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ARTICLE INFO ABSTRACT

Handling editor: Raf Dewil Many countries in the world have pledged to achieve net-zero emissions goals, implementing a range of relevant
policies. As the key implementers in these initiatives, the collaboration between government and enterprise is
crucial for the realization of net-zero emissions goals and better sustainable environment. However, the het-
erogeneous interests of these stakeholders often lead to a game. This research constructs an evolutionary game
model to analyze the interactions between government and enterprises, utilizing field studies from China and
extensive literature review, to illustrate the behavioral strategies and game dynamics of the two parties. The
results show that optimal outcomes are achieved when the government effectively engages enterprises, who in
turn actively participate in these initiatives. In addition, this study explores how adjusting game parameters,
optimizing the distribution of costs and benefits, and establishing incentive-compatible mechanisms can align the
strategic behaviors of both parties towards a more stable equilibrium. This approach facilitates a more organic
collaborative governance for better sustainable environment, which has proved fundamental for the robust
implementation of net-zero emissions policies. The insights provided in this research broaden the theoretical
boundaries of climate governance and policy implementation, providing practical guidelines for policy imple-
menters engaged in net-zero emissions and sustainable environment.
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1. Introduction world’s second-largest economy and the top carbon emitter, China’s

pledge to achieve net-zero emissions goals by 2060 is a significant step

Climate change is increasingly evolving into a serious crisis with
profound implications for the future development of humankind (Karl
and Trenberth, 2003). This evolving crisis is characterized by the
frequent occurrence of extreme and abnormal weather events such as
cold waves, hurricanes, torrential rains and floods, and high tempera-
ture heat waves, causing irreversible harm to the environmental sus-
tainability, and making human living conditions increasingly harsh
(Romanello et al., 2021). In this context, net-zero emissions has been
gaining international consensus as a policy orientation that can signifi-
cantly mitigate climate warming effects (Tan et al., 2024). Many coun-
tries in the world have committed net-zero emissions goals. As the

forward in global climate governance (Udeagha and Muchapondwa,
2023; Dong et al., 2024). This commitment is projected to reduce global
temperature increases by approximately 0.2-0.3 °C, contributing sub-
stantially to the efforts to control the 1.5 °C warming limit (CAT, 2023).
As in many countries, China has implemented a “1+N” net-zero emis-
sions policy framework to guide its efforts (Zhou et al., 2022). Consid-
ering the challenge of net-zero emissions goals, numerous policy
documents in China emphasize the promotion of collaborative gover-
nance through a “government-led and enterprise-participation”
approach.

The implementation of net-zero emissions policies positions
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governments as both the policymakers and the subjects, while enter-
prises are typically the objects of these policies. In practice, the gov-
ernment often requires enterprise to implement net-zero emissions goals
through various regulatory policy (Davidson et al., 2021; Zhao et al.,
2022). In general, the primary measures for enterprise to decarbonize
include purchasing decarbonization equipment, strengthening decar-
bonization technological innovation, reducing production capacity, and
eliminating high-carbon industries (Enkvist et al., 2008; Begg et al.,
2018; Kim et al., 2022; Anderson et al., 2023), all of which would in-
crease costs or reduce profits. In this scenario, enterprises, primarily
driven by short-term profit motives, may show reluctance to actively
pursue decarbonization. This divergence in objectives between gov-
ernments, which aim for net-zero emissions, and enterprises, which seek
immediate financial returns, can sometimes manifest as strategic in-
teractions (Gajdzik et al., 2023), particularly evident in our field study
within Chinese enterprises. Unfortunately, despite the significance of
these interactions, the literature lacks an in-depth discussion of the
dynamics and internal mechanisms of this strategic interplay within the
context of the policy implementation to net-zero emissions goals.

In light of these considerations, this study addresses critical research
questions concerning the mechanisms and behavioral logic underlying
the interactions between governments and enterprises in the imple-
mentation of net-zero emissions policies. Specifically, it examines how
organic collaborative governance can be achieved between these en-
tities. Utilizing an evolutionary game theory approach, this study ana-
lyzes the heterogeneous interests, strategy choices, and behavioral
interactions within the context of China’s net-zero emissions policy.
Additionally, we explore the influence mechanisms of government-
enterprise collaboration and propose optimization strategies for effec-
tive governance. This approach not only aims to integrate administrative
and social resources more effectively but also accelerates the achieve-
ment of net-zero emissions and sustainable development globally. The
contributions of this study are threefold: (1) It expands our under-
standing of net-zero emissions governance, with a focus on China but
applicable globally. (2) It provides empirical evidence and mathematical
support for government-enterprise collaboration in this context. (3) It
offers optimization strategies that could inform practitioners and poli-
cymakers engaged in enhancing collaborative environmental and
climate governance.

2. Literature review

Since the introduction of net-zero emissions, many scholars have
been at the forefront, conducting early exploratory research on the
policy implementers of net-zero emissions and their collaboration
(Williams et al., 2021; Davidson et al., 2021). It is widely acknowledged
by both academics and policymakers that countries around the world
are facing significant challenges and difficulties in implementing pol-
icies to net-zero emissions (Liu et al., 2022). Under the traditional
monocentric governance paradigm, a single government often struggles
to address these challenges effectively (Carlisle and Gruby, 2019).
Therefore, enterprises, as direct producers of carbon emissions, should
and must become active participants in the implementation of these
policies (Song and Long, 2022). More importantly, enhancing the
collaborative governance between government bodies and businesses is
essential to effectively implement net-zero emissions policies and to
truly improve their effectiveness (Jimenez, 2019; Wu et al., 2023).
Although the existing literature acknowledges the importance of
collaboration between government and enterprise in implementing
policies of net-zero emissions (Zhou and Qian, 2022), it often overlooks
the heterogeneous interests of these stakeholders and the strategic
games (and potential conflicts) that may arise from their interactions. In
contrast to Western countries where the policymaking stage is often
deemed most critical, in China, policy implementation is the more
crucial phase of the policy process, serving as the primary arena where
implementers engage and strategize in their interactions (Wu and Yang,

Journal of Environmental Management 373 (2025) 123765

2017).

