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Taking government environmental regulation and consumer’s green preference into a unified analytical framework, this study
constructed a differential game model. With the joint effect of supplier and manufacturer green innovation efforts on the dynamic
change of the product’s green level, it compared and analyzed the long-term dynamic equilibrium strategies of green innovation
cooperation in a supply chain under decentralized and centralized decision-making situations. Accordingly, a scientific and
reasonable profit-distribution contract was then proposed. On this basis, it further carried out a numerical simulation analysis on
the dual-driving effects of the government and market. /e results showed that the scientific and reasonable profit-distribution
contract under the centralized decision-making situation, which was designed by using the Rubinstein bargaining game model,
could effectively ensure that the supply chain members’ sharing profits would realize "Dual Pareto Improvements." With the
increase of the environmental regulation’s intensity, the product’s green level kept rising and tended to be stable. However, the
overall equilibrium profit of the supply chain was characterized by "U" fluctuation, which first descended and then ascended. In
addition, the product’s green level, the green innovation investment and equilibrium (distributed) profits of supply chain
members, and the overall profits of supply chain all increased with the consumers’ green preference.

1. Introduction

/e growing concern for environmental protection in recent
years has forced countries to pursue low-carbon economics
and sustainable development. At the 75th Session of the
United Nations General Assembly (2020), China made a
solemn commitment to the world that it would adopt more
forceful policies and measures to peak its carbon dioxide
emissions by 2030 and strive to achieve carbon neutrality by
2060. In China, strengthening environmental supervision will
become an inevitable trend in the long term [1]. With the
promulgation and implementation of a series of environ-
mental regulations, enterprises have been subjected to in-
creasingly serious administrative penalties for their pollution
behaviors, and they have even been faced with the punish-
ment of having their production limited or outright stopped
for rectification.Meanwhile, with the continuously improving

social awareness of environmental protection [2], more and
more consumers tend to choose green products and are
willing to pay higher prices for them to a certain degree [3].
/us, under the background of stringent environmental
regulations and consumers’ green preference, the competi-
tiveness and even survival of enterprises increasingly depend
on whether they can respond to the requirements of sus-
tainable development [4]. Numerous studies have shown that
compared with general innovation, which only emphasizes
economic performance, green innovation focuses on saving
energy consumption and reducing pollutant emission in the
production process through innovation, product develop-
ment, and process optimization, so as tomaximally reduce the
negative impact on the environment [5]. Enterprises that
implement green innovation often have a stronger compet-
itive advantage than their competitors due to increased eco-
efficiency and environmental image [6].
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Besides, there is a growing recognition that individual
businesses no longer compete as solely autonomous entities
but rather as supply chains, in which the enterprises are
interdependent [7, 8]. In other words, problems in any part
of the supply chain may have a serious negative impact on
other participants and can even lead to the rupture and
failure of the whole supply chain [9]. On September 14, 2017,
Schaeffler Greater China issued an Emergency Help Letter
stating that Jielong, the only supplier of needle rolling raw
materials in use, was ordered to stop production and dis-
mantle the equipment due to its environmental problems.
/e supply shortage of needle rolling would result in the
suspension of more than 200 models from 49 auto manu-
facturers. /us, in the context of strong environmental
regulation and green consumption upgrading, it is far from
sufficient for enterprises to simply conduct their own en-
vironmental management compliance work well. /ey also
need to cooperate with upstream/downstream supply chain
partners on green innovation to improve the environmental
performance, especially ones in complex industrial chains
[10]. Green innovation cooperation in a supply chain refers
to the cooperation between upstream and downstream
members to carry out green innovation with the purpose of
reducing or eliminating the negative impact of products or
services on the environment [11]. For example, in order to
incentivize the supplier to invest more in green innovation
and make the product more environment friendly, the
manufacturer is willing to share some of the spending [12].
Compared with other types of cooperation in supply chain,
green innovation cooperation is driven not only by market
factors (consumers’ green preference) but also by govern-
ment factors (environmental regulation). In practice, more
than 1000 big firms, such as Lenovo, Bosch, Dell, and Apple,
emphasize the importance of green investment and also
motivate the upstream/downstream partners to drive and
facilitate green innovation [13].

/is paper is relevant to the current literature from two
perspectives. /e first is that we conducted research into the
characteristics and driving factors of green innovation. /e
addition of the environmental dimension brings green inno-
vation remarkable characteristics, including the explicit de-
mand for environmental benefits, the dual externalities of
technology and environment, and the push/pull effect of en-
vironmental regulations [14, 15]. Furthermore, the charac-
teristics of dual externalities have severely hindered enterprises
from investing in green innovation. /us, environmental
regulation has become an extremely important driving factor
for green innovation. For example, the famous Porter hy-
pothesis proposed by Porter and Van der Linde [16] believed
that scientific and reasonable environmental regulation can
stimulate enterprises’ innovative behavior and consequently
achieve a win-win situation of economic and environmental
benefits. Similar to general innovation, market demand or
customer pressure is another important driver of green in-
novation [17, 18]. /e research on the characteristics and
driving factors of green innovation has achieved fruitful results,
laying a solid theoretical foundation for our study.

Combining the characteristics of green innovation,
many scholars investigated the optimal decision and the

influence of the driving factors on the equilibrium strategies
in a green supply chain. /is is the second part of our lit-
erature review. Benjaafar et al. [19] were the first to introduce
different carbon emission policies (carbon tax, carbon cap-
and-trade, carbon offsets, etc.) into a simple supply chain,
providing a basic solution to carbon reduction. Du et al. [20]
analyzed the possibility for manufacturers and suppliers to
coordinate and cooperate in emission reduction under cap-
and-trade emission policy. Chen et al. [21] endogenized
government subsidy in a research joint venture and deduced
the equilibrium strategies of the innovation effort level and
cost sharing ratio. On this basis, many scholars have in-
cluded market-driven effect into the analytical framework.
For example, Zhang and Yousaf [22] and Meng et al. [23]
analyzed the optimal innovation decisions in a supply chain
by taking the comprehensive influence of government in-
tervention and consumers’ green preference into account.
However, the above research studies on green innovation
cooperation in a supply chain mainly focused on the analysis
of static equilibrium strategies.

