
RAIRO-Oper. Res. 55 (2021) 1617–1641 RAIRO Operations Research
https://doi.org/10.1051/ro/2021074 www.rairo-ro.org

TRADE CREDIT OR VERTICAL MERGER STRATEGY FOR FINANCIAL
CONSTRAINED RETAILER IN A SUPPLY CHAIN WITH ASYMMETRIC

COMPETING RETAILERS

Jizhou Zhan1, Tiantian Xu1,∗, Xun Xu2 and Yaqi Jin1

Abstract. Motivated by the practices that many small and middle-sized enterprises (SME) retail-
ers have financial constraints due to their limited budget and financing access, this paper studies the
manufacturer’s financial strategy (i.e., trade credit versus vertical merger with a capital-constrained
retailer) in a supply chain with two financial asymmetric retailers. We first compare the equilibrium
profits under different financing modes and find that if manufacturer’s capital cost under trade credit
or administrative cost under vertical merger is below a certain threshold, the manufacturer should
finance instead of deselect the capital-constrained retailer even though the competition is intensified.
Furthermore, manufacturer can choose a financing strategy based on the tradeoff between financing
value and cost from trade credit or vertical merger. Under trade credit, the increased horizontal com-
petition intensity is against the capital-constrained retailer while with vertical merger the competition
intensity is harmful to the capital-abundant retailer. In addition, through investigating the impact of
different financial modes on the equilibrium profits of the supply chain players, we find that whether
trade credit can outperform vertical merger for both the manufacturer and the capital-constrained
retailer depends on horizontal competition intensity, profit-sharing proportion and administrative cost
of vertical merger. Moreover, the capital-abundant retailer will get the lowest profit when other par-
ticipators act like an alliance. Our study provides a roadmap for the manufacturer to make a financing
policy for capital-constrained retailer who competes with a funded retailer.
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1. Introduction

In order to increase the market share of product, manufacturers usually sell their products through multiple
retailers and/or use multiple distribution channels to reach more consumers. For example, Haier – a brand
household electrical appliance enterprise of China, has more than 30 thousands physical stores all over the
country [23]. The increased number of channels and retailers can improve the recognition of the product, which
also reduces manufacturers’ bankruptcy risk [25]. However, there exists fierce competition among different
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channels and retailers. The advantage of selling to multiple retailers can be offset by the increased competition.
In the practice, one of the challenges that manufacturer, such as Haier, meets is many of retailers (e.g., franchised
stores) are small and middle-sized enterprises (SMEs) [26]). SME retailers often have limited budget and are hard
to access the external financing such as loans from the banks [9]. Under this circumstance, the manufacturer can
just deselect the capital-constrained retailer to narrow the distribution channel or provide the financial assistant
to the SMEs, who are in the competing sales market. Thus, when facing asymmetric financial retailers, it is
necessary to study the impact of financial status of the supply chain players on the distribution strategy.

When choosing to sell product through capital-constrained retailer, the upstream manufacturer should con-
cern the financial situations of downstream retailers, as limited fund may impede retailers to make an opti-
mal order quantity, and thus prevent enlarging the product sales market. An effective way for manufacturers
to release the retailers’ financial constraints is to perform a strategic alliance with the SME retailers through
merger and acquisition activities, especially vertical merger, which refers to upstream manufacturer merges with
the downstream retailers through financial transactions [17, 51]. For example, Haier initiated a “direct-sales”
plan in 2006, and increased the investment of advertisement for its direct sales stores. If customers purchase
Haier’s product in a direct sales store, Haier will provide packages of services to customers, including B2C
distribution with the fastest speed, complete product development, and post sales service. In this plan, Haier
integrates the downstream retailer as a direct sales store, and controls the distribution channel for the market
sales price and service of product. At the end of selling season, Haier shares the profits with the direct sales
stores [54]. Vertical merger is commonly adopted in actual transactions. Like Luxottica, the largest producer
of glasses in Italy, acquired 36% stock of Salmoiraghi & Viganò, which is a Italian family glasses franchiser in
2012, and acquired the remaining shares of Salmoiraghi & Viganò in 2016 [28]. In January of 2017, Coty, the
largest perfume manufacturer in the world, spent $600 million to acquire 60% shares of Younique, which is an
online cosmetics retailer by its unique direct sales mode through E-business [44]. However, the vertical merger
is not always favorable to the manufacturer. For example, Shanshan suit, which is a fashion manufacturer for
men’s clothing in China, announced the dissolution of direct sales stores in 2001 because Shanshan’s capital
and corporate management cannot catch up with the development of an extended sales retail network [6]. In
this paper, we study the impact of competition on the vertical merger strategy in the supply chain with one
manufacturer and two financial asymmetric retailers.

Besides vertical merger, trade credit is also an available approach to release retailer’s financial constraint.
Trade credit, which refers to a delay payment that manufacturers permit to retailers, is widely used in the
practice, about 80% of firms in US market provide their products on trade credit [41]. With sufficient operation
capital for production, Haier also offers trade credit financing service to the downstream SMEs. Moreover, in the
underdeveloped countries or depressed financial market, as small size and startup companies have not enough
collateral and credit history, trade credit is utilized even more widely [20,40,42].

Given the background of the asymmetric competing financial retailers, our study aims to examine the financ-
ing policies (trade credit versus vertical merger) of the manufacturer. Most of the previous studies examined
the supply chain distribution channel decisions without considering the financial constraints of retailers (e.g.,
[10,35]). Our study bridges the manufacturer’s financing strategy under retailer’s competition circumstance. We
will discuss the influence of retailers’ competition and financial status on the manufacturer’s distribution and
financing decisions together with the associated equilibrium performances in this paper.

In detail, this study has three main research questions: (1) Should the manufacturer deselect or assist the
capital-constrained retailer under the competitive retail market environment? (2) Which kind of financing service
(trade credit versus vertical merger) will the manufacturer offer to the capital-constrained retailer? (3) How
does the horizontal competition between retailers influence each player’s equilibrium operational decisions and
the financing strategy? To answer these questions, we formulate a two-echelon supply chain framework, which
consists of a manufacturer and two asymmetric competing retailers basing on the Cournot mode, wherein one
retailer is financial constrained, and the other one is fund-abundant.

The rest of paper is organized as follows. Section 2 reviews the relevant literature. Section 3 describes the
basic framework of model. Section 4 analyzes the optimal operations and payoff of each participant under
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trade credit or vertical merger. Section 5 examines the manufacturer’s optimal financing decision, and discusses
the equilibrium condition for each financing strategy that is beneficial for both manufacturer’s and capital-
constrained retailer’s profits. In addition, the impact of competition intensity on the equilibrium strategies
are analyzed. Section 6 presents numerical analysis. Section 7 concludes the study and suggests some future
extensions. Appendix includes the proofs of propositions.

2. Literature review

Our work is relevant to two streams of research. One stream studies the manufacturer’s distribution channel
integration and vertical merger strategy in a supply chain. The other stream studies the trade credit financing
policy for relieving buyer’s capital distress. We review the two areas of studies in this section.

2.1. Distribution channel integration and vertical merger strategy

In recent years, considerable attention has been focused on the manufacturer’s decision of whether to perform
channel integration (e.g., [1, 47]). Various pricing and advertising strategies are used in different channel struc-
tures [1] studied how one supplier uses partial forward integration to affect two retailers’ strategic investments
and found that partial forward integration will lead to greater investments in boosting product demand. Chen
et al. [10] investigated the incentive of vertical mergers in a supply chain with suppliers, manufacturers and
integrated firms. They proved that the vertical merger will lead to a lower price of final product and vertical
mergers occur only when manufacturers’ competitions are weak.

Dan et al. [15] investigated the impact of retail services on the manufacturer and retailer’s pricing decisions
under dual-channel. They found that in a decentralized dual-channel supply chain, the retailer sets a higher
retail price for better service, while the manufacturer should decrease the direct sale price and increase the
wholesale price when the retailer’s service level is higher than a threshold. Karray and Amin [29] documented
that with a low price competition and high advertising competition market, the cooperative advertising may
not favorable for the retailers under multiple channels. Besides, the manufacturer’s choice of channel struc-
ture in various competitive sales markets is studied. An earlier work of Moorthy [36] showed that the choice
between decentralized or integrated channel is dependent on the demand substitutability and pricing strategies.
Wu et al. [47] investigated that uncertain demand and production cost affect the channel structure, and the
increased demand uncertainty results in the strength of integrated channel. Chiang et al. [13] examined supply
chain’s channel structures, and showed that direct channel could mitigate double marginalization and reduce
the manufacturer’s wholesale price to retailer, and further improve the profits of both retailer and manufac-
turer. Xu et al. [48] showed that if the manufacturer and retailer are risk-averse, the price will be lower than
that in a risk-neutral dual-channel supply chain while the decentralized system is inefficient due to the vertical
and horizontal competition. Liu et al. [34] developed a dual channel supply chain model with a manufacturer
and several homogeneous retailers, and studied the impact of retailer’s alliance on each player’s profit in direct
channel and retailer channel. They showed that forming an alliance is not always beneficial for retailers, and
manufacturer’s channel control capability largely affects the retailers’ choices on alliance.

