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Abstract 
With the increasing awareness of environmental protection among consum-
ers, green products are increasingly favored by the general public. The rapid 
development of e-commerce has increased the channels for consumers to 
contact and purchase green products. In this paper, consumers’ perceived dif-
ferences in product greenness among different channels are considered and 
three models of manufacturer-dominated Stackelberg game, retailer-dominated 
Stackelberg game and Nash equilibrium with equal power are constructed 
based on the difference pricing between online and offline channels. Also, the 
results of dual-channel structure are compared with those of single-channel 
respectively. The results show that when the green R & D costs are relatively 
high, manufacturers and retailers are motivated to compete as channel lead-
ers, but for the entire supply chain, Nash’s decision-making can improve 
product greenness and profitability of the supply chain. When green R & D 
costs are low, manufacturers’ profits are higher under asymmetric power 
supply chains and lowest under vertical Nash decisions. Under the three kinds 
of power structure, product greenness and manufacturer’s profit are higher 
than single channel under dual-channel structure. The comparison of re-
tailer’s profit in dual channel and single channel depends on green R & D 
costs.  
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1. Introduction 

In recent years, the rapid development of e-commerce has triggered a boom in 
online shopping for all people. In order to encourage the consumption of green 
products, the industrial green development plan (2016-2020) proposes to pro-
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mote the development of green manufacturing + Internet and promote 
e-commerce business direct sales or entities Enterprises cooperate to operate 
green products and services, and encourage the use of internet to sell green 
products to meet the diversified green consumption needs of different subjects. 
According to the report of the National Bureau of Statistics, in the first half of 
2017, the online retail sales of energy-efficient products in the air conditioning 
industry increased by more than 550% over the same period of last year1, indi-
cating that consumer attitudes toward online purchasing of energy-efficient 
air-conditioning products are taking shape. In addition, vertical structure of tra-
ditional supply chain often has different power structure. Strong manufacturers 
such as Gree, Haier, Midea take the initiative relying on their own technology 
and brand ownership in the supply chain. However, more and more offline re-
tailers are emerging in the current market, such as Wal-Mart, Carrefour, GOME, 
Suning, etc. They have become increasingly powerful for the strong market share. 
Leading brands such as Gree have also taken advantage of offline physical stores 
to counter the channel monopoly of large retailers such as GOME and Suning. 
As a whole, there are three different supply chains with different power struc-
tures, they are manufacturer-dominated, retailer-dominated, and neither side 
dominated. 

The opening of online channels will help to promote green products, but will 
it benefit the development and production of green products? How will the dif-
ferent market structure affect the manufacturer’s green decision-making and the 
profits of supply chain? Therefore, it is of practical significance to study the 
dual-channel green supply chain decision under different market structures. 
This article reviews the literature from three aspects: green products, green 
supply chain and dual channels. 

2. Literature Review 

In the aspect of green products, scholars mainly study the concept and index 
system of green products. Navinchandra (1990) put forward the concept of 
green product design for the first time, which is to increase the compatibility 
between products and environment without impairing the function and quality 
of products [1]. In order to conduct a comprehensive quantitative evaluation of 
the environmental friendliness and resource conservation brought by green 
products, some scholars have proposed the concept of “greenness”. According to 
Dangelico (2010), greenness refers to the degree to which products conserve raw 
materials and energy and the degree of pollution to the environment from the 
product life cycle (product design, product purchasing, product manufacturing, 
product use, product recycling, etc.) [2]. In the research of index system of green 
degree, domestic scholars also put forward different evaluation methods and in-
dex system. For example, Xiang (2001) analyzed that greenness of products 
should include three major characteristics: technological advancement, envi-

 

 

1The data are from the survey report of China’s National Bureau of Statistics. 
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ronmental coordination and economic rationality [3]. According to these three 
characteristics, he established a system based on product greenness evaluation 
index system. Tao (2005) applied Life Cycle Inventory Analysis (LCIA), com-
bined with the fuzzy evaluation theory and the green attribute of the product, 
constructed the step of evaluating the green degree of the product and the fuzzy 
evaluation matrix, and analyzed the application of the evaluation method [4]. 
Zhang et al. (2008) put forward a dynamic comprehensive evaluation model 
based on the entropy weight method, which is suitable for weighing different 
advantages. He determined the weight of the index according to the degree of 
variation of each index value and overcomes the limitation of the lack of flexibil-
ity in the evaluation due to the fixed weights existing in the past green product 
evaluation process [5]. 

As the green degree of products gets more and more attention from the con-
sumers, the enterprises enhance the competitiveness of the enterprises by im-
proving the green degree of the products. The process from the raw materials to 
the final finished products involves the whole supply chain. Therefore, it has 
become an important direction of academic research that considering the 
greenness in the entire supply chain. The predecessors mainly studied the power 
structure of green supply chain and the competition of green supply chain. In 
the area of power structure, Ghosh (2012) further analyzed the effects of the 
three channel structures of manufacturer-led, retailer-led and vertical Nash on 
their respective profit and decision variables based on the supply chain consist-
ing of a single retailer and a single manufacturer, and compared the influence of 
retailer-manufacturer joint decision-making green degree and decentralized de-
cision-making product greenness on supply chain profit and decision variable 
[6]. Later, he considered both centralized decision-making and decentralized de-
cision-making, and validated the existence of dual marginal effects and coordi-
nated cost-sharing benefits among members of the supply chain [7]. Based on 
this, Jiang Shi Ying (2015), a domestic scholar, added green marketing costs and 
green utility to study the impact of different power structures on product green-
ness, product prices and wholesale price [8]. In the competition of green supply 
chain, Yu et al. (2016) established a green supply chain game model consisting of 
two manufacturers with a different green level and a retailer under the back-
ground of the government providing green subsidies, and found that the Prod-
uct greenness and the level of government subsidies can be balanced solution [9]. 
Li et al. (2016) established a two-channel competition green supply chain game 
model, manufacturers can sell products either through retailers or direct sales 
channels through online channels, studies have shown that when the cost of 
green manufacturing is above a certain threshold , The manufacturer will not 
open the direct sales channel. When the consumer’s loyalty to the retail channel 
and the green manufacturing cost satisfy certain relations, the dual-channel 
green supply chain exists [10]. They explored the issue of endogenous selection 
of channels in green supply chains, which is much more instructive than the 
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previous study of dual choice of firms as a fait accompli, but they considered 
only the predominance of manufacturers. Jamali et al. (2017) established a 
two-channel competition model between green and non-green supply chains, 
and analyzed and compared the intensity of price competition between channels. 
The effect of greenness on demand on sales price, product greenness and the 
impact of supply chain members’ profits [11]. 

