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+is paper fully considers the complexity characteristics of the consumer group, such as the heterogeneity of consumer en-
vironmental preferences and consumption levels and constructs a two-stage price decisionmodel of green supply chain composed
of the manufacturer and retailers. Under the four different scenarios, no government subsidies, government subsidies are given to
the manufacturer, government subsidies are given to the green product retailer, and government subsidies are given to green
product consumers, the impact of government subsidies on green supply chain member price decisions is analyzed, and the
validity of the model is verified by an example. +e results show that compared with the no government subsidies, government
subsidies to the manufacturer will reduce the wholesale and sales prices of green products, and subsidies to the green product
retailer will lead to higher wholesale prices and lower sales prices of green products, and subsidies to green product consumers will
increase the wholesale and sales prices of green products. No matter which object is subsidized by the government, the wholesale
price of general products will not change and the sales price will decrease. Government subsidies will facilitate the sales of green
products, thereby expanding the market share of green products.

1. Introduction

With the advancement of science and technology and the
development of the economy, resources on the planet are
becoming increasingly scarce, and environmental pollution
is further intensifying. In this context, the development of
green technology and the promotion of green products have
become particularly important. However, although the
benefits of green development in reducing pollution are
obvious, most green technologies require a large amount of
up-front capital, which leads to an increase in production
costs, which will reduce the incentives for green production
[1]. +erefore, in order to promote green development,
reduce pollution, and protect the environment, it is par-
ticularly important for the government to implement some
green development incentives [2]. For example, inMay 2012,
the State Council of China announced that it would allocate
26.5 billion yuan to subsidize energy-saving appliances for

one year, mainly covering five categories of household ap-
pliances: flat-panel TVs, refrigerators, air conditioners,
washing machines, and water heaters [3]. In 2015, the
Ministry of Finance of China issued the “Notice on the
Financial Support Policy for the Promotion and Application
of New Energy Vehicles in 2016–2020,” which provides
certain subsidies to consumers who purchase new energy
vehicles. In 2018, the Ministry of Finance of China officially
issued the “Notice on Adjusting and Improving the Fi-
nancial Subsidy Policy for the Promotion and Application of
New Energy Vehicles,” and made corresponding adjust-
ments to the subsidy policy for new energy vehicles. +e
implementation of these subsidy policies has greatly pro-
moted the green development of the supply chain.

As an important factor to be considered in supply chain
decision-making, government subsidies have an important
impact on the operation of the supply chain. In recent years,
many scholars have conducted in-depth and extensive
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research on the impact of government subsidy supply chain
members on green supply chain decision-making. Firstly, in
terms of the impact of government subsidized manufacturer
on green supply chain decisions, Yang and Xiao [4] con-
structed three game models of the green supply chain for the
government subsidized manufacturer under the conditions
of fuzzy uncertainty in manufacturing costs and consumer
demand. Xue et al. [5] studied the impact of the government
subsidized manufacturer on retail prices, energy efficiency,
market demand, supply chain profits, and social welfare for
energy-saving products. +e results showed that govern-
ment subsidies can significantly improve social welfare levels
and promote the improvement of energy-saving products.
Zhuo and Wei [6] analyzed the incentive effect and green
lower limit in the case of government subsidized manu-
facturers, based on the characteristics of uncertainty in the
consumer market. Zhan et al. [7] studied the decision-
making issues of the manufacturer and retailer in a
decentralized and centralized decision-making model under
the scenario of government subsidized manufacturers and
increased environmental awareness of the consumer. Yu
et al. [8] established an optimization model that considers
green preferences and government subsidized manufac-
turers with the goal of maximizing manufacturers’ profits.
Guo et al. [9] explored the impact of the government
subsidized manufacturer on social welfare and the profits of
supply chain members.

Secondly, the influence of government subsidized con-
sumers on green supply chain decision-making has also
attracted the attention of many scholars. Chemama et al. [10]
examined governments use consumer subsidies to promote
green technologies and how policy adjustments over time
will interact with industry production decisions. Cohen et al.
[11] analyzed the government’s interaction with the supplier
when designing consumer subsidy policies and the impact of
demand uncertainty on each participant in designing
strategies. He et al. [12] explored the channel structure and
pricing decisions of the manufacturer and the government’s
consumer subsidy policy for purchasing remanufactured
products. Huang et al. [13] analyzed the fuel vehicle supply
chain and power and fuel vehicle supply chain in the du-
opoly environment; the government implements a subsi-
dized consumer incentive plan to promote the sales of
electric vehicles, and the results show that, with the strong
bargaining power of consumers, government subsidies can
increase the sales of electric vehicles more effectively. Li et al.
[14] studied the strategy of government subsidies to con-
sumers, analyzed the impact of consumption subsidy, and
replaced the subsidy on environmentally friendly products
in the dual-channel supply chain. Ma et al. [15] studied the
impact of subsidized consumers on the dual-channel closed-
loop supply chain. Based on the introduction of the gov-
ernment consumption subsidy program and the dual-
channel closed-loop supply chain, the decision of the
channel members before and after the performance of the
government-funded plan is analyzed.

