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An analysis of the tripartite
evolutionary game for
building the ecological
security barrier in the

Bohai Sea under the threshold
of land-sea integration

Di Luan®, Hongjun Cao* and Tongkun Qu

School of Management, Ocean University of China, Qingdao, China

The construction of marine ecological security barriers (MESBs) is
fundamental for the sustainable development of the marine ecological
environment and of the marine economy, and is an important component
of the strategy of land-sea integration. It is difficult to build an effective MESB
simply by relying on the power of the government; therefore, to this respect,
it is urgent to encourage the multiple participating subjects to work together.
This study takes the Bohai Sea as the research object, and uses evolutionary
game theory to construct a game model of decision-making behavior
among marine enterprises, local governments, and the public in the
process of construction of the MESB in the Bohai Sea, so as to explore the
strategic stability equilibrium point through the analysis of the interests of the
three decision makers, and lay the foundation for promoting this process.
The results are as follows: (1) Local government regulation is key to promote
the transformation of the Bohai Sea MESB from policy documents to
behavior and from goal to practice; moreover, it directly influences
whether the main sources of land-based pollution, i.e., marine enterprises,
will abandon the traditional approach to production and development and
actively promote the construction of the Bohai Sea MESB. (2) The supervision
and reporting of the public can be used as a synergistic, auxiliary supervision
means. Thanks to the government'’s publicity and education, the public will
develop social awareness of marine ecological security, which in turn will
ensure a better public supervision of the behavior of local governments and,
thus, promote the active participation of marine enterprises in the MESB in
the Bohai Sea. (3) Participation costs, ecological benefits, corporate social
image, fines, and other factors are the main factors considered in the
strategic choice of marine enterprises, with different factors having
different marginal effects at different stages. Finally, this study proposes
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effective measures to further clarify the roles and functions of the
stakeholders in the construction of the MESB in the Bohai Sea, balance the
interests of the game subjects, and provide an effective implementation path
for the realization of the "Ocean Power".

KEYWORDS

maritime power, marine ecological security barrier, land-sea integration,
stakeholders, evolutionary game

1 Introduction

Since the beginning of the 21% century, with the increase of
human needs and the development of marine exploration and
exploitation technology, human beings have pushed the
exploitation of the ocean to new heights. However, the weak
awareness of marine ecological protection and the existence of a
backward marine management model have created serious
challenges to the marine economy and ecology. According to the
“China Marine Disaster Bulletin” issued by the Department of
Marine Early Warning and Monitoring of the Ministry of Natural
Resources of China in 2021, China’s marine disasters were
dominated by storm surges, waves and sea ice disasters, which
caused a total of 307,087,380,000 yuan (RMB) in direct economic
losses and 28 deaths and disappearances. Marine ecological security
is related not only to the sustainable economic development of
coastal areas, but also to national security, as well as to the
promotion of the destiny of human communities. To this end, as
early as in 1969, the U.S. Stratton Commission published “Our
Nation and the Sea”, which elevated ocean management to the level
of national interest (Armstrong and Ryner, 1980). Afterwards, in
the 21°" century, the U.S. submitted the Ocean Policy Report
“Blueprint for the 21* Century” and the Ocean Action Plan
(Singh and Mee, 2008). China has also elevated “Ocean Power” to
a national strategy (Mallory et al., 2022). Moreover, China has
integrated the comprehensive development and utilization of the
marine environment into its strategic planning for the development
and utilization of China’s national territory, proposing a strategic
plan for the integration of sea and land, which is evidence of the
weight of ocean management in national security management.

Based on the integrated land-sea perspective, the ocean has
become an important supplier of resources for human survival and
development; especially, marine fishery resources have become a
support to global food and nutrition security (Kong et al., 2021).
The rapid economic development not only offers convenience to
residents but also brings environmental pollution problems that
cannot be ignored (Guangnian et al., 2023).

However, with the expansion of the scope and depth of the
human development of the ocean, the fundamental contradiction
between the limited supply of marine resources and unlimited
human demand has been highlighted, which has eventually
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manifested itself in a serious marine ecological crisis (Gao L.
et al, 2022). The issue of marine ecological security has to be
faced by marine development and utilization, and is closely related
to human activities (Costanza, 1999; Perry et al., 2010; Lazzari et al.,
2020). In view of the complementarity of sea and land resources, the
interaction of industries and economic linkages are further
strengthened, and the economic, ecological, and social integration
of sea and land has become the main theme of land-sea integration
(Limin and Ning, 2007). From the perspective of land-sea spatial
planning, land-sea integration may be achieved in three ways:
through Integrated Coastal Zone Management (ICZM; Smith
et al., 2011; Walsh, 2021); through the relationship between
overlapping jurisdictions in land-sea spatial planning (Zaucha
and Gee, 2019); and through the establishment of a spatial plan
for a whole region. This situation has been implemented in
California, the UK, and in the Dutch part of the North Sea for
land and sea management, respectively (Douvere and Maes, 2009;
Ministry of Infrastructure and Environment, 2013; Turner and
Essex, 2016). This is proof that land-sea integration, as a national
strategic, systematic and comprehensive approach (Bao et al., 2011),
aims to ensure the safe and smooth operation of human socio-
economic systems (Halpern et al., 2008).

