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MANUFACTURER’S CHANNEL SELECTION IN A CAPITAL-CONSTRAINED
SUPPLY CHAIN UNDER BARGAINING GAME

Qiang Yan∗ and Fangyu Ye

Abstract. In the context of a capital-constrained supply chain, we examine how a direct channel
added by a manufacturer influences the players’ optimal decisions and profits under bargaining game.
The capital-constrained retailer adopts a type of hybrid financing scheme including bank credit and
equity financing to alleviate its capital shortage. We characterize the equilibrium results under different
sales channels, and examine the impacts of the bank loans ratio and bargaining power on the players’
optimal decisions. The conditions of the equilibrium channel choices are derived. We find that if the
retailer’s bank loans ratio in the retail channel is beyond a certain threshold, a dual-channel structure
can enhance the profits of the manufacturer and supply chain. The retailer, however, will benefit from
the direct channel when its bank loans ratio in the retail channel is below a certain threshold. We
further demonstrate that a dual-channel structure can reduce the degree of double marginalization
of the overall supply chain. In addition, to solve the potential channel conflict, a bilateral payment
mechanism is developed to achieve Pareto improvement for both players. Numerical examples are
included to illustrate the major results of the paper.
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1. Introduction

With the rapid development of e-commerce, many manufacturers who distribute their products only through
traditional retail outlets engage in online channels. Some large-sized manufacturers (e.g., IBM, Adidas, Nike
and Dell) now sell directly online to consumers (see [6]). According to Chen et al. [13], consumers in the U.S.
spent more than $89 billion on shopping online in the last quarter of 2015. Sales to customers are traditionally
through retail outlets, but a direct channel allows a manufacturer to sell directly to the customers with great
efficiency. With a dual-channel structure, consumers have options of purchasing from either a retail channel or a
direct channel. The degree to which the customer accepts the retail or direct channel is related to the nature of
the product and the customers’ individual preferences. Nowadays there are three typical channel structures that
a manufacturer can adopt to sell its products: a manufacturer–retailer channel, a manufacturer–direct channel,
a dual-channel with both retail and direct channels (see [38]). The selection of distribution channel affects the
pricing decisions and profits of all players. Many large manufacturers who distribute their products only through
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retailers face a common problem that whether to add a direct channel or not. Therefore, channel structure is
becoming a critical issue for supply chain management.

Some scholars show that the degree of product substitution, production cost, the firms’ bargaining powers are
important factors that influence the channel structure choice (see [4, 24, 38]). Further, in today’s real business,
firms’ optimal channel structure decisions are also related to capital constraints. When the upstream manufac-
turers sell through a retail channel, the downstream retailers may face capital constraints, which will significantly
influence the supply chain performance. Most papers focus on the single financing strategy including bank credit
or trade credit (see [7, 14, 45, 48]). However, hybrid financing strategies also widely exist in business markets.
In practice, many small and medium-sized enterprises (SMEs) with capital constraints can only obtain partial
financial supports from bank market due to low credit rating, and the remaining may be resorted to external
investors (see [22, 31, 37, 47]). For example, the bike-sharing giant Mobike financed from banks and external
investors to deal with capital shortage since its inception in 2016. During Oct. 2016 to Jun. 2017, Mobike had
received more than $1bn from some large-sized enterprises such as CMBC, JOY Capital, Vertex, and Hillhose
Capital. Therefore, we extend the extant literature by considering the situation that the capital constrained
player adopts a hybrid financing scheme including bank credit financing and equity financing.

In addition to capital constraints, some studies find that bargaining power significantly influences the firms’
market competition behavior in supply chains (see [23, 38]). Most of the studies focus on the negotiation in
a decentralized framework. The contract parameter is unilaterally determined by one of the players, which is
highly impractical for different reasons (see [35]). However, numerous empirical evidences suggest that bilateral
bargaining process would be more realistic, and each player could exert some influence in term of price and
order decisions (see [52]). For example, as the dominant retailer for many suppliers such as Revlon and Disney,
Wal-Mart generally acquires lower prices and longer delay periods for payment. As a result, Wal-Mart’s suppliers
often complain that Wal-Mart gets excessive channel profits (see [27]). In order to improve their own profits,
the suppliers often bargain with Wal-Mart over the wholesale prices. Therefore, we apply a Nash bargaining
framework to explore the interaction between the enterprises.

Motivated by the above cases, we seek to address the following questions. (i) In present of the single retail
channel, when the manufacturer should add a direct channel? (ii) How will the channel structure changes affect
the profits of the manufacturer, the retailer and the supply chain? (iii) What are the impacts of some key factors
(e.g., the bargaining power and the retailer’s bank loans ratio) on the equilibrium results?

To answer these questions, in this paper, we consider a two-echelon supply chain with a manufacturer and
a capital constrained retailer, where the manufacturer decides whether to add a direct channel in competition
with the traditional retail channel. Our paper is distinct in that we incorporate the equity financing into our
model, enabling us to investigate the impact of the bank loans ratio on the players’ optimal decisions and
profits. Moreover, we consider the bargaining process in a capital constrained supply chain, which is neglected
by almost all extant literature on the channel structure choice (see [2,19,32,40,49]). Further, a bilateral payment
mechanism is proposed to solve the potential channel conflict between two players.

The rest of this paper is organized as follows. Section 2 reviews the related literature. Section 3 introduces
our model in detail. Section 4 derives the equilibrium results of each sales channel. Section 5 analyses the
manufacturer’s optimal channel choice and investigates how channel structure changes affect players’ profits.
An extension of the main model is discussed in Section 6. Section 7 concludes and presents the management
insights. All proofs are presented in the Appendix.

2. Literature review

Our work incorporates supply chain financing with supply chain operations, and is closely related to three
aspects of research: (i) channel selection, (ii) supply chain financing, and (iii) bargaining game.
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2.1. Channel selection

A number of researches on channel structure have shown that combining a direct channel with a traditional
retail channel may have several advantages (see [5, 13, 30, 32]). Cattani et al. [8] analyze a scenario that a
manufacturer adds a direct channel in competition with the traditional retail channel. The manufacturer commits
a specific equal-pricing strategy that the retail price in the direct channel equals the retailer’s price in the retail
channel. It finds that this strategy is beneficial to all players. Cai [6] investigates the influence of channel
structures and channel coordination on the supplier, the retailer, and the entire supply chain. In the channel-
adding Pareto zone, both the supplier and the retailer benefit from adding a direct channel to the traditional
retail channel. Wang et al. [41] investigate the optimal channel structures for selling new and remanufactured
products. It finds that the manufacturer prefers to differentiate new and remanufactured products by opening
a direct channel. However, the dual-channel strategy may also benefit the retailer and the total supply chain
in some situations. Chen et al. [13] show that adding a direct channel always benefits both the manufacturer
and the supply chain, compared to the traditional retail channel. The retailer, however, will benefit from the
direct channel only when the maximum sales in the retail channel are high. A retailer’s margin contract is
proposed to benefit both players. However, differ from the findings above, some researchers show that whether
the manufacturer adds a direct (online) channel depends on the specific conditions. For example, Chen et al. [11]
employ a Stackelberg game model to examine a manufacturer’s pricing strategies in a dual-channel supply chain.
They propose the conditions that both the manufacturer and the retailer prefer the dual-channel structure. Ding
et al. [18] also show that it is optimal for the manufacturer to operate dual channels under some conditions.

