
 
 

   

General Rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognize and abide by the legal requirements associated with these rights. 

 • Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
 • You may not further distribute the material or use it for any profit-making activity or commercial gain  
• You may freely distribute the URL identifying the publication in the public portal 

If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately and 
investigate your claim. 
 
If the document is published under a Creative Commons license, this applies instead of the general rights. 

This cover sheet template is made available by AU Library 
Version 2.1, September 2020 

 

Cover sheet 
 
This is the accepted manuscript (post-print version) of the article. 
The content in the accepted manuscript version is identical to the final published version, although 
typography and layout may differ. 
 
How to cite this publication 
Please cite the final published version: 
 
Thorstenson, A., & Ramani, V. (2020). Coordination in a supply chain with two manufacturers, two 
substitute products, and one retailer. International Journal of Systems Science: Operations and 
Logistics, 7(2), 105-120. https://doi.org/10.1080/23302674.2018.1522015 
 

Publication metadata 
 
Title: Coordination in a supply chain with two manufacturers, two substitute 

products, and one retailer. 
Author(s): Thorstenson, Anders ; Ramani, Vinay. 
Journal: International Journal of Systems Science: Operations and Logistics. 
DOI/Link: 10.1080/23302674.2018.1522015 
Document version: 
Document license: 

Accepted manuscript (post-print) 
CC BY-NC 

 
 

 

 

https://doi.org/10.1080/23302674.2018.1522015


Coordination in a Supply Chain with

Two Manufacturers, Two Substitute Products, and One Retailer

Abstract

This paper analyzes a model of coordination in a supply chain consisting of two manufacturers, two 

products, and a single retailer under full information. Market demand for each of the manufacturer’s products 

allows for both price and cross-product elasticities. We consider a Stackelberg game be-tween the retailer 

and the two manufacturers and solve for the subgame perfect equilibrium wholesale price chosen by 

each of the manufacturers, the retail price charged by the re-tailer for each of two products, as well 

as the equilibrium demands for the two products. Unlike a classical dyadic supply chain, we show that it is 

no longer true in general that the optimal demands under vertical integration are greater than those under 

decentralization. Further, only under certain allocations of the total profit between the manufacturers and the 

retailer is it the case that the vertically integrated chain is the preferred supply chain structure, even though it 

provides the highest total profit. An important result is that vertical integration is less advantageous when 

products are close substitutes. Hence, the effect of double marginalization decreases when product substitution 

increases. We also show that a revenue sharing contract can coordinate this chain, but only when the 

manufacturers set their wholesale prices below their marginal costs of production. Unless vertical coordination is 

used, the manufacturers always have an incentive to horizontally integrate, but at the expense of the retailer. 

Finally, we show that the retailer can choose to integrate partially with one manufacturer to achieve a Pareto 

improving profit outcome.

Keywords: Supply Chain Coordination, Vertical Integration, Revenue Sharing, Stackelberg Game
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1 Introduction

In this paper we model a supply chain consisting of two manufacturers (or suppliers) and a single retailer

under full information. Several real-world cases consisting of multiple manufacturers and one or more retailer

fit with the structure of our model. For example, Euroffice, a retailer in the UK, sells photocopier papers

manufactured by multiple manufacturers like Hewlett Packard, Canon, and E4. These are A4 size papers with

weights 80, 90, 100, and 120 grams per square meter, all of which are produced by more than one manufacturer

and are viewed by the consumer as differentiated products (Adida and DeMiguel, 2011). There are many

other such cases - for example, toothpaste, mineral water and milk to name a few. These are products which

are produced by more than one manufacturer, and viewed by the retailer and consumer as differentiated but

substitutable products. In the case of mineral water, Evian and Vittel are two manufacturers which produce

the good in identical configurations that are sold in the UK by the retailer Tesco. As further examples,

retail chains like Walmart, Target, etc. source products from Procter and Gamble (say Crest toothpaste) as

well as Colgate-Palmolive (Colgate toothpaste), and display them side by side on their shelves (see Cachon

and Kök, 2010). In the market for beauty products and cosmetics, retailers carry the products of competing

manufacturers like Estee Lauder and L’Oreal (see Reisinger and Thomes, 2016).

In our model, the demand functions capture the fact that the two manufacturers produce differentiated

but substitutable products. This allows the market demand for each of the manufacturer’s products to

account for both price and cross-price elasticities. We consider a Stackelberg game between the retailer and

the two manufacturers and solve for the subgame perfect equilibrium wholesale price chosen by each of the

manufacturers, the retail price charged by the retailer for each of two products, as well as the equilibrium

demands for the two products. Thereafter, we compare the solution of the decentralized model with a

vertically integrated supply chain. However, unlike a classical dyadic supply chain, we show that it is no

longer true in general that the optimal demands under vertical integration are greater than those under

decentralization. In addition, only under certain allocations of the profit between the manufacturers and the

retailer is it the case that vertical integration is the most preferred supply chain structure, even though it

generates the highest total profit. A crucial finding from our model is that supply chain profits decrease when

products become closer substitutes. Moreover, vertical integration becomes less advantageous compared to

the decentralized scenario. Hence, the effect of double marginalization decreases when product substitution

increases.

The difference between the decentralized scenario and vertical integration naturally leads to the question

of coordination and coordination contracts. Coordination to improve the performance of classical dyadic

supply chains, consisting of one manufacturer and one retailer, has attracted extensive research interest. Due

to the double marginalization effect, incentives for different supply chain members to pursue their individual
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optimization objectives are generally not consistent with the overall best performance, thereby leading to

inefficiency of the chain. It is in this regard that coordination contracts may align individual incentives with

the overall objective of the supply chain. When supply chains are more complex, e.g. involving more than

one manufacturer, and more than one product, ensuring coordination becomes more challenging.

Our work is an important contribution towards understanding both horizontal and vertical

competition in the context of a supply chain. In addition, we explicitly consider product differ-

entiation by considering cross-price elasticity between the products produced by the different

manufacturers. The last part is particularly relevant in the context of complex supply chains

that we see today, where the retailer typically sources products from different manufacturers.

This is in contrast to the traditional literature on dyadic supply chains which has generally

considered only homogenous products. Introducing product differentiation allows us to more

closely model supply chains consisting of multiple manufacturers supplying their product to a

retailer e.g., Target. Furthermore, our model is sufficiently general to represent a variety of

products like electronic items, edible goods to name a few.

Our paper offers several managerial insights. First, we show that when we move away from a standard

dyadic supply chain structure and consider a more complex supply chain involving two manufacturers and

a single retailer, vertical integration does not necessarily result in a higher optimal demand as compared

to the decentralized case. In particular, we find that the vertically integrated supply chain structure is not

necessarily the emergent supply chain structure even though it generates the largest profit. Second, our

analysis concludes that considering differentiated products, when the cross-price effect between the prod-

ucts increases, the advantage of vertical integration decreases in comparison to the decentralized case. An

implication of this finding is that managers should keep in mind the fact that when products are close substi-

tutes, the marginal benefit of vertical integration may not outweigh the cost of integrating decision making.

Given that retailers are increasingly incorporating differentiated but substitutable products, an insight that

emerges from our work is that previous studies considering only one product may have exaggerated the

benefits of supply chain integration. Another important managerial insight emerges in the context

of coordinating the supply chain. Unlike a dyadic supply chain, a revenue sharing contract

can coordinate a complex supply chain, consisting of two manufacturers and one retailer, only

when the manufacturer’s can set their wholesale prices below their marginal costs of pro-

duction. Nevertheless, managers may pursue partial integration as the retailer can integrate

partially with one manufacturer and achieve an improvement over the outcome that arises in

the decentralized scenario.

The remainder of the paper is organized as follows. In Section 2, we briefly discuss relevant literature

and highlight how our paper differs in relation to the existing literature. Section 3 presents the decentralized

model framework and computes the optimal wholesale and retail prices. Section 4 discusses vertical integra-

tion with both manufacturers and with one manufacturer. Section 5 analyzes the coalition formation between
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the manufacturers. Revenue sharing contracts and their feasibility are discussed in Section 6. Numerical

analysis is presented in Section 7. Section 8 concludes.

