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To study the impact of government subsidies and altruistic preferences on green supply chain innovation, Stackelberg game theory
and numerical simulation are used to analyze and verify the optimal decision-making of enterprises under different decision-
makingmodels.,e results show that the twomethods of government subsidies can improve product greenness, corporate profits,
and overall supply chain performance. While only the unilateral altruistic preference of the manufacturer or retailer can improve
product greenness, the profit of the other member, and the overall profit of the green supply chain, doing so will reduce its own
profit. When the two members have the same degree of altruistic preference, the retailer’s altruistic preference is more conducive
to improving product greenness. Increasing government subsidies can strengthen, to a certain extent, the effect of altruistic
preference on product greenness, the profit of the other member, and the profit of the green supply chain. However, when the
manufacturer implements altruistic preference, if the government subsidy exceeds a certain range, then the increase in the
government subsidy will accelerate the decline of the manufacturer’s own profit.

1. Introduction

Currently, the call for environmental protection and green
development is growing, which gradually affects the for-
mulation and implementation of major national policies and
has an important impact on the planning and production of
enterprises [1]. At the same time, in order to respond to
corporate social responsibility and meet consumer green
demand, more and more companies have taken “Green
Sustainable Development” as their development strategic
goal, reducing the impact on the environment and con-
serving resources in production and transportation [2]. For
instance, Starbucks announced that it will provide organic
straws to replace disposable plastic straws in more than
28,000 stores worldwide [3]. Volvo Corporation announced
that it will reduce the use of plastic parts in cars by 30% by
2025 and replace them with sustainable materials [4]. Many
fashion brands such as H&M, Adidas, Nike, etc., have begun

to use recyclable materials for product production in recent
years and gradually abandon the use of nonrenewable energy
and raw materials [5], and gradually transition to a green
and sustainable circular economy.

A series of external pressures simultaneously have also
forced the transformation of the traditional supply chain to
better adapt to the development of the modern economy
simultaneously. In recent years, a green supply chain model
that runs through the concept of “Green Sustainable De-
velopment” and aims to reduce the negative impact of
corporate activities on the environment has developed
rapidly and attracted widespread attention from all walks of
life [6]. Such as Tesla, Weilai, etc., produce new energy
electric vehicles to reduce carbon emissions and reduce the
impact on the environment [7]; China’s Shanxi and Shaanxi
provinces are actively exploring and implementing the
conversion of coal into clean energy [8]. In addition, en-
terprises are an important economic carrier to achieve green
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and sustainable development, and the construction of a
corporate green supply chain is an important measure to
promote the transformation and development of enterprises
and achieve sustainable social and economic development.

However, the construction and implementation of a
green supply chain are not easy. ,is requires companies to
invest a lot of funds to update and upgrade equipment,
technology R&D, and talent introduction. ,e high cost
reduces the company’s willingness to invest in green tech-
nology innovation and production. Moreover, the high
prices of green products discourage consumers and further
hinder the development of green supply chains [9].
,erefore, in order to encourage enterprises and consumers
to transform green production and consumption, many
countries have introduced policies such as green subsidies
and carbon tax relief to promote the development of green
supply chains [10]. For example, the U.S. government
implemented a tax deduction of $2,500 for electric vehicle
purchases in 2009 [11], while China began implementing the
“Energy-saving Products Benefiting People Project” in the
same year. China also implemented fiscal subsidies and tax
reductions for new energy vehicle companies in 2015 [12].
Although government subsidies have played an important
role in promoting the development of green supply chains,
different subsidy standards, and subsidy targets will produce
different green innovation effects. ,erefore, studying the
impact of government subsidies on green innovation and the
green supply chain has important practical significance.

At the same time, government subsidy policies may lead
to an unbalanced distribution of benefits among companies,
causing disadvantaged companies to take uncooperative or
retaliatory measures to punish advantaged companies. For
example, while manufacturers may make green product
innovations themselves that freely benefit retailers, it is
inevitable that manufacturers will perceive this as an im-
balance and become unwilling to cooperate. Failure to
handle such issues will reduce the efficiency of supply chain
operations and even lead to supply chain disruptions [13].
,us, companies must pay attention not only to their own
interests but also to the interests of their partners [14]. In
fact, many companies adhere to the concept of mutual
benefit and win-win cooperation with business partners for
long-term and sustainable business dealings, specifically,
supply chain members may not only make decisions based
on their own expected profits but also based on their
concerns about the interests of their partners, we call it
altruistic preference behaviors in the article [15]. For ex-
ample, Suning comprehensively considers the interests of
small merchants when constructing a logistics system, trains
their employees for small and medium logistics companies,
and adopts a sustainable profit model with these cooperative
companies (,e interview about Suning, 2010). Apple pays
its suppliers in advance to increase the supply of its parts to
maintain stable production capacity, and Toyota uses
technical training and management support to help its
suppliers increase productivity, which can foster long-term
partnerships and help achieve common goals.,erefore, it is
necessary to study the influence of altruistic preference
behavior on the supply chain.

However, few studies have focused on the impact of both
government subsidies and altruistic preferences on green
supply chain decision-making. Although many scholars
believe that government subsidies are an effective way to
promote the development of the green supply chain, dif-
ferent government subsidies have different impacts on
different altruistic preferences. Related research shows that
government subsidies are beneficial to the development and
production of green products[16]; however, the existing
literature shows that only manufacturers have altruistic
preferences and that government subsidies are provided to
manufacturers [17–19]. ,ere is a lack of an in-depth study
that analyzes the results whenmanufacturers and consumers
are both subsidized and when manufacturers and retailers
are both altruistic. Based on the above analysis, this paper
poses the following questions:

(1) How do government subsidies and corporate al-
truistic preferences affect the decision-making along
the green supply chain?

(2) Under different altruistic preferences, which strategy
is better for the government to subsidize manufac-
turers and consumers?

(3) Does the enterprise’s altruistic preference contribute
to the development of the green supply chain? If so,
how does this affect the profits of supply chain
members?

To answer these questions, this paper develops a two-
stage green supply chain consisting of a green manufacturer
and a retailer and establishes six models of government
subsidies delivered to manufacturers and consumers and
motivated by self-interest, manufacturer altruism, and re-
tailer altruism in the supply chain. ,e influences of gov-
ernment subsidies and altruistic behavior on the decision-
making of supply chain members are studied, the equilib-
rium results of each model are compared and analyzed, and
the validity of the model is tested by numerical analysis.

In summary, the main contributions of this article are:
First, we combine altruistic preferences with government
subsidies to systematically study the impact of green supply
chain innovation and development whenmanufacturers and
retailers are altruistic, which differs from previous work in
which only either manufacturers or consumers are indi-
vidually subsidized, and makes up for the previous lack of
green supply chain research. In addition, the influence of
altruistic preference behavior on green supply chain deci-
sion-making is analyzed theoretically and numerically.
Second, unlike the previous literature on altruistic prefer-
ences, it takes the weighted average of the company’s own
profits and the overall profits of the supply chain as a utility
function [20, 21], but we suppose that the company weighs
its own profits and the other’s profits, and simultaneously
introduces altruistic preference behavior as a ranged variable
into it as a utility function. ,ird, we develop green inno-
vation efficiency to explore its impact on the green supply
chain, which has not been considered in prior literature.

,e rest of the paper is organized as follows: Section 2 is a
literature review; Section 3 is a model description and
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construction; Section 4 is a model solution; Section 5 an-
alyzes the equilibrium results, discusses the different effects
of different government subsidies and altruistic preferences
on the supply chain, and compares the optimal results;
Section 6 is a numerical analysis; Section 7 summarizes the
conclusions of the paper and future research work.

2. Literature Review

,e paper draws upon the literature regarding green supply
chains, government subsidies, and altruistic preferences.

