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Abstract: To address the complexities of national park management within China, this study investi-
gated the evolutionary game between central and local governments in the context of Sanjiangyuan
National Park, to explore strategic behavior and goal displacement issues. This research dissected
the interplay and strategy evolution between governmental levels, considering the diverse interests,
policy interpretations, and resource allocations that often lead to strategic misalignments. Employing
an evolutionary game theory framework, we integrated a literature review and numerical simulations
to delineate the dynamics of central-local governmental interactions. Our results underscore the piv-
otal role of strategic alignment in ensuring ecological conservation and socioeconomic development.
The findings reveal that under certain conditions, characterized by minimization of rent-seeking
behavior, cost-effective management, and risk mitigation, an evolutionarily stable strategy promoting
optimal park management can emerge. This study concludes that a cooperative framework, under-
pinned by aligned incentives and strategic coherence between governmental levels, is critical for
sustainable management of national parks. It contributes to understanding of governance models
in national parks, offers insights into policy formulation and implementation within the ongoing
environmental reform initiatives in China, reveals the behavioral strategies within national park
management systems, and supports policy recommendations for enhancing governance quality and
management efficiency.

Keywords: behavioral strategies; evolutionary game; management system; national parks; numerical
simulation

1. Introduction

Creating a system of nature reserves centered on national parks is a key component
in advancing China’s construction of an ecological civilization. This strategy emphasizes
China’s commitment to conserving and maintaining its natural heritage and demonstrates
a method of promoting long-term environmental health and social welfare through the
integrated management and utilization of ecological resources [1]. The primary purpose
of national parks is to protect and maintain natural ecosystems with national significance,
ensuring that the integrity of natural heritage sites is preserved and sustainably managed in
the long term [2]. National parks, as public goods with ecological characteristics, often have
fragmented management, unclear boundary definitions, and ambiguous responsibilities
for authorities owing to their inherent complexity, systematic nature, and uncertainty. The
evolution of the national park management system has involved interactions between
central and local governments and is a focal point in the fields of public administration
and ecological economics. This reflects the practical issues that China faces in the reform
process of the national park system.
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Within the national park management system, differences in behavior may arise be-
tween central and local governments owing to varied interests, resource allocation, and
policy interpretations. These differences can drive deviations from the management objec-
tives. Furthermore, a lack of attention to potential issues within this vertical management
mechanism may have undermined the effectiveness of national park management. Thor-
oughly exploring and identifying the similarities and contrasts between central and local
governments in national park management is crucial for ensuring the correct implementa-
tion of policies, enhancing management efficiency, and improving governance quality.

Sanjiangyuan National Park is located on the Qinghai-Tibet Plateau. The Qinghai—
Tibet plateau has an average altitude of over 4000 m and is known as the “Third Pole” of
the world. It is the source of the Yangtze, Yellow, and Lancang (Mekong) rivers, which
serve as crucial freshwater supplies for China and Asia, and is one of the most sensitive
regions to global climate change [3]. Encompassing the sources of the Yellow River, Yangtze
River (Koko Nor), and Lancang River, Sanjiangyuan National Park covered a total area
of 190,700 km? by 2022 and accounts for 52.1% of the area in the Sanjiangyuan region of
Qinghai Province [4]. In March 2016, the General Office of the Communist Party of China
Central Committee and the General Office of the State Council issued the “Sanjiangyuan
National Park System Pilot Scheme” which initiated China’s exploration of establishing a
national park system. This scheme turned Sanjiangyuan National Park into a demonstration
area for ecological protection and restoration on the Qinghai-Tibet Plateau. It became a
pioneer zone for coexistence and shared benefits between humans and nature, and a
showcase area for the natural conservation and inheritance of ecological culture on the
plateau. This scheme also aimed to provide replicable and promotable guidelines for the
construction of national parks and a nationwide reform of the nature reserve management
system [5]. It is for these reasons that this study examined Sanjiangyuan National Park as
a case study to explore the key parameters of creating national parks and reforming the
management system, including management costs, rent-seeking behavior, and transaction
costs. It employs numerical simulations to quantitatively assess the impact of changes to
these parameters on the stability of governmental behavioral strategies.

This study uses an evolutionary game model as an analytical tool to identify the poten-
tial goal deviations between central and local governments in the management of national
parks and explore their behavioral patterns. By integrating the existing literature, this
study analyzed the behavioral patterns of stakeholders in the national park management
process to comprehensively and deeply elucidate the specific evolutionary processes of the
involved parties and explore their respective stable strategies and equilibrium points. Using
data from Sanjiangyuan National Park in 2022 and a simulation written in Python, this
study assessed the impact of parameter changes on the stability of government behavior
strategies. The findings of this research provide targeted countermeasures and suggestions
for the sustainable development of national park management systems.

2. Literature Review

National parks play a crucial role in ecological and environmental protection, contribut-
ing significantly to maintaining ecological balance, protecting biodiversity, and preserving
valuable natural and cultural heritage. These parks are often found in unique and unparal-
leled natural environments and possess irreplaceable functions because of their uniqueness
and irreproducibility [6]. As “public goods”, national parks protect natural and cultural
resources and have also become the most widely adopted method of habitat conservation
globally [7]. The establishment of Yellowstone National Park in 1872 marked the beginning
of the national park concept, as the world’s first true national park [8]. Since then, the
concept of the “national park” has become widely accepted, and changed from a simple
geographical notion into a deeply ingrained philosophy, accompanied by a comprehensive
management approach [9-12].

Academic inquiries into national parks cover from the macro to the micro level. At the
macro level, research has focused on defining the concept of national parks, development
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strategies and pathways [13-15], spatial layout optimization [16], functional zoning [17],
comparisons of management models [9], analysis of classic cases [10], and planning and
operational mechanisms of parks [18]. This level of research predominantly employs qual-
itative analytical methods. Conversely, micro level studies often utilize questionnaires,
contingent valuation methods, mathematical models, and other tools for in-depth analyses
that focus on the internal resource value assessment of national parks [19], construction of
sustainability evaluation indicator systems [20], relationship maintenance among stake-
holders [21], and environmental impact analyses [22].