2 Literature Review

Our work on a complex supply chain involving two manufacturers, two substitute products, and a single

retailer spans the field of multiple sourcing, supply chains selling differentiated products, and supply chain

coordination. While we briefly mention the literature on sourcing, our main contribution is in the domain of

supply chains consisting of multiple manufacturers and coordination in such supply chains under complete

information.

The academic literature on multiple sourcing has mainly focused on risk diversification (Elmaghraby,

2000; Federguen and Yang 2009; Yang et al. 2009; Li et al. 2010; Meena and Sarmah 2013) and supplier

selection (Federguen and Yang, 2008). Considering multiple suppliers and a single retailer, Noori-

daryan et al. (2017) study the ordering decisions of a retailer in the pharmaceutical industry

when customers are sensitive to both price and the delivery lead times. While the literature on

multiple sourcing for managing supply chain risk and uncertainty is important, there has also been some

work done in the deterministic setting which considers multiple manufacturers and a single retailer - see Choi

(1991), Lee and Staelin (1997), and Martinez de Albeniz and Roels (2007), who consider wholesale price

contracts in such a supply chain structure. Lin (1990) considers a model of common versus independent

retailing and shows that independent retailing is more profitable for the manufacturer. In the marketing

field the study of decentralization and different supply chain structural forms has been analyzed by Mcguire

and Staelin (1983) and Moorthy (1988). Similarly to several of these latter papers, our current work is also

in the context of a full information setting.1

The interaction between suppliers supplying differentiated but substitutable products is important be-

cause many retailers store differentiated but substitutable products sourced from multiple suppliers. Three

recent papers which relate to multiple manufacturers supplying differentiated but related products to one or

more retailer are Cachon and Kök (2010), Adida and DeMiguel (2011), and Reisinger and Thomes (2016).

The papers by Cachon and Kök (2010) and Reisinger and Thomes (2016) are particularly related to our

work.

In a static setting, Cachon and Kök (2010), find that coordinating contracts that work well in a traditional

one manufacturer-one retailer setting are not necessarily effective in coordinating the supply chain in a

multiple manufacturer setting. Reisinger and Thomes (2016), consider a dynamic model and study how

the channel structure affects collusive behaviour among multiple manufacturers. However, their focus is

more on common retailing versus independent retailing. Hence, the question still remains as to whether

1While our work focuses on two-echelon supply chains, there has also been research on three-echelon dual
supply chains focussing on pricing, return policy, replenishment, and coordination issues (see Modak et al.
(2015), Taleizadeh and Noori-daryan (2015), and Modak et al. (2016) for details
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these independent manufacturers have any incentive to collude when supplying to the retailer, and what the

retailer can do to overcome this collusion effect? Moreover, is coordination achievable in such a setting via

a simple revenue sharing contract? Our paper contributes to the literature by specifically addressing these

questions about vertical and horizontal structure of a supply chain with multiple sourcing.

In the field of supply chain coordination, various coordinating contracts to solve the double marginaliza-

tion problem have been analyzed in the literature on supply chain coordination (see Jeuland and Shugan,

1983; Ingene and Perry, 1995, and Cachon, 2003 for details). Some of the commonly used contracts that

have been studied in the literature include quantity flexibility contract (Tsay, 1999), sales rebate contract

(Taylor, 2002), revenue sharing contract (Hou et al. 2017, Hu et al. 2017, Cachon and Lariviere, 2005,

Gionnoccaro and Pontrandolfo, 2004), quantity discount contract (Karray and Surti, 2016, Taleizadeh et

al. 2015, Li and Liu, 2006), product recycling (Panda et al. 2017), and buyback of defective

items (Taleizadeh et al. 2015). Recently, Song and Gao (2018) have studied revenue sharing

possibilities in the context of a green supply chain and conclude that a revenue sharing contract

leads to a greater greening level and larger profit for the supply chain members. Related work

involving two manufacturers and a single retailer include, Hu et al. (2013), who consider demand disruption

and study coordination using a buy-back contract, and Yang et al. (2011), who show that manufacturers

can coordinate the supply chain by the use of demand forecasting. In the context of a single manufacturer

and multiple suppliers, Yin et al. (2016) study a model of coordination when the manufacturer does not

know the quality of the parts supplied by the suppliers. Other models of coordination using a two-part tariff

contract or revenue sharing contract involving one or more manufacturer and one or more retailer, include

Modak et al. (2016) and Pal et al. (2015). In our paper the focus is on a revenue sharing contract and

we analyze its effectiveness in coordinating the supply chain.

Closest to our framework is the recent paper by Hu et al. (2017) which considers supply chain performance

under a revenue sharing contract with two manufacturers (producing differentiated products) and a single

retailer. However, crucial differences exist between their paper and ours. First, Hu et al. (2017) consider

stochastic demand, while we consider deterministic demand. More importantly, in addition to solving the

decentralized model, we also analyze a model where the manufacturers form a coalition and jointly choose

their wholesale prices, leading to higher wholesale and retail prices, higher profit for the coalition, and a

lower profit for the retailer. Furthermore, a critical difference is in the way the revenue sharing contract is

modeled. In Hu et al. (2017), the manufacturers choose the revenue sharing parameters. In our setting,

the revenue sharing parameter is chosen by the retailer. We argue that this is a more realistic depiction of

coordination in supply chains involving more than one manufacturer and a (powerful) retailer. For example,

it is indeed a stretch to imagine that retailers like Walmart, Target etc. have little power in choosing the

revenue sharing parameter, and would simply accept the contract that the manufacturers offer. Finally, we

discuss partial integration as well, given the difficulties to obtain complete vertical integration in supply

chains with multiple manufacturers.
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Another paper which uses a framework similar to ours, is Zhao et al (2014), who also consider a supply

chain consisting of two manufacturers and a single retailer. Like our paper, they (too) consider differentiated

products with substitution effects. However, important differences exist between their paper and ours. First,

we consider more general demand functions with both the own-price and cross-price elasticities being different

across the two products or markets. Second, we analytically prove that in the case where the manufacturers

form a collusion, their profit is greater than that under the decentralized case, while the retailer is worse

off. Third, we model partial integration between the retailer and one of the manufacturers. Fourth, we

study a revenue sharing contract to coordinate the supply chain. Finally, we show (numerically) that as the

sum of cross-price elasticities of demand increases, the effect of double marginalization decreases, and we

demonstrate numerically that the supply chain profit under vertical integration, manufacturer collusion, and

the decentralized scenario all decrease. Although vertical integration yields the largest supply chain profit,

it is not necessarily the emergent supply chain structure.

3 Model Basics

Consider a market with two differentiated but related products. Each product is produced by a separate

manufacturer (or supplier). Specifically, there are the two manufacturers, M1 and M2 who supply their

product to a retailer R. Following Cachon and Kök (2010) we write the linear inverse demand functions as

p1 = θ1 − β1d1 − γ1d2 (1)

p2 = θ2 − β2d2 − γ2d1 (2)

where, pi; i = 1, 2 denotes the unit selling price for each product, and di; i = 1, 2 denotes the demand.

θi; i = 1, 2 denotes the maximum willingness to pay, βi; i = 1, 2 denotes the own-price effect, and γi; i = 1, 2

denotes the cross-price effect. Note that γi > 0 implies that the products of the manufacturers are substitutes.

For ease in exposition, we provide a list of all the notations succinctly in Table 1.

Table 1: Notations

Mi :
R
pi :
di :
θi :
βi :
γi :
ci :

Manufacturer i; i = 1, 2
Retailer

Price per unit of good i
Demand for good i

Maximum willingness to pay for good i 
Own-price sensitivity of good i
Cross-price sensitivity of good i 

Marginal cost of production of good i

We make the following two assumptions:

• Assumption 1 : βi > γi.
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• Assumption 2: 4βiβj − (γi + γj)
2 > 0 for i = 1, j = 2.

Assumption 1 basically implies that the demand for each product is more sensitive to a change

in its own-price as compared to the price of the substitutable product. This is a standard

assumption in models of product differentiation. Assumption 2 is sufficient to ensure the

existence of non-negative demands. We assume that the manufacturer’s marginal cost of production is

ci; i = 1, 2 is constant and that ci < θi. Figure 1 depicts the supply chain structure that we analyze in this

paper.