In fact, the supply chain environment management is a
long-term dynamic process, and the effects of green inno-
vation can be intertemporal. By constructing differential
equations in which the variables evolve with time, differ-
ential game is usually used to analyze the conflict and co-
operation problems in dynamic situations [24, 25]. In the
recent research studies related to the green supply chain,
scholars often use differential game theory to investigate the
optimal decisions and the variation with time. Considering
the impact of environmental regulation,Wang et al. [26] and
Yu et al. [27] introduced carbon tax parameters when
constructing the differential game models to explore the
dynamic cooperation strategies of the low-carbon technol-
ogy. Wei and Wang [28] analyzed the interaction between
carbon reduction technology innovation and government
intervention by using the differential game method. How-
ever, they did not take the consumers’ green preference into
account. Subsequently, Liu and Li [29] introduced low-
carbon preference into the differential game models and
analyzed the dynamic impacts of low-carbon reference on
carbon reduction. Furthermore, Zu and Zeng [30] analyzed
the dynamic optimization problem of energy-efficiency ef-
forts and product pricing with considering the discontin-
uous market demand. However, they did not consider the
impact of environmental regulation. Besides, differential
game analysis has been well applied in analyzing dynamic
equilibrium strategies of advertising investment, quality
improvement, and so on [31, 32].

On the basis of the existing research results, we take
government environmental regulation and consumers’
green preference into a unified analysis framework, using the
differential game model to study the cooperative innovation
dynamic strategies. In addition, this study also proposes a
scientific and rationale profit-distribution contract to en-
courage the supply chain members invest more in the green
innovation and achieve the "Dual Pareto Improvements" in
both economic and environmental performance.

Compared to existing research, the contribution of this
paper is mainly reflected in three main aspects:
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(1) /is study comprehensively considers the dual-
driving effect of government and market on the green
innovation cooperation in a supply chain. As far as we
can determine, existing studies mainly concentrated
on the impact of a single driving factor on green
innovation decisions in a supply chain either in terms
of consumers’ green preference or environmental
regulation. /ere is still little research on the super-
posed effects of two driving factors. However, gov-
ernment regulation and market demand are the two
most important drivers of green innovation [18]. In
this study, both government regulation and con-
sumers’ green preference are included into the ana-
lytical framework when constructing the game
models. Moreover, we also analyze and compare the
optimal cooperation strategies for green innovation
between supply chain members under the decen-
tralized and centralized decision situations.

(2) /is study analyses the optimal decisions dynamically
rather than statically by using differential equations to
describe the changes of product green level with the
supply chainmembers’ innovation efforts. To the best of
our knowledge, research on the dynamic equilibrium
strategies of the green innovation cooperation in a
supply chain is very scarce, especially considering the
dual-driving effects of the government and the market.
In fact, green innovation, pollutant emissions, market
demand, etc. are all dynamic phenomena [30, 33]. /e
investment of the members’ innovation in the prior
period will affect the products’ green level and the
relevant decisions in the next period. /us, applying
differential game theory to analyze the dynamic strat-
egies in this study is closer to the reality of the situation.
More importantly, the government and market dual-
driving effect is also considered in this studywhen using
differential game to analyze the dynamic strategies./is
study will effectively extend the existing research.

(3) A scientifical and rational profit-distribution agree-
ment under the centralized decision situations is
proposed in this study. After analyzing the long-term
dynamic equilibrium strategies of green innovation
cooperation under decentralized and centralized de-
cision situations, this study further designs a profit-
distribution agreement by using the Rubinstein bar-
gaining game model to encourage the supply chain
members invest more in the green innovation and
achieve the "Dual Pareto Improvements" in both
economic and environmental performance. /is
study can provide a useful reference for the green
innovation practice of supply chain members.

/e remainder of the article is arranged as follows: Section
2 describes the problem and assumptions of the model.
Section 3 discusses and compares the long-term dynamic
equilibrium strategies under decentralized and centralized
decision-making scenarios. Section 4 provides a profit-dis-
tribution contract for the supply chain. Some simulations and
sensitivity analysis are given in Section 5./e conclusions and
research prospects are given in Section 6.

2. Problem Description and Assumptions

2.1. ProblemDescription. /is article assumes that the green
supply chain consists of one large manufacturer (as leader)
and one supplier (as follower). In order to meet the con-
sumers’ demand for green purchase, the supplier and
manufacturer invest in green innovation by introducing
new technologies, purchasing new equipment, and trans-
forming existing technological processes, so as to reduce
the energy consumption and pollutant emissions in the
production process and improve the product’s green level.
In the context of sustainable development, more and more
countries are actively implementing their carbon labeling
plans, i.e., marking the carbon emissions of products in
the production process with a quantified indicator and
implementing the government regulations on the final
products according to the carbon emission standards.
Drawing from Zu et al. [34], the energy consumption
standard and pollutant emissions constraints of the gov-
ernment only focus on the manufacturer without consid-
ering the emission cost or benefits incurred by the supplier.
Meanwhile, Heydari et al. [35] found that it is more cost-
effective for the government to provide subsidies or tax
exemption for manufacturers rather than other members in
the supply chain. /us, we assume that the government
rewards or punishes the manufacturer according to the
product’s green level. Besides, the large manufacturer, as
the leader, is willing to bear part or all of the green in-
novation investment costs for supplier, in order to en-
courage the supplier to increase innovation investment and
improve the greenness of their products. /e research
framework of this paper is shown in Figure 1.

2.2. Assumptions

Assumption 1. /e supplier and the manufacturer will work
together on green innovation to reduce energy consumption
and pollutant discharge per unit product and improve the
product’s green level. With the passage of time, the product’s
green level will naturally decline due to the aging and
backwardness of emission-reduction technologies, equip-
ment, etc. Drawing from EI Ouardighi [36], we modify the
classic goodwill model of Nerlove–Arrow [37] according to
the characteristics of green innovation to describe the
change of product’s green level.