2.1. Green Supply Chain. ,e green supply chain has de-
veloped rapidly in the context of global resource conser-
vation and green sustainable development, and many
milestones have been achieved in promoting green tech-
nological innovation and reducing carbon emissions. Sub-
rata and Mondal [22] analyzed the impact of the credit
period on the technological innovation and product pricing
of the green supply chain. Wang et al. [23] studied com-
petition between two green supply chains and found that
competition for carbon emissions would reduce total op-
timization cost and carbon emissions. Zhang et al. [24]
studied dynamic pricing strategy and greening issues in a
two-stage dual-channel green supply chain. Jie et al. [25]
studied the impact of manufacturers’ fairness concerns and
retailers’ sales efforts on decision-making in green closed-
loop supply chains. Jafar et al. [26] studied the coordination
problem of green supply chain channels in which market
demand is based on a function of the product sales price and
green quality. Xia et al. [12] studied the impact of cross-
shareholding between the manufacturer and retailer under
different power structures on green supply chain decision-
making and technological innovation and realized supply
chain coordination through revenue sharing contracts. Mu
et al. [27] constructed a two-stage supply chain for
e-commerce sales channels and analyzed the challenges of
green technology innovation under different cooperation
modes. An et al. [28] studied the impact of green credit
financing versus traditional credit financing on green supply
chain decision-making and green technological innovation.
Wei and Wang [29] analyzed the impact of government
intervention policies on technological innovations in carbon
emission reduction and concluded that the government and
private enterprises should strengthen their cooperation in
carbon emission reduction. Wang et al. [9] explored the
factors responsible for green product development under
different power structures. Liu and Kevin et al. [30] studied
the impact of the government’s refund of funds policy on the
green closed-loop supply chain of waste electronic and
electrical equipment recycling. Liu et al. [31] studied how
uncertain fairness concerns affect sustainable supply chain
decision-making and coordinated them through the Nash
bargaining method.

With the change in consumer awareness, market de-
mand for green products has gradually expanded, and en-
terprises have had to follow this developmental
transformation to increase their market sales, scrambling to

improve product greenness through technological innova-
tion and so reduce negative effects on the environment.
However, implementing green technological innovation will
inevitably increase the production cost of enterprises and
pose the risk of failure, which may lead to an unwillingness
among enterprises to implement it [32]. ,erefore, to en-
courage enterprises to carry out green technological inno-
vation, governments typically adopt subsidy policies.

2.2. Government Subsidy. Various scholars have studied the
effect of government subsidies on the green supply chain. Yu
et al. [33] explored the optimal government subsidy plan
under different circumstances by constructing a two-stage
green supply chain model. Meng et al. [34] explored which
method the government should adopt in promoting green
and sustainable development to establish an effective green
subsidy scheme. Fang and Ma [35] believe that the gov-
ernment should provide a subsidy to industries with high
carbon emissions to promote carbon emissions reduction.
Liu et al. (2020) studied the impact of different fiscal policies
and tax subsidies on green technological innovation among
different enterprises. Su et al. [36] studied the impact of
different forms of subsidies under different power structures
on green supply chain pricing decisions. Lin and Jia [37]
believe that in terms of renewable energy technology in-
vestment, the government should increase subsidies to
promote the development of clean energy. Zhang et al. [8]
analyzed the ways in which two competing companies make
choices in automotive green technology innovation under
government subsidies. Bian et al. [38] used the Stackelberg
game to study the interaction between the government and
enterprises in decision-making on environmental subsidy
policies and carbon emission reduction technologies. Meng
et al. [39] studied the coordinated pricing of products with
government subsidies in a dual-channel green supply chain
under the dual preferences of consumers. In a model of one
government and two competing companies, Yang et al. [40]
explored how to eliminate the prisoner’s dilemma between
the two companies through government subsidies. Li et al.
[41] studied the impact of government subsidies on green
innovation in a two-stage supply chain under different
power structures. Li et al. [42] analyzed the impact of green
technology R&D subsidies and carbon emission reduction
subsidies on two-stage green supply chain decision-making
and found that the two subsidy strategies have different
effects across industries at different stages. Yu et al. [43]
pointed out that government financial subsidies should be
used to support the research, development, and deployment
of green technologies.

,e above-mentioned related literature on government
subsidies details the advantages and disadvantages manu-
facturer subsidies and consumer subsidies possess under
different circumstances, but it ignores the behavioral factors
of supply chain enterprises. Under normal circumstances,
enterprises will pay attention not only to their own devel-
opment interests but also to the interests of their partners.
,us, altruistic preference behavior has a significant impact
on the development of the green supply chain.
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2.3. Altruistic Preference. In fact, many companies may have
altruistic preferences to maintain long-term and stable co-
operation with supply chain members [21]. Currently, al-
truistic preference has been extensively studied in supply
chain management [44]. Huang et al. [45] explored the
influence of the altruistic preference of two cooperating
manufacturers and one retailer on supply chain decision-
making. Fan et al. [20] studied the influence of retailers’
altruistic preferences and consumers’ green preferences on
manufacturers’ green R&D technology investment and
supply chain stability. Ma et al. (2019) explored the influence
of altruistic preferences on the quality of equipment and the
performance of supply chains when studying medical device
supply chains. Wang et al. [46] constructed a low-carbon,
e-commerce closed-loop supply chain and analyzed the
influence of government subsidies and remanufacturers’
altruistic preferences on supply chain decision-making.
Rong and Xu [7] found that under those circumstances, the
introduction of altruistic preference can be used to alleviate
international trade disputes and increase tariffs. Wang et al.
[47] studied the influence of altruistic preferences of
e-commerce platforms on supply chain decision-making
and member-partner cooperation by constructing a plat-
form supply chain for manufacturers and a third-party
e-commerce platform. Wang et al. [9] constructed an
e-commerce supply chain comprised of a remanufacturer
and online recycling platform and examined the impact of
reward and punishment mechanisms and altruistic prefer-
ence on recycling services, product quality improvement,
and pricing. ,e above literature only considers the uni-
lateral altruistic preference behavior of manufacturers, re-
tailers, or third-party platforms and does not
comprehensively analyze the two, and most of the literature
does not introduce altruistic preference into green supply
chain research. To this end, the paper will investigate and
analyze manufacturers’ and retailers’ altruistic preferences in
the green supply chain to provide insights for corporate
decision-making.

,e above-mentioned literature provides important
theoretical and managerial insights on the development of
green supply chains, but few scholars have conducted
comprehensive research and analysis on altruistic preference
behavior under concurrent manufacturer and consumer
subsidies.,is paper uses game theory to study the influence
of supply chain members’ altruistic preferences and gov-
ernment subsidies on green supply chain innovation and
provides a theoretical reference for supply chain decision-
making.

3. Model

,is paper develops a two-echelon green supply chain
composed of a green manufacturer and a retailer under
government subsidies who shows corporate altruistic pref-
erences. ,e manufacturer, as a leader, develops and pro-
duces green products and determines the wholesale price w

and product greenness e. As a follower, the retailer sells
green products to consumers and determines the retail price
p. ,e corresponding hypotheses are as follows:

(1) According to Kang et al., [48], assuming a linear
demand function, D � a − bp + re where a is the
potential market demand for green products and
satisfies a − bp> 0, b is the price elasticity of demand,
and r is the green preference coefficient of
consumers.

(2) According to the literature Swami and Shah [49], the
unit fixed production cost of green products is c, the
R&D cost of green products is v � ke2/2, 0< e< 1,
v′ > 0, v″ > 0, and k is the coefficient of green product
R&D cost and is infinite.

(3) To encourage enterprises to produce green products
and consumers to use green products, the govern-
ment will give manufacturers and consumers a
certain financial subsidy s, where s is the subsidy
coefficient, When the government subsidizes man-
ufacturers, the subsidy amount is ske2/2, and when
the government subsidizes consumers, the subsidy
amount is ps.

(4) According to Yang and Tian [50], in this paper,
k/r2 is called the green innovation cost-value ratio,
that is, green innovation efficiency; the lower the
ratio, the higher the manufacturer’s innovation
efficiency.