Scholars have proposed suggestions from the perspective of stakeholder game dy-
namics to facilitate the smooth reform of China’s national park system. The theory of
stakeholders originates in the 1960s in corporate management research and was gradu-
ally developed and refined in countries such as the UK and the USA. Stakeholders are
individuals or groups that can influence the achievement of organizational goals [23]. By
the 1990s, scholars began applying stakeholder theory to national parks to examine the
distribution of and conflicts, cooperation, and coordination between stakeholders within
national parks [24]. While most of this research adopted qualitative descriptions, rela-
tively few quantitative studies used mathematical modeling methods, including game
theory [25], structural equation modeling [26], and PSR modeling [27]. Compared to static
game theory, evolutionary game theory limits players’ rational adaptability. Based on an
assumption of bounded rationality, the improvement of the national park management sys-
tem requires collaborative governance between central and local governments. Uncertain
gains and losses are inevitable when reforming a national park system, and the subjective
experience of loss is often felt to be more acute than that of gain [28]. Traditional game
matrices calculate objective gains through expected utility theory, which may deviate from
reality [29]. Evolutionary game theory combines static and dynamic games, allowing for
the exploration of strategy choices and equilibrium outcomes among stakeholders over
time [30]. Scholars have pointed out that stakeholders in national parks should include
multiple levels of government, community residents, social organizations, relevant enter-
prises, and non-governmental organizations [31,32]. Furthermore, sustainable national
park development requires the participation of all stakeholders. However, stakeholders
have complex and diverse concessionary operation processes, making it difficult for local
governments and enterprises to achieve local equilibrium stability. Equilibrium strategies
are not directly related to corporate profits [33]. For local governments related to national
parks, the addition of “ecological protection first” and “public welfare” political interest
dimensions leads to a balance of interests and incentive compatibility in managing the
relationship between protection and development [34].

Currently, there are few studies which discuss reforming national park management
systems from the perspective of goal deviation between the central and local governments.
Central-local games fundamentally represent the dynamic interactions between the central
and local relations. In the policy formulation and execution stages, continuous strategic
interactions unfold between policymakers (central government) and implementers (lo-
cal governments), with the core objective of maximizing their respective interests [35].
As policymakers, the central government aims to maximize national and citizen welfare.
Meanwhile, local governments, positioned between individual and collective interests,
possess both self-interest in pursuing individual gains and the responsibility of uphold-
ing public interest [36]. This dual nature aligns local governments and central goals to a
certain extent while also allowing them a degree of autonomy in execution. In particular,
when conflict emerges between the execution and formulation goals, local governments
may engage in independent actions to circumvent the constraints imposed by the central
objectives [37]. This deviation in actor behavior is particularly evident in the implemen-
tation of environmental governance policies, leading to inefficient challenges in China’s
environmental governance [38—41]. Scholars contend that the imbalances between the
long-term, holistic policy goals set by the central government and the short-term, localized
interests pursued by local governments during implementation, along with the resulting
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conflicts of interest, are a key factor constraining the effectiveness of environmental gov-
ernance [37,42]. Therefore, this study employs evolutionary game theory to analyze the
inherent relationship in decision-making behaviors between central and local governments,
which are key stakeholders in reforming the national park management system. Based on
the assumption of “bounded rationality” and potential goal deviation, the objective is to
enhance the effectiveness of national park management system reform and promote the
qualitative development of China’s national parks.

3. Analysis of National Park Management Institutions and Behavior Patterns of Central
and Local Governments

In numerous countries, national parks are managed directly by the central government.
However, China has adopted a different model for national park management institutions.
The National Forestry and Grassland Administration is a ministry-level national bureau
that lacks administrative coordination authority and is severely underfunded for national
park construction, meaning that it cannot promote the establishment of national parks
with direct central management on a large scale. Instead, China has opted for a national
park management model of “central ownership with provincial implementation”, resulting
in most national park management bodies being managed by provincial governments.
Therefore, the National Park Administration falls under both direct central and local man-
agement, as well as that of local government, and all face varying degrees of functional
overlap issues. Management affairs are closely linked to the provincial governments and
relevant departments [43]. For example, there are areas of forest and grassland within
national parks that are under the jurisdiction of the local forestry and grassland administra-
tion, rivers within parks that are controlled by local water conservancy departments, and
scattered farmlands within parks that are governed by local agricultural and rural affairs
bureaus. This situation indicates a complex intertwining of responsibilities and authorities,
and highlights the challenges faced by China’s current national park management system.

In this study, surveys and visits to ten national park pilot projects revealed that the Na-
tional Forestry and Grassland Administration had a limited influence on the intervention of
local governments, resulting in deviations between central and local governments regard-
ing the management objectives. This suggests that adjusting the authority of the National
Forestry and Grassland Administration could be the key to improving the national park
management system. A critical challenge within China’s national park management system
is balancing the central government’s need to maintain a nature reserve system centered on
national parks and local governments’ need for flexibility in policy implementation.

The game and strategic choices between central and local governments in China’s
national park management system are multilevel and complex. The main objective of
the central government is to promote the construction of an ecological civilization and
maximize ecological benefits. Conversely, local governments strive to balance ecological
protection with regional social and economic development. Although the central gov-
ernment no longer relies exclusively on GDP growth as the standard for measuring local
government performance and local governments have increased their recognition of the
importance of ecological protection, the pressure for economic development still drives
local governments to prioritize local economic interests.

The relationship between central and local governments in national park management
can be likened to a “principal-agent” relationship, with the central government as the
principal and the local governments as the agents. Based on the expected ecological benefits
of the national park system, the central government sets policies and management strategies
and entrusts their implementation to local governments. Local governments then choose to
actively execute or passively handle the central government’s entrusted tasks based on their
cost—benefit analysis. The behavioral choices of local governments subsequently affect the
central government’s response strategies, such as whether to adjust the organizational level
of national park management or grant more authority to the National Park Administration.
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4. Construction of Evolutionary Game Model
4.1. Model Assumptions and Establishment

e  Assumption 1:

The game involves two bounded rationality players: the central and the local govern-
ments. Each participant makes strategic choices based on benefits and costs that maximize
their own interests, and continuously adjusts strategies based on changing interests to
ultimately achieve an evolutionarily stable state.

e  Assumption 2:

It is assumed that the central government has two strategic options. First, the “rais-
ing the organizational level” option where it grants more authority to the National Park
Administration, making it equal to or higher than the provincial government at the or-
ganizational level. Second, the “maintaining the status quo” strategy where the central
government maintains the organizational level and authority of various national park
management institutions. The probability of the central government choosing to raise
the organizational level is p(0 < p < 1), while the probability of choosing to maintain the
status quo is (1 — p). Furthermore, local government behavior is assumed to encompass
two basic options: strictly implementing the central government’s policies (strict imple-
mentation strategy) or deviating from the central government’s set goals to pursue their
own objectives (goal deviation strategy). The probability of local governments choosing
the strict implementation strategy is q(0 < q < 1), while the probability of adopting the
goal deviation strategy is (1 — q). This reflects the local government’s tradeoff between
fulfilling national park management responsibilities and pursuing local interests.