_E(t) � αS(t) + βM(t) − σE(t), (1)

where E(t)≥ 0 is the product’s green level at time t, and the
initial green level E(0) is assumed to be 0. /is indicates that
the supplier and manufacturer have not invested in green
innovation prior to the initial time. S(t)≥ 0 and M(t)≥ 0,
respectively, represent the green innovation efforts of the
supplier and manufacturer at time t. α> 0 and β> 0, re-
spectively, represent themarginal contribution rates of green
innovation efforts of the supplier and manufacturer to the
product’s green level. σ > 0 is the natural decay rate of the
product’s green level.
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Assumption 2. Like the method used bymost scholars to deal
with the green innovation cost, we assume that the green
innovation cost of the supplier and manufacturer is a convex
increasing function of green innovation efforts, namely,

CS(t) �
ηS

2
S(t)

2
,

CM(t) �
ηM

2
M(t)

2
,

(2)

where CS(t) and CM(t), respectively, represent the cost of
green innovation efforts from the supplier and manufacturer
at time t. /e representation of innovation cost by the
quadratic function is commonly used in the literature [29, 34]
ηS > 0 and ηM > 0 respectively, represent the cost coefficients
of green innovation efforts of the supplier and manufacturer.

Assumption 3. Regardless of the influence of green product
prices, we assume that consumers with green preference will
tend to buy products with higher green level [30, 38], namely,

D(t) � D + θE(t), (3)

whereD(t)≥ 0 is themarket demand for green products at time
t and D> 0 is the product market scale before green innovation
from the supplier and manufacturer. θ> 0 is the coefficient of
consumer green preference, representing the positive impact of
the product’s green level on the market demand.

Assumption 4. In the context of the low-carbon economy,
pollutant discharge behaviors of enterprises are regulated by
the government environmental regulation, such as carbon
tax, carbon trading, carbon cap, and innovation subsidies.
Drawing from Wei and Wang [28], we assume that, in the
context of low-carbon policies, the regulation cost or benefit
of pollutant emission by enterprises is

Tg(t) � φ Eh − E(t) − Eg D(t) , (4)

where Tg(t) is the regulation cost or benefit generated by
pollutant emission of enterprises at time t under environ-
mental regulation. φ> 0 is the intensity of government reg-
ulation, which can be expressed in various forms, such as
government carbon tax rate, carbon trading price, and in-
centive/subsidy for unit emission reduction. Eh ≥ 0 is the
initial pollutant emission of unit product. Eg ≥ 0 is the
amount of pollution emitted per unit of product assigned by
the government. /us, (Eh − E(t) − Eg)D(t)> 0 indicates
that the actual pollutant emission of the enterprise exceeds the
carbon emission limit set by the government, so the enterprise
needs to purchase the emission right or pay emission fee (tax).
On the contrary, (Eh − E(t) − Eg)D(t)< 0 means that the
enterprise can sell emission rights or obtain government
subsidies. Without loss of generality, we assume Eg � 0,
namely, Tg(t) � φ(Eh − E(t))D(t).

Assumption 5. To encourage the supplier to increase in-
novation investment, the manufacturer that plays a domi-
nant role in the supply chain will be willing to actively bear
part or all of the green innovation costs for the supplier in
order to improve the product’s green level, expand the
market scale, and reduce the costs required to comply with
the environmental regulations. λ(t)(0≤ λ(t)≤ 1) is the
proportion of green innovation cost shared by the manu-
facturer for the supplier at time t.

Assumption 6. /is study aims to explore the optimal de-
cision in green innovation cooperation between upstream
and downstream enterprises in the green supply chain under
the dual-driving of both government and market, while
ignoring the influences of other factors such as product
prices, inventory costs, and shortage costs. Without loss of
generality, the inventory costs and shortage costs of the
members in the supply chain are recorded as 0. πS and πM,
respectively, represent the marginal profit of the supplier
and the manufacturer. At any time, all members of the
supply chain have the same discount factor, denoted as
ρ(ρ> 0). Supplier, manufacturer, and supply chain variables
are, respectively, denoted by the subscripts S,M, and C. As a
result, members of the supply chain and their overall long-
term profits are as follows:

JS � 
∞

0
e

− ρt πS(D + θE(t)) −
ηS(1 − λ(t))

2
S(t)

2
 dt,

JM � 
∞

0
e

− ρt πM − φ Eh − E(t)(  (D + θE(t)) −
ηM

2
M(t)

2
−
ηSλ(t)

2
S(t)

2
 dt,

JC � 
∞

0
e

− ρt πS + πM − φ Eh − E(t)(  (D + θE(t)) −
ηM

2
M(t)

2
−
ηS

2
S(t)

2
 dt.

(5)
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Figure 1: Framework of cooperative innovation in a green supply
chain under the background of dual-driving.
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In summary, compared with the existing literature, the
model constructed in this study has the following differ-
ences: (1) using the differential equation to describe the
dynamic change of the product’s green level; (2) while
considering the impact of consumers’ green preference on
the demands, the environmental regulation intensity is also
introduced to describe the cost or benefit of enterprises’
environmental behavior.

All of the parameters in this model are atemporal
constants. For the convenience of writing, t will not be listed.

3. Model Analysis

3.1. Decentralized Decision-Making Model. Under the
decentralized decision-making situation, the manufacturer
and the supplier have a two-stage Stackelberg game. In terms
of the decision-making process, the manufacturer first de-
termines its green innovation efforts and the proportion of
green innovation costs to be borne by it for the supplier;
then, the supplier further determines its optimal green in-
novation efforts. /e decision-making model is (marked
with a superscript D)

max
M,λ

J
D
M � 

∞

0
e

− ρt πM − φ Eh − E(  (D + θE) −
ηM

2
M

2
−
ηSλ
2

S
2

 dt,

max
S

J
D
S � 

∞

0
e

− ρt πS(D + θE) −
ηS(1 − λ)

2
S
2

 dt.