+e abovementioned studies are more concerned with
government subsidies for a single, specific supply chain
member, but there is less literature to analyze and compare

the impact of government subsidy on green supply chain
member decisions in different object subsidy scenarios. In
addition, in the scenario of government subsidies for dif-
ferent objects, it is less common to consider the impact of
consumer group complexity on the decision-making of
green supply chain members. +is paper mainly considers
two aspects of the complexity of the consumer group: one is
the heterogeneity of consumer environmental preferences,
and the other is the heterogeneity of consumer consumption
levels. Based on the abovementioned analysis, this paper
constructs a two-stage game model of the manufacturer,
general product retailer, and green product retailer from the
perspective of the green supply chain, with the manufacturer
and retailers as research objects. On the basis of fully
considering the complexity characteristics of consumer
groups, this paper studies the influence of government
subsidies to different objects on the price decision-making of
members of the green supply chain. +is paper considers the
heterogeneity of consumer environmental preferences and
the heterogeneity of consumption levels into the market
demand of green products, studies the impact of govern-
ment subsidies on green supply chain member price deci-
sions in four different scenarios, including no government
subsidies, government subsidies given to the manufacturer,
government subsidies given to the green product retailer,
and government subsidies given to green product con-
sumers, and compares product price decisions, sales volume,
and profits under different subsidy scenarios. +e aim is to
provide a theoretical basis for promoting the development of
green supply chains.

Compared with the existing research, this paper has the
following innovations and expansions.

Firstly, most of the existing studies consider the scenario
of government subsidies to single object, and this paper
considers four different scenarios: no government subsidies,
government subsidies given to the manufacturer, govern-
ment subsidies given to the green product retailer, and
government subsidies given to the green product consumers.
It separately analyzes and compares the wholesale prices,
sales prices, sales volume, and profits of various companies
and the changes brought by government subsidies to the
price decision of green supply chain members in four dif-
ferent scenarios.

Secondly, for four different scenarios, this paper takes
the heterogeneity of consumers’ environmental preference
and consumption level into consideration in the price de-
cision of the green supply chain. In the research process, the
complexity characteristics of consumer groups and their
impact on the decision-making of the green supply chain are
fully considered, making the model more realistic.

2. Problem Description and
Conditional Assumptions

+is paper studies a secondary supply chain consisting of a
manufacturer, a general product retailer, and a green
product retailer. +e green supply chain structure is shown
in Figure 1. +e manufacturer, general product retailer, and
green product retailer are represented by M, R1, and R2,
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respectively. +e manufacturer produces general products
and green products, the general product retailer sells general
products, and the green product retailer sells green products.
Assume that the production cost of unit general product and
unit green product is cnand cg, respectively. Since the
production of green products requires a large amount of
green technology, it is assumed that cg > cn.

In order to promote the development of green supply
chains, s indicates the government’s subsidy quota for each
unit of green products. Assume that there are three ways for
the government to subsidize green products, one of which is
to subsidize the manufacturer, one is to subsidize the green
product retailer, and the other is to subsidize green product
consumers. o means the scenario of no government sub-
sidies, mmeans the scenario of government subsidies are
given to the manufacturer, r means the scenario of gov-
ernment subsidies are given to the green product retailer,
and c means the scenario of government subsidies are given
to green product consumers. Assuming that the manufac-
turer is dominant in the market, retailers are subordinate.

Assume that the wholesale price of the unit general
product and the unit green product is ωi

n and ωi
g, respec-

tively, the sales price is pi
n and pi

g, and the sales volume is qi
n

and qi
g, respectively. π

i
M, πi

R1, and π
i
R2 represent the profits of

the manufacturer, general product retailer, and green
product retailer, respectively, where i represents four dif-
ferent subsidy scenarios, i � o, m, r, c{ }.

+e complexity of the consumer group in the market is
reflected in the two aspects of environmental preference
heterogeneity and consumption level heterogeneity, with θ
indicating the consumer’s environmental preference coef-
ficient (θ> 1) and η indicating the consumer’s consumption
level coefficient (η> 1) [16]. Use V to indicate the product
utility perceived by the consumer for the unit product and to
obey the uniform distribution on [0, 1], assuming that the
same consumer has the same product utility for the general
product and the green product, ηV indicates consumers’
willingness to pay for general products, and θηV indicates
consumers’ willingness to pay for green products.

According to the abovementioned assumptions, the
consumer surplus of consumers purchasing general prod-
ucts and green products is Un � ηV − pn and
Ug � θηV − pg, respectively. According to the principle of
utility maximization, consumers must meet the conditions
for purchasing general products:

pn

η
≤V≤

pg − pn

η(θ − 1)
, (1)

and consumers must meet the conditions for purchasing
green products:

V≥max
pg

θη
,

pg − pn

η(θ − 1)
􏼨 􏼩. (2)

+is paper assumes that the market has demand for both
general products and green products, so equations (1) and
(2) are (pn/η)<V< ((pg − pn)/η(θ − 1)), ((pg − pn)/η(θ−

1))<V< 1, respectively. +e demand function for obtaining
the general product and the green product is qn �

(pg − θpn)/η(θ − 1), qg � 1 − ((pg − pn) /η(θ − 1)),
respectively.

