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Abstract

We re-consider the bilateral bargaining problem of a multi-product, manufacturer-retailer

trading relationship. O’Brien and Shaffer (Rand JE 35:573-598, 2005) have shown that the

unbundling of contracts leads to downward distorted production levels if seller power is

strong, while otherwise the joint profit maximizing quantities are contracted (which is also

always the case when bundling contracts are feasible). We show that the unbundling of

contracts also leads to downward distorted output levels when the buyer firm has sufficient

(Nash) bargaining power (i.e., buyer power). Our result is driven by cost substitutability

(diseconomies of scope).
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1 Introduction

In the retailing industry, large manufacturers like Coca-Cola (carbonated soft drinks), Beiersdorf

(cosmetics), Nestlé (e.g., mineral water, baby food, pizza) or Heinz-Kraft (e.g., condiments/sauce

and cheese/diary) offer a range of products within a category which they sell to retailers. Large

supermarket chains, as, e.g., Tesco (UK), Carrefour (France) or Edeka (Germany) invariably

negotiate contracts that span manufacturers’ entire product lines. In addition, the price sched-

ules are likely to be often nonlinear (e.g., involving fixed payments, quantity and promotional

discounts etc.) and may also involve bundling features such as aggregate discounts on list prices

or promotional fees that depend on aggregate quantities delivered (OECD 1998, FTC 2001).

Bundling and “bundled discounts/rebates” are critically watched by competition authori-

ties. The main concern is that bundling (or related tying and exclusivity clauses) can foreclose

upstream competitors from getting access to retailers’ shelves. A prominent case is the EU Com-

mission’s settlement decision with Coca Cola (EC 2005). The Commission found that Coca Cola

imposed (besides other things) “tying” and “assortment and range provision” on buyers so as

to force them to buy the entire product range of carbonated soft drinks. Buyers were —among

others— retail chains. The Commission’s settlement decision (EC 2005) significantly limits

Coca-Cola’s ability to offer rebates conditioned on aggregate amount of sales; in other words, it

requires Coca Cola to unbundle its offers so that rebates are constrained to be article-specific.1,2

In this paper we make the following simple point in favor of bundling practices: In negotia-

tions between a multi-product upstream firm and a single downstream firm, efficiency requires

that the multiple products are bundled when the products are substitutable in both demand

and cost. Forcing the firms to unbundle the products leads to inefficiencies such that quantities

are distorted downward below the monopoly levels, which results in higher consumer prices and

1A related case is Michelin II (Case T-203/01, Michelin v. Commission, 2003, E.C.R. II-04071), where the

Commission found that Michelin’s rebate scheme (which also included bundling features) violated Article 82

(abuse of dominant position). See Motta (2009) for an in-depth discussion of the used rebates in this case.

2See Nalebuff (2005), Wright (2006) and Klein and Lerner (2008) for competition policy cases in the US which

deal with bundling practices in vertical relations. Jeon and Menicucci (2012) also highlight several bundling cases

in their paper on competition for slots.
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reduced social as well as consumer welfare. In short, unbundling creates a “pick-and-choose”

option on the weak bargaining party’s side, which is countered by downward distorted quantities

in the negotiation process.

The idea is the following: Let R(qI1 , q
I
2) be the maximized revenue in the final-goods market,

C(qI1 , q
I
2) be the cost of production, and qI1 > 0 and qI2 > 0 be the unique joint profit-maximizing

quantities. Suppose the buyer has all the bargaining power. Then an efficient contract would

have the buyer offering to buy a bundle of qI1 and qI2 in exchange for payment T (qI1 , q
I
2) =

C(qI1 , q
I
2). The seller would accept this offer and the joint profit-maximizing outcome would be

realized. If bundling is not allowed, however, the first-best cannot be obtained and quantities

are distorted downward. Offering to pay T (qI1 , 0) for qI1 units of product 1 and T (0, qI2) for qI2

units of product 2 such that T (qI1 , 0) +T (0, qI2) = C(qI1 , q
I
2) does not work, for example, because

the seller would accept only one offer (given cost substitutability, which implies C(q1, q2) >