However, most of the previous studies about supply chain channels integration, like the above literature,
examined the manufacturer’s channel integration policy basing on the assumption that retailer has enough fund
to purchase, and the retailer’s capital status is ignored. Our study examines the manufacturer’s channel strategy
based on the case that one of its retailers has the shortage of money to procure, and under what condition that
the manufacturer should develop a direct channel to complement the traditional retail channel.

Among the previous studies examined the channel integration with financing contract, “merger and acquisi-
tion” is an effective way. A number of studies showed that capital constraints is the main factor to motivate the
firm’s acquisition [17, 24, 30, 39]. Richards and Manfredo [39] examined the acquisitions among the 100 largest
US agricultural cooperatives, and showed that the acquisition is mainly motivated by the capital constraints. If
the shadow value of capital is higher, the cooperative is more likely to acquire and merger. Khatami et al. [30]
found that the acquisition of financially constrained firms is beneficial for both the targets and bidders, and it
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is more possible for the target firm to be acquired when the firm owns less capital. Glock and Kim [21] studied
a supply chain framework with one vendor and multiple competing retailers, and one retailer is merged by the
vendor. They analyzed the condition that the merger would favor the vendor, retailer and the whole supply
chain. Different from the above studies, we discuss the manufacturer’s vertical merger as a financing mode
under the retailer’s competitive sales setting, and show how the competition influences the design of vertical
integration contract.

2.2. Trade credit financing

Trade credit, as an internal financing channel, has been studied for several decades. One stream studies
focus on the financial strength of trade credit. Earlier work such as Emery [16] shows that trade credit makes
suppliers share a low transaction and financing cost with buyers. Gupta and Wang [22] examined the effect
of finance charge in trade credit on the profits of suppliers and retailers. They presented that trade credit
can be used to improve the efficiency of the entire supply chain. Chen and Wang [12] studied a trade credit
contract with retailer’s limited liability. They argued that limited liability initiates a retailer’s higher ordering
level, which creates value for a budget-constrained supply chain. Moreover, the superiority of trade credit was
examined through the comparison between bank credit and trade credit. Babich et al. [2] compared the two
financing channels: bank credit and trade credit under different settings, and showed that the firm should choose
a financing channel with lower financing cost. Kouvelis and Zhao [31] showed that a risk-neutral supplier always
financed the retailer at less than or equal to the risk-free rate, and the retailer preferred supplier financing
to bank financing in an optimally structured trade credit contract. Zhang et al. [53] developed a trade credit
model with considering manufacturer’s account receivable risk attitude. They showed that trade credit for
retailers depends on the manufacturer’s attitude to risk and a risk-averse manufacturer will deliver less than the
retailer’s optimal order quantity. Chen [11] showed that trade credit outperforms bank credit for all members
in a wholesale price contract, and the trade credit has a unique financing equilibrium.

The other stream studies explain the operational role that trade credit plays in supply chain. For example,
Lee and Stowe [32] argued that because the buyers have little information about the product and suppliers,
and the product is difficult to assess, trade credit permits the buyers to verify the quality before submitting
payments. And suppliers can also use trade credit to signal quality of product. Brennan et al. [5] showed that
with the decreased production cost of adulterated products, trade credit will reduce the supplier’s incentive to
cheat. They also compared the buyer’s profit under trade credit and inspection mechanism, and showed that
the dominance of either mechanism depends on the factors that include inspection cost relative to inspection
accuracy, buyer’s liability, the rate at which customers discover adulteration, and unadulterated/adulterated
product cost gap. Yang and Birge [50] studied the risk-sharing role of trade credit that retailer partially shares
the demand risk with the supplier to improve the supply chain’s efficiency.

Most existing literature modeled the trade credit problem in a supply chain framework, where the manufac-
turer uses only one distribution channel and permits the retailer’s delay payment for the ordering (e.g., [7,31]).
However, market competition has significant impact on the usage of trade credit [14]. Among the studies examin-
ing the influence of market competition on trade credits, Petersen and Rajan [37] showed that the manufacturer
is not willing to use trade credit when many manufacturers compete for the retailers. Chod et al. [14] observed
the negative relations between the prevalence of trade credit and competition among suppliers, because using
trade credit results in a “free-rider” problem that a financially constrained customer could share the trade credit
from one manufacturer but use the cash to purchase from other manufacturers. On the contrary, Fabbri and
Klapper [18] illustrated that the more competitive the suppliers faces, the more often trade credit would be
used. Barrot [3] showed that a financially powerful firm would not like to offer a long trade credit term. Peura
et al. [38] examined the horizontal effect of trade credit on suppliers who perform the Bertrand competition, and
found that trade credit softened the price competition among suppliers. However, the above studies analyzed
how the competition among manufacturers influences their willingness to offer trade credit financing service to
downstream retailers, and the competitive sales environment that retailers face is ignored. In this paper, we
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examine each player’s operational strategy under trade credit with considering retailers’ competitive ordering
behavior, and discuss the impact of retailers’ competition intensity on the trade credit financing policy.

Among the few papers examining trade credits under retailers’ competition, Yang et al. [49] developed a
supply chain with a supplier and two capital-constrained retailers, and both retailers were able to receive
the trade credits from the manufacturer, external bank financing, or equity financing. They discussed each
player’s operational strategy based on how many retailers are permitted to be financed through trade credit,
and showed that when competition becomes increasingly fierce, the manufacturer will merge with one retailer,
and the deselected retailer may utilize bank combined with equity financing channel to return the supply chain.
Different to their study, we discuss the case that a single retailer has financial constraints and competes with
the other fund-abundant retailer in sales market, and the manufacturer can offer trade credit or vertical merger
to the capital-constrained retailer to release the retailer’s financial constraints. In our paper, we examine the
manufacturer’s optimal choice on the equilibrium financing strategy between trade credit and vertical merger.
In addition, we investigate the impact of retailer’s competition on the decisions and performance of supply chain
under different financing contract.

In summary, the contributions of our study mainly lie on the following aspects. First, most of previous papers
(e.g., [15, 47]) have studied the channel integration without considering the buyer’s financial constraints. We
contribute by bridging the channel strategy with financing modes in supply chain, and give out the conditions
when the manufacturer should assist the downstream retailer who has financial constraints to purchase. Second,
our study enriches the research on the trade credit in supply chain finance. We examine the trade credit financing
contract based on the retailers’ competitive setting, which has been rarely discussed in previous research. Also,
we compare the effect of retailers’ competition on equilibrium of financing channels: trade credit and vertical
merger.

3. Model set up

We consider a two-echelon supply chain with a manufacturer (denoted by M , referred to herein as ”he”) and
two duopolistic asymmetric retailers (denoted by R1 and R2) with different working capital. Without loss of
generality, we assume that retailer R1 lacks ordering capital, and the competitor R2 is not capital-constrained.
For the simplicity of modeling, we assume the retailer R1’s initial budget is zero. The manufacturer has sufficient
working capital to cover the retailers’ ordering and needs to decide whether to finance the retailer R1. We assume
R1 cannot use external financing [49]. Thus, if manufacturer deselects R1, he sells product through R2 and the
retailer R1 quit the market for lacking capital. If the manufacturer assist R1, he can choose merger with R1 or
trade credit. When the retailer R1 is vertically merged by the manufacturer, they perform as a strategic alliance
to compete with R2 directly. Otherwise, the manufacturer can provide trade credit to assist R1.

The manufacturer and R1 should sign a contract to clarify the division of profit if merger happens. If
manufacturer provides trade credit to R1, there exists capital opportunity cost in the period of R1’s delay
payment. We assume the financing cost per unit capital is lower than the maximum marginal profit of product
(i.e., Im < (α− c)/c).

Two retailers perform the Cournot quantity competition during product sales process and the customers are
able to purchase the product from either of the two retailers. We assume the demand of each retailer is a general
linear function of its own sale price and the rival’s price, which is commonly adopted in previous studies (e.g.,
[4, 19,27,43,45,46,52]). Thus, the inverse demand function of retailers can be expressed as,

pi = α− β(qi + γq3−i), i = 1, 2, (3.1)

where qi, q3−i are endogenous variables that respectively represent the order quantity of two retailers Ri and
R3−i.

When the manufacturer deselect retailer R1 and sells only to R2, according to (3.1), we obtain the inverse
demand function for R2, p2 = α− βq2.
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Table 1. List of parameters and notation.

Decision variables

wk
Ri

Manufacturer’s wholesale price per unit for retailer Ri under the case of k.

qk
Ri

Retailer Ri’s order quantity under the case of k.

Script
k Superscript; k = S, TC, V I represents that retailer purchases under the case that manufacturer

deselects R1 while sells to single retailer R2, trade credit, and vertical merger respectively.

i Subscript; i = 1, 2.
j Subscript; j = M,R1, R2 represents manufacturer, retailer R1, and retailer R2.

Parameters
α The highest price of product in sales market (α > 0).

β The product price elasticity to market demand (β ∈ [0, 1]).

γ The competition intensity between two retailers (γ ∈ [0, 1]); a larger value
implies more intense competition.

pi Retailer Ri’s selling price.

c Production cost per unit for the manufacturer.
Im Manufacturer’s financing cost per unit capital under trade credit.

T Manufacturer’s administrative cost under vertical merger with retailer R1.

φ Manufacturer’s profit-sharing ratio under vertical merger with retailer R1.
πk

j Participant j’s profit under the case of k.

