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With the rapid development of the Internet and changes in consumer buying habits, many manufacturers are increasingly relying
on online channels to sell their products as opposed to traditional retail channels. In this study, we innovatively investigate the
impact of corporate social responsibility (CSR) and consumer green preferences (CGP) on supply chain performance and product
green level in the dual-channel green supply chain (DCGSC). Specifically, four models of DCGSC (centralized, independent CSR,
cooperative CSR, and collaboration contract) are investigated. Next, we use game theory to investigate the optimal product green
level, online and offline selling prices, social welfare, profits of supply chain enterprises, and the whole supply chain under the four
models. We give numerical examples to demonstrate the effectiveness and viability of the four models. We find several interesting
conclusions. First, increasing the attention to both CSR and CGP by supply chain enterprises is conducive to stimulating in-
novation and improving product green level. Second, when supply chain enterprises actively execute their CSR, they can
reasonably control online and offline selling prices and increase consumer surplus and the profits of whole supply chain and social
welfare are increased. .ird, it is beneficial to increase the value of supply chain enterprises to enhance CSR within a certain
threshold, but when CSR is higher than the threshold, the profitability of supply chain enterprises is weakened. Finally, col-
laboration contracts are capable of coordinating DCGSC and guaranteeing the profitability of supply chain enterprises.

1. Introduction

.e problems of environmental pollution and resource
scarcity have become increasingly prominent. .erefore,
there is an urgent need for the supply chain together with
other industries to fully execute their environmental pro-
tection responsibilities. .is will require transformation and
upgrading of the economic development models of enter-
prises to low carbon, environmental protection, and green
innovation. Green innovation is the core driving force for
the development of the green industry [1, 2]. It is also crucial
to promoting the development of a high-quality green
economy. So, how can supply chain enterprises be incen-
tivized to enhance their level of green innovation? Green
innovation is important to promote corporate environ-
mental comanagement and sustainable development is
crucial for a green supply chain [3]. .e ongoing

environmental degradation would worsen if the adoption of
green technology is not expedited [4, 5]. In 2018, an En-
vironmental Protection Tax was introduced in China and
environmental supervision was strengthened with more
severe punishments for breaking environmental laws [6].
.e support of green consumers and the construction of
green supply chains are crucial for environmental protec-
tion. To develop a green circular economy and influence
consumers toward green preferences, enterprises have
invested in the research and development of healthy, energy-
efficient, and environmentally friendly green technologies.
For example, the GREE Group is actively promoting re-
search and development of environmentally friendly and
energy-efficient technologies to increase its competitiveness
and image, and BYD has formulated responsibility re-
quirements for its supply chain partners to reduce the direct
impact of its business activities on the environment. Today,
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an increasing number of consumers are buying green
products even if it means paying higher prices, and their
motivation is to protect the environment [7]. .is is en-
couraging many manufacturers and retailers to produce or
sell green products. Furthermore, with the rapid develop-
ment of the Internet, many manufacturers are increasingly
using dual channels to sell their products, that is, the tra-
ditional retail channel and online direct sales [8]. While CSR
plays a key role in social and environmental research [9, 10],
CSR in the DCGSC studies is lacking and is highly
underresearched area. .erefore, further study is needed to
investigate and understand the critical role of CSR in the
DCGSC. .erefore, this study differs slightly from other
research studies; we seek to answer the following questions:
What impact do CSR and CGP have on green innovation
and the efficiency of the dual-channel green supply chain
(DCGSC)? How can supply chain enterprises be incentivized
to enhance their level of green innovation to achieve efficient
synergy of economic, social, and environmental benefits?
Which decision-making model has the highest level of green
innovation and supply chain efficiency and the greatest
social welfare? How can collaborative mechanisms be
designed to make supply chain enterprises more active in
executing their CSR responsibilities and improve the effi-
ciency of the DCGSC? What are the important and realistic
issues facing supply chain enterprises?

A significant amount of literature is related to the topic
of this study. Specifically, this study is related to the literature
on CSR, CGP, and channel coordination.

1.1. Corporate Social Responsibility. CSR practices have a
significant influence on environmentally sustainable de-
velopment [11]. Scholars around the world are increasingly
interested in CSR [12, 13] and ways of incorporating CSR
into supply chain decision-making. In practice, a higher
innovation performance is associated with an increase in
green CSR [14]. Moreover, as the global concern for green
sustainable development increases, it extends to the impact
of CSR on green innovation, for example, the report by Leng
et al. [15] which elucidated that CSR information disclosure
can significantly ease financing constraints, thereby posi-
tively affecting the sustainability of corporate innovation. In
practice, CSR not only positively affects green performance
but also effectively enhances the ability to achieve green
performance [16, 17]. Shahzad et al. [18] examined how CSR
affects corporate sustainability performance. Li et al. [19]
found that the effect of CSR on innovation performance
assumes an inverted U-shaped trend; that is, CSR can ef-
fectively promote corporate innovation performance within
a certain critical point, but it will hinder innovation per-
formance after the critical point is exceeded. Mehralian et al.
[20] elucidated that CSR is not directly related to organi-
zational performance. However, Panda et al. [21] argued that
CSR is inversely proportional to the net profit of the en-
terprise and directly proportional to total profit, and CSR
cannot achieve shareholder value and stakeholder value at
the same time. Gang et al. [22] argued that increasing the
level of CSR increases product demand and economic

profitability for stakeholders but reduces economic returns
for suppliers. In addition, the subjects of social responsibility
that scholars pay attention to are not the same. Mainly from
the perspective of themanufacturer’s fulfillment of CSR [23],
retailers fulfilling their CSR [24], and the manufacturers and
retailers being individually concerned about CSR [25], it can
be seen that the literature presents mixed findings and
mostly focuses on the implementation of CSR by individual
enterprises of the supply chain..erefore, sustainable supply
chain management requires a coordinated effort from all
parties to achieve the sustainability objectives [26, 27]. It is
not enough for enterprises to focus only on their own CSR, it
is the joint fulfillment of CSR by supply chain enterprises
that is favorable to maintain environmental sustainability
[28]. Our study differs from previous studies in that we not
only focus on the execution of CSR by manufacturers but
also focus on the impact of CSR on the decision-making in
the DCGSC from the perspective of manufacturers and
retailers performing CSR together.