C(q1, 0) +C(0, q2)). An analogous argument holds when the seller has all the bargaining power

(given demand substitutability which implies R(q1, q2) < R(q1, 0)+R(0, q2)). Shaffer (1991) and

O’Brien and Shaffer (2005; henceforth: OBS) have shown the latter relationship for the case of

demand substitutability and sufficiently large seller bargaining power, but because costs have

been assumed to be independent, it has not been shown that buyer power can unfold similar

effects because of cost substitutability.In our model we apply the asymmetric Nash bargaining

solution which allows us to cover any distribution of bargaining power between the manufacturer

and retailer.

Our contribution is, therefore, to show that the sub-optimality of unbundled contracts also

holds in the presence of buyer power (which critically depends on cost substitutability, but not

on product substitutability). Retailer buyer power has become a focus area of competition

policy in recent decades (see, e.g., EC 1999, FTC 2001, 2003, CC 2008). Several competition

reports have expressed the concern that powerful buyers are able to extract rents from sellers.

Our analysis suggests that imposing unbundling restrictions on vertical contracts can become

the source of inefficient bargaining outcomes when retailers have strong bargaining positions.3

3Recently, the EU has formulated a directive banning unfair trading practices imposed by powerful retailers

on suppliers (see EU 2019). It targets —besides other things— de-listing threats of retailers. We can interpret a
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In the following, we present the model and repeat the results of OBS concerning bun-

dled/unbundled contracts and demand substitutability. We then present our analysis of buyer

power and cost substitutability. The final section concludes. All missing proofs are relegated to

the Online Appendix.

2 The Model

An upstream monopolist (manufacturer) produces two imperfectly substitutable products, 1 and

2, to be sold to a downstream firm serving final consumers. We take the downstream firm as a

retailer that resells the manufacturer’s products to final consumers on a one-to-one basis. We

abstract from any retailing costs except the cost of buying the products from the manufacturer.

The retailer acts as a monopolist in the final product market.

The manufacturer’s production costs C(q1, q2) strictly increase in each product’s quantity,

that is,
∂C(q1, q2)

∂qi
> 0, for i = 1, 2 and all q1, q2 > 0, (1)

while we abstract from fixed costs. In addition, the cost function exhibits diseconomies of scope,

so that marginal costs of product i increase in the other products quantity; i.e.,

∂2C(q1, q2)

∂q1∂q2
> 0 (2)

holds for q1, q2 > 0. Equivalently and in line with Baumol, Panzar, and Willig (1988, Propo-

sition 4B1) we say that costs are substitutable if inequality (2) holds. We will show below

that this assumption becomes critical in the case of unbundled contracts; it ensures that the

manufacturer’s incentive constraint to accept both contracts rather than a single one becomes

binding when buyer power is sufficiently large. We also consider the converse case of (weak)

cost complementarity, with ∂2C(q1,q2)
∂q1∂q2

≤ 0, for i = 1, 2 and all q1, q2 > 0, which includes OBS’s

assumption that the products’ cost functions are independent of each other. Under weak cost

complementarity the manufacturer’s incentive constraints never binds.

de-listing threat as a retailer commitment either to buy all products of a multi-product supplier or none; i.e., as

a bundling device. Constraining such a de-listing threat might unbundle price negotiations with a multi-product

supplier.
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Cost substitutability applies when both products are produced in a single factory that oper-

ates at a high degree of capacity utilization.4 In the marketing literature it is well acknowledged

that product range extension (brand proliferation) can be excessive from a pure cost-based per-

spective.5 For instance, Bayus and Putsis (1999, p. 138) point out that “a broad product line

will increase the firm’s per unit production costs (...) a broad product line may lead to added

design costs, additional inventory holding cost, and added complexity in the assembly process

(...).” Similarly, Berman (2011, p. 552) summarizes the cost-disadvantages associated with a

large range of products as follows: “Product proliferation increases a firm’s overall costs due

to the need for increased production setups; higher ordering costs; increased inventory carry-

ing costs (due to high inventories of component parts, finished goods, and replacement parts);

higher warehousing expenses; additional costs associated with item pricing; the increased need

for promotional materials, sales personnel, and customer service personnel training; and higher

raw and finished material costs (due to ordering small quantities from a multitude of suppliers,

including loss of quantity discounts).”