3. Model Construction and Solution

3.1. Model of No Government Subsidies. In the absence of
government subsidies, the demand functions for general
products and green products are

q
o
n �

po
g − θpo

n

η(θ − 1)
, (3)

q
o
g � 1 −

po
g − po

n

η(θ − 1)
. (4)

According to the supply chain structure and the demand
function of general products and green products, the profit
functions of the manufacturer, general product retailer, and
green product retailer are

πo
M � ωo

n − cn( 􏼁q
o
n + ωo

g − cg􏼐 􏼑q
o
g, (5)

πo
R1 � p

o
n − ωo

n( 􏼁q
o
n, (6)

πo
R2 � p

o
g − ωo

g􏼐 􏼑q
o
g. (7)

Lemma 1. Equations (6) and (7) are concave functions for
variables po

n and po
g, respectively. Substituting the optimal

solutions of equations (6) and (7) into equation (5), it can be
concluded that equation (5) is a concave function for variables
ωo

n and ωo
g.

Proof. See Appendix.
According to Lemma 1, the price decision, sales volume,

and profit of the manufacturer, general product retailer, and
green product retailer in the absence of government sub-
sidies are shown in Table 1.

Let α � − η(1 − θ) + cg + (1 − 2θ)cn, β � − 2ηθ(1 − θ) +

(1 − 2θ)cg + θcn, X � ((θcn + (1 − 2θ)cg)/2θ(1 − θ)),
Y � ((2θ2cn + (1 − 3θ)cg)/θ(1 − θ)), and T � ((4ηθ(− 1 + θ)

+2(1 − 2θ)cg + 2θcn)/(1 − 2θ)).

Manufacturer 

Common product 
retailer

Green product 
retailer

Consumer

Government

Logistics flow
Currency flow

s3
s2

s1

Figure 1: Green supply chain structure framework.
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To ensure that the solution obtained is an effective so-
lution, refer to the constraint 0≤ qg < qn to obtain+eorem 1
[17].

Theorem 1. Under the condition of no government subsidy,
the market competition between general products and green
products is as follows:

(1) When 1< η≤X, the sales volume of green products is 0
(2) When X< η<Y, there are general products and green

products in the market

Proof. See Appendix.
It can be seen from +eorem 1 that when the con-

sumer’s consumption level coefficient satisfies 1< η≤X,
the manufacturer will not produce green products, mainly
because the consumer’s consumption level coefficient is
low and consumers do not want to buy high-consumption
and high-environmental green products, which leads
them to buy low-consumption and low-environmental
general products. +erefore, the sales volume of green
products is 0, and the manufacturer will no longer pro-
duce green products. When X< η<Y, the manufacturer
produces both general and green products, mainly be-
cause the consumer’s consumption level is increased and
some consumers in the market are willing to buy high-
consumption and high-environmental green products.
+erefore, the manufacturer will choose to produce both
general and green products.

3.2. Model of Government Subsidies to Green Product
Manufacturer. When the government subsidizes the man-
ufacturer who produces green products, the profit of the
manufacturer producing unit green product is ωm

g − cg + s.
+erefore, the profit functions of the manufacturer, general
product retailer, and green product retailer are

πm
M � ωm

n − cn( 􏼁q
m
n + ωm

g − cg + s􏼐 􏼑q
m
g , (8)

πm
R1 � p

m
n − ωm

n( 􏼁q
m
n , (9)

πm
R2 � p

m
g − ωm

g􏼐 􏼑q
m
g . (10)

Solving equations (8)–(10), the price decisions, sales
volume, and profits of the manufacturer, general product
retailer, and green product retailer in the scenario of gov-
ernment subsidized green product manufacturer are shown
in Table 2:

Theorem 2. When the government subsidizes the manu-
facturer of green products, the impact of the government’s
subsidy quota s on the wholesale price, sales price, and sales
volume of green products per unit is as follows:

① (zωm∗
n /zs) � 0

② (zωm∗
g /zs)> 0

③ (zpm∗
n /zs)< 0

④ (zpm∗
g /zs)> 0

⑤ (zqm∗
n /zs)< 0

⑥ (zqm∗
g /zs)> 0

Proof. See Appendix.
It can be seen from +eorem 2 that, in the scenario of

government subsidized manufacturer, the wholesale price
and sales price of green products are negatively correlated
with the quota of government subsidies and the sales volume
is positively related to the quota of government subsidies.
+e main reason is that, after receiving government sub-
sidies, the manufacturer shares government subsidies with
the green product retailer by lowering the wholesale price of
green products; the green product retailer attracts con-
sumers to purchase products by reducing the sales price of
green products after obtaining shared subsidies, thereby
increasing the sales volume of green products. For general
products, the wholesale price of general products does not
change with the change of subsidy quota and the sales price
and sales volume of general products are negatively corre-
lated with the quota of government subsidies.+is is because
the government subsidized manufacturer leads to a decline
in the sales price of green products, and the general product
retailer has to lower the sales price of general products to
maintain the market share. However, due to lack of financial
support, the price cuts are limited and some markets are
replaced by green products.