In the field of power structure of dual-channel supply chains, Zhang et al. 
(2012) analyzed the impact of product substitutability and channel position on 
pricing decisions in an exclusive dual-channel supply chain under different 
market structures. Their results show that vertical Nash equilibrium can be ba-
lanced for supply chain members, and that the structure of balanced supply of 
suppliers and retailers is the best for the entire supply chain [12]. Lu and Liu 
(2013) studied the pricing game in a hybrid two-channel distribution system 
where both physical retailers and online retailers coexist, the results show that 
the performance of both suppliers and retailers is influenced by different market 
structures [13]. Shi et al. (2013) used the supplier Stackelberg, retailer Stackel-
berg and Nash game to construct a supply chain market structure model under 
uncertain demand. Studies show that only when the demand is linear rather than 
the expected elasticity, Companies can profit when they are in a dominant posi-
tion [14]. Chen et al. (2015) studied the optimal pricing and channel selection 
strategies for handset manufacturers under different channel powers based on 
the game theory model when the two purchase channels of smart phone industry, 
bare metal [15]. Zhang et al. (2015) built the Stackelberg game dominated by 
manufacturers and retailers and the Nash game model with equal power based 
on the differences in the power of members in the dual-channel supply chain. 
The study found that both manufacturers and retailers are willing to give up 
power and would rather do Stackelberg game followers, and Nash game is al-
ways the game player’s strict best practices [16]. Li et al. (2017) also considered 
the influence of channel spillover and service negative spillover effects on the 
decision-making of the two-channel supply chain. The service level, wholesale 
price, retail price and dual-channel performance were compared under different 
channel forces. Under the influence of different channels, the changes of total 
supply chain performance, direct channel performance and traditional channel 
performance mainly depend on the service negative spillover coefficient and the 
potential market share of direct channels [17]. 

Through the research on green products, green supply chain management and 
dual-channel supply chain, we find that previous researches on green products 
and green supply chain have been enriched. A large number of scholars have 
made great achievements in the evaluation system of green products. Beneficial 
exploration, more scholars have studied the competition between multiple man-
ufacturers or multiple retailers in the green supply chain offline channels. More 
scholars on the status quo of dual-channel research are based on the differences 
between online and offline channels. A few scholars study dual-channel green 
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supply chain decisions that consider the greenness of products such as Li (2016) 
[10] and Jamali (2017) [11]. They are highly instructive based on the premise 
that manufacturers are dominant and consistent in price both online and offline. 
In general, there are two shortages: 1) in the actual scenario, the power structure 
of different dual-channel supply chains is different. At present, some scholars 
have studied the dual-channel green supply chain with the dominant manufac-
turer, few scholars study the dominant position of retailers and the competition 
between the two sides under the dual-channel green supply chain and few scho-
lars compare the three different power structures analysis; 2) Some scholars have 
considered the situation where manufacturers and retailers make unified pricing 
for online and offline channels. There are few scholars to investigate the differ-
ences between manufacturer and retailer for different pricing of green products 
in different channels. 

On the one hand, this article takes into account the peculiar attributes of 
green products and consumers’ perception of the green degree of products (the 
degree of energy-saving and emission-reducing of green products and the degree 
of harm to the human body and the environment) between traditional offline 
retail stores and online shopping centers to study the impact of this phenome-
non on the research and development and production of green products. On the 
other hand, this article considers that different manufacturers and retailers may 
be in different market structures and studies the influence of different market 
structures on R & D, production and marketing of green products. 

3. The Model 

This paper considers a two-channel green supply chain with one manufacturer 
and one retailer in the supply chain, manufacturers have an online direct sales 
channel, and retailers have offline channels. In order to protect the environment 
and enhance market competitiveness, manufacturers will invest a certain 
amount of green research and development costs to produce a green product. 
Consumers may select offline retail stores to purchase products according to 
their shopping preferences, or they may choose to purchase products through 
the online channels. 

The notations used in this article are in Table 1. 
For the sake of analysis, the following assumptions were made: 
1) Market demand is a linear function of sales price and product greenness, 

and is negatively correlated with sales price and positively correlated with prod-
uct greenness. According to the study of Li (2016) [10], it is assumed that the 
market demand in offline and offline channels are positive, the demand func-
tions are: 

r r m rd a p bpρ β θ= − + +                         (3.1) 

( )1m m r md a p bpρ β θ= − − + +                    (3.2) 

2) The production of green products will not change the manufacturer’s 
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Table 1. Decision variables and model parameters. 

c  Manufacturer’s unit cost of production 

w  Wholesale price 

p  Sales price 

a  Potential market size 

θ  Product greenness 

ρ  Consumer preferences for offline retail channels 

b  Cross-price elasticity of demand 

rβ  Demand sensitivity to product greenness in offline channels 

mβ  Demand sensitivity to product greenness in online channels 

η  Sensitivity of green research and development costs to product greenness 

,r md d  The demand for offline retail channels, online direct sales channel demand 

, ,m rπ π π  Respectively, the profits of manufacturers, retailers, supply chain 

 
marginal cost of production. However, in order to increase the greenness of the 
products, the manufacturer will invest a certain amount of R & D costs, and the 

relationship between R & D costs and product greenness is: ( )
2

2
c ηθ
θ =  Ghosh 

(2014) and Zhu (2016) research [7] [18]. 
3) Consumers can perceive the greenness of their products more truthfully 

through tactile, audible and sales staff explanations through offline retail chan-
nels. Therefore, the products with the same greenness have a greater impact on 
consumers through the offline retail channels than online channel [10], that is to 
see 1m rβ β< < . 

