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Abstract: The environmental pollution caused by logistics packaging in China has attracted increasing
attention in recent years, and circular packaging is considered an effective means to solve the
aforementioned problem. Therefore, this study considers the uncertainty of the external environment;
constructs a stochastic game model of circular logistics-packaging promotion, which consists of
environmental regulators, logistics enterprises, and consumers; collects data related to logistics
packaging in China to describe the current circular-packaging promotion dilemma; and conducts
a parameter-sensitivity analysis. The results show that (1) after a short period of fluctuation, the
environmental regulator will lock in the “strong regulation” strategy, whereas logistics enterprises
and consumers will quickly lock in the “no promotion” and “negative use” strategies. (2) The
change in the initial probability will affect the rate of strategy evolution of the gaming system.
(3) The “strong regulatory” strategy of environmental regulators and the increase in the number of
circular-packaging cycles can help establish a logistics-recycling-packaging system. (4) The increase
in recycling incentives can cause consumers to shift toward “active use” strategies, but this has
accelerated the rate at which logistics companies lock into “no promotion” strategies. (5) The
increase in the intensity of random interference will raise the fluctuation of the evolution of the
game subject. For logistics enterprises, moderate random interference helps them evolve toward the
“promotion” strategy.

Keywords: circular packaging; stochastic evolutionary game; regulatory policy; recycling incentives;
information disclosure

1. Introduction

Recently, the logistics industry in e-commerce in China, driven by spectacular expan-
sion, has significantly increased. From 2010 to 2020, logistics service enterprises’ business
volume in China has increased from 2.34 billion pieces to 83.36 billion pieces, with an
average annual compound growth rate of about 42.9%. In 2021, China’s business volume
of logistics exceeded 100 billion pieces, ranking first in the world for eight consecutive
years. China’s logistics parcel volume has exceeded that of the United States, Japan, Europe,
and other well-developed economies, contributing to more than 50% to the world’s parcel
growth, and has become a power source and stabilizer of the world’s postal industry.
With the rapid development of the logistics industry, related environmental issues are of
greater concern, and a large number of logistics-packaging materials that become waste
will not only cause a waste of resources but also have a great environmental impact [1]. It is
estimated that the logistics industry in China consumes more than 9 million tons of paper
waste and about 1.8 million tons of plastic waste each year. If calculated by the industry
standard of 0.2 kg per logistics packaging, the country’s logistics industry produced a
total of more than 20 million tons of “sky” solid waste in 2021. According to the current
growth rate of the logistics industry, its carbon emissions will exceed 32 million tons, and
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by 2025, China’s logistics-packaging-waste generation will reach 21.6 million tons, with
treatment costs reaching more than CNY 3 billion and landfill disposal amounting to more
than 1 million tons. Moreover, the existing logistics-packaging-waste classification and
recycling system in China is not perfect, and a huge amount of unsealed logistics packaging
is disposed and not effectively recycled.

By the end of 2020, the Chinese government has set the goal of “carbon peaking and
carbon neutrality”. Following this target, the country aims to reach peak carbon dioxide
(CO2) emissions by 2030 and achieve carbon neutrality by 2060. Thus, circular packaging is
considered an effective means to solve logistics-packaging pollution [2–4]. The China Post
Bureau formulated the “Logistics Express Packaging Management Measures” in 2021 to
regulate the selection of logistics packaging and packaging operation standards. Logistics
enterprises pay more attention to green packaging construction, and some companies
have begun promoting circular logistics packaging, such as JingDong (JD) Logistics, which
aims to accelerate the development and application of circular packaging and promote
the simplicity of packaging; and ShunFeng (SF) Logistics, which uses a single material
polypropylene honeycomb panel to independently develop a new circular logistics box.
However, the road to the greening of logistics packaging is not smooth. The high cost
of circular packaging [5,6], the incomplete recycling system [7,8], and the lack of rigid
standards for logistics packaging [9,10] are the three major problems faced by the greening
of logistics packaging. It has been investigated that most consumers will directly discard
the logistics packaging after receiving the logistics express, causing environmental pollu-
tion [11,12]. Changes in regulatory strategies made by environmental regulators, such as
policy makers, have a great impact on the promotion of circular logistics packaging [13].
Subsidy policy [14–16] is widely considered a method that can promote the development
of green logistics; however, different subsidy methods and subsidy targets cause different
effects [17]. The promotion of circular packaging requires logistics enterprises to pay addi-
tional costs, and when consumers do not have sufficient environmental awareness and do
not actively use circular packaging, logistics enterprises will actually suffer great losses.
Hence, recycling incentives for consumers are necessary [18–20]. Recycling incentives for
consumers significantly increase the operating costs of logistics enterprises. Currently, the
government’s environmental-regulation policy determines the choice of logistics enterprise
strategy; therefore, the logistics-packaging-waste problem should look not only at logistics
enterprises but also at environmental regulators and consumers. Collaborative construc-
tion of a logistics-recycling-packaging system will significantly achieve the reduction and
recycling of logistics packaging.

In reality, the uncertain external environment [21] is also an important factor to con-
sider for the promotion of circular logistics packaging, such as the interference of public
opinion on the strategy choice of government [22] and logistics enterprises [23], the specula-
tive psychology of logistics enterprises [24], and the irrational emotions of consumers [25].
Therefore, this study constructs a tripartite evolutionary game model under the stochastic
disturbance environment, aiming to solve the following key problems: (1) What are the
payoff matrix and replication dynamic equations for environmental regulators, logistics
companies, and consumers in the logistics-circular-packaging promotion game? (2) Is there
an equilibrium solution in the game system after adding random disturbances [26], and
if so, what are the boundary conditions? (3) What is the current status of the promotion
and recycling of circular logistics packaging in China? (4) What kind of regulatory strategy
should be implemented by environmental regulators [27] in promoting circular logistics
packaging? (5) What are the factors influencing logistics companies and consumers to
promote and actively participate in green packaging? To answer these questions, this study
focuses on the subsidies, penalties, and information-disclosure efforts [28] of environmental
regulators; on recycling incentives given by logistics companies for consumers and the
number of times that circular packaging can be recycled [29]; and on influencing factors
such as the intensity of interference in a random environment. Gaussian white noise is
introduced to build a stochastic game model for promoting circular logistics packaging,
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and the numerical approximation solution is solved using the Taylor expansion. The
data related to circular logistics packaging are collected to analyze the current situation
of promoting circular packaging in China, and a sensitivity analysis of the parameters
is conducted using numerical simulation in an attempt to find a solution to the current
dilemma of promoting circular packaging in China.

The primary research motivation of this study is to provide suggestions for the promo-
tion of circular logistics packaging and the establishment of a recycling system, enriching
the application of stochastic evolutionary game theory on green logistics.

The main innovation of this study includes the following aspects: firstly, we construct a
dynamic game model for promoting circular logistics packaging, comprising environmental
regulators, logistics enterprises, and consumers from the perspective of system engineering
and chain. Secondly, the stochastic environment is considered to introduce Gaussian
white noise to improve the replication dynamic equations of each subject, overcoming
the shortcoming of the traditional evolutionary game, which can only have deterministic
decisions, and is more in line with the real situation. Thirdly, the numerical boundary
conditions in the stochastic environment are obtained based on real data to simulate the
current logistics-recycling-packaging promotion dilemma in China. The next sections
of this study are organized as follows: Section 2 reviews related studies, and Section 3
constructs a traditional evolutionary game model for environmental regulators, logistics
firms, and consumers. Section 4 introduces Gaussian white noise to construct a stochastic
evolutionary game model and obtains numerical boundary conditions. Section 5 collects
data to describe the current logistics-recycling-packaging promotion dilemma in China
and conducts sensitivity analysis. Section 6 discusses the conclusions and provides policy
recommendations.

