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Objective: The objective of this study was to explore the game relationship
among enterprise, the government, and the public under the new media
environment, so as to provide decision-making reference for improving
enterprise green technology innovation and promoting economy high-quality
development with new media participation.

Methods: This study constructs a three-subject evolutionary game model
of enterprise, government, and public based on multi-agent relationship
analysis and evolutionary game theory. In addition, the derivation of an
evolutionary equilibrium strategy and numerical simulation analysis is carried
out to comprehensively explore the evolution trajectory of green technology
innovation system under the new media environment.

Findings: (1) The system may have four stable evolutionary strategies: (1,0,0),
(0,0,2), (1,0,1), and (1,1,1). (2) The initial strategy probability of various actors
would affect the system evolution speed but not the evolution result, and the
authenticity of new media reports is an important factor determining the system
evolution of green technology innovation. (3) Numerical simulation results
show that a fair and just new media environment can effectively constrain
the traditional production behavior of enterprise, actively guide the public to
participate in supervision, and play an alternative role to government regulation
to a certain extent.

Value: This study explores the evolutionary balance strategy of green technology
innovation system under the new media environment, which not only enriches
relevant theories of media environment governance but also has important
reference value for promoting enterprises’ green technology innovation
and establishing an environmental governance system jointly governed by
government, enterprise, public, and media.

KEYWORDS

media coverage, government regulation, public supervision, green technology
innovation, evolutionary game

1 Introduction

As the core body to promote the development of the national economy, enterprises
generate high GDP growth while their extensive production modes have many negative
impacts on the ecological environment, prompting the government to prioritize technological
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innovation and environmental protection. To guide the market-
oriented development of green technology innovation, the National
Development and Reform Commission and the Ministry of Science
and Technology jointly issued the “Guiding Opinions on Building a
Market-oriented Green Technology Innovation System” in 2019. The
International Energy Agency (IEA) also stated that green technology
is expected to play a key role in reducing carbon emissions and
mitigating climate change. Green technology innovation not only has
economic characteristics such as improving production efficiency and
enterprise competitiveness but also has social characteristics such as
environmental protection and emission reduction, making it the key
to resolving the conflict between national economic growth and
ecological governance.

Due to the inherent defects of green technology innovation such
as high investment cost, long cycle, high risk, and double externalities,
enterprises are generally difficult to form spontaneously and need to
rely on external forces to promote it (1). Porter’s hypothesis holds that
appropriate environmental regulations can promote enterprises’ green
technology innovation (2), and the effectiveness of environmental
regulations on enterprises’ green technology innovation has been
confirmed by many scholars (3, 4). With the improvement of
information technology and the development of social media, the
influence of media opinion on enterprises’ green production and
environmental governance has also aroused widespread discussion.
Chen et al. (5) pointed out that the transparency of information
brought by media attention and the pressure of public opinion have a
direct effect on pollution control of enterprises and thus promote
green innovation of enterprises. Harness (6) believe that enterprises
with environmental accidents are more likely to attract media
attention, which will lead to consumer boycott, social condemnation,
and government punishment. Media coverage has become an
important factor that cannot be ignored to promote enterprise green
technology innovation. However, there are few studies on the
influence and mechanism of media coverage on enterprises’ green
technology innovation. Li et al. (7) pointed out by building a
reputation community framework that the pressure of public opinion
generated by media coverage not only affects the enterprise itself but
also has an impact on the government, the public, and other relevant
groups. Based on stakeholder theory, Tang et al. (8) confirmed that
media coverage will affect enterprises’ green technology innovation
strategies by regulating government and public behaviors. Can media
coverage influence a firm’s behavior strategy? How does media
coverage influence government regulation and public participation to
promote corporate green technology innovation? In view of the above
problems, from the perspective of media attention, this study discusses
the game relationship between enterprises, government, and the
public based on stakeholder analysis and evolutionary game theory,
so as to provide a reference for effectively promoting enterprises’
green technology innovation and establishing an environmental
governance system jointly governed by government, enterprises,
public, and media.

2 Literature review

Green technological innovation generally refers to the
technological innovation behavior carried out in accordance with the
law of ecological economic development for the purpose of reducing
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or eliminating ecological environmental pollution, saving resources
and energy, and protecting the environment (9). As an ecosystem
engineering with multiple subjects, green technology innovation has
a complex strategy evolution that has recently been studied by scholars
both at home and abroad. The early studies were based on the
two-subject game between the government and enterprise. Wang et al.
(10), Nieetal. (11), and Xu et al. (12) concluded by developing a game
model between the government and enterprise that whether the
enterprise carries out green technology innovation is determined by
the benefits and costs of the game between the government and
enterprise. The incremental costs of green technology innovation, the
government’s reward and punishment regulation for enterprise, and
the costs of government supervision will all have an impact on the
system’s evolution results. With an increasing number of negative
externalities in the enterprise’s operation process, the defects of the
government’s “unified” regulation mode have become emerged, such
as high supervision costs, a limited number of technicians, and law
enforcement personnel. Green technology innovation behavior
frequently involves multiple subjects such as the government, the
public, and enterprise, and researchers may draw biased conclusions
if they only focus on the driving effect of government behavior (13).
The academic community has focused on the problem of enterprise
green technology innovation with multi-agent, particularly the
tripartite game among the government, enterprise, and the public. The
public has both market-oriented and behavioral supervision effects on
enterprise behavior, according to Li et al. (14) and Xu et al. (15), and
both public coverage and public reporting may have a driving effect
on green technology innovation. Cao et al. (16) and Encarnacao et al.
(17) constructed a three-subject evolutionary game model involving
the government, enterprise, and the public to investigate the public’s
role mechanism in green technology innovation. Qu et al. (18) and
Guan et al. (19) studied the evolution strategies of the government, the
public, and the enterprise and discovered that they are not only related
to the initial participation ratio of each subject but also affected by the
value of their related parameters. A small number of scholars have
found that the behaviors of green organizations, scientific research
institutions, and financial institutions will also have an impact on the
enterprise’s green technology innovation strategy (20-22).

There are abundant research studies on the tripartite game
between the government, enterprises, and the public to promote green
technology innovation. However, with the continuous update of
information technology, the way and direction of public opinion
communication have undergone great changes, and the influence of
public opinion pressure reported by the media on green technology
innovation cannot be underestimated. Environmental governance is
a comprehensive action involving many interest groups such as the
government, enterprises, the public, and the media (23). Ling et al.
(24) and Zhang et al. (25) pointed out that as an important extra-legal
system and an important social supervision subject in the construction
of ecological civilization, the media, with its advantages of timely
dissemination, wide coverage, and strong public opinion effect, can
form a good interactive mechanism with government regulation,
market regulation, and public participation. Ji et al. (26) and Xin (27)
found that positive media reports can stimulate enterprises to disclose
environmental information to promote green production, and media
criticism and questioning will cause reputational pressure on
enterprises and force them to reduce ecological pollution activities. Li
et al. (28) believe that media play a role of value guidance and
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education supervision for the public in ecological environmental
protection, and at the same time, the advantages of media can create
a good public opinion atmosphere and social environment for
ecological environmental protection. Li et al. (29) observed that media
scrutiny can influence the strategy choices of enterprise, the public,
and the government to some extent. Vaast et al. (30) pointed out that
media coverage, as one of the important methods of external
supervision, might reduce enterprise violations and help to enhance
the effectiveness of government regulation. To sum up, it can
be concluded that new media plays an important role in the process
of green technology innovation of enterprises. Media coverage is not
only an important way to scientifically guide and cultivate public
awareness of green environmental protection but also an important
way to restrict enterprises bad production behaviors through
information disclosure and can also be used as a supplement to the
regulatory functions of the government (31).