Figure 1: Supply Chain Structure

Before proceeding further with the analysis, we would like to explain briefly our choice of

using deterministic inverse demand functions as given by (1) and (2). The underlying basis for

our inverse demand functions is the quadratic utility function proposed by Singh and Vives

(1984) for any representative consumer, given by

U(q1, q2) = θ1q1 + θ2q2 −
1

2
(β1q

2
1 + 2γq1q2 + β2q

2
2)

where, qi; i = 1, 2 denotes the quantities of good i consumed by the consumer. Given that

the expenditure of the consumer is
∑2
i=1 piqi, the consumer chooses the quantities to maximize∑

U(q1, q2)− i
2
=1 piqi. Substituting for U(q1, q2) and taking the derivative with respect to qi; i = 1, 2 

yields the inverse demand function given in (1) and (2). These inverse demand functions allow
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us to capture horizontal competition (i.e. between the manufacturers) via the cross-price 

elasticity factor γ. The deterministic demand functions have also been analyzed by various other 

authors (Choi 1991, Choi 1996, Ingene and Perry, 2005) in the context of studying product 

differentiation. We use a similar setting in this study.

Remark 1. The inverse demand functions given in (1) and (2) lead to the following demand functions

d1 =
1

[β1β2 − γ1γ2]
[β2θ1 − γ1θ2 − β2p1 + γ1p2] (3)

d2 =
1

[β1β2 − γ1γ2]
[β1θ2 − γ2θ1 − β1p2 + γ2p1], (4)

which satisfy the following properties:

1. di(pi, pj) is decreasing in firm i′s price and is increasing in firm j′s price.

2.
∑2
j=1

∂di(pi,pj)
∂pj

< 0 and
∑2
j=1

∂dj(pi,pj)
∂pi

< 0, for all i.

3. The local price elasticity of di(pi, pj); i.e. ei = −
∂di(pi,pj)

∂pi
di(pi,pj)

pi

is increasing in pi.

4. The impact of firm i′s own price on its elasticity dominates that of other firms’ prices on firm i′s

elasticity; i.e. ∂ei
∂pi

+
∑
j 6=i(

∂ei
∂pj

) ≥ 0.

Proof. See the Appendix.

The demand functions obtained in equations (3) and (4) are standard in the literature (see Raju and

Roy, 2000, Gupta and Loulou, 1998, Lee and Staelin, 1997, Choi, 1991, McGuire and Staelin, 1983). The

conditions (1)-(4) are specified in Huang et al. (2013) and Bernstein and Federgruen (2004), who investigate

multifirm price-dependent demand models with product differentiation.

Consider now the following Stackelberg game with manufacturers as the leaders and the retailer as the

follower.

• Stage 1: The manufacturers simultaneously announce their wholesale prices w1 and w2 to maximize

their profits.

• Stage 2: The retailer chooses the prices of the two products, p1 and p2 to maximize its profit.

Having the manufacturers as the Stackelberg leaders is a regular assumption in models of this type. The

profit of manufacturer i is given by πMi = (wi − ci)di and the retailer’s profit from product i is given by

ΠR
i = (pi−wi)di; i = 1, 2. In what follows, we first solve the decentralized scenario and compare the solution

with that under complete vertical integration. We solve the game backwards, thus starting with Stage 2.
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3.1 Decentralized Model: Stage 2

The retailer’s problem is

maxd1,d2ΠR = ΠR
1 + ΠR

2 = [θ1 − β1d1 − γ1d2 − w1]d1 + [θ2 − β2d2 − γ2d1 − w2]d2

The first-order conditions are

∂ΠR

∂d1
= θ1 − 2β1d1 − γ1d2 − w1 − γ2d2 = 0

∂ΠR

∂d2
= θ2 − 2β2d2 − γ1d1 − w2 − γ2d1 = 0

yielding the following reaction functions

d1(d2) =
θ1 − w1 − (γ1 + γ2)d2

2β1
(5)

d2(d1) =
θ2 − w2 − (γ1 + γ2)d1

2β2
(6)

Solving (5) and (6) we get the optimal demands2

d∗1(w1, w2) =
2β2(θ1 − w1)− (γ1 + γ2)(θ2 − w2)

4β1β2 − (γ1 + γ2)2
(7)

d∗2(w1, w2) =
2β1(θ2 − w2)− (γ1 + γ2)(θ1 − w1)

4β1β2 − (γ1 + γ2)2
(8)

Now d∗1(w1, w2), d∗2(w1, w2) > 0 if 2β1

γ1+γ2
> θ1−w1

θ2−w2
> γ1+γ2

2β2
. Note that this also implies that 4β1β2− (γ1 +

γ2)2 > 0.

The optimal demands yield the optimal prices

p∗1(w1, w2) =
[4β1β2 − (γ1 + γ2)2]θ1 − [2β1β2 − γ1(γ1 + γ2)](θ1 − w1) + β1(γ2 − γ1)(θ2 − w2)

4β1β2 − (γ1 + γ2)2

p∗2(w1, w2) =
[4β1β2 − (γ1 + γ2)2]θ2 − [2β1β2 − γ2(γ1 + γ2)](θ2 − w2) + β2(γ1 − γ2)(θ1 − w1)

4β1β2 − (γ1 + γ2)2

Obviously, the structure of the two optimal demands and prices are completely symmetric. Note, however,

that numerically they can be quite different due to the product specific parameters involved. Naturally, we

assume non-negative demands and prices. Due to a zero profit reservation constraint, we consider only

positive profits.

2The second-order conditions are satisfied because ∂2ΠR

∂d21
= −2β1 < 0, ∂

2ΠR

∂d22
= −2β2 < 0, and ∂2ΠR

∂d21

∂2ΠR

∂d22
− ( ∂2ΠR

∂d1∂d2
)2 =

4β1β2 − (γ1 + γ2)2 > 0.
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3.2 Decentralized Model: Stage 1

In stage 1, the manufacturers separately choose their wholesale prices wi to maximize their respective profits.

The problem for manufacturer i can be written as

maxwi
πMi = [wi − ci]di (9)

The first-order necessary conditions are

∂πM1
∂w1

= −2β2w1 + 2β2c1 + 2β2θ1 − 2β2w1 − (γ1 + γ2)θ2 + (γ1 + γ2)w2 = 0

∂πM2
∂w2

= −2β1w2 + 2β1c2 + 2β1θ2 − 2β1w2 − (γ1 + γ2)θ1 + (γ1 + γ2)w1 = 0

yielding the two reaction functions

w1(w2) =
2β2(θ1 + c1)− (γ1 + γ2)(θ2 − w2)

4β2
(10)

w2(w1) =
2β1(θ2 + c2)− (γ1 + γ2)(θ1 − w1)

4β1
(11)

Solving (10) and (11) yields the optimal wholesale prices as3

w∗1 =
8β1β2(θ1 + c1)− (γ1 + γ2)[2β1(θ2 − c2) + (γ1 + γ2)θ1]

16β1β2 − (γ1 + γ2)2
(12)

w∗2 =
8β1β2(θ2 + c2)− (γ1 + γ2)[2β2(θ1 − c1) + (γ1 + γ2)θ2]

16β1β2 − (γ1 + γ2)2
(13)

The optimal retail prices and demands for both the products can then be written as p∗1(w∗1 , w
∗
2), p∗2(w∗1 , w

∗
2),

d∗1(w∗1 , w
∗
2), and d∗2(w∗1 , w

∗
2).

For comparison, in Remark 2 we provide the well-known case of decentralized solution when only one

product, i.e., only product i = 1 or 2 is produced.

Remark 2. Consider a case where only one product, say good i is being offered. In this scenario, we have

only one manufacturer selling the good to the retailer. The optimal solutions in the Stackelberg game are

w̃i =
θi + ci

2
> ci

d̃i =
θi − ci

4βi
> 0

p̃i =
3θi + ci

4
> w̃i

Π̃SC
Mi

=
3(θi − ci)2

16βi

3The second-order conditions are satisfied because
∂2πM

1

∂w2
1

= − 4β2
4β1β2−(γ1+γ2)2

< 0,
∂2πM

2

∂w2
2

= − 4β1
4β1β2−(γ1+γ2)2

< 0.