4) The influence of cross price elasticity of elasticity on demand is less than 
the impact of its own channel price on demand, that is 1b < . 

5) To prevent retailers from purchasing goods from online sources, suppose 
that manufacturers’ wholesale prices of online retail channels are lower than the 
direct sales prices of online channels. 

Through the above model description and basic assumptions, we can get the 
profit function of the manufacturer: 

( ) ( )
2

2m r m mw c d p c d ηθ
π = − + − −                  (3.3) 

Retailer profit function: 

( )r r rp w dπ = −                          (3.4) 

To satisfy Hypothesis 1 and Hypothesis 5, the following conditions are availa-
ble: 

( )
21

m r
r

a b b b
c w p

b
ρ ρ θβ θβ+ − + +

≤ ≤ ≤
−

               (3.5) 
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( )
2

1
1

m r
m

a a b b
c w p

b
ρ θβ θβ+ − + +

≤ ≤ ≤
−

               (3.6) 

4. Model Solutions 
4.1. Centralized Dual-Channel Green Supply Chain Model 

In the centralized decision-making model, retailers and manufacturers aim to 
maximize the profitability of supply chain systems, together determine the retail 
price of products, product greenness. According to the profit function of manu-
facturers and retailers, we can get the profit function of the entire dual-channel 
supply chain: 

( ) ( )
2

2
C

m m r rd p c d p c ηθ
π − + − −=               (4.1) 

In order to make the function have the optimal solution, construct the Hes-
sian matrix: 

2 C 2 C 2 C

2

2 C 2 C 2 C

2

2 C 2 C 2 C

2

2 2
2 2

m r
m r

m
m m rm

r

r r m r

p p

D b
p p pp

b

p p p p

π π π
θ θθ

η β β
π π π

β
θ

β
π π π
θ

 ∂ ∂ ∂
 ∂ ∂ ∂ ∂∂  −  ∂ ∂ ∂   = = − ∂ ∂ ∂ ∂∂   −  
∂ ∂ ∂ 

 ∂ ∂ ∂ ∂ ∂ 

. 

if 22 0mη β− > , ( )2 2 22 1 2 0m m r rb bη β β β β− + + + <+ , that is 

( )
2 2

1 2

2
2 1

m m r rb
b

β β β β
η η

+ +
> =

−
, and then the function has the optimal solution. 

For the total profit function in the supply chain, solving the partial derivative 
of a with respect to ,m rp p  and θ , making it equal to 0, we get: 

( ) ( )m m r rp c p cβ β
θ

η
− + −

=  

( )1 2
2m r mp a c bc a bpρ θβ+ − − + +=  

( )1 2
2r m rp c bc a bpρ θβ= − + + +  

The above equations can be combined to obtain the optimal decision and the 
total profit: 

( )( ) ( )1 1*

1

1 2m rC D a b D ab
A
β β

θ
+ + + +

= −  

( ) ( )2 2
1 1 2*

1

2 2 4 2
2

m m r rC
r

D c B B bc c
p

A
η β β β β+ + + + +

=  

( ) ( ) ( )2 2
1 1 2*

1

2 2 4 2
2

m m r rC
m

ab a D c bc B c B
p

A
η β β β β− + + + − + −

=  
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( ) ( )( ) ( )( )( )( ) ( )22 2
1 2*

1

2 2 1 1 2 1 1 1

4
m rC

b c a b c a b B B

A

η ρ ρ β β
π

− + − + − − − + +
=  

( )1 1B b c aρ= − + + ; ( )2 1B c bc a ρ= − + − + ; ( ) ( )2
1 1 1D b c a b abρ= + − −− ;

( )2 2 2
1 1 02 2m m r rA b bη β β β β+ + += − < . 

4.2. Manufacturer Stackelberg (MS) Model 

Under the manufacturer-led dual-channel green supply chain model, manufac-
turers can sell green products through off-line channels and online channels. 
The game sequence of the model is that the manufacturer first determines the 
greenness of the green product θ , the wholesale price w  and the sales price of 
the online direct sales channel mp , and then the retailer decides the price of the 
green product of the offline channel rp . 

Adopting the method of reverse induction, the derivative function of the re-
tailer is first evaluated as rp  derivative and a value of 0 is obtained. 

( )1
2r m rp w a bpρ θβ= + + +  

Substituting the expression of rp  into the manufacturer’s profit function, 
then deriving the partial derivative of the greenness, the wholesale price, and the 
online direct selling price, and making it 0. 

( )( ) ( )( )2 2
2*

2

2 2 1 1 1m rM
D ab b b c a b

A

β ρ β
θ

− + − + + −
=

−
 

( ) ( )( ) ( )( )( ) ( )2 2
1 1 1 1*

2

4 2 2 2 5 2 2 4

2
m m r rM

D c B b b c a b c B D
w

A

η β ρ β β β+ + + + + + + − + + +
=  

( ) ( )( ) ( )( )( )2 2 2
1 2 1*

2

4 8 2 1 4 1 2 1

2
m m r rM

m

c bc B b c B D a b
p

A

β β β β η ρ+ − + + − + − − −
=  

Substituting the above formula into the profit function of the retailer yields 
the optimal offline retail price: 

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

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

2 2
1*

2

2 2
2

2

2 1 3 1 2 3 4

2

2 1 1 2 1

2

mM
r

m r r

b a b b c ab B c
p

A

a b b c B b a c c

A

η ρ β

β β ρ ρ β ρ

− + + + − + +
=

+ − + + + + − + +
+

 

Substituting the above optimal solutions into the profit functions of manu-
facturers and retailers, respectively, we can obtain the profits of manufacturers 
and retailers: 

( ) ( ) ( )( )( )

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

2 2
1 2*

2

22 2

2

2 1 3 4 2

4

2 2 1 1 2 1 1 3

4

m rM
m

B B a b b

A

a b c b b b b c

A

β β η ρ ρ
π

η ρ

+ − − − + +
=

− − + − − + +
+
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( ) ( )( )( )22
1 1 2*

2
2

2 1

4
m r m rM

r

b B b B B

A

η β β β β
π

− + + +
=  

( ) ( )2 2 2 2
2 4 1 2 4 1 0m m r rA b b bη β β β β= − + + + + <+ . 