Although the above research has carried out a more
comprehensive analysis of the game of green technology innovation
under the new media environment, there are still the following
deficiencies: First, the current research mainly focuses on the impact
of government regulatory means on enterprises’ green innovation
behavior, while less consideration is given to the role of the public in
green technology innovation and the impact of the symbiotic conflict
between the government and the public on enterprises behavior.
Second, the existing research studies on the impact of new media on
enterprises’ green technology innovation are mostly based on
theoretical discussion or single quantitative research, and few are
based on game theory to study the impact of the new media
environment on the strategies of green technology innovation-related
entities. Therefore, on the basis of existing studies, this study integrates
the influence of the new media environment into the evolutionary
game model of the government, enterprises, and the public, analyzes
the evolutionary equilibrium strategy of the green technology
innovation system under the new media environment, and further
explores the influence of the initial probability value and the change
of media report accuracy rate on the behavioral strategy and system
evolution trajectory of the government, enterprises, and the public
through numerical simulation.

The paper’s research structure is as follows: The second part is the
discussion on the mechanism of action among relevant actors of green
technology innovation; the third part is the construction of
evolutionary game model (including the proposal of research
hypotheses and the construction of three-party game model); the
fourth part is the analysis of evolutionary equilibrium (including the
analysis of evolutionary equilibrium of relevant actors’ strategies and
the analysis of evolutionary equilibrium of green technology
innovation system); the fifth part is the numerical simulation and
finally the conclusion and enlightenment.

3 Analysis of the subject benefits

According to Agle et al. (32) definition of “stakeholders)
stakeholders of green technology innovation are all relevant
individuals or groups who can influence the realization of green
technology innovation goals. From the genetic theory (33), a change in
one subject’s interest will result in a change in the occurrence
mechanism of green technology innovation. Therefore, clarifying the
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interest relationship among the topics of green technology innovation
is necessary to maximize the interests of all parties to support
enterprise green technology innovation. In this research, green
technology innovation under the new media environment involves the
government, enterprise, the public, and media, and their interest
demands and goals differ slightly.

Enterprise is the main producer of the market economy, and the
motivation of green technology innovation can be divided into
internal and external factors. The internal factors include
maximization of economic benefits, enterprise social cognition, and
corporate image, while the external factors include scientific and
technological progress, policy driving force, market competition, and
market demand (34). As a typical profit-oriented subject, enterprise
seeks to pursue economic rewards while ignoring the ecological
environment. For example, extensive production technology, illegal
dumping of production wastes, and other behaviors of enterprise
cause environmental pollution and waste of resources. Therefore, the
government makes relevant policies, such as levying environmental
taxes and fines to prevent enterprises from bad production behaviors
and encouraging enterprise green technology innovation through
innovation subsidies. At the same time, the public will actively
supervise to find a balance between the amount of compensation for
environmental pollution and the negative effects of pollution.

As the essential external environmental manager, the government’s
regulation means will have an effect on the enterprise’s green
innovation behavior. Pollution taxes for enterprise environmental
pollution and R&D subsidies for green technology innovation will
affect enterprise final profitability and thus change their behavior
strategies. At the same time, the government will provide certain
subsidies to support the public supervision. However, from the
perspective of the government itself, regulation behavior by the
government involves a large amount of manpower, material resources,
and financial resources, will lower the company earnings, and hence
affect the region’s economic development. The work efficiency of the
government is directly linked to local economic development.
Therefore, under the separation of powers system, the government
faces an interest game between choosing no regulation for regional
economic development and deciding to regulation based on the
maximization of social welfare.

Economic progress cannot be separated from every member of
the public, and the public demands drive consumption to form the
economy. Therefore, the public’s green lifestyle and green consumption
mode are the important pulling force for enterprise green technology
innovation. At the same time, as the main beneficiaries of a good
ecological environment and the direct victims of environmental
pollution, the public has a supervisory responsibility over enterprise
and government behavior. If the public participates in the supervision
and reporting when enterprise adopts the traditional technology
production, the public may get government subsidies, and the
enterprise may compensate the public to maintain its social image.
However, because public supervision needs to pay costs, the public
behavior strategy is the interest game under the supervision costs and
the supervision utilities.

As a “third party force,” new media are one of the key groups in
promoting enterprise green technology innovation. The pressure of
media opinions brought by both positive and negative reports can
affect the efficiency of green technology innovation of enterprise
through reputation orientation. The public relies on new media
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reports to understand environmental information, so media is an
important role in guiding and cultivating public awareness of
environmental protection. Simultaneously, the media will play the role
of inspection and assistance in achieving good cooperation with the
government to relieve the government’s regulatory pressure. However,
as a for-profit organization, the media’s behavior strategy must assess
the benefits and risks posed by the report. In addition, due to the
restriction of supervision power, enterprise obstruction, and media
personnel’s knowledge and ability, new media reports may have
distortion phenomenon, which may mislead enterprise, government,
and public behavior judgment.

Thus, the theoretical system of the action mechanism among
relevant subjects of green technology innovation can be obtained, as
shown in Figure 1.

4 Evolutionary game analysis

4.1 Tripartite evolutionary game model
formulation

4.1.1 Research hypotheses

This research considers a green technology innovation system
composed of enterprise, the government, and the public under the
new media environment. All subjects have bounded rationality and
will eventually reach a stable strategy through continuous learning
and improvement. Based on this, the existing hypotheses are
as follows:

Hypothesis 1: Enterprise, the government, or the public has two
behavior strategies: Enterprise can choose to carry out green
technology innovation or maintain traditional technology production.
Assuming that the probability of adopting the green technology
innovation strategy of the enterprise is x, then the probability of
adopting traditional technology is 1-x; the government can choose to
regulate or not regulate. Assuming that the probability of regulation
for the government is y, the probability of no regulation is 1-y. The

10.3389/fpubh.2023.1253247

public can decide to participate in supervision or not, and assuming
the probability of participating in supervision is z, the probability of
not supervision is 1-z. Here, 0 <{x, y, z} <1, and they are functions
of time ¢.

Hypothesis 2: When the government chooses environmental
regulation, it must pay the costs of regulation, which include R&D
rewards Cb for enterprise green technology innovation and the
subsidies R, for public supervision. Furthermore, the government can
charge fines C; for traditional technology production of the enterprise.
Generally speaking, the fines are higher than the R&D rewards and
subsidies, namely, Cs> Cb, Cs> Rb; when the government decides not
to regulate, its costs are zero.

Hypothesis 3: Enterprise can obtain general revenue RO from
traditional technology production. It needs to pay additional
incremental costs C for green technology innovation, but it may
obtain incremental revenues R, in general, R > C. When an enterprise
carries out green technology innovation, the government and the
public gain from the environmental benefits Re and Rs; however, they
will suffer environmental losses Be and Bs when an enterprise chooses
to produce with traditional technology.