2.2. Supply chain financing

Many studies focus on the capital constraints under bank credit financing (BCF) and trade credit financing
(TCF). In term of BCF, Jing et al. [28] suggest that BCF outperforms TCF when the manufacturer’s production
cost is beyond a certain threshold. Some scholars show that the retailer’s initial capital level has a significant
influence on the players’ decisions (see [10,16]). As shown in Chen [10], the capital-constrained retailer prefers to
borrow from the bank if its initial capital level is relatively low. Yan et al. [44] consider a mixed financing scheme
by combining BCF with TCF, where the manufacturer provides partial credit guarantee to the retailer. It shows
that the wholesale price contract with partial credit guarantee may realize supply chain coordination. According
to Alan and Gaur [1], under the uncertain demand market, the bankruptcy cost and demand information
asymmetry have significant influences on the bank’s investment decision.

Some scholars also focus on the capital constraints under TCF. For example, Kouvelis and Zhao [29] point
out that the capital constrained retailer prefers TCF to BCF if offered an optimally structured scheme. Chern
et al. [9] show that TCF can not only attract new buyers but also avoid lasting price competition. Chen [12]
considers a trade credit with cheaper cost than a bank credit and set the bank credit cost as the upper bound
of trade credit price. In this case, TCF is the unique financing equilibrium and both players can earn more
under TCF than BCF. Recently, Chod et al. [15] examine the impact of competition among suppliers on their
willingness to provide TCF. Wu et al. [43] consider a trade credit model with asymmetric competing retailers
in which one of retailers faces capital shortage.

In addition to BCF and TCF, other financing schemes such as equity financing or third-party platform
financing (3PF), are available to capital constrained firms (see [22, 37, 52]). According to Yang et al. [47], the
firms that drop out of the supply chain can return to the market through equity financing. Wang et al. [42]
consider the situation that the online retailers can finance from the bank market or an electronic business
platform to fund their business. Recently, Zhen et al. [51] study the manufacturer’s financing strategy under
three different financing schemes such as BCF, 3PF and retailer credit financing.

2.3. Bargaining game

The bargaining process significantly affects the players’ optimal decisions. Ma et al. [36] investigate the effects
of the players’ bargaining powers and risk attitudes on the supply chain efficiency. They find that the retailer’s
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Table 1. Related studies.

Literature Financing scheme Game model Dual-channel supply chain

Yang et al. [50] NF Bargaining game
√

Qing et al. [38] NF Bargaining game
√

Huang et al. [26] SCG Bargaining game
√

Han et al. [25] NF Bargaining game
√

Chen [12] BCF/TCF Stackelberg game ×
Kouvelis and Zhao [29] BCF/TCF Stackelberg game ×
Jing et al. [28] BCF/TCF Stackelberg game ×
Qin et al. [39] TCF Stackelberg game

√

Yang et al. [47] TCF/BCF+EF Stackelberg game ×
Deng et al. [17] BCF/RCF Stackelberg game ×
Li et al. [34] BCF/TCF/BCF+EF Stackelberg game

√

Yan et al. [45] TCF/EF Stackelberg game ×
Wang et al. [42] BCF/3PF Stackelberg game ×
Yan et al. [46] RCF Stackelberg game

√

Zhen et al. [51] 3PF/BCF/RCF Stackelberg game
√

Our paper BCF+EF Bargaining game
√

Notes. The symbols NF, SCG, RCF and EF denote no-capital constraint, suppliers credit guarantee, retailer credit
financing and equity financing, respectively.

bargaining power for the supply chain profit increases as she becomes more risk averse. With asymmetric demand
information, Feng et al. [20] consider a dynamic bargaining game in which a seller and a buyer bargain over
order quantity and wholesale price. Zhong et al. [52] consider a multistage supply chain with deterministic price-
sensitive demand under bargaining process. Further, two games for pricing decisions including the bargaining
game and Stackelberg game are compared. Baron et al. [3] discuss the impact of bargaining power on the
supply chain. When the supply chain is not monopolistic, the coordination can be achieved if the competition
intensity between supply chains is strong. Qing et al. [38] consider a supplier’s capacity-allocation problem under
bargaining. The supplier can allocate his production to either a single channel or a dual-channel supply chain.
It shows that the optimal channel selection of the supplier hinges on the firms’ production costs. Subsequently,
Li and Li [33] investigate the impacts of the transshipment price and bargaining power on the optimal decisions.

Table 1 summarizes the related literature and presents a comparative analysis to highlight the contributions
of our work. Our research contributes to extant literature on three folds. First, most of studies on dual-channel
supply chain assume that there is no capital constraint. We establish a model in which the capital constrained
retailer has access to external financing to fund its business. Our work complements the studies by examining
the impact of external financing on the players’ sales channel preferences. Second, although some studies focus
on the capital constraints in the supply chain management, these studies are based on the assumption that
the capital constrained players can obtain adequate financial supports from financial institutions. Few studies
explore a firm’s capital constraint problem with a hybrid financing scheme. Li et al. [34] consider a dual-channel
supply chain with a capital constrained manufacturer. Besides BCF and TCF, the manufacturer can also utilize
a hybrid financing scheme including BCF and equity financing to alleviate its capital shortage. However, they
assume that the manufacturer is the Stackelberg leader and ignore how the players’ bargaining powers affect the
players’ optimal decisions. Yang et al. [47] examine the effect of equity financing on the equilibrium evolution
in a supply chain with two capital constrained retailers. The abandoned retailer may consider utilize external
financing combing BCF with equity financing to return to the market. Yan et al. [45] explore the financing
portfolio by combining pure supplier financing with supplier investment. The results show that it is optimal
to offer financing portfolio for the supplier. This paper investigates the manufacturer’s optimal decisions under
bargaining when both a retail channel and a direct channel exist, which differs from Yang et al. [47] and Yan
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Figure 1. Structure for the dual-channel supply chain.

et al. [45]. Third, the results of the paper can provide some valuable insights for a dual-channel supply chain.
For instance, a dual-channel structure will benefit the manufacturer when the retailer’s bank loans ratio in the
single retail channel is beyond a certain threshold. Further, a dual-channel structure can reduce the degree of
double marginalization of the overall supply chain.

3. Model description and assumptions

We consider a two-echelon supply chain with an upstream manufacturer (denoted by “he”) and a capital
constrained retailer (denoted by “she”). The manufacturer produces a single product with constant marginal
cost, which is normalized to 0 (see [3, 21]). The manufacturer decides whether to add a direct channel in
competition with the traditional retail channel. If the manufacturer decides to add the direct channel, channel
competition occurs between the direct channel and the retail channel. In the dual channels, the manufacturer first
determines the product quantity qdD for the direct channel and bargains with the retailer over the wholesale price
wD. The retailer then declares the order quantity qrD from the manufacturer. Figure 1 illustrates competitive
structures in the dual channels.

Similar to the setting in Baron et al. [3] and Qing et al. [38], we consider the Cournot competition and the
inverse demand functions can be written as follows.

pdD = a− qdD − λqrD,
prD = a− qrD − λqdD,

where a > 0 and 0 ≤ λ ≤ 1. Parameter a represents the upper bound of market price and λ represents the
degree of market competition.