2. Literature Review
2.1. Green Logistics-Packaging Recycling and Management

Recently, logistics-packaging waste is growing rapidly; however, the current recycling
and management of logistics-packaging waste is not ideal. In response to this problem,
Zhang et al. [9] designed an intelligent green logistics-packaging and service system based
on the Internet of Things and cloud-computing technology, and proved the efficiency
and feasibility of the proposed green logistics-optimization method through case studies.
Liu et al. [30] analyzed the current problems of logistics packaging from the perspectives of
low-carbon, green, and humanized packaging and put forward the prospect of developing
green logistics packaging. Zhang et al. [31] discussed the principles of green packaging from
the connotation of green logistics-packaging management and proposed specific manage-
ment strategies from both government and logistics enterprise levels. Kumar et al. [32] de-
signed a logistics-packaging-recycling route-optimization model using a genetic algorithm
that considers economic and environmental factors. Renugala et al. [33] used a literature-
review approach to explore the influence of internal and external factors of choosing green
technologies by logistics companies and to identify the important factors contributing to the
sustainable development of the logistics industry among them. Laguir et al. [34] collected
data from 232 French third-party logistics providers and concluded that green logistics
packaging had a positive impact on the development of green supply chains. Sun et al. [35]
used a traditional evolutionary game approach, considering the behavioral choices of the
government, logistics companies, and consumers, and discussed the implementation of
recyclable green packaging. From analyzing 561 questionnaires, Wu et al. [10] concluded
that consumers are more willing to use green logistics packaging than ordinary packaging,
and the government needs to play a central role in proposing solutions to the logistics-
packaging-pollution problem. Wang et al. [36] quantified the external cost of packaging
for logistics enterprises and analyzed the investment in green packaging technology by
logistics enterprises, considering government incentives. Wandosell et al. [37] analyzed the
literature using the Scopus database with the help of visualization tools and discovered that
logistics companies and consumers have become increasingly aware of the contribution of
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green packaging toward sustainable development in recent years. Li [38] introduced the
green ecological theory, combined with the existing green packaging, from the perspective
of visual-image design that aesthetics and novelty are useful in promoting green packag-
ing applications. Hao et al. [39] used principal factor analysis and analyzed consumers’
willingness to use green packaging using 781 questionnaires, and the results showed that
most consumers lacked awareness on green packaging and valued the practicality of green
packaging more than its appearance.

Most of the aforementioned studies only examine the green packaging-management
problem from the perspective of one subject and do not consider the strategic interaction
of multiple subjects under the application of recycling and green logistics packaging.
Therefore, this study builds a stochastic evolutionary game model that consists of the
government, logistics enterprises, and consumers, and conducts an in-depth study on the
promotion of circular packaging and the establishment of the recycling system.

2.2. Stochastic Evolutionary Game

Smith and Price [40] first introduced the concepts of evolutionary games and evolu-
tionary stable strategies, marking the birth of evolutionary game theory [41]. Taylor and
Jonker [42] first introduced the concept of replication-factor dynamics when studying eco-
evolutionary phenomena, which is another groundbreaking development in evolutionary
game theory. However, the traditional evolutionary game theory can only study the strat-
egy evolution of each subject in a deterministic state and cannot describe the uncertainty
in reality. Therefore, it is necessary to introduce random disturbances [43] to judge the
stability of stochastic evolution under uncertain environments [44]. Chen and Yeh [45]
introduced a stochastic genetic variation and stochastic environmental disturbances into
a dynamic evolutionary game, constructed a nonlinear stochastic biological system, and
simulated a simple stochastic evolutionary model. Stochastic evolutionary games have
now expanded from the original study of biological populations to a variety of fields.
Liu et al. [26] constructed a tripartite Itô stochastic evolutionary game model to study the
problem in e-waste recycling management and provided constructive suggestions for the
government to better formulate and implement environmental regulations. Li et al. [46]
applied a stochastic evolutionary game approach to study the knowledge-sharing behav-
ior of the members in public–private-partnership supply chains, arguing that firms with
strong knowledge power are more sensitive to parameter changes than firms with weak
knowledge power. Zhao et al. [47] applied a stochastic evolutionary game approach to
construct a technology choice model of software vendors and consumers for the technical
standard setting of competing software technologies. Lv et al. [48] combined stochastic
process and evolutionary game theory to reveal the quality differences of package tours
in different information conditions, establishing a composite mechanism in solving the
quality problem of package tours. Li et al. [49] conducted a stochastic evolutionary game
analysis of electrical vehicle-charging-facility construction strategies, which was simulated
using data from Shanghai city and considered the strategic behaviors of the government,
enterprises, and consumers.

The introduction of random interference coefficients in the traditional evolutionary
game theory can effectively reflect the uncertain environment in reality; therefore, this
study uses a stochastic evolutionary game approach to study the promotion and recycling
of recycling packaging, in order to try to find a solution to the current promotion dilemma.

3. Problem Formulation and Model Construction
3.1. Problem Description and Parameter Setting

The three evolutionary game subjects in the logistics recycling system, namely environ-
mental regulators, logistics enterprises, and consumers, are considered “limited rationality”.
The role of the environmental regulator is to develop policies to promote green packaging,
and they have two strategies: “strong regulation” and “weak regulation”. Strong regulation
refers to the introduction of hard standards for green packaging in logistics by environ-
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mental regulators, prohibiting logistics enterprises from using packaging that does not
meet green technical standards, exposing noncompliant enterprises and penalizing logistics
enterprises that violate the ban. Weak regulation means that environmental regulators only
subsidize logistics enterprises and do not regulate them; however, to promote the develop-
ment of green logistics industry, they will subsidize logistics enterprises that use circular
packaging regardless of the intervention policy adopted by environmental regulators. Lo-
gistics enterprises have two strategies: “promotion” and “nonpromotion”. The promotion
strategy means that logistics enterprises promote circular packaging, which requires extra
costs but will be subsidized by the government; and the nonpromotion strategy means
that logistics enterprises do not promote circular packaging, which does not require extra
costs but may be punished by the government. The consumer-behavior strategy comprises
“active use” and “negative use”. The active-use strategy means that consumers actively
use and recycle circular packaging and they will be rewarded for recycling; however, they
will pay for the time and physical cost of recycling. The negative trial strategy means that
consumers do not use circular packaging. Based on the problem description, we made the
following assumptions:

Assumption 1. The subject of the game is finite-rational and will make judgments based on limited
knowledge and information. It is also due to limited knowledge and information that each player will
adjust their own strategy and pursue their own interest maximization in the game process based
on the feedback of the behavior of the other party. The probability that the environmental regulator
chooses the “weak regulation” strategy is x, and the probability of choosing the “strong regulation”
strategy is 1− x(0 ≤ x ≤ 1). The probability that a logistics company chooses the “nonpromotion”
strategy is y, and the probability of choosing the “promotion” strategy is 1− y(0 ≤ y ≤ 1). The
probability that a consumer chooses the “negative use” strategy is z, and the probability of choosing
the “active use” strategy is 1− z(0 ≤ z ≤ 1).

Assumption 2. The basic benefit to the environmental regulator is P1, and the additional regulatory
cost when choosing a strong regulatory strategy is M. When logistics companies promote circular
packaging, whatever strategy the environmental regulators will choose gives logistics companies
subsidies θB, where θ represents the level of subsidy from environmental regulators and B is the
subsidy amount. Environmental regulators develop uniform logistics green standards when choosing
a “strong regulation” strategy. Logistics companies are penalized if they do not promote circular
packaging; they are fined αG, where α is the penalty strength and G is the penalty amount. Logistics
companies will also be exposed to a decline in brand reputation, bringing losses βH1, where β is the
intensity of information disclosure by environmental regulators and H1 is the reputational damage of
a logistics company’s choice of “nonpromotion” strategy when information is made public, whereas
the government will gain credibility under strong regulation as S. Likewise, if logistics companies
choose to promote circular packaging, they will receive a corporate reputation enhancement due to
the disclosure of information by regulatory authorities βH2, where H2 is the reputational benefits of
a logistics company’s choice of “promotion” strategy when information is made public.