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(6)

Theorem 1. Under the decentralized decision-making situ-
ation, the long-term equilibrium strategies of the green in-
novation cooperation in the supply chain are as follows:

(1) :e optimal green innovation efforts of the supply
chain members and the proportion of green innova-
tion costs to be borne by the manufacturer for the
supplier are

S
D∗

�
2αm
∗
1

ηS

E
D

+
α 2m

∗
2 + s
∗
1( 

2ηS

,

M
D∗

�
2βm
∗
1

ηM

E
D

+
β m
∗
2 + s
∗
1( 

ηM

,

λ∗ �
4m
∗
1E

D
+ 2m
∗
2 − s
∗
1

4m
∗
1E

D
+ 2m
∗
2 + s
∗
1
.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(7)

(2) :e optimal trajectory of the products’ green level is

E
D

(t) � E
D
RSS 1 − e

− σ− 2m∗1 Δ1+Δ2( )( )t
 , (8)

where ED
RSS � ((2m∗2(Δ1 + Δ2) + s∗1(Δ1 + 2Δ2))/

(2[σ − 2m∗1(Δ1 + Δ2)])) is the stable value of the
product’s green level under the decentralized decision-
making situation when the time factor approaches
infinity (t⟶∞).

(3) :e long-term profits of the supplier, manufacturer,
and the whole supply chain are

J
D∗
S � s

∗
1E

D
RSS + s

∗
2 − s
∗
1E

D
RSSe

− σ− 2m∗1 Δ1+Δ2( )( )t
,

J
D∗
M � m

∗
1 E

D
RSS 

2
e

− 2 σ− 2m∗1 Δ1+Δ2( )( )t
− 2m

∗
1E

D
RSS + m

∗
2 E

D
RSSe

− σ− 2m∗1 Δ1+Δ2( )( )t
+

m
∗
1 E

D
RSS 

2
+ m
∗
2E

D
RSS + m

∗
3 ,

J
D∗
C � m

∗
1 E

D
RSS 

2
e

− 2 σ− 2m∗1 Δ1+Δ2( )( )t
− 2m

∗
1E

D
RSS + m

∗
2 + s
∗
1 E

D
RSSe

− σ− 2m∗1 Δ1+Δ2( )( )t
+

m
∗
1 E

D
RSS 

2
+ m
∗
2E

D
RSS + s

∗
1E

D
RSS + s

∗
2 + m

∗
3 ,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(9)
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where m∗1 ,m
∗
2 ,m
∗
3 ,s
∗
1 , and s∗2 satisfy the following

formula:

m
∗
1 �

(ρ + 2σ) −

���������������������

(ρ + 2σ)
2

− 8θφ Δ1 + Δ2( 



4 Δ1 + Δ2( 
,

s
∗
1 �

4θπS Δ1 + Δ2( 

ρ 3Δ1 + 2Δ2(  + 2σΔ1 + Δ1 + 2Δ2( 

���������������������

(ρ + 2σ)
2

− 8θφ Δ1 + Δ2( 



m
∗
2 �

2

ρ +

���������������������

(ρ + 2σ)
2

− 8θφ Δ1 + Δ2( 

 θ πM − φEh(  + Dφ+

Δ1θπS ρ + 2σ −

���������������������

(ρ + 2σ)
2

− 8θφ Δ1 + Δ2( 



 

ρ 3Δ1 + 2Δ2(  + 2σΔ1 + Δ1 + 2Δ2( 

���������������������

(ρ + 2σ)
2

− 8θφ Δ1 + Δ2( 



⎫⎪⎪⎬

⎪⎪⎭
,

s
∗
2 �

DπS

ρ
+
Δ1 + 2Δ2( s

∗
1m
∗
2

2ρ
+
Δ1s
∗ 2
1

4ρ
,

m
∗
3 �

D πM − φEh( 

ρ
+

m
∗ 2
2 Δ1 + Δ2( 

2ρ
+
Δ1s
∗
1m
∗
2

2ρ
+
Δ1s
∗ 2
1

8ρ
,

Δ1 �
α2

ηS

,

Δ2 �
β2

ηM

.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(10)

Both (ρ + 2σ)2 ≥ 8θφ(Δ1 + Δ2) and σ ≥ 2m∗1(Δ1+ Δ1)
need to be satisfied. For the sake of convenience, the
subsequent research, analysis, and numerical simu-
lation are conducted within this range.

Proof. Similar to many scholars, such as Liu and Li [29], Zu
et al. [34], and Lu et al. [39], we try to seek a steady-state

feedback Stackelberg equilibrium because the game is played
over an infinite time horizon. Backward induction is used to
solve the model.

Assume that, after time t, the optimal value function of
the supplier’s long-term profit is JD∗

S (S) � e− ρtVD
S (E), and

for any E≥ 0, VD
S (E) satisfies the Hamilton–Jacobi–Bellman

(HJB) equation:

ρV
D
S (E) � max

S
πS(D + θE) −

ηS(1 − λ)

2
S
2

+ V
D′
S (αS + βM − σE) . (11)

Find the first-order partial derivative for the supplier’s
optimal green innovation effort (S) on the right side of
formula (11) and make it equal to zero to obtain

S �
αV

D′
S

ηS(1 − λ)
. (12)

Similarly, assume that the optimal value function of the
manufacturer’s long-term profit after time t is JD∗

M (M, λ) �

e− ρtVD
M(E), and for any E≥ 0, VD

M(E) satisfies the HJB
equation:

ρV
D
M(E) � max

M,λ
πM − φ Eh − E(  (D + θE) −

ηM

2
M

2
−
ηSλ
2

S
2

+ V
D′
M(αS + βM − σE) . (13)
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Find the first-order partial derivative for the manufac-
turer’s optimal green innovation effort (M) and the optimal
proportion on the right side of formula (13) and make them
equal to zero to obtain

M �
βV

D′
M

ηM

,

λ �
2V

D′
M − V

D′
S

2V
D′
M + V

D′
S

.