10



Our overall objective is to compare these decentralized cases with those of different forms of supply chain

integration. We initially address the case of (complete) vertical integration.

4 Vertical Integration

Consider the case where the supply chain is vertically integrated, i.e. decision making is completely central-

ized. The supply chain profit is given by

maxd1,d2π
SC = [θ1 − β1d1 − γ1d2 − c1]d1 + [θ2 − β2d2 − γ2d1 − c2]d2

The centralised decision authority chooses d1 and d2 to maximize πSC . The first-order necessary conditions

are

∂πSC

∂d1
= θ1 − 2β1d1 − γ1d2 − c1 − γ2d2 = 0

∂πSC

∂d2
= θ2 − 2β2d2 − γ1d1 − c2 − γ2d1 = 0

yielding the following reaction functions

d1(d2) =
θ1 − c1 − (γ1 + γ2)d2

2β1
(14)

d2(d1) =
θ2 − c2 − (γ1 + γ2)d1

2β2
(15)

Solving (14) and (15) we get the optimal demands as4

dSC1 =
2β2(θ1 − c1)− (γ1 + γ2)(θ2 − c2)

4β1β2 − (γ1 + γ2)2
(16)

dSC2 =
2β1(θ2 − c2)− (γ1 + γ2)(θ1 − c1)

4β1β2 − (γ1 + γ2)2
(17)

Proposition 1. If 2β1

γ1+γ2
>

w∗
1−c1

w∗
2−c2

> γ1+γ2
2β2

, then it follows that dSC1 > d∗1(w∗1 , w
∗
2) and dSC2 > d∗2(w∗1 , w

∗
2).

Proof. From (16) and (7), we have

dSC1 − d∗1(w∗1 , w
∗
2) =

2β2(w∗1 − c1)− (γ1 + γ2)(w∗2 − c2)

4β1β2 − (γ1 + γ2)2

Note that 4β1β2 − (γ1 + γ2)2 > 0. Thus the sign of dSC1 − d∗1 depends on the sign of the numerator. The

4The second-order conditions are satisfied because ∂2πSC

∂d21
= −2β1 < 0, ∂

2πSC

∂d22
= −2β2 < 0, and ∂2πSC

∂d21

∂2πSC

∂d22
−( ∂

2πSC

∂d1∂d2
)2 =

4β1β2 − (γ1 + γ2)2 > 0.
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numerator of the above expression is positive when

w∗1 − c1
w∗2 − c2

>
γ1 + γ2

2β2
(18)

Similarly, from (17) and (8), we have

dSC2 − d∗2(w∗1 , w
∗
2) =

2β1(w∗2 − c2)− (γ1 + γ2)(w∗1 − c1)

4β1β2 − (γ1 + γ2)2

The numerator of the above expression is positive when

w∗1 − c1
w∗2 − c2

<
2β1

γ1 + γ2
(19)

Combining (18) and (19), we have

2β1
γ1 + γ2

>
w∗1 − c1
w∗2 − c2

>
γ1 + γ2

2β2

If only one of the products is produced, the vertical integration solution takes the well-known form stated

in Remark 3.

Remark 3. Consider the case when only good i is being produced. Then, dSCi = θi−ci
2βi

, pSCi = θi+ci
2 = w̃i,

and πSCi = (θi−ci)2
4βi

. Further, note that dSCi > d̃i, p̃i > pSCi = w̃i, and πSCi > ΠSC
Mi

.

Thus the supply chain profit under vertical integration when only one good is produced is characterized

by a lower retail price, greater demand, and a larger profit as compared to the decentralized scenario when

only one good is produced. To see the part on profit, note that the supply chain profit under vertical

integration is πSCi = (θi−ci)2
4βi

, which is greater than the supply chain profit under decentralization when only

one market is operational, ΠSC
Mi

= 3(θi−ci)2
16βi

.

Proposition 1 yields an interesting result regarding what happens under vertical integration when two

manufacturers are present. Unlike the case of a single manufacturer, where the double marginalization effect

directly yields that the optimal demand under vertical integration is higher than that under decentralization,

this result is no longer true in general with two manufacturers. In fact, without the sufficiency restriction

2β1

γ1+γ2
>

w∗
1−c1

w∗
2−c2

> γ1+γ2
2β2

, it is no longer obvious that vertical integration always yields a higher demand.

Numerically, if we take the following parameter values, θ1 = θ2 = 1, β1 = 1, β2 = 0.9, γ1 = 0.8, γ2 =

0.85, c1 = c2 = 0.2, then it turns out that while dSC1 < d∗1, dSC2 > d∗2. However, the retail prices under

vertical integration are both lower than the decentralized prices, while the vertically integrated supply chain

profit is (obviously) always at least as great as the total decentralized supply chain profit.

Note that the condition given in proposition 1 is stronger than necessary to ensure that dSC1 + dSC2 >

d∗1(w∗1 , w
∗
2) + d∗2(w∗1 , w

∗
2). To ensure that the overall sum of vertically integrated demands is greater than the

12



sum of the decentralized demands, we need the (weaker) condition that
w∗

1−c1
w∗

2−c2
< 2β1−(γ1+γ2)

(γ1+γ2)−2β2
. However, since

we are considering differentiated products, considering each individual product demand is more appropriate.

Corollary 1. The optimal wholesale prices w∗i ; i = 1, 2 given in equations (12) and (13), are decreasing in

the sum of the cross-price effects; i.e.
∂w∗

i

∂(γ1+γ2)
< 0; i = 1, 2.

Proof. See the Appendix.

The result in Corollary 1 implies that the effect of double marginalization is reduced when the cross-price

effect increases, because the optimal wholesale prices w∗i ; i = 1, 2 then get closer to the suppliers’ marginal

costs, ci; i = 1, 2. Hence, for products which are close substitutes, the benefit of vertical integration compared

to the decentralized solution is less.

4.1 Retailer Integrates with one Manufacturer

Consider now the case where the retailer integrates only with manufacturer 1.5 This could for example, be

the case when the retailer is marketing a private label which may require much closer collaboration with

the manufacturer than mere arm’s length relationship. Essentially then, the retailer’s problem in stage 2 is

given by

maxd1,d2ΠR
1 = [p2 − w2]d2 + [p1 − c1]d1 (20)

This yields the following first-order conditions,

∂ΠR
1

∂d1
= θ1 − c1 − 2β1d1 − (γ1 + γ2)d2 = 0

∂ΠR
1

∂d2
= θ2 − w2 − 2β2d2 − (γ1 + γ2)d1 = 0

implying the following reaction functions

d1(d2) =
θ1 − c1 − (γ1 + γ2)d2

2β1
(21)

d2(d1) =
θ2 − w2 − (γ1 + γ2)d1

2β2
(22)

Solving (21) and (22), we get the optimal demands as6

d1(w2) =
2β2(θ1 − c1)− (γ1 + γ2)(θ2 − w2)

4β1β2 − (γ1 + γ2)2

d2(w1) =
2β1(θ2 − w2)− (γ1 + γ2)(θ1 − c1)

4β1β2 − (γ2 + γ2)2

5The analysis is (of course) completely symmetric if the retailer integrates only with manufacturer 2.

6The second-order conditions are satisfied because
∂2ΠR

1

∂d21
= −2β1 < 0,

∂2ΠR
1

∂d22
= −2β2 < 0, and

∂2ΠR
1

∂d21

∂2ΠR
1

∂d22
− (

∂2ΠR
1

∂d1∂d2
)2 =

4β1β2 − (γ1 + γ2)2 > 0.

13



In stage 1, manufacturer 2 chooses the wholesale price w2 to maximize [w2 − c2]d2(w2). The solution to

manufacturer 2′s problem is

w∗2 =
2β1(θ2 + c2)− (γ1 + γ2)(θ1 − c1)

4β1

The optimal demand in the two markets is then obtained as d∗1(w∗2) and d∗2(w∗2), respectively.