Assumption 3. The basic revenue of a logistics company is P2. The cost of using common logistics
packaging for logistics companies is C1. Ordinary logistics packaging has excessive packaging,
and the use of nondegradable materials will cause pollution to the social environment; therefore,
the government needs to pay the environmental management costs J. The cost of using circular
packaging for logistics companies is C2, and the maximum number of cycles that can be recycled for
a circular package is k. Therefore, the actual cost of circular packaging Cr is C2

k . E refers to logistics
companies that develop the cost of circular packaging. Logistics enterprises that promote circular
packaging also need to invest an additional cost, W , to establish packaging recycling points, hire
packaging recycling staff, and give reward R to consumers who actively use circular packaging.

Assumption 4. The basic benefit to the consumer is P3. Consumers using circular packaging
will receive a reward of R from logistics companies; however, the act of recycling packaging will
consume time and physical cost T. When consumers choose the “active use” strategy and logistics
companies choose the “nonpromotion” strategy, consumers will suffer a psychological loss, I, due to
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the inability to use recycled packaging and will change the logistics company in the next service. The
potential loss for logistics companies is A, and the negative use of circular packaging by consumers
will also impose environmental control costs on environmental regulators.

Based on the aforementioned assumptions, the parameters and descriptions are shown
in Tables 1 and 2.

Table 1. Parameters symbol descriptions.

Parameters Descriptions

P1 Basic benefits for environmental regulators
P2 Basic benefits for logistics companies
P3 Basic benefits for consumers

M Additional regulatory costs when environmental regulators choose a “strong
regulation” strategy

B Subsidies from environmental regulators for logistics companies choosing
“promotion” strategies

θ
The intensity of subsidies from environmental regulators for logistics companies

choosing “promotion” strategies

G Environmental regulators fine logistics companies for choosing a
“nonpromotion” strategy

α
The intensity of penalty from environmental regulators for logistics companies

choosing “nonpromotion” strategies

H1
Reputational damage of a logistics company’s choice of “nonpromotion” strategy

when information is made public

H2
Reputational benefits of a logistics company’s choice of “promotion” strategy when

information is made public
β The intensity of information disclosure by environmental regulators

C1 Cost of ordinary logistics packaging
C2 Cost of circular logistics packaging
k The maximum number of cycles that can be made in a circular package
J Cost of environmental governance for environmental regulators
E Cost of developing circular packaging for logistics companies
W Additional costs for logistics companies to promote circular packaging
R Incentives for consumers to actively use circular packaging
T The cost of time and physical effort for consumers to actively use circular packaging
I The psychological loss of consumers after unsuccessful recycling
A Potential losses for logistics companies

Table 2. Variable symbol descriptions.

Variable Description

x Probability of environmental regulators choosing a “weak regulation” strategy
y The probability of logistics companies choosing the “nonpromotion” strategy
z Probability of consumers choosing the “negative use” strategy

3.2. Payoff Matrix and Replicator Dynamics Equations

According to the assumptions in Tables 1 and 2, we can obtain the payment matrix of
environmental regulators, logistics companies, and consumers, as shown in Table 3.

The expected return of the environmental regulator choosing the “weak regulation”
strategy is Uw

g , the expected return of the “strong regulation” strategy is Us
g, and the average

expected return of the environmental regulator is Ug.

Uw
g = yz(P1 − J) + (1− y)z(P1 − J − θB) + y(1− z)(P1 − J) + (1− y)(1− z)(P1 − θB)

= P1 + θB(y− 1) + Jyz− J(y + z)
(1)

Us
g = yz(P1 + αG + βS−M− J) + (1− y)z(P1 + βS−M− θB− J)+

y(1− z)(P1 + αG + βS−M− J) + (1− y)(1− z)(P1 + βS−M− θB)
= P1 −M + βS + θB(y− 1) + αGy + Jyz− J(y + z)

(2)
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Ug = xUw
g + (1− x)Us

g. (3)

Table 3. Payoff matrix of government regulator, logistics enterprises, and consumers.

Strategic
Choice

Environmental
Regulators

Logistics
Companies Consumers

(x, y, z) P1 − J P2 − C1 P3
(1 − x, y, z) P1 + αG + βS−M− J P2 − C1 − αG− βH1 P3
(x, 1 − y, z) P1 − J− θB P2 − Cr − E−W + θB P3

(1 − x, 1 − y, z) P1 + βS−M− θB− J P2 − Cr − E−W + θB + βH2 P3
(x, y, 1 − z) P1 − J P2 − C1 − A P3 − I

(1 − x, y, 1 − z) P1 + αG + βS−M− J P2 − C1 − αG− βH1 − A P3 − I
(x, 1 − y, 1 − z) P1 − θB P2 − Cr − E−W + θB− R P3 + R− T

(1 − x, 1 − y, 1−z) P1 + fiS−M− `B P2 − Cr − E−W + `B + βH2 − R P3 + R− T

The replication dynamic equation for the environmental regulator can be obtained
as follows:

F(x) = dx
dt = x(Uw

g −Ug) = x(1− x)(Uw
g −Us

g)

= x(1− x)(M− βS− αGy)
(4)

Similarly, the expected return of logistics enterprises choosing the “nonpromotion”
strategy is Un

l , the expected return of logistics enterprises choosing the “promotion” strategy
is Ui

l , and the average expected return of logistics enterprises is Ul .

Un
l = xz(P2 − C1) + (1− x)z(P2 − C1 − αG− βH1)+

x(1− z)(P2 − C1 − A) + (1− x)(1− z)(P2 − C1 − αG− βH1 − A).
= P2 − C1 + αG(x− 1) + βH1(x− 1) + A(z− 1)

(5)

Ui
l = xz(P2 − Cr − E−W + θB) + (1− x)z(P2 − Cr − E−W + θB + βH2)

+x(1− z)(P2 − Cr − E−W + θB− R) + (1− x)(1− z)(P2 − Cr − E−W + θB + βH2 − R)
= P2 − Cr − E + θB−W + β(H2 − H2x) + R(z− 1)

(6)

Ul = xUn
l + (1− x)Ui

l . (7)

The replication dynamic equation of the logistics enterprises can be obtained as follows:

F(y) = dy
dt = y(Un

l −Ul) = y(1− y)(Un
l −Ui

l )
= y(1− y)[Cr − C1 + E + R− θB + W − αG− β(H1 + H2)− A+
(αG + β(H1 + H2))x + (A− R)z]

(8)

Similarly, the expected benefit of consumers choosing the “negative use” strategy is
Up

c , the expected benefit of consumers choosing the “positive use” strategy is Ua
c , and the

average expected benefit of logistics companies is Uc.

Up
c = xyP3 + (1− x)yP3 + (1− x)(1− y)P3 + (1− y)xP3 = P3. (9)

Ua
c = xy(P3 − I) + (1− x)y(P3 − I) + x(1− y)(P3 + R− T) + (1− x)(1− y)(P3 + R− T)

= y(T − I − R) + P3 + R− T
(10)

Uc = xUp
c + (1− x)Ua

c . (11)

The replication dynamic equation of the logistics enterprises can be obtained as follows:

F(z) = dz
dt = z(Up

c −Uc) = z(1− z)(Up
c −Ua

c )
= z(1− z)[T − R− y(T − I − R)]

(12)
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4. Construction of the Stochastic Evolutionary Game Model
4.1. Stochastic Evolutionary Game Model

The evolutionary game overcomes the shortcomings of the traditional game theory of
complete rationality; however, the decision of each subject is deterministic, which is not
consistent with the actual situation of most games; that is, the decision of each game group
will suffer from the interference of some non-negligible random factors. The multibody
game of circular-packaging promotion has great uncertainty. Firstly, even if there are
incentives and penalties, speculation driven by profit may still exist. Secondly, there will be
significant changes in the intensity of regulation under the supervision of public opinion
and fluctuations in the management and decision-making system. Finally, the current
logistics-packaging-recycling system in China has not been established, and the current
situation of recycling is rather chaotic. Therefore, it is necessary to consider the disturbance
of stochastic perturbation to the game system.

