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Abstract 
In this paper, we investigate a two-echelon supply chain consisting of a man-
ufacturer and a capital-constraint retailer. Based on this supply chain, the 
manufacturer, as the leader in the Stackelberg game, decides whether to 
channel encroachment, and the retailer, as the follower, decides which fi-
nancing mode to adopt. Based on Stackelberg game, we established the cor-
responding game models to obtain the equilibriums. The research results 
show that the manufacturer’s channel encroachment is related to the channel 
establishing cost. When the channel encroachment cost is small, the manu-
facturer opens direct channel. Conversely, manufacturers do not build direct 
channels. After the encroachment, the manufacturer chose to sell products 
through dual channels. The equilibrium of single channel financing is inter-
nal financing. In the case of dual channels, the retailer’s financing decision is 
related to the equity financing ratio, which is relatively small, and external fi-
nancing is financing equilibrium. 
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1. Introduction 

The rapid development of e-commerce has become a new engine for online di-
rect sales. In 2018, national online retail sales reached 5.3 trillion yuan, a 
year-on-year increase of 34.2% (Duan & Jiao, 2019). More and more upstream 
manufacturers, such as Huawei, Apple, Nike, etc, have established direct sales 
channels on the basis of traditional retail channels, forming a dual-channel 
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model to sell products to increase market share (Li et al., 2014a, Xia & Niu, 
2019). In this case, manufacturers and retailers not only cooperate vertically, but 
also produce “channel conflict”. 

With increasing market competition, capital constraints have become a com-
mon problem faced by enterprises, especially small and medium-sized enter-
prises. When retailers lack funds, they cannot make optimal decisions due to 
funding problems, which will affect the payoff of supply chain members. There-
fore, the establishment of diversified corporate financing channels, enabling 
companies to carry out effective financing is conducive to the development of 
the supply chain. At present, financing strategies are mainly divided into two 
types according to the source of funds: internal financing and external financing. 
Internal financing is the inter-upstream and downstream financing of the supply 
chain (trade credit) (Chen, 2015). For example, in the United Kingdom, 80% of 
B2B transactions are conducted through trade credit (Daniel et al., 2013); exter-
nal financing means borrowing from external financial institutions to raise 
money (bank loans, equity financing, etc.) (Wang et al., 2019). 

Dual-channel supply chain has become a hot topic. Many scholars have stu-
died the decision of manufacturer encroachment under different influencing 
factors and achieved a series of results. Li et al. (2014b) studied that under 
asymmetric information, supplier intrusion not only causes a win-win situation 
for suppliers and retailers, but also may result in loss of one party, profit of one 
party, or loss of both parties. Yoon (2016) studies that when manufacturers in-
vade the retail channel, the production efficiency of the direct channel is im-
proved by reducing cost investment, and retailers also benefit from the spillover 
effect of manufacturers’ investment. Fan and Liu (2016) studied that after the 
encroachment of manufacturers, the higher the suitability of direct channel 
products is, the more favorable it is to encourage retailers to improve product 
service quality, and finally the manufacturers and retailers can achieve a win-win 
result. Yang et al. (2018) studied the impact of nonlinear pricing on supplier en-
croachment, and the results showed that nonlinear pricing and revenue sharing 
could coordinate supply chain revenue. 

Most scholars consider the financing decisions of supply chain members from 
the perspectives of internal and external financing, and study the influence of 
different factors on supply chain financing decisions. 

The research of Peura et al. (2017) shows that trade credit can ease the hori-
zontal competition between suppliers. Wang et al. (2019) studied the equili-
brium decision of online retailers’ financing in EB platform and bank financing. 
Through the equilibrium and coordination analysis, the results showed that EB 
platform financing can realize the coordination of supply chain financing and 
generate more income than bank financing. Li et al. (2019) studied a dual-channel 
supply chain consisting of a supplier and a manufacturer with capital constraints, 
both of which cooperate and compete. According to their preference structure of 
trade credit, bank loan and bank equity hybrid financing, they analyzed and 
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concluded that trade credit and hybrid financing are financing equilibrium. 
Yang et al. (2017) studied a two-echelon supply chain consisting of one supplier 
and two capital-constrained retailers, and the competition among retailers was 
Gournot, and analyzed the impact of equity financing ratio on the financing de-
cisions of retailers. In addition, Xiao and Luo (2016) studied the retailer’s trade 
credit financing model and bank loan financing model with price discounts un-
der decentralized decision-making and centralized decision-making and found 
that the manufacturer’s best financing decision is related to its initial funding 
level. Zhang and Wang (2014) investigated the deferred payment model and 
loan payment model are respectively analyzed by Stackelberg game theory ac-
cording to different ways of solving the problem of insufficient funds of retailers, 
and proved that the retailer chooses the deferred payment model as its optimal 
decision. 