In response to China’s inclusion of net-zero emissions into its “central
and provincial ecological environment protection inspections” policy,
and influenced by the hierarchical authority structure and the “pres-
surized system” (Rong, 1998), governments at all levels in China are
under great pressure to implement the policy of net-zero emissions. This
pressure therefore induces various levels of government to elevate—-
from top to bottom—the standards of net-zero emissions goals, ulti-
mately transferring the pressure of decarbonization on enterprises. As
China is still in the nascent stages of implementing its net-zero emissions
policy, the product price signals are insufficient to internalize the
external cost of carbon emissions. Additionally, the industrial chain has
yet to evolve into a competitive market structure based on carbon
emissions, leading to relatively high costs for enterprises initiating
emissions reductions and a constraint on enterprise profits. As a result,
there is less incentive for enterprises to actively promote the policy
implementation of net-zero emissions. Accordingly, in the face of
net-zero emissions pressure transferred by the government, enterprises
often adopt a variety of formal and informal gaming strategies to bar-
gain with the government, such as “selective implementation”, “sym-
bolic decarbonization”, ‘“campaign carbon emission reduction”,
“inter-enterprise conspiracy”, etc. (Xu and Xu, 2021; Teng and Xie,
2023; Lan and Zhang, 2024), thus reducing or delaying their decar-
bonization responsibilities.

In general, although the existing literature involves the investigation
of net-zero emissions policy implementers and their collaboration, it
mostly focuses on the importance of the collaboration of policy imple-
menters, but fails to systematically explain and discuss the mechanisms
underlying the game of interests and collaboration between the gov-
ernment and enterprise. Furthermore, there is a notable deficiency of in-
depth exploration, particularly concerning the practical policy imple-
mentation of China’s net-zero emissions goals. In fact, in the field of
policy implementation to net-zero emissions, the government and en-
terprises poses numerous heterogeneous interests. It is thus imperative
for scholars to clarify the intrinsic mechanisms of their interactions,
grounded in these heterogeneous interests, to identify the conditions
necessary for organic collaboration. To address this gap, this study es-
tablishes an evolutionary game model of government and enterprise
based on field study and literature research. With the help of mathe-
matical modeling and deduction, it reveals the internal dynamics of the
game of interests between the two sides, thereby identifying the pre-
requisites for achieving organic collaboration between them.

3. Method and model

The evolutionary game theory provides the best analytical basis for
examining the interactions and dynamic evolution of multiple actors
(Friedman, 1998; Zhang et al., 2023b). By utilizing evolutionary game
theory to analyze the game of interests and conditions for collaboration
among policy implementers is both scientific in theoretical methodology
and has obvious analytical advantages (Bardach, 1978; Zhou et al.,
2023).

3.1. Game parties and model assumptions

The game involves two parties: the government and the enterprise.
The former encompasses governmental and administrative departments
at all levels (denoted by a); while the latter refers to enterprises directly
producing carbon emissions (denoted by b). Both parties involved in the
policy implementation game operate under bounded rationality; that is,
while they aim to maximize their respective interests, they do not
exhibit “complete rationality” as described by Schmidt (2004). Instead,
their decisions are influenced by factors such as incomplete information,
limited cognitive capacity, and constraints related to time and cost. This
makes the bounded rationality model particularly suitable for analyzing
the strategic interactions between governments and enterprises.
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First, governments at all levels aim to achieve their net-zero emis-
sions goals timely in order to avoid accountable issues and potentially
receive performance appraisals and administrative awards. To this end,
the government strives to build social consensus and enhance collective
identity by actively encouraging enterprise to participate in governance
(Pestoff and Hulgard, 2016). This approach not only reduces the gov-
ernment’s costs associated with implementing net-zero emissions pol-
icies and compensates for public governance shortcomings but also
leverages the market efficiency advantages of enterprise participants.
Furthermore, the inclusion of the enterprise to collaborate in the pro-
motion of net-zero emissions policy serves as an important mechanism
for improving legitimacy (S¢rensen and Torfing, 2009) and deepening
democracy (Fung and Wright, 2003).

Second, the enterprise seeks to maximize its profitability as an in-
dependent legal entity within the legal framework. They recognize that
implementing net-zero emissions policies will likely increase the short-
term costs of the enterprise (e.g., the cost of purchasing decarbon-
ization equipment and strengthening technological innovation) while
also decreasing profits of the enterprise (e.g., the reduction of produc-
tion capacity or the elimination of high-carbon industries). Conse-
quently, enterprises (particularly non-public ones) prefer that the net-
zero emissions goals set by the government will be as low as possible,
and as slow as possible. They also aim to communicate their challenges
and hardships to the government to ensure understanding and poten-
tially secure a reduction or postponement of their net-zero emissions
goals. Notably, enterprises are more likely to actively respond to gov-
ernment initiatives and reduce emissions under the following two cir-
cumstances: (1) if the government introduces financial and tax
incentives to promote the policy implementation of net-zero emissions
(André and Valenciano-Salazar, 2022), or (2) if carbon emissions are
effectively reflected in product pricing influencing market competition
(Zhou and Qian, 2022).

3.2. Evolutionary game model construction

Public policy implementation often involves extensive bargaining
and trade-offs among multiple stakeholders (Zhao, 2022). Consequently,
policy implementers, including governments representing public in-
terests and enterprises representing private interests, frequently engage
in strategic games (Bardach, 1978; Bevan and Hood, 2006). Given this
context, many scholars advocate the use of evolutionary game theory as
a crucial theoretical and methodological tool for analyzing the in-
teractions between governments, enterprises, and other policy actors
(O’Toole Jr, 2000; McGill and Brown, 2007; Ding and Wei, 2023). The
use of evolutionary game strategy and parameterization offers a valu-
able approach for analyzing decision-making process in real-world sit-
uations (Madani, 2010). Consequently, this article presents authentic
scenarios derived from field study and literature research, which are the
most common and effective methods used in academia (Sandholm,
2020; Zhou et al., 2023).