1.2. Consumer Green Preferences. As environmental prob-
lems continue to arise, the necessity of environmental
protection is addressed by the increasing consumer pref-
erence for green products. An increasing number of
scholars have begun to study CGPs. Simultaneously
achieving economic and environmental goals has become
an important issue in the process of green sustainable
development [29]. Papadopoulos et al. [30] argued that
consumers are increasingly getting concerned about en-
vironmental changes and have assumed behaviors that have
made producers change their production. Borin et al. [31]
found that purchase intentions for green products are
significantly higher than those of nongreen products. In-
terestingly, consumers prefer to pay more for low-carbon,
energy-saving, and eco-friendly products. .ese actions
have led to the development of the green industry [32]. Suki
[33] considered producers to place more emphasis on the
social value of their products to increase environmental
awareness among consumers and further encouraged the
production of green goods that will be readily liked by
consumers. Owing to the limited number of people who are
willing to pay for green products, it is necessary to make all
green goods affordable. .is can be achieved by adopting
green technologies to reduce the prices of the products [34].
Consequently, how can the adoption of green technology
be accelerated? Researchers have put forward suggestions
to increase the adoption of green technology. Wang et al.
[35] elaborated that CGP significantly influences the
product green level. Yu et al. [36] reported that an increase
in consumer environmental awareness will incentivize
manufacturers to produce more green products with higher
green levels, but this does not necessarily lead to higher
profits for the manufacturers. As can be seen, the above
literature only considers the effects of consumer behavior
on green products and green production. Little literature
has investigated a combination of green preference and
DCSC and their impact on social welfare. .is is the re-
search gap we intend to fill.
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1.3. Channel Coordination and Green Supply Chain.
Previous studies have extensively investigated competition
and pricing strategies for DCSC. Using the two-stage op-
timization technique and the Stackelberg game, Hua et al.
[37] derived the optimal decisions on retail services and
prices and the optimal decisions of delivery lead time and
prices in centralized and decentralized DCSCs, respectively.
.e development of dual channels not only increases the
competitive advantage of the manufacturer but also brings
channel conflicts which in turnmay cause problems between
the manufacturer and the retailer [38]. A reliable cooper-
ation arrangement between manufacturers and retailers is
essential for the development of a robust green supply chain
[39]. Some studies have investigated coordination strategies
that are used to eliminate channel conflicts, and we review
some of them here. Zhang and Liu [40] explored the co-
ordination issue in different channel structures. Ranjan et al.
[41] applied the Stackelberg game-theoretic approach to
analyze the decentralized model, and the channel coordi-
nation is achieved through the surplus profit-sharing
mechanism to obtain a win-win situation for each enterprise
of the supply chain. However, none of these studies have
investigated a green supply chain. Van et al. [42] suggested
that green supply chains should be established to achieve
both economic growth and environmental protection. Basiri
and Heydari [43] studied the impact of consumer envi-
ronmental awareness and the quality of green products on
channel coordination for a two-stage green supply chain. Li
et al. [44] argued that a low-carbon supply chain is par-
ticularly suited for the revenue-sharing contract. Besides, the
cost-sharing contract is very prevalent in the green supply
chain. Ghosh et al. [45] studied how product green level,
price, and profits are influenced by cost-sharing contracts
within the supply chain through a game-theoretic approach.
Dai et al. [46] investigated how cost sharing is more ben-
eficial to all members in a chain as opposed to non-
cooperativeness. Pu et al. [47] proposed and analyzed a cost-
sharing contract that coordinated a decentralized DCSC to
achieve beneficial outcomes for both parties. In summary, a
significant amount of research has been conducted in the
area of dual-channel coordination. Based on this, this paper
designs CSR cost-sharing, revenue-sharing, and franchise
combination contract to coordinate the dual-channel supply
chain.

In summary, the existing literature has been separately
focused on CSR, CGP, and channel coordination. .ere is
little literature on the impact of CSR and CGP on the pricing
and coordination decisions of the DCGSC, especially when
both are simultaneously present in the system. .is is the
major motivation for this study. Both CSR and CGP act as
key factors influencing the cooperative behavior of green
supply chain enterprises. However, few studies have brought
the two important issues together to systematically examine
their impact on economic benefits and the social environ-
ment. .erefore, to fill the research gap, we analyzed the
impact of CSR and CGP on innovation decisions in the
DCGSC from the perspectives of economic and social
benefits and constructed four decision-making models,
centralized CSR decision-making, independent CSR

decision-making, shared CSR decision-making, and CSR
cost-sharing, revenue-sharing, and franchising combined
contract. .e contributions of this work are as follows: (1)
Both CSR and CGP are key endogenous factors influencing
consumer behavior and CSR affecting reputation acts as a
concern for consumer surplus. (2) We explore the impact of
CGP and CSR on product green level, online and offline
selling prices, profits of enterprises in a supply chain, and
social welfare based on the equilibrium results of four dif-
ferent decisions. (3) Among the four decision models, we
identify the one that is most beneficial in supplyingmembers
and consumers in terms of economic and social benefits. (4)
We construct a cost-sharing and franchise fee combination
contract to coordinate and optimize the DCGSC. .e re-
search results provide strategies and references for enter-
prises to actively practice CSR and green activities.

.is paper is organized as follows: In Section 2, we
construct four decision-making models for the DCGSC. In
Section 3, we discuss and compare the optimal product
green level under the four models and equilibrium of the
heterogeneous supply chain strategies. A numerical simu-
lation is discussed in Section 4. In Section 5, we discuss the
conclusions, research limitations, and suggestions for future
research. Proofs are provided in Appendix A.

2. Assumptions and Models

2.1. Problem Description and Notations

Assumption 1. We assume that the DCGSC consists of one
manufacturer acting as the leader and one retailer acting as
the follower.

Assumption 2. In this paper, we consider a manufacturer
that produces a single product at a unit cost cm and dis-
tributes it through an online direct channel at a price pd and
through an offline retail channel at a wholesale price w. .e
retailer will resell the product through its channel at price pr.
Customers may purchase the product either from the retail
channel or from the online direct channel. To avoid a trivial
case, it is assumed that pd≥w and pr≥w≥ cm.

Assumption 3. .emanufacturer is responsible for the green
cost, similar to the works of Shah et al. [45] and Davis-
Sramek [48]; the manufacturer’s investment cost to produce
the green product is given by ce � 1/2ke2, where e represents
the product green level and k represents the cost coefficient
of green level per unit.

Assumption 4. Linear demand functions have been adopted
as in Li et al. [44], taking into account their preference for the
environment; consumers are more inclined to products with
a high green level. .erefore, after considering price, the
demand functions of the respective channels can be obtained
as follows.

.e demand function of an offline channel is given by

qr � u − pr + αpd + λe. (1)
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.e demand function of an online direct channel is given
by

qd � u − pd + αpr + λe. (2)

Let qr and qd denote the consumer demands from the
retail channel and direct channel, respectively. .e pa-
rameter represents the initial market potential, λ shows
consumer sensitivity to the green preference, and 0≤ λ≤ 1
shows that the self-price demand elasticity of each channel is
1. .e parameters measure the cross-price sensitivity. From
observation, the self-price demand elasticity of each channel
is more effective than the cross-price elasticity of demand;
that is, 0< α< 1.

Assumption 5. Being active in CSR effectively enhances the
corporate reputation and brand image [49] and effectively
increases consumer loyalty and trust in the brand [50].
Assuming that the consumers in the market prefer green
products, supply chain enterprises not only pursue profit but
also focus on CSR to gain a competitive advantage. Similar to
the works of Panda et al. [51] and Sinayi et al. [52], we
consider part of consumer surplus as a way to measure CSR.
Let β denote the degree of overall DCGSC paying attention
to CSR, β ∈ (0, 1), let cs denote the overall consumer surplus
in the DCGSC, let β · cs denote CSR of the overall DCGSC,
let β · csr denote CSR of the offline channel, and let β · csd
denote CSR of the online channel. .e offline and online
consumer surplus can be calculated as follows:

csd � 
pdmax

pd
qddpd �

(u − pd + αpr + λe)
2

2
. (3)

Consumer surplus in offline channels is

csr � 
prmax

pr
qrdpr �

(u − pr + αpd + λe)
2

2
. (4)

.e overall consumer surplus in the DCGSC is

cs � csr + csd. (5)

.e overall social welfare is the sum of consumer surplus
and producer surplus:

zsj
� zmj

+ zrj
+ cs. (6)

.e basic notations are shown in Table 1.
In the next section, the profit functions of members of

the DCGSC in centralized decision (Strategy C) and
decentralized decision (Strategy M, Strategy MR, and
Strategy MRD) are formulated.