e  Assumption 3:

When local governments steadily implement the national park management objectives
set by the central government, they benefit from ecological and environmental protection
(U). However, this approach may sacrifice certain economic benefits, thereby incurring
corresponding cost losses (Cy). Moreover, the administrative operations and coordination
involved in fulfilling these responsibilities may generate transaction costs (F). Conversely,
if local government actions are inconsistent with the goals of the central government and
instead prioritize economic growth, they may obtain direct economic benefits (K). However,
this deviation may have adverse effects on the local ecology, with the corresponding
ecological benefit losses (w). In addition, if local governments fail to gain recognition and
support from the central government, they may face reduced performance evaluations or
other related losses (D).

e Assumption 4:

The central government can opt to raise the organizational level of the National Park
Administration and implement stricter management measures. This could include clearly
defining the boundaries of ecologically sensitive areas, meticulously controlling activities
within the park, and ensuring the strict execution of plans and permits through the im-
plementation of positive and negative list management mechanisms. In this scenario, the
central government could obtain potential environmental protection benefits (S) due to
the concentration of power in the National Park Administration. However, it also has to
bear the costs of institutional reform (T), the expenses of managing local governments (Cy),
and the risks associated with poor management (H). Furthermore, if local governments
seek private gains leading to ecological benefit losses, the central government will also bear
the corresponding costs (31R). Conversely, the central government’s maintenance of the
existing organizational level of the National Park Administration would mean granting
local governments more management autonomy, with relatively lenient control over eco-
logical protection. Under this strategy, local governments seek to achieve comprehensive
benefits in economic, social, and ecological aspects (G1), and the central government also
gains certain additional benefits (G), but the central government bears the costs of eco-
logical and environmental damage due to inadequate environmental protection (uS) and
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the reduction in public interest due to rent-seeking behavior by local governments (3,R).
Here, R represents the cost of rent-seeking, while 3;(i = 1, 2) and p represent the coefficients
of the local government’s tendency towards rent-seeking as the central government en-
hances management authority or maintains the status quo, and the coefficient of ecological
environmental damage (0 < p < 1,0 < ; < 1, and 1 < 3,, respectively). In addition,
when local governments adhere to the central government’s strict implementation strategy,
they receive rewards from the central government (M). Conversely, if the behavior of local
governments is inconsistent with the national park management objectives, they may face
penalties from the central government (IN).

In practice, the specific forms of penalties imposed by the central government on
local governments are as follows. First, the central government can reduce fiscal transfers
to local governments that fail to meet environmental standards. For example, under the
“Ecological Protection Red Line Policy”, local governments that do not meet environmental
requirements face reduced funding. Additionally, local officials who fail to effectively
implement environmental policies may be held accountable and sanctioned. For example,
during the 2018 Central Environmental Protection Inspection, some local officials who
failed to enforce environmental policies effectively were administratively sanctioned. By
providing these specific real-life examples, this paper further ensures that the constructed
game model reasonably and accurately reflects the real-world interaction between the
central and local governments.

4.2. Model Construction

Figure 1 shows the logical relationship between the central and local governments in
the process of national park management. The interaction between the central and local
governments can be conceived as a strategic game in which each party weighs the costs
and benefits of adopting different courses of action. The potential outcomes of this game
are presented in the payoff matrix (Table 1). Due to the large number of parameters, an
additional parameter model is provided to help to clearly understand the parameters used
in the model and their roles in the game (Table 2).

Table 1. An evolutionary game payment matrix for the central government in selecting strategies in
the national park management system.

Local Government

Central Government

Strict Implementation Deviation from Objectives
. - S-T-C—-H-M, [S—T—-C;—H-pBR+N,
Raising organizational level U—Cy—F+M] K—w—D+pBiR—N]
o [G—uS—M, [G—uS—BR+N,
Maintaining the status quo U-C+M+Gy] BR+K—w—D—N]|

Table 2. List of parameters and their meanings.

Parameter Meaning
Probability that the central government increases the organizational level of the national park
P management bureau
q Probability that the local government strictly implements central policies
S Potential environmental protection benefits obtained by the central government through centralized
power in the national park management bureau

T Cost of institutional reform for the central government

C Costs incurred by the central government in managing local governments

H Risk of mismanagement by the central government

B/R Ecological benefit loss due to local government rent-seeking behavior when the central government
1 increases management authority

G Additional benefits obtained by the central government




Systems 2024, 12, 270 7 of 23

Table 2. Cont.

Parameter Meaning

Ecological environment damage costs due to inadequate environmental protection by the
central government
Public interest loss costs due to local government rent-seeking behavior when the central government
maintains the status quo
Rewards given by the central government to the local government
Penalties imposed by the central government on the local government
Ecological and environmental protection benefits obtained by the local government through strict
implementation of central policies
Economic benefit loss incurred by the local government due to strict implementation of policies
Transaction costs incurred by the local government in fulfilling responsibilities
Direct economic benefits obtained by the local government through prioritizing economic growth
Ecological benefit loss caused by the local government’s deviation from policies
Performance evaluation loss incurred by the local government due to lack of central recognition

&
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Figure 1. Game frame of the behavior mode of central government in national park management.

4.3. Discussion on Full Observability

This study assumes that the central government can fully observe whether the local
government adheres to or deviates from management objectives, using this information to
set monetary rewards M and penalties N. However, in practice, full observability may not
be feasible due to information asymmetry, which can significantly impact game outcomes.

If the central government cannot fully monitor local government actions, the effec-
tiveness of rewards M and penalties N is limited, requiring reliance on indirect indicators
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d
F(p) = g, =

or third-party evaluations. This information asymmetry could give the local govern-
ment greater strategic flexibility, affecting the formation of evolutionarily stable strategies
and overall system stability. Future research should consider evolutionary game mod-
els under partial observability to provide more practical policy guidance for national
park management.