The game consists of four stages. In the first stage, the manufacturer and the retailer

negotiate a contract T (·, ·) via Nash bargaining that specifies the price the retailer has to pay

for quantities (q1, q2). Let T (0, 0) = 0. Denote by α ∈ [0, 1] the manufacturer’s and by 1−α the

retailer’s Nash bargaining weight, respectively. Suppose that the disagreement profits for both

parties are zero. In the second stage, the retailer decides how much of each product to buy. In

the third stage, the manufacturer decides which of the two products it delivers in the ordered

quantities. In the fourth stage the retailer makes its procurement decision and sells the ordered

quantities to final consumers and earns revenue R(q1, q2).

The third stage does not appear in OBS. It is a natural implication of a retailer’s buyer

4In cost theory it is common to consider cost complementarity for a cost-based explanation of a natural

monopoly. Our assumptions concerning the manufacturer’s cost function therefore rule out a cost-based explana-

tion of the manufacturer’s bargaining power. Thus, we refer to product differentiation as the main source of the

upstream firm’s bargaining power.

5The product range a brand manufacturer offers is often a longer run decision based on marketing and strategic

considerations. For instance, a brand manufacturer may extends its product range because of consumer shopping

preferences (Klemperer and Padilla 1997) or umbrella branding advantages (Wernerfeld 1988; Choi 1998).

4



power. The Nash bargaining specification includes as a limit case the take-it or leave-it contract

offer scenario. If the bargaining power is fully on the retailer’s side, then the Nash bargaining

outcome would be given by the retailer’s take-it or leave-it offer. Thus, the third stage is

simply acknowledging that the manufacturer can reject the offer by refusing to sell at the posted

contract terms. In particular, under unbundling the manufacturer can refuse to deliver one of

the products.

Both products are assumed to be substitutable. Product substitutability implies that the

marginal revenue of product i decreases in the other product’s quantity; formally,

∂2R(qi, qj)

∂qi∂qj
< 0.

holds, where R denotes the overall revenue earned. Note that we need this assumption only

to replicate the results by OBS; to derive our new results, only the assumption of cost substi-

tutability is needed.

Joint profits R(q1, q2)−C(q1, q2) are assumed to be concave and differentiable for all qi > 0

with a unique maximum at (qI1 , q
I
2) for which qI1 , q

I
2 > 0 holds. The solution (qI1 , q

I
2) is the

fully integrated outcome, that is, it maximizes the joint surplus when the manufacturer and the

retailers are integrated. Given contract T (·, ·) and quantities q1, q2, the manufacturer’s profit

is given by πm = T (q1, q2) − C(q1, q2) and the retailer’s profit by πr = R(q1, q2) − T (q1, q2),

respectively.

Following OBS, a contract T (q1, q2) exhibits bundling if and only if T1(q1) and T2(q2) with

T (q1, q2) = T1(q1) + T2(q2) do not exist. In the following, we derive the equilibrium outcomes

when bundling is feasible and when it is not. In the latter case, the contract must not exhibit

bundling features such as, for example, an aggregate rebate. In the words of OBS, when bundling

is not feasible, two additively separable contracts, one for each product, must be specified in the

Nash bargaining stage.
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3 Equilibrium for Bundling Contracts

We start by reiterating the benchmark analysis provided in OBS. When a bundling contract is

feasible, the optimal outcome (qI1 , q
I
2) is the negotiation outcome under Nash bargaining. Define