Proposition 2. Suppose that the retailer integrates with manufacturer 1 only. Then comparing the case

where integration takes place with just one manufacturer with the decentralized case implies that d1(w2) >

d∗1(w1, w2), d2(w2) < d∗2(w1, w2), and w∗2 < w2(w1).

Proof. Since (7) must be positive, it follows that wi > ci; i = 1, 2 for the manufacturer in the decentralized

case. Therefore, using d1(w2) and (7)

d1(w2)− d∗1(w1, w2) =
2β2(w1 − c1)

4β1β2 − (γ1 + γ2)2
> 0

Similarly from d2(w2) and (8)

d2(w2)− d∗2(w1, w2) = − (γ1 + γ2)(w1 − c1)

4β1β2 − (γ1 + γ2)2
< 0

Since, w∗2 = 2β1(θ2+c2)−(γ1+γ2)(θ1−c1)
4β1

, it immediately follows from (11) that w∗2 < w2(w1). This completes

the proof.

Vertical integration with just one manufacturer may not be as effective (as full vertical integration) in

removing the double marginalization problem. But because the retailer could simply choose to use the

optimal decisions under the decentralized scenario, integrating with one of the manufacturers yields a higher

supply chain profit than that under the decentralized scenario. The next question that naturally arises is

whether a contract can coordinate the chain effectively. Before we answer that question, we analyze the

case where the two manufacturers collude by forming a horizontally integrated coalition, and compare the

outcome with that of the decentralized case.

5 Coalition of Manufacturers

Suppose that the two manufacturer’s form a coalition {M1,M2} and maximize their joint profit7,8

maxw1,w2
πM1+M2 = [w1 − c1]d1 + [w2 − c2]d2

7Note that this is equivalent to a single manufacturer or supplier producing two goods. However, we are concerned with
comparing the coalition profits with the decentralized scenario. This comparison yields some interesting insights regarding the
incentives for the manufacturers to form a coalition or not.

8The stage 2 problem for the retailer is the same as that for the decentralized case.
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The first-order necessary conditions are

∂πM1+M2

∂w1
=

2β2(θ1 + c1)− 4β2w1 − (γ1 + γ2)(θ2 + c2 − 2w2)

4β1β2 − (γ1 + γ2)2
= 0

∂πM1+M2

∂w2
=

2β1(θ2 + c2)− 4β1w2 − (γ1 + γ2)(θ1 + c1 − 2w1)

4β1β2 − (γ1 + γ2)2
= 0

yielding the following reaction functions

w1(w2) =
2β2(θ1 + c1)− (γ1 + γ2)(θ2 + c2 − 2w2)

4β2

w2(w1) =
2β1(θ2 + c2)− (γ1 + γ2)(θ1 + c1 − 2w1)

4β1

The optimal wholesale prices in this case are9

ŵ1 =
θ1 + c1

2
> c1 (23)

ŵ2 =
θ2 + c2

2
> c2 (24)

Note that each of the optimal wholesale prices is the same as in the cases when only one product is

produced. As shown by Reisinger and Thomes (2016) in the context of a dynamic setting, we also find

that under collusion the optimal wholesale prices are above the marginal costs of production. The optimal

demand and profit in the coalition case are

d̂1 =
2β2(θ1 − c1)− (γ1 + γ2)(θ2 − c2)

2[4β1β2 − (γ1 + γ2)2]
=

1

2
dSC1 (25)

d̂2 =
2β1(θ2 − c2)− (γ1 + γ2)(θ1 − c1)

2[4β1β2 − (γ1 + γ2)2]
=

1

2
dSC2 (26)

π̂M1+M2 =
β2(θ1 − c1)2 + β1(θ2 − c2)2 − (γ1 + γ2)(θ1 − c1)(θ2 − c2)

2[4β1β2 − (γ1 + γ2)2]
(27)

Proposition 3. When the manufacturers form a coalition, the optimal wholesale prices are greater than the

wholesale prices under the decentralized scenario, while the optimal demands are lower than those under the

decentralized scenario. Further, the coalition profit is greater than the sum of the manufacturers profit in the

decentralized scenario. Finally, the retailer’s profit is lower, than in the decentralized scenario.

Proof. From (12)-(23) and (13)-(24), we have

ŵ1 − w∗1 =
(γ1 + γ2)[4β1(θ2 − c2) + (γ1 + γ2)(θ1 − c1)]

2[16β1β2 − (γ1 + γ2)2]
> 0

ŵ2 − w∗2 =
(γ1 + γ2)[4β2(θ1 − c1) + (γ1 + γ2)(θ2 − c2)]

2[16β1β2 − (γ1 + γ2)2]
> 0

9The second-order conditions are satisfied because ∂2πM1+M2

∂w2
1

= − 4β2
4β1β2−(γ1+γ2)2

< 0, ∂
2πM1+M2

∂w2
2

= − 4β1
4β1β2−(γ1+γ2)2

<

0, and ( ∂
2πM1+M2

∂w2
1

)( ∂
2πM1+M2

∂w2
2

) − ( ∂
2πM1+M2

∂w1∂w2
)2 = 4

4β1β2−(γ1+γ2)2
> 0.
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Moreover d̂1 < d∗1(w∗1 , w
∗
2) and d̂2 < d∗2(w∗1 , w

∗
2). To see this note that,

d̂1 − d∗1(w1, w2) = − (γ1 + γ2)[4β2d
SC
1 + (γ1 + γ2)dSC2 ]

2[16β1β2 − (γ1 + γ2)2]
< 0

d̂2 − d∗2(w1, w2) = − (γ1 + γ2)[4β1d
SC
2 + (γ1 + γ2)dSC1 ]

2[16β1β2 − (γ1 + γ2)2]
< 0

When a coalition is formed by the manufacturers, they jointly choose the wholesale prices to maximize their

joint profit. At the very least, the coalition can choose the decentralized wholesale prices (and thereby induce

the demand that is the same as in the decentralized case). Thus the profit of the manufacturers when they

form a coalition cannot be lower than that under the decentralized scenario. Since the wholesale prices in

the scenario when the manufacturers form a coalition is different compared to that when the supply chain

is decentralized, it follows that the manufacturers earn a strictly larger profit.

To prove that the retailer is worse off when a coalition if formed, we proceed as follows. Denote the

retailer’s profit when the manufacturers form a coalition by ΠR
C . Suppose, by contradiction, that the retailer’s

profit (under coalition formation by manufacturers) is greater than its profit in the decentralized scenario;

i.e. ΠR
C > ΠR. Denoting the optimal retail prices in the coalition scenario by p̂1 and p̂2, we have

ΠR
C =

∑
i

(p̂i − ŵi)d̂i

Since ŵi > w∗i ,

∑
i

(p̂i − w∗i )d̂i >
∑
i

(p̂i − ŵi)d̂i > ΠR

But this contradicts the fact that p∗i (w
∗
1 , w

∗
2), d∗i (w

∗
1 , w

∗
2) are the retailer’s optimal decision, given (w∗1 , w

∗
2).

Thus, the claim must be true.

Proposition 3 suggests that the manufacturers have an incentive to form a coalition. Furthermore, the

double marginalization problem is worsened, as the wholesale prices under a coalition are even higher than

that under the decentralized scenario. This indicates that the supply chain profit with manufacturers in

a coalition would be lower than the supply chain profit in the decentralized case. Higher wholesale prices

jointly chosen by the manufacturers implies that the cost to the retailer increases. However, the prices

charged by the retailer increase and demands are reduced. As stated in Proposition 3, the net effect is a

reduced profit for the retailer. Thus the retailer is worse off when the manufacturers form a coalition.

6 Coordinating the Supply Chain with Contracts

As the next step, we return to the question if coordination can be achieved in an environment where

competing manufacturers supply their products to a single retailer. In particular, we analyze if a simple
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revenue sharing contract can coordinate the chain when there are multiple suppliers?

6.1 Revenue Sharing Contract

Consider a revenue sharing contract {φ1, φ2, w1, w2} with the purpose to induce the retailer to buy more

units from the manufacturers wherein by offering lower wholesale prices, w1 and w2. In return, the retailer

will share revenues with the manufacturers. In particular, consider the case where the retailer keeps a φi,

i = 1, 2 fraction of the revenue for himself and transfers a (1−φi) fraction of the revenue to manufacturer i.