Based on the above assumptions, this paper develops six
decision-making models for government subsidies to
manufacturers and consumers under three situations: (1) a
completely self-interested preference, (2) a manufacturer’s
altruistic preference, and (3) a retailer’s altruistic preference.
,e superscripts nm, nc, mm, mc, rm, rc represent six deci-
sion-making models, n, m, r on the left represents com-
pletely self-interested preference, manufacturer’s altruistic
preference, and retailer’s altruistic preference; m, c on the
right represents the manufacturer’s subsidy and consumer
subsidy, respectively.

When the government subsidizes the manufacturer
under a fully self-interested preference, the demand function
and the profit function of the manufacturer, retailer, and
overall supply chain are as follows:

D � a − bp + re, (1)

πnm
m � (w − c)(a − bp + re) −

1
2

(1 − s)ke
2
, (2)

πnm
r � (p − w)(a − bp + re), (3)

πnm
sc � (p − c)(a − bp + re) −

1
2

(1 − s)ke
2
. (4)

When the government subsidizes consumers under fully
self-interested preferences, the demand function and the
profit function of the manufacturer, retailer, and overall
supply chain are as follows:

D � a − bp(1 − s) + re, (5)

πnc
m � (w − c)[a − bp(1 − s) + re] −

1
2

ke
2
, (6)
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πnc
r � (p − w)[a − bp(1 − s) + re], (7)

πnc
sc � (p − c)[a − bp(1 − s) + re] −

1
2

ke
2
. (8)

When the manufacturer and retailer have altruistic
preference behavior, according to the literature [2], λi

(0< λi < 1, i � m, r) is used to represent the altruistic pref-
erence coefficient of the manufacturer and retailer. ,e
larger the value of λ, the higher the altruistic preference of
the manufacturer and retailer, so the utility functions of the
manufacturer and retailer are as follows:

Um � πm + λmπr, (9)

Ur � πr + λrπm. (10)

4. Model Solution

4.1. Decision-Making in the Green Supply Chain under Com-
pletely Self-Interested Preference. A completely self-interested
preference means that enterprises only consider their own in-
terests and take the maximization of their own interests as their
decision-making goal. ,is paper considers two situations in
which the government subsidizesmanufacturers and consumers.

4.1.1. Model of the SubsidizingManufacturer under Fully Self-
Interested Preference (nm). ,e optimal values are obtained
by reverse induction in the nm model according to formulas
(1)–(4). Proposition 1 can be obtained by reverse induction.

Proposition 1. When the government subsidizes the manu-
facturer under a completely self-interested preference, the retail
price, wholesale price, and product greenness are obtained:

p
nm∗

�
k(3a + bc)(1 − s) − cr

2

4bk(1 − s) − r
2 ,

w
nm∗

�
2k(a + bc)(1 − s) − cr

2

4bk(1 − s) − r
2 ,

e
nm∗

�
(a − bc)r

4bk(1 − s) − r
2.

(11)

6e proof is displayed in Appendix A.
So the profits of the supply chain can be obtained:

πnm∗

m �
k(a − bc)

2
(1 − s)

2 4bk(1 − s) − r
2

 
,

πnm∗

r �
bk

2
(a − bc)

2
(1 − s)

2

4bk(1 − s) − r
2

 
2 ,

πnm∗

sc �
k(a − bc)

2
(1 − s) 6bk(1 − s) − r

2
 

2 4bk(1 − s) − r
2

 
2 .

(12)

4.1.2. Model of Subsidizing Consumers under Completely
Self-Interested Preference (nc). ,e optimal values are
obtained by reverse induction in nc according to for-
mulas (5)–(8). Proposition 2 can be obtained by reverse
induction.

Proposition 2. When the government subsidizes con-
sumers under a completely self-interested preference, the
retail price, wholesale price, and product greenness are
obtained:

p
nc∗

�
3ak + bck(1 − s) − cr

2

4bk(1 − s) − r
2 ,

w
nc∗

�
2ak + 2bck(1 − s) − cr

2

4bk(1 − s) − r
2 ,

e
nc∗

�
[a − bc(1 − s)]r

4bk(1 − s) − r
2 .

(13)

6e proof is displayed in Appendix B.
6erefore, the optimal profits of the supply chain can be

obtained as follows:

πnc∗
m �

k[a − bc(1 − s)]
2

2 4bk(1 − s) − r
2

 
,

πnc∗
r �

bk
2
(1 − s)[a − bc(1 − s)]

2

4bk(1 − s) − r
2

 
2 ,

πnc∗
sc �

k[a − bc(1 − s)]
2 6bk(1 − s) − r

2
 

2 4bk(1 − s) − r
2

 
2 .

(14)

4.2. Decision-Making in the Green Supply Chain under
Altruistic Preference of Manufacturers

4.2.1. Model of Subsidizing Manufacturer under Altruistic
Preference of the Manufacturer (mm). Taking formulas (2)
and (3) into formula (9), the manufacturer’s utility function
can be obtained as follows:

U
mm
m � (w − c)(a − bp + re)

−
1
2

(1 − s)ke
2

+ λm[(p − w)(a − bp + re)].

(15)

Proposition 3 can be obtained by reverse induction:

Proposition 3. When the manufacturer has an altruistic
preference and the government subsidizes the manufacturer,
the optimal values of the manufacturer and retailer are as
follows:
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p
mm∗

�
k(1 − s) a 3 − 2λm(  + bc  − cr

2

2bk 2 − λm( (1 − s) − r
2 ,

w
mm∗

�
2k(1 − s) a 1 − λm(  + bc  − cr

2

2bk 2 − λm( (1 − s) − r
2 ,

e
mm∗

�
(a − bc)r

2bk 2 − λm( (1 − s) − r
2.

(16)

6e proof is displayed in Appendix C.

Furthermore, the utility of the manufacturer and the
overall profits of themanufacturer, retailer, and supply chain
can be obtained as follows:

πmm∗

m �
k(a − bc)

2
(1 − s) 4bk 1 − λm( (1 − s) − r

2
 

2 2bk 2 − λm( (1 − s) − r
2

 
2 ,

πmm∗

r �
bk

2
(a − bc)

2
(1 − s)

2

2bk 2 − λm( (1 − s) − r
2

 
2,

πmm∗

sc �
k(a − bc)

2
(1 − s) 2bk 3 − 2λm( (1 − s) − r

2
 

2 2bk 2 − λm( (1 − s) − r
2

 
2 ,

U
mm∗

m �
k(a − bc)

2
(1 − s)

2 2bk 2 − λm( (1 − s) − r
2

 
.

(17)

4.2.2. Model of Subsidizing Consumers under Altruistic
Preference of the Manufacturer (mc). Taking formula (6)
and (7) into (9), the manufacturer’s utility function can be
obtained:

U
mc
m � (w − c)[a − bp(1 − s) + re]

−
1
2

ke
2

+ λm[(p − w)(a − bp(1 − s) + re)].

(18)

Proposition 4 can be obtained by reverse induction.

Proposition 4. When manufacturers have altruistic prefer-
ences and the government subsidizes consumers, the optimal
decision variables of manufacturers and retailers are as
follows:

p
mc∗

�
ak 3 − 2λm(  + bck(1 − s) − cr

2

2bk(1 − s) 2 − λm(  − r
2 ,

w
mc∗

�
2ak 1 − λm(  + 2bck(1 − s) − cr

2

2bk(1 − s) 2 − λm(  − r
2 ,

e
mc∗

�
[a − bc(1 − s)]r

2bk(1 − s) 2 − λm(  − r
2.

(19)

6e proof is displayed in Appendix D.

6en, the profits of the manufacturer, retailer, and supply
chain, and the utility of the manufacturer can be obtained:

πmc∗

m �
k[a − bc(1 − s)]

2 4bk(1 − s) 1 − λm(  − r
2

 

2 2bk(1 − s) 2 − λm(  − r
2

 
2 ,

πmc∗

r �
bk

2
(1 − s)[a − bc(1 − s)]

2

2bk(1 − s) 2 − λm(  − r
2

 
2,

πmc∗

sc �
k[a − bc(1 − s)]

2 2bk(1 − s) 3 − 2λm(  − r
2

 

2 2bk(1 − s) 2 − λm(  − r
2

 
2 ,

U
mc∗

m �
k[a − bc(1 − s)]

2

2 2bk(1 − s) 2 − λm(  − r
2

 
.