Similar to the existing literature about bargaining, we assume that the distribution of the total surplus
between two players is determined by the wholesale price wD (see [3, 38]). We adopt the asymmetric Nash
bargaining solution to determine the negotiation outcome. Given qrD and qdD in the allocation, the choice of wD
should maximize the following Nash product:

Φ =
(
πMD − π̄MD

)β (
πRD − π̄RD

)1−β
,

where π̄MD and π̄RD are the players’ disagreement payoffs if the negotiation breaks down, and (πMD − π̄MD ) and
(πRD− π̄RD) are the players’ incremental profits. β represents the manufacturer’s bargaining power relative to the
retailer. The value of β has significant implications for the players. An increase in a player’s bargaining power
will lead the other to obtain a smaller part of the total surplus (see [36]).

For clear interpretation, we list the notations in Table 2.
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Table 2. Notations and explanations.

Notation Explanations

a Upper bound of market price.
λ Degree of market competition.
rf Interest rate of bank loans.
θ1 Retailer’s bank loans ratio in the single retail channel.
θ2 Retailer’s bank loans ratio in the dual channels.
β Manufacturers bargaining power relative to the retailer.
wi Wholesale price in the sales channel i, where subscript i = R,D denotes

the single retail channel and dual channels, respectively.
qR Retailers order quantity of retail channel in the dual channels.
qr

D Retailers order quantity of retail channel in the dual channels.
qd

D Manufacturer’s distribution quantity of direct channel in the dual channels.
pR Retail price in the single retail channel.
pr

D Retail price of retail channel in the dual channels.
pd

D Retail price of direct channel in the dual channels.
πR

i Retailer’s profit in the channel i.
πM

i Manufacturer’s profit in the channel i.
πSC

i Supply chain’s profit in the channel i.

4. Equilibrium analysis

This section consists of two parts. We first present the equilibrium results of the manufacturer and the retailer
under the single retail channel. Then we analyze the players’ optimal decisions under the dual channels.

4.1. The single retail channel

In this subsection, we focus on the equilibrium analysis under the traditional retail channel. The game
subsequence is as follows. In stage 1, the manufacturer and retailer bargain over the wholesale price wR. In
stage 2, the retailer orders its desired order quantity qR, then borrows θ1wRqR from the bank and finances the
amount of (1 − θ1)wRqR from the investors. In stage 3, at the end of the sales season, the retailer transfers a
fraction 1− θ1 of her profit to the equity investors. The retailer’s profit is as follows:

πRR = θ1[pRqR − θ1wRqR(1 + rf ). (4.1)

where pR = a− qR.
The manufacturer receives a payment of wRqR from the retailer at the beginning of the sales season, which

is equivalent to wRqR(1 + rf ) at the end of the sales season if when time value is considered. Therefore, the
manufacturer’s profit is as follows:

πMR = wRqR(1 + rf ). (4.2)

Following Ma et al. [36] and Qing et al. [38], given qR, the choice of wR should maximize the following Nash
product:

Φ1 =
(
πMR − π̄MR

)β (
πRR − π̄RR

)1−β
, (4.3)

where π̄MR and π̄RR are the players’ disagreement payoffs and in this case, π̄MR = π̄RR = 0. β and 1 − β are the
bargaining powers for the manufacturer and the retailer, respectively.

After solving the above problems, we have the following results in Lemma 4.1.

Lemma 4.1. Under the single retail channel, the equilibrium wholesale price is w∗R = aβ
2θ1(1+rf ) , and the equi-

librium order quantity is q∗R = a(2−β)
4 .
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From Lemma 4.1, we further derive that the manufacturer’s profits is πM∗R = a2β(2−β)
8θ1

and the retailer’s

profit is πR∗R = a2θ1(2−β)2)
16 . We find that the wholesale price increases with β, which determines the split of the

total surplus. This indicates that a stronger manufacturer’s bargaining power leads to a lower order quantity.
Further, the retailer’s order quantity is independent of θ1 while the manufacturer’s wholesale price decreases
with θ1. Next, we focus on the equilibrium analysis under the dual channels.

4.2. The dual channels

In the dual channels, two sales channels engage in competition and the game sequence is as follows. In
stage 1, the manufacturer first determines the distribution quantity qdD in the direct channel. In stage 2, the
manufacturer bargains the wholesale price wD with the retailer. In stage 3, the retailer determines its order
quantity qrD, then borrows θ2wDq

r
D from the banks and finances the amount of (1−θ2)wDqrD from the investors.

In stage 4, at the end of the sales season, the retailer transfers a fraction 1− θ2 of her profit as to the investors.
The retailer’s profit is

πRD = θ2[prDq
r
D − θ2wDq

r
D(1 + rf )]. (4.4)

The manufacturer’s profit is
πMD = pdDq

d
D + wDq

r
D(1 + rf ). (4.5)

Given qrD and qdD, the choice of wD should maximize the following Nash product:

Φ2 =
(
πMD − π̄MD

)β (
πMD − π̄MD

)1−β
, (4.6)

where π̄MD and π̄RD are the players’ disagreement payoffs if the negotiation breaks down, π̄RD = 0, π̄MD is the profit
the manufacturer sells only thorough direct channel.

After solving the above problems, we have the following results in Lemma 4.2.

Lemma 4.2. Under the dual channels, suppose θ2 ∈ ( λ
4−λ , 1], then we have the following results:

w∗R =
a(4β − 2θβλ+ 4λθ2 − 2βλ2 + β2λ2 + β2λ2θ2 − 2βλ2θ2)

(β2λ2θ2
2 + 2β2λ2θ2 + β2λ2 − 2βλ2θ2

2 − 4βλ2θ2 − 2βλ2 + 8θ2)(1 + rf )
,

qd∗D =
a(4θ2 − 2βλ+ β2λ− 2βλθ2 + β2λθ2)

β2λ2θ2
2 + 2β2λ2θ2 + β2λ2 − 2βλ2θ2

2 − 4βλ2θ2 − 2βλ2 + 8θ2

,

qr∗D =
aθ2(2− λ− λθ2)(2− β)

β2λ2θ2
2 + 2β2λ2θ2 + β2λ2 − 2βλ2θ2

2 − 4βλ2θ2 − 2βλ2 + 8θ2

·

According to Lemma 4.2, we further derive that the manufacturer’s profit is

πM∗D =
a2(2β + 2θ2 − 2βλ+ β2λ− β2 − 2βλθ2 + β2λθ2

β2λ2θ2
2 + 2β2λ2θ2 + β2λ2 − 2βλ2θ2

2 − 4βλ2θ2 − 2βλ2 + 8θ2

,

and the retailer’s profit is

πR∗D =
a2θ2

3(2− λ− λθ2)2(2− β)2)
(β2λ2θ2

2 + 2β2λ2θ2 + β2λ2 − 2βλ2θ2
2 − 4βλ2θ2 − 2βλ2 + 8θ2)2

·

According to the proof of Lemma 4.2, when θ2 is sufficiently low, the retailer may choose a negative order
quantity, which implies that the retailer will not order from the manufacturer. Therefore, the manufacturer will
sell all products through the direct channel. In this case, the sales quantity in the direct channel is a

2 and the
manufacturer’s profit is a2

4 . As our focus is on the manufacturer’s channel preference between the single retail
channel and the dual channels, we assume θ2 ∈ ( λ

4−λ , 1] in the following sections. Next, we analyze the impacts
of the bank loans ratio and the manufacturer’s bargaining power on the players’ optimal decisions.
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Proposition 4.3.