In this paper, we study the behavior of each participant in the supply chain through a dynamic game
theoretical model, where the retailers perform the Cournot competition during product sales process while the
manufacturer and the retailer interact in Stackelberg game. To be specific, the time sequence of game is as
follows:

(1) the manufacturer determines whether to assist retailer R1 and distribute the product;
(2) when choosing to offer financial help to R1, the manufacturer decides merge with R1 or provide trade credit

to R1;
(3) the manufacturer sets wholesale price(s) by taking into account the channel strategy and financial type,

then each retailer decides the ordering quantity, if any.

For ease of exposition, the implications of parameters and notation are listed in Table 1.

4. Equilibrium analysis

In this section, we examine each player’s equilibrium strategy under different settings. In the benchmark
model, manufacturer only sells to retailer R2, while retailer R1 will not participate in the game for lack of
capital. We discuss the manufacturer’s pricing and retailer R2’s ordering decisions. If the capital-constrained
retailer R1 is financed, the manufacturer provides trade credit financing to retailer R1 or vertical merger with
retailer R1. We discuss two retailers’ equilibrium order quantities and manufacturer’s pricing strategy under
two financing policies.

4.1. Benchmark model

In this case, manufacturer would not provide any financing service to retailer R1, and only sells to retailer R2.
Then the manufacturer performs a single distribution channel, and the transaction between the manufacturer
and retailer R2 follows the normal Stackelberg game in one-manufacturer-one-retailer supply chain. Thus, the
retailer R2’s profit is

πSR2
= (α− βqSR2

− wSR2
)qSR2

, (4.1)

and the manufacturer’s profit is
πSM = (wSR2

− c)qSR2
. (4.2)
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With backward induction approach, the players’ equilibrium decisions and profits are characterized in Proposi-
tion 4.1 as follows:

Proposition 4.1. Under single distribution channel, manufacturer’s optimal wholesale price is wS
∗

R2
= α+c

2 ,

and retailer R2’s ordering decision is qS
∗

R2
= α−c

4β . Two participants’ profits are πSR2
= (α−c)2

16β , πSM = (α−c)2
8β .

Proof. See Appendix A. �

Proposition 4.1 shows that as there exists none competition in the consumer market, both the optimal order
quantity and profit do not correlate with γ. Based on Proposition 4.1, manufacturer should decide whether to
finance retailer R1 or not.

4.2. Trade credit financing for the capital-constrained retailer

When the manufacturer provides trade credit service to finance the capital-constrained retailer, it allows the
retailer R1 to purchase with delay payment. The retailer R2 pays off its ordering immediately. For R1’s delay
payment, there exists a capital opportunity cost for the manufacturer. Considering retailers’ competitive sales
environment, the sequence of events is as follows:

First, the manufacturer sets the profit maximizing wholesale price as wTCR1
by considering the trade credit

contract for retailer R1. Meanwhile, it sells to retailer R2 with another wholesale price wTCR2
. Second, the

two retailers submit their orderings independently and simultaneously in Cournot competition model. The
manufacturer distributes two retailers’ orderings at once, and retailer R2 pays to the manufacturer immediately.
Third, at the end of sales season, the retailers gain the sales revenue from customers, and retailer R1 pays its
ordering to manufacturer. Thus, combined the inverse demand function equation (3.1), the retailer Ri’s profit
is

πTCR1
= [α− β(qTCR1

+ γqTCR2
)− wTCR1

]qTCR1
, (4.3)

πTCR2
= [α− β(qTCR2

+ γqTCR1
)− wTCR2

]qTCR2
. (4.4)

The manufacturer receives the payment from retailer R2 when he delivers the products, and thus the gaining
from retailer R2 is (wTCR2

− c)qTCR2
. Because the retailer R1 has not submitted the funds of goods until the end

of sales season, the manufacturer can not turn around the expenditure of production cqTCR1
instantly, and thus

takes the financing cost cImqTCR1
for R1’s ordering quantity. Hence, the manufacturer’s profit is as follows:

πTCM = wTCR1
qTCR1

+ wTCR2
qTCR2
− c(qTCR1

+ qTCR2
)− cImqTCR1

. (4.5)

Taking the backward induction approach, we have the manufacturer’s optimal pricing decision, the equilib-
rium ordering amounts of two retailers, and each participant’s profit in trade credit financing framework in
Proposition 4.2.

Proposition 4.2. (1) wTC
∗

R1
= α+c(1+Im)

2 , wTC
∗

R2
= α+c

2 ; (2) qTC
∗

R1
= (2−γ)(α−c)−2cIm

2β(4−γ2) , qTC
∗

R2
= (2−γ)(α−c)+γcIm

2β(4−γ2) ;

(3) πTCR1
= β(qTC

∗

R1
)2, πTCR2

= β(qTC
∗

R2
)2, πTCM = (2−γ)(α−c)(α−c−cIm)+(cIm)2

2β(4−γ2) .

Proof. See Appendix B.1. �

Proposition 4.2 shows that the wholesale price for retailer R1 is higher in trade credit contract than that
for retailer R2 because manufacturer will increase the wholesale price to offset the financing cost due to R1’s
delay payment in trade credit contract. And from the optimal equilibrium ordering decisions of retailers, it is
straightforward to derive that manufacturer’s capital cost leads to lower order quantity and profit for retailer R1

relative to retailer R2. Note, if retailer R1 has no capital constraints, manufacturer will not offer any financing
service to both of two retailers, and then the manufacturer’s financing cost Im equals zero. Thus, the two
retailers get the same wholesale, and share the demand of product equally, which results in an equal profit in
the competitive sales market.
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Corollary 4.3. (1)
dqTC

∗
R1
dγ < 0; (2) If Im < α−c

5c , or α−c
5c ≤ Im < α−c

c and γ ∈
[
0, 2[α−c−

√
cIm(2(α−c)−cIm)]

α−c−cIm

]
then

dqTC
∗

R2
dγ < 0; if α−c

5c ≤ Im < α−c
c and γ ∈

[
2[α−c−

√
cIm(2(α−c)−cIm)]

α−c−cIm , 1
]

,
dqTC

∗
R2
dγ > 0; (3)

d(qTC
∗

R1
+qTC

∗
R2

)

dγ < 0.

Proof. See Appendix B.2. �

Corollary 4.3 shows that under trade credit, retailer R1’s order quantity decreases with competition intensity
γ. However, if the financing cost of trade credit exceeds the limit of α−c5c , the retailer R1’s optimal order quantity
is largely restricted, which may conversely leads to retailer R2 to seize more shares in sales market, and it is
more favorable for R2 in more intensified competitive environment. Thus, the order quantity of R2 is likely to

increase with γ, which is larger than 2[α−c−
√
cIm(2(α−c)−cIm)]

α−c−cIm . However, as a whole, the competition intensity
γ restrains the manufacturer’s whole sales quantity.

Corollary 4.4. (1)
dπTCR1

dγ < 0; (2) If Im < α−c
5c , then

dπTCR2
dγ < 0; and if α−c

5c ≤ Im < α−c
c , then πTCR2

decreases

with γ when γ ∈ [0,
2
[
α−c−

√
cIm(2(α−c)−cIm)

]

α−c−cIm ] and increases with γ when γ ∈ [ 2[α−c−
√
cIm(2(α−c)−cIm)]

α−c−cIm , 1]; (3)
dπTCM

dγ < 0;

Proof. See Appendix B.3. �

In line with Proposition 4.1, the retailers’ profits and order quantities have the same tendencies with γ, which
is shown in Corollary 4.3, and the horizontal competition between retailers is also detrimental to manufacturer’s
profit.

4.3. Vertical merger with the capital-constrained retailer

Besides trade credit, another effective method to assist the capital-constrained retailer is to acquisition and
merger, where the manufacturer can collaborate with downstream retailer [17]. Under this strategy, retailer R1 is
merged to be an alliance as the direct sales store of manufacturer, and manufacturer incurs a fixed administrative
fee or setup cost of integration to open a direct sales store [8, 33]. Furthermore, the manufacturer and retailer
share the profit of the direct sales. In this paper, we assume a vertical merger contract should be signed before
merger, specifically, the manufacturer can get φ share of the profit while the remaining part belongs to the R1.
Under this circumstance, the manufacturer distributes its product from direct channel and retailer R2’s channel,
and the competition between two retailers actually transfers to the competition between the manufacturer and
the fund-abundant retailer R2. The sequence of events is as follows.

First, the manufacturer decides a wholesale price to retailer R2 and disburses a fixed administrative cost T
to merge retailer R1. Then, the equilibrium order quantities are simultaneously decided upon manufacturer and
retailer R2, and R2 takes a prompt payment of purchase with manufacturer, while retailer R1 is an affiliate
of the manufacturer. After realizing the market demand, the manufacturer shares the profit with retailer R1

according to a given ratio φ in the vertical merger contract. Derived from equation (3.1), the retailer R2’s profit
is

πV IR2
= [α− β(qV IR2

+ γqV IR1
)− wV IR2

]qV IR2
. (4.6)

The manufacturer’s profit is influenced by three parts: one is the gaining from the payment of retailer R2, the
second is the share of profit with ratio φ due to the direct sales for the vertical merger, and the last is the
administrative fee T for the merger with R1. Thus, the manufacturer’s profit is

πV IM = (wV IR2
− c)qV IR2

+ φ[α− β(qV IR1
+ γqV IR2

)− c]qV IR1
− T. (4.7)
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Meanwhile, the retailer R1 should conform with manufacturer’s direct sales plan, and has no choice to make
decision for the operations. Thus, the retailer R1’s profit is the commission that depends on the ratio 1−φ from
the manufacturer’s direct sales mode as following:

πV IR1
= (1− φ)[α− β(qV IR1

+ γqV IR2
)− c]qV IR1

. (4.8)

Solving the supply chain’s equilibrium ordering problem as equations (4.6) and (4.7), and then substitute into
manufacturer’s pricing problem as equation (4.7), we can obtain the manufacturer and retailer R2’s optimal
decisions and each participant’s profit as shown in following proposition.