Hypothesis 4: Public supervision needs to pay supervision costs
Cp. Under the environment of public supervision, an enterprise
choosing the green technology innovation can get reputation awards
Br, and government regulation can obtain a good social reputation Cr;
however, if enterprise carries on traditional technology production, it
will suffer reputation losses Bl and need to pay environmental
compensations Ce to the public, and the government will suffer
reputational losses CI if it neglects to regulate at this time.

Hypothesis 5: The information dissemination and opinion
function of new media can raise public awareness of environmental
protection, and the public who participates in supervision can receive
green utilities Rp. However, media reports are just a new and effective
channel for the public to play the supervisory role. Only when the
public participates in supervision, can the new media environment
play a role. While the public chooses not to supervise, the media
cannot exert their influence on opinion. Given that new media has

The govemment

supervise

supervision
assistance

The public

regulation

»  Enterprise

environment

FIGURE 1
Relevant subjects and action mechanism of green technology innovation.

compensate
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limited access to information about the subjects’ behavior, it is
assumed that when the government decides to regulate, media can
correctly identify enterprise behavior, and if the government decides
no regulation, there will be distortion in new media reports (for
example, false information reported by publics, deliberate smear by
competitors, and false publicity by enterprises), and it could only
correctly identify and report enterprise behavior with a probability of
f. The parameter and variable symbols and their meanings are shown
in Table 1 (35, 36).

According to the research hypothesis and game theory, the payoff
matrix of enterprise, the government, and the public under the new
media environment can be obtained, as shown in Table 2.

4.1.2 Model formulation

The different strategies’ expected earnings and average
earnings of enterprise, the government, and the public can
be calculated using the payoff matrix of the three-subject game in
Table 2; then, we can construct the replicator dynamic equation 1
of each subject.

Let the expected earnings of “green technology innovation,’
“traditional technology, and average expected earnings for
enterprises are, respectively, C1, C2, and Cx; they are calculated
as follows:

Cl:y*z*(RO+R+Cb—C+Br)+y*(l—z)*
(Ro+R+Cp—C)+(1=y)*z*(Ry+R-C+ f*B, —(1- f)*B)
+(1—y)*(1—z)*(R0+R—C)

C2=y*z*(R0—Rb—B1—Ce)-i—y*(l—z)*(Ro—Rb)+(1—y)*
z#(Ro—f* B+ (1= f)*B.)+(1-y)*(1-z)*(Ro)

szx*C1+(1—x)*C2

The replicator dynamic equation of enterprise strategy can
be obtained as follows:

F(x):jl(()tc)):x*(cl‘cx) W
f*B —(1—f)*
y*(Rb +Cb)+Z*[B14—}*Br_(1_f)*Brj

:x*(l—x)* . Br+Bl+(1_f)*Br_f* C
B (- ) kB - peBrC)

» <«

Similarly, let the expected earnings of “regulation,” “no regulation,”
and average expected earnings for the government are, respectively,

G1I, G2, and Gy; they are calculated as follows:

G =x#*z%(Cr+ R —Cp—Cy)+x%(1—2)*(R. — Cp)
+(1-x)*z*(Ry —Cy =B ) +(1—x)*(1-z)*(Ry — Be)
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TABLE 1 Parameters and variable symbol descriptions.

Parameters Descriptions

Cb R&D rewards for enterprise green technology innovation

from government regulation

Rb Fines charged for traditional technology of enterprise to

government regulation

Cs Green subsidies for public supervision from government
regulation
RO The general revenues obtained by the traditional technology

production of enterprise

R Incremental revenues from enterprise green technology
innovation

C Incremental costs of enterprise green technology innovation

Re Environmental benefits obtained by the government when

enterprise adopts green technology innovation

Rs Environmental benefits obtained by the public when

enterprise adopts green technology innovation

Be The environmental losses brought by traditional technology

production to the government

Bs The environmental losses brought by traditional technology

production to the public

Cp Costs of public supervision

Ce The compensations of enterprise traditional technology
behavior to public supervision when the government chooses

to regulate

Cr The reputational rewards obtained by the government for
effective regulation (enterprise green technology innovation)

when the public chooses to supervise

Cl The reputational damages to the government for no regulation
(enterprises traditional technology production) when the

public chooses to supervise

Bl The reputational damages to the enterprise for traditional
technology production

when the public chooses to supervise

Br The reputational rewards obtained by the government for
enterprise green technology innovation when the public

chooses to supervise

Rp Green utilities obtained by public supervision when new

media are involved

f The correct rate of new media coverage

Gy=x#z%(R,—(1-f)*Cp)+x*(1-z)* R, +(1-x)
#z%(—By— f*Cp)+(1-x)*(1—z)*(-B,)

Gy=y*G1+(1—y)*G2

The replicator dynamic equation of government strategy can
be obtained as follows:

P-4 r+(6-6) ®
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TABLE 2 Payoff matrix among government—enterprise—public.

10.3389/fpubh.2023.1253247

Enterprise
Green technology e lEnEl
innovation technology
production
RO+R+Cb-C+Br; RO-Rb-Ce-BI;
Cr+Re-Cb-Cs; Rb-Cs-Be; Supervision
Rp+Rs+Cs-Cp Rp +Cs-Bs-Cp + Ce
Regulation The public
RO+R+Cb-C; RO-Rb;
Re-Cb; Rb-Be; No supervision
Rs -Bs
The government
RO +R-C+f*Br-(1-/)*B; RO-f“Bl+ (1-/)*Br;
Re-(1-f)*Cl; -Be-f*Cl; Supervision
f*Rp+R-Cp f*Rp -Bs-Cp
No regulation The public
RO+R-C; RO;
Re; -Be; No supervision
Rs -Bs
(1 ) x*(—Cb—Rb)+Z*(C1*f—CS) dF(x)
=yp#(l—y)* =
PIUTI xszw(Co+ (1= )% G- £ %G + R dx
*B—(1-f)*B +
y*(Rp+Cp)+2z* S B =(1=1)* B,
(I—Zx)* f*Br_(l_f)*Br
S}mllarl}z let P1 ,.P.Z, a’fuj Pz represejn.t, rispectlvely, the expected B, +B+(1-f)*B.~ [ *B,
earnings of “supervision,” “no supervision,” and average expected tyxzE +R-C
+(1—f)*B[ - f*B+C,
earnings for the public; they are calculated as follows:
=x*y*(Rg+Cs+ R, —Cp)+x*(1—
’ > ( ’ N P) ( y) make y*(Rb+Cb)+z* f*Bl_(l_f)
*(Ry+ [ * Ry =Cp)+(1=x)x y*(C + Ry — By = Cp + Ce) Lyzs)= *Bi+ [ B, —(1- f)*B,

+(1=x)*(1-y)*(f*Ry - By —Cp)

Iﬁ=x*y*Rs+x*(l—y)*Rs+(l—x)*y*(—Bs)+(1—x)
*(1=y)*(=85)
P.=zxR +(1—z)*P2

The replicator dynamic equation of public strategy can be obtained
as follows:

Pe)- G-z (n-r)

=Z*(1—Z)* y*(Cs +Ce+(1—f)*Rp)

—x#y*Co—Cp+ Ry * f (3)

4.2 Evolutionary game model analysis
4.2.1 Evolutionary stability of relevant subjects
4.2.1.1 Stability of enterprise

By differentiating with respect to x of (x), we can obtain
the following:

Frontiers in Public Health

B.+By+(1-f)*B,— f*B
by r ! ( f) r f r+R—C
+(1-f)*B - f*B +C,

From the stability of the replicator dynamic equation, it can
be seen that x, as a stabilization strategy, should satisfy F (x,y,z)=0,
and 9F (%) _ o (37).

dx

WhenL(y,z,f)zO,
L[ B=(1=1)

C-kez (*Bﬁf*Br—(l—f)*BrJ

B, +B+(1-f)*B.— f

#B. +(1- f)*B - f* B+ C,

y=y = j’F(x)so,

Rb+Cb+Z*[

which means that all points on the X-axis are in a stable state, and the
strategy choice of the enterprise does not change with time (38).