Denote Ri = pidi, i = 1, 2 as the revenue for the retailer from selling product i. This implies that the profit

of the retailer and the manufacturers are, respectively

ΠRS
R = φ1R1 + φ2R2 − w1d1 − w2d2

πRSM1
= (1− φ1)R1 + w1d1 − c1d1

πRSM2
= (1− φ2)R2 + w2d2 − c2d2

Now, ΠRS
R + πRSM1

+ πRSM2
= p1d1 + p2d2 − c1d1 − c2d2 ≤ πSC . Rewriting the above profit functions, we

have

ΠRS
R = φ1[θ1 − β1d1 − γ1d2]d1 + φ2[θ2 − β2d2 − γ2d1]d2

− w1d1 − w2d2 (28)

πRSM1
= (1− φ1)[θ1 − β1d1 − γ1d2]d1 + w1d1 − c1d1 (29)

πRSM2
= (1− φ2)[θ2 − β2d2 − γ2d1]d2 + w2d2 − c2d2 (30)

The retailer’s problem is to maximize ΠRS
R by choosing the retail prices (or indirectly the demands)

subject to a given contract offered by the manufacturers. The first-order necessary conditions, for the

retailer’s problem are

∂ΠR
RS

∂d1
= φ1θ1 − 2φ1β1d1 − φ1γ1d2 − φ2γ2d2 − w1 = 0 (31)

∂ΠR
RS

∂d2
= φ2θ2 − 2φ2β2d2 − φ1γ1d1 − φ2γ2d1 − w2 = 0 (32)

The above first-order conditions yield the following:

d1(d2) =
φ1θ1 − w1 − (φ1γ1 + φ2γ2)d2

2φ1β1
(33)

d2(d1) =
φ2θ2 − w2 − (φ1γ1 + φ2γ2)d1

2φ2β2
(34)
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Solving (33) and (34), we get the optimal demands

dRS1 =
2φ2β2(φ1θ1 − w1)− (φ1γ1 + φ2γ2)(φ2θ2 − w2)

4φ1φ2β1β2 − (φ1γ1 + φ2γ2)2
(35)

dRS2 =
2φ1β1(φ2θ2 − w2)− (φ1γ1 + φ2γ2)(φ1θ1 − w1)

4φ1φ2β1β2 − (φ1γ1 + φ2γ2)2
(36)

We want to find (φ1, φ2) which provides dRS1 = dSC1 and dRS2 = dSC2 . The optimal (φ∗1, φ
∗
2) is obtained

by solving the following system of equation:

l1φ
2
1 + l2φ

2
2 + l3φ1 + l4φ2 + l5φ1φ2 = 0

m1φ
2
1 +m2φ

2
2 +m3φ1 +m4φ2 +m5φ1φ2 = 0

where li,mi; i = 1, ., 5 are constants (see the Appendix for details).

Proposition 4. For any γ1 + γ2 ≥ 0, the equal share revenue sharing contract only works to coordinate the

supply chain when the manufacturers sell their products below marginal cost.

Proof. We consider an equal share revenue sharing contract, where φ1 = φ2 = φ. Equating (35) with (16),

(36) with (17), and simplifying we have

2β2(c1 −
w1

φ
)− (γ1 + γ2)(c2 −

w2

φ
) = 0 (37)

2β1(c2 −
w2

φ
)− (γ1 + γ2)(c1 −

w1

φ
) = 0 (38)

(37) and (38) then imply that

[
4β1β2 − (γ1 + γ2)2

4β1β2
](c1 −

w1

φ
) = 0

and

[
4β1β2 − (γ1 + γ2)2

(γ1 + γ2)2
](c2 −

w2

φ
) = 0

Since 4β1β2 − (γ1 + γ2)2 > 0, it follows that w1 = φc1 < c1 and w2 = φc2 < c2.

Proposition 4 implies that for the equal share revenue sharing contract to work, the manufacturers incur

a direct loss on their sales. So their compensating source of revenue comes from the transfer of revenue that

the retailer provides. When there is no coordination, double marginalization effect causes the retail price to

be too high, leading to low demand. When γ1 = γ2 = 0, the two markets get disentangled. With a revenue

sharing contract, the revenue to manufacturer i depends on (1 − φi)pidi, which increases as the revenue of
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the retailer increases. To this effect, lowering wi leads to a lower retail price, which in turn increases di and

thereby the revenue to the retailer.

6.2 Revenue Sharing Contract when Only one Market is Operational

For comparison, we now analyze the cases of coordination by contract when only one of the products is

produced. Consider a revenue sharing contract, where the retailer offers a fraction (1− φ) of its revenue to

the manufacturer in exchange for a lower wholesale price for product i. The profit of the retailer and the

manufacturer can be written as

ΠR
i = φpidi − widi (39)

πMi = (1− φ)pidi + widi − cidi (40)

As before, we start with the retailer’s problem. The first-order condition is given by

∂ΠR
i

∂di
= φθi − wi − 2φβidi = 0 (41)

which yields

di(wi) =
φθi − wi

2φβi
(42)

pi(wi) =
φθi + wi

2φ
(43)

Using (42) and (43), the manufacturer’s profit can be rewritten as

πMi = (1− φ)
(φ2θ2i − w2

i )

4φ2βi
+ (wi − ci)

(φθi − wi)
2φβi

(44)

The first-order condition of the manufacturer’s problem is given by

∂πMi

∂wi
= −(1− φ)

wi
2φ2βi

+
1

2φβi
[φθi + ci − 2wi] = 0 (45)

From (45), we have the optimal wholesale price set by the manufacturer given by

wi =
φ(φθi + ci)

1 + φ
(46)

From (46) and (42), we have

di =
θi − ci

2βi(1 + φ)

Proposition 5. A revenue sharing contract cannot be used to coordinate a single product chain.
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Proof. The proof follows directly by comparing di = θi−ci
2βi(1+φ)

with dSCi = θi−ci
2βi

, which is the demand under

vertical integration when only good i is produced (see Remark 2). If a revenue sharing contract exists, then

clearly φ = 0 is required for the two demands to be the same. This implies that the optimal wholesale

price set by the manufacturer is zero and that the retailer’s profit is also zero. Moreover, the manufacturer’s

profit is −cidi < 0, which violates the zero profit reservation constraint for the players. Therefore a revenue

sharing contract cannot be used to coordinate a single product chain.

Proposition 5 highlights an important difference that arises under coordination when only one market is

present. Unlike the case where both markets are operational, a revenue sharing contract no longer coordinates

a single product supply chain. Our result is similar to that obtained in Cachon (2003), which analyzes a

newsvendor problem with price dependent demand and shows the ineffectiveness of a revenue sharing contract

in coordinating a dyadic supply chain. With only one market being operational, the manufacturer has a

certain degree of monopoly power and hence can exercise that power by setting wi > ci. But then, the

revenue sharing contract requires that the manufacturers set their wholesale price equal to zero, which is not

possible.

7 Numerical Analysis and Results

In this section we numerically compute (and report in Table 2) the profit of the manufacturers and the

retailer under different scenarios - decentralization, coalition formation, single product market, and vertical

integration. In the four examples, we assume different values for the product and market parameters. Clearly,

moving from the decentralized scenario to vertical integration always improves the total profit of the supply

chain. What is not obvious, is what happens under partial integration, how the profits are distributed, and

who takes the lead in achieving partial or full integration? The results in Table 2 yield some interesting

managerial insights. We list them below:

• The retailer could use the decentralized profit as the reservation value, close market 2 completely, and

integrate with M1. To see this, note that the retailer’s reservation value under the parameter values

given in example 1 is 0.202. With market 2 completely shut down, the profit of the integrated chain

comprising the retailer and manufacturer 1 is 0.320. If the retailer is guaranteed at least 0.202, the

chain delivers a profit of at most 0.118 to M1, which is greater than what the manufacturer gets under

the decentralized scenario. A similar finding emerges for parameter values given in examples (2)− (4).

Furthermore, for parameter values given by examples (1)− (4), the retailer could instead close market

1 completely and integrate with M2. Note that in two of the examples, the total profit is greatest when

integrating with M1 and in the other two examples the relation is reversed. These structures imply

potential improvements for two out of the three parties. Other structural choices are possible.