(i) ∂w∗D
∂β > 0; ∂qd∗D

∂β < 0; When λ < 4
9 or when 4

9 < λ <
√

2
2 and θ2 > θ̄, then ∂qr∗D

∂β < 0; When 4
9 ≤ λ <

√
2

2 and

θ2 ≤ θ̄ or when λ ≥
√

2
2 ,then there exists a unique β1 such that ∂qr∗D

∂β ≥ 0 if β ≤ β1, and ∂qr∗D
∂β < 0 if β > β1.

(ii) ∂w∗D
∂θ2

< 0; ∂qd∗D
∂θ2

> 0 and ∂qr∗D
∂θ2

< 0.

A stronger manufacturer’s bargaining power implies a larger proportion of the total surplus, which is deter-
mined by the wholesale price. Therefore, w∗D increases with β. In the dual channels, the sales quantity in the
direct channel decreases with β. The reason for this result is as follows. First, the manufacturer’s direct channel
sales have a lower margin cost (0), while the retail channel sales have a higher margin cost (θ2wD). Second, for
the lower-cost manufacturer in the direct channel, there are two opposite effects on his sales quantity in the
direct channel due to an increased β: a negative effect on the reduced total market demand and a positive effect
on the competitive advantage from lower cost in the direct channel. Meanwhile, as β increases, the negative
effect always dominates the positive effect. Therefore, the manufacturer will lower the distribution quantity in
the direct channel as β grows. Interestingly, the relationship between the retailer’s order quantity and β depends
on λ and θ2. The reason for this result is similar to the manufacturer.

Proposition 4.3 shows that as the bank loans ratio grows, the wholesale price increases, the manufacturer’s
distribution quantity increases while the retailer’s order quantity decreases. Note that a larger θ2 indicates that
the retailer share less revenue with the investors but pays more interest to the bank. Similar to Yang et al.
[47], the equity financing can be considered as a proxy for the retailer’s operational costs. As θ2 increases, the
retailer becomes less competitive in terms of costs and thus orders less. Because of the strategic interaction, the
manufacturer distributes more for the direct channel.

5. Manufacturer’s optimal channel choice

In this section, we focus on the main questions of this paper: whether the manufacturer is willing to add
a direct channel to compete with the traditional retail channel? Meanwhile, how the manufacturer’s adding a
direct channel affects the retailer’s profit? Next, we first analyze the effect of adding a direct channel on the
players’ optimal decisions.

Proposition 5.1.

(i) When θ1 ≤ θ11, then w∗R ≥ w∗D; When θ11 < θ1 ≤ θ12, then there exists a unique θ21 such that w∗R ≥ w∗D
if θ2 ≥ θ21, and w∗R < w∗D if θ2 < θ21; When θ1 > θ12, then w∗R < w∗D;

(ii) q∗R ≥ qr∗D ;
(iii) When β ≤ 1

2 and λ ≥ λ1, then qd∗D ≥ qr∗D ; When β ≤ 1
2 and λ < λ1 or when β > 1

2 , then there exists a
unique θ22 such that qd∗D ≥ qr∗D if θ2 ≥ θ22, and qd∗D < qr∗D if θ2 < θ22;

(iv) qd∗D + qr∗D ≥ q∗R.

From Lemmas 4.1 and 4.2, we have ∂w∗R
∂θ1

< 0 and ∂w∗D
∂θ2

< 0. The manufacturer has the same margin cost
(0) in either retail channel or dual channels, but in terms of the relationship between w∗R and w∗D, we observe
two determinants: θ1 and θ2. When θ1 is sufficiently small (large), then w∗R is always greater (lower) than w∗D.
When θ1 is medium, then w∗R is greater than w∗D if and only if θ2 is beyond a certain threshold θ21. In the dual
channels, the manufacturer competes with the retailer and the direct channel will cannibalize part of the retail
channel. Therefore, q∗R ≥ qr∗D .

We note that the manufacturer’s direct channel sales have a lower margin cost (0), while the retail channel
sales have a higher margin cost (θ2wD). However, this does not imply that the sales quantity in the direct
channel is greater than that in the retail channel. When β ≤ 1

2 and λ ≥ λ1, there will be an obvious cost
advantage for the manufacturer in the direct channel. Therefore, it is beneficial for the manufacturer to sell
more in the direct channel compared with the retail channel. In other cases, whether the manufacturer sells
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more in the direct channel than that in the retail channel depends on θ2. Since ∂qd∗D
∂θ2

> 0 and ∂qr∗D
∂θ2

> 0, then qd∗D
is greater than qr∗D if θ2 is beyond the threshold θ22, but qd∗D is less than qr∗D if θ2 < θ22.

Similar to the manufacturer’s Stackelberg dual-channel supply chain (see [33]), the total demand in the dual
channels is higher than that in the single retail channel, which implies that adding a direct channel can reduce
the degree of double marginalization. Next, we investigate the impacts of θ1 and θ2 on the players’ profits.

Proposition 5.2.

(i) ∂πM∗
R

∂θ1
< 0 and ∂πR∗R

∂θ1
> 0;

(ii) There exists a unique θ̄1(θ2) ∈ (0, 1] such that πM∗D ≥ πM∗R if θ1 ≥ θ̄1(θ2), and πM∗D < πM∗R if θ1 < θ̄1(θ2);
(iii) There exists a unique θ̂1(θ2) ∈ (0, 1] such that πR∗D > πR∗R if θ1 < θ̂1(θ2), and πR∗D ≥ πR∗R if θ1 ≤ θ̂1(θ2).

When the retailer finances from the bank and external investors, it will increase extra cost from the interest
repaid to the bank, which is related to the bank loans ratio. According to Lemma 4.1, we observe that the
wholesale price decreases with θ1 and the order quantity is independent of θ1, which implies that in the retailer
channel a high bank loans ratio will benefit the retailer while hurt the manufacturer. This outcome is consistent
with that in Yang et al. [47] and Li et al. [34]. Therefore, it is wise for the manufacturer to encourage the retailer
to borrow more from the investors. When the bank loans ratio θ1 is beyond a certain threshold (e.g., θ1 ≥ θ̄1(θ2)),
then the manufacturer has an incentive to add a new sales channel. However, the retailer’s profit increases with
θ1 in the retail channel. Therefore, if the bank ratio θ1 is below a certain threshold (e.g., θ1 < θ̂1(θ2)), then the
retailer also prefers the dual channels. Note that if and only if θ1 ∈ [min{θ̄1(θ2), θ̂1(θ2)},max{θ̄1(θ2), θ̂1(θ2)}],
both players have the same channel preference.

Proposition 5.3.

(i) ∂πM∗
D

∂θ2
< 0;

(ii) When θ ≤ θ13, then πM∗D ≤ πM∗R ; when θ13 < θ1 < θ14, then exists a unique θ23 such that πM∗D ≥ πM∗R

if θ2 ≤ θ23, and πM∗D < πM∗R if θ2 > θ23; when θ1 ≥ θ14, then πM∗D ≥ πM∗R .