(20)

4.3. Decision-Making in the Green Supply Chain under
Altruistic Preference of Retailers

4.3.1. Model of Subsidizing Manufacturer under Altruistic
Preference of the Retailer (rm). Taking Formulas (2) and (3)
into formula (10), the retailer’s utility can be obtained:

U
rm
r � (p − w)(a − bp + re)

+ λr (w − c)(a − bp + re) −
1
2

(1 − s)ke
2

 .

(21)

Proposition 5 can be obtained by reverse induction.

Proposition 5. When the retailer has an altruistic prefer-
ence, and the government subsidizes manufacturers, the
optimal values of the supply chain are obtained:

p
rm∗

�
1 − λr( (1 − s)(3a + bc)k − cr

2

4bk 1 − λr( (1 − s) − r
2 ,

w
rm∗

�
2k(1 − s) a + bc 1 − 2λr(   − cr

2

4bk 1 − λr( (1 − s) − r
2 ,

e
rm∗

�
(a − bc)r

4bk 1 − λr( (1 − s) − r
2.

(22)

6e proof is displayed in Appendix E.

,en, the profits of the manufacturer, retailer, and
supply chain, and the utility of the retailer can be obtained:

πrm∗

m �
k(a − bc)

2
(1 − s)

2 4bk 1 − λr( (1 − s) − r
2

 
,

U
rm∗

r �
k(a − bc)

2
(1 − s) 2bk(1 − s) 1 − λr( 

2
− λrr

2
 

2 4bk 1 − λr( (1 − s) − r
2

 
2 ,

πrm∗

r �
bk

2
(a − bc)

2
(1 − s)

2 1 − 3λr(  1 − λr( 

4bk 1 − λr( (1 − s) − r
2

 
2 ,
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πrm∗

sc �
k(a − bc)

2
(1 − s) 6bk 1 − λr( 

2
(1 − s) − r

2
 

2 4bk 1 − λr( (1 − s) − r
2

 
2 . (23)

4.3.2. Model of Subsidizing Consumers under the Altruistic
Preferences of Retailers (rc). Taking Formulas (6) and (7)
into formula (10), the manufacturer’s utility can be obtained:

U
rc
r � (p − w)[a − bp(1 − s) + re]

+ λr (w − c)(a − bp + re) −
1
2

ke
2

 .

(24)

Proposition 6 can be obtained by reverse induction.

Proposition 6. When the retailer has an altruistic prefer-
ence, and the government subsidizes consumers, the optimal
values of the supply chain are as follows:

p
rc∗

�
3ak 1 − λr(  + bck 1 − λr( (1 − s) − cr

2

4bk(1 − s) 1 − λr(  − r
2 ,

w
rc∗

�
2k a + bc(1 − s) 1 − 2λr(   − cr

2

4bk(1 − s) 1 − λr(  − r
2 ,

e
rc∗

�
[a − bc(1 − s)]r

4bk(1 − s) 1 − λr(  − r
2.

(25)

6e proof is displayed in Appendix F.

,en, the profits of the manufacturer, retailer and supply
chain, and the utility of the retailer can be obtained:

πrc∗
m �

k[a − bc(1 − s)]
2

2 4bk(1 − s) 1 − λr(  − r
2

 
,

πrc∗
r �

bk
2
[a − bc(1 − s)]

2 1 − 3λr(  1 − λr( (1 − s)

4bk(1 − s) 1 − λr(  − r
2

 
2 ,

πrc∗
sc �

k[a − bc(1 − s)]
2 6bk(1 − s) 1 − λr( 

2
− r

2
 

2 4bk(1 − s) 1 − λr(  − r
2

 
2 ,

U
rc∗
r �

k[a − bc(1 − s)]
2 2bk(1 − s) 1 − λr( 

2
− λrr

2
 

2 4bk(1 − s) 1 − λr(  − r
2

 
2 .

(26)

5. Comparative Analysis

To ensure that the optimal values of the supply chain are
scientific and significant in the paper, they must meet
k/r2 > 1/4b(1 − s). For ease of expression, letA � 1/4b(1 − s).
When the retailer has an altruistic preference, to satisfy the
condition that the retailer’s profit is positive, the retailer’s
altruistic coefficient must satisfy 0< λr < 1/3. ,en, suppose
that λm � λr for comparison in different models in the sec-
tion. In addition, when the government subsidizes con-
sumers, the results are too complicated, so they will be
analyzed in the numerical analysis section.

Corollary 1

(1) zei∗/zs> 0 (i � nm, mm, rm, nc, mc, rc); zex∗/zλm

> 0, z2ex∗/zλmzs> 0 (x � mm, mc); zey∗/zλr > 0,
z2ey∗/zλrzs> 0 (y � rm, rc).

(2) erm∗ > emm∗ > enm∗ , erc∗ > emc∗ > enc∗.

6e proof is displayed in Appendix G.

Regardless of whether the government subsidizes the
manufacturer or the consumer when the manufacturer and
retailer demonstrate altruistic preference, product greenness
improves as government subsidies increase. Product green-
ness is highest when the retailer is altruistic and lowest when
the supply chain is completely self-interested. ,is is because
the government subsidizes manufacturers to reduce their
green technology R&D cost, the manufacturer prefers to
produce greener products, and when the government sub-
sidizes consumers, it stimulates market demand for green
products. ,e altruistic preference of the manufacturer will
increase retailer profit by improving product greenness to
stimulate market demand. Similarly, the retailer’s altruistic
preference encourages the retailer to accept a higher wholesale
price from the manufacturer to motivate the manufacturer to
produce green products. In addition, government subsidies
and retailers’ altruistic preferences jointly encourage manu-
facturers to improve product greenness, resulting in the
highest level of greenness. However, under the complete self-
interest preference, product greenness is reduced due to the
double marginal effect, resulting in the lowest greenness
compared to that under the retailer’s altruistic preference and
manufacturer’s altruistic preference.

Corollary 2

(1) zwi∗/zs> 0, zpi∗/zs> 0 (i � nm, mm, rm, nc, mc, rc);
zwy∗/zλr > 0; zpy∗/zλr > 0 (y � rm, rc); when
A< k/r2 < 1/2b(1 − s), zwx∗/zλm > 0, zpx∗/zλm > 0;
when k/r2 > 1/b(1 − s), zwx∗/zλm < 0 and
zpx∗/zλm < 0 (x � mm, mc)

(3) when A< k/r2 < 1/2b(1 − s), wrm∗ >wmm∗ >wnm∗ ,
prm∗ >pmm∗ >pnm∗ ; wrc∗ >wmc∗ >wnc∗, prc∗ >
pmc∗ >pnc∗; when k/r2 > 1/b(1 − s), wrm∗ >wnm∗ >
wmm∗ , prm∗ >pnm∗ >pmm∗ , wrc∗ >wnc∗ >wmc∗ , and
prc∗ >pnc∗ >pmc∗

6e proof is displayed in Appendix H.

Under the retailer’s altruistic preference, when the gov-
ernment subsidizes either the manufacturer or consumers, the
wholesale price and retail price increase, respectively, with
increasing levels of subsidies but the relationship with the
manufacturer’s altruistic preference is affected by the manu-
facturer’s green innovation efficiency. First, Corollary 1 shows
that product greenness can be improved regardless of whether
the government subsidizes the manufacturer or consumers.
Although government subsidies can reduce the green tech-
nology R&D cost of the manufacturer to some extent, most of
the R&D cost is still borne solely by the manufacturer. When
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the government subsidizes consumers instead of reducing the
cost of green technology R&D for manufacturers, then the cost
to manufacturers may, in fact, increase. ,us, the manufac-
turer’s costs are different under different subsidies and the
manufacturer can increase the wholesale price to offset the
increased cost of green R&D, which may result in a high retail
price. Second, the retailer’s altruistic preference will help
further the manufacturer’s interests and lead the retailer to
accept a higher wholesale price, thereby increasing the retail
price.,ird, when the efficiency of green innovation is low, the
cost of increasing unit greenness is higher. At the same time,
the manufacturer is driven by altruistic preferences to increase
product greenness in order to increase market demand and
further the interests of the retailer. An increase in greenness
implies an increase in the cost to the manufacturer, who then
must increase the wholesale price to maintain their profit,
thereby raising the retail price. When the efficiency of green
innovation is high, the unit cost of increasing product
greenness is low, and the manufacturer’s altruistic preference
will reduce the wholesale price to increase the profit of the
retailer, so the retail price will also decrease to some extent.