When L(y.zf)#0,

* By —(1—
Cop_os| S *B(1=])
*Bi+ f*B, (1~ f)*B, o
y# , at this time
B, +B+(1-f)*B.— f
Ry+Cp+z*
#B. +(1- f)*B - f*B +C,

the stable state of the enterprise needs to be discussed by case.
Corollary 1: If the probability of the government choosing the
“regulation” strategy is low, the probability of the enterprise choosing
the “green technology innovation” option is steady at 0. On the
contrary, if the probability of the government selecting the “regulation”
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strategy is high, the probability of the enterprise choosing the “green
technology innovation” option remains steady at 1.

Proof: WhenL(3:7/) —0,f =1+ Ro+Cp 4
dy ’ 2%z%(B+B,)
when £ <14 Ry +Cp ’6L(y,z,f) >0. L(yzf) is an
2% z%(B; +By) oy
increasing function. Thus, when
C—R—zx f*Bl_(l_f)
0 *Bj + [ *B. —(1- f)*B,
<y< ,
g Bo+B+(1-f)*B.— f L(yzf)<0,
R[,+Cb +zZ*
#B.+(1- f)*B; - f* B+ C,
dF
M , ﬂ >0, x=0 is the evolutionary stable
x=0 d x=1
C—R-zx* /B ( )
. *Bj+ f* B, (1 f)
point; when <y<l,
B.+B;+(1-f)*B, f
Ry +Cp+2z*
Br+(l f)*Bi—f*B+C,
dF (x) dF (x) ) )
— 0, x=1 is th, lut
L(y,zzf)>0’ x| 0—- i < is the evolutionary
x=0 x=1
stable point.

To sum up, the reaction function of the probability of the enterprise
choosing “green technology innovation”

C—R—z*[f*Bl_(l_f) ]

*B+ [ *B. —(1- f)*B,

B+ B +(1-f)*B, — f J

#B.+(1—f)* B — f B +C,
«B —(1-

C_R_Z*({B,+lf£B,21—f)*B,J

B+ B +(1-f)*B, — f j

#B.+(1- f)* B/ — f* B +C,

P f*B=(1-1)

e [*Bl‘lrf*Br—(l—f)*Brj
B +By+(1-f)*B.— f

*Br+(lff)*B[7f*B[+Ce

strategy x is as follows:

0if <y<
Rb+Cb+Z*(

x=4[0,1] if y <
Rb+Cb+Z*{

Lif <y<0

Ry, +Cb+z*[

At this time, the dynamic evolution trend of the enterprise “green
technology innovation” strategy is shown in Figure 2.

Corollary 1 demonstrates that under government regulation,
media reports are authentic and reliable. Hence, while the government
prefers to regulate, enterprise tends to innovate in green technologies.
This is due to the fact that when an enterprise chooses green
technology innovation, it can benefit from both government
regulation (R&D awards) and media coverage (reputation awards);
however, when enterprise opts for traditional technology production,
it will face severe penalties from government regulation (fines) and
media coverage (reputational damage). On the other hand, if the
government chooses not to regulate, enterprise will continue to
employ traditional technology with lower production costs.

4.2.1.2 Stability of the government
By differentiating with respect to y of (y), we can obtain
the following:

Frontiers in Public Health

10.3389/fpubh.2023.1253247

dF(y)7(1_2 )* x*(—Cb—Rb)+Z*(Cl*f—Cs)+x
dy 4 *Z*(Cr+(1_f)*C1—f*C1)+Rb

MakeM(x,zf)_[x*(_Cb Ry)+z*(Cr*f-Cy) R}

+x*z*(Cr (1-f)=C - *Cl
ar(y) _,

As a stable strategy, y should satisfy F'(y) =0, and ——=
dy

When M(x,z,f) =0,

et o Ry —z*( C* f=Cy) F
2#(Cr+ (1= f)*Cr=f+C)=(Cp +Ry)

which means that all points on the Y-axis are in a stable state, and the
strategy choice of the government does not change with time.

M(x,zf)iO, x=x
—Ry—z#( Cp* f—Cy)
z#(Cr+(1-f)*Cr = f*C1)—(Cp + Rp)

time, the stable state of the government needs to discuss f in

When # . At this

different cases.

Corollary 2: Under the case of the probability of media reporting
correctly is high. If the probability of the enterprise adopting “green
technology innovation” strategy is low, the probability of the government
choosing “regulation” is stable at 1. On the contrary, if the probability of
the enterprise choosing “green technology innovation” is high, the
probability of the government choosing “regulation” is stable at 0.

aM(XZ,f)_ _l_'_Z*Cr_(Cb‘*'Rb)
Ox 2 2#z%(Cy
—(Cb +Rb) aM(x,Z,f) <0

2%z%C; ox

Proof: When =0, f . When

1 zxC,
>—+
s 2

M(x,zf)

is a subtraction function. Thus, when

“Ry—zx(Cr*f—Cy)

0 ,
<x<z*(Cr+(1—f)*C1—f*C1)—(Cb+Rb)

M(x,z,f)>0,

dar(y)
dy

ar(y)

>0,
dy

y=0

<0, y=1is the evolutionary stable point;

YRy -z (Crxf-Cy)

L,
z#(Cr+(1- 1 )*C,—f*C,)—(C,,+R,,)<x<

when

dF(y)
dy

ar(y)

Q
DR

y=0

M(x,zf) <0,

> ( y=0is the evolutionary
y=1

stable point.

+—(Ch+Rp)

*C,
To sum up, when f>l+z
2% z%(Cy

, the reaction

function of the probability of the government choosing “regulation”
strategy y is as follows:

—Rp—z*( Cr* f=Cy)
2x(Cr+ (1= f)*Cr= f+C)—(Cp + Rp)
—Rb—Z*(Cl*f—CS)
z#(Cr+(1-f)*Cr—f*Cr)—(Cp+Ry)
—Rb—Z*( C]*f—CS)
z#(Cr+(1=f)*Cr = f*Cr)—(Cp + Ry)

1 if0<x<

y=1[0.1] if x=

<x<l

US4
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FIGURE 2
Dynamic evolution trend of enterprise strategy.

o

At this time, the dynamic evolution trend of government
“regulation” strategy is shown in Figure 3.

