi) if αi ≤ α̃D(φ) and is not served otherwise.

Under uniform pricingM offersqU
H(αΣ) = q̂U (αΣ) if αΣ ≤ α̃U (φ), or equivalently

α1 ≤ α̃U (φ) − α2 =: α̃U
1 (α2; φ), (44)

but does not serve the high-cost downstream type otherwise. Note thatαU
1 (α̃D(φ); φ)

= α̃D(φ). Thus, if α2 > α̃D(φ), thenM does not serve high-cost downstream firms

irrespective of the pricing regime. In this case,∆W = 0. On the other hand, ifα1 ≤

α̃D(φ), thenM serves high-cost downstream firms irrespective of both the pricing regime

and ex ante efficiency, offeringqr
H(αr) = q̂r(αr). In this case, from Proposition 4 we

know that∆W < 0 at the least for linear demand.

In summary, even with an alternative source of input supply, for a broadrange of

parameter values a ban on discrimination improves welfare.

5 CONCLUSION

In this paper, we analyze a vertically related industry with asymmetric informationbe-

tween the upstream and the downstream sector. The main purpose is to inquire into

the welfare effects of banning price discrimination in intermediate-good markets when

nonlinear pricing schemes are feasible. This question is of immediate practicalinterest

because from a legal perspective, quantity discounts per se are commonly regarded as a

justifiable pricing strategy of manufacturers or wholesale firms as long as they are not

discriminatory in the sense of applying different conditions to identical transactions with

other trading partners.

While there has been considerable back and forth in the academic literature regarding

the question whether banning price discrimination in intermediate-good markets consti-

tutes a desirable course of policy when wholesale prices are linear, amongthe few ex-

ceptions which consider nonlinear wholesale pricing schemes the predominant opinion

is that banning discriminatory wholesale pricing is detrimental for welfare. Incontrast

to these findings, which raise “[...] serious concerns about the efficacyof the Robinson-

Patman Act” (O’Brien and Schaffer, 1994, p.314) or its analogue in EU competition law,

we find that, when downstream firms have private information, the reservation toward
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discriminatory pricing practices embodied in these legal enactments may well be war-

ranted even if nonlinear pricing schemes are feasible. This result holds irrespective of

whether the upstream firm is a monopolistic supplier of the input or has to compete with

an alternative source of input supply.

We restrict attention to downstream firms operating in separate markets in order to

isolate the effect of discriminatory wholesale tariffs in the case of asymmetric information

from potential competitive effects. An investigation of the welfare effects of banning

price discrimination while allowing for strategic interaction of downstream firms isleft

for future research.

A PROOFS OFPROPOSITIONS ANDLEMMAS

Proof of Lemma 1:

First, supposeq′ < q′′ < q∗(cH). Then

π(q′′, cL) − π(q′, cL) > π(q′′, cH) − π(q′, cH)

⇐⇒ [P (q′′) − cL]q′′ − [P (q′) − cL]q′ > [P (q′′) − cH ]q′′ − [P (q′) − cH ]q′

⇐⇒ (cH − cL)(q′′ − q′) > 0

⇐⇒ q′ < q′′.

(A.1)

Next, supposeq′ < q∗(cH) ≤ q′′ ≤ q∗(cL). Then

π(q′′, cL) − π(q′, cL) > π(q′′, cH) − π(q′, cH) = π(q∗(cH), cH) − π(q′, cH)

⇐⇒ [P (q′′) − cL]q′′ − [P (q′) − cL]q′ > [P (q∗(cH)) − cH ]q∗(cH) − [P (q′) − cH ]q′

⇐⇒ [P (q′′) − cL]q′′ − [P (q∗(cH)) − cL]q∗(cH)

+ [P (q∗(cH)) − cL]q∗(cH) − [P (q′) − cL]q′

> [P (q∗(cH)) − cH ]q∗(cH) − [P (q′) − cH ]q′

⇐⇒ π(q′′, cL) − π(q∗(cH), cL) + (cH − cL)(q∗(cH) − q′) > 0.

(A.2)

where the last inequality holds byq′ < q∗(cH) ≤ q′′ ≤ q∗(cL) andπ(q, cL) being strictly

increasing inq on q ∈ [0, q∗(cL)).