For the field study component, semi-structured interviews were
conducted with government and enterprise employees, as well as
detailed examination of the documents and materials referenced in the
interviews. This included 23 government officials from departments
such as development and reform, ecology and environment, market
regulation, industry and information, energy, transportation, housing
and construction, natural resources, agriculture and rural areas, etc.;
and 27 enterprise employees from industries including energy, petro-
chemicals, iron and steel, transportation, construction, and agriculture,
respectively. The field study aimed to focus on the initial attitude,
strategy evolution and final decision-making process of both parties
regarding the net-zero emissions goals and its policy implementation.

In terms of literature research, this study systematically reviewed
existing literature related to the implementation of net-zero emissions
policies. A total of 290 core journal articles, research reports, govern-
ment news and enterprise summary materials were analyzed. The
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purpose of the literature research was to focus on the strategic choices,
decision-making motivations, realistic considerations, cost investments,
and expected benefits associated with the government and enterprises as
they navigate the policy implementation of net-zero emissions goals.

Informed by the insights gathered through both the field study and
literature research, this study defines the strategic options available to
the government and enterprises involved in the game. The government’s
game strategy is categorized as either “positive absorption” or “negative
absorption”, representing proactive or reluctant engagement in collab-
orative climate governance, respectively. Concurrently, the strategies
for enterprises are defined as “active response” or “passive response,”
indicating the level of their participation in achieving net-zero emissions
goals (Fig. 1).

In describing the role of the government, the term (1) “positive ab-
sorption” refers to a shift away from traditional bureaucratic norms and
the entrenched “subject-object” relationship in governance. Instead, it
embraces a collaborative approach, encouraging active participation
and integration of enterprises in policy implementation. Under this sit-
uation, the government actively engages or absorbs enterprise to
participate in the implementation of net-zero emissions policy, facili-
tating their shift from passive to active decarbonization strategies. Un-
doubtedly, once the “subject-object relationship” between the
government and the enterprise is weakened, the government will no
longer overemphasize its domination and control over the object of
governance (enterprise). On the contrary, the government tends to give
enterprise a certain degree of autonomy to decarbonize, which is more
conducive to the formation of a collaborative governance relationship
between the two parties.

Conversely, (2) “Negative absorption” indicates the government’s
reluctance or refusal to positively engage enterprise to participate in the
implementation of net-zero emissions policies, nor does the government
seek collaborative governance support from the enterprise. This kind of
“negative absorption” also includes scenarios where the government
might engage in symbolic, selective, or alternative forms of absorption,
despite higher-level directives encouraging active engagement. This
strategy reflects a governmental stance that does not positively support
collaborative governance, potentially leading to less effective policy
implementation. It is assumed that the proportion of the government
choosing “positive absorption” is x = x(t), while the proportion of
“negative absorption” is 1 — x =1 — x(t).

In terms of enterprise strategy: (1) “active response” denotes that
enterprises are willing to actively respond to the government’s absorp-
tion behavior and voluntarily implement the net-zero emissions policy.
From the field study it has been indicated that enterprises predomi-
nantly choose this active response strategy for two main reasons: first,
the enterprise intends to actively fulfill their social responsibility of
decarbonization by proactively implementing the government’s net-
zero emissions policy, which not only improves their market and soci-
etal reputation but also enhances their standing with the government;
secondly, active engagement allows enterprises to better communicate
their demands to the government in order to seek an appropriate
reduction of its decarbonization goal, or more convenient access to the
government’s financial subsidies and administrative recognition.

On the other hand, (2) “Passive response” means that the enterprise
is unwilling to actively implement the government’s net-zero emissions
policy, and has no intention of collaborating with the government to
promote the policy implementation. Many enterprise managers
explained during interviews that a “passive response” often serves as
both a strategy for bargaining over decarbonization terms and reflects
an ongoing strategic game between enterprise and the government, as
well as reflects the reason why both sides are playing the game in the
first place. They point out that in the initial stages of China’s net-zero
emissions policy implementation, the financial incentives and tax ben-
efits of the net-zero emissions policy conducted by the government are
not sound, and at the same time, carbon emissions have not yet been
embedded into the products, prices, and or competitive market
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structures. This leads to insufficient incentives for many enterprises to
decarbonize. From a practical point of view, non-public enterprises,
especially those sensitive to decarbonization, tend to choose a “passive
response” strategy in the short term. Assuming that the proportion of the
enterprise adopting the “active response” strategy is y = y(t), then the
proportion of those choosing the “passive response” strategy is1 — y =

1— y(t).
4. Results

The results of the study encompass four main areas: (1) parameter
setting and game matrix, (2) the dynamic game evolution between the
government and enterprises, (3) the trends in the game strategies of the
two sides, and (4) analysis of the stability and result of the evolutionary
game system.

4.1. Parameter setting and game matrix

Informed by the field study and literature research, we established
the parameters and game matrix based on principles of scientific accu-
racy and objectivity (Weibull, 1997; Zhang et al., 2023a).

4.1.1. Parameter setting
Based on the model assumptions in the previous section, our
approach aims to maintain simplicity and analyzability, ensuring that

the game parameters align with both theoretical logic and practical
application (Zhou et al., 2023). Ultimately, this study defines a total of
10 game parameters, as outlined in Table 1.

4.1.2. Game matrix

Based on the above identified game strategies and parameters of both
parties, this study constructs a game matrix for the government and
enterprise interactions. To facilitate the analysis and discussion, “a” is
used to denote the government and “b” is used to denote the enterprise
(Table 2).