From Proposition 5.3, the manufacturer’s profit in the dual channels decreases with θ2. As shown in Propo-
sition 4.3(iii), w∗D and qr∗D decrease with θ2 while qd∗D increases with θ2. Similar to the analysis detail of Propo-
sition 4.3, as θ2 grows, the negative effects of the decreased w∗D and qr∗D dominate the positive effect of the
increased qd∗D on the retailer’s profit. Therefore, a high bank loans ratio will hurt the manufacturer. As shown
in Proposition 5.2(i), the manufacturer’s profit in the retail channel decreases with θ1. Therefore, a sufficiently
high (or low) θ1 will lead to a low (or high) profit for the manufacturer in the retail channel, which implies
that the manufacturer’s profit in the retail channel is always lower (or higher) than that in the dual channels.
However, when θ1 is medium, the manufacturers channel choice mainly depends on θ2. Since ∂πM∗

D

∂θ2
< 0, adding

a direct channel will bring more profit to the manufacturer if θ2 is below a certain threshold θ23.
Regarding the retailer, it is difficult to obtain analytical results for the sensitivity analysis in terms of profits.

Instead, we will present a serial of numerical examples to examine the impact of θ2 on the retailer’s profit
and channel preference. We next study the impact of adding a new channel on the supply chain’s profit. We
compare the supply chain’s profits between the two different channel structures. It is difficult to examine the
impact of θ2 on the supply chain’s channel selection, however, according to Proposition 5.2, we obtain the
following Proposition 5.4.

Proposition 5.4. Given β = 1, then the supply chain’s optimal sales channel is a dual-channel structure if
θ1 ≥ θ∗1; but a single retail-channel structure if θ1 < θ∗1.

According to the proof the Proposition 5.3, the supply chain’s profit decreases with θ1 in the retail channel
when β = 1. Therefore, when the bank ratio θ1 in the retail channel is beyond a certain threshold (e.g., θ1 ≥ θ∗1),
then the supply chain’s optimal choice is a dual-channel structure.
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Figure 2. Retailer’s profit changes with θ1.

Figure 3. Manufacturer’s profit changes with θ1.

Figures 2–4 illustrate the impact of θ1 on the two players’ and the supply chain’s profits, where a = 1, β = 0.5,
λ = 0.5, θ2 = 0.5 and rf = 0.05. According to Figures 2–4, we have the following results: (i) in the retail channel,
the retailer’s profit increases with θ1 while manufacturer’s and the supply chain’s profits decrease with θ1; (ii)
when θ1 ∈ (0, 0.267], the retailer prefers the dual channels while the manufacturer and the supply chain prefer
the single retail channel; when θ1 ∈ (0.267, 0.346], two players and the supply chain prefer retail channel; when
θ1 ∈ (0.346, 0.351], the manufacturer prefers the dual channels while the retailer and the supply chain prefer
the retail channel; when θ1 ∈ (0.351, 1), the retailer prefers the retail channel while the manufacturer and the
supply chain prefer the dual channels.
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Figure 4. Supply chain’s profit changes with θ1.

Figures 5–7 illustrate the impact of θ2 on the equilibrium profits, where a = 1, β = 0.5, λ = 0.5 and rf = 0.05.
As shown in Figures 5–7, we have the following results: (i) in the dual channels, the retailer’s profit increases
with θ2, but the manufacturer’s and the supply chain’s profits decrease with θ2; (ii) when θ1 is relatively low
(e.g., θ1 = 0.1), the retailer always prefers the dual channels while the manufacturer and the supply chain prefer
the single retail channel; (iii) when θ1 is medium (e.g., θ1 = 0.3), the players’ channel preferences depends on
θ2. If θ2 ∈ (0, 0.563], the retailer prefers the retail channel but the manufacturer and the supply chain prefer
the dual channels; if θ2 ∈ (0.563, 0.602], the retailer and the supply chain prefer the retail channel but the
manufacturer prefers the dual channels; if θ2 ∈ (0.602, 0.863], the retailer, the manufacturer and the supply
chain all prefer the retail channel; if θ2 ∈ (0.863, 1], the retailer prefers the dual channels but the manufacturer
and the supply chain prefer the retail channel; (iv) when θ1 is relatively high (e.g., θ1 = 0.6), the retailer always
prefers the single retail channel while the manufacturer and the supply chain prefer the dual channels.

When the manufacturer’s optimal channel choice is not consistent with that of the retailer, it may incur
conflict between two players. Next, we develop a mechanism to solve this potential conflict. In terms of the
channel preferences of the manufacturer, retailer and supply chain, according to Propositions 5.2 and 5.4, we
observe three determinants: θ̄1, θ̂1 and θ∗1 . It is difficult to make a theoretical comparison among θ̄1, θ̂1 and θ∗1 .
Therefore, we list all possible cases, which are shown in Table B.1 (see Appendix B). To solve the potential
channel conflict, we consider a bilateral payment mechanism. When the manufacturer and the supply chain prefer
dual channels, while the retailer prefers retail channel (e.g., (D, R, D, D) in Tab. B.1), then the manufacturer
can transfer a certain fee F to induce the retailer to allow his adding a new channel. In this case, the equilibrium
channel structure is a dual-channel structure. When the manufacturer prefers dual channels, while the retailer
and the supply chain prefer retail channel (e.g., (D, R, R, R) in Tab. B.1), then it is not worthwhile for the
manufacturer to transfer a certain fee to induce the retailer to allow his adding a new channel. Therefore,
the equilibrium channel structure is retail channel. Interestingly, in the case that the retailer and the supply
chain prefer dual channels, while the manufacturer prefers retail channel (e.g., (R, D, D, D) in Tab. B.1), then
the retailer can transfer a certain fee G to induce the manufacturer to add a new channel. In this case, the
equilibrium channel structure is a dual-channel structure. In addition, Table B.1 also shows that a bilateral
payment mechanism can improve the efficiency of the supply chain and make both players better off.
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Figure 5. The retailer’s profit changes with θ2.

Figure 6. The manufacturer’s profit changes with θ2.
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Figure 7. The supply chain’s profit changes with θ2.

6. Extension

As shown in Section 4, the players’ profits under dual channels are independent with θ1. Therefore, when
making a comparison between dual channels and retail channel, the players’ profits remain constant under dual
channels while vary with θ1 under retail channel. In this section, we focus on a special case θ2 = θ1 = θ. In this
case, the players’ profits under retail channel and dual channels are dependent on θ. By making a comparison
between these two channel structures, we have the following results.

Proposition 6.1. Suppose θ2 = θ1 = θ, then

(i) If θ > β
2−β , then w∗D > w∗R; if θ ≤ β

2−β , then w∗D ≤ w∗R;
(ii) q∗R ≥ qr∗D and qd∗D + qr∗D ≥ q∗R;
(iii) πR∗D < πR∗R and πM∗D > πM∗R .

From Proposition 6.1, when the retailer has the same bank loans ratio under two different channel structures,
the manufacturer always prefers the dual channels while the retailer prefers the retail channel. As shown in
Proposition 6.1, adding a direct channel will increase the total market demand but decrease the demand in the
retail channel of dual channels. When θ exceeds a certain threshold, the wholesale price under dual channels
is greater than that under retail channel, it is obvious that adding a direct channel benefits the manufacturer
but hurts the retailer. However, when θ is relatively low, the manufacturer will announce a lower wholesale
price in contrast to the retail channel. The positive effect of the increased total market demand dominates the
negative effect of the decreased wholesale price under dual channels on the manufacturer’s profit. Therefore,
the manufacturer’s profit under dual channels is greater than that under retail channel. From the retailer’s
perspective, the positive effect of the decreased wholesale price dominates the negative effect of the decreased
market demand on the retailers profit. Therefore, the retailers profit under dual channels is lower than that
under retail channel.
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7. Conclusions and management insights

In this paper, we consider the bargaining equilibrium in a two-echelon supply chain with a manufacturer and
a capital constrained retailer, where the manufacturer considers adding a direct channel in competition with the
traditional retail channel. Comparing with previous research, we incorporate equity financing into our model,
which enables us to investigate the impact of bank loans ratio on the players’ optimal decisions.