Last, supposeq∗(cH) ≤ q′ < q′′ ≤ q∗(cL). Then

π(q′′, cL) − π(q′, cL) > π(q′′, cH) − π(q′, cH)

= π(q′′, q∗(cH)) − π(q′, q∗(cH))

= 0

(A.3)

holds sinceπ(q, cL) is strictly increasing inq on q ∈ [0, q∗(cL)).

Proof of Lemma 3:

Inspection of the first-order conditions (10) and (14), together with the definition of

qJS(c) and the fact that

α2 < α1 =⇒
α2

1 − α2
<

α1 + α2

2 − α1 − α2
<

α1

1 − α1
, (A.4)
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immediately implieŝqD(α1) < q̂U (α1 + α2) < q̂D(α2) < qJS(cH). The desired state-

ment then follows from Propositions 1 and 2.

Proof of Proposition 3:

We prove each part of the proposition in turn. To cut back on notation, wewill make use

of the following notation:qD
Hi := qD

H(αi) for i ∈ {1, 2}, andqU
H := qU

H(α1 + α2).

(i) With α2 < α̂D ≤ α̂U
1 (α2) ≤ α1, i.e., in case (III), we haveqD

H1 = qU
H = 0 <

qD
H2 = q̂D(α2). According to (18), the difference in expected welfare under the two

pricing regimes is

∆W = (1 − α2)

[

∫ qD

H2

0
P (z)dz − (cH + K)qD

H2

]

. (A.5)

The desired result then follows from the first-order condition (10) together withP ′(·) < 0

wheneverP (·) > 0:

P (qD
H2) − (cH + K) = −P ′(qD

H2)q
D
H2 +

α

1 − α
(cH − cL) > 0

=⇒
[

P (qD
H2) − (cH + K)

]

qD
H2 > 0

=⇒

∫ qD

H2

0
P (z)dz − (cH + K)qD

H2 > 0

(A.6)

(ii) With α2 < α̂D < α1 < α̂U
1 (α2), i.e., in case (II), we haveqD

H1 = 0 < qU
H =

q̂U (α1 + α2) < qD
H2 = q̂D(α2). According to (18),

d∆W

dα1
= −

[

∫ 0

qU

H

P (z)dz + (cH + K)qU
H

]

+ (1 − α1)

[

dqD
H1

dα1
P (0) −

dqU
H

dα1
P (qU

H) − (cH + K)

(

dqD
H1

dα1
−

dqU
H

dα1

)]

+ (1 − α2)

[

−
dqU

H

dα1
P (qU

H) + (cH + K)
dqU

H

dα1

]

(A.7)

First, note that
dqD

H1

dα1
= 0. Next, remember thatqU

H = q̂U (α1 + α2) is defined by (14).

This implies thatdqU

H

dα1
< 0. Moreover, withP ′(·) < 0 wheneverP (·) > 0, from (14) it

follows that

P (qU
H) − (cH + K) = −P ′(qU

H)qU
H +

α1 + α2

2 − (α1 + α2)
(cH − cL) > 0

=⇒

∫ qU

H

0
P (z)dz − (cH + K) > 0. (A.8)

Taken together, these observations allow us to conclude that

d∆W

dα1
=

[

∫ qU

H

0
P (z)dz − (cH + K)qU

H

]

− (2 − (α1 + α2))
dqU

H

dα1

[

P (qU
H) − (cH + K)

]

> 0 (A.9)
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which establishes the desired result.

Proof of Proposition 4:

With ∆W being given by (19), we consider in turn each of the three relevant cases

identified in the main text : (I)α2 < α1 < α̂D; (II) α2 < α̂D ≤ α1 < α̂U
1 (α2); and (III)

α2 < α̂D < α̂U
1 (α2) ≤ α1. To cut back on notation, we will make use of the following

notation: qD
Hi := qD

H(αi) for i ∈ {1, 2}, andqU
H := qU

H(αΣ), qJS
H := qJS(cH), and

∆c : cH − cL.

(I) With α2 < α1 < α̂D we haveqD
Hi = qJS

H − α
1−α

∆c

2 andqU
H = qJS

H − α1+α2

2−(α1+α2)
∆c

2 .