3.3.Model of Government Subsidies toGreen Product Retailer.
When the government subsidizes the green product retailer,
the green product retailer sells unit green products with a
profit of pr

n − ωr
n + s, so the profit functions of the manu-

facturer, general product retailer, and green product retailer
are

πr
M � ωr

n − cn( 􏼁q
r
n + ωr

g − cg􏼐 􏼑q
r
g, (11)

πr
R1 � p

r
n − ωr

n( 􏼁q
r
n, (12)

πr
R2 � p

r
g − ωr

g + s􏼐 􏼑q
r
g. (13)

Solving equations (11)–(13), the price decisions, sales
volume, and profits of the manufacturer, general product

Table 1: Price decisions, sales volume, and profit of each member
when there is no government subsidy.

Variable No government subsidies
ωo∗

n (η + cn)/2
ωo∗

g (ηθ + cg)/2
po∗

n (− 2η + 5ηθ + cg + 2θcn)/(− 2 + 8θ)

po∗

g θ(− 3η + 6ηθ + 2cg + cn)/(− 2 + 8θ)

qo∗

n θα/(2η(− 1 + θ)(− 1 + 4θ))

qo∗

g β/(2η(− 1 + θ)(− 1 + 4θ))

πo∗

R1 θα2/(4η(1 − 4θ)2(− 1 + θ))

πo∗

R2 β2/(4η(1 − 4θ)2(− 1 + θ))

πo∗

M (θ(η − cn)α + (ηθ − cg)β)/(4η(− 1 + θ)(− 1 + 4θ))
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retailer, and green product retailer in the scenario of gov-
ernment subsidies to the green product retailer are shown in
Table 3:

Theorem 3. When the government subsidizes the green
product retailer, the impact of the government’s subsidy quota
s on the wholesale price, sales price, and sales volume of green
products per unit is as follows:

① (zωr∗
n /zs) � 0

② (zωr∗
g /zs)> 0

③ (zpr∗
n /zs)< 0

④ (zpr∗
g /zs)> 0

⑤ (zqr∗
n /zs)< 0

⑥ (zqr∗
g /zs)> 0

Proof. See Appendix.
It can be seen from +eorem 3 that, in the scenario of

government subsidies for the green product retailer, the
wholesale price and sales volume of green products are
positively related to the quota of government subsidies, and
the sales price is negatively related to the quota of gov-
ernment subsidies. +is is because when the government
subsidizes green product retailer, the manufacturer increases
the wholesale price of green products in order to share
certain subsidies, and after the green product retailer re-
ceives government subsidies, it shares subsidies with con-
sumers by lowering sales prices, thereby the sales volume of
green products has gradually improved. +erefore, gov-
ernment subsidizes the green product retailer and has
promoted the increase in wholesale price and sales volume of
green products and the reduction of sales prices, that is,
government subsidizes that the green product retailer can
promote the sales of green products. For general products,
the impact of government subsidies on the price decisions
and sales volume of general products is the same as in the
scenario of government subsidizes the manufacturer.

3.4. Model of Government Subsidies to Green Product
Consumers. When the government subsidizes green prod-
uct consumers, the consumer surplus of purchasing general
products and green products is Un � ηV − pc

n and
Ug � θηV − pc

g + s, respectively. According to the principle
of maximizing utility, when the government subsidizes

green product consumers, the demand function of general
products and green products is qc

n � (pc
g − θpc

n − s)/η(θ − 1)

and qc
g � 1 − (pc

g − pc
n − s)/η(θ − 1), respectively.

When the government subsidizes green product con-
sumers, the profit functions of the manufacturer, general
product retailer, and green product retailer are

πc
M � ωc

n − cn( 􏼁q
c
n + ωc

g − cg􏼐 􏼑q
c
g, (14)

πc
R1 � p

c
n − ωc

n( 􏼁q
c
n, (15)

πc
R2 � p

c
g − ωc

g􏼐 􏼑q
c
g. (16)

Solving equations (14)–(16), the price decisions, sales
volume, and profits of the manufacturer, general product
retailer, and green product retailer in the scenario of gov-
ernment subsidize green product consumers, as shown in
Table 4:

Theorem 4. When the government subsidizes green product
consumers, the impact of the government’s subsidy quota s on
the wholesale price, sales price, and sales volume of green
products per unit is as follows:

① (zωc∗
n /zs) � 0

② (zωc∗
g /zs)> 0

③ (zpc∗
n /zs)< 0

④ (zpc∗
g /zs)> 0

⑤ (zqc∗
n /zs)< 0

⑥ (zqc∗
g /zs)> 0

Proof. See Appendix.
It can be seen from +eorem 4 that, in the scenario of

government subsidies for green product consumers, the
wholesale price, sales price, and sales volume of green
products are positively related to government subsidies, and
government subsidies increase the wholesale price, sales
price, and sales volume of green products. +e main reason
is that when the government subsidizes green product
consumers, the manufacturer and green product retailer
increase the wholesale price and sales price of green products
in order to share certain subsidies. In addition, since con-
sumers can obtain the corresponding government subsidies
for purchasing green products, they can further promote the
sales of green products so that the sales volume of green

Table 2: Price decision, sales volume, and profit of each member when the government subsidizes the manufacturer.