Loren [50] introduced Gaussian distribution to build an evolutionary model de-scribed
by stochastic difference equations, successfully transferring Gaussian distribution from
biological-science applications to management-science applications. At the same time,
referring to Li et al. [49] introduced Gaussian distribution to the multiagent stochastic game
study of charging facility construction. Liu et al. [26] introduced Gaussian distribution to
the multiagent stochastic game study of electronic waste recycling. We introduce Gaussian
white noise in this study to characterize the stochastic disturbance of the game system and
to improve the replicated dynamic equation, obtaining the following:

dx(t) = (M− βS− αGy)x(t)[1− x(t)]dt + σx(t)[1− x(t)]dωt, (13)

dy(t) = [Cr − C1 + E + R− θB + W − αG− β(H1 + H2)− A
+(αG + β(H1 + H2))x + (A− R)z]y(t)[1− y(t)]dt + σy(t))[1− y(t)]dω(t)

(14)

dz(t) = [T − R− y(T − I − R)]z(t)[1− z(t)]dt + σz(t)[1− z(t)]dω(t), (15)

where ω(t) is the standard one-dimensional Brown motion. It is an irregular random
rise and fall phenomenon, which can well-describe the effect of random disturbance
factors. dω(t) denotes the Gaussian white noise, when t > 0, the step size is h > 0;
its increment ∆ω(t) = ω(t + h)− ω(t) obeys normal distribution N(0,

√
h); σ indicates

random interference intensity. Equations (13)–(15) are one-dimensional Itô stochastic
differential equations, replicated dynamic equations for environmental regulators, logistics
firms, and manufacturers subjected to stochastic perturbations, respectively.

4.2. Analysis of the Existence and Stability of Equilibrium Solutions

For Equations (13)–(15), when the initial game t = 0, that is, x(0) = 0, y(0) = 0,
z(0) = 0, we have the following:

(M− βS− αGy)× 0 + σx(t)[1− x(t)]dω(t) = 0. (16)

[Cr − C1 + E + R− θB + W − αG− β(H1 + H2)− A + (αG+
β(H1 + H2))x + (A− R)z]× 0 + σy(t)[1− y(t)]dω(t) = 0

(17)

[T − R− y(T − I − R)]× 0 + σz(t)[1− z(t)]dω(t) = 0. (18)

From Equations (16)–(18), we can see that dω(t)|t=0 = ω′(t)dt|t=0 = 0. The equation
has a zero solution; that is, it shows that the gaming system will stay in that state in
the absence of white noise interferences. Therefore, the zero solution is the equilibrium
solution of the equation, discriminating the stability of game systems according to the
stability discriminant theorem for stochastic differential equations. First, given a stochastic
differential equation:

dx(t) = f (t, x(t))dt + g(t, x(t))dω(t), x(t0) = x0. (19)
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Let there exist a function V(t, x) with a positive constant and c1 and c2, such that
c1|x|p ≤ V(t, x) ≤ c2|x|p, t ≥ 0.

(a) If a positive constant λ exists, such that LV(t, x) ≤ −λV(t, x), t ≥ 0, then the zero
solution of Equation (19) is an exponentially stable P-order moment, which holds
E| x(t, x0)|p <

(
c2
c1

)
|x0|pe−λt, t ≥ 0.

(b) If there exists a positive constant λ, such that LV(t, x) ≥ −λV(t, x), t ≥ 0, then the
zero solution of Equation (19) with the P-order moment exponent is unstable and
holds E| x(t, x0)|p ≥

(
c2
c1

)
|x0|pe−λt, t ≥ 0.

For Equations (13)–(15), taking Vt(t, x) = x, Vt(t, y) = y, Vt(t, z) = z, x ∈ [0, 1],
y ∈ [0, 1], z ∈ [0, 1], c1 = c2 = 1, p = 1, and λ = 1, we have the following:

LV(t, x) = f (t, x) = (M− βS− αGy)x. (20)

LV(t, y) = f (t, y) = [Cr − C1 + E + R− θB + W − αG− β(H1 + H2)
−A + (αG + β(H1 + H2))x + (A− R)z]y

(21)

LV(t, z) = f (t, z) = [T − R− y(T − I − R)]z. (22)

If the zero-solution moments of Equations (13)–(15) are exponentially stable, it is
necessary to satisfy the following:

(M− βS− αGy)x ≤ −x (23)

[Cr − C1 + E + R− θB + W − αG− β(H1 + H2)− A + (αG + β(H1 + H2))x + (A− R) z]y ≤ −y (24)

[T − R− y(T − I − R)]z ≤ −z. (25)

4.3. Taylor Expansion of the Evolution Equation

Because the nonlinear It
∧
o stochastic differential equation cannot be solved analytically

directly, it needs to be solved using a stochastic Taylor expansion, when t0 = 0, t ∈ [0, T],
the interval [0, T] is divided into 0 = t0 < t1 < t2 < . . . < tN = T, the average step size
tn = nh, and n = 1, 2, 3, . . . , N. Written as x(t0) = x0, y(t0) = y0, and z(t0) = z0, we assume
x0, y0, z0 ∈ R.

The format of Euler’s explicit forward numerical method is xn+1 = xn + h f (xn) +
∆ωng(xn). Now, Equations (13)–(15) are expanded as above to obtain the following:

xn+1 = xn + (M− βS− αGy)xh + ∆ωnσx(n). (26)

yn+1 = yn + [Cr − C1 + E + R− θB + W − αG− β(H1 + H2)− A
+(αG + β(H1 + H2))x + (A− R)z]yh + ∆ωnσy(n)

(27)

zn+1 = zn + [T − R− y(T − I − R)]zh + ∆ωnσz(n). (28)

We randomly set the values that satisfy the conditions (23)–(25). Let M = 1, β = 0.8,
S = 3, α = 0.5, G = 2, C1 = 1.5, Cr = 0.5, µ = 0.8, E = 2, R = 2, θ = 0.8, B = 5, W = 1,
H1 = 1, H2 = 1, ε = 0.5, A = 2, T = 0.5, I = 0.5, σ = 1, and x = y = z = 0.5. The
simulation results in Figure 1 demonstrate the validity of conditions (23)–(25), which means
that the conditional boundaries of the subjects in the stochastic interference environment
are given.
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5. Simulation and Discussion
5.1. Data Collection

In this study, data related to logistics recycling packaging in China were collected to
construct simulation values, as shown in Table 4. The specific instructions are as follows:

• JD Logistics has invested 300,000 “Qingliu” circular logistics boxes into society. The
cost of this kind of logistics box is about CNY 15, and the number of cycles is about
20. The cost of an ordinary logistics box is about CNY 1; therefore, the use of ordinary
logistics packaging cost C1 is CNY 300,000. The cost of using circular logistics box Cr
is CNY 225,000.

• According to China’s Hainan Provincial Development and Reform Commission, each
circular logistics box is subsidized by CNY 0.4. The subsidy θB of logistics companies
obtained from environmental regulators is CNY 120,000. Assuming that the subsidy
strength θ is 0.5, referring to Shanghai’s policy of penalizing enterprises with excessive
carbon emissions, we can infer that logistics enterprises are fined αG CNY 100,000 for
not using circular packaging, assuming that the penalty intensity α is 0.5 at this point.

• The cost of a green packaging recycling box is about CNY 500 per piece. According
to “China Logistics Packaging Waste Generation Characteristics and Management
Status Study Report,” it is estimated that 300,000 circular logistics boxes require about
100 recycling bins for their recovery. The personnel management cost of each recycling
bin is about CNY 2000. Therefore, the additional cost W for logistics enterprises to
promote circular packaging can be obtained as CNY 250,000. JD Logistics returns
20 “Jingdou” to consumers who take the initiative to recycle the packaging. “Jingdou”
can be spent in JD Mall, and 20 “Jingdou” is about CNY 0.2. The incentive R given
by logistics companies to consumers for using circular packaging can be obtained as
CNY 60,000.