Proposition 4.5. (1) wV I
∗

R2
= (4−γ2)[2(α+c)−γ(α−c)]+2γφ[2(α−c)−αγ]

2[8−γ2(2+φ)] ; (2) qV I
∗

R1
= (α−c)(2−γ)(4+γ)

2β[8−γ2(2+φ)] , qV I
∗

R2
=

(α−c)[2−γ(1+φ)]
β[8−γ2(2+φ)] ; (3) πV IR1

= (1− φ)β(qV I
∗

R1
)2, πV IR2

= β(qV I
∗

R2
)2, πV IM = (α−c)2(2−γ)(2−γ+4φ)

4β[8−γ2(2+φ)] − T .

Proof. See Appendix C.1. �

Proposition 4.5 shows that the competition intensity γ and profit sharing proportion φ in the vertical merger
of retailer R1 influence the manufacturer’s optimal wholesale price for retailer R2. It is mainly because that the
competition between manufacturer and retailer R2 will result in an equilibrium sales share in the competitive
market. Also, the competition and profit sharing proportion φ affect the optimal equilibrium order quantity of
retailer R2 and each member’s profit. However, if the administrative cost T is larger than (α−c)2(2−γ)(2−γ+4φ)

4β[8−γ2(2+φ)] , the
manufacturer’s profit becomes negative, which will lead the manufacturer to abandon the integration of retailer
R1. Thus, the manufacturer can balance the gaining and cost in the vertical merger, and decides whether to
take over the R1 according to Proposition 4.5.

Corollary 4.6. (1)
∂wV I

∗
R2
∂φ > 0; (2)

∂qV I∗R1
∂φ > 0,

∂qV I∗R2
∂φ < 0; (3)

∂πV IR1
∂φ < 0,

∂πV IR2
∂φ < 0, ∂πV IM

∂φ > 0.

Proof. See Appendix C.2. �

Corollary 4.6 shows that the profit sharing ratio in vertical merger has a positive effect on wholesale price for
retailer R2. That is, the more profit ratio that the manufacturer shares, the higher wholesale price that should
be set for the fund-abundant retailer. Because of the more shares that manufacturer gets from the merger, the
more powerful he becomes to compete with retailer R2 for more shares in the consumer market. Thus, increasing
the wholesale price to R2 will decrease the R2’s ordering volume, and then improve the sales of retailer R1,
which is steered by the manufacturer. Moreover, Corollary 4.6 also shows that as profit-sharing ratio φ increases,
the profit of two retailers decreases, while the profit of manufacturer increases.

Let η(γ) = 32(1− φ) + 16γφ+ γ4(2 + φ)− 4γ2(4 + φ+ φ2), we have Corollary 4.7.

Corollary 4.7. Given a certain value of φ, (1) if η(γ) > 0, then
∂wV I

∗
R2
∂γ < 0; if η(γ) ≤ 0,

∂wV I
∗

R2
∂γ ≥ 0; (2)

∂qV I∗R1
∂γ ≥ 0 only if 2

7 ≤ φ ≤ 1 and γ ∈
[

4(1+φ)−2
√

2φ(2φ+3)

2+φ , 1
]

, otherwise,
∂qV I∗R1
∂γ < 0;

∂qV I∗R2
∂γ < 0; (3)

∂πV IR1
∂γ ≥ 0

only if 2
7 ≤ φ ≤ 1 and γ ∈

[
4(1+φ)−2

√
2φ(2φ+3)

2+φ , 1
]

, otherwise,
∂πV IR1
∂γ < 0;

∂πV IR2
∂γ < 0, ∂πV IM

∂γ < 0.

Proof. See Appendix C.3. �

As shown in Corollary 4.7, in the vertical merger of R1, the impact of γ on the wholesale price for retailer R2

is dependant on profit sharing portion φ. Given the complexity of η(γ), we will use some numerical studies to
show how the γ influences the manufacturer’s pricing decision for retailer R2 in Section 6. Furthermore, when

φ ≥ 2
7 and γ is larger than the threshold (i.e., γ ≥ 4(1+φ)−2

√
2φ(2φ+3)

2+φ ), the sales volume in direct sales channel
will increase with γ, which is beneficial for retailer R1. Under vertical merger, the manufacturer monitors the
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direct sales channel and struggles for market shares with retailer R2, and thus the more goods distributed in
the direct sales channels, the more profit R1 will make with a suitable profit sharing ratio φ in vertical merger
contract. However, the intensified competition will largely impel retailer R2 to make a less ordering, and then
the corresponding profit is reduced. Meanwhile, the competition is also not favorable for the manufacturer to
make a larger profit.

Corollary 4.8. qV I
∗

R1
− qV I∗R2

> 0 and
∂
(
qV I

∗
R1
−qV I

∗
R2

)

∂φ > 0,
∂
(
qV I

∗
R1
−qV I

∗
R2

)

∂γ > 0.

Proof. See Appendix C.4. �

Corollary 4.8 shows that if manufacturer merges the retailer R1 and distributes the product to retailer R2 as
well, the direct sales channel shares more market demand than traditional channel from retailer R2. Moreover,
with increasing the profit-sharing ratio φ or competition intensity γ, direct-sales channel will share more sales
quantity, and the disparity of sales amount will be enlarged in the manufacturer’s sales channels for two retailers.

Corollary 4.9. pV I
∗

R1
− pV I∗R2

< 0 and
∂
(
pV I

∗
R1
−pV I

∗
R2

)

∂φ < 0,
∂
(
pV I

∗
R1
−pV I

∗
R2

)

∂γ > 0.

Proof. See Appendix C.5. �

Corollary 4.9 characterizes the comparison of sales price in the consumer market under two distribution
channels. That is, compared with the retailer R2, the manufacturer will set a lower price for the direct-sales
channel where R1 is merged. And with more intensified competition between two channels, the distinction
of retailing price of two retailers increases. If the manufacturer shares less profit from vertical merger, the
distinction of retailing price of two retailers becomes even more significant.

5. Comparison for each participant’s profit under various financing modes

In this section, we first examine whether the manufacturer will assist retailer R1. If manufacturer would
like to solve R1’s lack of ordering fund, we then discuss how to choose the financing form, and under what
condition that trade credit dominates vertical merger in terms of the profits of both manufacturer and retailer
R1. Moreover, we compare the impact of different channels on retailer R2’s profit.

5.1. Choice of finance capital-constrained retailer

In this subsection, we compare the manufacturer’s pricing strategies and the wholesales quantity under
different settings, and we also examine the condition that the manufacturer chooses to finance the retailer R1.

Lemma 5.1. wTC
∗

R1
> wTC

∗

R2
= wS

∗

R2
> wV I

∗

R2
.

Proof. See Appendix D.1. �

Lemma 5.1 illustrates the relationship of manufacturer’s wholesale price to two retailers under different sales
circumstances. Due to the capital cost, manufacturer sets the highest price for retailer R1 under trade credit,
which is higher than the price for retailer R2, which is the same under trade credit and single selling channel
to retailer R2. Furthermore, retailer R2 can purchase from manufacturer at the lowest price if manufacturer
merges retailer R1.

Let qI denote the whole order quantity of two retailers in supply chain. The variable qI represents the
manufacturer’s whole sales volume. Thus, we have

Lemma 5.2. qS
∗

R2
< qTC

∗

I < qV I
∗

I .

Proof. See Appendix D.2. �
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Lemma 5.2 shows that manufacturer sells more products from two retailers than that under single channel
with retailer R2. In addition, vertical merger of retailer R1 increases the market demand more largely than just
using trade credit, and thus the vertical merger increases the manufacturer’s sales amount.

Proposition 5.3. (1) πTCM > πSM holds if Im < (2−γ)(α−c)
2c . (2) πV IM > πSM holds if 0 < T < φ(4−γ)2−4γ(2−γ)

8β[8−γ2(2+φ)] .

Proof. See Appendix D.3. �

As shown in Proposition 5.3, as long as the capital cost rate Im is not so large to some extent (i.e.,
Im < (2−γ)(α−c)

2c ), the manufacturer always prefers to provide trade credit financing to retailer R1, because
manufacturer can obtain more payoffs under distribution channels with two retailers than that under single
channel with retailer R2. This also explains why the trade credit is popular for the business between vendor and
buyer. Meanwhile, only with a lower administrative cost than some level (i.e., T < φ(4−γ)2−4γ(2−γ)

8β[8−γ2(2+φ)] ), the manu-
facturer would like to integrate the retailer R1. Thus, Proposition 5.3 gives the condition that the manufacturer
chooses to finance capital-constrained retailer R1 in the supply chain.