Variable Government subsidies are given to the manufacturer
ωm∗

n (η + cn)/2
ωm∗

g (s + ηθ + cg)/2
pm∗

n (− s − 2η + 5ηθ + cg + 2θcn)/(− 2 + 8θ)

pm∗
g θ(− 2s − 3η + 6ηθ + 2cg + cn)/(− 2 + 8θ)

qm∗
n θ(− s + α)/(2η(− 1 + θ)(− 1 + 4θ))

qm∗
g (− s(1 − 2θ) + β)/(2η(− 1 + θ)(− 1 + 4θ))

πm∗
R1 θ(− s + α)2/(4η(1 − 4θ)2(− 1 + θ))

πm∗
R2 (− s(1 − 2θ) + β)2/(4η(1 − 4θ)2(− 1 + θ))

πm∗
M (θ(− s + α)(η − cn) + (s(− 1 + 2θ) + β)(s + ηθ − cg))/(4η(− 1 + θ)(− 1 + 4θ))
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products increases, that is, the government subsidies for
green product consumers are also conducive to increasing
the market share of green products. For general products,
the impact of government subsidies on the price decisions
and sales volume of general products is the same as in the
scenario of government subsidized manufacturer and sub-
sidized green product retailer.

Theorem 5. >e comparison of wholesale price, sales price,
sales volume, and profit under different government subsidy
scenarios is as follows:

(1) ωo∗

n � ωm∗

n � ωr∗

n � ωc∗

n and ωr∗

g � ωc∗

g >ωo∗

g >ωm∗

g

(2) po∗

n >pm∗

n 1/n � pr∗

n � pc∗

n and pc∗

g >po∗

g >pm∗

n � pr∗

n

(3) qo∗

n > qm∗

n � qr∗

n � qc∗

n and qm∗

g � qr∗

g � qc∗

g > qo∗

g

(4) πo∗

R1 > πm∗

R1 � πr∗

R1 � πc∗

R1, πm∗

R2 � πr∗

R2 � πc∗

R2 > πo∗

R2, and
πm∗

M � πr∗

M � πc∗

M > πo∗

M

(5) πo∗

R1 > πm∗

R1 � πr∗

R1 � πc∗

R1 and π
m∗

R2 � πr∗

R2 � πc∗

R2 > πo∗

R2

(6) When s>max 0, T{ }, πm∗

M � πr∗

M � πc∗

M > πo∗

M

Proof. See Appendix.
According to +eorem 5, by comparison, firstly, when the

government subsidizes the manufacturer, the wholesale price
and sales price of the green product are the smallest. When the
government subsidizes green product consumers, the whole-
sale price and sales price of green products are the largest.
When the government subsidizes the green product retailer,
the wholesale price of green products is the same as when
subsidies are given to green product consumers; the sales price
of green products is the same as when subsidies are given to the
manufacturer. Mainly because when the government subsi-
dizes the manufacturer, the manufacturer shares government

subsidies with the green product retailer by lowering wholesale
prices, and the green product retailer shares government
subsidies with green product consumers by lowering sales
prices. When the government subsidizes green product con-
sumers, the manufacturer and green product retailers share
government subsidies by increasing wholesale prices and sales
prices, respectively.When the government subsidizes the green
product retailer, themanufacturer shares government subsidies
by raising wholesale prices and green product retailers share
government subsidies with consumers by lowering sales prices.
Secondly, for the three subsidies, no matter what kind of
subsidy the government adopts, the wholesale price, sales price,
sales volume of the general products, the sales volume of green
products, and the profits of each enterprise remain unchanged.
+irdly, the wholesale price of general products has not
changed before and after subsidies, and the sales price and sales
volume are smaller than before the subsidy, indicating that
government subsidies reduce the market demand for general
products. In terms of corporate profits, the profit of the green
product retailer is greater than that before subsidies, the profit
of the general product retailer is less than the profit before
subsidies; when s>max 0, T{ }, the profit of the manufacturer is
greater than the profit before subsidies. +ese indicate that the
government subsidies increase the profits of the green product
retailer, while the profits of the general product retailer
decreaseand the profit of the manufacturer depends on the
quota of government subsidies.

4. Numerical Example and Analysis

In order to verify the effectiveness of the green supply chain
price decision model based on consumer complexity under
the scenarios of government subsidy to different objects, the
following will further analyze and verify the relevant

Table 4: Price decision, sales volume, and profit of each member when the government subsidizes green product consumers.

Variable Government subsidies are given to green product consumers
ωc∗

n (η + cn)/2
ωc∗

g (s + ηθ + cg)/2
pc∗

n (− s − 2η + 5ηθ + cg + 2θcn)/(− 2 + 8θ)

pc∗
g (− 2s + 6sθ − 3ηθ + 6ηθ2 + 2θcg + θcn)/(− 2 + 8θ)

qc∗
n θ(− s + α)/(2η(− 1 + θ)(− 1 + 4θ))

qc∗
g (− s(1 − 2θ) + β)/(2η(− 1 + θ)(− 1 + 4θ))

πc∗
R1 θ(− s + α)2/(4η(1 − 4θ)2(− 1 + θ))

πc∗
R2 (− s(1 − 2θ) + β)2/(4η(1 − 4θ)2(− 1 + θ))

πc∗
M (θ(− s + α)(η − cn) + (s(− 1 + 2θ) + β)(s + ηθ − cg))/(4η(− 1 + θ)(− 1 + 4θ))

Table 3: Price decision, sales volume, and profit of each member when the government subsidizes the green product retailer.