,e analysis above shows that government subsidies and
retailers’ altruism preferences will increase both wholesale
and retail prices, which are highest under different subsidies
and preferences. When the efficiency of green innovation is
low, the manufacturer’s altruistic preference will also in-
crease the wholesale and retail price, which will be greater
than the price under a completely self-interested preference.
When the efficiency of green innovation is high, the man-
ufacturer’s altruistic preference will reduce the wholesale
and retail price, resulting in a lower price than that under a
completely self-interested preference.

Corollary 3

(1) zπi∗
m /zs> 0 (i � nm, rm); zπx∗

m /zλm < 0, zπy∗
m /zλr

> 0 (x � mm, mc, y � rm, rc)
When 0< λm < 2/3 and k/r2 > 1/2b(2 − 3λm)(1 − s),
zπmm∗

m /zs> 0; when 0< λm < 2/3 and A< k/r2
< 1/2b(2 − 3λm)(1 − s) or when 2/3< λm < 1,
zπmm∗

m /zs< 0
(2) πrm

m > πnm
m > πmm

m ; πrc
m > πnc

m > πmc
m

6e proof is displayed in Appendix I.

When the government subsidizes the manufacturer or
consumers, the profit of the manufacturer increases with the
increase of government subsidy and retailer’s altruistic pref-
erence but decreases with the increase of his own altruistic
preference. First, the government subsidizes the manufacturer
to reduce green technology R&D costs and increase profit
margin. Second, the retailer’s altruistic preference will benefit
the manufacturer by increasing the manufacturer’s profit.
,erefore, the manufacturer’s profit is highest under govern-
ment subsidies and the retailer’s altruistic preference. Con-
versely, the manufacturer’s altruistic preference can increase
the profit of the retailer but at the expense of his own profit.
,ird, in the mm model, when the manufacturer’s altruistic

preference is low, the manufacturer’s green efficiency is high
and other parameters are unchanged, the manufacturer’s profit
increases as government subsidies increase. When green in-
novation efficiency is low, the opposite is true. When the
manufacturer’s altruistic preference is high, the profit of the
manufacturer will decrease because the benefit to the retailer
cannot be offset by a rise in government subsidies.

Combined with the above analysis, it can be shown that
the manufacturer’s profit is highest when the retailer is
altruistic and lowest when the manufacturer is altruistic
under government subsidies. ,e reasons are as follows:
First, the manufacturer’s profit is increased by the benefit of
the retailer when the retailer is altruistic under government
subsidy, so the manufacturer’s profit is highest at this time.
Second, when the manufacturer is altruistic, it will transfer
part of its profit to the retailer and will bearmore of the green
R&D cost due to the increase in greenness, so its profit is
lowest in this situation.

Corollary 4

(1) zπi∗
r /zs> 0 (i � nm, mm, rm); zπx∗

r /zλm > 0, zπr
y∗/

zλr < 0 (x � mm, mc, y � rm, rc)
(2) When k/r2 > 3/4b(1 − s) or when A< k/r2 < 3/

4b(1 − s) and 1> λr > 8bk(1 − s)[3r2− 4bk(1 − s)] −

4r4/8bk(1 − s)[3r2− 4bk(1 − s)] − 3r4, πmm
r > πnm

r >
πrm

r , πmc
r > πnc

r > πrc
r ; when A< k/r2 < 3/4b(1 − s) and

0< λr < 8bk(1 − s)[3r2− 4bk(1 − s)] − 4r4/8bk(1− s)

[3r2− 4bk(1 − s)] − 3r4, πmm
r > πrm

r > πnm
r , πmc

r > πrc
r

> πnc
r

6e proof is displayed in Appendix J.

When the government subsidizes the manufacturer or
consumers, the retailer’s profit increases with the increase of
government subsidy and the manufacturer’s altruistic
preference, but it decreases with the increase of its own
altruistic preference. ,is is because retailer profit can be
significantly improved by the increase in product greenness
and market demand, and the manufacturer’s altruistic
preference will motivate the retailer to increase its profit.
Similarly, the retailer’s altruistic preference will benefit the
manufacturer and lead to a decrease in its profit.

Corollary 5. 6e manufacturer’s altruistic preference will
reduce the wholesale price and benefit the retailer; regardless
of whether the government has subsidized the manufacturer
or the consumer, the retailer’s profit will be the largest. When
the efficiency of green innovation is high due to the retailer’s
altruistic preference, the retailer will benefit the manufacturer
at a reduction of its own profit. When completely self-in-
terested, the retailer will maximize its own interests, so its
profit is higher than that when it is altruistic. In addition,
when the manufacturer’s green innovation efficiency is low
and the retailer’s altruistic preference is high, then the retailer
will benefit the manufacturer, leading to lower profit than
when it is completely self-interested. When the retailer’s al-
truistic preference is low, the opposite is true.
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Corollary 6

(1) zπx∗
sc /zs> 0 (x � nm, mm, rm), zπi∗

sc /zλj > 0 (i � mm,

mc, rm, rc, j � m, r)
(2) πmm

sc > πrm
sc > πnm

sc ; πmc
sc > πrc

sc > πnc
sc

6e proof is displayed in Appendix K.

,e profit of the supply chain increases with increasing
government subsidies and altruistic preferences. First, from
Corollary 3 (1) and Corollary 4 (1), we see that government
subsidies will increase the profits of the manufacturer and
retailer, which can increase the total profit of the supply chain.
Second, although the altruistic preferences of the manufacturer
and retailer are detrimental to their own interests, from a long-
term perspective, the increase in the overall profit of the supply
chain can offset the losses caused by altruistic preferences.

Whether the government subsidizes the manufacturer or
the consumer, the profit of the supply chain is highest when
the manufacturer is altruistic and lowest when it is com-
pletely self-interested. ,is shows that altruistic preferences
under government subsidies are conducive to the devel-
opment of the supply chain to a certain extent. ,is will
aggravate the competition between supply chain members
under complete self-interest, leading to a double marginal
effect. ,erefore, government subsidies and altruistic pref-
erences have a positive impact on supply chain operations.

Corollary 7 According to the optimal equilibrium results
under two subsidy strategies, the following relationships can
be obtained:

(1) Under completely self-interested: pnm∗ <pnc∗,
wnm∗ <wnc∗, enm∗ < enc∗, πnm∗

m < πnc∗
m , πnm∗

r < πnc∗
r ,

πnm∗

sc < πnc∗
sc

(2) Under manufacturer’s altruistic preference:
pmm∗ <pmc∗ , wmm∗ <wmc∗ , emm∗ < emc∗ , πmm∗

m < πmc∗

m ,
πmm∗

r < πmc∗

r , πmm∗

sc < πmc∗

sc

(3) Under the retailer’s altruistic preference: prm∗ <prc∗,
wrm∗ <wrc∗, erm∗ < erc∗, πrm∗

m < πrc∗
m , πrm∗

r < πrc∗
r ,

πrm∗

sc < πrc∗
sc

6e proof is displayed in Appendix L.

Corollary 8. Consumer subsidies are better than manufac-
turer subsidies regardless of altruistic preference. 6e reasons
are as follows: First, the impact of consumer subsidies on
product greenness andmarket demand is active, andmake-to-
order production can achieve Pareto equilibrium and reduce
market risk and inventory. Second, although manufacturer
subsidies can also stimulate product greenness and market
demand, retailers and manufacturers lack sufficient under-
standing of the green product market under asymmetric in-
formation, which leads to blind investment and fight risk
ability. 6ird, although the manufacturer and retailer are not
completely rational, they will prioritize their own profits
above all else. 6erefore, rent-seeking behavior will inevitably
occur, leading to a waste of resources and a disrupting market
order. 6erefore, the influences of different subsidy strategies

should be considered when formulating government subsidy
policies.