In the existing literature, there are more studies on the influence of different 
factors on the encroachment of manufacturers, less studies on the strategy of 
channel encroachment of manufacturers when there are financial constraints on 
the retailer, less on the model analysis of direct channel introduction, and less on 
the integrity of channel structure. In addition, the existing literature mainly stu-
dies the financing decisions of the retailer on different financing strategies, and 
seldom studies the influence of manufacturers’ channel choice and channel en-
croachment on the financing strategies of the retailer. In this paper, we study the 
problems neglected in the above literature, and consider two-echelon supply 
chain consisting of a manufacturer and a retailer, which has financial constraints. 
Based on this supply chain manufacturer whether to invade, and the channel se-
lection after the invasion. According to the manufacturer’s channel decision, the 
retailer chooses the financing strategies. Financing strategies can be divided into 
internal financing and external financing according to capital sources. Internal 
financing is trade credit. External financing is a mixture of bank and equity fi-
nancing.  

2. Problem Description and Assumptions 

As mentioned, this paper considers a supply chain which consists of a manufac-
turer and a capital-constraint retailer. The manufacturer, as the leader of Stack-
elberg game in the supply chain, decides whether to invade the retail channel 
and establish the network direct channel. As the follower of Stackelberg game, 
the retailer with capital constraint decides which financing strategy to adopt ac-
cording to the manufacturer’s encroachment strategies. Then, the manufacturer 
decides the wholesale price according to its own revenue maximization, the re-
tailer decides the optimal retail channel order quantity based on the wholesale 
price given by the manufacturer, and finally the manufacturer decides the op-
timal direct channel order quantity (encroachment) (Matsui, 2017). The deci-
sion-making sequence of events is shown in Figure 1: 
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Figure 1. The sequence of events. 

 
Assume that supply chain members face a deterministic demand market, and 

the market demand is. To simplify the model, it is assumed that the production 
cost of the manufacturer is 0 (Guo et al., 2017a, 2017b) and the initial capital of 
the retailer is 0 (Yan et al., 2019). In the absence of channel encroachment by the 
manufacturer, The manufacturer charges a wholesale price nw  for each unit of 
product from the retailer, then the retailer sells to the customers at retail price 

,r np . Specially, the demand function can be described as follows: , ,
k k
r n r np a q= − , 

where a is the market size. If the manufacturer encroaches the retail channel, the 
retailer will face quantity competition from the manufacturer. We assume the 
demand function as , , ,

k k k
i e i e j ep a q dq= − − , where e represents the manufacturer 

decides to encroach, and { }, ,i j r m∈  (retail channel r and direct channel m), d 
is the quantity competition coefficient between the two channels. The Variable 
definitions of the model are shown in Table 1. 

3. The Model 
3.1. The Model for Supply Chain Members under Retail Channel  

Only 

When the manufacturer does not encroach the traditional retail channels, the 
retailer alleviates the shortage of funds by means of internal or external financ-
ing, and the retailer determines the financing strategies by comparing the op-
timal returns under different financing strategies. 

3.1.1. Internal Financing 
The retailer has financial constraints and cannot make optimal order decisions, 
which will result in the order loss of upstream manufacturers to some extent. In 
the same time, upstream manufacturers provide trade credit and charge certain 
interest rate mr  on loans. At the beginning of the sales period, the retailer does 
not have to make payment to the manufacturer. At the end of the sales period, 
the retailer pays ,

T
r n mwq r  to the manufacturer. The manufacturer gets 

, (1 )T
r n mwq r+  from the retail channel. Expected Payoff of the retailer and the 

manufacturer can be calculated as follows:  

The manufacture 
decide whether to 
encroach the retail 

channel

Encroachment: The 
manufacturer chooses 

dual channel/direct only

The retailer decides 
which financing 
method to select

The manufacturer 
decides the 

wholesale price

Retailers make 
decisions about retail 

channel order 
quantity

The manufacturer 
decides the quantity 

of direct order 
channel 
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Table 1. Variable definitions. 