Variable Government subsidies are given to green product retailer
ωr∗

n (η + cn)/2
ωr∗

g (s + ηθ + cg)/2
pr∗

n (− s − 2η + 5ηθ + cg + 2θcn)/(− 2 + 8θ)

pr∗
g θ(− 2s − 3η + 6ηθ2 + 2cg + cn)/(− 2 + 8θ)

qr∗
n θ(− s + α)/(2η(− 1 + θ)(− 1 + 4θ))

qr∗
g (− s(1 − 2θ) + β)/(2η(− 1 + θ)(− 1 + 4θ))

πr∗
R1 θ(− s + α)2/(4η(1 − 4θ)2(− 1 + θ))

πr∗
R2 (− s(1 − 2θ) + β)2/(4η(1 − 4θ)2(− 1 + θ))

πr∗
M (θ(− s + α)(η − cn) + (s(− 1 + 2θ) + β)(s + ηθ − cg))/(4η(− 1 + θ)(− 1 + 4θ))
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conclusions by assigning relevant parameters in the model.
Based on the relevant parameter settings in the literature
[18, 19], the parameters in the examples are assigned as
follows: cn � 1.5, cg � 2, θ � 1.16, and η � 4.

4.1. Analysis of the Impact of Changes in Government Subsidy
Quota on Product Prices under Different Government
Subsidy Scenarios

4.1.1. Analysis of the Impact of Changes in Government
Subsidy Quota on Product Prices When Government Subsi-
dizes the Manufacturer. As can be seen from Figure 2, when
the government subsidizes the manufacturer, the wholesale
price and sales price of the green product decrease with the
increase of the government subsidy quota. +e wholesale
price of general products does not change with the change of
subsidy quota; the sales price of general products decreases
with the increase of government subsidies, and it can be seen
from Figure 2 that as the subsidy quota continues to in-
crease, the sales price of general products is gradually re-
duced, even close to the wholesale price.

4.1.2. Analysis of the Impact of Changes in Government
Subsidy Quota on Product Prices When Government Subsi-
dizes Green Product Retailer. When the government sub-
sidizes the green product retailer, the impact of changes in
government subsidy quota on product prices is shown in
Figure 3. As can be seen from Figure 3, as the quota of
subsidies increases, the wholesale price of green products
gradually increases and the sales price gradually decreases.
+e wholesale price of general products does not change
with the change of subsidy quota, and the sales price of
general products decreases with the increase of government
subsidies. Combined with Figure 3 and related calculations,
when the government subsidy quota meets 0< s< 0.098, the
sales price of green products is greater than the wholesale
price. When 0.098< s< 0.5, the sales price of green products
is less than the wholesale price.

4.1.3. Analysis of the Impact of Changes in Government
Subsidy Quota on Product Prices When Government Subsi-
dizes Green Product Consumers. When the government
subsidizes green product consumers, the impact of gov-
ernment subsidy quota changes on product prices is shown
in Figure 4. As can be seen from Figure 4, as the quota of
subsidies increases, the wholesale price and sales price of
green products increases. +e wholesale price of general
products does not change with the change of subsidy quota,
and the sales price of general products decreases with the
increase of government subsidies.

4.2. Analysis of the Impact of Changes in Government Subsidy
Quota on Product Sales Volume. Combined with the
abovementioned analysis and Figure 5, it can be seen that,
under the scenarios of government subsidized three different
objects, changes in the government subsidy quota have the
same effect on the sales volume of green products and
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Figure 2: +e impact of changes in government subsidies on
product prices when government subsidizes the manufacturer.
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Figure 3: +e impact of changes in government subsidies on product
prices when government subsidizes the green product retailer.
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Figure 4: +e impact of changes in government subsidies on product
prices when government subsidizes green product consumers.
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general products, that is, as can be seen from Figure 5, the
sales volume of green products increases with the increase of
government subsidies, and the sales volume of general
products decreases with the increase of government
subsidies.

4.3. Comparative Analysis of Price, Sales Volume, and Profits
under the Scenarios of Government Subsidies to Different
Objects

4.3.1. Comparison of Product Prices under Different Gov-
ernment Subsidy Scenarios. Figure 6(a) shows that the
wholesale prices of general products are the same with or
without government subsidies and are lower than those of
green products, and the wholesale price of green products is
the same and largest in the two scenarios of government

subsidies to the green product retailer and green product
consumers and is the smallest when government subsidies
are given to the manufacturer. As can be seen from
Figure 6(b), the sales price of general products is the same in
the scenarios of government subsidized three different ob-
jects and is smaller than the sales price when there is no
government subsidy.

4.3.2. Comparison of Product Sales Volume under Different
Government Subsidy Scenarios. +e comparison of product
sales volume under different subsidy scenarios is shown in
Figure 7. As can be seen from Figure 7, when there is no
government subsidy, the sales volume of general products is
always greater than the sales volume of green products, and
the sales volume of general products is the same in the
scenario of government subsidized three different objects
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Figure 5: +e impact of changes in government subsidies on product sales volume under the scenarios of government subsidizes three
different objects.
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Figure 6: (a) Comparison of product wholesale prices and (b) comparison of product sales prices.
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and is smaller than the sales volume when there is no
government subsidy, and the sales volume of green products
is the same in the scenario of government subsidized three
different objects and is greater than the sales volume when
there is no government subsidy. Combined with Figure 7
and related calculations, when the government subsidy
quota meets 0< s< 0.073, the sales volume of green products
is less than the sales volume of general products. When
0.073< s< 0.5, the sales volume of green products is greater
than the sales volume of general products, indicating that a
certain amount of government subsidies can promote the
sales of green products and improve the market competi-
tiveness of green products, thereby promoting the devel-
opment of green supply chains.