• The additional regulatory cost M is set at CNY 50,000 with reference to the public data
of Shanghai Environmental Protection Bureau. Other parameters, which are more
difficult to determine economically, are determined through expert interviews and
visits to research organizations, where T is 0.6, I is 0.3, and βH1 and βH2 are both set
to 2.
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• The Chinese government is actively enacting various policies to reduce social carbon
emissions and to achieve the goal of “carbon neutrality” and “carbon peaking”. There-
fore, the probability of initial “weak regulation” by the environmental regulator x is
0.2. Most logistics companies are still in a wait-and-see situation, and the promotion
of circular packaging is uncommon. Therefore, the initial “no promotion” probability
y for logistics companies is 0.5. The survey shows that currently, only about 20%
of consumers are actively recycling packaging. Therefore, the initial “negative use”
probability z of the consumer is set to 0.8.

Table 4. Values of parameters (Unit: million CNY).

Parameters C1 Cr θB αG W R M T I βH1 βH2 θ α

Value 30 22.5 12 10 25 6 5 0.6 0.3 2 2 0.5 0.5

5.2. Simulation and Discussion

As shown in Table 4, we illustrated the current situation of promoting and using green
packaging in Chinese logistics and used Matlab software (R2020a, MathWorks, (Natick,
MA, USA)) to simulate the data in Table 4, and the simulation results are shown in Figure 2.
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Figure 2 shows that the choice of “strong regulation” strategy at the beginning of
the game is subject to fluctuations in the environment of random interference and briefly
evolved in the direction of “weak regulation” over time. However, the ultimate choice of
strategy for environmental regulators will stabilize, locking in the choice of the “strong
regulation” strategy. Logistics companies and consumers are quick to lock in “nonpromo-
tion” and “negative use” strategies in the early stages of the game. Due to the high initial
probability of “negative use,” the rate of evolution of consumers to negative strategies is
higher than the rate of evolution of logistics companies to nonpromotional strategies, and
the volatility is less than the volatility of logistics companies to nonpromotional strate-
gies. With environmental regulators locking in a “strong regulation” strategy, the strategic
choices of logistics companies and consumers are once again shifting. At this time, the en-
vironmental regulatory policy under the “strong regulation” strategy of the environmental
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regulator encounters some effect, and logistics companies and consumers no longer firmly
choose the “nonpromotion” and “negative use” strategies. At this time, consumers shift
more than logistics companies; however, after a short period of fluctuation, the strategy
choice of logistics companies will first stabilize and continue to lock in the “nonpromotion”
strategy, and consumers will gradually lock in the “negative use” strategy after logistics
companies lock in the “nonpromotion” strategy. It can be seen that the current status of the
promotion and use of green logistics packaging in China is poor. Although environmental
regulators are more determined to reduce carbon emissions and can steadily choose the
“strong regulation” strategy under a random interference, logistics companies and con-
sumers have difficulty locking in the “promotion” and “active use” strategies because of
various complex reasons. Therefore, a sensitivity analysis of the important parameters
in the stochastic game system will be conducted to investigate the influence of different
parameters on the promotion of circular logistics packaging.

(1) Impact of initial probability changes on evolutionary results

We set 0.2 as the low initial probability, 0.5 as the medium initial probability, and 0.8 as
the high initial probability to study the effect of random initial strategy combinations of
two parties on the evolutionary outcome of the third party in a three-party game subject.
The simulation results are shown in Figure 3.
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The change in the probability of the initial strategy choice of logistics companies and
consumers affects the rate of evolution of the environmental regulator to the “strong regu-
lation” strategy, but does not change the strategy choice of the environmental regulator as
shown in Figure 3a. When the initial probability of logistics companies choosing the “non-
promotion” strategy is 0.8 and the initial probability of consumers choosing the “negative
use” strategy is 0.2, the rate of environmental regulators shifting to the “strong regulation”
strategy is the fastest and the fluctuation of strategy selection is the least. Therefore, it can
be seen that when the willingness of consumers to use circular packaging is high and the
willingness of logistics enterprises to promote circular packaging is low, environmental reg-
ulators will quickly respond to the development of relevant logistics-packaging standards
and will implement “strong regulation” policies to promote circular logistics packaging. In
Figure 3b, it can be seen that when the combination of “weak regulation” and “negative
use” strategies is (medium, medium) or (high, low) for the initial choice of environmen-
tal regulators and consumers, logistics companies are quick to lock in a “nonpromotion”
strategy and remain stable under random interference. When the combination of “weakly
regulated” and “negatively used” strategies is initially chosen by environmental regulators
and consumers (low, high), the rate of evolution of logistics companies to “no promotion”
strategy is slow and fluctuates. This indicates that the strategy choice of logistics companies
tends to shift toward the “promotion” strategy under the government’s high-probability
strong regulatory strategy, even though the willingness of consumers to use circular pack-
aging is low. In Figure 3c, it can be seen that although consumers will quickly lock in
the “negative use” strategy under the random-interference environment, their strategy
choice will fluctuate for a long time and will not remain stable as time goes on. When the
initial probability of environmental regulators choosing “weak regulation” is high and
the initial probability of logistics companies choosing “nonpromotion” is low, consumers
shift to the “negative use” strategy at the slowest and most volatile rate. This shows that
consumers are more hesitant to actively use circular packaging even if the government does
not implement sufficient environmental regulation policies, as the willingness of logistics
companies to promote it increases.

(2) Impact of information disclosure intensity on evolutionary results

The strength of information disclosure affects the reputation of logistics companies
and the credibility of environmental regulators. Let β be 0.2, 0.5, and 0.8, corresponding
to low strength, medium strength, and high strength, respectively, to study the effect of
different information-disclosure strengths on game outcomes. The simulation results are
shown in Figure 4.

It can be seen in Figure 4a that the change in information disclosure will not change
the choice of environmental regulators to the “strong regulation” strategy in a stochastic
environment and will reduce the fluctuation of environmental regulators to lock in a “strong
regulation” strategy in the early stage of the game; however, the shift of the government to
a “strong regulation” strategy has been slowest under the high intensity of information
disclosure. From Figure 4b, it can be seen that the rate of information disclosure is inversely
proportional to the rate of evolution of logistics enterprises toward the “nonpromotion”
strategy, and with the increase in information disclosure, logistics enterprises no longer
lock in the “nonpromotion” strategy; hence, evolutionary paths show significant instability.
It can be seen that the high intensity of information disclosure in the random-interference
environment is conducive to the promotion of circular packaging by logistics enterprises. It
can be seen in Figure 4c that the strategy choice of consumers also starts to fluctuate along
with the fluctuation of the evolutionary path of logistics enterprises, and the magnitude of
fluctuation is positively related to the strength of information disclosure.

(3) Impact of penalty intensity on evolutionary results

Under strong government regulation, punitive policies will be introduced. Let α
be 0.2, 0.5, and 0.8, corresponding to low strength, medium strength, and high strength,
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respectively, to explore the impact of the change in penalty intensity under strong regulation
on the evolutionary path of each subject. The simulation results are shown in Figure 5.
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Figure 5a shows that the environmental regulator evolves to the “strong regulation”
strategy at the fastest rate under the high penalty; however, in general, the change in penalty
level has minimal effect on the evolutionary path of the environmental regulator. Figure 5b
shows that logistics companies shift to the “nonpromotion” strategy at the slowest rate
under high-intensity penalties, and only under low-intensity penalties do they lock in the
“nonpromotion” strategy and keep it stable; both medium- and high-intensity penalties
can cause fluctuations in the evolutionary path of logistics companies. The fluctuation
of logistics companies under high-intensity penalties is the largest and remains unstable,
indicating that high-intensity penalties facilitate the choice of “promotion” strategy by
logistics companies. From Figure 5c, it can be seen that the evolutionary path of consumers
under different penalty levels fluctuates. Because the target of the penalty policy is the
logistics enterprise, consumers do not have direct benefit loss; therefore, the fluctuation of
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consumers at this time is based on random disturbance in a random environment and does
not show an obvious fluctuation pattern.