Notation Definition 

a Market demand 

d Quantity competition coefficient between the two channels [ ]0,1d ∈  

φ  Equity financing ratio [ ]0,1φ∈  

mr  Interest rate of trade credit ( )0,1mr ∈  

fr  Bank loans rate/risk-free rate ( )0,1fr ∈  

,
k
r yp  Retail prices of the retailer in y scenario under k financing strategy 

,
k
r yq  The order quantity of the retailer under y scenario under k financing strategy 

,
k
r yπ  Expected payoff of the retailer under y scenario under k financing strategy 

,
k
m yπ  Expected payoff of the manufacture under y scenario under k financing strategy 

 
( )

( )
, , , ,

, ,

1

1

T T T T T
r n r n r n r n m

T T T
m n r n m

p q w q r

w q r

π = − +

π = +

                 (1) 

Here, , ,
T T
r n r np a q= − .

 So let’s substitute , ,
T T
r n r np a q= −  into ,

T
r nπ , moreover, let , , 0T T

r n r nq∂π ∂ = , 
solve the equation to get the order quantity of the retailer: 

( ), 1 2T T
r n n mq a w r = − +  , Substitute this formula into the manufacturer’s payoff 

,
T
m nπ , afterwards, let , 0T T

m n nw∂π ∂ = , we can obtain the manufacturer’s optimal 
wholesale price: 

( )* 2 1T
n mw a r= +                       (2) 

Substitute *T
nw  into ,

T
r nq , we can derive the optimal order quantity:  

*
, 4T

r nq a=                          (3) 

The optimal expected payoff of the retailer and the manufacture are as fol-
lows: 

* 2
,

* 2
,

16

8

T
r n

T
m n

a

a

π =

π =

                        (4) 

Corollary 1: 
*

0
T
n

m

w
r

∂
<

∂
; 

*
, 0

T
r n

m

q
r

∂
=

∂
;  

The wholesale price of internal financing is negatively correlated with the 
trade credit ratio, because the higher the trade credit ratio is, the higher the loan 
cost will be paid by the retailer, which will reduce the enthusiasm of the retailer 
to order. In order to motivate the retailer, the manufacturer compensates the re-
tailer from the perspective of wholesale price. Retail channel demand has noth-
ing to do with trade credit interest rate. 

3.1.2. External Financing 
The retailer adopts external financing to satisfy their capital needs, namely: eq-
uity financing and bank financing. Suppose that the equity financing ratio is φ , 
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and the remainder 1−φ  is bank loans. At the beginning of the sales period, the 
retailer pays the full payment on goods to the manufacturer, who invests the 
money into the market and is rewarded at a risk-free rate fr . At the final stage 
of the sale, the retailer repays the bank ( ) ( ),1 1E E

n r n fw q r−φ +  at the bank loan 
rate fr , which is equal to the risk-free rate. ,

E
r nπ  and ,

E
m nπ  denote the expected 

payoff of the retailer and the manufacturer in this scenario: 

( ) ( ) ( )
( )

, , , ,

, ,

1 1 1

1

E E E E E
r n r n r n n r n f

E E E
m n n r n f

p q w q r

w q r

  π = − φ − − φ +  

π = +

            (5) 

According to the game idea of 3.1.1, the manufacturer’s optimal wholesale 
price can be solved: 

( )( )* 2 1 1E
n fw a r = + − φ                    (6) 

The optimal order quantity of the retailer can be obtained: 
*

, 4E
r nq a=                           (7) 

The optimal expected payoff of the retailer and the manufacture are as fol-
lows: 

( )
( )

* 2
,

* 2
,

1 16

8 1

E
r n

E
m n

a

a

  π = − φ  

π = − φ   

                    (8) 

Corollary 2: 
*

0
E
nw∂

>
∂φ

; 
*

, 0
E
r nq∂

=
∂φ

;  

The higher the equity financing ratio is, the lower the bank financing ratio is, 
and the lower the interest paid by the retailer will be. However, in the retail 
channel only, the order quantity of the retailer will remain the constant, so the 
manufacturer will raise the wholesale price to obtain more income. When the 
manufacturer does not encroach the channel, from this formula 

* *
, , 4E T

r n r nq q a= = , we know that the demand is not affected by the financing 
strategies. 