4.3.3. Comparison of Profits under Different Government
Subsidy Scenarios. It can be seen from the calculation that
T � − 0.886, and because s>max 0, T{ }, so under the

condition of s ∈ [0, 0.5] and as shown in Figure 8(a), the
manufacturer’s profit increases with the increase of
government subsidies, and the profit of the manufacturer
is the same in the scenario of government subsidized
three different objects and is greater than the sales
volume when there is no government subsidy. It can be
seen from Figure 8(b) that, in the scenario of no gov-
ernment subsidy, the profit of the general product re-
tailer is greater than the profit of the green product
retailer, the profit of the general product retailer is the
same in the scenario of government subsidized three
different objects, and the profit of the green product
retailer is the same in the scenario of government sub-
sidized three different objects. However, as the quota of
subsidies continues to increase, the profit of the general
product retailer is decreasing, and the profit of the green
product retailer is increasing. When 0.05< s< 0.5, the
profit of the green product retailer is greater than the
profit of the general product retailer.
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Figure 8: (a) Comparison of the manufacturer’s profits and (b) comparison of retailer profits.
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Figure 7: Comparison of product sales volume.
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5. Conclusions

+is paper constructs a two-stage game model composed of
the manufacturer, general product retailer, and green
product retailer. Based on the complexity characteristics of
the consumer group, this paper studies the impact of gov-
ernment subsidized different objects on price decisions of
members in the green supply chain, compares the product
price decision-making, sales volume and profit under dif-
ferent subsidy scenarios, and discusses the effectiveness of
the model in combination with numerical analysis.

+e research results show that firstly, compared with the
no government subsidies; when the government subsidizes
the manufacturer, the wholesale price and sales price of
green products are reduced; when the government subsi-
dizes the green product retailer, it will lead to an increase in
the wholesale price of green products and a decrease in sales
prices; when the government subsidizes green product
consumers, the wholesale price and sales price of green
products are increased. In the scenario of the government
subsidized threemain objects, the wholesale prices of general
products do not change and the sales prices of general
products will decrease. Secondly, regardless of which object
the government subsidizes, the sales volume of green
products will increase compared with the nongovernment
subsidies, and the sales volume of general products will
decrease, indicating that government subsidies can promote
the sales of green products and suppress the sales of general
products, thereby expanding the market share of green
products.+irdly, the three kinds of subsidies of government
subsidized manufacturer, green product retailer, and green
product consumers have the same effect on corporate
profits. Compared with nongovernment subsidies, govern-
ment subsidies increase the profit of the green product

retailer and reduce the profit of the general product retailer,
while the impact on the manufacturer’s profit is related to
the quota of government subsidies.

+is study proposes the following recommendations.
Firstly, when formulating a green industry development
strategy, the government should strengthen the publicity
and education of the green economy, raise consumers’
awareness of environmental protection, and increase the
level of consumer consumption by adopting some measures
to improve national income. Secondly, the government
should provide financial support for the development of the
green supply chain through subsidy policies, encourage
enterprises to carry out technological innovation, reduce the
production cost of green products, and thus expand the
market share of green products. Finally, enterprises should
continuously improve the level of green production tech-
nology, as far as possible to reduce pollution to the
environment.

Appendix

Proof of Lemma 1. Firstly, substituting equations (3) and (4)
into equations (6) and (7), respectively, yields πo

R1 � (po
n −

ωo
n)po

g − θpo
n/η(θ − 1) and πo

R2 � (po
g − ωo

g)η(θ − 1)−

(po
g − po

n)/η(θ − 1), and because of θ> 1, η> 1; it can be seen
that πo

R1 and πo
R2 are functions of the parabola of the variables

po
n and po

g, respectively, so it can be concluded that πo
R1 is a

concave function about the variable po
n, and πo

R2 is a concave
function about the variable po

g.
Secondly, equations (6) and (7) are solved to obtain po

n �

ωo
g + 2θωo

n + η(θ − 1)/(4θ − 1) and po
g � 2θωo

g + θωo
n+

2θη(θ − 1)/(4θ − 1), and equations (3) and (4), and po
n and

po
g are substituted into equation (5) to obtain

πo
M � ωo

n − cn( 􏼁
2θωo

g + θωo
n + 2θη(θ − 1)

η(θ − 1)(4θ − 1)
+ θ

− ωo
g − 2θωo

n − η(θ − 1)

η(θ − 1)(4θ − 1)
􏼠 􏼡

+ ωo
g − cg􏼐 􏼑 1 −

2θωo
g + θωo

n + 2θη(θ − 1)

η(θ − 1)(4θ − 1)
+

− ωo
g − 2θωo

n − η(θ − 1)

η(θ − 1)(4θ − 1)
􏼠 􏼡.