Corollary 2 shows that under a rational and fair new media
environment, media reports emphasize on facts and are more
authentic and reliable. At that time, if enterprise gains economic
benefits at the expense of the environment and chooses to employ
traditional technology, the government would actively regulate to
fulfill its responsibilities and avoid reputation damages; however, if
enterprise adopts green technology innovation, the government will
reduce the intensity of regulation because it can obtain good
environmental benefits without doing anything.

Corollary 3: Under the case of the probability of media
reporting correctly is low. If the probability of the enterprise
adopting “green technology innovation” strategy is low, the
probability of the government choosing “regulation” strategy is
stable at 0. On the contrary, if the probability of enterprise green
technology innovation is high, the probability of government
regulation is stable at 1.

1 Z*Cr—(Cb+Rb)

Proof: When <=+
2 2% z%(Cy

oM (x,z,
% >0, M (x,z ’f) is an increasing function.
—Ry _Z*( G *f_CS)

z#(Cr+(1=f)*Cr=f*Cr)—(Cp+ Ry

Thus, when 0 < x <

M(x,zf)<0,dL(y) N M >0, y=0 1is the
dy y=0 dy y=1
evolutionary stable point; when
—Rb—z*(Cl*f—Cs) <x<l,M(x,z,f)>O,

z#(Cr+ (1= f)*Cr— f*C)=(Cp + Ry)

()

& <0, y=11is the evolutionary stable point.

y=l

>0)dF7(y)
dy

»=0

1 Z*Cr—(cb+Rb)
To sum up, when f<E+T*C1

function of the probability of the government choosing “regulation”

, the reaction

strategy y is as follows:
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Ry —z*( Cp* [ —Cy)
z#(Cr+ (1= f)*Cr— f*C1)—(Cp +Ry)
. Ry —z*( Cp* f—Cy)

=101 =

y=alol] i z#(Cr+(1-f)*Cr—= f*C1)—(Cp+ Rp)
7Rbfz*(C1*f7CS)

z#(Cr+(1=f)*Cr=f+Cr)—(Cp + Ry)

0 ifl0<x<

<x<l

L

At this time, the dynamic evolution trend of government
“regulation” strategy is shown in Figure 3.

Corollary 3 shows that the governments behavior in a media
environment with distorted reports is completely opposite to that in a
fair media environment. When an enterprise carries out green
technology innovation, the government tends to choose regulation to
avoid serious reputation loss. This situation is extremely unfavorable
to social and economic development, which may cause the mutual
trust between enterprise and the government to be lost and even cause
unnecessary social unrest. Therefore, it is extremely necessary to
create a rational and fair media environment.

4.2.1.3 Stability of the public
By differentiating with respect to z of (z), we can obtain
the following:

a’F(z)_(1_22)*[{*(@+Ce_+(1—f)*Rp)}
dz x*y*Co—Cp+Rp* f

Make dF (z) :(1_22)*[)/*(@+Ce+(1—f)*Rp)]

dz —x*¥y*Co—Cp+Ry* f

dF
As a stable strategy, z should satisfy F'(z) =0, and # <0.
z
When N(x,y,f) =0,

oo _V¥(Co+Co+(1-f)*Ry)=Cp+Ry* [ F
B y*C, ’

(z) =0,

X=X
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which means that all points on the Z-axis are in a stable state, and the
strategy choice of the public does not change with time.
When N (x,/)#0, x= X

y#(Cs+Co+(1=f)*Ry)=Cp+ Ry * [
*

, at this time, the
y*Ce

stable state of the public needs to discuss f in different cases. By

Cp—y*(Cs+Ce+Ry)
(1-y)*R,

x>0, it can be obtained f >

Corollary 4: Under the case of the probability of media reporting
correctly is high. If the probability of the enterprise adopting “green
technology innovation” strategy is low, the probability of the public
choosing “supervision” strategy is stable at 1. On the contrary, if the
probability of enterprise green technology innovation is high, then

the probability of public supervision is stable at 0.
Cp—y*(Cs+Ce+Ry)

ON

L W) g,
(1-»)*R, ox

N (x,y,f) is an increasing function. Then, the proof process is based

Proof: When f >

on Corollary 2, which is omitted here, that is, when

Cp—y*(Cs+Ce+Rp)
(1=)*R,

of the public choosing “supervision” strategy z is as follows:

f>

,the reaction function of the probability
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| l_f0<x<y*(cs+Ce+(1—f)*Rp)—cp+Rp*f
y*Ce
2= doa) lﬁ:y*(cs+ce+(1-f)*R,,)-cp+Rp*f
y*Ce
0 l,fJ/*(Cs+Ce+(1—f)*Rp)—Cp+Rp*f<x<1
y*Ce

At this time, the dynamic evolution trend of public supervision is
shown in Figure 4.

Corollary 4 shows that under a rational and fair new media
environment, media reports are more authentic and reliable. Hence,
while enterprise chooses “green technology innovation” strategy, the
public can obtain high environmental benefits even if it does nothing.
In this case, the public tends to choose not to supervise. On the
contrary, when an enterprise chooses “traditional technology”
strategy, the public will suffer serious environmental losses and choose
to supervise.

From the above analysis, it can be found that the behavioral
strategy of enterprise, the government, or the public is not
directly made by an independent subject but depends on the
strategic choices of the other two subjects. Meanwhile, the
accuracy of media reports plays an important role in this process.
This also reflects the necessity of studying the cooperation among
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enterprise, the government, and the public in the new media _aF(x) 6F(x) 6F(x)
environment for the formation of green technology innovation. o ay P
ail a2 a3
1| FW) F(y) OF()|_

_ - = "o o 5 || 92
4.2.2 Evolutionary stability of green technology a1 ap  az
innovation system OF(z) oF(z) OF(z)

In combination with Equations 1-3, the replicator dynamic | oOx oy oz |
equation of green technology innovation system under a new media
environment can be determined as shown in Equation 4:
« B —(1-
y*(Rb+Cb)+Z* /B ( f)
*By + [ * By _(l_f)*Br
d(x) ajp=(1-2x)*

F(x)——=x*(C1 —Cx)=x*(l—x)*

()

+y*z*[Br+B,+(1—f)*B,—f
y*(Rb +Cb)+z*(

*Br+(1—f)*Bl—f*B;J+R_C
f*B—-(1-1)
*Bl+f*Br_(1_f)*Br

+y*Z*[Br+Bl+(1—f)*Br_f ]R—C a12=x*(1—x)*[Rb+Cb+z*
*B.+(1=/)* B~ f*Bi +Ce (B +Bi+(1=f)*Br = f % B+ (1= f)*Bi— f % B |
PO) =5 =y(61-G,)=3+(1-)

X (-Cp—Ry)+2#(C¥ [~ C) v frB=(-1)e B+ /B -(1-1)
e I o v

=z*(Fi—Pz)=z*(1—z)*

d
d(1)

=y*(l—y)*|(-Cp—R z#(Cr+ (1= F)*C) - f*C
|:y* Cs+Ce+(1—f)*Rp)—x*y*Ce—Cp+Rp*f:| =y ( y) |:( b b)+ ( +( f) 1=f l)j|

x#(=Cp—Rp)+z+( Cr* f = Cy) }

azz=(1—2y)*{+x*z*(cr+(1_f)*c1_f*cl)+Rb

The key to evolutionary equilibrium analysis is to analyze the
evolutionary equilibrium strategy of the system @ (39). Make F(x) =0,
F(y)=0, and F(z)=0, eight pure strategy equilibrium points of the
system can be obtained (40): E,(0,0,0), E,(1,0,0), E;(0,1,0), E,(0,0,1),
Es(1,1,0), Es(1,0,1), Ex(0,1,1), Es(1,1,1).