2.2. Centralized Decision Model (C). .ere is a supply chain
system consisting of a manufacturer and a retailer in the
centralized decision model; we consider a single decision-
maker who sets the online selling price (pdC), the offline
selling price (prC), and the product green level (eC) by
maximizing the total profit of the DCGSC. .us, for cen-
tralized decision-making, the utility function of the DCGSC
is as follows:

Stc � (pd − cm)qd +(pr − cm)qr − ce + β · cs. (7)

.e profit of the DCGSC is determined by

z
c

� Stc − β · cs. (8)

.e overall social welfare is determined by

zsc
� z

c
+ cs. (9)

Proposition 1. In the centralized decision model, the optimal
online selling price (pdC∗), optimal offline selling price (prC∗),
product green level (eC∗), the profit of the DCGSC(zC∗), and
overall social welfare(zsC∗) are calculated as follows:

prC∗
� pdC∗

�
cmk(1 − α) + ku(1 − β + αβ) − 2cmλ2 

δ1
,

e
C∗

� 2λ
(u − cm + αcm)

δ1
,

z
C∗

� 2k[u − cm(1 − α)]
2 k(1 − α) − λ2 − βk(α − 1)

2
 

δ21
,

zsC∗
� k[u − cm(1 − α)]

2 3 − 4a + a
2

 k − 2λ2 − 2βk(α − 1)
2

 

δ21
,

(10)

where δ1 � 2k(1 − α) − 2λ2 − βk(α − 1)2.

.e optimal demand function of the online direct
channel and the offline channel is given by

qrC∗
� qdC∗

�
k(1 − α)(u − cm + αcm)

δ1
. (11)

Now, taking the first-order derivative of equation (7)
with respect to e, pr, and pd, we can obtain the Hessian
matrix, H(StC), as follows:

H StC  �

2βλ2 − k λ − βλ(1 − α) λ − βλ(1 − α)

λ − βλ(1 − α) β α2 + 1  − 2 2α(1 − β)

λ − βλ(1 − α) 2α(1 − β) β α2 + 1  − 2

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
.

(12)
Obviously, H(StC)11 � 2βλ2 − k, H(StC)22 � [2 − β(α2+

1)] (k − 2βλ2) − [λ − βλ(1 − α)]2, andH (StC)33 � (α + 1)(2
− β − αβ)[2λ2 + (α − 1)2βk − 2k(1 − α)]. .e Hessian matrix
of H(StC, e, pr, pd) must be negative definite; to achieve
H(StC)11 < 0, H(StC)22 > 0, and H(StC)33 < 0, the following
conditions must be satisfied: k> 2βλ2 and k> 2λ2/[2(1 − α)

− (1 − α)2β]. Combining zStc/ze � 0, zStc/ zpr � 0, and
zStc/zpd � 0, we can obtain eC∗, prC∗, and pdC∗; then,
substituting eC∗, prC∗, and pdC∗ into equation (7), we can
obtain the optimal profit of the DCGSC (zC∗) and the
overall social welfare (zsC∗), as shown in Proposition 1. .is
completes the proof.

2.3. 8e Manufacturer Independently Undertakes the CSR
Model (M). In the M model, since the manufacturer is a
Stackelberg leader in the DCGSC, the game order of the
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manufacturer and the retailer is as follows: the manufacturer
decides the online selling price (pdM), the product green
level (eM), and the wholesale price (wM). .e retailer de-
cides the offline selling price (prM).

.e utility functions of the manufacturer in the DCGSC
can be obtained as

SmM
� (pd − cm)qd +(w − cm)qr − ce + β · cs. (13)

.e profit of retailer in the DCGSC can be obtained as

zrM
� (pr − w)qr. (14)

.e profit of the manufacturer in the DCGSC can be
obtained as

zmM
� SmM

− β · cs. (15)

.e overall social welfare can be obtained as

zsM
� zmM

+ zrM
+ cs. (16)

Proposition 2. In the M model, the optimal online selling
price (pdM∗), optimal offline selling price (prM∗), product
green level (eM∗), the profit of the manufacturer (zmM∗), the
profit of retailer (zrM∗), the DCGSC (zM∗), and the overall
social welfare e(zsM∗) are as follows:

prM∗
�

cmk 2 − β − 2α2 + α2β  + ku 6 + β2 − 2α − 5β + αβ + 2α2β − α2β2  + ς3 

ς1
,

pdM∗
�

cmk 4 − 4α − β + α2β  + ku β2 + 4 − 5β + αβ + 2α2β − α2β2  + ς3 

ς1
,

w
M∗

�
cmk 4 − 4α − 2β + αβ + 2αβ2 − α3β  + ku β2 + 4 − 4β + αβ + α2β − α2β2  + ς3 

ς1
.

(17)

8e optimal product green level is

e
M∗

�
2cmλ 2α − 3 + β + α2 − α2β  + 2λu(3 + α − β − αβ) 

ς1
. (18)

Table 1: List of superscripts and decision variables.
Superscripts
C Centralized model
M Decentralized model (manufacturer independently undertakes CSR model)
MR Decentralized model (manufacturer and retailer cooperatively undertake CSR model)
MRD Collaboration contract model
Decision variables j ∈ C, M,MR,MRD{ }

csj Consumer surplus of the DCGSC
ej .e green manufacturing level
wj .e wholesale price
prj .e online selling price
pdj .e offline selling price
zmj Results from manufacturer
zrj Results from retailer
zj Results from the DCGSC
zsj Results from social welfare
Xj∗ Optimal results
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We then obtain the maximum profits for the manufac-
turer and retailer:

zmM∗
�

− k(u − cm + αcm)
2 2β2(α + 1)

2
− 4β α2 + 4α + 3  + 2(α + 3)

2
 λ2 + 2β3 α2 − 1 

2


− 5α4 + 6α3 − 20α2 − 6α + 15 β2 + 4 α4 + 2α3 − 3α2 − 3α + 4 β + 8α2 + 16α − 24k

ς21

zrM∗
�

k
2
(1 − α)

2
(u − cm + αcm)

2
(αβ − 2 + β)

2

ς21
.

(19)

Finally, we obtain the maximum profits of the supply
chain and social welfare:

z
M∗

�
− 2k(u − cm + αcm)

2ς2λ
2

+ β3 α2 − 1 
2

− 3α4 + 3α3 − 11α2 − 3α + 8 β2 + 2β α4 + 3α3 − 7α2 − 7α + 10  + 2 α2 + 6α − 7  k 

ς21
,

zsM∗
�

− k(u − cm + αcm)
2ς2λ

2
+ 2β3 α2 − 1 

2
 − 7α4 + 6α3 − 24α2 − 6α + 17 β2 + 2β 3α4 + 8α3 − 18α2 − 16α + 23  − 2α4 − 4α3 + 8α2 + 36α − 38 k 

ς21
.