Firstly, when the government opts for “negative absorption” and the
enterprise for “passive response”, neither side is interested in collabo-
rating on net-zero emissions policy implementation. However, similar to
many countries, China has continued to advance its environmental
governance and decarbonization policies even before the introduction of
the “1+N” net-zero emissions policy framework. Since 1992, China has
evolved through various stages of decarbonization policy development,
including: sustainable development, energy savings and emission re-
ductions, new industrialization, scientific development concepts, a
resource-saving and environmentally friendly society, the carbon mar-
ket, the circular economy, the ecological civilization, beautiful China, a
comprehensive green transformation, and finally, achieving net-zero
emissions (Fig. 2). It is worth noting that many of the previous policy
measures remain active, such as the strengthening of “dual control” over
total energy volume and intensity, requiring all listed enterprises to
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Table 1
All parameters in the evolutionary game model.
No. Parameters Strategies Definitions
Government Enterprise
Positive absorption Negative absorption Active response Passive response
1 M [ ] [ ] Benefits of the government
2 N [ ) ) Benefits of the enterprise
3 A ) o Costs of the government
4 B ) o Benefits of the enterprise
5 C [ ] ) Benefits of the government
6 D [ ) [ ) Costs of the enterprise
7 A ) [ Costs of the government
8 D; () () Costs of the enterprise
9 P [ ) [ ) Benefits of the government
10 Q ) ) Benefits of the enterprise

Notes: “@” denotes the strategy chosen by both sides in the game.

Table 2
Game matrix between the government and enterprise.

Game party “b” (Enterprise)

Active response Passive
O response (1 — y)
Game party “a” Positive M—-A +P,N- M-AN+B
(Government) absorption (x) Di+Q
Negative M+ C,N-D M, N

absorption (1 — x)

comply with carbon disclosure requirements, and controlling fossil en-
ergy consumption. Additionally, various incentive policy instruments
are still in force, including carbon emissions trading markets, carbon
taxes, carbon subsidies, green investment and financing, clean energy
allowances, etc. Thus, even without active government absorption of the
enterprise in the policy implementation of net-zero emissions, existing
policies continue to exert influence. For the enterprises that choose the
“passive response” strategy, they are still obliged to meet the minimum
decarbonization goals due to ongoing policy mandates. Through the
process of phasing out high-carbon industries and enhancing clean en-
ergy development and decarbonization technology innovation, enter-
prises can benefit from financial subsidies and market advantages such
as carbon trading revenues, enhanced reputation for fulfilling social
responsibilities, and increased market competitiveness. This study uses
M and N to denote the benefits of both sides when the government
chooses the strategy of “negative absorption” and the enterprise selects
the strategy of “passive response”, respectively.

New Industrialization

Secondly, when the government selects “positive absorption” and the
enterprise opts for “passive response”, the government incurs certain
costs, such as administrative resources and financial funds, to actively
absorb and involve the enterprise. In the policy implementation of net-
zero emissions, enterprises are often the object of policy implementation
or, alternatively, the target of the decarbonization regulation. Particu-
larly for many non-public enterprises, the initial costs and profit impacts
of decarbonization often make them reluctant to actively implement net-
zero emissions policies at this early stage. Consequently, it becomes
relatively difficult for the government to positively absorb the enter-
prise, and the costs of investing in administrative resources and financial
funds are inevitably higher. However, it is undeniable that once the
government engages in “active absorption”, increasing its investment
costs, the enterprises stand to benefit accordingly. In summary, this
study uses A and B to denote the government’s investment costs and the
enterprise’s benefit. Therefore, under this strategy combination, the
benefits to the government and enterprise are M—A and N+ B,
respectively.

Thirdly, the combination where the government opts for “negative
absorption” and the enterprise opts for “active response” illustrates still
different dynamics. The government may resist involving enterprises
due to traditional governance models that emphasize the distinction
between “the subject and the object of governance” and a performance-
oriented “short-termism” that diminishes the appeal of long-term ben-
efits. However, enterprises may still choose an “active response” despite
the government’s “negative absorption”. This independence stems from
ongoing obligations under existing decarbonization policies and a strong
sense of social responsibility or strategic foresight into the future

Circular Economy
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competitiveness of their products linked to carbon emissions. Thus, even
if the government is disengaged, enterprises driven by their own
agendas can still advance their decarbonization efforts. In this scenario,
we use D to denote the cost of the enterprise’s “active response”, with no
additional cost to the government, which benefits from the enterprise’s
proactive stance in net-zero emissions policy implementation, denoted
by C. Therefore, the benefits to the government and the enterprise under
this strategy are M + C and N — D, respectively.

Lastly, that the ideal scenario occurs when both the government opts
for “positive absorption” and the enterprise opts for “active response”.
Undoubtedly, this is the most desirable combination of strategies for
both sides, and it is likely to occur in the middle and late stages of the
evolutionary game, i.e., in the mid-to-late stages of net-zero emissions
policy implementation. Here, both sides will incur costs, with the gov-
ernment’s costs, denoted as Aj, being higher than its cost in scenarios
involving the enterprise’s “passive response”. In general, A; is greater
than A. Similarly, the enterprise’s cost, Dy, is greater than D at this point.
In addition, the benefits of both the government and enterprise under
this strategy combination are represented by P and Q, respectively. As a
result, the benefits to the government and enterprises under this com-
bination of strategies are M — A; + P and N — D; + Q. With the gradual
implementation of the “1+N” net-zero emissions policy, the govern-
ment’s fiscal and tax incentives will become more sound, and simulta-
neously carbon emissions will also inevitably be embedded into the
products, prices, and market competition of the enterprise. At this time,
the probability of the government choosing “positive absorption” and
the enterprise selecting “active response” increases significantly, and
both parties will realize that investing more costs than A; and Dj in the
process of net-zero emissions policy implementation will result in more
benefits than P and Q. This scenario fosters a virtuous circle of where
increased investment by both sides leads to greater benefits, thus
enhancing the propensity for further cost investment and facilitating the
organic collaboration between the government and enterprise in the
implementation of net-zero emissions policy.

4.2. Dynamic game evolution

In the process of evolutionary games, both government and enter-
prise learn and imitate continuously. They dynamically adjust their
behaviors according to each other’s strategic choices, which in turn af-
fects the dynamic evolutionary trends in the game, reflecting a contin-
uous interplay that shapes the progress and outcomes of the game
strategies. This section provides a detailed examination of how both
parties adjust their behaviors and strategies over time, underscoring the
fluid and interactive nature of the evolution game in policy imple-
mentation contexts.