In the Chinese context, the land-sea integration strategy
emphasizes the development and protection of the two
subsystems of sea and land, and the unified optimization and
reconfiguration of various elements such as industry, space,
people, resources, and environment, in order to achieve the
coordinated development of sea and land (Hou et al, 2022).
Under the perspective of sea-land integration strategy, coastal
areas, with both marine and terrestrial ecological attributes, have
become the key research objects. Using Lianyungang, China, as a
case study (Wang et al, 2019), proposed a new approach to
construct a system of indicators to evaluate the development of
the land-sea coordination (LSC) system, which consists of three
subsystems, namely the land-side subsystem, the waterfront
subsystem, and the port subsystem, highlighting the important
roles of economic development, service systems, and resources
and the environment (Wang et al, 2019). In the context of
territorial spatial planning, LSC is a spatial governance tool that
allows to adjust land and sea development disorder in coastal areas
(Chengetal,, 2019). In relation to the integrated management of the
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coastal zone of the Chiloé Sea (Chile) (Pinillos et al., 2023), pointed
out the importance of five criteria: ecological, socio-economic,
cultural, political-administrative, and arbitrary criteria (Pinillos
et al., 2023). From the practical perspective of sea-land spatial
planning (Yue et al., 2023), identified the optimization measures for
land-sea integration in China, as combining top-down rigid
government management with bottom-up flexible market
mechanisms, data sharing between sea and land, and public and
stakeholder participation (Yue et al., 2023). Therefore, the
comprehensive development and protection of the marine
environment is a complex and systematic activity. Accordingly,
the issue of how to rely on the marine ecosystem, the current status
and characteristics of the marine ecological environment, the role
played by multiple subjects, and the building of a protection
mechanism with the dual aim to improve the marine ecological
environment and promote the sustainable development of the
marine economy, have become the focus of marine management.
This study took the Bohai Sea as the research object, and
proposes to build a marine ecological security barrier (MESB) in
the Bohai Sea to ensure the supply of ecological services and
maintain ecological balance (Cunha and Magalhaes, 2019), so that
it can become an important hub for the exchange of biomass,
energy, and other circulation resources between the ecosystem and
human society (Gao J. et al., 2022). used Tianjin and Shanghai,
China, as the subject of their study, to measure LSC in China’s
coastal areas in relation to four aspects: economic development,
resource use, ecological environment, and social livelihood. They
found that Tianjin, located in the Bohai Sea region, should continue
to focus on ecological protection and the improvement of ecological
and environmental quality in the whole region (Gao J. et al., 2022).
As the third pole of China’s economic growth, the Bohai Sea
region, relying on China’s only semi-enclosed inland sea, the Bohai
Sea, is currently facing the two challenges of ensuring ecological
security and economic development. From an ecological
perspective, the Bohai Sea is characterized by strong containment
and weak self-purification ability; moreover, it is under severe
pressure from land-based discharges (Xin et al, 2019; Wang
et al, 2020; Yu et al, 2021), especially from total nitrogen
discharges from land-based sources, which affect the water quality
(Yang et al,, 2022). In addition, according to the Communiqué on
the State of China’s Marine Ecological Environment in 2021
published by the Chinese Ministry of Ecology and Environment,
there are 122 phytoplankton species in the Bohai Sea (including
Bohai Bay, Laizhou Bay, and Liaodong Bay), i.e., 31.07% less than in
2020. As a result, the Bohai Sea is facing ecological security
problems such as a sharp decline in marine biological resources,
sea pollution, and marine ecological damage, which make it an
ecologically fragile and environmentally sensitive area (Zhang et al.,
2021). Thanks to its strategic location, the Bohai Sea is an important
link between the Yellow River Basin ecosystem and the Yellow Sea
large marine ecosystem, and a key hub linking Beijing, Tianjin, and
Hebei. Moreover, it is important for the revitalization of the
Northeast, and in relation to other priorities for national
synergistic development. In addition, the Bohai Sea is one of
China’s three major marine economic zones; in fact, the Bohai
Sea Economic Zone is the “engine” of economic development in
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northern China. Therefore, this study proposes to build an MESB in
the Bohai Sea, which will help solve the contradiction between the
economic and social development of the Bohai Rim, on the one side,
and the carrying capacity of the marine environment, on the other
side (Liu et al, 2021). Such MESB will ensure the provision of
marine ecological services while taking into account the marine
ecological balance. This will be important to promote the
construction of a marine ecological civilization and achieve the
sustainable development of the maritime economy.