A := {(q1, q2, T (·, ·))|(q1, q2) ∈ arg max
q̃1,q̃2
{R(q̃1, q̃2)−T (q̃1, q̃2)}, T (0, 0) = 0, T (q1, q2) ≥ C(q1, q2)},

so that Nash bargaining solves

max
(q1,q2,T (·,·))∈A

παmπ
1−α
r , (3)

where πm denotes the manufacturer’s and πr the retailer’s profit. OBS (see Lemma 1) prove

that, without loss of generality, we can assume that the manufacturer and the retailer bargain

over quantity-forcing contracts TF (·, ·) with TF (0, 0) = 0, TF (q′1, q
′
2) = FB and TF (q1, q2) =∞,

otherwise. Accordingly, TF (·, ·) enforces output levels (q′1, q
′
2) and gives the supplier a fixed

transfer FB. Quantity-forcing contracts represent a subset of the set of all feasible contracts the

manufacturer and the retailer can agree upon and give rise to the same equilibrium outcomes

as the set of all contracts. The set of feasible quantity-forcing contracts is given by

AF = {(q1, q2, FB, q′1, q′2)|(q1, q2) ∈ arg max
q
R(q1, q2)− TF (q1, q2), FB ≥ C(q′1, q

′
2)}.

With the restriction to quantity-forcing contracts, the maximization problem (3) becomes

max
(q1,q2,FB ,q

′
1,q
′
2)∈AF

(TF (q1, q2)− C(q1, q2))
α(R(q1, q2)− FB)(1−α). (4)

Assuming (4) has a unique solution, the maximization problems (3) and (4) are equivalent as

OBS have shown. Then, in order to solve (3) we have to solve the restricted problem

max
(q1,q2,FB ,q

′
1,q
′
2)∈AF

(FB − C(q′1, q
′
2))

α(R(q1, q2)− FB)(1−α)

= max
q1,q2,FB

(FB − C(q1, q2))
α(R(q1, q2)− FB)1−α, (5)

so that

FB − C(q1, q2) ≥ 0 (6)

and

R(q1, q2)− FB ≥ 0, (7)
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where (6) and (7) ensure that the manufacturer and the retailer earn at least their disagreement

profits. As by assumption the Nash product satisfies Pareto optimality, in equilibrium the

manufacturer and the retailer maximize joint profits and realize the fully integrated outcome

(qI1 , q
I
2), provided (5)-(7) have an interior solution for q1 and q2.

Proposition 1 (O’Brien and Shaffer 2005) Under bundling contracts, the manufacturer and

the retailer maximize joint profits.

4 Equilibrium for Unbundled Contracts

If bundling is not feasible, the manufacturer and the retailer must negotiate a contract that is

additively separable in q1 and q2, that is, T (q1, q2) = T1(q1) + T2(q2). As before, without loss of

generality we assume that the parties bargain over quantity-forcing contracts with TFi (0) = 0,

TFi (q′i) = Fi, and TFi (qi) =∞ otherwise, for i = 1, 2.6 Suppose that (qNB1 , qNB2 ) and (TNB1 , TNB2 )

form a bargaining equilibrium if bundling is not feasible. Using quantity-forcing contracts,

bilateral negotiation solves the Nash bargaining problem

max
q1,q2,F1,F2

(F1 + F2 − C(q1, q2))
α(R(q1, q2)− F1 − F2)

1−α,

so that the participation constraints for the manufacturer and the retailer are satisfied; i.e.,

F1 + F2 − C(q1, q2) ≥ 0

and

R(q1, q2)− F1 − F2 ≥ 0

hold. In addition, the solution must be such that the manufacturer accepts both contracts

F1 − C(q1, 0) ≤ F1 + F2 − C(q1, q2), (8)

6By assuming T (0) = 0 we rule out fixed penalties in case one party fails to honor a contract, either the

retailer by failing to order or the supplier by refusing to supply a contract. While such a penalty could be used

to implement the efficient solution, it would be a rather complex contract clause because it would also make it

necessary to specify the party responsible to the no-trade outcome which may not be verifiable and enforceable

ex post in court.
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F2 − C(0, q2) ≤ F1 + F2 − C(q1, q2) (9)

and such that the retailer accepts both contracts

R(q1, q2)− F1 − F2 ≥ max
q̃2

R(0, q̃2)− TF2 (q̃2), (10)