Corollary 5.4. If 0 < T < 9φ−4
8β(6−φ) , then πV IM > πSM holds for any γ ∈ [0, 1].

Proof. See Appendix D.4. �

Corollary 5.4 shows that if the manufacturer shares the profit with proportion φ that is larger than 4
9 , and

acquisition cost T is not larger than some extent (i.e., T < 9φ−4
8β(6−φ) ), merging retailer R1 as the direct-sales

stores is always better than only selling to retailer R2. Although there exists competition among manufacturer
and strong retailer R2, the manufacturer would like to make the retailer R1 to be an integrated firm and set a
suitable vertical merger contract to maximize the profit of its own.

5.2. Choice of financing channel

In this section, we compare the profits of both parties in different financing contracts (trade credit ver-
sus vertical merger) separately. Also, to investigate the financing channel equilibrium, we find the range of
profit-sharing ratio in vertical merger that benefits for financier and lenders. Finally, we analyze the impact
of competition intensity between retailers on each player’s optimal operations decision and the evolution of
equilibrium financing choice.

Lemma 5.5. There exists only one root φ0 ∈ (0, 1) such that πTCR1
= πV IR1

. If φ ∈ [0, φ0], πTCR1
≤ πV IR1

; while if
φ ∈ (φ0, 1], πTCR1

> πV IR1
.

Proof. See Appendix E.1. �

In line with Lemma 5.5, given a φ that is not larger than φ0, that is, if retailer R1 shares profit with a ratio
that is not less than 1− φ0, vertical merger outperforms trade credit for capital-constrained retailer R1.

Lemma 5.6. If T < (α−c)2(2−γ)(8−4γ+γ3)+2(8−3γ2)cIm[(2−γ)(α−c)−cIm]
4β(8−3γ2)(4−γ2) , there exists only one root φ1 ∈ (0, 1)

such that πTCM = πV IM . If φ ∈ [0, φ1], πTCM ≥ πV IM ; while if φ ∈ (φ1, 1], πTCM < πV IM .

Proof. See Appendix E.2. �

Lemma 5.6 shows that with a suitable management cost T , a profit-sharing ratio φ that is higher than φ1

induces the manufacturer to merge with retailer R1. Hence, if manufacturer maximizes his own profit, he will
set a high φ (φ → 1) to get most of profit in direct sales channel. The manufacturer also needs to consider
the profits of both parties in the financing contract: how to set a profit-sharing ratio in order to make vertical
merger to be better than trade credit. Thus, combing Lemma 5.5 and Lemma 5.6, we examine the range of φ
that benefits both players as the following proposition.
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Proposition 5.7. If φ1 ≤ φ0, then when [φ1, φ0], πV IR1
≥ πTCR1

and πV IM ≥ πTCM hold simultaneously (i.e., vertical
merger outperforms trade credit financing); If φ1 > φ0, then when [φ0, φ1] trade credit financing outperforms
vertical acquisition.

Proof. See Appendix E.3. �

According to Proposition 5.7, there always exists a range of profit-sharing ratio φ that benefits for both
parties in vertical merger. The financing choice between trade credit and vertical merger depends on φ0 and
φ1, which correlates to retailers’ competition intensity γ. From Corollary 4.6, we can see that the parameter φ
has a positive effect on the payoff of manufacturer but negative impact on retailer R1’s profit. Thus, the two
financing channels (trade credit and vertical merger) will be balanced along with φ. Furthermore, we examine
the equilibrium evolution of financing channels in terms with competition intensity γ in the Proposition 5.8.

Let X(γ) =
[(α−c)(2−γ)−2cIm][(α−c)(2−γ)2+4γcIm]

(4−γ2)3
− 2(α−c)2(2−γ)(4+γ)(1−φ0)[8−8γ(1+φ0)+γ

2(2+φ0)]
[8−γ2(2+φ0)]

3 , and Y (γ) =
[−2α(2 − γ)3(2 + γ) + αγφ0(16 − (6 − γ)γ2) + c(32 − γ4(2 + φ0) − 16γ(2 + φ0 + Im) + 2γ3(4 + 3φ0 + Im(2 +
φ0)))][−αφ0(2−γ)(4+γ)+c((2−γ)(4+γ)φ0−Im(8−γ2(2+φ0)))], we have the impact of γ on the equilibrium
evolution of each financing channel as follows.

Proposition 5.8. (1) dφ0
dγ ≤ 0 when X(γ) ≥ 0, and dφ0

dγ > 0 when X(γ) < 0; (2) dφ1
dγ ≤ 0 when Y (γ) ≥ 0, and

dφ1
dγ > 0 when Y (γ) < 0.

Proof. See Appendix E.4. �

Proposition 5.8 shows the impact of retailers’ competition on the range of profit-sharing ratio φ that benefits
both participators. From Lemma 5.5, φ0 is the positive root of equation (α− c)2(4−γ2)(1+φ0)2−2(1+γ)[(2−
γ)(α−c)(α−c−cIm)+(cIm)2](2+φ0) = 0. Thus, φ0 is related to γ. The inequality X(γ) ≥ 0 implies a complex
relationship of γ. Similarly, it is obscure to express γ from equality Y (γ), which implies πV IM = πTCM . Therefore,
we use a set of numerical studies to show the effect of γ on the evolution of the range of profit-sharing ratio φ
that benefits both participators in Section 6.

5.3. Retailer R2’s profit under different settings

In this subsection, we investigate how the manufacturer’s choices of financing modes influence retailer R2’s
profit. As for the retailer R2, the comparisons of its order quantities and gainings in different cases are illustrated
as follows.

Lemma 5.9. qS
∗

R2
> qTC

∗

R2
> qV I

∗

R2
.

Proof. See Appendix F.1. �

Lemma 5.9 shows that if the manufacturer deselects retailer R1 and only sells to retailer R2, then R2 has none
competitor in the consumer market. Thus, the retailer R2 makes the largest order quantity. If the manufacturer
provides trade credit financing service to retailer R1, retailer R2 shares the market demand with R1, and thus
the horizontal competition between retailers reduces retailer R2’s order amount. If the manufacturer initiates
a vertical merger strategy, the retailer R2 competes with manufacturer for the consumer demand. This shows
that the competition between two strong parties for terminal market is intensified, and thus the retailer R2 will
make the lowest order quantity.

Proposition 5.10. πSR2
> πTCR2

> πV IR2
.

Proof. See Appendix F.2. �

Proposition 5.10 compares retailer R2’s profit under different cases. As a whole, deselecting retailer R1 betters
off than financing retailer R1 for retailer R2. If the manufacturer provides financial assistance to R1, retailer R2

prefers trade credit financing rather than vertical merger because the rival’s competitive power is unfavorable
for retailer R2’s order quantity, and thus reduces retailer R2’s profit.
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Figure 1. The impact of γ on optimal wholesale price.

6. Numerical analysis

In this section, we present some numerical examples to verify and extend our analysis in previous sections, and
illustrate the impacts of competition intensity on manufacturer’s pricing strategy and retailer’s order decisions,
as well as the payoffs for each participant and the whole supply chain under different settings. In addition, we
exemplify the effect of competition on the evolution of the range of profit-sharing ratio φ that benefits both
participators in vertical merger.

6.1. The impact of competition intensity γ on wholesale price

We set exogenous variables as α = 100, c = 35, β = 0.3, Im = 0.1 (or 0.9) and φ = 0.1 (or 0.9) to show
the impact of γ on the manufacturer’s optimal wholesale price for two retailers. Figure 1 illustrates that the
wholesale price for retailer R1 under trade credit is higher than that under other cases, which is consistent
with Lemma 5.1. Under vertical merger, with increasing competition intensity γ, the wholesale price for retailer
R2 decreases if φ is not large (e.g., according to Corollary 4.7, φ = 0.1 such that η(γ)|γ∈[0,1] > 0). When φ
is sufficiently large (e.g., φ = 0.9), η(γ) will not always be positive in terms with γ. Figure 1 shows that the
wholesale price firstly decreases with γ ≤ 0.88 and then rises up with γ > 0.88. Hence, the impact of γ on the
optimal wholesale price in Corollary 4.7 is exemplified.

6.2. The impact of competition intensity γ on order quantity

We first show the retailer R1’s ordering decisions under two financing channels of trade credit and vertical
merger. Figure 2 illustrates that retailer R1’s order quantity decreases with γ under trade credit, which is
shown in Corollary 4.3 as well. Vertical merger results in more sales volume for retailer R1. And when φ is
large (e.g., φ = 0.9), retailer R1’s sales quantity will first decrease with γ (γ ≤ 0.59) and then increase with γ
(γ > 0.59), which is shown in Corollary 4.7. Hence, when manufacturer shares more proportion of profit from
merging retailer R1, more intensified competition between two retailers results in a larger sales quantity under
manufacturer’s vertical merger, which partially verifies Corollary 4.8.
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Figure 2. The impact of γ on the retailer R1’s order quantity.

Figure 3 plots the impact of γ on retailer R2’s optimal order quantity under different circumstances. We can
observe that the competition in sales market mostly results in decreasing R2’s order quantity. However, with
Im ≥ 0.9 in trade credit, if γ > 0.56, its order quantity will increase with γ, which exemplifies the Corollary 4.3.
Moreover, retailer R2 makes the largest order quantity if manufacturer deselects retailer R1, and the lowest
order quantity under manufacturer’s vertical merger, which is consistent with Lemma 5.9.