(14)

Substituting formulas (12) and (14) into HJB equations
(11) and (13), we can obtain

ρV
D
S (E) � πS(D + θE) − σV

D′
S E +

α2VD′
S 2V

D′
M + V

D′
S 

4ηS

+
β2VD′

S V
D′
M

ηM

,

ρV
D
M(E) � πM − φ Eh − E(  (D + θE) − σV

D′
ME +

α2 2V
D′
M + V

D′
S 

2

8ηS

+
β2VD′2

M

2ηM

.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

(15)

Assume that the analytical expressions of optimal value
functions VD

S (E) and VD
M(E) with E are, respectively,

VD
S (E) � s1E + s2 and VD

M(E) � m1E
2 + m2E + m3, where

m1, m2, m3, s1, and s2 are constants, and combine this with the
method of undetermined coefficients to obtain

ρs1 � θπS − σs1 + s1m1 Δ1 + 2Δ2( ,

ρs2 � DπS +
Δ1 + 2Δ2( s1m2

2
+
Δ1s

2
1

4
,

ρm1 � θφ − 2σm1 + 2m
2
1 Δ1 + Δ2( ,

ρm2 � θ πM − φEh(  + Dφ − σm2 + 2m1m2 Δ1 + Δ2(  + Δ1s1m1,

ρm3 � D πM − φEh(  +
m

2
2 Δ1 + Δ2( 

2
+
Δ1s1m2

2
+
Δ1s

2
1

8
.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(16)

Solve m1, m2, m3, s1, and s2, and ensure that, for any SD,
MD, ED, VD

S (E), and VD
M(E), they are nonnegative. /e

expressions of m∗1 , m∗2 , m∗3 , s∗1 , and s∗2 that meet the con-
ditions are shown in formula (10). Furthermore, we obtain
the optimal green innovation efforts of the supplier and the
manufacturer (SD∗, MD∗) and the proportion of green

innovation costs to be borne by the manufacturer for the
supplier (λ∗) under the decentralized decision-making
situation, as shown in /eorem 1 (1). In addition, the im-
plicit condition of /eorem 1 is (ρ + 2σ)2 − 8θφ(Δ1+
Δ2)≥ 0.

/en, substitute SD∗ and MD∗ into equation (1) to obtain

_E
D

(t) � m
∗
2 Δ1 + Δ2(  + s

∗
1
Δ1
2

+ Δ2  − σ − 2m
∗
1 Δ1 + Δ2(  E. (17)

Solve the differential equation (17) to obtain the optimal
trajectory of the product’s green level under the decentralized
decision-making situation, as shown in /eorem 1 (2).

If σ − 2m∗1(Δ1 + Δ2)< 0, when the time factor ap-
proaches infinity, ED(t) will also approach infinity. /is is
inconsistent with the reality. If σ − 2m∗1(Δ1 + Δ2)≥ 0, ED

RSS is

the stable value of the product’s green level when the time
factor approaches infinity.

Furthermore, we obtain the long-term profits of sup-
plier, manufacturer, and the whole green supply chain under
the decentralized decision-making situation, as shown in
/eorem 1 (3). □
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3.2. Centralized Decision-Making Model. In this situation,
the manufacturer and the supplier should work together to
determine their optimal green innovation efforts for the

purpose of maximizing supply chain profits. /e strategic
problem is (marked with a superscript C)

max
S,M

J
C
C � 

∞

0
e

− ρt πS + πM − φ Eh − E(  (D + θE) −
ηM

2
M

2
−
ηS

2
S
2

 dt. (18)

Theorem 2. Under the centralized decision-making situa-
tion, the long-term equilibrium strategies for the green in-
novation cooperation in the supply chain are as follows:

(1) :e optimal green innovation efforts of the supply
chain members are

S
C∗

�
2αc
∗
1

ηS

E
C

+
αc
∗
2

ηS

,

M
C∗

�
2βc
∗
1

ηM

E
C

+
βc
∗
2

ηM

.

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(19)

(2) :e optimal trajectory of the product’s green level is

E
C

(t) � E
C
RSS 1 − e

− σ− 2c∗1 Δ1+Δ2( )( )t
 , (20)

where EC
RSS � ((2c∗2(Δ1 + Δ2))/(σ − 2c∗1(Δ1 + Δ2))) is

the stable value of the product’s green level under
centralized decision-making situation when the time
factor approaches infinity (t⟶∞).

(3) :e long-term equilibrium profit of the whole green
supply chain is

J
C∗
C � c

∗
1 E

C
RSS 

2
e

− 2 σ− 2c∗1 Δ1+Δ2( )( )t
− 2c
∗
1E

C
RSS + c

∗
2 E

C
RSSe

− σ− 2c∗1 Δ1+Δ2( )( )t
+ c
∗
1 E

C
RSS 

2
+ c
∗
2E

C
RSS + c

∗
3 , (21)

where c∗1 , c∗2 , and c∗3 satisfy the following formula:

c
∗
1 �

(ρ + 2σ) −

���������������������

(ρ + 2σ)
2

− 8θφ Δ1 + Δ2( 



4 Δ1 + Δ2( 
,

c
∗
2 �

2θ πS + πM − φEh(  + 2Dφ

ρ +

���������������������

(ρ + 2σ)
2

− 8θφ Δ1 + Δ2( 

 ,

c
∗
3 �

D πS + πM − φEh( 

ρ
+
Δ1 + Δ2( c

∗ 2
2

2ρ
.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(22)

Both (ρ + 2σ)2 − 8θφ(Δ1 + Δ2)≥ 0 and σ − 2c∗1(Δ1 +

Δ1)≥ 0 need to be satisfied.

Proof. Similarly, we assume that the optimal value function
of the supplier’s long-term profit after time t is JC∗

C (S,

M) � e− ρtVC
C(E), and for any E≥ 0, VC

C(E) satisfies the HJB
equation:

ρV
C
C(E) � max

S,M
πS + πM − φ Eh − E(  (D + θE) −

ηM

2
M

2
−
ηS

2
S
2

+ V
C′
C(αS + βM − σE) . (23)

Find the first-order partial derivative for the supplier’s
green innovation effort (S) and manufacturer’s green in-
novation effort (M) on the right side of formula (23) and
make them equal to zero to obtain

S �
αV

C′
C

ηS

,

M �
βV

C′
C

ηM

.

(24)

Substitute formula (24) into formula (23) to obtain

ρV
C
C(E) � πS + πM − φ Eh − E(  (D + θE) − σV

C′
CE

+
α2 V

C′
C 

2

2ηS

+
β2 V

C′
C 

2

2ηM

.

(25)

Similarly, assume VC
C(E) � c1E

2 + c2E + c3, where, c1, c2,
and c3 are constants, and combine this with the method of
undetermined coefficients. We can obtain
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ρc1 � θφ − 2σc1 + 2c
2
1 Δ1 + Δ2( ,

ρc2 � θ πS + πM − φEh(  + Dφ − σc2 + 2c1c2 Δ1 + Δ2( ,

ρc3 � D πS + πM − φEh(  +
c
2
2
2
Δ1 + Δ2( .