It follows that

qD
Hi − qU

H =

[

αi + αj

2 − (αi + αj)
−

αi

1 − αi

]

∆c

2
=

αj − αi

[2 − (αi + αj)] (1 − αi)

∆c

2
(A.10)

and

qD
Hi + qU

H = 2qJS
H −

[

αi + αj

2 − (αi + αj)
+

αi

1 − αi

]

∆c

2

= 2qJS
H −

[

αj − αi + 2αi [2 − (αi + αj)]

[2 − (αi + αj)] (1 − αi)

]

∆c

2
(A.11)

First, note that

2
∑

i=1

(1 − αi)(q
D
H(αi) − qU

H(Σ)) [−(cH + K)]

= −(cH + K)

{

(1 − α1)
α2 − α1

[2 − (α1 + α2)] (1 − α1)

∆c

2

+ (1 − α2)
α1 − α2

[2 − (α1 + α2)] (1 − α2)

∆c

2

}

= −(cH + K)

{

α2 − α1

[2 − (α1 + α2)]

∆c

2
+

α1 − α2

[2 − (α1 + α2)]

∆c

2

}

= 0,

such that

∆W = ∆CS =
2

∑

i=1

(1 − αi)(q
D
H(αi) − qU

H(Σ))

[

1 −
qD
H(αi) + qU

H(Σ)

2

]

, (A.12)

After substituting (A.10) and (A.11), some further manipulation of this expresion yields

∆W = ∆CS = −
(α1 − α2)

2(∆c)
2

8(2 − αΣ)(1 − α1)(1 − α2)
, (A.13)

which obviously is strictly negative.

(II) With α2 < α̂D ≤ α1 < α̂U
1 (α2), we haveqD

H1 = 0, qD
H2 = qJS

H − α2

1−α2

∆c

2 and

qU
H = qJS

H − α1+α2

2−(α1+α2)
∆c

2 . The difference in expected welfare thus equals

∆W = (1 − α2)q
D
H2

{

1 −
1

2
qD
H2 − (cH + K)

}

− (2 − αΣ)qU
H

{

1 −
1

2
qU
H − (cH + K)

}

. (A.14)
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Let αW
1 (α2) be implicitly defined by

∆W (αW
1 (α2), α2) ≡ 0. (A.15)

Differentiation of A.15 with respect toα2 reveals that

dαW
1 (α2)

dα2

[

− (2−αΣ)
dqU

H

dαΣ

{

1 − qU
H − (cH + K)

}

+ qU
H

{

1 −
1

2
qU
H − (cH + K)

} ]

= −(1 − α2)
dqD

H2

dα2
(
{

1 − qD
H2 − (cH + K)

}

+ qD
H2

{

1 −
1

2
qD
H2 − (cH + K)

}

+ (2 − αΣ)
dqU

H

dαΣ

{

1 − qU
H − (cH + K)

}

− qU
H

{

1 −
1

2
qU
H − (cH + K)

}

(A.16)

SubstitutingqD
H2 = qJS

H − α2

1−α2

∆c

2 andqU
H = qJS

H − αΣ

2−αΣ

∆c

2 and noting that
dqD

H2

dα2
=

− 1
(1−α2)2

∆c

2 and dqU

H

dαΣ

= − 2
(2−αΣ)2

∆c

2 yields

dαW
1 (α2)

dα2

[

2

2 − αΣ

∆c

2

{

qJS
H +

αΣ

2 − αΣ

∆c

2

}

+

{

qJS
H −

αΣ

2 − αΣ

∆c

2

} {

3

2
qJS
H +

1

2

αΣ

2 − αΣ

∆c

2

} ]

=

[

1

1 − α2

∆c

2
(

{

qJS
H +

α2

1 − α2

∆c

2

}

+

{

qJS
H −

α2

1 − α2

∆c

2

} {

3

4
qJS
H +

1

2

α2

1 − α2

∆c

2

} ]

−

[

2

2 − αΣ

∆c

2

{

qJS
H +

αΣ

2 − αΣ

∆c

2

}

+

{

qJS
H −

αΣ

2 − αΣ

∆c

2

} {

3

2
qJS
H +

1

2

αΣ

2 − αΣ

∆c

2

} ]

(A.17)

A first important observation is that each term in square brackets is strictly positive. This

immediately implies thatdαW
1 (α2)/dα2 > −1. Moreover, all the terms withqJS

H on the

RHS of A.17 cancel out, which allows us to rewrite A.17 as follows:

dαW
1 (α2)

dα2

[

2

2 − αΣ

∆c

2

{

qJS
H +

αΣ

2 − αΣ

∆c

2

}

+

{

qJS
H −

αΣ

2 − αΣ

∆c

2

} {

3

2
qJS
H +

1

2

αΣ

2 − αΣ

∆c

2

} ]