4.3. Retailer Stackelberg (RS) Model 

In the current market, more and more offline retailers, such as Wal-Mart, Car-
refour, GOME and Suning, are emerging in the current market. Increasingly, 
because of their high market share, these retailers have more and more buyers to 
compete, creating the predominance of retailers (RS model). This section will 
analyze the Stackelberg game model dominated by retailers. The order of the 
game is: the retailer first determines the price of the green product under the of-
fline channel rp , and then the manufacturer determines the greenness of the 
green product θ , the wholesale price w  and the online channel selling price 

mp . 
Adopt the backward induction method to solve the model, so that rp w e= + , 

for the manufacturer’s profit function, we can find the partial derivative of θ , 
R
mp  and Rw , let them be 0 to get the corresponding expression. The simulta-

neous equations of the three equations can be obtained, Then replace them into 
the profit function of the retailer, we can find: 

( ) ( )( )2
1 1 2*

3

2

2

1 m r m rR
b B b B B

e
A

η β β β β+ + +−
=  

( ) ( )( )1 32*

3 1

1
2 2

m rm rR a b D DD b
A A

β ββ β
θ

+ + ++
= − −  

( )( ) ( ) ( )1 1 2 1*

3 1

1 2 2
2 4

m m rR b D a b B B D ab
w c

A A
η β β β η+ + + − +

= − +  

( ) ( )( )2 2
3 2 1* 2 2

3 1

2 2 3 1

4 2 4
m m rR

m

b D B b b c ab DB Dp c
A A

η β ρ β βη − + + + − + − + +
= − − +  

( ) ( )2
2 11 2* 32

1 1 32 2 4 2
r m rm m rR

r

D A bB BDBp c
b A A bA

β β ββ β βη − −+
= + − + +  

And then, we can obtain the value of *R
mπ , *R

rπ . 

( ) ( )22
3 2 1 m rA b bη β β+ += − ; 

( ) ( )2
2 1 1D a b c a b ρ= −+ + − ; 

( ) ( )2
3 1D b c a b bρ ρ+ + −= − . 

4.4. Vertical Nash (VN) Model 

In addition to the domination of manufacturers and the predominance of retail-
ers, the reality is that there is still a close match between the two sides. More and 
more large offline retailers, such as Wal-Mart, Carrefour, GOME and Suning, 
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have emerged in the current market. Due to the high market share, the buyers 
owned by these retailers have more and more counterbalanced forces. In order 
to counter the channel monopoly of large retailers, leading brands such as Gree 
and Haier have set up offline physical stores and online shopping malls And 
flagship stores, they are in a close race between powerful retail channels, the 
Nash game (VN mode). As both manufacturers and retailers are evenly matched, 
both sides make the same decision, with the retailer deciding on the green price 
of the offline channel rp  while making decisions about the greenness of the 
product θ , the wholesale price w , and the sales price of the online direct sales 
channel mp . 

Let rp w e= + , e  denote the retailer’s profit from the unit product. The re-
tailer function finds partial derivatives of e  and makes it 0, we can obtain: 

( )1
2

N
m re a b wpρ θβ= + −+  

The manufacturer function finds partial derivatives of * * *, ,N N N
m rw p p  and 

makes them be equal to 0, the optimal solution of decision variables can be ob-
tained for the simultaneous establishment of three equations: 

( ) ( )( )2
1 1 2*

4

12 m r m rN
b B b B B

e
A

η β β β β+ + +−
=  

( )( ) ( )( )( )2
2*

4

3 3 1 2 2 1m rN
D ab b b c a b b

A

β ρ β
θ

− + + − −
=

− − +
 

( ) ( )( )( ) ( ) ( )( )2 2
1 1 2*

4

3 1 2 1 3 6 2m m r rN
m

b b c D a c bc B b c ab D
p

A

η β β β ρ β+ − + − + + − + + − +
=  

( ) ( ) ( ) ( )( ) ( )( )( )2 2 2 2
1 2*

4

3 6 2 3 4 1 2 1m m r rN
c B bc B b c ab b b c a b b

w
A

β β β β η ρ+ + + + + − + − − + − −
=  

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

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

2 2
1*

4 4

2

4

1 2 1 4 3 3 2

1 2 2 2 2 1

mN
r

m r r

b b c a b b ab c B
p

A A

b b c a b b c ab

A

η ρ β

ρ β β ρ β

− + + − + − +
= +

+ + + + − + + + −
+

 

Furthermore, we can find the profits of manufacturers, retailers and the entire 
supply chain: * * *, ,N N N

m rπ π π . Where  

( ) ( )2 2 2 2
4 6 1 3 6 2 0m m r rA b b bη β β β β= − + + + + <+ . 

4.5. The Results of Single-Channel 

For a single green supply chain composed of one manufacturer and one retailer, 
scholars have done a lot of research, and the methods and conclusions of model 
building have been very mature. Therefore, this paper refers to adopt the Mod-
eling method of Ghosh (2012) [6], demand function and profit function are as 
follows: 
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S
r r rd a p β θ= − +                           (4.2) 

( )S 21
2

S
m rd w cπ ηθ= − −                      (4.3) 

( )* *S S
r r rd p wπ = −                          (4.4) 

Through the above solution, we can find the optimal equilibrium solution and 
profit under the domination of manufacturer, retailer-led and Nash respectively. 
The results are shown in Table 2. 