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(26)

Solve c1, c2, and c3, and ensure that, for any SC, MC, EC,
and VC

C(E), they are nonnegative. /e expressions of c∗1 , c∗2 ,
and c∗3 that meet the conditions are shown in formula (22).
Furthermore, we obtain the optimal green innovation efforts
of the supply chain members under the centralized decision-
making situation, as shown in /eorem 2 (1).

/en, substitute the optimal green innovation strategy
(formula (19)) into equation (1) to obtain

_E
C

(t) � c
∗
2 Δ1 + Δ2(  − σ − 2c

∗
1 Δ1 + Δ2(  E. (27)

Solve the differential equation (27), and obtain the
optimal trajectory of the product’s green level under the
centralized decision-making situation, as shown in/eorem
2 (2). Similarly, if σ − 2c∗1(Δ1 + Δ2)≥ 0, when the time factor
approaches infinity, EC

RSS is the stable value of the product’s
green level.

/en, we can obtain the long-term profit of the whole
green supply chain under the centralized decision-making
situations, as shown in /eorem 2 (3). □

3.3. Comparison and Analysis. Combining /eorems 1 and
2, we can draw the following corollaries.

Corollary 1. Compared to the decentralized decision-making
situations, the product’s green level and its stable value under
the centralized decision-making situations are relatively
higher.

Proof. According to equations (8) and (20), we can obtain
c∗1 � m∗1 and c∗2 � m∗2 + s∗1 . Because EC

RSS − ED
RSS � ((2c∗2(Δ1+

Δ2) − 2m∗2(Δ1 +Δ2) − s∗1(Δ1 + 2Δ2))/(2[σ − 2c∗1(Δ1 +Δ2)])),
EC

RSS − ED
RSS >0 can be obtained. In addition, EC(t) − ED(t) �

(EC
RSS − ED

RSS)(1 − e− (σ− 2c∗1(Δ1+Δ2))t), then EC(t) − ED(t)>0 is
obtained. □

Corollary 2. Compared to the decentralized decision-making
situations, the green innovation efforts of the supply chain
members under the centralized decision-making situations
are relatively higher.

Proof. A simple comparison of equations (19) and (7) can
prove this. □

Corollary 3. Compared to the decentralized decision-making
situations, the long-term profit of the whole green supply chain
under the centralized decision-making situations is relatively
higher. However, the amount of the profits obtained by the

supply chain members, related to the profit-distribution
agreement, is uncertain and variable.

Proof. JC∗
C − JD∗

C > 0 can be simply obtained according to
formulas (10) and (22). However, under the centralized de-
cision-making situation, the supplier and the manufacturer
are regarded as a system, and they distribute their profits
according to a pre-established mutual agreement. As em-
phasized by Liu and Papageorgiou [40], distributed profits of
supply chain members may be higher or lower than those
under the decentralized decision-making situation. □

4. Profit-Distribution Contract Design

According to the previous analysis, the green innovation
efforts of the supply chain members and the long-term profit
of the whole supply chain under the centralized decision-
making situations are higher relatively than those under the
decentralized decision-making situations. A scientifically
and reasonably designed profit-distribution agreement can
effectively guarantee that the profits obtained by the supplier
and the manufacturer are higher than their optimal profits
under the decentralized decision-making situations.
Moreover, it can also encourage the supply chain members
to put more effort toward green innovation, improve the
product’s green level, and achieve the "Dual Pareto Im-
provements" in both economic and environmental perfor-
mance [34, 39, 41]. /erefore, this section will focus on the
design of the supply chain’s profit-distribution agreement
under the centralized decision-making situations.

Obviously, a profit-distribution agreement can be
reached if and only if the supplier’s and manufacturer’s
distributed profits under the centralized situations are not
lower than their optimal profits under the decentralized
situations. We assume that, under the centralized situations,
the proportion of the profit distributed to the manufacturer
in the whole supply chain is Φ(0≤Φ≤ 1), and that of the
supplier is 1 − Φ. /us, the profit-distribution ratio (Φ)

satisfies the following equation:

ΦJ
C∗
C ≥ J

D∗
M ,

(1 − Φ)J
C∗
C ≥ J

D∗
S .

(28)

Φ ∈ [(JD∗
M /JC∗

C ), ((JC∗
C − JD∗

S )/JC∗
C )] is obtained. For

the sake of simplicity, note that Φmin � (JD∗
M /JC∗

C ) and
Φmax � ((JC∗

C − JD∗
S )/JC∗

C ).
/erefore, when Φ ∈ [Φmin,Φmax], the profit-distribu-

tion agreement can be reached; however, both the supplier
and the manufacturer expect to obtain more profits, where
the manufacturer expects a larger Φ while the supplier
expects a smaller Φ. A reasonable profit-distribution plan
can be designed based on the discount factor in the
Rubinstein bargaining model [42]. It should be noted that
the discount factor here is different from the discount rate in
finance. It represents the "patience" or "bargaining power" of
the participants and is generally related to the competi-
tiveness, negotiation ability, and risk preference of the
participants [43, 44]. We assume that the discount factors of
the supplier and the manufacturer are σS and

Mathematical Problems in Engineering 9



σM(0≤ σS ≤ 1, 0≤ σM ≤ 1). Drawing from Binmore et al. [45]
and Zhang and Wang [46], we adopt the Rubinstein bar-
gaining model by considering the manufacturer’s dominant
position to obtain the only subgame Nash equilibrium as
follows:

K �
1 − σS

1 − σSσM

. (29)

/erefore, the optimal profit-distribution ratio (Φ∗)
under the centralized decision-making situation is

Φ∗ � K Φmax − Φmin(  +Φmin

�
1 − σS

1 − σSσM

Φmax +
σS 1 − σM( 

1 − σSσM

Φmin.