Figure 4 plots the comparisons of supply chain’s order quantity under different cases. It shows that supply
chain’s whole order quantity decreases in terms with γ. Also, selling to two retailers promotes the whole order
quantity of the supply chain, while trade credit is dominated by vertical merger for the whole supply chain’s
orders. Thus, Lemma 5.2 is verified.

6.3. The impact of competition intensity γ on profits

We now compare each player’s profit under trade credit and vertical merger respectively. We set α = 100,
c = 35, β = 0.3, Im = 0.1 (or 0.9), φ = 0.1 (or 0.9) and T = 1500. Figure 5 plots the impacts of γ on
manufacturer’s payoffs under different channels. As a whole, manufacturer’s profit decreases with competition
intensity, and with a suitable Im in trade credit or φ in vertical merger, selling to two retailers can be more
profitable than single distribution channel with retailer R2. If γ ≤ 0.05, vertical merger with a high φ (e.g.,
φ = 0.9) is the optimal choice for manufacturer. If γ > 0.05, trade credit with a low Im (e.g., Im = 0.1) will
outperform other cases for manufacturer. Especially, if φ = Im = 0.9, vertical merger is better off than trade
credit with γ ≤ 0.85, and oppositely, trade credit is more beneficial to manufacturer with γ > 0.85. Meanwhile,
if manufacturer shares few profit from vertical merger (e.g., φ = 0.1), he would like to choose to deselect or
provide trade credit to retailer R1, instead of merging retailer R1. Hence, Figure 5 exemplified Proposition 5.3
and Lemma 5.6.

We plot the retailer R1’s profit under two financing types in Figure 6. We can observe that retailer’s horizontal
competition reduces retailer R1’s profit, except that under vertical merger with φ = 0.9. Figure 6 shows that if

φ > 2
7 and γ >

4(1+φ)−2
√

2φ(2φ+3)

2+φ = 0.59, retailer R1’s profit will slightly increases with γ, which is consistent
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Figure 3. The impact of γ on the retailer R2’s order quantity.

Figure 4. The impact of γ on order quantity of the supply chain.
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Figure 5. The impact of γ on manufacturer’s profit under different settings.

Figure 6. The impact of γ on retailer R1’s profit under different financing modes.
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Figure 7. Profit differences between different financing contracts verse φ and γ.

with Corollary 4.7. Given φ = 0.9 in vertical merger and Im = 0.1 in trade credit, comparing with two financing
contracts, when γ ≤ 0.95, trade credit contract creates more profit for retailer R1, and when γ > 0.95, although
retailer R1 shares little profit with a ratio of 1 − φ = 0.1, vertical merger outperforms trade credit. Because
according to Corollary 4.6 and Corollary 4.7, under vertical merger, a high φ and γ will result in a large market
sales quantity for retailer R1 in direct sales channel, although R1’s profit-sharing percentage is relatively low,
the large sales amount can make vertical merger be beneficial for retailer R1. Thus, the relationship between
retailer R1’s profit and γ, which is separately shown in Corollary 4.4, Corollary 4.7, and Lemma 5.5, is verified.

Setting α = 100, c = 35, β = 0.3, Im = 0.4, γ = 0.1 (or 0.9) and T = 1500, we compare the profits of
manufacturer and retailer R1 and show the ranges of φ that benefit to both participators of two financing
modes separately. When the horizontal competition between retailers is not so intensified (e.g., γ = 0.1), if
manufacturer shares a profit with ratio φ ∈ [0.78, 0.86] in direct sales channel, the vertical merger outperforms
trade credit for both manufacturer and retailer R1. However, with the competition becomes increasingly fierce
(e.g., γ = 0.9), if φ is between [0.95,0.99], trade credit dominates vertical merger for both parties. In other
words, under intensified competitive sales market, considering both parties’ profits in the financing contract,
the superiority of trade credit is significant only when manufacturer shares almost all of the profits from vertical
acquisition of retailer R1. Given a moderate capital cost and fierce competition (e.g., Im = 0.4,γ = 0.9),
manufacturer’s profit under trade credit is larger than that under vertical merger, while as for retailer R1, as
long with a very low profit-sharing percentage (i.e., 1−φ < 0.05) in direct sales channel, trade credit dominates
vertical merger. Hence, Figure 7 exemplifies the results shown in Proposition 5.7.

Furthermore, we explore the impact of γ and Im on the range of profit-sharing ratio φ under which trade
credit or vertical merger can be better for both manufacturer and retailer R1 in Table 2. Table 2 shows that
if Im is not large (i.e., Im < 0.7), there exists a range of φ that trade credit outperforms vertical merger for
two parties. With the increased Im, the strength of trade credit becomes less significant, and vertical merger
prevails over trade credit when Im ≥ 0.7. Note that, given a Im, the range of φ that benefits either for trade
credit or vertical merger is more and more narrow with the increased γ. Given a certain value of γ, the range
for vertical merger is extended with the increased Im, and becomes more narrow with Im under trade credit.
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Table 2. The impact of γ and Im on the range of [φ, φ] under vertical integration or trade credit.

Im γ
0.1 0.3 0.5 0.7 0.9

0.1 [0.79,0.91 ] [0.82,0.99 ] [0.84,1.00 ] [0.87,1.00 ] [0.90,1.00 ]
0.3 [0.83,0.84] [0.87,0.90 ] [0.89,0.96 ] [0.92,1.00 ] [0.94,1.00 ]
0.5 [0.75,0.87] [0.83,0.90] [0.90,0.92] [0.96,0.96 ] [0.97,0.97 ]
0.7 [0.67,0.91] [0.77,0.93] [0.85,0.95] [0.91,0.97] [0.94,0.98]
0.9 [0.62,0.94] [0.71,0.96] [0.80,0.97] [0.87,0.98] [0.92,0.99]

Note. The regular script number represents the range for vertical merger, and the italic number represents the range
for trade credit.

Figure 8. The impact of γ on retailer R2’s profit under different channels.

Therefore, the horizontal competition in sales market will weaken the effect of both financing channels. As a
Pareto player, the manufacturer should concern the profits of both lenders and borrowers. If manufacturer’s
capital cost Im is not so high, trade credit can be the best choice to finance the capital constrained retailer.
If Im is relatively high, and the administrative cost due to merger and acquisition is less than some extent,
vertical merger contract with a reasonable profit-sharing ratio will outperform the trade credit. Therefore, the
Proposition 5.8 is numerically verified.

Finally, as far as retailer R2 is concerned, we examine the retailer R2’s profit and supply chain’s profit with
γ under different settings. From Figure 8, we can find that because retailer R2 has sufficient money to pay
the purchase, manufacturer’s deselecting R1 is much more beneficial than financing R1 for retailer R2. While if
manufacturer decides to finance retailer R1, then trade credit brings more profit for R2 than vertical merger.
Moreover, retailer R2’s profit decreases with competition intensity γ except that under trade credit with a high
Im. For example, if manufacturer’s capital cost Im = 0.9, retailer R2’s earning decreases with γ < 0.56 while
increasing with γ ≥ 0.56 under trade credit. This is because a high capital cost will result in a higher wholesale
price and lower order quantity for retailer R1. This implies that retailer R2 can share more market demand, and
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Figure 9. The impact of γ on supply chain’s profit under different channels.

more intensified competition induces R2 to aggressively struggle for more sales. Thus, the retailer R2’s profit is
convex with γ. The findings from Figure 8 are consistent with the Corollary 4.4 and Proposition 5.10.

In addition, Figure 9 characterizes the effect of γ on the profit of whole supply chain, which includes two
retailers and a manufacturer. Because there is no competition for two retailers in sales market if retailer R1 is
deselected, supply chain’s profit has no correlation with γ. With Im = 0.1, the supply chain’s profit under trade
credit is significantly larger than that under other cases. While given Im = 0.9 in trade credit and φ = 0.9 in
vertical merger contract, when γ ≤ 0.57, vertical merger brings the largest profit for supply chain, while when
γ > 0.57, deselecting retailer R1 can be the optimal choice to maximize the whole profit of supply chain. Also,
if φ = 0.1, vertical merger betters off than other cases with γ ≤ 0.63, and when γ > 0.63, single distribution
channel with retailer R2 is the optimal choice for supply chain’s profit. Meanwhile, Figure 9 shows that when
γ ≤ 0.93, increasing φ will lead to a lower profit for the whole supply chain, while if γ > 0.93, a large φ will
result in more profits for supply chain. As a whole, with the increased horizontal competition intensity, the
financing channel of trade credit with suitable Im can be beneficial for supply chain.

7. Conclusions and future extensions

In this paper, we study the manufacturer’s decisions of financing choice (i.e., trade credit versus vertical
merger with a capital-constrained retailer) in a one-manufacturer-two-retailers supply chain, in which one of
these retailers has limited capitals to procure, and competes with a fund-abundant retailer for sales market in
Cournot competition mode. We investigate the two retailers’ equilibrium ordering and manufacturer’s pricing
decisions in different distribution and financing options. In addition, we examined the impact of retailers’
competition intensity on the manufacturer’s decision on financing strategies.