(20)

.e optimal demand functions of the online direct
channel and the offline channel are given by

qrM∗
�

k(1 − α)(2 − β − αβ)(u − cm + αcm)

ς1
,

qdM∗
�

k(1 − α)(2α − β − αβ + 4)(u − cm + αcm)

ς1
,

(21)

where

ς1 � 2λ2(αβ − α+ β − 3)

+ α3 − α2 − α+ 1 β2 − 2β α3 − α2 − 3α+ 3  + 8 − 8α k,

ς2 � 2β2(α+ 1)
2

− 4β α2 + 4α+ 3  + 2(α+ 3)
2
,

ς3 � 2cmλ2(β − 3 − α+αβ).

(22)

Proof. Since the second-order derivatives of zrM and
z2zrM/z2pr � − 2 are negative, we have
zzrM/zpr � u − 2pr + w + λe + αpd � 0;
thenpr � (u + w + λe + αpd)/2. Substituting pr into equa-
tion (13) and then taking the first-order derivative of
equation (14) with respect to e, w, and pd, we can obtain the
Hessian matrix H(smM) as follows:

H SmM
  �

h1 h2 h3

h2 h4 αh4

h5 αh4 h6

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦, (23)

where h1 � [(α2 + 4α + 5)βλ2 − 4k]/4, h2 � λ[(α2 + 2α − 1)2

β + 2]/4, h3 � λ[2α − (4 + α − 2α2 − α3)β + 4]/4,
h4 � (βα2 + β − 4)/4, h5 � λ[2α + 4+ (2α2 + α3 − 4 − α)β]/4,
and h6 � [(4 − 3α2 + α4)β + 4(α2 − 2)]/4.

.en π(SmM)11 � [(α2 + 4α + 5)βλ2 − 4k]/4.

π SmM
 22 �

(α + 1)
2β2 − 2 α2 + 3α + 2 β − 1 λ2 + k 4 − β − α2β  

4
. (24)

π(SmM)33 � − (α + 1)[ kβ2(α3 − α2 − α + 1) − 2kαβ
(α2 − α − 3) − 2k(4α + 3β − 4k) +2λ2(αβ − α + β − 3)]/4.
.e Hessian matrix of H(SmM) is negative definite for e, w,
and pd if k> (α2 + 4α + 5)βλ2/4, π(SmM)11 < 0,
π(SmM)22 > 0, and π(SmM)33 < 0. .us, SmM is strictly
jointly concave in e, w, and pd; combining zSmM/ze � 0,

zSmM/zw � 0, and zSmM/zpd � 0, we can derive Propo-
sition 2, so the results are straightforward to derive. □

2.4. 8e Manufacturer and Retailer Cooperatively Undertake
the CSR Model (MR). In the MR model, the manufacturer
and retailer share the cost of CSR. However, the manufacturer

6 Discrete Dynamics in Nature and Society



is the leader who decides the online selling price (pdMR),
product green level of the green product (eMR), and wholesale
price (wMR). .e retailer is a follower who decides the offline
selling price (prMR). .e utility functions of the manufacturer
and the retailer in the DCGSC can, respectively, be given as

SmMR
� (pd − cm)qd +(w − cm)qr − ce + β · csd, (25)

SrMR
� (pr − w)qr + β · csr. (26)

.e manufacturer’s profit is given by

zmMR
� SmMR

− β · csd. (27)

.e retailer’s profit is given by

zrMR
� SrMR

− β · csr. (28)

.e overall social welfare is given by

zsMR
� zmMR

+ zrMR
+ cs. (29)

Proposition 3. In the MR model, the optimal online selling
price (prMR∗), optimal offline selling price (pdMR∗), product
green level (eMR∗), the profit of the manufacturer (zmMR∗),
the profit of the retailer (zrMR∗), the profit of the DCGSC
(zMR∗), and the overall social welfare (zsMR∗) are as follows:

prMR∗
�

cmk 2α2 − α − 1 β − 2α2 + 2  + ku 2 − 2α2 β2 + 2α2 + 2α − 7 β − 2α + 6  + θ3 

θ1
,

pdMR∗
�

cmk α2 + α − 2 β + 4 − 4α  + ku 2 − 2α2 β2 + 2α2 + α − 6 β + 4  + θ3 

θ1
,

w
MR∗

�
cmk α3 − α2 − α + 1 β2 − β α3 − α2 − 4α + 4  + 4 − 4α  + ku 1 − α2 β2 + α2 − 4 β + 4  + θ3 

θ1
.

(30)

.e optimal product green level is

e
MR∗

�
λ(2α − 3β + 6 − 3αβ)(u − cm + αcm)

θ1
. (31)

We then obtain the maximum profits for the manu-
facturer and retailer:

zmMR∗
�

− k
2
(u − cm + αcm)

2 θ2λ
2

+ 10β3 α2 − 1 
2

− 2β2 9α4 + 8α3 − 35α2 − 8α + 26  + 8β α4 + 2α3 − 8α2 − 6α + 11  + 16(α − 1)(α + 3) k  

2θ21 
,

zrMR∗
�

[k(α − 1)(u − cm + αcm)(β + αβ − 2)]
2
(1 − β)

2θ21 
.

(32)

Finally, we obtain the maximum profits of the supply
chain and social welfare:

zMR∗
�

− k(u − cm + αcm)
2 θ2λ

2
+ 12β3 α2 − 1 

2
− 2β2 10α4 + 12α3 − 41α2 − 12α + 31  + 8β α4 + 3α3 − 8α2 − 9α + 13  + 8(α − 1)(α + 7) k 

2θ21 
,

zsMR∗
�

− k(u − cm + αcm)
2 θ2λ

2
+ 12β3 α2 − 1 

2
− β2 25α4 + 24α3 − 92α2 − 24α + 67  + 4β 4α4 + 9α3 − 23α2 − 21α + 31  − 4 α4 + 2α3 − 4α2 − 18α + 19  k 

2θ21 
.

(33)
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.e optimal demand functions of the online direct
channel and the offline channel are given by

qrMR∗
�

k(1 − α)(2 − β − αβ)(u − cm + αcm)

θ1
,

qdMR∗
�
2k(1 − α)(2 − α + β + αβ)(u − cm + αcm)

θ1
,

(34)

where

θ1 � λ2(3β − 2α + 3αβ − 6)

+ 2β2 α3 − α2 − α + 1  − 2β α3 − α2 − 4α + 4  + 8 − 8α k,

θ2 � 9β2(a + 1)
2

− 12β(α + 1)(α + 3) + 4(a + 3)
2
,

θ3 � cmλ2(3β − 2α + 3αβ − 6).