5. Evolutionary Stability Analysis of Both Sides in the Game
5.1. Analysis of the Evolutionary Stability of Central Government Strategies

Based on the assumption that both the central and local governments are actors with
bounded rationality, the replication dynamics equation for the central government, when
choosing to elevate the organizational level of the National Park Administration, can be
used to characterize this process:

P(Una —Un) =p(1 = p)[(B1 = B2)Rq+ (1+ @)S— (B1 — B2)R—C; =G —H —T] ©)

By analyzing the derivative of Equation (1):

dF
d;p) = (1=2p)[(B1 = B2)Rq+ (1+w)S—(B1 = B2)R-C =G-H-T] (2
The fundamental idea behind the replication dynamics equation is to describe the
process by which strategies spread within a population. Specifically, in the equation,
p represents the probability that the central government chooses to elevate the organiza-

tional level of the national park management bureau, while % denotes the rate of change
of this probability over time. The expression on the right side of the equation reflects the
relative payoff of the strategy: when the average payoff of a strategy is higher than the
average payoff within the population, the frequency of that strategy’s use will increase,
and vice versa.

In the aforementioned equation, the term Una represents the expected payoff for the
central government when it chooses the strategy of elevating the organizational level, while
Uy denotes the expected payoff when the central government chooses to maintain the
status quo. The difference between the two, Una — Uy, reflects the relative payoff of the
strategy choice, thereby determining the direction and rate of change of p.

Setting F(p) = 0, we find that p = 0 and p = 1 are two possible evolutionary game
equilibrium points. By combining the properties of evolutionary stable strategies, we can
explore the circumstances under which a central government’s stable strategy emerges.

(1) Whenq = (tw)S—(B1— BZ)R_)Cl —CHT the function F(p) is identically zero, mean-

1
ing that regardless of the value of p, the strategy of the central government to elevate the
organizational level of the National Park Administration will produce the same effect as
the strategy to maintain the status quo.

(2) When the parameter q > (Hw)sf(E’lu;ff)g;)cl*c*HfT, we find that L;(If) ) < 0
p=
and di—? s 0, at this point p = 0 becomes an evolutionarily stable strategy. This
p:

indicates that the strategy preference of the central government will shift from elevating
the organizational level of the National Park Administration to maintaining the status quo,

where maintaining the status quo becomes the evolutionarily stable choice.
(I+w)S—(B1—PB2)R-C—G-H-T dF(p)

(3) Conversely, when the parameter q < Ba—B1) p 0 0
p:
and dﬁ—(}? <0, under this condition p = 1 becomes an evolutionarily stable strategy.

This indicates that the central government shifting its strategy from maintaining the status
quo to elevating the organizational level of the National Park Administration makes the
choice to enhance authority an evolutionarily stable strategy.
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5.2. Analysis of the Evolutionary Stability of Local Government Strategies

By analyzing the derivative of the replication dynamics equation F(q) for the local
government strategy,

d —
F(q) = £ =q(Us —UL) =q(1 - q)[(B2—B1 —F—G1)Rp+M+N+U+ G +D+w -K-C —BR]  (3)
We can identify two potential evolutionary game equilibrium points: q = 0 and
q = 1. Based on the definition of evolutionary stable strategies, we can further discuss the

potentially stable strategy choices of local governments under various conditions.

(1) If the preference of the central government for the strategy of elevating the orga-
M+N+U+G;+D+w—-K-Cr—B,R
—(B2—B1—F-G)R !
then the value of F(q) will always be zero. This means that regardless of the strategic
preferences of local governments, even when they choose between “strict implementation”

and “deviation from objectives,” the outcome will be the same.

M+N+U+G;+D+w—-K-Cy—f35R . dF(q) dF(q) .
(2) When p > ~(Bs—B1—F—G1)R , with Q.o and 8 g > (, this

means q = 0 will become an evolutionarily stable strategy. This indicates that the strategy
choice of local governments will shift from “strict implementation” of central government
directives towards a preference for “deviation from objectives”, and this deviation strategy

will become stable.

M4+N+U+G; +D+w-K-Cy—BoR .1 dF
(3) Conversely, when p < = +—zr[321j[31tF—G1)R2 B2R \ith dgl)‘qzo
dF(q)

g |, < 0, then q = 1 becomes an evolutionarily stable strategy. This indicates that
q:

nizational level of the National Park Administration is p =

> 0 and

q
local governments will shift their strategy from “deviation from objectives” to “strict imple-
mentation” of central government directives, making this strict implementation strategy an
evolutionarily stable choice.

5.3. Analysis of the Stability of System Evolution

From the analysis of the evolutionary stability of central and the evolutionary stability
of local government strategies, the set of replication dynamic equations can be obtained as

F(p) = CcllPt) =p(1-p)[(B1—B2)RG+ (1+w)S—(B1 —B2)R-C; —G-H-T] 4)

F(q) = 5 =q(1 - )[(B2—B1 ~F~G)Rp+M+N+U+G + D+ w —K—Cy — BoR] (5)
By setting the replication dynamics equations to zero, five potential equilibrium
points can be identified: A (0, 0), B (0, 1), C (1, 0), D (1, 1), and O (q*, p*), where at the
equilibrium points both central and local governments have no incentive to change their
current strategy state.

« M+N+U+G +D+w—-K-C, — R
~(B,—B1—F-GR
1 S— —B)R-C;i—-G-H-T
q*: ( +w) (Bl BZ) 1 ,0<q*<1 (7)
(B2 —B1)

To evaluate whether these equilibrium points are evolutionarily stable strategies
(ESSs), we calculated the Jacobian matrix for each equilibrium point and analyzed its
mathematical properties in terms of determinant and trace values. If the determinant of the
Jacobian matrix of an equilibrium point was greater than zero and its trace was less than
zero then this point was considered locally stable in the system, corresponding to a locally
evolutionarily stable strategy. Thus, the determinants and traces of the Jacobian matrices
for the stable points were derived (Table 3).

,0<pt<1 ©6)
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Table 3. Jacobian determinants and traces of locally stable points.