4.2.1. Dynamic game evolution of the government

As for the dynamic evolution of the game party “a” (government),
the benefits of the strategies of “positive absorption” and “negative ab-
sorption” are as follows:

Up =(M—A +P)y+(M—-A)(1-y) @

Uy ,=M+Cy+M(1-y) 2

The average benefits of adopting the strategies of “positive absorp-
tion” and “negative absorption” by the government are:

U,=U, -x+U, - (1-x)
=[M—-A1+P)y+M-A)1-y)] - x+[M+C)y+M(1-y)-(1-x)
= —A1xy +Pxy —Ax+Axy +Cy —Cxy+M
3)

If U,, > Uy, it can be concluded that the strategy of “positive absorption”
can bring above-average benefits, and the proportion x of “positive ab-
sorption” increases over time, while U, < U, means that the proportion
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of “positive absorption” decreases over time. At this time, x = x(t)
evolves according to the direction determined by the following repli-
cation differential equation:

Gx) = X x(v,, - W)

=x(—A1y+Py+M—A+Ay+Axy —Pxy+Ax —Axy — Cy+ Cxy — M)
=x(1-x)[(P+A—-A; —C)y—A]
4
The steady-state value describes the level at which the government
chooses the strategy of “positive absorption” through dynamic evolu-
tion, denoted as x". At this point, & = 0 must be satisfied. Two possible
steady-state outcomes, x* = 0 and x* = 1, are solved by equation (4).

4.2.2. Dynamic game evolution of the enterprise

As for the dynamic evolution of the game party “b” (enterprise), the
benefits of the strategies of “active response” and “passive response” are
quantified as follows:

Us, = (N—Di +Qx+ (N-D)(1-x) ®)

Uy, , =(N+B)x+N(1-x) 6)

The average benefits of adopting “active response” and “passive
response” are as follows:

Uy=Us,-y+ U, - (1—y)
=[(N-D1+Q)x+(N-D)(1-x)]-y+[(N+B)x+N(1-x)]- (1 -y)
= —D;xy+ Qxy — Dy +Dxy +Bx —Bxy+N

)

The differential equation for the enterprise is:

d —

GW) :d—{: (Us, — Tp)
=¥(—D1x+Qx+N—D+Dx+D;xy — Qxy +Dy—Dxy — Bx+Bxy —N)
=y(1-y)[(Q+D—D; —B)x—D]

(€]

As shown in the equation, y” is used to represent the proportion to which
the enterprise replicates the dynamic stable state. y* must satisfy G(y) =
% = 0. According to equation (8), y* = 0 and y* = 1 are two possible
stable states.

4.3. Trends in the game strategies

In the following, the trends of game strategies of the government and
the enterprise will be analyzed separately.

4.3.1. Trends in the game strategies of the government
According to dynamic equation (4), let G(x) = %; the first derivative
is:

G'(x)={x(1-x)[(P+A—-A, —Q)y—-A]}’
_ 9
=[(P+A—-A;—-C)y—A](1-2x)

Wheny =575
stable. In this case, the replication dynamics of the government are

shown in Fig. 3 (a). It suggests that when the enterprise chooses “active
response” in proportion to there is no difference in benefits

there is always G(x) = 0; that is, all x levels are

between the government’s two strategies of “positive absorption” and
“negative absorption”; namely, all x levels are at the stable state for the
government.

When y > 57— x" =0 and x" =1 are two possible stability
points of x. Due to G'(1) < 0, x" = 1 is the stable evolutionary strategy,
and the replication dynamics of the government are shown in Fig. 3 (b).
This suggests that when the enterprise chooses the strategy of “active

response” at a higher ratio than PM%H, the government will gradually
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Fig. 3. Government replication of dynamic phase diagram.

change from “negative absorption” to “positive absorption”; namely,
under these conditions, the government is inclined to absorb enterprises
as the policy implementers of net-zero emissions.

Conversely, when y < 54—, x" = 0 and x" = 1 again emerge as
two possible stability points of x. Because G'(0) < 0, x* = 0 is the stable
evolutionary strategy, and the replication dynamics of the government
are shown in Fig. 3 (c). This indicates that if the enterprise chooses the
strategy of “active response” at a lower ratio than m, the gov-
ernment strategy will gradually change from “positive absorption” to
“negative absorption”. In this scenario, the government does not favor
absorbing the enterprise as the policy implementer of net-zero
emissions.

4.3.2. Trends in the game strategies of the enterprise
According to dynamic equation (8), G(y) = ‘;—}t’; the first derivative is
defined as:

G'(y)={y(1-y)[(Q+D~D, —Bjx D]}’ ao
=[(Q+D—D; —B)x—DJ(1-2y)

_ D
When x = DD P
stable. As shown in Fig. 4 (a), when the government chooses the strategy

of “positive absorption” in proportion to there is no difference

there is always G(y) = 0; that is, all y levels are

D
QDD B
in benefits between the enterprise’s two strategies of actively and
passively responding to the government’s absorption behavior; namely,
all y levels are stable in the enterprise.

When x > 55%—5, ¥ =0 and y" =1 are two possible stability

points. Due to G(1) < 0, as shown in Fig. 4 (b), y* =1 becomes the
stable evolutionary strategy for the enterprise. That is, at this time, when
the government chooses the strategy of “positive absorption” with a
ratio higher than W, the enterprise will gradually shift from
“passive response” to “active response”. Under these circumstances,
“active response” is the stable evolutionary strategy of the enterprise,

b A dy &
dt (0,1) (1,1) E 0,1)

signaling the enterprise’s greater willingness to actively implement net-
zero emissions policies. At this time, if the government is more positively
supportive of the “active response” of enterprise, it will further increase
the willingness of enterprises to collaborate, thus making them more
proactive in promoting the policy implementation of net-zero emissions.
In this case, the enterprise and government will gradually converge on
their net-zero emissions goals.