6. Numerical Analysis

In this section, the numerical simulation will be carried out,
letting a � 500, b � 1, c � 20, k � 100, r � 2, s � (0, 1),
λm � (0, 1), λr � (0, 1/3):

(1) Figure 1 shows that regardless of whether the gov-
ernment subsidizes the manufacturer or the con-
sumer, product greenness increases under altruistic
preference as government subsidies increase. Com-
pared with manufacturer subsidies and manufac-
turers’ altruistic preferences, consumer subsidies and
retailers’ altruistic preferences can improve product
greenness. In addition, increased government sub-
sidies and altruistic preferences can strengthen the
improvement of product greenness, thereby im-
proving green innovation capability and reducing
carbon emissions. ,is is consistent with the con-
clusion of Corollary 1. ,erefore, the government
should provide subsidies to consumers to avoid the
occurrence of “fraud compensation,” which is more
conducive to product greenness.

(2) Figures 2 and 3 show that when the government
subsidizes the manufacturer or consumers, whole-
sale and retail prices increase as government sub-
sidies increase. Government subsidies directly or
indirectly encourage the manufacturer to increase
product greenness, which also means that R&D costs
will increase for the manufacturer, and the wholesale
price will be increased to maintain operating profit,
which in turn will lead to an increase in retail price.
,us, as the altruistic preference of the manufacturer
or retailer increases, wholesale and retail prices
decrease and vice versa. Wholesale and retail prices
under consumer subsidies are higher than those
under manufacturer subsidies, consistent with
Corollary 2. Manufacturer subsidies cause wholesale
and retail prices to rise, indicating that manufacturer
subsidies do not enable consumers to obtain price
concessions.,erefore, the government should favor
consumer subsidies under the same circumstances.

(3) Figure 4 shows that under government subsidies, the
profits of themanufacturer increase with the increase
in the retailer’s altruistic preference but decrease
with the increase of the self-altruistic preference, and
πmm

m < πnm
m < πrm

m , πmc
m < πnc

m < πrc
m , verifying the con-

clusion of Corollary 3. Although government sub-
sidies are generally conducive to raising the
manufacturer’s profits, in the mm and mc models,
government subsidies can only increase the profit of
the manufacturer within a certain range, beyond
which they accelerate their decline. ,us, it is not
necessarily the case that the higher the government
subsidies, the better. ,erefore, it is better to pro-
mote green innovation by only making full use of the
incentive role of government subsidies.
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(4) Figure 5 demonstrates that the retailer’s profit in-
creases under the manufacturer’s altruistic prefer-
ence as government subsidies increase but decreases
as self-altruistic preference increases. When gov-
ernment subsidies are gradually increasing, the re-
tailer’s profit will also rise gradually. πrm

r < πnm
r < πmm

r

and πrc
r < πnc

r < πmc
r because the joint influence of

government subsidies and altruistic preferences on
retailer profit is positive.

(5) Figure 6 shows that the overall profit of the supply
chain increases with increasing government
subsidies and altruistic preferences. ,is shows
that the combination of government subsidies and
altruistic preferences promotes the performance
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Figure 1: ,e impact of s, λm(λr) on e: (a) Manufacturer subsidy and (b) consumer subsidy.
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of the green supply chain and is conducive to the
innovation of green technology, which is better at
promoting the development of the green supply
chain. ,erefore, when formulating government
subsidy policies, it is necessary to consider not
only the beneficiary of government subsidies but

also the influence of the behavioral preferences of
supply chain members. ,is consideration has
significance for current policy-makers and man-
agers and is more effective in promoting green
innovation and the sustainable development of
the green supply chain.
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Figure 3: ,e impact of s, λm(λr) on P. (a) Manufacturer subsidy and (b) consumer subsidy.
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Figure 4: ,e impact of s, λm(λr) on πm. (a) Manufacturer subsidy and (b) consumer subsidy.
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7. Conclusions

Based on the background of green sustainable development,
this paper explores the impact of government subsidies and
altruistic preferences on green supply chain innovation. ,e
main conclusions of the paper are as follows.

First, under completely self-interested preference,
government subsidies to manufacturers or consumers
can directly or indirectly encourage manufacturers to
improve product greenness, stimulate market demand for
green products and promote the development of a green
supply chain. However, consumer subsidies are more
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Figure 5: ,e impact of s, λm(λr) on πr. (a) Manufacturer subsidy and (b) consumer subsidy.
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effective in promoting the green supply chain and in-
creasing its members’ profits than manufacturer sub-
sidies. Manufacturer subsidies are production-side
subsidies, while consumer subsidies are sales-side sub-
sidies. ,erefore, when the government promotes the
development of the green supply chain, it should provide
appropriate green subsidies based on actual conditions to
avoid illegal behaviors such as Sai Lin, Jimxi, and other
new energy vehicles “Cheating Subsidies.”

Second, the altruistic preference of the manufacturer
or retailer can increase product greenness, the profit of
the other member, and the overall profit of the supply
chain, but at a reduction of the manufacturer or retailer’s
own profit. Manufacturers’ willingness to improve
product greenness is strengthened under the incentive of
government subsidies and altruistic preferences. Com-
pared with the altruistic preference of the manufacturer,
the retailer’s altruistic preference has a greater effect on
improving product greenness, but only within a certain
range; otherwise, it will lose profits, which would disrupt
the supply chain. Moreover, the profit of the manufac-
turer decreases as its own altruistic preference increases.
When government subsidies exceed a certain range, the
decline in profits accelerates. Regardless of whether
manufacturers or retailers tend to focus on the interests
of partners and have altruistic preferences, this kind of
altruistic behavior should be moderate. It is not like
NVC’s founder Wu Changjiang’s “Jianghu loyalty” co-
operation that has caused chaos in the entire company
and supply chain management, causing greater losses to
the entire supply chain, and thus leading to the loss of
better development opportunities.

,ird, regardless of whether the government subsidies
the manufacturer or the consumer, when green inno-
vation efficiency is low, the wholesale and retail prices
under the manufacturer’s altruistic preference are higher
than those under a completely self-interested preference;
otherwise, the opposite is true. In the mm model, higher
green innovation efficiency can promote the effect of
government subsidies on the profit of the manufacturer.
However, the profit of the retailer is also affected by green
innovation efficiency and the retailer’s altruistic prefer-
ence. Manufacturers are the leaders of green technology
innovation. Although they bear most of the innovation
costs, they should increase green innovation efforts to
achieve long-term benefits. At the same time, retailers
should also make appropriate transfers to encourage
manufacturers’ willingness to innovate.

In addition, this paper is limited to only considering
the manufacturer-dominated game. In future research, a
retailer-dominated game will be considered and green
supply chain innovation under different power structures
will be analyzed. At the same time, this paper only
considers altruistic preferences and does not consider
other preferences such as fairness concerns and risk
aversion preferences. ,erefore, in future research, we
will further analyze green supply chain innovation when
supply chain members have alternate preferences
[20, 51–58].

Appendix

AModel of Subsidizing Manufacturer under
Completely Self-Interested Preference (nm)

First, the retailer’s profit formula (3) takes the first-order
partial derivative of p to obtain −2b< 0, and the retailer’s
profit is a strictly concave function of the retail price of the
product. ,erefore, there is a unique optimal solution.
Seeking zπnm∗

r /zp � 0, it can be solved:

p
nm

�
a + bw + re

2b
. (A.1)

,en, taking pnm into the manufacturer’s profit function
(2) and finding the second-order partial derivatives of w and
e, the Hessian matrix can be obtained:
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�

−b
1
2

r

1
2

r k(s − 1)

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
. (A.2)

When r2 − 4bk(1 − s)< 0, the Hessian matrix is negative
definite, and the manufacturer’s profit is the joint concave
function of w and e, so there is a unique optimal solution.
,erefore, by seeking zπnm

m /zw � 0 and zπnm
m /ze � 0 and

solving the parallel equations, the manufacturer’s optimal
wholesale price and product greenness can be obtained as
follows:

w
nm∗

�
2k(a + bc)(1 − s) − cr

2

4bk(1 − s) − r
2 ,

e
nm∗

�
(a − bc)r

4bk(1 − s) − r
2.