(4) Impact of subsidy intensity on evolutionary results

Whatever regulatory policy the government chooses, it will subsidize the “promotion”
of logistics companies. Let θ be 0.2, 0.5, and 0.8, corresponding to low strength, medium
strength, and high strength, respectively, to explore the evolutionary path of each subject
under different subsidy strengths. The simulation results are shown in Figure 6.
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It is clear that the rate of evolution of environmental regulators toward a “strong
regulation” strategy is inversely related to the strength of subsidies, as shown in Figure 6a.
Figure 6b shows that the evolutionary path of logistics companies gradually changes from
a locked-in “nonpromotion” strategy to an unstable one with the increase in subsidies.
The fluctuation of logistics enterprises is the largest under the high level of subsidies, and
there is a tendency to choose the “promotion” strategy, indicating that the high level of
subsidies has a positive effect on the promotion of circular packaging by logistics enterprises.
In Figure 6c, similar to the penalty policy, the subsidies from environmental regulators
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to logistics firms have minimal effect on the evolutionary path of consumers; however,
consumers also shift after the evolution of logistics firms’ strategies, and the magnitude of
fluctuation is proportional to the intensity of the subsidies.

(5) Impact of the number by cycles on the evolutionary results

The number of cycles is an important indicator of the effectiveness of circular packag-
ing. Let k be 10, 15, and 20, respectively, to study the effects of changes in the number of
cycles on evolutionary paths. The simulation results are shown in Figure 7.
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As the number of cycles increases, the rate of evolution of the environmental regulator
toward the “strong regulation” strategy decreases slightly but does not affect its locking
in the “strong regulation” strategy as shown in Figure 7a. It can be seen from Figure 7b
that when the number of cycles reaches 20, the evolutionary path of logistics enterprises
fluctuates, and the “nonpromotion” strategy cannot be locked, which indicates that the
increase in the number of cycles can influence the choice of strategy of logistics enterprises.
As shown in Figure 7c, the number of cycles is proportional to the fluctuation of the strategy
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choice of the consumers. When the number of cycles is 20, the fluctuation of the strategy
choice of the consumers is the largest, and the “negative use” strategy cannot be locked,
meaning that the increase in the number of cycles effectively increases the consumers’
active use of circular packaging.

(6) Impact of recycling incentives on evolutionary results

Incentives given to consumers are an important means of motivating them to use
circular packaging. Let R be 3, 5, and 7, respectively, to explore the evolutionary paths of
game subjects under different recycling incentives. The simulation results are shown in
Figure 8.
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As shown in Figure 8a, the change in recycling incentive does not fluctuate significantly
for the environmental regulator, and the rate of evolution toward a “strong regulation”
strategy increases slightly with the increase in recycling incentive. The change in recycling
incentives has a great impact on logistics companies and consumers (Figure 8b,c), and the
magnitude of fluctuations in logistics companies is inversely proportional to the size of the
recycling incentive. The magnitude of consumer volatility is proportional to the size of the
recycling incentive; therefore, it can be seen that an increase in recycling incentives in a
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random-interference environment tends to make consumers shift toward the “active use”
strategy, but a high recycling incentive can lock logistics companies into a “nonpromotion”
strategy. How to set a reasonable recycling incentive is a question to that remains to
be answered.

(7) Impact of random disturbance strength on evolutionary results

The strategic choices of environmental regulators in a stochastic environment may be
influenced by public opinion, logistics companies may be speculative, and consumers may
be influenced by irrational emotions. Let σ be 0, 0.5, 1, and 1.5, respectively, to study the
evolutionary path of each subject under different disturbance intensities. The simulation
results are shown in Figure 9.
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Figure 9 shows that when the random disturbance intensity is 0, all three subjects of
the game evolve with a smooth curve. The random interference increases the fluctuation
of the strategy choice of the environmental regulator at the beginning of the game but
accelerates the rate of evolution toward the “strong regulation” strategy at the later stage
of the game (Figure 9a). The evolutionary path of logistics enterprises changes from
locking in the “nonpromotion” strategy to the “promotion” strategy (Figure 9b) when
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the random interference strength is 0.5 and 1; the higher the strength of the random
interference is, the faster is the rate of evolution toward the “promotion” strategy. Yet,
when the random-interference strength continues to increase to 1.5, the logistics company
will relock the “nonpromotion” strategy after a period of instability. This shows that
moderate random interference can help logistics enterprises to promote circular packaging,
whereas high-strength random interference can make the evolutionary path of the logistics
enterprises fluctuate strongly but is not conducive in promoting circular packaging in
logistics. Figure 9c shows that the increase in the strength of random interference accelerates
the tendency of consumers to shift toward the “negative use” strategy at the beginning of
the game; however, it can cause fluctuations in the choice of strategy of a consumer and a
tendency to evolve toward the “positive use” strategy.
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6. Conclusions and Policy Implications

The use of circular logistics packaging and the establishment of a recycling system
is a complex issue. This study introduces random-interference coefficients based on an
evolutionary game theory to build a game model for promoting circular logistics packaging,
which consists of environmental regulators, logistics enterprises, and consumers, simulating
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the current situation of circular-logistics-packaging promotion and recycling in China to
reveal the solutions to the current dilemma.

According to the numerical simulation, only the environmental regulator will lock in
the “strong regulation” strategy, whereas logistics enterprises and consumers will lock in
the “no promotion” and “negative use” strategies, respectively, in a random environment.
To solve this dilemma, it is also necessary to develop appropriate penalties and information-
disclosure mechanisms, strengthen the investment in circular-packaging technology, and
research and develop circular logistics packaging that can be recycled many times in
addition to strengthening the promotion of subsidies for logistics enterprises and consumer
incentives for recycling. The main findings obtained from this study include the following:
(1) environmental regulators have been actively promoting the use of circular packaging
by enterprises and society. The higher the probability of the initial “strong regulation”
strategy choice by environmental regulators is, the greater the fluctuation in strategy
choice by logistics enterprises; the high level of regulation can drive logistics companies
to choose “promotional” strategies. (2) In most cases, consumers’ strategic choices follow
the fluctuations of logistics companies’ strategic choices. Even if environmental regulators
choose a “weak regulation” strategy, if logistics companies are very willing to choose a
“promotion” strategy at this time, the choice of strategy of the consumers will fluctuate
greatly, and the probability of choosing “active use” increases significantly. (3) The high
strength of punishment and information disclosure has a great impact on the strategy
choice of logistics enterprises in addition to the subsidy policy, and the evolutionary path of
logistics enterprises has not only fluctuated greatly but even tended to shift from locking in
the “nonpromotion” strategy to locking in the “promotion” strategy. (4) In addition to the
policy influence of environmental regulatory authorities, the amount of circular packaging
recycling and the recycling incentives given by the logistics enterprises to consumers also
affect the evolution path of the game system. The increase in the amount of circular-
packaging recycling helps logistics enterprises shift toward the “promotion” strategy and
consumers shift toward the “active use” strategy. The increase in the recycling incentive
increases the magnitude of the fluctuation of consumers toward the “active use” strategy
but encourages logistics enterprises to lock in the “nonpromotion” strategy; therefore,
developing a reasonable incentive mechanism is an important issue in the promotion of
circular packaging. (5) In a stochastic environment, an increase in the strength of the
disturbance can intensify the fluctuation of the evolutionary paths of the game players;
however, it is interesting to note that a moderate level of stochastic disturbance can help
logistics companies evolve toward a “promotion” strategy. (6) Regardless of how the model
parameters change, the Chinese government will lock in a “strong regulatory” strategy so
that the strong regulatory strategy will be the dominant strategy of the Chinese government;
the Chinese government will continue to promote the use of circular logistics packaging.

Based on the findings of this study, the following policy recommendations are made
for the promotion and recycling of circular logistics packaging in China: (1) Given the
considerable determination of the current government regulators to lock in “strong regula-
tion,” it is recommended that environmental regulators increase subsidies, penalties, and
information disclosures, as this will help establish a circular-logistics-packaging recycling
system; (2) logistics companies should increase investment in the research and development
of circular-packaging technology, increasing research and development costs in the short
term but reducing packaging costs in the long term, as this will help in increasing the
willingness of the consumers to choose “active use” strategies; (3) the recycling incentive
for consumers should be increased, and the recycling incentive should be shared by the
government and logistics enterprises, reducing the cost of logistics enterprises while help-
ing consumers actively use circular packaging; (4) one of the major reasons for the current
difficulties in circular-packaging promotion in China is the lack of consumer awareness
of environmental protection, and consumers’ initial willingness to choose “active use”
strategies is low. Therefore, the government and logistics companies need to expand the
publicity of circular packaging and environmental protection.