R(q1, q2)− F1 − F2 ≥ max
q̃1

R(q̃1, 0)− TF1 (q̃1). (11)

Note that the manufacturer’s participation constraint F1 + F2 − C(q1, q2) ≥ 0 holds if the

incentive constraints are satisfied.7 OBS (2005; Lemma 2 and Proposition 3) have shown that

if the manufacturer’s bargaining position is sufficiently strong (i.e., α is sufficiently large), then

the retailer’s constraints (10) and (11) must be binding. Given that those constraints bind, the

equilibrium quantities are downward distorted (i.e., they are strictly below (qI1 , q
I
2)). Such an

adjustment must be optimal when products are substitutes, in which case the marginal revenue

of product i decreases in the output level of the other product.8 Note that OBS assumed an

additively separable cost function, but their proofs do not depend on this assumption, so that

their results remain valid in our analysis.

We show, conversely to OBS, that distorted quantities can also be the result of strong buyer

power (i.e., α is sufficiently small) when contracts are unbundled. For this to happen, cost

substitutability must be present.9

For our analysis we distinguish whether in equilibrium both products are provided in strictly

positive quantities or not.

7To see this, note that summing up the incentive constraints gives 2F1 +2F2−2C(q1, q2) ≥ F1 +F2−C(q1, 0)−

C(0, q2). This implies F1 + F2 − C(q1, q2) ≥ C(q1, q2) − C(q1, 0) − C(0, q2) > 0 which holds by Assumption (2).

8While OBS state that their analysis applies to substitutable goods, they do not provide a formal definition.

However, in Eq. (25) on page 582 they used this assumption. The equation states that the retailer’s marginal

revenue from a single product (when the other’s quantity is set to zero) is positive, when evaluated at the efficient

output level. This is true if we assume that the marginal revenue falls in the other product’s output level.

9It is worth noting that the manufacturer’s incentive constraint (i.e., serving both contracts and not only one

under unbundling) can also become binding under (weak) cost complementarity (i.e., when
∂2C(qi,qj)

∂qi∂qj
< 0 holds

for all qi, qj > 0), when we consider product specific fixed costs (see Gorman 1985 where fixed costs are considered

in the definition of economies of scope). A necessary condition for this to happen is that the sum of product

specific fixed costs is smaller than joint fixed production costs when both products are produced.
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Lemma 1 Suppose in equilibrium both products are provided in strictly positive quantities. Sup-

pose the retailer’s incentive constraints (10) and (11) are slack. Then there exists α ∈ (0, 1) so

that for all α < α, constraints (8) and (9) bind.

We can now prove our central Proposition, whereby for strong buyer power unbundled con-

tracts yield inefficiencies.

Proposition 2 When contracts are unbundled and buyer power is sufficiently strong, i.e., α < α

holds, either output levels are below qI1, qI2 or one product is not provided at all.

Proof: See Online Appendix. �.

The retailer relaxes the manufacturer’s incentive constraints by lowering the quantity below

the efficient level in order to decrease the manufacturer’s marginal production costs, that is, in

order to soften the cost-substitutability when all products are produced. In other words, reducing

the quantity below that level does not affect joint profits much (it does not have a first-order

effect on joint profits) but relaxes the incentive constraint to a relatively large extent. Thus,

the manufacturer’s incentive constraint is optimally relaxed by distorting production quantities

downward.

The following proposition summarizes the results of OBS and ours.

Proposition 3 Suppose that one of the parties has a sufficiently large bargaining power, that

is, if either α < α or α > α hold. Suppose both products are provided in equilibrium. Then, both

consumer welfare and social welfare are lower under unbundled than under bundled contracts.