(A.3)

Finally, bring wnm∗ and enm∗ into pnm to obtain the
retailer’s best retail price:

p
nm∗

�
k(3a + bc)(1 − s) − cr

2

4bk(1 − s) − r
2 . (A.4)

Proof completed.

B. Model of Subsidizing Consumers under
Completely Self-Interested (nc)

First, the retailer’s profit equation (7) is used to obtain the
first-order partial derivative of p, and the following can be
obtained: −2b(1 − s)< 0. ,e retailer’s profit is a concave
function of the retail price of the product, so there is a unique
optimal solution. By seeking zπnc∗

r /zp � 0, it can be solved:

p
nc

�
a + re + bw(1 − s)

2b(1 − s)
. (B.1)

,en, taking nc
p into the manufacturer’s profit function

(6) and finding the second-order partial derivatives of w and
e, the Hessian matrix can be obtained:
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z
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m

zw
2

z
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m

zw ze

z
2πnc

m

zw ze

z
2πnc

m

ze
2
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⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

�

−b(1 − s)
1
2

r

1
2

r −k

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
. (B.2)

When r2 − 4bk(1 − s)< 0, the Hessian matrix is negative
definite, and the manufacturer’s profit is about the joint
concave function of w and e, so there is a unique optimal
solution. ,erefore, by solving zπnc

m /zw � 0 and zπnc
m /ze � 0

and solving the set of equations in parallel, the manufac-
turer’s optimal wholesale price and product greenness can be
obtained as follows:

w
nc∗

�
2ak + 2bck(1 − s) − cr

2

4bk(1 − s) − r
2 ,

e
nc∗

�
[a − bc(1 − s)]r

4bk(1 − s) − r
2 .

(B.3)

Finally, bring wnc∗ and enc∗ into pnc to obtain the re-
tailer’s best retail price:

p
nc∗

�
3ak + bck(1 − s) − cr

2

4bk(1 − s) − r
2 . (B.4)

Proof completed.

C. Model of Subsidizing Manufacturer under
Altruistic Preference of Manufacturer (mm)

First, the retailer’s profit equation (3) is used to obtain the
first-order partial derivative of p, and then −2b< 0, the
retailers profit is a strictly concave function of the retail price
of the product. ,erefore, there is a unique optimal solution.
Asking for zπmm∗

r /zp � 0, it can be solved:

p
mm

�
a + bw + re

2b
. (C.1)

Second, putting pmm into the manufacturer’s utility
function (11) and finding the second-order partial deriva-
tives of w and e, the Hessian matrix can be obtained:

H �

z
2
U

mm
m

zw
2

z
2
U

mm
m

zw ze

z
2
U

mm
m

zw ze

z
2
U

mm
m

ze
2

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

�

1
2

b λm − 2(  −
1
2

r λm − 1( 

−
1
2

r λm − 1( 
1
2b
λmr

2
+ k(s − 1)

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
.

(C.2)

From the above, it can be found that when
r2 − 2bk(2 − λm)(1 − s)< 0, the Hessian matrix is negative
definite, the manufacturer’s utility is the joint concave
function of the product wholesale price and the product
greenness, so there is a unique optimal solution.
,erefore, if zπmm

m /zw � 0 and zπmm
m /ze � 0, solving the set

of equations in parallel, the optimal wholesale price and
product greenness of the manufacturer can be obtained as
follows:

w
mm∗

�
2k(1 − s) a 1 − λm(  + bc  − cr

2

2bk 2 − λm( (1 − s) − r
2 ,

e
mm∗

�
(a − bc)r

2bk 2 − λm( (1 − s) − r
2.

(C.3)

Finally, bring wmm∗ and emm∗ into pmm to obtain the
retailer’s best retail price:

p
mm∗

�
k(1 − s) a 3 − 2λm(  + bc  − cr

2

2bk 2 − λm( (1 − s) − r
2 . (C.4)

Proof completed.

D. Model of Subsidizing Consumers under
Altruistic Preference of Manufacturer (mc)

First, the retailer’s profit formula (7) is used to find the first-
order partial derivative of p, and then −2b(1 − s)< 0. ,e
retailer’s profit is a concave function of the retail price of a
product, so there is a unique optimal solution. By seeking
zπmc∗

r /zp � 0, it can be solved:

p
mc

�
a + re + bw(1 − s)

2b(1 − s)
. (D.1)

,en, putting mc
p into the manufacturer’s utility function

(12) and finding the second-order partial derivatives of w

and e, the Hessian matrix can be obtained:

H �

z
2
U
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m

zw
2

z
2
U
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m

zw ze

z
2
U
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m

zw ze

z
2
U
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m

ze
2
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�

−
1
2

b 2 − λm( (1 − s)
1
2

1 − λm( r

1
2

1 − λm( r
λmr

2

2b(1 − s)
− k

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
.

(D.2)

From the above, it can be found that when
r2 − 2bk(1 − s)(2 − λm)< 0, the Hessian matrix is negative
definite, and the manufacturer’s utility is the joint concave
function of w and e, so there is a unique optimal solution.
,erefore, letting zπmc

m /zw � 0 and zπmc
m /ze � 0 and solving

the set of equations in parallel, the optimal wholesale price
and product greenness of the manufacturer can be obtained
as follows:

w
mc∗

�
2ak 1 − λm(  + 2bck(1 − s) − cr

2

2bk(1 − s) 2 − λm(  − r
2 ,

e
mc∗

�
[a − bc(1 − s)]r

2bk(1 − s) 2 − λm(  − r
2.

(D.3)

Finally, bring wmc∗ and emc∗ into pmc to obtain the re-
tailer’s best retail price:
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p
mc∗

�
ak 3 − 2λm(  + bck(1 − s) − cr

2

2bk(1 − s) 2 − λm(  − r
2 . (D.4)

Proof completed.

E.Model of theSubsidizingManufacturerunder
the Altruistic Preference of the Retailer (rm)

First, the retailer’s utility function (13) is used to find the
first-order partial derivative of p, and then −2b< 0. ,e
retailer’s utility is a concave function of the retail price of the
product, so there is a unique optimal solution. By seeking
zUrm∗

r /zp � 0, it can be solved:

p
rm

�
a + bw + re − bλr(w − c)

2b
. (E.1)

,en, taking prm into the manufacturer’s profit function
(2) and finding the second-order partial derivatives of w and
e, the Hessian matrix can be obtained as follows:

H �

z
2πrm

m

zw
2

z
2πrm

m

zw ze

z
2πrm

m

zw ze

z
2πrm

m

ze
2
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⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

�

b λr − 1( 
1
2

r

1
2

r k(s − 1)

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
. (E.2)

From the above, it can be found that when
r2 − 4bk(1 − λr)(1 − s)< 0, the Hessian matrix is negative
definite, and the manufacturer’s profit is the joint concave
function of w and e. Let zπrm

m /zw � 0 and zπrm
m /ze � 0;

solving the parallel equations, the manufacturer’s optimal
wholesale price and product greenness can be obtained as
follows:

w
rm∗

�
2k(1 − s) a + bc 1 − 2λr(   − cr

2

4bk 1 − λr( (1 − s) − r
2 ,

e
rm∗

�
(a − bc)r

4bk 1 − λr( (1 − s) − r
2.

(E.3)

Finally, taking wrm∗ and erm∗ into prm to obtain the
retailer’s best retail price,

p
rm∗

�
1 − λr( (1 − s)(3a + bc)k − cr

2

4bk 1 − λr( (1 − s) − r
2 . (E.4)

Proof completed.