We also yield some useful results complement the existing literature. First, in the single retail channel a high
bank loans ratio will benefit the retailer but hurt the manufacturer. In the dual channel, the manufacturer’s
profit decreases with the bank loans ratio. Second, adding a direct channel will benefit the manufacturer and
supply chain when the bank loans ratio in the single retail channel is beyond a certain threshold. However, the
retailer prefers the dual channels only and only if the bank loans ratio in the retail channel is below a certain
threshold. Third, compared with the retail channel, a dual-channel structure can decrease the degree of the
double marginalization.

Our study also leads to some managerial insights. First, from the manufacturer’s perspective, he should add
a new sales channel when the retailer’s bank loans ratio in the retail channel is sufficiently large. In addition,
the manufacturer and the retailer should try their best to increase bargaining powers and obtain greater profits.
Second, it is wise for the manufacturer to encourage the retailer to borrow more from the external investors.
Third, with the development of e-commerce, channel competition and conflict become inevitable. We show that
a bilateral payment mechanism can improve the efficiency of the supply chain and achieve a win–win result.

The paper can be extended along the following possible directions. In this paper, we consider a deterministic
demand model. However, the players may face an uncertain demand for some new products. Therefore, investi-
gating the impact of the demand uncertainty on the channel selection is an interesting topic. Another possible
extension is to consider other effective mechanisms such as revenue sharing contract to benefit both players.

Acknowledgements. The research is supported by the National Natural Science Foundation of China under Grant Nos.
71571065, 71521061 and 71790593.

Appendix A. Proofs

Proof of Lemma 4.1. According to Problem (4.1), πRR is concave in qR. Taking the first-order condition with
respect to qR, we have q∗R = a−θ1wR(1+rf )

2 . Given q∗R, denote Φ̄1 = ln Φ1 = β lnπMR + (1−β) lnπRR . Let ∂Φ̄1
∂wR

= 0,

then w∗R = aβ
2θ1(1+rf ) . Since ∂2Φ̄1

∂(wR)2 |wR=w∗R
< 0, we conclude that w∗R is the unique wholesale price that maximizes

Φ1 and Φ̄1. Further, we derive q∗R, p∗R, πR∗R and πM∗R . �

Proof of Lemma 4.2. According to Problem (4.4), πDR is concave in qrD. Taking the first-order condition with

respect to qrD, we have qr∗D = a−λqdD−θ2wD(1+rf )
2 . Given qr∗D , let Φ̄2 = ln Φ2 = β ln(πMD − π̄MD ) + (1 − β) lnπRD.

Differentiating Φ̄2 with respect to wD, we have w∗D(qrD) = aβ−βλqdD+2λθ2q
d
D−βλθ2q

d
D

2θ2(1+rf ) . Further, ∂2Φ̄2
∂(wD)2 |wD=w∗D

< 0.

then w∗D is the unique wholesale price that maximizes Φ2 and Φ̄2. Given w∗D and ∂πMD
∂qdD

= 0, then

qd∗D = a(4θ2−2βλ+β2λ−2βλθ2+β2λθ2)
β2λ2θ22+2β2λ2θ2+β2λ2−2βλ2θ22−4βλ2θ2−2βλ2+8θ2

. Further, we derive w∗D, qr∗r , pr∗D , πM∗D and πR∗D .

To ensure w∗D > 0, qd∗D > 0 and qr∗D > 0, we have θ2 >
βλ(2−β)

λβ2−2λβ+4 . Since βλ(2−β)
λβ2−2λβ+4 increases with β, for

β ∈ [0, 1], we have θ2 > βλ(2−β)
λβ2−2λβ+4 |β=1 = λ

4−λ . Therefore, w∗D > 0, qd∗D > 0 and qr∗D > 0 if θ2 > λ
4−λ for

β ∈ [0, 1]. �
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Proof of Proposition 4.3.

(i) From Lemma 4.2, ∂w∗D
∂β = 2a(λ+λθ2−2)m1

(β2λ2θ22+2β2λ2θ2+β2λ2−2βλ2θ22−4βλ2θ2−2βλ2+8θ2)2(1+rf )
, where m1 = β2λ2θ2

2 +

2β2λ2θ2 + β2λ2 − 4βλ2θ2
2 − 4βλ2θ2 + 4β2θ2

2 − 8θ2 + 4λ2θ2. Since m1 is convex in θ2, m1 < 0 if θ2 = λ
4−λ ,

and m1 < 0 if θ2 = 1, we easily have m1 < 0, i.e., ∂w∗D
∂β > 0.

Further, we have ∂qd∗D
∂β = − 8aλθ2(1+θ2)(λ+λθ2−2)(β−1)

(β2λ2θ22+2β2λ2θ2+β2λ2−2βλ2θ22−4βλ2θ2−2βλ2+8θ2)2
.

From Lemma 4.2, ∂q
r∗
D

∂β = aθ2(2−λ−λθ2)m2
(β2λ2θ22+2β2λ2θ2+β2λ2−2βλ2θ22−4βλ2θ2−2βλ2+8θ2)2

, where m2 = β2λ2θ2
2+2β2λ2θ2+

β2λ2 − 4βλ2θ2
2 − 8βλ2θ2 − 4βλ2 + 4β2θ2

2 − 8θ2 + 8λ2θ2 + 4λ2. We show that m2(β) decreases with β and
m2(1) < 0. When β = 0, then m2(0) = 4λ2θ2

2 + 8λ2θ2 + 4λ2 − 8θ2. We further find that m2(0) is convex
in θ2, and θ2 = 1−λ2

λ2 minimizes m2(0).
When λ <

√
2

2 , then 1−λ2

λ2 > 1. Therefore,m2(0) decreases with θ2 for θ2 ∈ ( λ
4−λ , 1],m2(0)|θ2= λ

4−λ
= 8λ(9λ−4)

(4−λ)2

and m2(0)|θ2=1 = 16λ2 − 8 < 0. If λ < 4
9 , then m2(0)|θ2= λ

4−λ
< 0; if 4

9 ≤ λ <
√

2
2 , then m2(0)|θ2= λ

4−λ
≥ 0.

Therefore, when λ < 4
9 , then m2(0) < 0; when 4

9 ≤ λ <
√

2
2 , there exists a unique θ̄ such that m2(0) ≥ 0

if θ2 ≤ θ̄, and m2(0) < 0 if θ2 > θ̄.
When λ ≥

√
2

2 , then λ
4−λ < 1−λ2

λ2 ≤ 1, i.e., m2(0) is convex in θ2. Since m2(0)|
θ2= 1−λ2

λ2
= 4(2λ2−1)

λ2 > 0,

we easily have m2(0) > 0.
To summarize, when λ < 4

9 or when 4
9 < λ <

√
2

2 and θ2 > θ̄, then ∂qr∗D
∂β < 0; when 4

9 ≤ λ <
√

2
2 and θ2 ≤ θ̄

or when λ ≥
√

2
2 , then there exists a unique β1 such that ∂qr∗D

∂β ≥ 0 if β ≤ β1, and ∂qr∗D
∂β < 0 if β > β1.