According to Friedman et al. (41), the stability of the strategy
equilibrium point can be obtained by analyzing the characteristics

a23=J/*(1—y)*[(Cl*f—Cs)+x*(Cr+(1—f)*Cl—f*Cl)J

as| :z*(l—z)*[—y*Ce]
of its Jacobian matrix. Therefore, the partial derivatives of F(x),
F(y), and F(z) with respect to x, y, and z could be obtained

as follows: azg =z#(1-2) [ (G + Co+ (1= f)* Ry )~ x*C, |
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Equilibrium A A2 A3 Stability conditions
E1(0,0,0) R-C R, (+) Rp*f-Cp Instability point
E2(1,0,0) C-R -Cb Rp*f-Cp C<R; Rp*f<Cp
E3(0,1,0) Cb-C+R+Rb (+) -Ry Ce-Cp+Cs+Rp Instability point
E4(0,0,1) R-Br-C-B, + 2%BI*f + 2%Br*f Rb-Cs+CI#f Cp-Rp*f RBr-CBl+ 280+ 22 Brf<0;

Rb-Cs + CI*f< 0; Cp-Rp*f<0
E5(1,1,0) C-Cb-R-Rb Cb (+) Cs-Cp+Rp Instability point
B, + B, + C-R-2*B/*f-2*B,*f< 0;

E5(1,1,0) By +B, +C-R-2*B*f-2*B*f Cr-Cy+C-C-CHf C, R f Cr-C, +C-C-Crf< 0;

C,-R,*f<0
E7(0,1,1) Bl+Br-C+Cb+Ce+R+Rb(+) Cs-Rb-CI*f Cp-Ce-Cs-Rp Instability point

C-B,-B-C}-C,-R-R;, < 0;

Ey(1,1,1) C-B,-B-Cy-C.-R-R, Cy-C-C, +C, +C*f C,-C-R, Cy-C-C, +C, + Ci*f< 0;

C,-C-R, <0

a3z =(1-2z)* y*(CS+Ce+(1_f)*RP)
—x¥y*Co—Cp+Rp*f

According to Lyapunovs first rule (42), if the pure strategy
equilibrium point in the three-subject game of enterprise, the
government, and the public is ESS, the characteristic roots of its
corresponding Jacobian matrix should be less than 0. The stability
analysis of the eight pure strategy equilibrium points is shown in Table 3.

Obviously, since the characteristic root 42 of the pure policy
equilibrium points E,(0,0,0) and Es(1,1,0) is bigger than 0, these two
equilibrium points are unstable points. According to R>C, the
characteristic A1 of E;(0,1,0) and E,(0,1,1) is positive, so they are not
evolutionary equilibrium strategies either. Therefore, we only need to
consider the remaining four scenarios. In other words, if the
equilibrium points E,(1,0,0), E4(0,0,1), E¢(1,0,1), or Eg(1,1,1) are
evolutionary stable strategy, it should meet the following requirements:

(1) when C<R, -C, <0 and R,*f< C,, (1,0,0) is ESS.

(2) when R-B,-C-B, +2*B/*f+2*B,*f< 0, R, -C, + C*f< 0 and C,-
R,*f<0, (0,0,1) is ESS.

(3) when B, + B, + C-R-2*B£-2*B,*f< 0, C; -C, + C, -C, -C*f< 0 and
C,-R,*f<0, (1,0,1) is ESS.

(4) when C-B-B-C, -C-R-R, <0, C, -C; -C, + C, + C*f<0 and C,-
C-R, <0, (1,1,1) is ESS.

5 Numerical simulation

The above evolutionary equilibrium analysis shows that the
behavioral strategies of enterprise, the government, and the public are
not only influenced by their own internal benefits and costs but also
influenced by the external new media environment. To further visually
demonstrate the strategic choices of enterprises, governments, and the
public under the new media environment, this study finally selects
heavily polluting enterprises as simulation objects by summarizing a
large number of literature, conducting field interviews with
enterprises, and listening to expert suggestions. In addition, MATLAB
software was used to simulate four possible evolutionary equilibrium
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strategies of the green technology innovation system in the new media
environment to further explore the influence of changes in the values
of internal and external parameters on the system evolution trajectory.
It should be noted that the initial value of each parameter only reflects
the sensitivity relationship between the strategy of the game player
and related factors, which is a reflection of the relationship, not the
real data in reality.

5.1 Numerical simulation of (1,0,0) scenario

When C<R, -C, <0 and R,*f<C,, (1,0,0) is ESS. That is to say,
when the incremental benefits of green technology innovation are
greater than the innovation costs, enterprise will choose green
technology innovation according to the principle of profit
maximization. When government regulation needs to give green R&D
awards to enterprise, the government chooses no regulation. When
the costs of public supervision are greater than the green utility
brought by new media, the public will choose no supervision. Under
this scenario, point (1,0,0) is an evolutionarily stable strategy, which
means that after repeated games, enterprise tends to green technology
innovation, the government tends not to regulate, and the public
chooses no supervision.

The evolution path was further clarified by numerical simulation.
According to the conditions of (1,0,0) evolution equilibrium, the
relevant parameters are set as follows: Cb=10; Rb=12; Cs=20;
R0=30; R=11; C=6; Re=10; Rs=12; Be=12; Bs=14; Cp=7; Ce=§;
Cr=10; Cl=15; Bl=18; Br=14; Rp=12; f=0.45.First, the influence of
random initial probability on the evolutionary equilibrium strategy
(1,0,0) is verified, which is shown in Figure 5. As shown in the figure,
the initial probability values will affect the speed at which enterprise,
the government, and the public approach the equilibrium state (1,0,0)
but do not affect the result of the system evolution, that is, as long as
meet the C<R and R,*f< C, < Cp parameter condition, the three-
subject game would evolve to the stable strategy state of (enterprise
green technology innovation, the government no regulation, the
public does not supervise).

(1,0,0) is an evolutionary equilibrium strategy in a super ideal
state that enterprise spontaneously carries out green technology

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1253247
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Liu et al.

10.3389/fpubh.2023.1253247

FIGURE 5
Effect of initial probability on (1,0,0).

innovation under no government regulation, no public supervision,
and no media participation. However, it can be seen from the above
theoretical analysis that green technology innovation has double
externalities and is difficult to form spontaneously; thus, the
equilibrium state is easy to change with the change of external
conditions, and it can be inferred from the conditions of equilibrium
that the change of the accuracy of new media reports may break this
equilibrium. Figure 6 verifies the influence of the change of f value
(f=0.45, f=0.6, f=0.9) on the evolution equilibrium strategy (1,0,0).
It can be seen that, with the increase of funtil it is beyond the range,
enterprise and the government still maintain the original strategy,
but the public’s strategy choice changes (Rp*f<Cp is no longer
valid), and the equilibrium point of the system will evolve from
(1,0,0) to (1,0,1).

It further shows that a fair and just media environment can bring
the value guidance of green concept to the public, so as to guide the
public to actively participate in the ranks of enterprise
behavior supervision.