(Pist1;) Det] Ti]
A(0,0) [(14+w)S— (B —P)R—C; —G—-H-T]J- [(14+w)S—(B1 —P)R—C; —G—H—T]+
’ M+N+U+G;+D+w—K-Cy —B3R] M+N+U+G;+D+w—K-Cp — B,R]
B(1,0) [+ w)S—(B1 —B2)R-C; —G-H-TJ- I+ w)S—(B1 —B2)R-C; —G-H-T]
’ M+N+U+G;+D+w—K—-C — 3R] +M+N+U+G; +D+w—K—Cy— B3R]
C(0,1) [(1+w)S-G-H-C; — T [(1+w)S—G-H-C; —T|+
’ M+N+U+G;+D+w—-K—Cy— BsR] M+N+U+G;+D+w—K—Cy— BsR]
D(, 1) [G+H+C+T—(1+w)S] [G+H+C+T—(1+w)S]+
’ M+N+U+G;+D+w—K-Cy — B3R] M+N+U+G;+D+w—K-Cp — B,R]
O(p*,q") 0

According to the properties of the Jacobian matrix, a saddle point is characterized by a
trace of zero, making it impossible for it to be an ESS. When considering the evolutionary
dynamics (Table 3), we distinguished four scenarios.

e  Scenario 1:

When (1+w)S— (B —P)R-C;—-G-H-T < 0and M+ N+U+G; +D+
w —K—-Cy — BR < 0, if the overall benefits of the central government elevating the
organizational level of the National Park Administration are lower than the benefits of
maintaining the status quo, the central government will tend to maintain the status quo.
In this case, if the benefits gained by the local government from executing the central
government’s strategy are lower than the benefits of pursuing its economic objectives,
the local government tends to deviate from the central objectives. The system evolves
towards (0, 0).

e  Scenario 2:

When (14+ w)S— (1 —B2)R-C;—G-H-T>0andM+N+U+G;+D+w —
K —Cy — B2R < 0, if the central government can gain higher benefits through the strategy
of elevating the organizational level, it will tend to adopt this strategy. Simultaneously, if
the benefits to the local government from executing the central government’s strategy are
still lower than those from pursuing its own economic objectives, the local government will
deviate from the central objectives. The system evolves towards (1, 0).

e  Scenario 3:

When (1+w)S-G-H-C;-T<0andC, -D-G +K-w-M-N-U-
BoR > 0, if the benefits of elevating the organizational level by the central government
are higher than maintaining the status quo, the central government will choose to elevate
the organizational level. If the benefits for the local government from strictly executing
the central government’s strategy are higher than those from pursuing its own economic
objectives, the local government will choose to implement them strictly. The system evolves
towards (0, 1).

° Scenario 4:

WhenC; +G+H+T—-(1+w)S<0andC;—D—-F+K—-w-M-N-U-fR <
0, if the central government can achieve high returns by enhancing its management author-
ity, and the local government can also obtain higher benefits from strictly implementing
the central policy, then the local government will choose to strictly implement the central
strategy. In this scenario, the system evolves towards (1, 1).

In summary, the theoretical model provides four possible evolutionary equilibria
from a managerial perspective. However, considering the fundamental differences in
management objectives between the central and local governments and the complexity of
real-world situations, the system would likely achieve one of three types of equilibrium
states: Scenarios 1 and 4, or the coexistence of Scenario 1 and Scenario 4. The specific
evolutionary paths and corresponding phase diagrams are shown in Figure 2.



Systems 2024, 12, 270 11 of 23

A B C

q q q

A A A
C(0,1) < D (1,1) C(0,1) D (1,1) B (0,1) N c@1,1)

9"y <0
‘J I /\
< > p Y P

A (0,0) B (1,0) A (0,0) B(1,0) A (0,0) p* D (1,0)

Figure 2. Evolutionary stability strategy path and phase diagram of central and local government
behavior patterns. (A): Scenario 1 evolutionary phase diagram; (B): Scenario 4 evolutionary phase
diagram; (C): Evolutionary phase diagram with the coexistence of scenario 1 and 4.

6. Numerical Simulation-Case Data from Sanjiangyuan National Park

This study constructs a game matrix to identify the core issues in the reform process
of the national park management system and analyzes its evolutionary outcomes. To verify
the effectiveness of the analysis of system evolution stability strategies, this study utilized
case data from Sanjiangyuan National Park to conduct numerical simulations in the Python
3.9 environment using PyCharm 2023.1.2CE.

6.1. Initial Parameter Settings

To conduct a more detailed analysis of the behavioral patterns of central and local
governments in the management process of national parks and to intuitively display the
evolutionary paths of central and local governments as well as their sensitivity to key
parameters, it is crucial to set parameters that accurately reflect real-world conditions.
The values assigned to these parameters should be informed by actual data and carefully
considered to reflect the complexities and nuances of national park management.

(1) Assignment of management costs for central government overseeing local gov-
ernments: Referencing the “Ecological Protection and Environmental Governance Fund
Budget” from the “China Environment Yearbook 2022”, we assigned a value to the costs
incurred by the central government in managing local governments where the cost of
the central government managing local governments is set at approximately RMB three
billion per year. This step is vital for understanding the financial implications of centralized
governance and the economic resources allocated to environmental conservation.

(2) Valuation of economic benefits sacrificed by local governments: Combining in-
formation on “Environmental Governance and Restoration Costs” with “Potential Re-
source Development Losses in Areas Prohibited or Restricted for Development”, the eco-
nomic benefits sacrificed by local governments when strictly implementing the central
government’s national park management objectives are estimated at RMB five billion per
year. This aspect highlights the tradeoffs faced by local governments between ecological
conservation and economic development, illustrating the opportunity costs of stringent
environmental policies.

(3) Transaction costs from policy implementation and onitoring: Utilizing budget data
for “Policy Implementation and Supervision Costs”, potential transaction costs are set at
RMB three billion per year. These costs represent the administrative expenses associated
with enforcing and monitoring compliance with national park management policies, un-
derscoring the operational challenges and resource requirements for effective governance.

(4) Rent-seeking costs: The “Public Safety and Environmental Protection Budget” from
the “Qinghai Provincial Statistical Yearbook 2021” provided a basis for valuing rent-seeking
costs; its costs are set at RMB seven billion per year. As Sanjiangyuan National Park is a
representative example of a national park system reform, this parameter helped quantify
the financial implications of rent-seeking behaviors within the context of park management,
illustrating the challenges of mitigating corruption and ensuring that resources are allocated
efficiently and transparently.
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(5) Costs of institutional reform for the central government: Drawing on the “Special
Expenses for Institutional Reform” from the “China Statistical Yearbook 2022”, the cost
of institutional reform for the central government is set at approximately RMB 2.5 billion
per year. This parameter reflects the financial investment required to implement struc-
tural changes within the national park management framework, highlighting the central
government’s commitment to reform and improve the efficiency and effectiveness of envi-
ronmental governance.

(6) Ecological environment damage cost: The parameter p represents the cost of
ecological environment damage due to inadequate environmental protection. Based on
the “Ecological Environment Damage Assessment Standards” and the “China Ecological
Environment Statistics Yearbook 2022”, the value of p is set at 0.5. This parameter reflects
the potential impact of insufficient environmental protection on the ecosystem and accounts
for the varying degrees of damage under different environmental protection strategies.