(ii) Proof of (ii) is similar to that of (i), and hence is omitted.

�

Proof of Proposition 5.1.

(i) From Proposition 4.3, we have w∗R − w∗D increases with θ2.
When θ2 = λ

4−λ , then

w∗R − w∗D =

8(4βλ− 16βθ1−βλ2− 4λ2θ1 +λ3θ1− 4β2λ2 + 2β3λ2− 4β2λ2θ2 +
β2λ3θ2 + 16βλθ1 + 5βλ2θ1 − 2βλ3θ1)

(4− λ)2
·

If θ1 → 0, then (w∗R − w∗D)|θ2= λ
4−λ

> 0;
If θ1 = 1, then (w∗R−w∗D)|θ2= λ

4−λ
< 0. Therefore, there exists a unique θ11 such that (w∗R−w∗D)|θ2= λ

4−λ
> 0

if θ1 < θ11, and (w∗R − w∗D)|θ2= λ
4−λ
≤ 0 if θ1 ≥ θ11, where θ11 = βλ(2λβ2−4λβ−λ+4)

(4−λ)(β2λ2−2βλ2−3βλ+4β+λ2) .

When θ2 = 1, then w∗R − w∗D = a(8β−8βθ1−8λθ1−8β2λ2+4β3λ2−4β2λ2θ1+8βλθ1+8βλ2θ1)
2θ1(4β2λ2−8βλ2+8)(1+rf ) .

If θ1 → 0, then (w∗R − w∗D)|θ2=1 > 0;
If θ1 = 1, then (w∗R − w∗D)|θ2=1 < 0. Therefore, there exists a unique θ12 such that (w∗R − w∗D)|θ2=2 > 0
if θ1 < θ12, and (w∗R − w∗D)|θ2=1 ≤ 0 if θ1 ≥ θ12, where θ12 = β(2λ2β2−2λ2β+2)

β2λ2−2βλ2−2βλ+2β+2λ and θ11 < θ12.
To sum up, we have the following results:
When θ1 ≤ θ11, then w∗R − w∗D ≥ 0;
When θ11 < θ1 ≤ θ12, then there exists a unique θ21 such that if θ2 ≥ θ21, then w∗R − w∗D ≥ 0; if θ2 < θ21,
then w∗R − w∗D < 0;
When θ1 > θ12, then w∗R − w∗D < 0.

(ii) Since q∗R − qr∗D = aλ(1+θ2)(2−β)(4θ2−2βλ+β2λ−2βλθ2+β2λθ2)
4(β2λ2θ22+2β2λ2θ2+β2λ2−2βλ2θ22−4βλ2θ2−2βλ2+8θ2)

, then q∗R > qr∗D .
(iii) Since qd∗D − qr∗D = ay1

β2λ2θ22+2β2λ2θ2+β2λ2−2βλ2θ22−4βλ2θ2−2βλ2+8θ2
, where y1 = 2βθ2 − 2βλ + 2λθ2 + β2λ +

2λθ2
2 − 3βλθ2 − βλθ2

2 + β2λθ2. We find that y1 increases with θ2. When θ2 = 1, then y1 > 0; when
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θ2 = λ
4−λ , then y1 = 2λ(4λ+βλ−2β2λ+8β2−12β)

(λ−4)2 . We show that y2(λ) = 4λ+ βλ− 2β2λ+ 8β2 − 12β increases
with λ and y2(0) < 0. Since y2(1) < 0 if β > 1

2 , and y2(1) ≥ 0 if β ≤ 1
2 , there exists a unique λ1 such that

y2(λ) ≥ 0 if λ ≥ λ1, and y2(λ) < 0 if λ < λ1.
To sum up, we have the following results: When β ≤ 1

2 and λ ≥ λ1, then y1 ≥ 0, i.e., qd∗D ≥ qr∗D ;
When β ≤ 1

2 and λ < λ1 or when β > 1
2 , then there exists a unique θ22 such that qd∗D > qr∗D if θ2 > θ22, and

qd∗D ≤ qr∗D if θ2 ≤ θ22.
(iv) Since qd∗D + qr∗D − q∗R = a(βλ−2λ−2λθ2+βλθ2+4)(4θ2−2βλ+β2λ−2βλθ2+β2λθ2)

4(β2λ2θ22+2β2λ2θ2+β2λ2−2βλ2θ22−4βλ2θ2−2βλ2+8θ2)
, then qd∗D + qr∗D > q∗R.

�

Proof of Proposition 5.2.

(i) ∂πM∗
R

∂θ1
= −a

2β(2−β)
8θ12 < 0 and ∂πR∗R

∂θ1
= a2(2−β)2

16 > 0;

(ii) First, since ∂(πM∗
D −πM∗

R )
∂θ1

= a2β(2−β)
8θ12 > 0, (πM∗D − πM∗R )|θ1→0 < 0 and (πM∗D − πM∗R )|θ1=1 > 0, then there

exists a unique θ̄1 ∈ (0, 1] such that πM∗D ≥ πM∗R if θ1 ≥ θ̄1, and πM∗D < πM∗R if θ1 < θ̄1.

Second, since ∂(πR∗D −π
R∗
R )

∂θ1
= −a

2(2−β)
16 < 0, (πR∗D − πR∗R )|θ1→0 > 0 and (πR∗D − πR∗R )|θ1=1 < 0, then there exists a

unique θ̂1 such that πR∗D > πR∗R if θ1 < θ̂1, and πR∗D ≥ πR∗R if θ1 ≤ θ̂1. �

Proof of Proposition 5.3.

(i) ∂πM∗
D

∂θ2
= −a

2β(2−β)(2−λ+λθ2)(β2λ2θ2−2βλ2θ2+2λθ2+β2λ2−2βλ2−2λ+4)
(β2λ2θ22+2β2λ2θ2+β2λ2−2βλ2θ22−4βλ2θ2−2βλ2+8θ2)2

< 0.
(ii) Since πM∗R is independent of θ2, then πM∗D − πM∗R decreases with θ2.

When θ2 = λ
4−λ , then

πM∗D − πM∗R =

a2(16θ1β
2 + 48θ1βλ− 24θ1β

2λ− 32θ1β + 5θ1β
2λ2 − 10θ1βλ

2 − 2β4λ2 −
8θ1λ− 4β2λ− 7β2λ2 − 2βλ2 + 8βλ+ 8β3λ2 + 2θ1λ

2)
−8θ1λ(2β2λ− 4βλ+ 4− λ)

·

Since πM∗D is independent of θ1 and πM∗R equals a2β(2−β)
8θ1

. Then we easily obtain that πM∗D −πM∗R increases with
θ1. Further, (πM∗D − πM∗R )|θ2= λ

4−λ
< 0 if θ1 → 0, and (πM∗D − πM∗R )|θ2= λ

4−λ
> 0 if θ1 = 1. Therefore, there exists

a unique θ13 such that (πM∗D − πM∗R )|θ2= λ
4−λ
≤ 0 if θ1 ≤ θ13, and (πM∗D − πM∗R )|θ2= λ

4−λ
> 0 if θ1 > θ13, where

θ13 = βλ(2−β)(2β2λ−4βλ+4−λ)
(5β2λ−10βλ+2λ+8β−4β2)(4−λ) .