The results in our study show that for the wholesale price, the manufacturer sets the highest price for capital-
constrained retailer under trade credit and the lowest price for fund-abundant retailer under vertical merger.
In vertical merger, if the manufacturer’s profit-sharing proportion is larger than a certain threshold, with the
increased competition between two retailers, the higher wholesale price should be set for fund-abundant retailer.
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For the order quantity, we find that the fund-abundant retailer makes the largest ordering if manufacturer
deselects the capital-constrained retailer, and the capital-constrained retailer makes the largest order quantity
in the vertical merger. In addition, we find that manufacturer’s selling to two retailers improves the whole supply
chain’s order quantity.

In addition, our study shows that if the capital cost or acquisition fee is relatively low, the manufacturer
would like to finance the capital-constrained retailer. Given a fixed acquisition fee, when the capital cost is
below to certain level, trade credit outperforms vertical merger with an appropriate dividend sharing ratio,
which is optimal for both parties in the financing contract. If the capital cost is higher than a certain threshold,
vertical merger betters off than trade credit. However, the horizontal competition of two retailers weakens the
effect of both financing modes on each party’s profit in the financing contract. Moreover, our paper also shows
that the fund-abundant retailer obtain the highest profits if manufacturer deselects capital-constrained retailer
and lowest under vertical merger. Our study provides a roadmap for the manufacturer to choose the optimal
financing options to maximize the profits when facing competition between retailers with financial constraints.

Our study can be extended through the following aspects. First, we used a linear deterministic function to
characterize product price and demand. The trade credit financing and merger strategy under stochastic demand
can be studied in the future. Second, we considered that one retailer has capital constraints in this study. Future
studies can examine that if both retailers have limited fund to procure, how the manufacturer offers financing
service and how to perform a merger. Third, our model can be extended to include multiple heterogeneous retail-
ers (e.g., a dominant retailer leading the sales market and several follower retailers), asymmetric information in
supply chain, or other financing channels (e.g., bank financing, factoring, etc.).

Appendix A. Proof of Proposition 4.1

Because
d2πSR2
d(qSR2

)2
= −2β, the first order condition of equation (4.1) indicates that qS

∗

R2
=

α−wSR2
2β . Substituting

this into equation (4.2), we have d2πSM
d(wSR2

)2
= − 1

β , and the first order condition of equation (4.2) indicates that

the optimal wholesale price is wS
∗

R2
= α+c

2 . Thus, the retailer R2’s optimal order quantity is qS
∗

R2
= α−c

4β , and

each member’s profit is πSR2
= (α−c)2

16β , πSM = (α−c)2
8β .

Appendix B.

B.1. Proof of Proposition 4.2

With backward induction approach, we first solve the retailers’ equilibrium ordering decisions from the first
order condition of equations (4.3) and (4.4) as follows:

qTC
∗

R1
=

(2− γ)α− 2wTCR1
+ wTCR2

γ

β(4− γ2)
,

qTC
∗

R2
=

(2− γ)α+ 2wTCR2
+ wTCR1

γ

β(4− γ2)
.

Plug qTC
∗

R1
and qTC

∗

R2
into equation (4.5), and take the derivation of πTCM with wTCR1

and wTCR2
separately, we have

∂πTCM
∂wTCR1

=
(2− γ)(α+ c) + 2c(1 + Im)− 4wTCR1

+ 2γwTCR2

β(4− γ2)

∂πTCM
∂wTCR2

=
(2− γ)(α+ c)− cImγ − 4wTCR2

+ 2γwTCR1

β(4− γ2)
.
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From the above equation, we have the manufacturer’s optimal pricing decision as wTC
∗

R1
= α+c(1+Im)

2 , wTC
∗

R2
=

α+c
2 . Therefore the retailers’ equilibrium order quantities are qTC

∗

R1
= (2−γ)(α−c)−2cIm

2β(4−γ2) , qTC
∗

R2
= (2−γ)(α−c)+γcIm

2β(4−γ2) .

Thus, each player’s profit is πTCR1
= β(qTC

∗

R1
)2, πTCR2

= β(qTC
∗

R2
)2, πTCM = (2−γ)(α−c)(α−c−cIm)+(cIm)2

2β(4−γ2) .

B.2. Proof of Corollary 4.3

(1)
dqTC

∗
R1
dγ = − cIm

4β(2−γ)2 −
2(α−c)−cIm

4β(2+γ)2 < 0;

(2)
dqTC

∗
R2
dγ = cIm

4β(2−γ)2 −
2(α−c)−cIm

4β(2+γ)2 , and
d2qTC

∗
R2

dγ2 = cIm
2β(2−γ)3 + 2(α−c)−cIm

2β(2+γ)3 > 0. Therefore, if Im < α−c
5c ,

then
2
[
α−c−

√
cIm(2(α−c)−cIm)

]

α−c−cIm > 1, and thus qTC
∗

R2
decreases with γ ∈ [0, 1]. While if Im ≥ α−c

5c , then 0 <

2
[
α−c−

√
cIm(2(α−c)−cIm)

]

α−c−cIm < 1, and thus qTC
∗

R2
decreases with γ when γ ∈

[
0,

2
[
α−c−

√
cIm(2(α−c)−cIm)

]

α−c−cIm

]
and

increases with γ when γ ∈
[

2
[
α−c−

√
cIm(2(α−c)−cIm)

]

α−c−cIm , 1
]
.

(3)
d(qTC

∗
R1

+qTC
∗

R2
)

dγ = − 2(α−c)−cIm
2β(2+γ)2 due to α− c− cIm > 0, and thus

d(qTC
∗

R1
+qTC

∗
R2

)

dγ < 0.

B.3. Proof of Corollary 4.4

From Proposition 4.2,
dπTCR1

dγ = 2βqTC
∗

R1

dqTC
∗

R1
dγ , and

dπTCR2
dγ = 2βqTC

∗

R2

dqTC
∗

R2
dγ . Thus,

dπTCRi
dγ (i = 1, 2) has the same

tendency with
dqTC

∗
Ri

dγ (i = 1, 2). dπTCM
dγ = − [(α−c)(2−γ)−2cIm][(α−c)(2−γ)+cImγ]

2β(4−γ2)2 < 0.

Appendix C.

C.1. Proof of Proposition 4.5

(1) The retailers’ equilibrium order quantities are derived from
dπV IR2
dqV IR2

= 0 and dπV IM
dqV IR1

= 0, which implies that

qV I
∗

R1
=

2(α−c)−(α−wV IR2
)γ

β(4−γ2) , and qV I
∗

R2
=

2(α−wTCR2
)−(α−c)γ

β(4−γ2) . Plug qV I
∗

Ri
(i = 1, 2) into manufacturer’s profit as

equation (4.7), we have d2πV IM
d(wV IR2

)2
= −16+2γ2(2+φ)

β(4−γ2)2 . Due to γ ∈ [0, 1] and φ ∈ [0, 1], d2πV IM
d(wV IR2

)2
< 0, and thus man-

ufacturer’s pricing decision is derived from dπV IM
dwV IR2

= 0. That is, wV I
∗

R2
= (4−γ2)[2(α+c)−γ(α−c)]+2γφ[2(α−c)−αγ]

2[8−γ2(2+φ)] .

(2) Substitute wV I
∗

R2
into qV I

∗

Ri
(i = 1, 2), qV I

∗

R1
can be rewritten as qV I

∗

R1
= (α−c)(2−γ)(4+γ)

2β[8−γ2(2+φ)] and qV I
∗

R2
=

(α−c)[2−γ(1+φ)]
β[8−γ2(2+φ)] .

(3) Substitute wV I
∗

R2
, qV I

∗

Ri
(i = 1, 2) into equations (4.6)–(4.8) separately, we have πV IR1

= (1−φ)β(qV I
∗

R1
)2, πV IR2

=

β(qV I
∗

R2
)2, and πV IM = (α−c)2(2−γ)(2−γ+4φ)

4β[8−γ2(2+φ)] − T .

C.2. Proof of Corollary 4.6

(1)
∂wV I

∗
R2
∂φ = − (α−c)γ(2−γ)2(2+γ)(4+γ)

2(8−γ2(2+φ))2 > 0;

(2)
∂qV I

∗
R1
∂φ = (α−c)(2−γ)γ2(4+γ)

2β(8−γ2(2+φ))2 > 0,
∂qV I

∗
R2
∂φ = − (α−c)(2−γ)γ(4+γ)

β(8−γ2(2+φ))2 < 0;

(3)
∂πV IR1
∂φ = − (α−c)2(2−γ)2(4+γ)2(8−γ2(4−φ))

4β(8−γ2(2+φ))3 < 0,
∂πV IR2
∂φ = −(2 − γ)γ(4 + γ) 2(α−c)2(2−γ(1+φ))

β(8−γ2(2+φ))3 < 0, ∂πV IM
∂φ =

(α−c)2(2−γ)2(4+γ)2
4β(8−γ2(2+φ))2 > 0.
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C.3. Proof of Corollary 4.7

(1)
∂wV I

∗
R2
∂γ = −η(γ) α−c

2(8−γ2(2+φ))2 . And thus given a φ, if η(γ) > 0, then
∂wV I

∗
R2
∂γ < 0.