=

(

∆c

2

)2 {

α2(2 − α2)

(1 − α2)2
−

αΣ[4 − αΣ]

(2 − αΣ)2

}

(A.18)

Straightforward manipulation of the RHS yields

(

∆c

2

)2 {

α2(2 − α2)

(1 − α2)2
−

αΣ[4 − αΣ]

(2 − αΣ)2

}

=
1

2

(

∆c

2

)2 α2
Σ − 4αΣ + 4α2(2 − α2)

(1 − α2)2(2 − αΣ)2
. (A.19)
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Sinceα2
Σ−4αΣ +4α2(2−α2) < 0 if and only if α1 ∈ (α2, 4−3α2), the RHS of (A.18)

is strictly negative. Therefore, with the term in square brackets on the LHSof (A.18)

being strictly positive, we must have

dαW
1 (α2)

dα2
< 0. (A.20)

Taken together, the above observations imply

dαW
1 (α2)

dα2
∈ (−1, 0). (A.21)

Last, note that ifαW
1 (α2) = α2, thenαW

1 (α2) = α2 = α̂D. To see this, note that for

α1 = α2 we haveqD
H2 = qU

H , and in consequence

∆W = −(1 − α2)q
D
H2

{

1 −
1

2
qD
H2 − (cH + K)

}

= −(1 − α2)q
D
H2

{

3

2
qJS
H +

1

2

α2

1 − α2

∆c

2

}

. (A.22)

With qJS
H > 0, for ∆W = 0 we must haveqD

H2 = 0, or equivalently,α2 = α̂D. Together

with dαW
1

(α2)
dα2

∈ (−1, 0) this last observation impliesαW
1 (α2) ∈ (α̂D, α̂U

1 (α2). The

result then follows immediately from Proposition 3 (ii).

Next, consider the change in expected consumer surplus,

∆CS := ∆CS(α1, α2) = (1−α2)

[

qD
H2 −

1

2
(qD

H2)
2

]

−(2−αΣ)

[

qU
H −

1

2
(qU

H)2
]

.

(A.23)

Differentiation of (A.23) with respect toα1 reveals that consumer surplus decreases as

α1 decreases,

d∆CS

dα1
=

dαΣ

dα1

[

qU
H −

1

2
(qU

H)2
]

− (2 − αΣ)
[

1 − qU
H

] dqU
H

dαΣ

dαΣ

dα1

= qU
H

[

1 −
1

2
qU
H

]

+
[

1 − qU
H

] ∆c

2 − αΣ

> 0

Let αCS
1 (α2) be defined implicitely by

∆CS(αCS
1 (α2), α2) ≡ 0. (A.24)

Implicit differentiation of (A.24) with respect toα2 yields

dαCS
1 (α2)

dα2

[

qU
H −

1

2
(qU

H)2 − (2 − αΣ)
[

1 − qU
H

] dqU
H

dαΣ

]

= −qU
H

[

1 −
1

2
qU
H

]

+ (2 − αΣ)
[

1 − qU
H

] dqU
H

dαΣ

+ qD
H2

[

1 −
1

2
qD
H2

]

− (1 − α2)
[

1 − qD
H2

] dqD
H2

dα2
. (A.25)
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Note that the term in square brackets on the LHS of (A.25) s strictly positive,which

implies thatdαCS
1 (α2)/dα2 > −1. SubstitutingqD

H2 = qJS
H − α2

1−α2

∆c

2 and qU
H =

qJS
H − αΣ

2−αΣ

∆c

2 , dqD

H2

dα2
= − 1

(1−α2)2
∆c

2 , and dqU

H

dαΣ
= − 2

(2−αΣ)2
∆c

2 allows us to rewrite the

RHS of (A.25) as

−

{

qJS
H −

αΣ

2 − αΣ

∆c

2

} {

1 −
1

2
qJS
H +

1

2

αΣ

2 − αΣ

∆c

2

}

−

{

1 − qJS
H +

αΣ

2 − αΣ

∆c

2

}

2

2 − αΣ

∆c

2

+

{

qJS
H −

α2

1 − α2

∆c

2

} {

1 −
1

2
qJS
H +

1

2

α2

1 − α2

∆c

2

}

+

{

1 − qJS
H +

α2

1 − α2

∆c

2

}

1

1 − α2

∆c

2
. (A.26)