Int. J. Environ. Res. Public Health 2022, 19, 7363 21 of 22

Author Contributions: Conceptualization, Y.Y.; Writing—original draft, X.X. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was funded by [National Natural Science Foundation of China] grant
number [71864022].

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Garcia-Arca, J.; Comesana-Benavides, J.A.; Garrido, A.; Prado-Prado, J.C. Rethinking the Box for Sustainable Logistics. Sustain-

ability 2020, 12, 1870. [CrossRef]
2. Xiang, N.; Xu, F.; Sha, J.H. Simulation Analysis of China’s Energy and Industrial Structure Adjustment Potential to Achieve a

Low-carbon Economy by 2020. Sustainability 2013, 5, 5081–5099. [CrossRef]
3. Olivo, F.; Junqueira, M.C.; Furlan, M.B.; Justi, P.A.; Lima, P.D. Monetary losses caused by the absence of packaging reverse

logistics: Environmental and economic impacts. J. Mater. Cycles Waste Manag. 2020, 22, 1801–1817. [CrossRef]
4. Molina-Besch, K.; Palsson, H. A Supply Chain Perspective on Green Packaging Development-Theory Versus Practice. Packag.

Technol. Sci. 2016, 29, 45–63. [CrossRef]
5. Da Cruz, N.F.; Simoes, P.; Marques, R.C. Economic cost recovery in the recycling of packaging waste: The case of Portugal.

J. Clean. Prod. 2012, 37, 8–18. [CrossRef]
6. Marques, R.C.; da Cruz, N.F.; Simoes, P.; Ferreira, S.F.; Pereira, M.C.; De Jaeger, S. Economic viability of packaging waste recycling

systems: A comparison between Belgium and Portugal. Resour. Conserv. Recycl. 2014, 85, 22–33. [CrossRef]
7. Kuo, T.C.; Chiu, M.C.; Chung, W.H.; Yang, T.I. The circular economy of LCD panel shipping in a packaging logistics system.

Resour. Conserv. Recycl. 2019, 149, 435–444. [CrossRef]
8. Wang, H.Y.; Li, J.; Li, Y.; Chen, G.Q. Evolution Process of Recycling Chain of Takeout Packages Based on Behavioural Science.

Neuroquantology 2018, 16, 215–225. [CrossRef]
9. Zhang, Y.F.; Liu, S.C.; Liu, Y.; Li, R. Smart box-enabled product-service system for cloud logistics. Int. J. Prod. Res. 2016, 54,

6693–6706. [CrossRef]
10. Wu, S.; Gong, X.; Wang, Y.; Cao, J. Consumer Cognition and Management Perspective on Express Packaging Pollution. Int. J.

Environ. Res. Public Health 2022, 19, 4895. [CrossRef]
11. Ding, Z.H.; Sun, J.; Wang, Y.W.; Jiang, X.H.; Liu, R.; Sun, W.B.; Mou, Y.P.; Wang, D.A.W.; Liu, M.Z. Research on the influence of

anthropomorphic design on the consumers’ express packaging recycling willingness: The moderating effect of psychological
ownership. Resour. Conserv. Recycl. 2021, 168, 105269. [CrossRef]

12. Chen, F.Y.; Chen, H.; Yang, J.H.; Long, R.Y.; Li, W.B. Impact of regulatory focus on express packaging waste recycling behavior:
Moderating role of psychological empowerment perception. Environ. Sci. Pollut. Res. 2019, 26, 8862–8874. [CrossRef] [PubMed]

13. Tan, Y.; Guo, C.X. Research on Two-Way Logistics Operation with Uncertain Recycling Quality in Government Multi-Policy
Environment. Sustainability 2019, 11, 882. [CrossRef]

14. Sun, D.S.; Xie, D.L.; Jiang, P.; Xie, J.C.; Xu, Y.; Ren, Y.N. Simulating the Effect of Mixed Subsidy Policies on Urban Low-Value
Recyclable Waste in China: A System Dynamics Approach. Int. J. Environ. Res. Public Health 2021, 18, 10636. [CrossRef] [PubMed]

15. Zhao, X.M.; Bai, X.L. How to motivate the producers’ green innovation in WEEE recycling in China?—An analysis based on
evolutionary game theory. Waste Manag. 2021, 122, 26–35. [CrossRef]

16. Gorji, M.A.; Jamali, M.B.; Iranpoor, M. A game-theoretic approach for decision analysis in end-of-life vehicle reverse supply chain
regarding government subsidy. Waste Manag. 2021, 120, 734–747. [CrossRef]

17. Yang, X.L.; He, L.Y.; Zhong, Z.Q.; Wang, D.Q. How does China’s green institutional environment affect renewable energy
investments? The nonlinear perspective. Sci. Total Environ. 2020, 727, 138689. [CrossRef]

18. Li, W.B.; Long, R.Y.; Chen, H.; Dou, B.Q.; Chen, F.Y.; Zheng, X.; He, Z.X. Public Preference for Electric Vehicle Incentive Policies in
China: A Conjoint Analysis. Int. J. Environ. Res. Public Health 2020, 17, 318. [CrossRef]

19. Kwon, Y.; Son, S.; Jang, K. Evaluation of incentive policies for electric vehicles: An experimental study on Jeju Island. Transp. Res.
Part A Policy Pract. 2018, 116, 404–412. [CrossRef]

20. Miller, C.J.; Brannon, D.C.; Salas, J.; Troncoza, M. Advertising, incentives, and the upsell: How advertising differentially moderates
customer- vs. retailer-directed price incentives’ impact on consumers’ preferences for premium products. J. Acad. Mark. Sci. 2021,
49, 1043–1064. [CrossRef]

21. Zhou, Y.; Yan, L. An Analytical Study of the External Environment of the Coevolution between Manufacturing and Logistics
Based on the Logistic Model. Complexity 2021, 2021, 9914076. [CrossRef]

22. Yu, L.A.; Li, L.; Tang, L. What can mass media do to control public panic in accidents of hazardous chemical leakage into rivers?
A multi-agent-based online opinion dissemination model. J. Clean. Prod. 2017, 143, 1203–1214. [CrossRef]

23. Zhang, X.M.; Zhou, G.G.; Cao, J.; Wu, A.Q. Evolving strategies of e-commerce and express delivery enterprises with public
supervision. Res. Transp. Econ. 2020, 80, 100810. [CrossRef]

http://doi.org/10.3390/su12051870
http://doi.org/10.3390/su5125081
http://doi.org/10.1007/s10163-020-01070-x
http://doi.org/10.1002/pts.2186
http://doi.org/10.1016/j.jclepro.2012.05.043
http://doi.org/10.1016/j.resconrec.2013.12.015
http://doi.org/10.1016/j.resconrec.2019.06.022
http://doi.org/10.14704/nq.2018.16.5.1393
http://doi.org/10.1080/00207543.2015.1134840
http://doi.org/10.3390/ijerph19084895
http://doi.org/10.1016/j.resconrec.2020.105269
http://doi.org/10.1007/s11356-019-04416-7
http://www.ncbi.nlm.nih.gov/pubmed/30719669
http://doi.org/10.3390/su11030882
http://doi.org/10.3390/ijerph182010636
http://www.ncbi.nlm.nih.gov/pubmed/34682382
http://doi.org/10.1016/j.wasman.2020.12.027
http://doi.org/10.1016/j.wasman.2020.10.043
http://doi.org/10.1016/j.scitotenv.2020.138689
http://doi.org/10.3390/ijerph17010318
http://doi.org/10.1016/j.tra.2018.06.015
http://doi.org/10.1007/s11747-021-00791-1
http://doi.org/10.1155/2021/9914076
http://doi.org/10.1016/j.jclepro.2016.11.184
http://doi.org/10.1016/j.retrec.2019.100810