• When the retailer integrates partially with one of the manufacturers, the chain achieves a Pareto
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Table 2: Profit Evaluations
Example 1 Example 2 Example 3 Example 4

θ1 = θ2 1 1 1 1
β1 0.5 0.6 0.6 0.8
β2 0.5 0.9 0.5 0.7
γ1 0.2 0.3 0.3 0.6
γ2 0.2 0.5 0.4 0.3
c1 0.2 0.3 0.1 0.1
c2 0.1 0.1 0.2 0.2

Decentralized
πM1 0.100 0.054 0.083 0.068
πM2 0.144 0.065 0.073 0.055
ΠR 0.202 0.131 0.217 0.154
Sum 0.446 0.250 0.373 0.277

Coalition
πM1+M2 0.260 0.139 0.201 0.151

ΠR
C 0.130 0.070 0.100 0.075

Sum 0.390 0.209 0.301 0.226

Only Market 1
πM1

0.160 0.102 0.169 0.127
πR1 0.080 0.051 0.084 0.063
π̃SC1 0.240 0.153 0.253 0.190

Only Market 2
πM2 0.203 0.113 0.160 0.114
πR2 0.101 0.056 0.080 0.057
π̃SC2 0.304 0.169 0.240 0.171

Vertical Integration
πSC 0.520 0.278 0.401 0.301

Π̃SC
M1

0.320 0.204 0.338 0.253

Π̃SC
M2

0.405 0.225 0.320 0.229
Partially with M1 0.470 0.259 0.385 0.289
Partially with M2 0.491 0.256 0.381 0.283

improving profit outcome. To see this note that when the retailer integrates partially with M1, the

profit of the chain under examples (1) − (4) are 0.470, 0.259, 0.385, and 0.289, which are respectively

greater than the sum of profits of the manufacturers and the retailer in the decentralized scenario.

Likewise, if the retailer integrates partially with M2, the profit of the supply chain under parameter

values (1)− (4) are 0.491, 0.256, 0.381, and 0.283. These values are respectively greater than the sum

of the profits of the manufacturers and the retailer in the decentralized scenario.

• Using the coalition profit as the reservation value for the manufacturers, the retailer can integrate

partially with the manufacturers to achieve a Pareto improving profit outcome. Under the parameter

values given by Example (1), the coalition profit is 0.260. If the retailer integrates partially with M1,

the partially integrated supply chain attains a total profit of 0.470. After allocating the manufacturers

0.260, the surplus that remains is 0.210, which is greater than the retailer’s profit of 0.130 when a

coalition is formed by the manufacturers. Similarly, under examples (2) − (4), the surplus generated
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under partial integration with M1, are 0.120, 0.184, and 0.138. Each one of these values is greater than

what the retailer obtains when the manufacturers form a coalition.

Alternatively, the retailer can integrate partially with M2 and improve the profit. Under parameter

values given by Example (1), the profit of the partially integrated supply chain is 0.491. After dis-

tributing 0.260 to the coalition of the manufacturers, the surplus is 0.231, which is greater than the

retailer’s profit of 0.130 under the coalition. For parameter values given by (2)− (4), the surplus under

partial integration with M2 are respectively 0.117, 0.180, and 0.132, each of which are greater than the

retailer’s profit when the manufacturers form a coalition.

Figure 2: Comparison of Profits (Pi) as a function of Sum of gammas (γ1 + γ2)

For Example (3) in Table 2, Figure 2 depicts the sum of the profits of the manufacturers, the profit of

the retailer, and the supply chain profit in the three cases - decentralization, vertical integration, and the

coalition formation as functions of the the sum of the cross-price effects γ1 + γ2. Two interesting insights

emerge from this analysis:

• All the profits, except the retailer’s profit in the decentralized case, are decreasing in γ1 + γ2. Hence

the larger the cross-price effects between the two products, the lower is the supply chain’s profit.

• When the cross-price effects increase, the smaller is the advantage of vertical integration compared to

the decentralized case. Hence, as concluded from Corollary 1, vertical integration is less advantageous

for products which are close substitutes.
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The other examples in Table 2, all show similar behavior. Hence, our analysis suggests that previous

studies on vertical integration that focus on single-product supply chains may therefore have exaggerated

the value of integration by focusing solely on the vertical competition (double marginalization) effect and

neglecting the horizontal competition (product substitution). This is especially important given that sub-

stitute products appear to be quite common in retailing. Zhao et al (2014) also analyze the supply chain

profit as a function of the cross-price elasticity, but without analyzing its effect on the relative advantage

of vertical integration compared to the decentralized scenario. In a stochastic demand framework, Boyaci

(2005) and Chiang (2010) both consider a dual-channel supply chain with product substitution. The former

studies a single-period newsvendor model (with no inventory at the upstream level) and the latter treats a

multi-period, base-stock model (with inventories both upstram and downstream). For these settings, they

also compare how over- and understocking in the decentralized dual channels depend on the (partially)

compensating effects of both vertical and horizontal competition.

7.1 Supply Chain Equilibrium Structure

The dynamics of the supply chain equilibrium structure in these examples can be found using a simple game-

theoretic approach. Assume that the two manufacturers initially act as a group (M), and engage in a non-

cooperative strategic game with the retailer R. Each party has two choices, either to “Coordinate” decisions

with the other party, or to “Not Coordinate”. If both parties decide not to coordinate, the decentralized

structure emerges. If both parties decide to coordinate, the vertically integrated structure is obtained and

the total supply chain profit has to be distributed among its members. In the case when the manufacturers

want to coordinate, but the retailer does not, the resulting structure is the manufacturer coalition. Finally, if

the retailer wishes to coordinate but the manufacturers do not, the retailer entices one of the manufacturers

to coordinate, but not the other. The manufacturer chosen by the retailer to coordinate with is the one

which provides the greatest total profit potential. In order to induce this solution, the retailer offers to claim

only a marginally higher profit than in the decentralized structure.

The table below shows the profit for each party in the four different scenarios. The first entry in each cell

displays the retailer’s profit and the second entry shows the manufacturers’ total profit. We denote by ΠR
1/2

and πM1/2, respectively, the profit of the retailer and the profit of that particular manufacturer with whom

partial integration by the retailer provides the greatest total profit potential.

R/M Not Coordinate Coordinate

Not Coordinate ΠR, πM1 + πM2 ΠR
C , π

M1+M2

Coordinate ΠR
1/2, π

M
1/2 πSC − x, x

Proposition 6. Consider a supply chain with two manufacturers, one retailer, and two differentiated prod-

ucts. The vertically integrated supply chain structure is a Nash equilibrium provided the total supply chain

profit is allocated in a specific manner between the retailer and the manufacturers.
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Proof. By Proposition 3, we have πM1+M2 > πM1 + πM2 , and by the assumption (that the retailer in the

partially integrated vertical chain offers to claim only a marginally higher profit compared to the decentralized

scenario) ΠR
1/2 > ΠR. For a vertically integrated supply chain to form a Nash equilibrium, it is further

required that there exist an x such that x > πM1/2 and πSC−x > ΠR
C , i.e. πSC−ΠR

C > πM1/2 or πSC > πM1/2+ΠR
C .

Because vertical integration provides the globally optimal supply chain profit, we have πSC > πM1/2+ΠR
1/2.

As noted above, ΠR
1/2 > ΠR and by Proposition 3, ΠR > ΠR

C . Hence πSC > πM1/2 + ΠR
C , as required.

To verify the above proposition, consider Example (1). The numbers in the table below are from the

profits shown in Example (1).

R/M Not Coordinate Coordinate

Not Coordinate 0.202, 0.244 0.130, 0.260

Coordinate 0.203, 0.288 0.520− x, x

In order for the vertically integrated supply chain to constitute a Nash equilibrium, the following two

inequalities need to be satisfied: x > 0.288 and 0.520 − x > 0.130, where x is the profit attributed to

the manufacturers. Therefore, for x ∈ (0.288, 0.390) the vertically integrated supply chain yields a Nash

equilibrium solution. Analogously, for Examples (2) − (4), the value of x is in the intervals (0.127, 0.208),

(0.167, 0.301), and (0.134, 0.226) respectively.