Again, all the terms containingqJS
H cancel out and the RHS of (A.25) reduces to

1

2

(

∆c

2

)2 α2
Σ − 4αΣ + 4α2(2 − α2)

(1 − α2)2(2 − αΣ)2
. (A.27)

Note that (A.27) is identical to (A.19). Comparison of the LHSs of (A.18) and(A.25)

then reveals that0 > dαCS
1 (α2)/dα2 > dαW

1 (α2)/dα2, and thusαW
1 (α2) > αCS

1 (α2)

for all α2 < α̂D.

(III) ∆W < 0 follows from Proposition 3 (i). WithqD
H1 = qU

H = 0 < qD
H2, ∆CS < 0

follows immediately from (20).

Taken together, the above observations establish the desired result.

Proof of Lemma 4:

Part (i) was already proved in the text. Regarding part (ii) it remains to show that M

prefers to serve only the low-cost type forφ < φ̃ andαr > α̃r. If αr ∈ (α̃r, αr(φ)), then

φ < q̂r(αr) < φ̃, which implies that the LHS of (38) is strictly positive whereas the RHS

of (38) is strictly negative, i.e.,M prefers to serve only the low-cost type of downstream

firm. If αr ≥ αr(φ), thenqr
H(αr) = φ. Sinceφ < φ̃, the left-hand side (LHS) of

(38) equals zero, whereas the RHS is strictly negative. Thus,M prefers to exclude the

high-cost type in this case as well, which establishes the desired result.

Proof of Proposition 6:

(i) For α2 < αD(φ) ≤ αU
1 (α2; φ) ≤ α1, we haveqD

H1 = qU
H = φ < qD

H2 = q̂D(α2).

According to (18), the difference in expected welfare amounts to

∆W = (1 − α2)

{

∫ q̂D(α2)

φ

P (z)dz − (cH + K)
[

q̂D(α2) − φ
]

}

(A.28)

Thus,∆W > 0 if and only if

∫ q̂D(α2)

0
P (z)dz − (cH + K)q̂D(α2) >

∫ φ

0
P (z)dz − (cH + K)φ. (A.29)

To see that this inequality indeed is satisfied, note that the function
∫ q

0 P (z)dz − (cH +

K)q attains its maximum atq∗ which is implicitely characterized byP (q∗) = cH + K.
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Comparing this last expression with the first-order condition characterizingq̂D(α2) in

(10) immediately implieŝqD(α2) < q∗. Since the function
∫ q

0 P (z)dz − (cH + K)q is

strictly concave inq wheneverP > 0, the result follows fromφ < q̂D(α2).

(ii) If α2 < αD(φ) < α1 < αU
1 (α2; φ), thenqD

H1 = φ < qU
H = q̂U (αΣ) < qD

H2 =

q̂D(α2). The difference in expected welfare then is

∆W = (1 − α1)

{

∫ φ

q̂U (αΣ)
P (z)dz − (cH + K)

[

φ − q̂U (αΣ)
]

}

+ (1 − α2)

{

∫ q̂D(α2)

q̂U (αΣ)
P (z)dz − (cH + K)

[

q̂D(α2) − q̂U (αΣ)
]

}

(A.30)

Differentiation with respect toα1 yields

d∆W

dα1
= −

{

∫ φ

q̂U (αΣ)
P (z)dz − (cH + K)

[

φ − q̂U (αΣ)
]

}

− (2 − (α1 + α2))
q̂U (αΣ)

dα1

[

P (q̂U (αΣ)) − (cH + K)
]

(A.31)

Note thatφ < q̂U (αΣ) < q∗, whereq∗ was defined in the proof of part (i) and the

second inequality follows from (14). The same reasoning as in the proof of part (i)

implies−
{

∫ φ

q̂U (αΣ)
P (z)dz − (cH + K)

[

φ − q̂U (αΣ)
]

}

> 0. Since (14) also implies

thatP (q̂U (αΣ))− (cH + K) = P ′(q̂U (αΣ))q̂U (αΣ) + αΣ

2−αΣ
(cH − cL) > 0, the desired

result follws fromdq̂U (αΣ)/dα1 < 0.

(iii) Follows immediately from the proof of Proposition 4.
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