(35)

Proof. Taking the second-order partial derivatives of SrMR

with respect to pr, we have z2SrMR/z2pr � β − 2< 0, when
zSrMR/zpr � 0. We get
pr � [u + w + λe + αpd − β(u + λe + αpd)]/(2 − β).
Substituting pr into equation (25), taking the second-order
partial derivatives of SmMR with respect to e, w, and pd,
respectively, we have the Hessian matrix H(SmMR):

H SmMR
  �

h11 h12 h13

h2 h22 h23

h2 h3 h33

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦, (36)

where h11 � β λ − [αλ(1 − β)]/(β − 2) 
2

− k, h12 � λ[2−

(a2 + a)β2 + (a2 + 2a − 1)β]/(β − 2)2, h13 � λ [2α − (4 + α
− 2α2 − α3) β + 4]/4, h21 � h31 � 2 − λ[(α2 + α) β2 + (α2 +

2α − 1) β]}/(β − 2)2, h23 � α[(1 − α2)β2 +(α2 − 4)β + 4]}/
(β − 2)2, h22 � h32 � (βα2 + 2 β − 4)/(β − 2)2, and h33 �

[2α2(β − 1)]/(β − 2) + [β(β − α2 β + α2 − 2)2]/(β − 2)2 − 2.
We have

π SmMR
 11 � β

α(β − 1)

(β − 2)
+1 

2

λ2 − k,

π SmMR
 22 �

2β2(α+1)
2

− 2β α2 +3α+1  − 1 λ2 + 4 − βα2 − 2β k 

(β − 2)
2 ,

π SmMR
 33 �

(α+1) 2β2(α+1)
2

+2β(α+1)(α+2) − 1 λ2 + k βα2 − 4+2β  (αb − β − α+2) α2 − 1 β2 + 4 − α2 β − 4 

(β − 2)
4 .

(37)

.eHessianmatrix of H(SmMR) is negative definite fore,
w, and pd. If k> β[α(β − 1)/(β − 2) + 1]2λ2, π(SmMR)11 < 0,
π(SmMR)22 > 0, and π(SmMR)33 < 0, SmMR is strictly jointly
concave in e, w, and pd, solving zSmMR/ze � 0,
zSmMR/zw � 0, and zSmMR/zpd � 0; we can derive Prop-
osition 3; therefore, the results are straightforward to
derive. □

2.5. Collaboration Contract Model (MRD). In the MRD
model, the manufacturer and retailer work together to
optimize the profit of the DCGSC. .e retailer actively
shares the cost of CSR, the manufacturer shares g, which is
the proportion of the online profit to the retailer, and the
retailer pays a franchise fee (f) to the manufacturer. Similar
to the M and MR models, the manufacturer is a leader in
prioritizing and deciding the online selling price (pdMRD),
product green level (eMRD), and wholesale price (wMRD),
and then the retailer is a follower to decide the offline selling
price (prMRD) to maximize the profit..e utility functions of
the manufacturer and the retailer in the DCGSC are,
respectively,

SmMRD
�(1 − g)(pd − cm)qd+(w − cm)qr − ce+β · csd+ f,

SrMRD
�(pr − w)qr+β · csr+ g(pd − cm)qd − f.

(38)

.e retailer’s profit is given by

zmMRD
� SmMRD

− β · csd. (39)

.e manufacturer’s profit is given by

zrMRD
� SrMRD

− β · csr. (40)

.e overall social welfare is given by

zsMRD
� zmMRD

+ zrMRD
+ cs. (41)

Taking the second-order partial derivatives of SrMRD

with respect to pr, we have z2SrMRD/z2pr � β − 2< 0; that is,
the retailer’s profit (SrMRD) will be concave; when zSrMRD/
zpr � u − 2pr + w + λe + αpd − β(u − pr + λe+ αpd) is zero,
we get pr � [u + w + λe + αpd − β(u + λe + αpd)]/(2 − β).

Substituting into equation (15) and taking the second-
order partial derivatives of SmMRD with respect to pd,
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z2SmMRD/z2pd � β[α2/4 + (α2/2 − 1)2] + α2 − 2< 0; that is,
the manufacturer’s profit (SmMRD) will be concave; when
zSmMRD/zpd � 0, we obtain that

pd � 2αβ − 4α + α3β g − α3 − α β2 + α3 − 4α β + 4α w + η1g + η2( u + η1eg + η2eλ

+ 4α2 − α4β − 2α2β cmg2 + η3cmg + 1 − α2 β2 + 3α2 + α − 4 β − 2α2 − 2α + 4 cm,
(42)

where
η1 � (− α3 − α2 − α − 1)β2 + (α3 + 2α2 + 3α + 4)β − 2α − 4,
η2 � (α3 + α2 − α − 1) β3 +(− 2α3 − 3α2 + 4α + 5)β2
+(α3 + 2α2 − 5α − 8)β + 2α + 4, and η3 � (α4 − 1)β2+
(− α4 + α2 − α + 4)β − 2α2 + 2α − 4.

To achieve coordination in the supply chain, the optimal
decision in the decentralized situation must be consistent
with the optimal decision in the centralized situation; that is,
the combination contract optimization coordination needs
to meet the following conditions:

e
C∗

� e
MRD∗

,

prC∗
� prMRD∗

,

pdC∗
� pdMRD∗

.

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(43)

Proposition 4. When the combination contract satisfies
equation (43), the DCGSC can be coordinated. In the MRD
model, the optimal wholesale price and the profits of the
manufacturer and the retailer are as follows:

w
MRD∗

�

]1 +(1 − α)β2 + − α3 + 2α − 4 β + 4 ku + 2βa
2

+ 4β − 8 cmλ2 + α5 − 2α4

+3α3 − 4α2 + 2αβ2 + α4 − 5α3 + 10α2 − 6α β − 4α2 + 4αcmg + α4 − 2α3 + 2α2

− 2α + 1)β2 + − α4 + 3α3 − 4α2 + 6α − 4 β + 4 − 4αcmk

βα2 + 2β − 4 τ 
,

g
MRD∗

�
χ1 + α2 − 1  βα2 + 2β − 4  α6 + α4 − 2α2 β5 − χ2 + χ3 + χ4 − 16α2 + 16 

(1/2)
− 8 

α5 + α3 − 2α 2β2 + α4 − 4α3 + 2α2 + 4α 2β − 8α2 
.

(44)

where χ1 � (α5 + α3 − 2α)β3 − (α5 − α4 + 5α3 − α2 − 6α + 2)

β2 + (4α3 − 2α2 − 4α + 8)β, χ2 � 2β4(α6 − α5 + 3α4 − 3α3−
4α2 + 4α), χ3 � β3(α6 − 6α5 + 10α4 − 26α3 − 5α2 + 44α − 2),
and χ4 � 4β2(α5 − 2α4 + 9α3 − 5α2 − 20α + 3) + 4β(α4−
4α3 + 9α2 + 12α − 6).

Substituting equation (43) and wMR D into equations
(39) and (40), respectively, the profits of the manufacturer
and retailer in the DCGSC can be obtained as

zmMRD∗
� f −

2kλ2(u − cm + αcm)
2

τ2
+ ]6 (α − 1)β2 − ]1 + α3 − 2α + 4 β − 4  + ]2(g − 1),

zrMRD∗
� − f +

gk
2
(1 − α)(αβ − β + 1)(u − cm + αcm)

2

τ2
+ ]1 + ]4( ]6.

(45)

where ]1 � [(α4 − α3 + 2α2 − 2α)β2 + (α3 − 4α2 + 6α)β−

4α]g, ]2 � k2(α − 1)(αβ − β + 1)(u − cm + αcm)2/τ2, ]3
� [(3β − 2α + 3αβ − 6)λ2 + [4β2(α3 − α2 − α + 1)+ (− 2α3 +

2α2+ 8α − 8)β − 8α + 8]k, and ]4 � (α3 − α2 + α − 1) β2 + (−

α3 + α2 − 2α + 2)β]5 � (α − 1)β2 + (α3 − 2α + 4)β − 4.