3.2. The Model under Direct Channel Only 

When there is only a direct channel, the manufacturer gains only from the direct 
channel. The cost for the manufacturer to establish direct channels is F, consi-
dering the risk-free interest rate, so the manufacturer’s expected payoff is: 

( )1m m m fp q F rπ = − +                     (9) 

Here, m mq a p= − . 
Substitute m mq a p= −  into mπ , let 0m mq∂π ∂ = , we can derive the optim-

al order quantity:  
* 2mq a=                          (10) 

The manufacturer’s optimal payoff can be represented as follows:  

( )* 2 4 1m fa F rπ = − +                    (11) 
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3.3. The Model of Supply Chain under Two Channels 
Internal Financing 
If the manufacturer chooses to encroach the retail channel, simultaneously, the 
retailer chooses the internal financing. In this scenario, after the retailer obtains 
the income at the end of the sales period, it is required to repay the financing 
principal and interest ( ), 1T T

e r e mw q r+  for the manufacturer. With regard to the 
manufacture, after establishing the direct channel, if can get benefits from both 
retail channel and direct channel. In addition, considering the risk-free interest 
rate, the cost for manufacturers to develop direct channels is denoting 

( )1 fF r+ . ,
T
r eπ  and ,

T
m eπ  represent expected payoff of the retailer and manu-

facturer under this scenario: 

( )
( ) ( )

, , , ,

, , , ,

1

1 1

T T T T T
r e r e r e e r e m

T T T T T
m e e r e m m e m e f

p q w q r

w q r p q F r

π = − +

π = + + − +

             (12) 

Here, , , ,
T T T
r e r e m ep a q dq= − − , , , ,

T T T
m e m e r ep a q dq= − − . 

Take the first derivative of the manufacturer’s payoff with respect to ,
T
m eq  

and set it to 0, that is , , 0T T
m e m eq∂π ∂ = , then we can get the optimal order quantity 

( ), , 2T T
m e r eq a dq= −  of direct channel. Furthermore, put this formula in ,

T
m eπ , 

and get the manufacturer’s optimal wholesale price according to the game idea 
of 3.1.1:  

( ) ( )( )* 2 28 6 2 8 5 1T
e mw a d d d r  = − − − +               (13) 

The optimal order quantity of two channels:  

( ) ( )
( )( ) ( )

* 2
,

* 2
,

2 1 8 5

2 4 3 2 8 5

T
r e

T
m e

q a d d

q a d d d

 = − −


= + − −   
             (14) 

The manufacturer’s optimal payoff can be represented as follows:  

( ) ( ) ( )
( ) ( ) ( )

22* 2 2 2
,

* 2 2
,

2 1 2 8 5

12 8 4 8 5 1

T
r e

T
m e f

a d d d

a d d d F r

π = − − −

π = − + − − +   

         (15) 

Corollary 3: 
*
, 0

T
r e

d
∂π

<
∂

; 
*
, 0

T
m e

d
∂π

<
∂

;  

The Corollary 3 illustrates that competition between channels damages the 
profits of supply chain members. Thus, when channel competition intensifies, 
the retailer will seek for new development direction, so the order quantity from 
manufacturers will decrease, which will affect the manufacturers’ market share 
and reduce the expected earnings of both sides. 

4. Retailer Financing Equilibrium 

In this paper, the manufacturer initially decides whether to conduct channel en-
croachment, and the retailer makes financing decisions according to the manu-
facturer’s invasion strategies and maximizes the expected revenue. According to 

https://doi.org/10.4236/ojbm.2020.86163
javascript:;


Z. Wu, G. J. Gao 
 

 

DOI: 10.4236/ojbm.2020.86163 2640 Open Journal of Business and Management 

 

the game theory to solve the inverse analysis method, the retailer financing equi-
librium is discussed firstly, and the manufacturer encroachment equilibrium 
strategies are discussed based on the retailer financing equilibrium. 