5. Comparative Analysis of the Results under Different 
Power Structure 

In this section, we conduct a comparative analysis of the equilibrium solutions, 
market demands and profits obtained under different power structures in the 
previous section. The purpose of this section is to explore the impact of different 
power structures on the decisions of the dual-channel green supply chain and 
the profits of the supply chain and the efficiency of the entire supply chain. 

Proposition 5-1: Optimal product greenness under different power structures 
satisfy the following: 

If 1 2η η η< < , then * * * *C R N Mθ θ θ θ> > > ; 
If 2η η≥ , then * * * *C N R Mθ θ θ θ> ≥ > , 

where 
( )

( )
2 2 2

2 2

2 2

2 1
m m r rb b

b

β β β β
η

+ + −
=

−
. 

The proof of Proposition 5-1 to Proposition 5-9 are shown in the Appendix. 
Proposition 5-1 shows that the product greenness is the highest under centra-

lized decision-making and the lowest in MS mode regardless of the high or low 
green development costs. This is because under the centralized decision-making, 
both parties aim at maximizing the profit of the entire supply chain and can  
 
Table 2. Optimal decisions and profits of a single channel under different power struc-
tures. 
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maximize the greenness of their products. In the MS model, the manufacturer as 
a leader in the supply chain, on the one hand, it can get more profits by adjust-
ing the online wholesale, on the other hand, because they would increase their 
product green costs to improve the product greenness, so Manufacturers do not 
have enough incentive to improve product greenness, which leads to the lowest 
green level in MS mode. The comparison of the green degree of products in VN 
mode and RS mode depends on the relationship between the green R & D cost 
coefficient, the impact coefficient of product greenness on demand and the price 
competition intensity. 

Proposition 5-2: Optimal wholesale prices under different power structures 
satisfy the following: 

If 1 3η η η< ≤ , then * * *R N Mw w w> ≥ ; if 3 4η η η< ≤ , then * * *R M Nw w w≥ > ; 
If 4 2η η η< ≤ , then * * *M R Nw w w> ≥ , and if 2η η> , then * * *M N Rw w w> > . 

where 
( )

( )
2 2 2

3 2

2 5 2

4 1
m m r rb b

b

β β β β
η

+ + +
=

−
; 

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

32 3 2 2 2 2 2

4 22

1 9 8 1 4 8 3

8 1

r r m m m r rb b b b b b

b

β β β β β β β
η

− − − − − + + +
=

−
. 

Proposition 5-2 shows that the wholesale prices under the three power struc-
tures are more affected by the green R & D costs. When the R & D cost coeffi-
cient is very low, the wholesale price under the RS mode is the highest, which is 
caused by the high greenness of the products under the RS mode. With the in-
crease of R & D cost coefficient, the wholesale price of RS mode will decrease. 
Even when the R & D cost coefficient is higher than a certain threshold, the 
wholesale price under RS mode is the lowest. The main reason is that the retailer 
will reduce the wholesale price because of the dominant channel in RS mode. 
The trend of wholesale price in MS mode is contrary to RS mode, when the R & 
D cost coefficient is very low, the green degree of the product in MS mode is the 
lowest, resulting in the lowest wholesale price. With the increase of R & D cost 
coefficient, the wholesale price will increase in MS mode, and the wholesale 
price in MS mode is the highest even when the green R & D cost coefficient is 
higher than a certain threshold. This is because manufacturers tend to adopt a 
strategy of raising the wholesale price of their products as the green research and 
development costs increase, forcing the demand of offline channels to shift to 
online channels. 

Proposition 5-3: Optimal online direct selling price under different power 
structures satisfy the following: 

If 2η η> , then * * * *C N R M
m m m mp p p p> > > ; 

If 1 2η η η< ≤ , then * * * *C R N M
m m m mp p p p> ≥ > . 

It can be seen from Proposition 5-3 that the comparison of the direct selling 
prices under the different power structures is consistent with the change of the 
green degree of products. Regardless of how the green R & D cost coefficient 
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changes, the direct selling price under centralized decision is the highest, and the 
direct selling price under MS mode is the lowest, because the green degree of 
products is the highest under centralized decision making. The lowest degree 
leads to the lowest direct selling price in MS mode. The comparison of online 
direct selling prices between VN mode and RS mode is affected by the green R & 
D cost coefficient. 

Proposition 5-4: Optimal offline retail prices under different power structures 
satisfy the following: 

If 1 2η η η< ≤ , then * * * *M N R C
r r r rp p p p< ≤ < ; 

If 2 5η η η< < , then * * * *M R N C
r r r rp p p p< < < ; 

If 5η η> , then * * * *M R N C
r r r rp p p p> > > ; 

where 
( )

2 2

5 2

3 2
2 1

m m r rb
b

β β β β
η

+ +
=

−
. 

Proposition 5-4 shows that when R & D costs are low, the offline retail price is 
the highest among centralized decisions and lowest in MS mode. Due to the low 
R & D cost, there is a big difference between green decision making and decen-
tralized decision making, resulting in large differences in production costs of 
green products. Although centralized decision-making can eliminate the influ-
ence of double marginal effects, it cannot offset the impact caused by large cost 
differences. Therefore, centralized decision-making has the highest retail price 
under the line and the lowest green degree in MS mode has also led to the offline 
retail sales lowest price when green research and development costs are high, the 
offline retail price is the highest in MS mode, followed by RS mode, then VN 
mode, and finally the centralized decision mode. This is because the cost is too 
high, the difference of green degree is less under centralized and decentralized 
decision, and the effect of eliminating double marginal effect is greater than that 
of cost difference. Therefore, the retail price under centralized decision is the 
lowest. When the manufacturer is dominant, the highest price wholesale led to 
the highest offline retail price. 

Proposition 5-5: Demand for retail channels under different power structures 
satisfy the following: 

If 1 2η η η< ≤ , then * * * *C R N M
r r r rd d d d≥> > ; 

If 2η η> , then * * * *C N R M
r r r rd d d d> > > . 