]6 �
k
2
(1 − α)(u − cm + αcm)

2

βα2 + 2β − 4 τ2 
,

τ � 2αk − 2k + βk + 2λ2 − 2αβk + a
2βk.

(46)

.e franchise fee satisfies the condition that f1 ≤f≤f2.
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f1 �
2kλ2(u − cm + αcm)

2
 

τ2
−

k(u − cm + αcm)
2 ρ1λ

2
+ ρ2k 

2]23 
+ ]5 − ]1( ]6 − (g − 1)]2,

f2 �
k
2
(a − 1)

2
(β − 1)(u − cm + αcm)

2
(β + αβ − 2)

2

]23
+ ]1 + ]4( ]6 − g]2.

(47)

where ρ1 � (9α2 + 18α + 9)β2 + (− 12α2 − 48α− 36)β + 4α2+
24α + 36 and ρ2 � (10α4 − 20α2 + 10) β3 + (70α2 − 18α4 −

16α3 + 16α − 52) β2 + (8α4 + 16α3 − 64α2 − 48α + 88)β+

16α2 + 32α − 48.
Proposition 4 shows that the manufacturer charges a

certain franchise fee to compensate for the loss of profits
caused by the investment in CSR. At this time, the manu-
facturer and the retailer reach a combination contract with
franchise costs. We assume that the franchise fee is f, and the
conditions that must be met are f1 ≤f≤f2. If the franchise
costs exceed the retailer’s profit increment f2, the retailer’s
profit in the portfolio contract does not increase, thus
rejecting the franchise fee combination contract. However, if
the franchise costs are not sufficient to compensate for the
manufacturer’s loss of profit f1, the manufacturer is still in a
state of loss of profit, and the manufacturer will also refuse to
accept the combination contract with franchise costs.
.erefore, only when the franchise costs are between the
manufacturer’s loss of profit and the retailer’s profit increase
can they accept the franchise cost combination contract. At
this time, both parties’ profit diversification decisions will
increase their profits; that is, zmMRD > zmMR and
zrMRD > zrMR. In addition, the specific franchise fees depend
on the bargaining power of the manufacturer and retailer.

3. Analytical Results

By comparing and analyzing the equilibrium results under
different strategies, we obtain Proposition 5–9. We then
analyze the impact of the CSR coefficient (β) on the product
green level and obtain the following.

Proposition 5

(i) 8e product green level e increases with β; that is,
zej∗/zβ> 0,j ∈ C, M,MR,MRD{ }

(ii) Online selling price pd and offline selling price pr

decrease with decreasing β, respectively; that is,
zej∗/zβ> 0 and zpdj∗/zβ> 0,j ∈ C, M,MR,MRD{ }

(iii) All decision variables increase with λ

Proof. See the Appendix.
Proposition 5 shows that the product green level in-

creases with an increase in the CSR coefficient, β. Both the
online and offline selling prices decrease with an increase in
the CSR coefficient, β. .is is because when the green level of
products and market demand increase, the manufacturer is
more likely to invest in more green products. It shows that
increasing CSR not only increases the product green level
but also helps in controlling the selling price of green

products. Also, when the manufacturer increases attention
to consumer surplus, there is increased investment in green
products.

.e product green level increases with an increase in CGP.
Also, online and offline selling prices and market demand
increase with an increase in CGP. .is means that increasing
CGP will motivate companies to invest more in technologies
that will improve the product green level. As green invest-
ments increase, online and offline selling prices will also
increase, and the positive effect of product green level on sales
will be higher than the negative effect of price on sales. .us,
CGP will increase product green level, the selling price of the
product, and the demand for it, thereby increasing the overall
profitability and social welfare of the supply chain.

We now compare the equilibrium results under different
decisions and obtain Propositions 6–9. □

Proposition 6. eC∗ � eMRD∗ > eMR∗ > eM∗.

Proof. See the Appendix.
We compare the equilibrium results of the centralized

decision-making model, showing the product green level
being the highest under centralized decision-making, which
provides a benchmark for combination contract coordina-
tion. .e product green level under the MR model is higher
than that in the M model. .is is because the retailer shares
part of the CSR costs, and the manufacturer is more likely to
invest in green technology to improve product green
level. □

Proposition 7

(i) prM∗ > prMR∗ > prC∗ � prMRD∗;
pdC∗ � pdMRD∗ > pdMR∗ > pdM∗

(ii) qrC∗ � qrMRD∗ > qrMR∗ > qrM∗;
qdM∗ > qdMR∗ > qdC∗ � qdMRD∗

For proof, see the Appendix.

Proposition 7 shows that the manufacturer and retailer
have forged a close relationship under the centralized deci-
sion, and the price and market sales under the centralized
decision are equal to the combined contract decision. Among
them, in the M model, the offline selling price is the highest,
and the online selling price is the lowest. Under the coor-
dination of the combination contract, the offline selling price
is the lowest, online market sales are the highest, the online
selling price is the highest, and offline market sales are the
lowest. .is is because, in the M model, the manufacturer has
obvious advantages to control channels and obtain channel
competition advantages at the lower offline selling price.
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However, when the manufacturer bears the cost of CSR in-
dependently, there is cost pressure to pay the higher wholesale
price offline to the retailer, resulting in the highest offline
selling price and a significant online selling price advantage
and in the highest online market demand and the lowest
offline market demand.

Proposition 8

zmMRD∗ > zmMR∗ > zmM∗
,

zrMRD∗ > zrM∗ > zrMR∗
.

(48)

For proof, see the Appendix.
Proposition 8 shows that the manufacturers’ profit is

higher in the MR model than in the M model, and the
retailers’ profit is higher in the M model than in the MR
model, which indicates that CSR affects the profitability of
the DCGSC members. However, under the MRD model,
manufacturers’ and retailers’ profits are higher than those
under the MR and M models. .is also indicates that the
combined coordination mechanism helps the DCGSC
achieve Pareto optimality and enhance the profitability of
the supply chain enterprises.

Proposition 9

z
MRD∗ > z

MR∗ > z
M∗

,

zsMRD∗ > zsMR∗ > zsM∗
(49)

For the proof, see the Appendix.
Proposition 9 shows that the profits of the DCGSC and

social welfare are higher in theMRmodel than in theMmodel,
which shows that the retailer shares part of the CSR costs,
causing the manufacturer’s increased marginal revenue to be
higher than the retailer’s reducedmarginal revenue..e profits
of the DCGSC and social welfare under a combination co-
ordination contract are higher than both MR and M models,
which indicates that a combination coordination contract
optimizes the dual-channel green supply chain, increases the
overall revenue of the supply chain, and improves social
welfare.

4. Numerical Examples

In this section, we conduct a sensitivity analysis on nu-
merical examples to verify the results and the usefulness of
the four proposed models. .e parameter values are set as
u � 100, α � 0.4, k � 5, and cm � 10, and we focus on
comparing the two following situations: β � 0.5, λ ∈ [0, 1]

and λ � 0.3, β ∈ [0, 1]. .e effects of β and λ on the product
green level, the profit of the manufacturer, the profit of the
retailer, the profit of the DCGSC, and other equilibrium
results in different models are shown in Figures 1–7.