4.1. The Sub Equilibrium of Retailer Financing under Single  
Channel 

When the manufacturer does not carry out channel encroachment, at this point, 
only traditional retail channels exist in the market, and the retailer chooses the 
financing modes according to the maximum expected payoff.  

Lemma 1: In the absent of the encroachment, the retailer will choose internal 
financing as their financing strategy for equity financing ratio ( )0,1φ∈ . 

Proof of Lemma 1: When the retailer chooses internal financing strategy, the 
maximum expected payoff is * 2

, 16T
r n aπ = , while when the retailer adopts ex-

ternal financing strategy, the maximum expected return is ( )2
, 1 16E

r n aπ = −φ , 
and the range of φ  is ( )0,1 , accordingly, * *

, ,
T E
r n r nπ > π  is always true. In the 

meanwhile, it can be concluded that the financing decisions of the retailer are 
only related to the equity financing ratio. 

According to Lemma 1, if the equity financing ratio is greater than 0, the in-
ternal financing is the retailer financing equilibrium. When the manufacturer 
does not encroach the retail channel, the manufacturer and the retailer do not 
have a competitive relationship. On the contrary, they are a community of 
shared interests, while the external financing will cause the third party to earn 
profits and reduce the total income. Briefly, internal financing refers to the cir-
culation of funds within the supply chain, so internal financing is the financing 
equilibrium of the retailer. 

4.2. The Sub Equilibrium of Retailer Financing under Dual  
Channel 

When the manufacturer encroaches into the retail channel, which financing 
strategy the retailer adopts, the threshold value of financing strategies selection is 
calculated by comparing the change of the manufacturer’s income with that of 
internal financing and external financing. 

Lemma 2: When the manufacturer decides to encroach the retail channel, 
when φ  satisfies the condition ( )0, eφ∈ φ , the retailer adopts external financ-
ing. Otherwise, the retailer chooses internal financing as the financing strategy. 

Proof of Lemma 2: Compare the payoff of the retailer when she chooses dif-
ferent strategies of internal financing and external financing. let * *

,
E T
r e

−∆π  de-
notes the increment of the retailer’s income, and then there is 

* * * *
, , ,

T E T E
r e r e r e

−∆π = π − π . Considering the non-negative equity financing ratio, when 
( )0, eφ∈ φ , the results , ,

T E
r e r eπ < π  appears. As a consequence, the retailer 

chooses external financing; Conversely, , ,
T E
r e r eπ > π , the retailer chooses internal 

financing. At this point, 

( )( ) ( ){ } ( )22 3 4 2 22 4 3 256 320 320 404 92 121 2 8 5e A d d d d d d d d d dφ = + − − + + − + − −   , 
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among which  

( ){ }3 2 3512 448 608 532 172 151A d d d d d d= − − + + −   . 

From *
, 0E

r e∂π ∂φ <  known that retailer’s income is negatively correlated with 
equity financing ratio. In other words, with the increase of the proportion of eq-
uity financing, the loan interest paid by the retailer decreases, and the profit loss 
of the retailer due to the manufacturer’s increased wholesale price is higher than 
the income increment of the retailer due to the reduction of the bank loan ratio. 
In addition, according to (14) and (18), * * * *

, , , ,
T T E E
r e m e r e m eq q q q+ < + , that is, when the 

retailer chooses internal financing, the optimal total order of dual-channel is 
lower than the optimal total order of external financing. Therefore, when the re-
tailer chooses external financing, it is conducive to the manufacturer’s market 
expansion and attracts more customers. 

4.3. The Equilibrium of Retailer Financing 

According to lemma 1 and Lemma 2, the total equilibrium of retailer financing 
is obtained. See Theorem 1 

Theorem 1: Regardless of whether the manufacturer chooses a channel en-
croachment strategy, the retailer will choose the financing strategy that max-
imizes its expected revenue. ( )0, eφ∈ φ , in the case of single channel, the retail-
er chooses internal financing, while in the case of double channel, the retailer 
chooses external financing; ( ),1eφ∈ φ , the single-channel retailer chooses in-
ternal financing, while the dual-channel the retailer chooses internal financing.  