Proposition 5-5 shows that regardless of how the green R & D coefficient 
changes, the demand for offline retail channels is always the highest under cen-
tralized decision and is always the lowest in MS mode. For the whole supply 
chain, the green degree of products under the centralized decision leads to the 
greater demand of the offline channels. In MS mode, manufacturers inhibit the 
greenness of the product and reduce the demand for the entire offline channel to 
a minimum, because they take the dominant position in the supply chain. The 
comparison between offline demand in RS mode and VN mode is affected by the 
size of R & D cost factor. 

Proposition 5-6: Online demand under different power structures satisfy the 
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following: 
If m rbβ β>  and 6η η> , then * * * *M R N C

m m m md d d d> > > , 
If 2 6η η η< < , then * * * *C N R M

m m m md d d d> > > ; 
If 1 2η η η< ≤ , then * * * *C R N M

m m m md d d d> ≥ > , 

where 
( )( )

( )6 22 1
m r m rb b

b b
β β β β

η
+ +

=
−

. 

From Proposition 5-6 we can see that when the R & D cost coefficient is rela-
tively low ( 6η η≤ ), the online channel demand under different power structure 
is consistent with the offline demand, the demand of online channel is always 
the highest under centralized decision, the demand of online channel is always 
the lowest under MS mode. The comparison of offline demand under RS mode 
and VN mode is affected by the size of R & D cost coefficient, which shows that 
when the green R & D cost coefficient is low, there are no channel conflicts be-
tween the online channel and the offline channels. When the coefficient of green 
research and development cost increases ( 6η η> ), as manufacturers gain more 
profit per unit than online, the manufacturer shifts the offline demand to online 
by adjusting the greenness of the product and the size of the online selling price 
when the manufacturer dominates in the green supply chain, Resulting in the 
highest demand for online channels in MS mode and the lowest in centralized 
decisions. Therefore, there will be channel conflicts when the green R & D costs 
are large. 

Proposition 5-7: Manufacturers’ profit under different power structures satisfy 
the following: 

If 1 7η η η< ≤ , then * * *R M N
m m mπ π π≥ > ; if 7 2η η η< ≤ , then * * *M R N

m m mπ π π> ≥ ; if 

2η η> , then * * *M N R
m m mπ π π> > , where 

( )
( )

2 2 2

7 2

2 4 3

4 1
m m r rb b

b

β β β β
η

+ + −
=

−
. 

Propositions 5-7 shows that the comparison of manufacturer profits under 
different power structures is affected by the green R & D cost coefficient. When 
the R & D cost coefficient is high, the manufacturer’s profit is the highest in MS 
mode, followed by Nash’s decision, and lowest in RS mode. This is because 
manufacturers take the lead in the supply chain and have first mover advantage, 
they can adjust their decisions according to the retailers’ decisions. Therefore, 
the manufacturer has the highest profit under the dominant circumstances. In 
the RS mode, manufacturers can only adjust their decisions based on the offline 
channel prices set by the retailer, so profit is the lowest, manufacturer and re-
tailer are more of a competitive relationship this moment. When the R & D cost 
coefficient is low, we can find that the tilt of power structure is more conducive 
to supply chain node enterprises. When supply and demand are evenly matched, 
it is unfavorable for both parties, which is consistent with the study by Zhang 
Guoxing et al. (2015). 

Proposition 5-8: Retailer Profit under Different Power Structure satisfy the 
following: 
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* * *R N M
r r rπ π π> >  

Propositions 5-8 shows that retailer’s profit is only affected by the power 
structure, not influenced by the green R & D cost coefficient, which is highest in 
RS mode followed by VN mode and lowest in MS mode. In RS mode, retailers 
have the dominance of the supply chain, so it can gain more profit by controlling 
the selling price of offline channels. In MS mode, manufacturers seize the retail-
er’s value by adjusting the wholesale price and product greenness, retailer’s prof-
it is the lowest at this time. 

Proposition 5-9: The profit of the entire supply chain under different power 
structures satisfies the following: 

If 2η η> , then * * * *C N R Mπ π π π> > > , 
If 1 2η η η< ≤ , then * * * *C R N Mπ π π π> ≥ > . 
Proposition 5-9 shows that regardless of changes in the cost of green research 

and development costs, the entire supply chain profits are the highest under the 
centralized decision-making, MS mode is the lowest. The main reason is that 
centralized decision eliminates the negative effects brought by the double mar-
ginal effect, improves the greenness of products and increases the demand of 
dual channels, resulting in the largest profit. In the MS model, manufacturers 
dominate the supply chain, on the one hand, they do not have enough power to 
improve the greenness of their products, so the demand is reduced. On the other 
hand, they control the online direct selling price and the offline wholesale price 
to transfer offline demand and grab the retailers’ profits, leading to a decline in 
the efficiency of the entire supply chain. The comparison of the profit of the 
whole supply chain between VN mode and RS mode depends on the size of the 
green R & D cost coefficient. When the R & D cost coefficient is low, supply 
chain node enterprises are more in a cooperative mode. As consumers’ percep-
tion of product greenness in online channels is better than that in offline chan-
nels, RS mode can further promote the demand for offline channels, resulting in 
a higher profit in RS mode. When the green R & D cost coefficient becomes 
larger, the supply chain enterprises are more competitive. The tilt of the power 
structure is not conducive to improving the efficiency of the entire supply chain. 
At this time, both sides can evenly reduce the competition and improve the effi-
ciency of the entire supply chain. 

6. Numerical Experiments 
6.1. A Comparative Study of Different Power Structures 

In order to intuitively indicate the size relationship between the online and of-
fline demand under different power structure and the supply chain node enter-
prise profit, we make a two-dimensional map. 