Conversely, when x < ﬁ, dueto G(0) < 0,y" = 0 becomes the

stable evolutionary strategy of the enterprise. In this situation, as shown
in Fig. 4 (c), when the government chooses the strategy of “positive
absorption” with a ratio lower than ﬁ, the enterprise will grad-
ually shift from “active response” to “passive response”; namely, “pas-
sive response” is the stable evolutionary strategy of the enterprise,
indicating a reduction in their active engagement in net-zero emissions
initiatives.

4.4. Stability and results of evolutionary game system

In this section, the study delves into two critical aspects of the
evolutionary game system: (1) the analysis of its stability, and (2) the
examination of how game parameters influence the outcomes. This
approach provides a comprehensive understanding of the dynamics
within the system.

4.4.1. Stability of evolutionary game

The stable state of the evolutionary game model indicates a scenario
where the proportion of strategies between the game parties remains
consistent, and their replication behavior is in a balanced state (McGill
and Brown, 2007). The steady state value is denoted as x* and y’.
Equations (4) and (8) describe the dynamic replication equations of the
evolutionary game model, and the five equilibrium points (x,y) can be

solved as follows: O (0, 0), R(0,1), T(1,0), S (1,1), V <ﬁ,

ay a
(L) g LoD (1,1

7~ "\

(0,0) (1,0) g (0,0)
(@)

(1,0) > (0.0) (1,0) >

©

Fig. 4. Enterprise replication of dynamic phase diagram.
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A
P+A-A,—C )*

Friedman (1991) suggested that the stability of the partial equilib-
rium point of a group dynamic system, as described by a system of dif-
ferential equation, can be obtained by using a Jacobian matrix. The
analysis of the Jacobian matrix’s partial stability can determine the
stability of the equilibrium points of the group dynamic system
described by formulas (4) and (8). The determinant and its trace of the
Jacobian matrix corresponding to these two formulas are respectively:

0G(x) 0dG(x)
| ox ay _ 0G(x) | 9G(y)
De(J) = Gl 9GY) and Tr(J) = o +—ay
0x ay

As shown in Table 3, only 2 equilibrium points of the evolutionary
game system have partial stability; that is, the stable evolutionary
strategies of the system are O (0,0) and S (1,1). In this case, the gov-
ernment chooses the strategy of “negative absorption”, and the enter-
prise selects the strategy of “passive response”. Alternatively, the
government selects the strategy of “positive absorption”, and the en-
terprise choose to “active response” to the government’s absorption
behavior in the process of net-zero emissions policy implementation.
Moreover, the evolutionary game system also has two unstable equi-

librium points R (0,1) and T (1, 0), and one saddle point V (Q

D
+D—D; —B’
A
P+A-A;—C |*

The replication dynamics between the government and enterprise is
depicted in Fig. 5, further illustrating the stability dynamics. And the
evolution of the game system hinges on the initial proportion x; of
“positive absorption” by the government and the initial proportion y, of
“active response” by the enterprise. That is, the initial state of the game
system determines its final convergence direction. For example, if the
initial state (xo,yo) is located in the ORVT quadrilateral, the system will
converge to the stability point O (0,0) of the ESS system, where both
parties adopt “negative absorption” and “passive response”. In contrast,
if the initial state (xo,yo) is within the RSTV quadrilateral, the system
will converge to stability point S (1,1). In the end, this will evolve into a
situation where the government will choose the strategy of “active ab-
sorption”, while the enterprise will also be engaging in “active response”
to the absorption behavior, collaboratively promoting the policy
implementation of net-zero emissions.

4.4.2. Moderating effects of game parameters on the game results

As can be seen from the analysis of the stability, the game behavior of
the government and enterprise depends on their initial strategic choices.
By modifying game parameters that influence initial values, the area of
RSTV can be expanded, reducing the ORVT region, thereby steering the
evolutionary game system towards the most favorable equilibrium state,
S, with the highest probability.

Table 3
Results of partial stability analysis for the equilibrium points.

Equilibrium point De Tr Partial stability
(@)} )]

0 (0,0) + - Evolutionary stable strategy
(ESS)

R(0,1) + + Unstable

T (1,0) + + Unstable

S (1,1) + - Evolutionary stable strategy
(ESS)

D - 0 Saddle points
(Q +D-D,-B
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Fig. 5. Dynamics and stability of the government and enterprise.
(1) Parameters A and D

Parameter A represents the government’s investment when it choo-
ses the strategy of “positive absorption” and the enterprise selects
“passive response”. While D indicates the cost to the enterprise when the
government chooses the strategy of “negative absorption” and the en-
terprise prefers “active response”. At the saddle point V, both A and D act
as numerator and denominator. Firstly, in terms of the numerator, when
the A and D are increased, both lead to a larger value of the horizontal
and vertical coordinates of the saddle point V, i.e., this expansion in-
creases the area of the ORVT region while decreasing the RSTV region,
favoring the evolutionary game system’s progression towards the ESS
stabilization point O. Second, with regard to the denominator, take D as
an example, D is the additive number in the horizontal coordinate of the
saddle point V. It is found that Ap, a simultaneous change in the
numerator and denominator, does not have an inverse effect on the final
result of the fractional equation, i.e., an increase in D will make the
horizontal coordinate of the saddle point V larger, and this result is the
same as that of the numerator analysis alone. Similarly, the vertical
coordinates of saddle point V will become larger when A increases. In
other words, the results of both numerator and denominator analysis
show that when A and D increase, the horizontal and vertical co-
ordinates of saddle point V will increase. At this time, the saddle point V
will move to the upper right, and the area of ORVT will increase, while
the region of RSTV will decrease. Accordingly, the game system evolves
into a strategic combination of “negative absorption” by the government
and “passive response” by the enterprise.