External Financing 
If the manufacturer chooses to encroach the retail channel, in the meanwhile, 
the retailer adopts external financing (Banks, equity financing). Under this cir-
cumstance, assuming that the ratio of equity financing is φ , the ratio of bank 
financing is 1−φ , the retailer gets funds ,

E E
e r ew qφ  through equity financing, be-

sides, the retailer gets funds ,
E E
e r ew qφ  through bank loans. At the beginning of 

the sales period, the retailer delivers the full payment from the financing to the 
manufacturer, who returns the funds to the market at a risk-free rate. Moreover, 
at the end of the selling period, the retailer will have to repay its earnings to in-
vestors at a ratio φ  and the bank’s principal and interest at an interest rate fr . 
In addition, considering the risk-free interest rate, it requires costs ( )1 fF r+  to 
develop direct channels. Therefore, the expected payoff of the retailer and the 
manufacturer under the situation are as follows:  

( ) ( ) ( )
( ) ( )

, , , ,

, , , ,

1 1 1

1 1

E E E E E
r e r e r e e r e f

E E E E E
m e e r e f m e m e f

p q w q r

w q r p q F r

  π = − φ − − φ +  

π = + + − +

            (16) 

Take the first derivative of the manufacturer’s payoff with respect to ,
E
m eq  

and set it to 0, that is , , 0E E
m e m eq∂π ∂ = . From this equation we can derive the op-

timal order quantity ( ), , 2T T
m e r eq a dq= −  of direct channel. So substitute this 
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into ,
T
m eπ , 

According to the game idea of 3.1.1, the manufacturer’s optimal wholesale 
price is obtained: 

( ){ }{ } ( )( ) ( )* 28 2 6 4 2 1 1 8 5E
e fw a ad d d d r d = + + φ+ − − φ + − φ − − φ     (17) 

The optimal order quantity of two channels:  

( ) ( )
( )( ) ( )

* 2
,

* 2
,

2 2 8 5

2 4 3 2 8 5

E
r e

E
m e

q a d d

q a d d d

  = − − φ − − φ    


 = + − − − φ  
               (18) 

The manufacturer’s optimal payoff can be represented as follows:  

( )( ) ( ) ( )

( ){ } ( ) ( ) ( )

22* 2 2 2
,

* 2 2
,

2 1 2 2 2 8 5

12 8 8 2 2 4 1 8 5 1

E
r e

E
m e f

a d d d

a d d d d F r

  π = − − φ − − φ − − φ     


 π = − φ− + − φ + − φ − − φ − +     

(19) 

Corollary 4: 
*

, 0
E
r eq∂

>
∂φ

; 
*
, 0

E
m eq∂

>
∂φ

; 
*

0
E
ew∂

>
∂φ

; 
*
, 0

E
m e∂π

>
∂φ

;  

The higher the equity financing ratio is, the lower the bank loan ratio will be, 
and the less the financing interest will be paid by the retailer. Therefore, the re-
tailer will increase their order quantity, while the manufacturers need to reduce 
the order quantity from direct channel. However, in order to make up for the 
decrease of the direct channel revenue, the manufacturer raised the wholesale 
price of the retail channel; The payoff of the manufacturer are in direct propor-
tion to the equity financing ratio, which indicates that the profit margin ob-
tained by the manufacturer rom retail channels is higher than that lost by direct 
channels and compensates for the losses.

  
5. Manufacturer Channel Encroachment Decisions 
5.1. Manufacturer Channel Selection 

Based on the general equilibrium of the retailer financing in Theorem 1, under 
the premise that the manufacturer chooses to establish direct channel, we stu-
died whether the manufacture chooses to sell products only through direct 
channels, or whether direct sales and retail channels constitute dual-channel 
sales of products. Channel selection strategies are obtained by comparing the 
payoff of the manufacturer in the direct-channel scenario with the payoff of the 
manufacturer in the dual-channel sales scenario.  

Lemma 2: In the case of direct channel established, the manufacturer chooses 
double channel as its own channel strategies. 