From Figure 1, we can see that when the manufacturer is dominant, the de-
mand for offline is the lowest and the highest is for centralized decision. The re-
lationship between retailer’s dominant and Nash’s decision size depends on the  
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Figure 1. Demand relationship under different power structure. 
 
green R & D cost coefficient. When the green R & D cost coefficient is low, the 
offline demand is higher in RS mode, when the green R & D cost is higher, the 
offline demand is higher in VN mode. For the online market demand, as shown 
in Figure 1, when the green R & D cost coefficient is low, changes in online de-
mand and offline demand are consistent. When the green R & D cost coefficient 
is larger, the manufacturer has the highest online demand when the manufac-
turer is in the dominant position. This shows that the dominant manufacturer 
will maximize the online demand at this time, we can also see that the demand 
for centralized decision-making is the lowest at this moment, which shows that 
the increase of green research and development cost will force manufacturers to 
take actions that are not good for the whole supply chain efficiency. 

From Figure 2, we can see that when the green R & D costs are low, the  
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Figure 2. Profit relations under different power structures. 
 
supply structure with tilted power is better than the situation that competing 
with each other, when green R & D costs are high, their profits diminish with the 
loss of manufacturer rights. For the entire supply chain profit, as shown in Fig-
ure 2, when the manufacturer is dominant, it does not benefit the efficiency of 
the whole supply chain. When R & D costs are low, the profits of the whole 
supply chain are the highest when the retailers dominate the decentralized deci-
sion-making, when the R & D costs of green increase, the profits of the entire 
supply chain will be more beneficial to both parties. 

6.2. Single-Channel and Dual-Channel Comparative Analysis 

This section examines the differences and changes in product greenness, selling 
prices, and profits for both manufacturers and retailers in a single-channel and 
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dual-channel model under different power structures. In this paper, a case study 
is used to construct a three-dimensional map of decision variables and profits 
about green R & D costs and consumer preferences. Since the analysis under the 
retailer-led and Nash-based analyzes is consistent with the manufacturer’s do-
minance, only the manufacturer’s dominance is demonstrated here. The related 
parameters are assumed to be 100a = , 5c = , 0.5b = , 0.5mβ = , 0.6rβ = , 

[ ]0.8,2η∈  for 1 0.606667η η> = , [ ]0,0.45275ρ ∈  for mp w> . The green 
part in the figure below shows the double channel, the red part shows the single 
channel. 

From Figure 3, we can see that under certain conditions, regardless of the 
changes of η  and ρ , the green degree of products under dual channels is 
higher than that of single channel products, and the difference will be greater 
when the R & D costs are lower. We can see that when green R & D costs are 
high and consumers’ preferences for offline channels are lower, the retail prices 
in the case of dual channels are lower than the retail prices in single channels 
from Figure 4. When the channel preferences of consumers are higher and R & 
D costs of green are lower, the retail price in dual channel mode is higher than 
the retail price in single channel. From Figure 5, we can see that under certain 
conditions, the profit of the manufacturer is higher than that of a single channel 
regardless of the changes of η  and ρ , and as the preference of consumers for 
the offline channel and the cost of R&D decrease, this difference will be more 
obvious. From Figure 6, we can see the changes in retailer’s profit under dual 
channels are affected by consumer preference of channels and R & D costs of 
green products. When consumers have a high preference for offline channels 
and green product development costs are low, manufacturers can increase the 
profitability of retailers by opening online channels. This may be due to the 
product promotion role of online channels further driving the entire sales market, 
including traditional channels, but retailers’ profits would decrease as consumer 
 

 
Figure 3. Effect of η  and ρ  on product greenness. 
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Figure 4. Effect of η  and ρ  on offline retail prices. 
 

 
Figure 5. Effect of η  and ρ  on manufacturer profit. 
 

 
Figure 6. Effect of η  and ρ  on retailer profit. 
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preferences for online channels increase. Therefore, for manufacturers, the 
sooner the online sales are conducted, the less susceptible they are to traditional 
retailers. Consumers’ online shopping habits are a gradual process and taking 
into account that e-commerce has become a long-term development trend, the 
earlier opening of e-channels by manufacturers not only complies with this 
trend but also gives retailers more time to adapt to changes in the competitive 
environment, which is conducive to the healthy development of the supply 
chain. 

6.3. Recommendations of the Comparative Analysis 

We can get some management enlightenment from the comparative analysis of 
the above two parts. First, the manufacturers are inspired by the fact that they 
need to adopt different pricing strategies based on the cost of green research and 
development. When R & D costs are high, blindly squeezing supply chain part-
ners with their own market power is a kind of “short-sighted” behavior and 
cannot achieve a win-win outcome. For the long-term development of the mar-
ket, supply chain members should reach a consensus to support each other, ra-
ther than excessive pursuit of a dominance. Second, the conclusion of this paper 
shows that the channel conflicts between supply and demand sides are affected 
by the green R & D costs as well as consumer channel preferences. To avoid the 
channel conflict caused by opening online channels, manufacturers should re-
duce the green research and development costs as much as possible while the 
countries green subsidies should be provided to relieve manufacturers’ R & D 
cost pressures. With the rapid development of e-commerce, consumer prefe-
rences for online channels will be enhanced. Manufacturers should open online 
direct sales channels as soon as possible to reduce channel conflicts. 