(30)

Theorem 3. Under the centralized decision-making situa-
tions, the optimal profits distributed to the supplier and the
manufacturer are

J
C∗
S � 1 − Φ∗( J

C∗
C �

σS 1 − σM( 

1 − σSσM

J
C∗
C − J

D∗
C  + J

D∗
S ,

J
C∗
M � Φ∗JC∗

C �
1 − σS

1 − σSσM

J
C∗
C − J

D∗
C  + J

D∗
M .

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(31)

From formula (31), we can see that, under the centralized
situation, using the Rubinstein bargaining model to for-
mulate a scientific and reasonable profit-distribution plan
can effectively ensure that the profits distributed to the
supplier and the manufacturer are higher than their optimal
profits under the decentralized situations.

5. Simulations and Sensitivity Analysis

Using exogenous variable assignment, this section will
further analyze the impacts of the driving factors including
the environmental regulations’ intensity and the consumers’
green preference, on the long-term dynamic equilibrium
strategies of the green supply chain under the two different
situations. We will also verify the scientificity and validity of
the profit-distribution agreement. /e following parameter
value of simulations are set as benchmarks: α � 0.6, β � 0.7,
ηS � 4, ηM � 3, σ � 0.8, θ � 0.6, D � 10, φ � 0.2, Eh � 3,
E(0) � 0, ρ � 0.3, πs � 0.8, πm � 1, σs � 0.5, and σm � 0.7.
/ey are chosen form previous studies in green supply chain,
such as Zhou and Ye [25], Wang et al. [26], Zu and Zeng
[30], and Zu et al. [34].

5.1. Integrity Analysis. Under the case of benchmark pa-
rameters, we set t ∈ [0, 10] and plot the change of the supply
chain members’ green innovation efforts and their equilibrium
(distributed) profits and the profits of the whole supply chain
under the two situations, as shown in Figures 2–3. In addition,
when t ∈ [0, 10] and increases by 1, the proportion of the green
innovation investment borne by the manufacturer for the

supplier under the decentralized situations is continuously
increasing and then tends to be stable with the passage of time.
/e values of λ∗ are 0.8076, 0.8121, 0.8142, 0.8151, 0.8155,
0.8157, 0.8158, 0.8159, 0.8159, 0.8159, and 0.8159, respectively.
Because of limited space, the changes of λ∗ are expressed by
numerical values instead of a separate drawing.

From Figure 2, it can be seen that the supply chain
members’ green innovation efforts under the centralized
situations, including the supplier and manufacturer, are
higher than the values of the relative variables under the
decentralized situations. Because of the direct influence of
the supply chain members’ green innovation efforts, the
products’ green level under centralized situations is also
higher than that under decentralized situations. /is
strongly verifies Corollaries 1 and 2. It shows that cooper-
ation mechanism can motivate supply chain members to
carry out green innovation and thus significantly improve
the environmental performance of supply chain [47].

Similarly, from Figure 3(a), it can be seen that the dy-
namic equilibrium profit of the whole supply chain under the
centralized situations is higher than that under decentralized
situations. /is indicates that green innovation cooperation
among supply chain members can not only improve the
environmental performance of supply chain but also increase
the economic performance. However, whether the economic
performance of supply chain members can be improved
depends on the profit-distribution agreement. Furthermore,
Figure 3(b) shows that the distributed profits of the supplier
and the manufacturer under the centralized situations are
higher than their equilibrium profits under the decentralized
situations. In other words, a reasonable profit-distribution
agreement designed by using the Rubinstein bargaining
model can effectively promote both the economic perfor-
mance and environmental performance of the supply chain
members, i.e., JC∗

S > JD∗
S , JC∗

M > JD∗
M , and EC(t)>ED(t).

/is strongly verifies Corollary 3. /erefore, in order to re-
duce pollutant emission and effectively improve the envi-
ronment, the government should pay attention to the whole
supply chain, including upstream and downstream enter-
prises. Moreover, the supply chain members should develop
scientific and reasonable cooperation mechanism to improve
the product’s green level and obtainmore economic profits, so
as to achieve double Pareto improvement [34].

5.2. Sensitivity Analysis

5.2.1. :e Impact of the Consumer’s Green Preference. In
order to analyze the market driving effect, we keep the other
parameters fixed and let the consumer’s green preference θ
take a random value in the range of [0, 1]. /e relationship
among S, M, JS, JM, and θ in different decision models is
shown in Figure 4. Since the changes of relevant variables at
different moments have been analyzed, for the sake of
convenience, this section only analyzes the stability of rel-
evant variables (t⟶∞).

Figures 4(a) and 4(b) show that, with the increase of the
consumer’s green preference θ, suppliers and manufacturers
are increasing their investment in green innovation under
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both the decentralized and centralized situations. Mean-
while, the benefits of the members’ green innovation exceed
the R&D costs with consumers’ preference for green
products. Moreover, the more consumers prefer green
products, the more profits they will earn. However, under
the decentralized situations, the proportion of the green
innovation costs borne by the manufacturer for the supplier
is decreasing. Specifically, when θ ∈ [0, 1] and increases by

0.1, the values of λ∗ are 1.0000, 0.9618, 0.9271, 0.8954,
0.8665, 0.8400, 0.8159, 0.7938, 0.7736, 0.7552, and 0.7383, in
turn.

/is is because with the increasing preference of the
consumer for green product, both the manufacturer and
supplier are willing to actively increase their investment in
green innovation and expand the market demands by in-
creasing the product’s green level to obtain more profits.
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t

0.3
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0.4

0.45

0.5
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SC∗
MD∗

MC∗

Figure 2: Comparison of green innovation efforts under different situations.
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Figure 3: Comparison of the equilibrium (distributed) profits under different situations. (a) /e equilibrium profit of the whole supply
chain. (b) /e equilibrium (distributed) profits of the supply chain members.
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Considering the direct driving effect of the consumer’s green
preference, the manufacturer will gradually reduce the
proportion of innovation costs borne for the supplier to
maximize its own profits. Particularly, when the consumers
have no preference for green products (i.e., θ � 0)—only the
government driving effect is considered—the supplier is
willing to invest in the green innovation only if the man-
ufacturer bears all the innovation costs under the decen-
tralized decision situations. /erefore, the government
should—by making full use of the Internet, new media, and
other platforms—strengthen the publicity of low-carbon
technology and environmental protection and actively carry
out public opinion guidance to raise the public’s green
consumption awareness and positively encourage enter-
prises to conduct green innovation.