Int. J. Environ. Res. Public Health 2022, 19, 7363 22 of 22

24. Bo, Y.; Shao, W.T. Empirical statistical analysis on the influencing factors of Co-opetition behavior of enterprises in logistics park.
Int. J. Electr. Eng. Educ. 2020, 6, 0020720920931080. [CrossRef]

25. Liu, Y.Q.; Liu, S.; Ye, D.P.; Tang, H.; Wang, F. Dynamic impact of negative public sentiment on agricultural product prices during
COVID-19. J. Retail. Consum. Serv. 2022, 64, 102790. [CrossRef]

26. Liu, X.; Lin, K.; Wang, L. Stochastic evolutionary game analysis of e-waste recycling in environmental regulation from the
perspective of dual governance system. J. Clean. Prod. 2021, 319, 128685. [CrossRef]

27. Gao, X.X.; Zheng, H.D. Environmental Concerns, Environmental Policy and Green Investment. Int. J. Environ. Res. Public Health
2017, 14, 1570. [CrossRef]

28. Cao, H.; Guan, X.; Fan, T.J.; Zhou, L. The Acquisition of Quality Information in a Supply Chain with Voluntary vs. Mandatory
Disclosure. Prod. Oper. Manag. 2020, 29, 595–616. [CrossRef]

29. Cao, S.Q.; Liao, W.Z.; Huang, Y.Q. Heterogeneous fleet recyclables collection routing optimization in a two-echelon collaborative
reverse logistics network from circular economic and environmental perspective. Sci. Total Environ. 2021, 758, 144062. [CrossRef]

30. Liu, C.Y.; Huo, L.J. Problems and Solutions for Express Logistic Packaging. In Proceedings of the China Academic Conference on
Printing, Packaging Engineering and Media Technology, China Academy of Printing Technology, Xian, China, 25–27 November
2016; pp. 705–710.

31. Zhang, G.R.; Zhao, Z.J. Green Packaging Management of Logistics Enterprises. In Proceedings of the International Conference on
Applied Physics and Industrial Engineering (ICAPIE), Wuhan, China, 1–2 March 2012; pp. 900–905.

32. Kumar, M.; Kumar, D. Green Logistics Optimization Model for Forward and Reverse Logistics Using Genetic Algorithm.
In Proceedings of the IEEE International Conference on Industrial Engineering and Engineering Management (IEEM), Singapore,
6–9 December 2015; pp. 717–720.

33. Renugala, S.; Chin, T.A.; Henga, L.H. Drivers of Green Logistics Practices for Sustainability Performance: A Review. Adv. Sci. Lett.
2018, 24, 3858–3863. [CrossRef]

34. Laguir, I.; Stekelorum, R.; El Baz, J. Going green? Investigating the relationships between proactive environmental strategy,
GSCM practices and performances of third-party logistics providers (TPLs). Prod. Plan. Control 2021, 32, 1049–1062. [CrossRef]

35. Sun, H.X.; Li, J.L. Behavioural choice of governments, enterprises and consumers on recyclable green logistics packaging. Sustain.
Prod. Consum. 2021, 28, 459–471. [CrossRef]

36. Wang, Z.Z.; Tsai, Z.L.; Fu, J.; Zhao, L.Y.; Yang, L.L. Internalization of negative external cost of green logistics and incentive
mechanism. Adv. Mech. Eng. 2017, 9. [CrossRef]

37. Wandosell, G.; Parra-Merono, M.C.; Alcayde, A.; Banos, R. Green Packaging from Consumer and Business Perspectives.
Sustainability 2021, 13, 1356. [CrossRef]

38. Li, W.T. Research on application and innovation of green ecological concept in packaging design. Fresenius Environ. Bull. 2022, 31,
2653–2658.

39. Hao, Y.; Liu, H.; Chen, H.J.; Sha, Y.H.; Ji, H.F.; Fan, J.J. What affect consumers’ willingness to pay for green packaging? Evidence
from China. Resour. Conserv. Recycl. 2019, 141, 21–29. [CrossRef]

40. Smith, J.M.; Price, G.R. The Logic of Animal Conflict. Nature 1973, 246, 15–18. [CrossRef]
41. Smith, J.M. The theory of games and the evolution of animal conflicts. J. Theor. Biol. 1974, 47, 209–221. [CrossRef]
42. Taylor, P.D.; Jonker, L. B Evolutionarily Stable Strategies and Game Dynamics. Math. Biosci. Eng. 1978, 40, 145–156. [CrossRef]
43. Foster, D.; Young, P.J. Stochastic evolutionary game dynamics. Theor. Popul. Biol. 1990, 38, 219–232. [CrossRef]
44. Cobb, L.; Ragade, R.K. Applications of Catastrophe Theory in the Behavioral and Life Sciences; Behavioral Science: New York, NY, USA,

1978; Volume 23.
45. Chen, B.S.; Yeh, C.H. Stochastic noncooperative and cooperative evolutionary game strategies of a population of biological

networks under natural selection. Biosystems 2017, 162, 90–118. [CrossRef] [PubMed]
46. Li, H.M.; Wang, F.Q.; Wang, L.Y.; Su, L.M.; Zhang, C.Y. The Stochastic Evolution Game of Knowledge Sharing in the Infrastructure

PPP Supply Chain Network. Complexity 2020, 2020, 8858845. [CrossRef]
47. Zhao, Y.; Du, Y. Technical standard competition: An ecosystem-view analysis based on stochastic evolutionary game theory.

Technol. Soc. 2021, 67, 101794. [CrossRef]
48. Lv, W.-Q.; Wang, Y.-J.; Su, C.-H.; Chen, M.-H.; Kot, H.W. A comprehensive analysis of package tour quality: A stochastic

evolutionary game. Tour. Manag. 2022, 91, 104478. [CrossRef]
49. Li, J.; Ren, H.; Wang, M. How to escape the dilemma of charging infrastructure construction? A multi-sectorial stochastic

evolutionary game model. Energy 2021, 231, 120807. [CrossRef]
50. Cobb, L.; Zacks, S. Applications of Catastrophe Theory for Statistical Modeling in the Biosciences. J. Am. Stat. Assoc. 1985, 80,

793–802. [CrossRef]

http://doi.org/10.1177/0020720920931080
http://doi.org/10.1016/j.jretconser.2021.102790
http://doi.org/10.1016/j.jclepro.2021.128685
http://doi.org/10.3390/ijerph14121570
http://doi.org/10.1111/poms.13130
http://doi.org/10.1016/j.scitotenv.2020.144062
http://doi.org/10.1166/asl.2018.11498
http://doi.org/10.1080/09537287.2020.1784483
http://doi.org/10.1016/j.spc.2021.06.011
http://doi.org/10.1177/1687814017715420
http://doi.org/10.3390/su13031356
http://doi.org/10.1016/j.resconrec.2018.10.001
http://doi.org/10.1038/246015a0
http://doi.org/10.1016/0022-5193(74)90110-6
http://doi.org/10.1016/0025-5564(78)90077-9
http://doi.org/10.1016/0040-5809(90)90011-J
http://doi.org/10.1016/j.biosystems.2017.08.001
http://www.ncbi.nlm.nih.gov/pubmed/28882507
http://doi.org/10.1155/2020/8858845
http://doi.org/10.1016/j.techsoc.2021.101794
http://doi.org/10.1016/j.tourman.2021.104478
http://doi.org/10.1016/j.energy.2021.120807
http://doi.org/10.1080/01621459.1985.10478184

	Introduction 
	Literature Review 
	Green Logistics-Packaging Recycling and Management 
	Stochastic Evolutionary Game 

	Problem Formulation and Model Construction 
	Problem Description and Parameter Setting 
	Payoff Matrix and Replicator Dynamics Equations 

	Construction of the Stochastic Evolutionary Game Model 
	Stochastic Evolutionary Game Model 
	Analysis of the Existence and Stability of Equilibrium Solutions 
	Taylor Expansion of the Evolution Equation 

	Simulation and Discussion 
	Data Collection 
	Simulation and Discussion 

	Conclusions and Policy Implications 
	References