When θ2 = 1, then πM∗D − πM∗R = a2(4θ1−8θ1βλ+4θ1β
2λ−2θ1β

2+4θ1β+β4λa2−4β3λa2+2β2+4β2λ2−4β)
8θ1(β2λ2−2βλ2+2) . We observe

that (πM∗D − πM∗R )|θ2=1 increases with θ1. If θ1 → 0, then (πM∗D − πM∗R )|θ2=1 < 0. If θ1 = 1, then
(πM∗D − πM∗R )|θ2=1 > 0. Therefore, there exists a unique θ14 such that (πM∗D − πM∗R )|θ2=1 ≥ 0 if θ1 ≥ θ14,
and (πM∗D − πM∗R )|θ2=1 < 0 if θ1 < θ14, where θ14 = −β(4βλ2+β3λa2−4β2λa2+2β−4)

2(2+2β2λ−β2+2β−4βλ) > θ13.

To sum up, we have the following results: When θ1 ≤ θ13, then πM∗D ≤ πM∗R ; When θ13 < θ1 < θ14, then there
exists a unique θ23 such that πM∗D ≥ πM∗R if θ2 ≤ θ23, and πM∗D < πM∗R if θ2 > θ23; When θ1 ≥ θ14, then
πM∗D ≥ πM∗R . �

Proof of Proposition 5.4. In the case of β = 1, according to Lemma 4.1, we have ∂(πSC∗D −πSC∗R )
∂θ1

> 0. Let πSC∗D −
πSC∗R ≥ 0, we have θ1 ≥ θ∗1 , where θ∗1 holds the equation λ4θ2

4θ1
2 + 2λ4θ2

4 + 4λ4θ2
3θ1

2 + 8λ4θ2
3 + 6λ4θ2

2θ1
2 +

12λ4θ2
2 +4λ4θ2θ1

2 +8λ4θ2 +λ4θ1
2 +2λ4−16λ3θ2

3θ1−48λ3θ2
2θ1−48λ3θ2θ1−16λ3θ1−16λ2θ2

5θ1−32λ2θ2
4θ1−

16λ2θ2
3θ1

2 +16λ2θ2
3θ1−32λ2θ2

3−32λ2θ2
2θ1

2 +80λ2θ2
2θ1−64λ2θ2

2−16λ2θ2θ1
2 +64λ2θ2θ1−32λ2θ2 +16λ2θ1 +

64λθ2
4θ1 + 64λθ2

3θ1 + 128λθ2
2θ1 + 128λθ2θ1 − 64θ2

3θ1 + 64θ2
2θ1

2 − 256θ2
2θ1 + 128θ2

2 − 128θ2θ1 = 0. �
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Proof of Proposition 6.1.

(i) According to Lemmas 4.1 and 4.2, we have w∗D − w∗R = −λ(β−2θ+βθ)qd∗D
2θ(1+rf ) . Therefore, when θ > β

2−β , then

w∗D > w∗R; when θ ≤ β
2−β , then w∗D ≤ w∗R;

(ii) Since q∗R − qr∗D = aλ(1+θ)(2−β)(4θ−2βλ+β2λ−2βλθ+β2λθ)
4(β2λ2θ2+2β2λ2θ+β2λ2−2βλ2θ2−4βλ2θ−2βλ2+8θ) , then q∗R > qr∗D .

Further, since qd∗D + qr∗D > q∗R = a(βλ−2λ−2λθ+βλθ+4)(4θ−2βλ+β2λ−2βλθ+β2λθ)
4(β2λ2θ2+2β2λ2θ+β2λ2−2βλ2θ2−4βλ2θ−2βλ2+8θ) , then qd∗D + qr∗D > q∗R.

(iii) First, πR∗D − πR∗R = −λθa2(β−2)2(1+θ)m1q
d∗
D

4(β2λ2θ2+2β2λ2θ+β2λ2−2βλ2θ2−4βλ2θ−2βλ2+8θ) , where m1 = β2λ2θ2 + 2β2λ2θ + β2λ2 −
2βλ2θ2 − 4βλ2θ − 2βλ2 − 4θ2λ− 4λθ + 16θ. Since m1 > 0, then πR∗D < πR∗R .
Second, πM∗D − πM∗R = a2(4θ−2βλ+β2λ−2βλθ+β2λθ)2

8θ(β2λ2θ2+2β2λ2θ+β2λ2−2βλ2θ2−4βλ2θ−2βλ2+8θ) > 0.

�

Appendix B. Tables

Table B.1. Channel preference and equilibrium channel structure.

(MF, RF, SCF, EC)

θ̂1 ≤ θ̄1 θ∗1 ≤ θ̂1 θ1 ≤ θ∗1 (R, D, R, R)

θ∗1 < θ1 ≤ θ̂1 (R, D, D, D), G = [πM∗
R − πM∗

D , πR∗
D − πR∗

R ]

θ̂1 < θ1 ≤ θ̄1 (R, R, D, NA)
θ1 > θ̄1 (D, R, D, D), F = [πR∗

R − πR∗
D , πM∗

D − πM∗
R ]

θ̂1 < θ∗1 ≤ θ̄1 θ1 ≤ θ̂1 (R, D, R, R)

θ̂1 < θ1 ≤ θ∗1 (R, R, R, R)
θ∗1 < θ1 ≤ θ̄1 (R, R, D, NA)
θ1 > θ̄1 (D, R, D, D), F = [πR∗

R − πR∗
D , πM∗

D − πM∗
R ]

θ∗1 ≥ θ̄1 θ1 ≤ θ̂1 (R, D, R, R)

θ̂1 < θ1 ≤ θ̄1 (R, R, R, R)
θ̄1 < θ1 ≤ θ∗1 (D, R, R, R)
θ1 > θ∗1 (D, R, D, D), F = [πR∗

R − πR∗
D , πM∗

D − πM∗
R ]

θ̂1 > θ̄1 θ∗1 ≤ θ̄1 θ1 ≤ θ∗1 (R, D, R, R)
θ∗1 < θ1 ≤ θ̄1 (R, D, D, D), G = [πM∗

R − πM∗
D , πR∗

D − πR∗
R ]

θ̄1 < θ1 ≤ θ̂1 (D, D, D, D)

θ1 > θ̂1 (D, R, D, D), F = [πR∗
R − πR∗

D , πM∗
D − πM∗

R ]

θ̄1 < θ∗1 ≤ θ̂1 θ1 ≤ θ̄1 (R, D, R, R)
θ̄1 < θ1 ≤ θ∗1 (D, D, R, NA)

θ∗1 < θ1 ≤ θ̂1 (D, D, D, D)

θ1 > θ̂1 (D, R, D, D), F = [πR∗
R − πR∗

D , πM∗
D − πM∗

R ]

θ∗1 ≥ θ̂1 θ1 ≤ θ̄1 (R, D, R, R)

θ̄1 < θ1 ≤ θ̂1 (D, D, R, NA)

θ̂1 < θ1 ≤ θ∗1 (D, R, R, R)
θ1 > θ∗1 (D, R, D, D), F = [πR∗

R − πR∗
D , πM∗

D − πM∗
R ]

Notes. The symbols “MF”, “RF” and “SCF” denote the channel preference of the manufacturer, retailer and supply
chain, respectively. “EC” denotes the equilibrium channel structure. The symbols “D” and “R” denote dual channels
and retail channel, respectively. The symbol “F” denotes the fees the manufacturer pays to the retailer and “G” denotes
the fees the retailer pays to the manufacturer. “NA” stands for not applicable.
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