5.2.2. :e Impact of the Environmental Regulation Intensity.
Similarly, we keep the other parameters fixed and let en-
vironmental regulation intensity φ take a random value in
the range of [0, 1] to analyze the government driving effect.
/e relationship among S, M, JS, JM, and φ in different
decision models is shown in Figure 5. For the sake of
convenience, this section only analyzes the stability of rel-
evant variables (t⟶∞).

From Figure 5(a), we can see that, with the continuous
increase of φ, the manufacturer faces increasing pressure of
emission reduction but is willing to bear a larger proportion
of the green innovation costs for the supplier while in-
creasing its own green innovation investment. Specifically,
when φ ∈ [0, 1] and increases by 0.1, the values of λ∗ are
0.4286, 0.7181, 0.8159, 0.8651, 0.8947, 0.9146, 0.9288, 0.9395,

0.9479, 0.9546, and 0.9601, in turn. Although the environ-
mental regulation has no direct effect on the supplier’s green
innovation, the supplier, under the indirect drive of the
manufacturer’s innovation participation and consumer’s
green preference, is also willing to continuously increase its
green innovation investment. With the joint efforts of the
manufacturer and the supplier in green innovation, the
product’s green level has been greatly improved. As we
notice, this finding is consistent to the research of Yang and
Lin [4] and Liao and Tsai [48]. /e results show that the
increase of customer’s environmental pressure captivates
firms to increase the enthusiasm to carry out green inno-
vation; namely, effective supply chain management has a
significant driving effect on green innovation performance.

Furthermore, from Figure 5(b), we can see that, with the
continuous increase in the intensity of the environmental
regulation (φ), both the supplier and manufacturer have
increased their investment in green innovation; however, the
equilibrium profit of the supplier only shows a slight in-
crease, while the equilibrium profit of the manufacturer
shows the U-shaped dynamic characteristic, i.e., decreasing
and then increasing. /is finding is different with the re-
search of Deng and Li [49] and Pan et al. [50]./is is because
this study integrates green innovation into the supply chain
context, which leads to a different perspective from the
previous two studies. When the intensity of the environ-
mental regulation is relatively low, the manufacturer and
supplier will make a low investment in green innovation and
produce a large number of pollutant emissions, even ex-
ceeding the emission limits set by the government, thus
incurring emission costs. With the gradual increase in the
intensity of the environmental regulations, the manufacturer
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Figure 4: /e impact of θ on the members’ green innovation efforts and profits. (a) /e changes of the green innovation efforts. (b) /e
changes of the members’ profits.
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needs to pay more and more emission costs while bearing
increasing green innovation costs for the supplier, so the
profit declines continuously. However, when the intensity of
environmental regulation exceeds a given threshold, both
the manufacturer and the supplier increase their investment
in green innovation, the product’s green level increases
greatly, and the pollutant emission amount drops below the
limit set by the government. /e original emission cost then
turns into benefits. In this case, with the gradual increase in
the intensity of environmental regulation, the manufacturer
obtains more and more benefits from emission reduction.

5.3. Managerial Implications. /rough the above analysis,
we can also obtain some managerial implications:

(1) /e government cannot blindly increase the intensity of
the environmental regulations; rather, it should com-
prehensively consider the environmental performance
and economic performance of the enterprises and the
social welfare in a unified framework and then for-
mulate scientific and reasonable environmental policies.

(2) Considering the direct driving effect of market de-
mand, while formulating environmental policies, the
government should also actively carry out public
opinion guidance to improve the public’s awareness
of green consumption.

(3) Under the background of low-carbon economy,
managers should transform their single-handed
strategy into cooperation with the upstream and
downstream firms for green innovation, so as to
achieve the "Dual Pareto Improvements" in both
economic and environmental performance.

6. Conclusions

Comprehensively considering the dual-driving effect of the
environmental regulation and the consumer’s green pref-
erence, this research studies the long-term dynamic equi-
librium strategies of the green innovation cooperation in a
supply chain by using differential game models. /e green
supply chain includes a manufacturer and a supplier, in
which the members’ green innovation positively affects the
dynamic changes of the products’ green level. A scientifical
and rational profit-distribution agreement under the cen-
tralized decision situations is designed to encourage the
supply chain members invest more in the green innovation
and achieve the "Dual Pareto Improvements" in both eco-
nomic and environmental performance./e research results
are as follows:

(1) Compared with the decentralized decision situa-
tions, the green innovation efforts of the supply
chain members, the optimal trajectory and stable
value of the product’s green level, and the long-term
profit of the whole supply chain under the central-
ized situations are relatively higher. However, the
amount of the profits obtained by the supply chain
members is uncertain and related to the profit-dis-
tribution agreement.

(2) Under the centralized situations, using the Rubinstein
bargaining model to design a scientific and rational
profit-distribution agreement can effectively ensure that
the profits distributed to the supplier and the manu-
facturer achieve the "Dual Pareto Improvements".

(3) With the increase of the environmental regulation’s
intensity, the optimal green innovation efforts of the
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Figure 5: /e impact of φ on the members’ green innovation efforts and profits. (a) /e changes of the green innovation efforts. (b) /e
changes of the members’ profits.
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supply members continuously increase and the
product’s green level continues to rise and then tends
to stabilize, but the equilibrium profit of the whole
supply chain shows the U-shaped fluctuation char-
acteristic, i.e., decreasing and then increasing.

(4) With the increase of the consumer’s green prefer-
ence, the product’s green level, the supply chain
members’ green innovation efforts and their equi-
librium\distributed profits, and the equilibrium
profits of the whole supply chain all keep increasing.

Nevertheless, this paper has some limitations. For ex-
ample, this study does not consider the supply chain
members’ behavioral factors, including the risk preference,
fair preference, and altruistic preference. In addition, this
paper does not consider the competition between supply
chains. In the future, the research can be further extended to
the dynamic decision-making of the green innovation co-
operation in multilevel green supply chains with competitive
relationships and the influences of the fairness preference,
risk preference, and other behavioral factors of the supply
chain members.
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