F. Model of Subsidizing Consumers under the
Altruistic Preference of Retailers (rc)

First, the retailer’s utility function (14) is used to find the
first-order partial derivative of p, and then −2b(1 − s)< 0.
,e retailer’s utility is a concave function of the retail price of
the product, so there is a unique optimal solution. By seeking
zUrc∗

r /zp � 0, it can be solved:

p
rc

�
a + re + bw(1 − s) − bλr(w − c)(1 − s)

2b(1 − s)
. (F.1)

,en, taking prc into the manufacturer’s profit function
(6) and finding the second-order partial derivatives of w and
e, the Hessian matrix can be obtained:

H �

z
2πrc

m

zw
2

z
2πrc

m

zw ze

z
2πrc

m

zw ze

z
2πrc

m

ze
2
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�

−b 1 − λr( (1 − s)
1
2

r

1
2

r −k
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⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
. (F.2)

It can be obtained from the above, when
r2 − 4bk(1 − λr)(1 − s)< 0, the Hessian matrix is negative
definite, and the manufacturer’s profit is the joint concave
function of w and e, so there is a unique optimal solution. Let
zπrc

m/zw � 0 and zπrc
m/ze � 0; solving the parallel equations,

the manufacturer’s optimal wholesale price and product
greenness can be obtained as follows:

w
rc∗

�
2k a + bc(1 − s) 1 − 2λr(   − cr

2

4bk(1 − s) 1 − λr(  − r
2 ,

e
rc∗

�
[a − bc(1 − s)]r

4bk(1 − s) 1 − λr(  − r
2.

(F.3)

Finally, taking wrc∗ and erc∗ into prc to find the retailer’s
optimal retail price:

p
rc∗

�
3ak 1 − λr(  + bck 1 − λr( (1 − s) − cr

2

4bk(1 − s) 1 − λr(  − r
2 . (F.4)

Proof completed.

G. Corollary 1:

(1) Finding the first-order partial derivatives of ei∗, with
respect to s, λm, and λr respectively, we can get the
following:

ze
nm∗

zs
�

4bkr(a − bc)

4bk(1 − s) − r
2

 
2 > 0,

ze
mm∗

zs
�

2bkr(a − bc) 2 − λm( 

2bk 2 − λm( (1 − s) − r
2

 
2,

ze
rm∗

zλr

�
4bkr(a − bc)(1 − s)

4bk 1 − λr( (1 − s) − r
2

 
2 > 0,

ze
nc∗

zs
�

br 4ak − cr
2

 

4bk(1 − s) − r
2

 
2 > 0,

ze
mc∗

zs
�

br 2ak 2 − λm(  − cr
2

 

2bk 2 − λm( (1 − s) − r
2

 
2 > 0,

ze
rc∗

zλr

�
4bkr(a − bc + bcs)(1 − s)

4bk 1 − λr( (1 − s) − r
2

 
2 > 0,
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mm∗

zλm
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2bkr(1 − s)(a − bc)

2bk 2 − λm( (1 − s) − r
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ze
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�
4bkr(1 − s)(a − bc + bcs)

4bk 1 − λr( (1 − s) − r
2

 
2 > 0,

z
2
e

zλmzs
�
4b

2
k
2
r
2
(a − bc)

2 2bk(1 − s) 2 − λm(  + r
2

 

2bk(1 − s) 2 − λm(  − r
2

 
> 0,

z
2
e

zλrzs
�
16b

2
k
2
r
2
(a − bc)

2 12bk(1 − s) 1 − λr(  + r
2

 

4bk(1 − s) 1 − λr(  − r
2

 
> 0.

(G.1)

(2) Using the difference method to compare the
greenness:

e
rm∗

− e
mm∗

�
2bkr(1 − s)(a − bc) 2λr − λm( 

2bk(1 − s) 2 − λm(  − r
2

  4bk(1 − s) 1 − λr(  − r
2

 
> 0,

e
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�
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2
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e
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�
2bkrλm(1 − s)(a − bc)

4bk(1 − s) − r
2

  2bk(1 − s) 2 − λm(  − r
2

 
> 0.

(G.2)

,erefore, erm∗ > emm∗ > enm∗ .

e
rc∗

− e
mc∗

�
2bkr(1 − s)[a − bc(1 − s)] 2λr − λm( 

2bk(1 − s) 2 − λm(  − r
2

  4bk(1 − s) 1 − λr(  − r
2

 
> 0,

e
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− e
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�
4bkrλr(1 − s)[a − bc(1 − s)]

4bk(1 − s) − r
2

  4bk(1 − s) 1 − λr(  − r
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> 0,

e
mc∗

− e
nc∗

�
2bkrλm(1 − s)[a − bc(1 − s)]

4bk(1 − s) − r
2

  2bk(1 − s) 2 − λm(  − r
2

 
> 0.

(G.3)

,erefore, erc∗ > emc∗ > enc∗.
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H. Corollary 2

(1) Find the first-order partial derivatives of wi∗ and pi∗,
with respect to s, λm, and λr, respectively; we can get
the following:
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(H.1)

From the above, when A< k/r2 < 1/2b(1 − s),
zwx∗/zλm > 0 and zpx∗/zλm > 0 and when
k/r2 > 1/b(1 − s), zwx∗/zλm < 0 and zpx∗/zλm < 0
(x � mm, mc).

(2) Using the difference method to compare the
wholesale price and retail price of the product:
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(H.2)

From the above, when A< k/r2 < 1/2b(1 − s),
wrm∗ >wmm∗ >wnm∗ , prm∗ >pmm∗ >pnm∗ and when
wrc∗ >wmc∗ >wnc∗, and prc∗ >pmc∗ >pnc∗; when k/r2
> 1/b(1 − s); when wrm∗ >wnm∗ >wmm∗ , prm∗ >pnm∗

>pmm∗ ; when wrc∗ >wnc∗ >wmc∗ , prc∗ >pnc∗ >pmc∗ .

I. Corollary 3: Prove the following

(1) Find the first-order partial derivatives of the man-
ufacturer’s profit with respect to s, λm, and λr to
obtain
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3 .

(I.1)

When 0< λm < 2/3 and k/r2 > 1/2b(2 − 3λm)(1 − s),
zπmm∗

m /zs> 0. When 0< λm < 2/3, A< k/r2 < 1/2b(2
−3λm)(1 − s) or when 2/3< λm < 1, zπmm∗

m /zs< 0.
(2) Using the difference method to compare the man-

ufacturer’s profit separately:
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(I.2)

From the above, πrm
m > πnm

m > πmm
m and πrc

m > πnc
m > πmc

m . J. Corollary 4

(1) Finding the first-order partial derivatives of the re-
tailer’s profit with respect to s, λm, and λr yields
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(J.1)

(2) Using the differencemethod to compare the retailer’s
profit separately:
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(J.2)

From the above, when k/r2 > 3/4b(1 − s) or when A<
k/r2 < 3/4b(1 − s), 1> λr > 8bk(1 − s)[3r2− 4bk(1 − s)]− 4r4

/ 8bk(1 − s)[3r2 − 4bk(1 − s)] − 3r4, πmm
r > πnm

r > πrm
r , and

πmc
r > πnc

r > πrc
r ; when A< k/r2 < 3/4b(1 − s) and 0< λr <

8bk(1 − s)[3r2 − 4bk (1 − s)] − 4r4/8bk(1 − s) [3r2 − 4bk

(1 − s)] − 3r4, πmm
r > πrm

r > πnm
r and πmc

r > πrc
r > πnc

r .

K. Corollary 5

(1) Finding the first-order partial derivatives of the
overall profit of the supply chain with respect to s,
λm, and λr yields
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(K.1)

(2) Using the difference method to compare the overall
profit of the supply chain separately:
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(K.2)

From the above, πmm
sc > πrm

sc > πnm
sc and πmc

sc > πrc
sc > πnc

sc .

L. Corollary 6

Using the difference method to horizontally compare the
equilibrium results, we can obtain the following:

(1) Completely self-interested:
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(2) ,e manufacturer’s altruistic:
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(3) ,e retailer’s altruistic:
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(L.3)

Proof completed.
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