Proof: By OBS and our preceding results, equilibrium quantities are lower than the quantities

that maximize joint profits, (qI1 , q
I
2). Thus, firms’ joint profits and consumer surplus are lower

than in the bundling equilibrium where (qI1 , q
I
2) are realized. �.

Thus, if retailers or manufacturers have much bargaining power, equilibrium quantities are

insufficient, which implies that both firms’ joint profits and consumer surplus are lower than in

the bundling equilibrium.

We say that a distortion arises on the retailer’s side (manufacturer’s side) if a distortion away

from efficient output levels is due to the retailer’s (manufacturer’s) binding incentive constraints.
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In our setup (with demand and cost substitutability) the distortion arises both on the retailer’s

and the manufacturer’s side while in OBS (with demand substitutability and independent costs)

the distortion occurs only on the retailer’s side. It is straightforward to see that if demands are

independent and costs are weakly complementary, then no distortion occurs on either side,

while with cost substitutability and independent demand the distortion occurs only on the

manufacturer’s side. Table 1 summarizes these relations.

Table 1: Distortions depending on the cost and the demand specifications

substitutable costs∗ (weakly) complementary costs∗

substitutable demand∗∗ distortion on both sides distortion on retailer’s side

independent demand∗∗ distortion on manufacturer’s side no distortion

∗ Substitutable costs means ∂2C(q1, q2)/(∂q1∂q2) > 0. (Weakly) complementary costs means ∂2C(q1, q2)/(∂q1∂q2) ≤ 0.

∗∗ Substitutable demand means ∂2R(q1, q2)/(∂q1∂q2) < 0. Independent demand means ∂2R(q1, q2)/(∂q1∂q2) = 0.

5 Conclusion

We extend the analysis of OBS who show that imposing unbundling restrictions on multi-product

negotiations can lead to inefficiencies in the presence of large seller power. We show that a similar

reasoning applies to large buyer power and that inefficiencies from unbundling restrictions can

then emerge because of cost substitutability. The reason is that large buyer power in association

with cost substitutability gives rise to a binding incentive constraint for the manufacturer to

accept all contracts and not less. Taking this constraint into account in the Nash bargaining

problem then leads to insufficient output levels.

Our analysis is, therefore, also informative for competition policy circles in which remedial

solutions to the buyer power issue have been discussed - which range from installing a code of

practice (as, for instance, in the UK or recently in the EU in form of unfair trading practices)

to a stricter enforcement of (EU treaty) Articles 101 and 102 rules concerning the abuse of

buyer market power and vertical restraints, respectively. Similarly, the recently published EU

Directive on “Unfair Trading Practices in Business-to-business Relationships in the Agricultural

10



and Food Supply Chain” can be seen as problematic if it constraints powerful buyers’ ability to

negotiate bundled rebates from multi-product suppliers.

Following OBS, we can extend our analysis by considering N single-product upstreams firms

(assuming all products are imperfect substitutes). In this case , the revenue function has to

be interpreted as a residual revenue function (given the quantities of the other suppliers). It is

then straightforward to show that our analysis and all of our results extend to the case where

the downstream retailer bargains with N + 1 upstream firms over contracts, where each of the

additional N firms offers one product. This directly follows from the fact that the retailer

is a monopolist in the downstream market and is thus a common agent from the suppliers’

perspective. It then follows that the negative social welfare effects of unbundling under significant

buyer power remain valid because rival firms’ products are imperfect substitutes; i.e., even

though rival firms respond by increasing their quantities this increase does not offset the negative

welfare effect of the reduction of the quantities of the multiproduct firm under unbundling (see

OBS, p. 583 for a similar conclusion within their framework).
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Online Appendix

Proof of Lemma 1: We prove by contradiction that one of the manufacturer’s constraints has to

bind if the retailer’s buyer power becomes sufficiently strong. Let the manufacturer’s bargaining

power α′ be non-zero, but sufficiently small so that the retailer’s constraint is not binding. By

the proof of Lemma 2 in OBS, such an α′ > 0 exists.