(2) Parameters P and Q

These two parameters represent the benefits of the two game parties
when the government positively absorbs the enterprise to collaborate in
the policy implementation of net-zero emissions and the enterprises
respond proactively. Both the horizontal and vertical coordinates of the
saddle point V decrease when P and Q increase. At this time, the saddle
point will move to the lower left, i.e., the area of the ORVT decreases,
and the region RSTV increases. As a result, the probability of the game
system evolving to the ESS stabilization point S (1, 1) increases. In other
words, the game system will evolve into a strategic combination of
“positive absorption” by the government and “active response” by the
enterprise. In this case, the government and enterprise will form a
virtuous circle of mutual promotion: the government actively absorbs
the enterprise — the enterprise actively response to the policy
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implementation of net-zero emissions — the effectiveness of the net-zero
emissions policy is improved — the willingness and motivation of both
parties to collaborate in the policy implementation of net-zero emissions
will be stronger. At this point, the two sides will be transformed from a
game to a collaboration. This transformation can maximize the organic
collaboration between the government and enterprise, thus realizing a
win-win situation for the policy implementation of net-zero emissions.

(3) Parameters Aj, D7, B and C

A; and D; denote the investment costs of the two game parties when
the government chooses the strategy of “positive absorption” and the
enterprise selects the strategy of “active response”, respectively. B is the
benefit to the enterprise when the government chooses “positive ab-
sorption” and the enterprise prefers “passive response”. C, in turn, rep-
resents the benefit to the government when it is negatively absorbing,
and the enterprise is actively engage in the process of net-zero emissions
policy implementation. When A;, D;, B and C increase, the horizontal
and vertical coordinates of saddle point V are both larger, i.e., saddle
point V will move to the upper right, the area of ORVT will increase, and
the region of RSTV will decrease. Accordingly, the game system will
gradually converge to the ESS stabilization point O (0,0). That is, the
game system will eventually evolve strategy combinations in which the
government chooses “negative absorption”, and the enterprise selects
“passive response” in the face of collaborative implementation of the
net-zero emissions policy. Obviously, this will impede the realization of
collaborative governance and may even become an obstacle to the
policy implementation of net-zero emissions.

5. Discussions

This section investigates the dynamics of evolutionary game theory
in the context of two-party collaboration, focusing on (1) the effect of
gaming behavior on collaboration between two parties, (2) the role of
cost-benefit mechanisms in government-enterprise interactions, and (3)
the development of incentive-compatible mechanisms that facilitate a
shift from game-based dynamics to organic collaboration.

5.1. The effect of gaming behaviour on two-party collaboration

The results indicate that adjusting game parameters significantly
influences the evolution and convergence of the game system. This in-
fluence mirrors the distinct game logics and behavioral motivations of
the government and enterprises. During the implementation of net-zero
emissions policies, if one party exhibits a non-cooperative or passive
stance, achieving the desired policy benefits becomes challenging—even
if the other party bears greater costs. Under such circumstances, the
investment by one party does not elicit a constructive response from the
other, hindering the creation of economies of scale and collaborative
impacts essential for effective policy implementation. Moreover, if this
misalignment continues, it can exacerbate negative influences on the
behavior of both parties. Economically, substantial scale effects and
benefits are more likely when all stakeholders demonstrate a proactive
and collaborative investment behavior. Conversely, relying on the uni-
lateral cost investments of one party rarely yields optimal economic
returns or policy outcomes. Notably, persistent lack of reciprocal ben-
efits can lead a party to progressively diminish its investment, adversely
affecting the long-term sustainability of net-zero emissions policies.

This is particularly evident in the beginning stages of the imple-
mentation of the net-zero policy. Initially, the high costs of decarbon-
ization may lead enterprises to passively respond to government
initiatives (Zhou and Qian, 2022). Over time, as the government in-
troduces more policy tools and fiscal incentives and a competitive
market environment emerges based on carbon emissions, enterprises are
more likely to adopt an “active response” strategy. This shift facilitates
the convergence towards the ideal ESS stabilization point, where the
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government opts for “active absorption” and enterprises engage
actively. This optimal strategic alignment not only maximizes benefits
for both parties but also fosters organic collaborative governance,
enhancing the overall effectiveness of net-zero emissions policies.

5.2. Mechanisms of cost-benefit on government-enterprise collaboration

As can be seen from the moderating effects of game parameters, the
cost and benefit under any kind of strategy choice is an important
dependent variable affecting the game and the collaboration between
the government and enterprise. Existing studies have also shown that
the imbalance of cost-benefit expectations is an important reason for the
obstruction of policy implementation (Zhou et al., 2023). The game
parameters are precisely the costs and benefits of the government and
enterprise in the policy implementation of net-zero emissions. The
adjustment of these game parameters will lead to the imbalance of the
cost-benefit expectation of the game parties, which in turn produces the
policy implementation obstruction and impacts the organic collabora-
tion between the government and enterprise. Similarly, Bardach (1978)
found that in many of the policy implementation game process, the
policy implementers are trying to maximize the benefits and minimize
inputs, which easily produces a cost-benefit imbalance in expectation. In
the process of net-zero emissions policy implementation, the objective of
the game between the government and enterprise is to get a greater
benefit with the lowest cost (or even no cost). Therefore, they all try to
be a “free-rider” (Olson Jr, 1971) and thus reduce their own costs.
Nonetheless, this will prevent a more equitable and sustainable collab-
orative implementation of net-zero emissions policies in the long run.

By adjusting the costs and benefits, it is more conducive to the
realization of the evolutionary equilibrium and organic collaboration
between the two parties (Zhou et al., 2023). Here, the cost-benefit
adjustment of different game parameters is a matter of cost-benefit
distribution between the government and enterprise in the process of
net-zero emissions policy implementation. That is, a more optimized
adjustment mechanism for the distribution of costs and benefits between
the two sides will better promote the organic collaboration between the
two parties. To identify the distribution of costs and benefits between
the two sides, it is essential to first clarify the behavioral preferences of
the government and enterprise, since the preferences affect and deter-
mine the investment costs of both parties. Subsequently, the benefits of
policy actions based on their different preferences should also be
analyzed, so as to better realize the organic collaboration between the
two sides.