(7) Parameter A: In this study, parameter A represents the impact of specific strategies
or policy adjustments implemented by the central government on local governments in
the management of national parks. To ensure the completeness and reproducibility of this
papet, it is necessary to clearly explain all the parameters used and provide the data sources.

By assigning values to these parameters based on authoritative statistical data and
government reports, researchers and policymakers can construct numerical simulations
that closely mirror real-world dynamics. This approach provides insights into the likely
impacts of various management strategies and the exploration of different scenarios, of-
fering a comprehensive understanding of the interplay between ecological conservation,
economic development, and institutional governance within the framework of national
park management.

After calculation, the ratios of C; : Co : F : T : R were found to be approximately
3:5:3:2.5:7. Values from the “Environmental Protection Budget” and “Energy Conservation,
Emission Reduction, and Comprehensive Resource Utilization” from the “China Statistical
Yearbook 2022” were used to determine the potential environmental protection benefits (S)
that the central government could achieve. With Equilibrium Point O as the focal point, in
the process of managing national parks the central government often imposes penalties
on local governments for deviating behaviors to ensure that local governments support
central management objectives. Therefore, in most cases, the intensity of penalties exceeds
rewards; that is, M < N. Therefore, the “Special Transfer Payment Adjustment”, “Eco-
logical Compensation Budget”, and “Financial Deduction” from the “China Environment
Yearbook” from 2018-2019 were used to assign values to the central government’s rewards
(M) and penalties (N). Prior to the establishment of the national park system, the “Qinghai
Provincial Statistical Yearbook 2016” was referenced for the benefits (K) provided by local
governments that focus on economic development. The ratios of S : M : N : K were
calculated to be approximately 3:1.2:1.5:7.

When analyzing the evolutionary paths of national park management, we set the
simulation start time at 0 and end time at 2, without specifying the time unit, to explore the
initial evolutionary paths.

In setting other parameters, we referred to the related literature, while also considering
the dimensions of these parameters and the actual context to ensure that the settings
reflected reality and supported the stability of Equilibrium Points A, B, C, and D. This
process involved subjective judgment; however, we followed a consistent logical framework
to ensure the internal consistency and logic of the analysis. The relevant parameter settings
are listed in Table 4.

Table 4. Parameter assignment.

Scenario C G H S T B1 R Bo n D C G; K A M N U F
Scenario 1 3 5 2.5 3 2.5 1.2 7 2 0.5 1.5 5 2 7 1.6 1.2 15 1 3
Scenario 2 3 1 25 3 2.5 1.2 7 2 0.5 1.5 5 2 7 1.6 1.2 1.5 1 3
Scenario 3 3 5 2.5 3 2.5 1.2 0.5 2 0.5 1.5 5 2 7 10 1.2 1.5 1 3
Scenario 4 3 1 2.5 10 2.5 1.2 2 2 0.5 1.5 5 2 7 6 12 1.5 1 3
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6.2. Evolutionary Path Analysis

When simulating the initial evolutionary paths of the four different scenarios in the
national park management strategy we used a graphical representation to depict the process,
as shown in Figure 3. The horizontal axis shows the probability of the central government
choosing to strengthen the authority of the National Park Administration, whereas the
vertical axis represents the probability of local governments strictly implementing central
policies. Figure 3A shows that the simulation results are consistent with the previous
theoretical analysis and that the probability tends to zero more slowly when the central
government initially prefers to strengthen the authority of the National Park Administration.
Similarly, when local governments initially tend to strictly implement central environmental
objectives, their speed of shifting towards deviation from objectives also slows. The
change in initial values does not alter the final convergence state of the central and local
governments; specifically, the equilibrium state ((1+p)S—-G-H—-C; —-T<0C, —D —
G +K—-A—-M—-N-U - B,R < 0) is unaffected. The evolutionary paths of the other
three scenarios were similar to those described previously in Figure 2A.

A B
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p

Figure 3. Numerical simulation of the evolutionary path. (A) Scenario 1 central government prefers to
strengthen the national park administration’s authority; (B) Scenario 2 central government prefers to
maintain the status quo; (C) Scenario 3 local governments tend to strictly implement central policies;
(D) Scenario 4 local governments tend to deviate from central policies.

6.3. Parameter Sensitivity Analysis

In the interactive game between the central and local governments regarding the
national park management system, fluctuations in any parameter could potentially cause
changes in the behavioral patterns of the two decision-making entities. In the charts
shown in Figures 4-9, we set the horizontal axis to represent evolutionary time to track the
progression of the replication dynamic system over time, and the vertical axis represents the
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probability of the central government adopting a strategy to strengthen the authority of the
National Park Administration (p) and the probability of local governments implementing
central policies (q).
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Figure 4. The influence of (3, variation on evolutionary results.
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Figure 5. The influence of C; variation on evolutionary results.
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e  Sensitivity analysis of central government behavior changes

The central government showed dynamically changing characteristics in its decision to
either strengthen the authority of the National Park Administration or maintain the status
quo. To evaluate the central government’s tendency to change between strengthening its
management authority and maintaining the status quo, this study performed a sensitivity
analysis of three key parameters: the degree of rent-seeking, management costs, and
management risks. Taking the degree of rent-seeking as an example, parameter (3, was
set to 3, 15, and 0.1, revealing that as the degree of rent-seeking by local governments
when the central government’s strategy to maintain the status quo decreases and as the
central government’s tendency to maintain the status quo strengthens this trend becomes
more significant within a certain threshold range. As the national park management
system improves, the effectiveness of internal supervision increases, public participation
deepens, management strategies innovate, and the space for rent-seeking gradually tightens.
Reducing the degree of rent-seeking helps the central government lean towards a strategy
for maintaining the status quo (Figure 4). The same trend is also reflected in the behavior
of local governments. As opportunities for rent-seeking decrease, deviations of local
governments from central objectives decrease, indicating that a reduction of rent-seeking
incentives encourages local governments to implement central national park management
policies more proactively.

The management costs (C;) required by the central government to strengthen the
authority of the National Park Administration were set to 9, 6, and 3, respectively, to assess
the impact of cost changes on the tendency for central decision making. As management
costs C; decreased, the central government’s tendency to maintain the status quo tended to
decrease, demonstrating that as provincial costs of managing national parks decrease, the
central government is more inclined to strengthen management authority due to improved
cost-effectiveness (Figure 5). Furthermore, as management costs decrease, the tendency
of local governments to deviate from central objectives did not change significantly, pos-
sibly indicating that the decentralization of power by the central government does not
significantly affect the willingness of provincial governments to implement the objectives
of national park construction and management. This phenomenon suggests that local
governments, possibly due to having an information advantage, are able to formulate local
strategies that counter central policies, embodying the often-mentioned scenario of “the
higher authorities have policies, the lower ones have their ways of getting around them”.