(A.1)

By solving the second-order partial derivative of ωo
n and

ωo
g for this equation, we can obtain the HessianMatrix about

ωo
n and ωo

g:

z2πo
M

zωo
n
2

z2πo
M

zωo
nzωo

g

z2πo
M

zωo
gzωo

n

z2πo
M

zωo
g
2

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

�

2θ(1 − 2θ)

η(1 − 4θ)(1 − θ)

2θ
η(1 − 4θ)(1 − θ)

2θ
η(1 − 4θ)(1 − θ)

2 − 4θ
η(1 − 4θ)(1 − θ)

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

< 0.

(A.2)

+erefore, equation (5) is a concave function with re-
spect to ωo

n and ωo
g.

Proof of >eorem 1.

(1) +e condition that there is no green product in the
market is qo∗

g ≤ 0 so that − 2ηθ + 2ηθ2 + (1 − 2θ)cg +

θcn ≤ 0 is obtained, that is, η≤ θcn+

(1 − 2θ)cg/2θ(1 − θ), and because of η> 1, one can
obtain 1< η≤ θcn + (1 − 2θ) cg/2θ(1 − θ), that is,
1< η≤X.

(2) When there are general products and green products
in the market, since the green products are still in the
initial stage of development, therefore, 0< qo∗

g < qo∗

n is
assumed, qo∗

g > 0 is solved, and η> θcn+

(1 − 2θ)cg/2θ(1 − θ) is obtained. From qo∗

g > qo∗

n , one
can obtain θ(− η(1 − θ) + cg + (1 − 2θ) cn)−
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(− 2ηθ(1 − θ) + (1 − 2θ)cg + θcn)> 0; then, η< 2θ2
cn + (1 − 3θ)cg/2θ(1 − θ) is obtained, so θcn + (1 −

2θ)cg/2θ(1 − θ)< η< 2θ2cn + (1 − 3θ)cg/θ(1− θ),
that is, X< η<Y.

Proof of >eorem 2. +e first-order partial derivative of the
wholesale price, sales price, and sales volume of the general
product and the green product with respect to the subsidy
quota s can be obtained:

① (zωm∗
n /zs) � 0

② (zωm∗
g /zs) � (1/2)> 0

③ (zpm∗
n /zs) � − (1/(− 2 + 8θ))< 0

④ (zpm∗
g /zs) � (− θ/− 1 + 4θ)< 0

⑤ (zqm∗
n /zs) � (− θ/2η(− 1 + θ)(− 1 + 4θ))< 0

⑥ (zqm∗
g /zs) � (− 1 + 2θ/2η(1 − 5θ + 4θ2))> 0

Proof of >eorem 3. +e first-order partial derivative of the
wholesale price, sales price, and sales volume of the general
product and the green product with respect to the subsidy
quota s can be obtained:

① (zωr∗
n /zs) � 0

② (zωr∗
g /zs) � (1/2)> 0

③ (zpr∗
n /zs) � (− 1/(− 2 + 8θ))< 0

④ (zpr∗
g /zs) � (− θ/(− 1 + 4θ)) < 0

⑤ (zqr∗
n /zs) � (− θ/2η(− 1 + θ)(− 1 + 4θ))< 0

⑥ (zqr∗
g /zs) � (− 1 + 2θ/2η(1 − 5θ + 4θ2))> 0

Proof of >eorem 4. +e first-order partial derivative of the
wholesale price, sales price, and sales volume of the general
product and the green product with respect to the subsidy
quota s can be obtained:

① (zωc∗
n /zs) � 0

② (zωc∗
g /zs) � (1/2)> 0

③ (zpc∗
n /zs) � (− 1/− 2 + 8θ)< 0

④ (zpc∗
g /zs) � ((− 1 + 3θ)/(− 1 + 4θ)) > 0

⑤ (zqc∗
n /zs) � (− θ/2η(− 1 + θ)(− 1 + 4θ)) < 0

⑥ (zqc∗

g /zs) � ((− 1 + 2θ)/2η(1 − 5θ + 4θ2))> 0

Proof of >eorem 5. (1) From ωo∗

n − ωm∗

n � ωm∗

n −

ωr∗

n � ωr∗

n − ωc∗

n � ωc∗

n − ωo∗

n � 0, one can obtain
ωo∗

n � ωm∗

n � ωr∗

n � ωc∗

n . From ωr∗

g − ωc∗

g � 0, ωc∗

g −

ωo∗

g � (1/2)s, ωc∗

g − ωm∗

g � s, and ωo∗

g − ωm∗

g � (1/2)s; there-
fore, ωr∗

g � ωc∗

g >ωo∗

g >ωm∗

g can be obtained, the same can be
proved in (2), (3), and (4).

(5) From πm∗

M − πr∗

M � 0, πm∗

M − πc∗

M � 0, πr∗

M − πc∗

M � 0,
one can obtain πm∗

M � πr∗

M � πc∗

M. When s>T, one can know
that πm∗

M − πo∗

M � (s(s(− 1 + 2θ) + 2(1 − 2θ)cg + 2θcn + 4ηθ
(− 1 + θ))/4η(− 1 + θ)(− 1 + 4θ))> 0, and one can obtain
πm∗

M > πo∗

M; then, s>max 0, T{ } can be obtained, and
πm∗

M � πr∗

M � πc∗

M > πo∗

M.
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