In general, there is a difference between the preferences of govern-
ment and enterprise, and it is this difference that leads to the evolu-
tionary game between the two sides in the process of net-zero emissions
policy implementation. Fortunately, the results of the evolutionary
game show that preferences do not always make the government and
enterprise naturally opposed to each other. As long as the internal
motivation of such preferences is clarified, the preferences of both sides
can be gradually converged, thus resulting in organic collaboration and
the sustainable development targets of public policies will be more
readily realized (Florini and Pauli, 2018). In fact, when there are dif-
ferences in preferences regarding net-zero emissions policy imple-
mentation, this may lead to a game of interests between the two sides,
but it is not necessarily entirely counterproductive to the collaboration
between the government and enterprise. In this study’s Chinese field
work, it was found that this situation is likely to be a “pre-psychological
battle” between the two sides at the beginning of the policy imple-
mentation of net-zero emissions, where each side may be testing the
other’s behavioral responses and cost investments. On the contrary,
even if it is not the case, this divergence of preferences is not difficult to
resolve. Once the government can actively absorb the enterprise to
implement the net-zero emissions policy, it is often possible to transfer
the preferences of both sides (and the motivation for their preferences)
into the process of policy implementation. As long as net-zero emissions
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policies are implemented, the divergence of preferences between the
government and enterprise will continue to be addressed, which in turn
continually tends to the organic collaboration between the two parties.

As the government official responsible for the policy implementation
of net-zero emissions stated, “the government should widely absorb the
enterprise to implement the net-zero emissions policy, and when the enterprise
is substantially involved, many problems will no longer be ambiguous.
Consequently, many problems of divergent preferences and games of interests
will be effectively resolved”.

In other words, once the government continuously absorbs the en-
terprise to jointly implement the net-zero emissions policy, it can bring
the divergence of preferences between the two sides into the process of
policy implementation and policy optimization, so as to actively seek the
“greatest common denominator” of cost-benefit between the govern-
ment and enterprise. In this way, the overall benefit effect can be
improved through Pareto improvement (Couckuyt et al., 2014), and the
divergence of preferences and the game of interests between the two
sides can thus be minimized. Consequently, the organic collaborative
governance between the government and enterprise can be gradually
realized.

5.3. Incentive-compatible mechanism: from evolutionary game to organic
collaboration

In the evolutionary game of net-zero emissions policy implementa-
tion, if the government can establish more incentive-based institutional
arrangements and policy tools for enterprise — In accordance with the
principle of incentive compatibility (Akcay and Roughgarden, 2011;
Stephan et al., 2019) — It can significantly improve the utility function
of both parties, and thus better realize the organic collaboration of the
government and enterprise. Following this logic, the government needs
to move from a gradual reduction of traditional mandatory decarbon-
ization regulations to an incentive-based collaborative guidance. More
specifically, the government should shift from administrative compul-
sion to administrative service and market mechanism, from
subject-centrism to object-centrism, and from management-centrism to
service-centrism (Zhou and Qian, 2022). Admittedly, in the initial stage
of net-zero emissions policy implementation, the government does need
to fully rely on the top-down hierarchical organization to ensure the
decarbonization of high-energy-consuming and high-emission enter-
prise through political mobilization, administrative decree and policy
regulation. However, as the implementation process of net-zero emis-
sions policy progresses and carbon emissions are gradually decoupled
from economic development, the regulatory approach adopted in the
past will have to be progressively shifted to incentive compatibility.

Many public policy practices have long shown that the consistent
reliance on the government’s monocentric governance will hardly ach-
ieve its established policy goals but may instead create more obstacles to
policy implementation (Berardo and Lubell, 2019). Therefore, the future
direction of the net-zero emissions policy implementation paradigm
must be to gradually shift from policy regulation to incentive compati-
bility. In this shifting process, the government needs to make full use of a
series of non-compulsory, market-based incentive mechanisms to pro-
mote enterprise’s self-awareness in practicing the concept of green and
low-carbon development, voluntarily progressing the enterprise’s
decarbonization agenda. In fact, this paradigm shift can be understood
as a kind of incentive for the policy implementation of net-zero emis-
sions for enterprises. As long as this shift can produce more non-coercive
market instruments, then it will certainly be able to incentivize the au-
tonomy, initiative and motivation of the enterprise to decarbonize. If the
government makes such incentives more visible through written con-
tracts, including tax design, financial subsidies, economic support and
other policy tools, it brings the public and enterprise back into gover-
nance (Archon, 2015). It is clear that in the field of net-zero emissions
policy implementation, these visible, incentive-compatible mechanisms
will be more effective in achieving organic collaborative governance
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between the government and enterprises for better sustainable
environment.

6. Conclusions

Both government and enterprise are important policy implementers
of net-zero emissions. However, the heterogeneous interests of both
parties inevitably lead to a game of interests. This study has systemati-
cally explored the strategic interactions between government and en-
terprise in the context of net-zero emissions policy implementation. It
has uncovered the internal mechanisms of these interactions and out-
lined how they can evolve from competitive games to collaborative
governance. The findings demonstrate that optimal outcomes are real-
ized when government initiatives actively engage enterprises, which in
turn respond positively, aligning their interests with policy goals. By
adjusting game parameters and optimizing cost-benefit distributions
through incentive-compatible policy arrangements, the study shows that
it is possible to achieve a stable state of collaborative governance. These
strategies not only promote more effective policy implementation but
also foster a sustainable partnership conducive to achieving net-zero
emissions.

This research substantiates the feasibility and necessity of collabo-
rative governance within the framework of net-zero emissions policy
implementation. As we advance in the global green transition, it be-
comes increasingly important to envision how governance models might
adapt to enhance policy effectiveness. Future models should emphasize
the collaborative efforts of multiple stakeholders to address the complex
challenges posed by environmental and climate policies. Although this
study quantifies the game of interests between the government and
enterprise, revealing the ideal conditions for the realization of organic
collaboration that may expand theoretical knowledge on collaborative
governance and inform global net-zero emissions efforts, it has limita-
tions. First, the evolutionary game matrix employed is a simple 2*2
model, which may not capture all complexities. Secondly, the focus on
the intrinsic mechanism and conditions for collaboration meant less
attention was paid to simulating evolutionary game outcomes. Future
research could employ more complex evolutionary game matrices and,
at the same time, simulate the results with the help of software such as
MATLAB to further validate and enrich the research in this field.
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