The management dysfunction risk (H) faced by the central government was set to
10, 5, and 2.5 to examine its impact on central policy orientation. As the risk of manage-
ment dysfunction decreased, the speed of the central government’s strategic shift between
maintaining the status quo and strengthening authority slowed. This indicates that the
central government, with the gradual improvement of the management system, tends
to strengthen the effective management of national parks (Figure 6). Simultaneously, a
reduction in management dysfunction risk has little impact on the behavior of local govern-
ments; local governments tend to maintain policy continuity and do not significantly adjust
their strategies because of changes in the central government’s management dysfunction
risk. Therefore, in the specific practice of national park management, even if the central
government strengthens management to reduce risks, the behavior of local governments is
influenced by factors other than the management strategy of the central government.

e  Sensitivity analysis of local government behavior changes

When local governments implement policies from the central government, their be-
havior is influenced by profit motives, often adjusting their behavioral strategies according
to their own tendencies to maximize benefits. In response to this phenomenon, this study
further analyzes three key parameters: (i) the reward mechanism from the central to local
governments, (ii) potential ecological protection benefits, and (iii) transaction costs in policy
implementation to reveal the impact of these factors on local government behavior choices.
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When the value of the reward provided by the central government, M, was adjusted to
1.2,12, and 24, local governments’ enthusiasm for policy implementation showed positive
enhancement. Specifically, as the central reward increased, the convergence speed of local
governments to maintain the status quo strategy accelerated (Figure 7). For the central
government, the reward itself constitutes a cost; the more generous the reward, the greater
the reduction in the benefits it expects to gain from strict control. Therefore, they are more
inclined to make concessions, and accelerate the strategy transition towards maintaining
the status quo. For local governments, increased rewards have a significantly positive
incentive effect, making strict implementation a more optimal strategy. When reward M is
raised above a certain threshold, the behavioral tendency of local governments shifts from
deviating from objectives to strict implementation, demonstrating the effectiveness of the
central government in regulating local government behavior through rewards.

As the potential ecological and environmental protection benefits (U) that local govern-
ments could receive under the strict implementation of the central government’s national
park management objectives increased, from 1 to 5 and then 10, the central government’s
tendency to maintain the convergence speed of the status quo strategy increased (Figure 8).
Even if the central government chooses not to strengthen the authority of the National Park
Administration and maintains the status quo, the ecological protection objectives of the
national park can still bring certain benefits. Simultaneously, as the ecological protection
benefits that local governments can obtain from implementing central policies increase,
the rate at which they pursue strategies that converge on deviating from their objectives
significantly slows down. This implies that the strict execution of central policies by local
governments is not only a fulfillment of responsibilities, but also brings substantial ecologi-
cal and environmental protection benefits, thereby reducing their tendency to deviate from
central objectives.

Adjusting the transaction costs F involved for local governments when implementing
central government directives for national park construction and management to three
levels (24, 12, and 3) revealed that the change in the convergence rate of the central
government’s strategy to maintain the management status quo is relatively minor (Figure 9).
This indicates that, against the backdrop of the deepening reform of the national park
system, the central government’s optimization of the organizational structure of national
park management institutions and simplification of management processes effectively
reduces transaction costs. For local governments, this cost reduction is equivalent to an
increase in expected benefits, and drives them to align their strategy choices with the
objectives of the central government, which manifests as a significant weakening of their
tendency to deviate from the central objectives.

Overall, the central government is more sensitive to changes in the degree of rent-
seeking, local management costs, and the risk of management failure when formulating
national park management strategies. In contrast, local government behavior is influ-
enced more by reward mechanisms, potential ecological and environmental protection
benefits, and transaction costs. Vertical analysis further reinforced the conclusion that
the central government is most sensitive to the degree of rent-seeking in strategy adjust-
ments, followed by the cost of managing local governments and the risk of management
failure, while being relatively less sensitive to reward mechanisms. Correspondingly, local
government behavior is most influenced by the central reward mechanism, followed by
changes in rent-seeking opportunities, the potential ecological and environmental protec-
tion benefits that strict implementation of central national park management objectives
might bring, and sensitivity to changes in transaction costs involved in implementing these
management objectives.

7. Discussions

Throughout the global development history of national parks, efficient management
has been an important part of this process. The core of national parks is the harmonious
coexistence of humans and nature, which requires not only the constraints of laws and
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regulations but also the drive of an effective system as well as the collective protective
values, beliefs, and voluntary actions of the entire society. In the national park management
system, central and local governments may have behavioral differences due to different
demands for interests, resource allocation, policy understanding, etc. Such differences may
lead to deviations from the management objectives. The lack of attention to potential issues
within this vertical management mechanism may weaken the effectiveness of the national
park management system. If the management mechanism between governments does
not properly address issues such as the division of responsibilities, operation of power,
and consistency of objectives between the central and local governments, it may hinder
the achievement of management objectives and the improvement of governance levels.
Therefore, exploring and identifying behavioral deviations between the central and local
governments in national park management is of great importance to ensure the correct
implementation of policies, enhance management efficiency, and improve governance
quality. Consequently, this study constructs an evolutionary game model to study the
behavioral strategies and interest coordination between the central and local governments
in the national park management system.

This study used four novel approaches. First, it shifted the research focus from
traditional comparisons of management models and path choices to an exploration of
stakeholder behavioral strategies from the perspective of goal deviation, particularly by
analyzing the objective differences in national park management by the central and local
governments as pursuers of bounded rationality interest through an evolutionary game
model. Second, this study addressed the core contradictions in the national park manage-
ment system, such as inadequate policy implementation, lack of incentives and financial
support, and differing understandings of the management system between the central
and local governments, highlighting the high opportunity costs of spontaneously forming
reform objectives without adequate constraints and incentives. Third, this study conducted
a detailed analysis of the impact and sensitivity of key parameters on the management
system to better understand their effects on the overall strategies and outcomes. Finally,
case data and the literature from Sanjiangyuan National Park were used for numerical
simulations to provide actionable insights into improving the management efficiency of
Sanjiangyuan National Park, enhance the reliability of the study’s findings, and contribute
to the discourse on national park system reforms.