5.2 Numerical simulation of (0,0,1) scenario

When R-B-C-B, +2*B*f+2*B,f<0, R,-C, +C/*f<0 and C,-

cC _ _
R,*f<0, namely —Z < f < min 1, _C-R , s~ Ry ,(0,0,1)
R, 2 2+(B.+B) G

is ESS, that is, under the media environment, enterprise tends to
choose the traditional technology when the benefits of green
technology innovation are less than traditional technology; the
government is inclined to not regulate when the reputation loss of
non-regulation is small, and the green subsidies given to the public are
greater than the fines to the traditional technology enterprise of
regulation; the public chooses to supervise when the green utilities
brought by new media environment are greater than the costs
of supervision.

The evolution path was further clarified by numerical
simulation. According to the conditions of (0,0,1) evolutionarily
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FIGURE 6
Effect of media report accuracy rate f on (1,0,0).

stable strategy, the relevant parameters are assumed as follows:
C, =10; R, =12; C; =20; R, =30; R=7; C=6; R, =10; R, =12;
B.=12; B, =14; C, =5 C,=8; C, =10; C, =15 B, =18 B, =14;
R, =12; f=0.45. First, the influence of random initial probability
on the evolutionary equilibrium strategy (0,0,1) is verified, which
is shown in Figure 7. It is obvious that the initial probability values
will affect the speed of each subject approach to the equilibrium
state but do not affect the result of the system evolution, indicating
that as long as the parameter conditions of R-B-
C-B, + 2*B/*f + 2*B,*f< 0, R,-C, + C/*f< 0, and C,-R,*f< 0 are meet,
the three-subject game would evolve to (0,0,1) evolutionary
equilibrium strategy.

The ESS of (0,0,1) is ineffective and harmful to the public
welfare—the government neglects to regulate and the public
supervises actively but cannot reverse enterprise traditional
technology behavior. However, as can be seen from the
equilibrium satisfying conditions, R-B,-C-B; + 2*B/*f+ 2*B,*f< 0,
Ry-C, + C*f< 0 and C,-R,*f< 0 may no longer hold as the new
media environment changes. Figure 8 verifies the influence of the
change of fvalue on (0,0,1) when other conditions are unchanged.
It can be found that when fis too small (f=0.2), C,-R,*f< 0 is no
longer true, and the evolutionary equilibrium strategy of the
system evolves from (0,0,1) to (0,0,0). However, as f increases
(f=0.5, f=0.9), the system may evolve to a better equilibrium state
of (1,0,1) or (1,1,1).

It shows that the authenticity of media report is very important.
Whether the public chooses to supervise or not depends on the value-
leading role of media opinion; media reports can influence corporate
profits through reputation mechanism, thus forcing enterprises to
change from traditional technology to green technology innovation.
A relatively fair new media environment will also increase the
reputation losses caused by government’s non-regulation, so that the
government will choose to regulation to maintain a good social image.

Further shows that the opinion of new media environment has the
important influence to enterprise, government, and the public. A fair
media environment can restrict the traditional technology of
enterprise and the unregulated behavior of the government. At the
same time, the improvement of the correct rate of media reports will
promote the public to supervise.
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FIGURE 7
Effect of initial probability on (0,0,1).
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FIGURE 8
Effect of media report accuracy rate f on (0,0,1).

5.3 Numerical simulation of (1,0,1) scenario

When B; +B, +C-R2*Bf-2*Bf<0, C-C, +C-C-Cf<0
and CrRyf<0, namely
max _Pll+ C-R 1 Cs+GCp =Cr <f<1,(1,0,1)1s

R,'2 2%(B.+B) C

ESS, that is to say, under the new media environment, when an
enterprise choosing green technology innovation could obtain more
benefits than traditional technology, enterprise tends to green
technology innovation; when the net benefits of government regulation
are negative and the loss values are higher than the reputation losses of
no regulation, the government is inclined to not regulate; when the
green utilities are greater than supervision costs, the public chooses to
supervise. (1,0,1) is a good evolutionary stable strategy that new media
reports and public supervision promote enterprise green technology
innovation in the absence of government regulation.

The evolution path was further clarified by numerical simulation.
According to the conditions of (1,0,1) evolutionarily stable strategy,
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FIGURE 9
Effect of initial probability on (1,0,1).

FIGURE 10
Effect of media report accuracy rate f on (1,0,1).

the relevant parameters are set as follows: Cb=10; Rb=12; Cs=20;
R0=30; R=11; C=6; Re=10; Rs=12; Be=12; Bs=14; Cp=15; Ce=§;
Cr=10; Cl=15; Bl=18; Br=14; Rp=15; f=0.45. First, by verifying the
influence of random initial probability (Figure 9), it is found that the
initial probability only affects the speed of system evolution but not
the evolution result. Then, the influence of the accuracy rate f of new
media reports (Figure 10) is verified. It can be seen that, as f gradually
increases within the value range (f=0.45, f=0.9), the green technology
innovation system evolves to the stable state (1,0,1) at a faster speed.
However, as f becomes smaller and smaller (f=0.35, f=0.25, f=0.1),
Bl+Br+ C-R-2*BI*f-2*Br* f< 0, CI-Cb + Cr-Cs-Cl* f< 0,and Cp-Rp*f< 0
no longer hold anymore, and the system may evolve to (0,0,1), (0,0,0),
or (0,1,0) bad equilibrium strategies.

This indicates that in the process of green technology innovation,
the authenticity of new media reports is an important influencing
factor. The more trueful the media report is, the easier the evolution
stable strategy (enterprise green technology innovation, government
non-regulation, public supervision) can be facilitated. However, if the
authenticity of media reports declines, the opinion environment that
is difficult to distinguish between truths and falsehoods not only
confuses the public and disturbs the judgment of the government but
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also enhances the motivation of enterprise to “pollute first and treat
later;” which will have a negative impact on the green technology
innovation system.

5.4 Numerical simulation of (1,1,1) scenario

When C-B-B-C,-C,-R-R, <0, C,-Cr
C+C+CY<0(0<f< (-G +C+C, +C)/C),and C,-C-R, <0, (1,1,1)
is ESS, that is to say, when the profits of enterprise green technology
innovation are greater than traditional technology production under
the condition of government regulation and public supervision, the
difference between government regulation costs and the reputation
rewards is less than the reputation losses of no regulation; when the
sum of green utilities and government subsidies of public supervision
is greater than the supervision costs, the stable strategy of enterprise,
the government, and the publicis x=1, y=1,and z=1.

The evolution path was further clarified by numerical simulation.
According to the conditions of (1,1,1) evolutionarily stable strategy,
the relevant parameters are assumed as follows: Cb=10; Rb=12;
Cs=20; R0=30; R=11; C=6; Re=10; Rs=12; Be=12; Bs=14; Cp=5;
Ce=8; Cr=20; Cl=22; Bl=18; Br=14; Rp=12; f=0.45. First, by
verifying the influence of random initial probability (Figure 11), it is
found that the initial probability only affects the speed of system
evolution but not the evolution result. Then, the influence of the
accuracy rate f of new media reports (Figure 12) is explored. Under
this condition, the strategy evolution of enterprise or the public is not
affected by the correct rate of media reports. Whether enterprise
chooses green technology innovation or not depends on the
incremental benefits and costs of green technology innovation as well
as the influence of media opinions, and the public makes a strategic
choice by weighing whether the green utilities could make up for the
supervision costs, while the governments strategy choice will
beaffected by f. When fis small (f=0.2, f=0.45), Cb-CI-Cr + Cs + CI*f< 0
is still true, indicating that media misreporting increased the
reputation losses of the government. When f increases until it goes
beyond the range(f=0.6, f=0.9), the reputation losses caused by media
misreporting of government non-regulation gradually decrease, while
the government regulation costs remain unchanged, the government
will change from regulation to non-regulation, and the evolutionary
stable strategy of (1,1,1) may eventually evolve to (1,0,1).