The general conclusions from these examples is that, under the specific parameter configurations, the

vertically integrated supply chain is a Nash equilibrium outcome of the strategic game between the retailer

and the manufacturers. However, this conclusion is not trivial and critically depends on how the profits

are split between the supply chain members, the result of which follows from a bargaining process between

them. Suppose that in Example (1), x = 0.270 6∈ (0.288, 0.390). Note that this allocation is strictly greater

than the sum of the decentralized profits of the manufacturers, as well as their coalition profit. Under this

scenario, the Nash equilibrium solution is partial integration, not full vertical integration. Therefore, our

examples show that, although the vertically integrated supply chain provides the highest total profit, it may

not necessarily be the emerging supply chain structure, when supply chain parties act strategically to satisfy

their own objectives.

8 Conclusions

In a full information setting, this paper studies a model of supply chain coordination between two manufac-

turers, each of which supplies a differentiated but substitutable product, and a single retailer. We make the

following contributions. First, we show that, unlike the classical supply chain dyad model, vertical integration

in our more complex model does not necessarily result in higher optimal demands than in the decentralized

case. second, we demonstrate that when the manufacturers form a coalition and choose the wholesale prices

jointly, the sum of their profits is greater than that under the decentralized case, and the retailer is worse off.
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Third, we study coordination by contract in this supply chain. Surprisingly, a revenue sharing contract coor-

dinates the supply chain only when the manufacturers set their wholesale prices below their marginal costs

of production. This finding highlights an important difference between the case where the two

product markets are operational and the case where only one product market is operational.

This difference arises because when there is only one market present, the manufacturer has

monopoly power and hence can set the wholesale price above its marginal cost of production.

This is no longer true when there are two manufacturers. Nevertheless, we show that the

retailer can integrate partially with one manufacturer to achieve a Pareto improving profit

outcome. Integrating partially with the other manufacturer does not necessarily achieve the

same Pareto improvement. Fourth, we show that the retailer can choose to integrate partially with only

one of the manufacturers to achieve a Pareto improving profit outcome. Finally, we show that under certain

configurations, the vertically integrated supply chain structure is not the emergent supply chain structure,

even though the total profits under vertical integration are the highest. In particular, for products which are

close substitutes, the marginal benefit of vertical integration might not outweigh the costs of integrating the

decision making. Hence, our model contributes to the understanding of why supply chains are not always

vertically integrated when multiple suppliers are involved. Our work highlights the fact that previous liter-

ature on supply chain coordination, which has predominantly considered one manufacturer and one retailer

may have exaggerated the gains from vertical integration.

Our research can be extended in several directions. Investigating the results obtained with other types of

demand functions is one possible future research direction. Moreover, we have only considered one particular

type of coordination contract - namely revenue sharing. It may be interesting to study how the results would

be affected by considering alternative contractual forms: a two-part tariff, or a quantity discount contract.

Further, while analyzing the coalition between the manufacturers, we have not considered the degree of

bargaining power between them and how the manufacturers split the overall coalition profit. Introducing

bargaining power between the manufacturers, as well as between the coalition and the retailer, would enrich

the analysis.
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Appendix

Proof of Remark 1: We check each of the properties below:

1.
∂di(pi,pj)

∂pi
= − βj

βiβj−γiγj < 0 and
∂di(pi,pj)

∂pj
= γi

βiβj−γiγj > 0.

2. ∂d1
∂p1

+ ∂d1
∂p2

= − (β2−γ1)
β1β2−γ1γ2 < 0, and ∂d2

∂p1
+ ∂d2

∂p2
= − (β1−γ2)

β1β2−γ1γ2 < 0.

∂d1
∂p1

+ ∂d2
∂p1

= − (β2−γ2)
β1β2−γ1γ2 < 0, and ∂d1

∂p2
+ ∂d2

∂p2
= − (β1−γ1)

β1β2−γ1γ2 < 0.

3. ∂e1
∂p1

= β2(θ1β2−θ2γ1+γ1p2)
d21(β1β2−γ1γ2)2 ≥ 0, and ∂e2

∂p2
= β1(θ2β1−θ1γ2+γ2p1)

d22(β1β2−γ1γ2)2 ≥ 0.

4. ∂e1
∂p1

+ ∂e1
∂p2

= β2(θ1β2−θ2γ1+γ1p2−γ1p1)
d21(β1β2−γ1γ2)2 ≥ β2(θ1β2−θ2γ1+γ1p2−β2p1)

d21(β1β2−γ1γ2)2 = β2

d1(β1β2−γ1γ2)2 ≥ 0.

∂e2
∂p2

+ ∂e2
∂p1

= β1(θ2β1−θ1γ2+γ2p1−γ2p2)
d22(β1β2−γ1γ2)2 ≥ β1(θ2β1−θ1γ2+γ2p1−β2p2)

d21(β1β2−γ1γ2)2 = β1

d2(β1β2−γ1γ2)2 ≥ 0.

Proof of Corollary 1: From (12) and (13), we have

∂w∗1
∂(γ1 + γ2)

= −2β1(θ2 − c2)[16β1β2 + (γ1 + γ2)2] + 16β1β2(γ1 + γ2)(θ1 − c1)

[16β1β2 − (γ1 + γ2)2]2
< 0, (47)

∂w∗2
∂(γ1 + γ2)

= −2β2(θ1 − c1)[16β1β2 + (γ1 + γ2)2] + 16β1β2(γ1 + γ2)(θ2 − c2)

[16β1β2 − (γ1 + γ2)2]2
< 0. (48)

Derivation of Revenue Sharing Contract:

From (16) & (35) we have

2φ2β2(φ1θ1 − w1)− (φ1γ1 + φ2γ2)(φ2θ2 − w2)

4φ1φ2β1β2 − (φ1γ1 + φ2γ2)2
=

2β2(θ1 − c1)− (γ1 + γ2)(θ2 − c2)

4β1β2 − (γ1 + γ2)2

The above equality yields the following equation

l1φ
2
1 + l2φ

2
2 + l3φ1 + l4φ2 + l5φ1φ2 = 0 (49)

where

l1 = [2β2(θ1 − c1)− (γ1 + γ2)(θ2 − c2)]γ21 (50)

l2 = [2β2(θ1 − c1)− (γ1 + γ2)(θ2 − c2)]γ22 − [4β1β2 − (γ1 + γ2)2]γ2θ2 (51)

l3 = [4β1β2 − (γ1 + γ2)2]γ1w2 (52)

l4 = [4β1β2 − (γ1 + γ2)2][γ2w2 − 2β2w1] (53)

l5 = [4β1β2 − (γ1 + γ2)2][2θ1β2 − γ1θ2]

− 2[2β2(θ1 − c1)− (γ1 + γ2)(θ2 − c2)][2β1β2 − γ1γ2] (54)

Similarly, from (17) & (36) we have

2φ1β1(φ2θ2 − w2)− (φ1γ1 + φ2γ2)(φ1θ1 − w1)

4φ1φ2β1β2 − (φ1γ1 + φ2γ2)2
=

2β1(θ2 − c2)− (γ1 + γ2)(θ1 − c1)

4β1β2 − (γ1 + γ2)2
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This yields the following equation in φ1, φ2.

m1φ
2
1 +m2φ

2
2 +m3φ1 +m4φ2 +m5φ1φ2 = 0 (55)

where

m1 = [2β1(θ2 − c2)− (γ1 + γ2)(θ1 − c1)]γ21 − [2β2(θ1 − c1)− (γ1 + γ2)(θ2 − c2)]γ1θ1

m2 = [2β1(θ2 − c2)− (γ1 + γ2)(θ1 − c1)]γ22

m3 = [4β1β2 − (γ1 + γ2)2][γ1w1 − 2β1w2]

m4 = [4β1β2 − (γ1 + γ2)2][γ2w2 − 2β2w1]

m5 = [4β1β2 − (γ1 + γ2)2][2β1θ2 − γ2θ1]

− 2[2β1(θ2 − c2)− (γ1 + γ2)(θ1 − c1)][2β1β2 − γ1γ2]
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