(2)
∂qV I

∗
R1
∂γ = − (α−c)[8−8γ(1+φ)+γ2(2+φ)]

β(8−γ2(2+φ))2 . Thus,
∂qV I

∗
R1
∂γ ≥ 0⇔ 8− 8γ(1 + φ) + γ2(2 + φ) ≤ 0. Solving the inequal-

ity 8 − 8γ(1 + φ) + γ2(2 + φ) ≤ 0 and combining with γ ∈ [0, 1], we have γ ∈
[

4(1+φ)−2
√

2φ(2φ+3)

2+φ , 1
]
.

Because 4(1+φ)−2
√

2φ(2φ+3)

2+φ > 0, the condition that 4(1+φ)−2
√

2φ(2φ+3)

2+φ < 1 implies that φ ≥ 2
7 . Thus,

∂qV I∗R1
∂γ ≥ 0 only if 2

7 ≤ φ ≤ 1 and γ ∈
[

4(1+φ)−2
√

2φ(2φ+3)

2+φ , 1
]
; otherwise,

∂qV I∗R1
∂γ < 0.

∂qV I
∗

R2
∂γ =

− (α−c)[8(1+φ)−γ(2+φ)(4−γ(1+φ))]
β(8−γ2(2+φ))2 . Because [8(1 +φ)− γ(2 +φ)(4− γ(1 +φ))]′γ = (2 +φ)[−4 + 2γ(1 +φ)] ≤ 0,

and then [8(1 + φ)− γ(2 + φ)(4− γ(1 + φ))] ≥ [8(1 + φ)− γ(2 + φ)(4− γ(1 + φ))]|γ=1 = 2 + 7φ+ φ2 > 0,

and
∂qV I

∗
R2
∂γ < 0.

(3) From Proposition 4.5, we can see that
∂πV IRi
∂γ has the identical tendency with

∂qV I
∗

Ri

∂γ . ∂πV IM
∂γ = −(α −

c)2 [2−γ(1+φ)][4(1+φ)−γ(2+φ)]
β(8−γ2(2+φ))2 < 0.

C.4. Proof of Corollary 4.8

qV I
∗

R1
− qV I∗R2

= (α−c)(4−γ2+2γφ)
2β(8−γ2(2+φ)) > 0,

∂(qV I
∗

R1
−qV I

∗
R2

)

∂φ = γ(2 + γ)(4 + γ) (α−c)(2−γ)
2β(8−γ2(2+φ))2 > 0, and

∂(qV I
∗

R1
−qV I

∗
R2

)

∂γ =

(α− c)φ 8+γ(4+γ(2+φ))
β(8−γ2(2+φ))2 > 0.

C.5. Proof of Corollary 4.9

In accordance with Corollary 4.8 and equation (3.1), pV I
∗

R1
− pV I

∗

R2
= − (α−c)(1−γ)(4−γ2+2γφ)

2(8−γ2(2+φ)) < 0, and
∂(pV I

∗
R1
−pV I

∗
R2

)

∂φ = −γ (α−c)(4−γ2)(1−γ)(4+γ)
2(8−γ2(2+φ))2 < 0.

∂(pV I
∗

R1
−pV I

∗
R2

)

∂γ = α−c
2(8−γ2(2+φ))2 [16(2 − φ) + 24γφ + γ4(2 + φ) −

2γ2(8 +φ2)]. Due to 16(2−φ) + 24γφ+γ4(2 +φ)−2γ2(8 +φ2) = 16(2−φ−γ2) + 2γφ(12−γφ) +γ4(2 +φ) > 0,
∂(pV I

∗
R1
−pV I

∗
R2

)

∂γ > 0.

Appendix D.

D.1. Proof of Lemma 5.1

From Proposition 4.1 and Proposition 4.2, we have wTC
∗

R1
> wTC

∗

R2
= wS

∗

R2
. Corollary 4.6 shows that wV I

∗

R2

increases with φ, and thus wV I
∗

R2
≤ wV I

∗

R2
|φ=1 = (4−γ2)[2(α+c)−γ(α−c)]+2γ[2(α−c)−αγ]

2(8−3γ2) . Due to 0 < γ < 1,
(4−γ2)[2(α+c)−γ(α−c)]+2γ[2(α−c)−αγ]

2(8−3γ2) < α+c
2 , we have wTC

∗

R1
> wTC

∗

R2
= wS

∗

R2
> wV I

∗

R2
.

D.2. Proof of Lemma 5.2

qTC
∗

I = 2(α−c)−cIm
2β(2+γ) , qV I

∗

I = (α−c)(12−4γ−γ2−2γφ)
2β[8−γ2(2+φ)] . Because −cIm[8−γ2(2+φ)] < 0 < 8−γ(γ+1)2 +γ(5−4φ),

qTC
∗

I < qV I
∗

I . Proposition 4.2 shows qTC
∗

R1
> 0, which implies that (2 − γ)(α − c) − 2cIm > 0, and thus

qS
∗

R2
< qTC

∗

I < qV I
∗

I .

D.3. Proof of Proposition 5.3

Comparing manufacturer’s profit under single channel in Proposition 4.1, under trade credit in Proposition 4.2
and under vertical merger in Proposition 4.5, we have if Im < (2−γ)(α−c)

2c , then πTCM > πSM ; and if 0 < T <
φ(4−γ)2−4γ(2−γ)

8β[8−γ2(2+φ)] , then πV IM > πSM .
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D.4. Proof of Corollary 5.4

From Proposition 5.3, we have
d
φ(4−γ)2−4γ(2−γ)

8β[8−γ2(2+φ)]

dγ = − [2−γ(1+φ)][4(1+φ)−γ(2+φ)]
β[8−γ2(2+φ)]2 < 0. Thus, when γ = 1, the

minimum threshold of T is φ(4−γ)2−4γ(2−γ)
8β[8−γ2(2+φ)] = 9φ−4

8β(6−φ) . Hence, if 0 < T < 9φ−4
8β(6−φ) , then πV IM > πSM holds for any

γ ∈ [0, 1].

Appendix E.

E.1. Proof of Lemma 5.5

Comparing the retailer R1’s profit under trade credit as in Proposition 4.2 and that under vertical merger
as in Proposition 4.5, we have if φ = 1, then πTCR1

> πV IR1
|φ=1 = 0. If φ = 0, due to qTC

∗

R1
< qV I

∗

R1
|φ=0, and

then πTCR1
< πV IR1

. Corollary 4.6 shows that πV IR1
decreases with φ. We can see that there exists only one root

φ0 ∈ (0, 1) such that πTCR1
= πV IR1

. If φ ∈ [0, φ0], then πTCR1
≤ πV IR1

; if φ ∈ (φ0, 1],then πTCR1
> πV IR1

.

E.2. Proof of Lemma 5.6

Comparing the manufacturer’s profit under trade credit as in Proposition 4.2 and that under vertical merger
as in Proposition 4.5, we have if φ = 0, because −T < 0 < [(α − c)(2 − γ) − 2cIm]2 + 2γ(2 − γ)(α − c)2,
and then πTCM > πV IM . If φ = 1 and T < (α−c)2(2−γ)(8−4γ+γ3)

4β(8−3γ2)(4−γ2) + 2(8−3γ2)cIm[(2−γ)(α−c)−cIm]
4β(8−3γ2)(4−γ2) , then πTCM < πV IM .

Corollary 4.6 shows that πV IM increases with φ, and thus there exists only one root φ1 ∈ (0, 1) such that
πTCM = πV IM . If φ ∈ [0, φ1], then πTCM ≥ πV IM ; while if φ ∈ (φ1, 1], then πTCM < πV IM .

E.3. Proof of Proposition 5.7

Combing Lemma 5.5 and Lemma 5.6, Proposition 5.7 can be easily proved.

E.4. Proof of Proposition 5.8

(1) Let Γ1 = πTCR1
− πV IR1

. From Lemma 5.5, φ0 is the root such that Γ1 = 0. Taking the derivation of γ in both
sides of equation Γ1 = 0, we have dφ0

dγ = − ∂Γ1/∂γ
∂Γ1/∂φ0

= −[8 − γ2(2 + φ)]3X(γ), and thus when X(γ) ≥ 0,
dφ0
dγ ≤ 0; and when X(γ) < 0, dφ0

dγ > 0.
(2) Let Γ2 = πTCM − πV IM . From Lemma 5.6, φ1 is the root such that Γ2 = 0. Taking the derivation of γ in both

sides of equation Γ2 = 0, we have dφ1
dγ = − ∂Γ2/∂γ

∂Γ2/∂φ1
= − Y (γ)

(α−c)2(2−γ)4(2+γ)2(4+γ)2 . Hence, when Y (γ) ≥ 0,
dφ1
dγ ≤ 0; and when Y (γ) < 0, dφ1

dγ > 0.

Appendix F.

F.1. Proof of Lemma 5.9

Comparing the retailer R2’s optimal order quantity under different settings, we have qS
∗

R2
> qTC

∗

R2
because

(2− γ)(α− c) > 2cIm. From Corollary 4.6, qV I
∗

R2
decreases with φ, and thus qV I

∗

R2
≤ qV I∗R2

|φ=0 = α−c
2β(2+γ) , which

indicates qTC
∗

R2
> qV I

∗

R2
. Thus, we get qS

∗

R2
> qTC

∗

R2
> qV I

∗

R2
.

F.2. Proof of Proposition 5.10

Combining Lemma 5.9, Proposition 4.1, Proposition 4.2, and Proposition 4.5, it is straightforward to derive
that πSR2

> πTCR2
> πV IR2

.
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