Proof of Lemma 2: Let the variation of manufacturer’s revenue in direct sell-
ing and dual-channel only be ,m e∆π , and when ( )0, eφ∈ φ , it can be obtained 
that * *

, 0E
m m e m∆π = π − π >  is constant, that is, the profit of manufacturer in 

dual-channel is higher than that in direct selling only. When ( ),1eφ∈ φ , it can 
be obtained that * *

, 0E
m m e m∆π = π − π >  is constant, that is, the profit of manu-

facturer under dual channels is higher than that of direct sales only. It is con-
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cluded that manufacturers always choose dual channels to sell their products in 
the context of developing direct channels. 

By selling only through the direct channel, the manufacturer will lose out to 
consumers who prefer the retail channel. If a manufacturer chooses to sell prod-
ucts through two channels, it can gain revenue from both channels. A dual 
channel with complementary sales methods will increase the market share of 
products and increase the overall revenue of the manufacturer. 

5.2. The Equilibrium of Encroachment Decisions 

According to Lemma 3, when making channel selection decisions, the manufac-
turer always chooses to sell products through dual channels. What’s more, once 
the manufacturer decides to choose to encroach the retail channel, it is necessary 
to consider the cost of the channel establishment and the possible profits of the 
direct channel. Meanwhile, the impact of the competition between the direct 
channel and the retail channel on the market is unknown. Hence, whether the 
manufacturer will encroach the direct channel can be obtained by comparing the 
profit of the manufacturer under the single channel scenario and the profit un-
der the double channel scenario. See Lemma 4: 

Theorem 2: ( )0, eφ∈ φ , when is satisfied, the manufacturer chooses to estab-
lish the direct channel; otherwise, it will not develop the direct channel; 

( ),1eφ∈ φ , and when ( )0, T TF F −∈ , the manufacturer chooses to develop the 
direct channel, otherwise does not establish the channel. 

Proof of Theorem 2: Let m e−∆π  denotes the manufacturer’s revenue varia-
tion before and after channel being established. If ( )0, eφ∈ φ , then 

* * * *
,

T E T E
m e m m e

−
−∆π = π − π , and we can derive that ( )0, T EF F −∈ , the manufacturer 

chooses to build the direct sales channel; On the contrary, he won’t do that, here 

( ) ( )( )2 240 32 16 1 8 5T T
fF a d d r d− = − − + −   . If ( ),1eφ∈ φ , then 

* * * *
,

T T T T
m e m m e

−
−∆π = π − π , we can obtain ( )0, T TF F −∈ , the manufacture decides to 

establish the direct channel. Conversely, he won’t do that, in which

( ) ( ) ( ) ( ) ( )22 2 240 16 2 24 1 16 1 8 5 1T E
fF a d d r d−    = − − φ − φ+ + φ + − − φ − φ   .  

It is known from theorem 2 that the manufacturer will establish direct channel 
only when the revenue from two channels is higher than that from single chan-
nel, that is, when the cost of establishing direct channel is lower than the revenue 
after the encroachment. Obviously, the establishment of the direct channel 
within the threshold of channel cost will bring more benefits to the manufactur-
er. 

6. Numerical Simulation 

In this section, the channel encroachment decision of the manufacturer and the 
financing decision of the retailer is simulated and analyzed through numerical 
examples. The following model parameters are assumed: the market demand 

10a = , channel competition coefficient 0.7d = . 
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Figure 2(a) and Figure 2(b) intuitively reflect the relationship between 
channel building decision and channel encroachment cost. Figure 2(a) shows 
that when ( )0, T EF F −∈ , * *

,
T T
m e mπ > π  that is the cost is usually lower, and the 

more the manufacturer is willing to build direct channels. Simultaneously, the 
analysis of Figure 2(b) is similar to Figure 2(a). Furthermore, the two figures 
confirm the accuracy of theorem (2). 

 

 
(a) 

 
(b) 

Figure 2. (a) Relationship between manufacturer profit and channel 
encroachment cost ( )0, eφ∈ φ ; (b) Relationship between manufac-

turer profit and channel encroachment cost ( ),1eφ∈ φ . 
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In addition, suppose that 0.3fr = , we can calculate that 0.6297eφ = . Figure 
3 shows the impact of equity financing ratio and channel establishing cost on the 
decision-making equilibrium of both parties. As Figure 3 shows that when 

( )0, eφ∈ φ  and ( )0, T EF F −∈ , the manufacturer decides to encroach the retail 
channel, and the retailer adopts the external financing as the financing strategy; 
When ( ),1eφ∈ φ  and ( )0, T TF F −∈ , under this case, the manufacturer decides 
to encroach the retail channel, while, the retailer adopts the internal financing as 
the financing strategy; When ( )0, eφ∈ φ  and ( ),T EF F −∈ +∞ , ( ),1eφ∈ φ  and 

( ),T TF F −∈ +∞ , the manufacturer chooses to sell his products only through re-
tail channel, and in the same time, the retailer select external financing as her fi-
nancing strategy. 