Further shows that false media information leads to the
government regulation low efficiency or even ineffectiveness and
waste regulatory resources. The fair and just new media environment
has a certain replacement effect on government regulation, that is,
when the public actively participates in supervision and the media
reports have a high accuracy rate, even if the government chooses not
to regulate, enterprise will still choose to green technology innovation.

6 Discussion and conclusion
6.1 Discussion

Green technology innovation has recently become a popular
research topic. Wang et al. (43) explored the role of environmental

regulation on the diffusion of green technology innovation from the
perspective of supply and demand. Dong et al. (44) analyzed the
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Effect of media report accuracy rate f on (1,1,1).

impact of factors such as digital integration and green knowledge
collaboration ability on digital green technology innovation from a
quantitative perspective. Yin et al. (45) used stochastic differential
game to study the sharing of low-carbon technologies between
dominant and inferior firms in collaborative innovation systems.
Compared with the above literature, the novelty of this study is
reflected in the following aspects: First, the research perspective is
more novel, and the research perspective of this study focuses on
the media attention. At present, most articles on enterprise green
technology innovation ignore the influence of media coverage,
especially the influence of media report accuracy rate on green
technology innovation. Therefore, the research perspective of this
study is innovative and groundbreaking. Second, the research
method is more novel, and this study adopts the evolutionary game
method. In contrast to the method of differential game, which
emphasizes the impact of short-term decisions, evolutionary game
is a method of studying dynamic games using evolutionary ideas,
focusing more on the process and outcome of long-term evolution.
Green technology innovation, as an ecosystem engineering
involving multiple agents, has a relatively complex strategy
evolution and is a strategic equilibrium achieved by the continuous
evolution of enterprises. Therefore, the method of evolutionary
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game is more applicable. Third, the research level is more
comprehensive and in-depth. Since both the government and the
public have important influences on enterprises’ green technology
innovation and cannot be ignored, this study discusses the mutual
influences among the relevant interest subjects of the government,
enterprises, and the public based on system thinking. At the same
time, previous studies only abstractly analyzed the evolutionary
equilibrium strategy of the system, but this study also takes heavy
polluting enterprises as an example to conduct numerical
simulation after the evolutionary equilibrium analysis, so as to
further intuitively demonstrate the evolutionary trajectory of the
system strategy.

6.2 Conclusion

Based on perspective of stakeholders and evolutionary game
theory, this study constructs a tripartite evolutionary game model of
enterprise-government-public under the new media environment to
analyze the equilibrium stabilities of relevant subjects and the
influence of media reports, as well as simulate the possible
evolutionary stable strategies in the green technology innovation
system. The results show that:

(1) As a new social supervision channel, media play an important
role in the green technology innovation system. New media reports
can effectively reduce the information asymmetry between enterprise
and their stakeholders. At the same time, the reputation pressure
brought by media reports could have a great impact on the decision-
making of enterprise, the government, and the public.

(2) Whether enterprise, government, or the public, its strategy
stability relies on the strategic choices of the other two subjects, and
the accuracy of new media reports plays an important role in this
process. This also reflects the necessity of studying the cooperation
among enterprises, government, and the public in the new media
environment for the formation of green technology innovation.

(3) Under the new media environment, enterprise-government-
public tripartite game system may have four evolutionary stable
strategies: (1,0,0), (0,0,1), (1,0,1), and (1,1,1). The evolution results
not only depend on the internal benefits and costs of the three
subjects but also are affected by the reputation of external new
media reporting.

(4) The numerical simulation of the evolutionary stable strategy
shows that the change of the initial probability value of each subject
only affects the speed but not the result to the system evolution, and
the authenticity of new media reports is an important factor to affect
the evolution of green technology innovation system. A fair and just
new media environment can effectively constrain enterprise
traditional technology behavior, guide the public to actively participate
in and play certain role in replacing

supervision, a

government regulation.

6.3 Managerial implications
Green technology innovation is very important as a strategic basis

to solve the dilemma of green economy development and
environmental protection. This study reveals the interactive process
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of green technology innovation-related subjects under the new media
environment, which can provide some enlightenment for promoting
green technology innovation of enterprises. How to exert the influence
of the medias public opinion to regulate the behavior of the
government, enterprises, and the public will be an important
breakthrough in promoting green technology innovation. First of all,
the public and the new media, as “third party supervisors,” should
establish an overall view of social governance, improve their sense of
social responsibility, and consciously participate in the supervision of
enterprise and government behavior. Second, the government should
make great efforts to develop new media to make it become an
effective supplement and support for government regulation; and
establish a government-media information-sharing platform to realize
information interaction and transparency among the public, the
government, and new media. Finally, the new media itself should
abide by professional ethics, take rigorous scientific attitude and
knowledge as a basis of reporting, and make use of and rely on
Internet technology to provide ways and means for public supervision
in the process of enterprise green technology innovation, so as to
further promote the realization of the dual goals of economy
and ecology.

6.4 Practical and social implications

This study has important theoretical and practical significance.
Based on the reality of China and the background of green sustainable
development and the significant constraints of natural resources and
environment faced by Chinese enterprises, this study deeply discusses
the evolutionary balance strategy of green technology innovation
system under the new media environment. This study not only
provides a different perspective from the existing literature to analyze
the formation of green technology innovation and enrich the relevant
theories of media environmental governance but also provides ideas
for manufacturing enterprises to adjust the decision-making behaviors
related to green technology innovation under the new media
environment. It is of great reference value to establish an
environmental governance system jointly governed by the
government, enterprises, the public, and the media.

6.5 Limitations

Although this study has achieved its intended objectives,
deficiencies remain that are worthy of attention. This study only
focuses on the impact of the correct rate of new media reports on the
strategies of enterprise, the government, and the public. However, as
a rational person who focuses on obtaining economic benefits, the
new media may conspire with the government and enterprise, which
is not taken into account in this study. Therefore, subsequent research
will try to further explore other possible relationships among new
media, the government, and enterprise, so as to provide more accurate
reference for realizing the good evolution of green technology
innovation system.

Remarks

@ Replicator dynamic equation is the core concept of the
evolutionary game, which is used to express the dynamic differential
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equation of the probability of an agent choosing a certain strategy in
a group. The expression is as follows: f(a) =d(x)/d(t) =a*(U1-Ua).

@ Evolutionarily stable strategy (ESS) is a kind of equilibrium
strategy that the bounded rational subjects in the population
constantly adjust their strategies according to their vested interests
to seek improvement of their own interests and finally realize. This
more benefits to the than

strategy brings population

other strategies.
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