Figures 1(a) and 1(b) demonstrate the effect of β and λ on
the product green level; it can be seen that the product green
level increases with an increase in the number of enterprises
responsible CSR, β, and the coefficient of green preference, λ,

in all decision models. .is shows that an increase in
consumers’ green preference stimulates corporate green
investment. Ultimately, the manufacturer invests more re-
sources and capabilities to gain a competitive advantage by
improving the product green level of its products. In ad-
dition, the product green level in the centralized model is
equal to the product green level under the coordination of
the combination contract, and it is easily seen that the
product green level is higher in the centralized model than it
is in the MR model, where the manufacturer solely bears the
cost of CSR, which shows that the combination contract
improves the product green level of the product..e product
green level is the lowest when the manufacturer solely bears
the cost of CSR. When the retailer and manufacturer share
CSR costs, we find that the manufacturer would pay more
toward improving the product green level. In the MRD
model, the manufacturer determines the highest product
green level. .erefore, we can elucidate that increased CSR
and CGP lead to increased product green level. .e com-
bination contract will encourage the manufacturer to make
more green investments.

Figure 2 demonstrates the effect of β and λ on online and
offline selling prices. Figure 3 shows the effect of β and λ on
the online and offline market demands. .e three following
results can be elucidated.

First, from Figure 2(a), it can be seen that online and
offline selling prices decrease with an increase in β· and λ·.
.is is attributable to the supply chain enterprises increasing
their attention to consumer surplus value, which has the
effect of reducing the price of green products. .erefore, we
can conclude that increasing CSR reduces the price of green
products. .e offline selling price is the highest in the M
model and the lowest in the centralized model. .e online
selling price is the highest in the centralized model and the
lowest in the M model. .is indicates that when the man-
ufacturer solely bears the cost of CSR, it sets a high wholesale
price, thereby increasing offline selling. However, the
manufacturer and retailer share CSR costs, and the man-
ufacturer sets a lower wholesale price to maintain stable
long-term cooperation with the retailer; as a result, the
retailer also sets a lower offline selling price. Notably, offline
and online retail prices in the centralized model are equal to
those of the MRD model; this means that the supply chain
enterprises have forged a close relationship to set lower retail
prices to pursue common goals.

Second, from Figure 3(a), it can be seen that the online
market demand has shown an upward trend with the in-
crease in β; recall that the online selling price and product
green level increase with CSR, and the positive impact of
product green level on market demand is greater than that of
price. .erefore, online market demand is still showing an
upward trend. However, the offline market demand grad-
ually decreases with an increase in β in the Mmodel, and the
offline market demand increases and then decreases with an
increase in β in the MR model.

.ird, from Figures 2(b) and 3(b), we can see that the
online and offline selling prices have shown an upward trend
with the increase in λ, and online and offline sales have also
shown an upward trend with the increase in λ, which
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indicates that the CGP will stimulate the manufacturer to
improve green technology of green products, so the increase
in investment costs will increase the selling price of green
products. However, the impact of product green level on
consumer purchasing behavior is higher than that of price,

which will cause market demand to increase with an increase
in λ.

First, we see from Figures 4 and 5 that the profit of the
manufacturer decreases with an increase in β· in the M
model, but there is a threshold β� 0.086 that makes the
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Figure 1: .e effect of β and λ on the product green level.
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Figure 2: .e effect of β and λ on online and offline selling price.
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profit of the retailer first increase and then decrease. Second,
there is a threshold β� 0.350 that makes the profit of the
manufacturer to first increase and then decrease with the
increase of β, and the profit of the retailer shows a decreasing

trend in the MR model. .ere is a threshold β� 0.086 that
makes the profit of the manufacturer first increase and then
decrease with the increase of β under the combination
contract. When it is lower than the threshold β� 0.792, the
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Figure 3: .e effect of β and λ on online and offline channel demand.
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Figure 4: .e effect of β and λ on the manufacturer’s profit.
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retailer’s profit decreases with the increase of β. When it is
higher than the threshold 0.792, the retailer’s profit increases
with β, which indicates that part of the online revenue shared
by the manufacturer is higher than the CSR costs and
franchise fee shared by the retailer.

Compared with other decision-making models, the
manufacturer’s profit is the lowest under the M model. .e
retailer’s sharing of CSR costs is beneficial for themanufacturer
to reduce CSR costs and gain more benefits, which will reduce
the retailer’s revenue. It is clear that a higher degree of CSR is

0 0.2 0.4 0.6 0.8 1
β

zrM*

zrMR*

zrMRD*

0

100

200

300

400

500

600

700

800

900

1000
zr

(a)

zrM*

zrMR*

zrMRD*

0.2 0.4 0.6 0.8 10
λ

300

400

500

600

700

800

900

1000

1100

1200

1300

zr

(b)

Figure 5: .e effect of β and λ on the retailer’s profit.
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Figure 6: .e effect of β and λ on the DCGSC profit.
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not necessarily more beneficial to the manufacturer. .e re-
search results show that enhancing CSR within a reasonable
range can increase the manufacturer’s profits; however, ex-
ceeding a reasonable threshold will weaken the manufacturer’s
profit owing to the high CSR costs.

.ereafter, the combined contract can optimize the dual-
channel supply chain and increase the profits of the dual-
channel supply chain enterprises. .is is because the
manufacturer and the retailer have merged their interests
through the contract mechanism, and ultimately both
parties obtain a higher advantage.

Finally, the profits of the manufacturer and retailer
increase with the increase in λ, which shows that enhancing
consumers’ green preference will prompt the manufacturer
to pay more attention to improving the product green level,
satisfying consumers’ desire to purchase, and increase
consumer purchases, thereby increasing the profits of both
the manufacturer and retailer.

From Figures 6 and 7, we can see that the profits of the
dual-channel supply chain show a decreasing trend with an
increase in β· under the M and MRD models. .is is because
the increased benefits of one party of the dual-channel supply
chain from enhancing CSR are lower than those of the other
parties owing to the reduced costs of CSR. Under the MR
decision model, there is a threshold β� 0.170, which makes the
overall profit of the DCGSC increase first and then decrease
with parameter β. When the threshold is lower than β� 0.170,
the increase of the manufacturer’s revenue is higher than the
retailer’s revenue decrease, which leads to an upward trend of
the profit of the DCGSC. When the threshold is higher than
0.170, the profits of both the manufacturer and the retailer
decrease with parameter β, which leads to a decrease in the

profits of the DCGSC. Under the M model, excessive CSR will
reduce the profits of supply members, and social welfare will
increase first and then decrease with parameter β. However,
under the MR and MRD decision models, social welfare in-
creases with parameter β. .e revenue of the dual-channel
supply chain under the M model is lower than the revenue
under theMRmodel, indicating that the sharing of online CSR
between the retailer and the manufacturer is beneficial to
increase the revenue of the supply chain. .e dual-channel
supply chain revenue under the C and the MRD decision
models is higher than the revenue of the M and MR models,
indicating that the combined contract will optimize the
DCGSC. With the increase in green preferences of consumers,
the benefits of the DCGSC and social welfare are showing an
upward trend, indicating that enhancing CGP is beneficial to
the DCGSC and increasing social welfare.