What’s more, we analyzed the sensitivity of the main influencing factors eφ , 
T TF −  and T EF −  to channel competition. From 0e dφ > , the optimal equity 

financing ratio is positively correlated with the channel competition coefficient. 
When the channel competition coefficient increases, it is more beneficial for the 
retailer to choose external financing. According to 0T TF d− >  and 0T EF d− > , 
channel competition coefficient d is positively correlated with channel opening 
cost threshold T TF −  and T EF − , that is, the greater the channel competition 
coefficient d is, the more willing the manufacturer is to open up direct channels. 
As for the reason, channel competition coefficient affects the payoff of the man-
ufacturer, namely: *

, 0T
m e d∂π ∂ < , *

, 0E
m e d∂π ∂ < . Therefore, with the increase of 

channel competitiveness, the manufacturer’s income decreases, so the accepta-
bility of channel establishing cost decreases.  

7. Conclusion 

This paper considers a two-echelon supply chain consisting of a manufacturer 
and a retailer, in which the retailer has financial constraints. The manufacturer 
decides whether to invade retail channels and establish the direct channel. If so, 
whether to form double channels to sell products with retail channels. After the 
decision of the manufacturer’s channel intrusion, the retailer decides to adopt 
either internal financing (trade credit) or external financing (bank, equity hybrid 
financing). According to the manufacturer’s decision of encroachment and the 
retailer’s decision of financing, the model is constructed to obtain the optimal 
wholesale price, order quantity and profit. Furthermore, the influence of correla-
tion on equilibrium is analyzed. Finally, the accuracy of the decision is proved 
intuitively by numerical analysis. The research results show that:  

1) The ratio of equity financing affects the financing decisions of the retailer. 
When the manufacturer does not encroach the retail channel, the internal fi-
nancing is the retailer financing equilibrium within the range of equity financing 
assumed in this paper; in contrast, if the manufacturer invades the retail channel, 
meanwhile, when the equity financing ratio is small, external financing is retailer 
financing equilibrium; when the equity financing ratio is large, internal financ-
ing is retailer financing equilibrium. 
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Figure 3. The influence of equity financing ratio and channel 
establishing threshold on the equilibrium. 

 
2) After the manufacturer decides to establish the direct channel, dual chan-

nels is the equilibrium of the manufacturer’s channel choice; that is, the revenue 
of dual channels is always greater than that of the direct channel only. 

3) The cost of channel development affects the decision of channel develop-
ment of manufacturers. When the cost of channel is less than the threshold, the 
direct channel will be equilibrium for the manufacturer. When the cost of chan-
nel development is greater than the threshold, the balance of channel develop-
ment should be established for the manufacturer without direct channel devel-
opment. 

4) The channel competition coefficient affects the channel development cost 
threshold, which in turn affects the manufacturer’s channel development deci-
sion. The channel competition coefficient is negatively correlated with the 
channel development cost threshold. Therefore, the smaller the channel compe-
tition coefficient, the more willing manufacturers are to open up direct sales 
channels.  

Based on the existing results, this paper studies the channel intrusion of man-
ufacturers and the financing decision of retailers in the supply chain with capital 
constraints, which has guiding significance for the management of the supply 
chain with capital constraints. 

However, this paper only studied the influence of the retailer’s capital con-
straint on the manufacturer’s channel encroachment, and lacks the discussion 
on the influence of the manufacturer’s encroachment on the financing strategy 
of the retailer. In addition, this article only studied the situation where the man-
ufacturer is the leader of the Stackelberg game. It can also study the situation 
where the retailer is the leader of the Stackelberg game or the Nash game be-
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tween the manufacturer and the retailer. In addition, this article studies deter-
ministic market demand, and can also study uncertain markets or information 
asymmetry between retailers and manufacturers.  
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