This study primarily explored the decision-making effectiveness of central and local
government behaviors within the management system of national parks. Numerous
stakeholders are involved in the construction and management of national parks. This
study, focusing solely on a macro perspective of the games between central and local
governments within the national park management system, does not engage in a game
analysis of the management system from the perspective of multiple stakeholders, which
constitutes a certain limitation. We conducted a simulated analysis of the evolutionary
game of the national park management system and policy implementation; however,
owing to technological and resource constraints, the parameters used were static and
fixed. This limits our ability to simulate the dynamic processes of optimal strategies and
evolutionary games under different conditions. Therefore, future research should focus
on the evolutionary game paths of the behaviors of multiple stakeholders in China’s first
officially established national parks and summarize the paths and strategies for the joint
development of China’s national park management system.

8. Conclusions

The construction and reform of a national park management system involves multiple
stakeholders and requires effective coordination and incentive mechanisms. This study
constructed an evolutionary game model involving central and local governments and
analyzed the stability of their evolutionary strategies, the stability of the equilibrium
strategy combination of the game system, and the impact of key variables on the evolution
of strategies and stability outcomes. Using Sanjiangyuan National Park as an example,
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the effectiveness of the evolutionary game process and outcomes were verified through
simulation analysis. The main conclusions and recommendations are as follows.

(1) Efficient management of national parks requires the cooperative participation of
both central and local governments. The two stakeholders have divergent objectives and
their strategy choices mutually influence each other during the game. However, the central
and local governments can ultimately reach an ideal state (elevating the organizational level,
strict implementation) if the following constraints are met: (i) the benefits brought about
by environmental protection are greater than the costs and risks required by the central
government to elevate the organizational level of the National Park Administration; (ii) the
direct environmental benefits and high rewards provided by the central government to
local governments to strictly implement relevant national park policies exceed the costs of
public interest damage and economic benefit sacrifices caused by the rent-seeking behavior
of local governments.

(2) Establishing a clear division of responsibilities is the foundation for the effi-
cient management of national parks by central and local governments. According to
the “principal-agent” concept, the central government delegates authority to local govern-
ments, expecting them to fully commit to the construction and management of national
parks and maximize the protection benefits for the ecological environment. The delegation
of authority and reduction in regulatory intensity constitutes an ideal state of balance.
This recommendation mainly stems from the model analysis results but requires further
empirical research to verify its effectiveness in practice. However, when objectives deviate,
especially under the multiple drivers of economic, ecological, and social interests, local
governments may adopt strategies that run counter to the central ecological protection
objectives. To avoid selective execution by local governments, the central government
should define clear “responsibility boundaries” in the allocation of affairs for national
parks, precisely delineate the scope of local governments’ authority in the construction,
management, and development of national parks, and strictly supervise local governments
to safeguard policy baselines. Simultaneously, although emphasizing policy flexibility,
strictness must also be considered, and the focus in the organizational structure of national
parks should also be placed on the division of “power boundaries”. The central government
can strengthen the authority of the National Park Administration through appropriate
organizational adjustments to ensure that it has decision-making power in management
and can effectively implement policies.

(3) In the interaction between the central and local governments, the central govern-
ment showed higher sensitivity to rent-seeking behavior, local management costs, and the
risk of management failure, especially the significant impact of rent-seeking behavior on the
strategic choices of the central government. Therefore, when formulating policies special
attention should be paid to optimizing the control of rent-seeking behavior. Opportunities
for rent-seeking should be minimized in three key areas to the greatest extent possible. First,
avoiding the pursuit of illegal benefits in the strictly regulated “red line” areas of national
parks. Second, eliminating improper operations of national park concession rights. Third,
eradicating the illegitimate pursuit of government fiscal revenues. Through these measures,
the central government can adopt a more reasonable approach to strengthen the authority
of the National Park Administration and ensure the effective management and protection
of national parks. However, this recommendation is partly based on model analysis results
and needs more empirical research to determine specific optimization measures.

(4) In the interaction between the central and local governments, local governments
show significant sensitivity to changes in reward measures, potential benefits of ecological
protection, and transaction costs. In particular, the impact of reward mechanisms on their
decision making is pronounced. According to Herzberg’s Two-Factor Theory [44], the
benefits of ecological protection and transaction costs form the basic conditions, while
rewards from the central government, especially opportunities for personal career develop-
ment of local government officials and recognition at the central level, play motivational
roles. Therefore, local governments’ enthusiasm for implementing national park manage-
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ment objectives can be stimulated by building a reasonable incentive system and using
a variety of incentive measures comprehensively to ensure that the policy execution of
local governments is both motivated and directed. While this theory is significant in in-
centive mechanisms, further empirical research is needed to verify its applicability and
effectiveness in this context.

Facilitating effective reforms in the national park management system requires the
coordination and effort of both the central and local governments. Therefore, this study
recommends four improvements, one from each perspective, as follows:

(1) The central government should strengthen its control over rent-seeking behav-
iors, clarify responsibility boundaries, and optimize the management system. To ensure
effective policy implementation and a balance between policy flexibility and strictness,
it should develop targeted strategies to reduce opportunities for rent-seeking within na-
tional park management; delineate clear responsibility boundaries with local govern-
ments; define their authority in the construction, management, and development of na-
tional parks; and strengthen the authority of the National Park Administration through
organizational adjustments.

(2) Local governments should actively respond to the central government’s reward
mechanisms, enhance their awareness of ecological protection, and improve policy imple-
mentation efficiency. To ensure effective strategy implementation and reduce the adverse
impact of transaction costs on strategic choices, local governments should fully utilize
the rewards offered by the central government, recognize the environmental benefits of
strictly implementing national park policies, and enhance policy transparency and public
participation will.

(3) This study assumes full observability, allowing the central government to monitor
local government actions and implement rewards M and penalties N. However, informa-
tion asymmetry in practice may hinder this, affecting management efficiency and game
outcomes. Future research should explore game models under partial observability us-
ing indirect evaluation mechanisms and case data to provide practical insights for policy
formulation in national park management.

(4) In addition to the evolutionary game model analysis, future research should
consider structured approaches, such as principal-agent sequential games, to complement
the current analysis. This method can endogenize parameters 31 and 32, which currently
represent local governments’ rent-seeking tendencies as exogenous variables. By designing
incentive mechanisms and regulatory systems, the central government can influence these
behaviors, making 31 and 2 part of the game’s outcome. A principal-agent model
more accurately reflects real-world decision-making processes and offers practical policy
recommendations. Exploring this framework can provide empirical support for reducing
rent-seeking behaviors and improving national park management efficiency, enriching both
theoretical analysis and practical strategies.
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