5. Conclusions

In this study, to differ from the previous study (e.g., Li et al.,
2018, Gang et al., 2020, Borin et al., 2013, and Wang and
Hou, 2020), we constructed game models in four different
situations (C Model, M Model, MR Model, and MRD
Model). To better understand the impact of CSR and CGP on
green behavior and the efficiency of the DCGSC, we also
designed a combination contract to optimize the revenues of
the supply chain and compared the equilibrium results
under different circumstances and conducted a sample
analysis to verify our results. Our findings differ from other
studies in the following.

We concluded that CSR and CGP strongly influence the
green supply chain. An increase in the degree of CSR and
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Figure 7: .e effect of β and λ on social welfare.
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CGP can improve the product green level. .is shows that
the effective execution of CSR motivates manufacturers to
invest more resources to improve green innovation tech-
nologies and capabilities and encourage their retailers to pay
more attention to resource conservation and environmental
protection in the marketing process. .erefore, for supply
chain enterprises, to enhance their corporate reputation and
influence, they should strengthen their involvement in CSR,
expand their green innovation chain, and increase their
supply of high-quality green products; in addition, the
government can also enhance the awareness of CGP through
publicity and education.

Our results indicated that enhancing CSR can reasonably
control the selling prices in the DCGSC. Online market
demand increases with an increase in CSR and CGP, but
offline market demand shows different results in different
decision-making models. In the M model, offline market
demand gradually decreases with an increase in CSR. In the
MR model, offline market demand increases first and then
decreases with an increase in CSR. .is shows that, with the
enhancement of CSR in the supply chain, consumers have a
higher preference for products with a high level of green
innovation and low prices, and online market demand
continues to increase. .erefore, the supply chain enter-
prises should cooperate in the execution and enhancement
of CSR by raising their level of adherence to the require-
ments of pollution control and environmental protection,
integrating CSR into their operations and management,
manufacturing or selling high-quality green products at
reasonable prices, and endeavoring to increase consumer
surplus value and social welfare.

Our study has practical significance in that it can be used
as decision support. .e manufacturer can obtain more
profits under theMR decision-making model than under the
M model. .erefore, the situation where the manufacturer
bears all the costs for CSR is not beneficial to the manu-
facturer and the long-term stability of the DCGSC..e long-
term stability of DCGSC is safeguarded when both the
manufacturer and the retailer share the cost of CSR. For the
manufacturer, the intensity of CSR should not be as high as
possible; instead, it should be controlled within a reasonable
range. Enhancing supply chain CSR within a threshold
increases the benefits to supply chain enterprises. When CSR
exceeds the threshold (0.170), the cost of CSR will increase.
Higher CSR costs will reduce the income of supply chain
enterprises and affect the efficiency of the green supply
chain. Enterprises in a supply chain must actively fulfill their
responsibilities of environmental cogovernance and main-
tain the balance of their responsibilities in the supply chain.

Our study has great significance in that it can be used as a
guide for corporate development. Supply chain enterprises
fostering CSR and enhancing CGP help increase profit and
social welfare. .is paper designs a combination contract to
increase the profits of both manufacturers and retailers and
optimize the DCGSC, where the retailer’s profit increases
with β when it is exceeds the threshold (0.792), in which the
franchise fee depends on the coordination and negotiation
capabilities of the supply chain enterprises. We also show
that the establishment of a reasonable CSR distribution and

contract mechanism is particularly important for supply
chain enterprises to fulfill their CSR. .erefore, while taking
into account the overall corporate CSR, enterprises in the
supply chain must control their own CSR investment costs.
Excessive CSR costs will reduce their benefits.

Our study could be further extended as follows: First, in
characterizing the impact of CSR and CGP on innovation
and supply chain efficiency, we could take government
regulations into account to analyze their role in green in-
novation. For future research, it would be interesting and
meaningful to consider the influence of these regulations.
Second, we would focus on complex with multiple manu-
facturers and retailers..ird, for facilitating our research, we
have limited our discussion to a single supply chain member
in the model, and further studies could consider multiple
supply chain members in the model. .us, future research
direction could consider the complexity of supply chains. It
would be exploring how the government regulations of
supply chain members affect their strategy choices.

Appendix

Appendix A

Proof of Proposition 5. in the C model, taking the first de-
rivative of eC∗ with respect to β, we get zeC∗/zβ� 2λk(α − 1)2

(u − cm+αcm)/δ21.
.en, taking the first derivative of prC∗ with respect to β,

we obtain
zprC∗/zβ� − 2ku(1 − α)/δ1 − [ku (αβ − β+1) − cm(2λ2 −

k +αk)]/δ21; and taking the first derivative of eC∗ with respect
to λ, we get zeC∗/zλ� 2(u − cm+αcm)/δ1 +8λ2(u −

cm +αcm)/δ21. Recall that k>2λ2/[2(1 − α) − (1 − α)2β] and
δ1>0, and we have zeC∗/zβ>0, zprC∗/zβ<0, zpdC∗/zβ<0,
and zeC∗/zλ>0; other parameters are similar to the above
proof; we can obtain that zpdj∗/zβ>0, zprj∗/zλ>0,
zpdj∗/zλ>0, zcsj∗/zλ>0, zzj∗/zλ >0, and zzsj∗/zλ>0.

Proof of Proposition 6. We now compare the product green
level in different decision-making as follows: eC∗ − eM∗ �

2λ(u − cm + α cm)[1/δ1 − (α − β − αβ + 3)/A1], where

A1 � 2λ2(αβ + β − α − 3) + α3 − α2 − α + 1 β2

− 2β α3 − α2 − 3α + 3  + 8 − 8αk.
(A.1)

Recall that δ1 > 0 and A1 > 0. .us, we have
eC∗ − eM∗ > 0; the proof is similar to the above and is thus
omitted here; eC∗ − eMR∗ > 0 and eM∗ − eMR∗ < 0.

Proof of Proposition 7. We now compare the online selling
price and the offline selling price, as well as online market
demand and offline market demand, in different decision-
making as follows: prC∗ − prM∗ < 0, prMR∗ − prM∗ < 0, and
prMR∗ − prC∗ > 0; pdMR∗ − pdM∗ > 0, pdC∗ − pdMR∗ > 0, and
pdC∗ − pdM∗ > 0; qrC∗ − qrMR∗ > 0, qrMR∗ − qrM∗ > 0, and
qrC∗ − qrM∗ > 0; qdM∗ − qdMR∗ > 0, qdMR∗ − qdC∗ > 0, and
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qdM∗ − qdC∗ > 0..e proof is similar to that of Proposition 6
and is thus omitted here.

Proof of Proposition 8. We now compare the manufacturers’
profit and the retailers’ profit in different decision-making as
follows: zmMR∗ − zmM∗ > 0, zmMRD∗ − zmM∗ > 0, and
zmMRD∗ − zmM∗ > 0; zrMR∗ − zrM∗ < 0, zrMRD∗ − zrM∗ > 0,
and zrMRD∗ − zrM∗ > 0. .e proof is similar to that of
Proposition 6 and is thus omitted here.

Proof of Proposition 9. We now compare the profit of the
DCGSC and social welfare in different decision-making as
follows: zMR − zM > 0zMRD − zM > 0, and zMRD − zM > 0;
zsMR − zsM > 0, zsMRD − zsM > 0, and zsMRD − zsM > 0. .e
proof is similar to that of Proposition 6 and is thus omitted
here.
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