Now suppose that one of the manufacturer’s constraints (8) or (9) does not bind. Without

loss of generality, assume that constraint (8) on the incentive to manufacture product 2 in

addition to product 1 does not bind. Then, the first-order condition of the Nash product with

respect to F2 has to be satisfied: that is,

F1 + F2 = αR(q1, q2) + (1− α)C(q1, q2),

so that

lim
α→0

F1 + F2 = C(q1, q2).

The resulting equilibrium quantities q1, q2 and transfers F1, F2 all depend on α.

Due to our assumption on the cost function, (1), for any small α there is some ε′(α) > 0

so that C(q1, q2) > C(q1, 0) + C(0, q2) + ε′(α) as for any α both equilibrium quantities q1, q2

are strictly positive. Let ε′′ := minα∈[0,α′] ε
′(α). Next, for ε′′ (which is strictly positive) there is

some α′′ ∈ (0, 1) so that for all α < α′′ we have

ε′′ > F1 + F2 − C(q1, q2).

From the manufacturer’s constraints F1+F2−C(q1, q2) ≥ F1−C(q1, 0) and F1+F2−C(q1, q2) ≥

F2 − C(0, q2), we obtain F1 + F2 ≥ 2C(q1, q2) − C(q1, 0) − C(0, q2). Hence, for all α < α′′ we

have

ε′′ > F1 + F2 − C(q1, q2) ≥ C(q1, q2)− C(q1, 0)− C(0, q2) > ε′′,

which is a contradiction. Thus, if α is sufficiently small, the manufacturer’s constraints (8) and

(9) must bind. �

Proof of Proposition 2: Suppose α < α. We distinguish two cases depending on whether or

not the conditions imposed in Lemma 1 hold.
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Case 1. First assume that the conditions imposed for Lemma 1 hold. We show by contra-

diction that in this case quantities are downward distorted.

(A) Assume that quantities are upward distorted, q1 ≥ qI1 and q2 ≥ qI2 , where one of the in-

equalities is strict. Fix F1 and F2, but marginally decrease the output quantities in the direction

of their efficient levels. This relaxes incentive constraints (8) and (9) due to cost substitutability.

Note that q1 and q2 cannot be an (interior) solution of the respective maximization problem as

this is assumed to be unique at (qI1 , q
I
2). By Pareto optimality of the Nash bargaining solution,

q1 and q2 cannot be an equilibrium outcome.

(B) Next suppose that one quantity is up- and one quantity is downward distorted so that

without loss of generality q1 > qI1 and q2 < qI2 holds. Fix F1 and F2, but decrease q1 and slightly

increase q2, so that C(q1, 0) and C(q1, q2) both decrease while C(q1, 0) decreases by less than

C(q1, q2). This is possible due to cost substitutability and makes the manufacturer’s constraints

slack. As in (A), q1 and q2 cannot be an (interior) solution of the respective maximization

problem as this is assumed to be unique at (qI1 , q
I
2). By Pareto optimality of the Nash bargaining

solution, q1 and q2 cannot be an equilibrium outcome.

(C) Third, assume that qi < qIi and qj = qIj where i 6= j. A marginal reduction of qj has only

a second-order negative effect, while a marginal increase of qi has a first-order positive effect on

joint profits. A marginal increase of Fi , and a marginal reduction of Fj will give these quantity

effects. By Pareto optimality, therefore, qi < qIi and qj = qIj cannot constitute an equilibrium.

Analogously, qi > qIi and qj = qIj cannot constitute an equilibrium either.

Case 2. Finally suppose that Lemma 1 does not apply as one or two of the retailer’s incentive

constraints strictly bind. If (8) and (9) do not bind, then, by OBS, equilibrium quantities are

below their efficient levels. If (8) or (9) bind, equilibrium quantities are downward distorted

likewise due to Pareto optimality of the Nash product and cost substitutability (arguments are

analogous to those in our preceding analysis).

Thus, in equilibrium both quantities are downward distorted under our initial assumption

that both products are provided in strictly positive quantities. �
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