7. Conclusions 

This paper considers consumer perceptions of greenness of different channel 
products, builds a dual-channel green supply chain game model with different 
power structures, analyzes the influence of related parameters on supply chain 
nodes and profits, and separately compares them with single channel. The main 
conclusions are as follows: 

First, the optimal decision under different power structures is affected by the 
green R & D cost coefficient. When the green R & D costs are high, both manu-
facturers and retailers have the incentive to compete as leaders in dual-channel 
supply chains. However, for the entire supply, the profits of the entire supply 
chain under Nash’s decision are the highest. As manufacturers and retailers are 
in a fully competitive market, both the supply chain resource allocation and 
coordination efficiency are higher than that of the manufacturer-led and retail-
er-led; When the green R & D costs are lower, the profits of manufacturers are 
higher when the power supply structure of the supply chain is inclined, and are 
the lowest when both sides are evenly matched. 
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Second, a comparative analysis of enterprise profit and single channel of 
supply chain under three different power structures shows that, regardless of 
manufacturer-led, retailer-led and Nash-based decision-making, manufacturer 
profit and product greenness are better than single channel. Retailer profit in a 
single channel and dual channel influenced by green research and development 
costs and consumer channel preferences together, when the low cost of green 
research and development, consumers have a higher preference for offline 
channels, retailers’ profit will be higher in the dual channel. On the contrary, 
when the green R & D costs are higher and consumers’ preference for offline 
channels is weakened, the opening of online channels by manufacturers will re-
duce the profits of retailers and lead to double-channel conflicts. This is also dif-
ferent from the result of Li’s (2016) research. Based on the premise that retailers 
have the pricing power of online channels and offline channels, Li shows that 
with the increase of consumer preferences for offline channels, the profitability 
of the manufacturer will be reduced in dual-channel model or even lower than a 
single channel, retailers profit is always higher under a single channel. This ar-
ticle is based on the premise of online and offline differential pricing, leading to 
the conclusion of the difference. Once the manufacturer owns the autonomous 
pricing power of the online channel, the manufacturer can change the online 
and offline demand by adjusting the direct online selling price, thus affecting the 
profit structure of the supply chain. 

The shortcomings of this paper are as follows: 1) For the dual-channel model 
of green supply chain, this paper considers only the manufacturers have the op-
tion of online and offline channels. Subsequent studies may further consider re-
tailers’ options to own online channels, as well as consider the all-channel situa-
tion where manufacturers have both online and offline channels and retailers 
also have online and offline channels; 2) The demand function in this paper is a 
simple linear function. Considering the channel preference of consumers, Sub-
sequent studies can use the uniform distribution function to establish the rele-
vant model to conduct research. 
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Appendix 

Proof of Proposition 5-1: 
Because we must ensure the offline channel demand under centralized decision- 

making is positive, we obtain ( ) ( )( )22 1 0m r m rU A b b A Bη β β β β= − + + + + < , 
and because 1 2 3 4, 0,,A A A A < , so we can obtain 

( )2
* *

1 4

0
1 rC N

b U

A A

β
θ θ

−
− = > , 

( )2
* *

1 3

1
0

2
rC R

b U

A A

β
θ θ−

−
= > , 

( )22 3
* *

1 2 3

1
0

2
rR M

b U

A A A

β
θ θ

− +
− = > , 

( )2
* *

2 4

1
0rN M

b U

A A

β
θ θ

−
− = > , 

( ) ( ) ( )( )2 2 2 2 2
* *

1 3 4

1 22

2

12r m m r rR N
b U b b b

A A A

β η β β β β
θ θ

− + + −
− =

− −
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Because 

( )
2 2

1 2

2
2 1

m m r rb
b

β β β β
η η

+ +
> =

−
, 

let 

( )
( )

2 2 2

2 2

2 2

2 1
m m r rb b

b

β β β β
η

+ + −
=

−
. 

We can obtain 
If 1 2η η η< < , then * *R Nθ θ> ; 
If 2η η> , then * *N Rθ θ> . 
That is to see, 
If 1 2η η η< < , then * * * *C R N Mθ θ θ θ> > > ; 

If 2η η> , then * * * *C N R Mθ θ θ θ> > > . 
Proof of Proposition 5-2: 

( )2 2
5 1 02 m m rA b bη β β β+ += − < , because 1 0A < , ( )5 2* *

1 3 44
R N UA

w w
A A A
η η−

− = . 

If 2η η> , then * *R Nw w< ; 
If 21η η η< < , then * *R Nw w> . 

Let 
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2 2 2

3 2

2 5 2

4 1
m m r rb b

b

β β β β
η

+ + +
=

−
, we can obtain ( )3* *

2 42
M N U

w w
A A
η η−

− = − . 

If 3η η> , then * *M Nw w> ; 
If 1 3η η η< < , then * *M Nw w< . 
Let 

( ) ( )( ) ( ) ( )( )
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32 3 2 2 2 2 2

4 22

1 9 8 1 4 8 3

8 1

r r m m m r rb b b b b b
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=

−
, 
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1 2 34
M R U
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− = − . 
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If 4η η> , then * *M Rw w< ; 
If 1 4η η η< < , then * *M Rw w> ; 
If ( )2 23 0m rb bβ β−+ < , then 2 4 3 1η η η η> > > . 
In summary, we can get: 
If 1 3η η η< < , then * * *R N Mw w w> > ; 
If 3 4η η η< < , then R* M* N*> >w w w ; 
If 4 2η η η< < , then * * *M R Nw w w> > ; 
If 2η η> , then * * *M N Rw w w> > . 
Proof of Proposition 5-3: 
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So, 
If 2η η> , then * *N R

m mp p> ; 
If 1 2η η η< < , then * *R N

m mp p> . 
That is to see, 
If 2η η> , then * * * *C N R M

m m m mp p p p> > > ; 
If 1 2η η η< < , then * * * *C R N M

m m m mp p p p> > > . 
Proof of Proposition 5-4: 
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Because 5 2η η> , so, 
If 5η η>  or 1 2η η η< < , then * *R N

r rp p> ; 
If 2 5η η η< < , then * *R N

r rp p< . 
In summary, we can obtain: 
If 1 2η η η< < , then * * * *M N R C

r r r rp p p p< < < ; 
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Proof of Proposition 5-5: 
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So we can obtain: 
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Proof of Proposition 5-6: 
Let 
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If m rbβ β> , then 6 2η η> . 
Also, we can obtain: 
If 6η η>  or 1 2η η η< < , then * *R N

m md d> ; 
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Proof of Proposition 5-7: 
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Proof of Proposition 5-8: 
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Proof of Proposition 5-9: 
Because 1 0A < , so 
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If 2η η> , * *N Rπ π> ; 
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In summary, we can obtain: 
If 2η η> , then * * * *C N R Mπ π π π> > > ; 
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