This paper is structured as follows. Section 2 briefly reviews the
relevant literature and presents the main contributions of this study.
Section 3 elaborates the problem, develops the operational model,
defines the parameters’ notation, and presents the corresponding
assumptions. Section 4 presents the results of a three-party decision
replication dynamic analysis and of an analysis of the steady state
(ESS) of each party’s decision. On this basis, Section 5 verifies the
effects of different factors on the evolutionary process using
simulations. Finally, Section 6 advances management insights and
presents the conclusions, research limitations, and future
research directions.

2 Literature review

2.1 Connotation and functional positioning
of the MESB

Current research on MESB has focused on two main areas. The
first strand adopted a “nature view”, focusing on the marine
ecosystem itself. Related studies focused mainly on marine
resource development and sustainable utilization (Jiang and Li,
2021), Control of carbon emissions from marine activities (Lu et al.,
2023), marine ecological and environmental carrying capacity
(Wang and Du, 2023), marine environmental resource value
measurement (Du and Wang, 2021; Du and Cao, 2022; Du and
Li, 2022; Du et al,, 2022), ecosystem value (Murphy et al., 2021),
marine ecosystem restoration (Xia et al., 2022), ocean ecological
compensation mechanisms (Jiang et al., 2019), and comprehensive
marine governance (Bakker, 2022; Gacutan et al., 2022; Zhang et al.,
2022). These works mainly focused on the unique biological
resources and ecological environment characteristics, or on the
current status of the ocean, and proposed effective solutions for the
development of marine resources, the restoration of the marine
ecological environment, and the comprehensive development and
utilization of the ocean from a multidisciplinary perspective,
including ecology, management, law, and economics.

The second strand of studies focused on the physical properties
of the “barrier”, arguing that MESBs are a barrier that blocks
the view, protecting more than exploiting. Although in 2016, the
outline of China’s 13" Five-Year Plan introduced it for the first
time, and in 2021, the 14™ Five-Year Plan specifically applied it in
practice, but the concept of ecological security barrier has not been
unified (Bai and Cheng, 2016). proposed a system for the
construction of MESBs originating from the concepts of limits of
growth and sustainable development. Moreover, nowadays, the
marine ecological red line system has also become an important
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institutional innovation for the construction of MESBs (Bai and
Cheng, 2016). By performing a multi-scenario simulation of
ecosystem service values for land use optimization in the
Sichuan-Yunnan ecological barrier, Li et al. (2021) pointed out
that key ecological functional areas play an irreplaceable role in
ecosystem restoration and protection (Li et al., 2021; Xue et al,
2022). analyzed the spatial and temporal changes and the
influencing factors of soil and water conservation on the Qinghai-
Tibet Plateau ecological barrier, arguing that default ecological
barriers are actually ecosystems with special protective functions
established by the special natural geographical form, with the goal
of meeting the ecological requirements for human survival and
development (Guo et al, 2021; Xue et al, 2022). claimed that
ecological security barriers meet such requirements, can play a role
in maintaining ecological security, and are in the state of, or
evolving toward, the apex community. Moreover, they play a
protective role for the ecological environment of the surrounding
areas, and even of the whole country and neighboring countries,
and have the ecological effect of guaranteeing ecological security
(Guo et al,, 2021). These scholars also equated ecological security
barriers with the ecological protection red line system, and even
proposed to break ecological barriers (Millette et al., 2020). This
strengthens the function of isolation and obstruction of ecological
barriers in the ecological spatial pattern, while physical obstruction
works against the coupled and coordinated development of
ecological protection and socio-economic development.

In addition (Cao and Han, 2020), took the Bohai Sea as the
research object, pointing out that it is affected by serious water
quality pollution, high levels of discharge of pollutants into the sea,
ecological environment damage, marine ecosystem degradation,
and frequent marine disasters. Furthermore, there are
inconsistencies among local management levels in the
comprehensive management process. These include the fact that
the departments involved are fragmented and it is difficult to form
synergies for management; and the lack of innovation in the central
and local coordination and management mechanism, as well as in
the environmental governance information sharing mechanism. To
this respect, these authors proposed feasible measures. First, the
establishment of the “Bohai Sea chief system”, so as to build a
management system and mechanism innovation for the Bohai Sea.
Second, the construction of the intelligent Bohai Sea information
system, so as to ensure information sharing on the marine
ecological security of the Bohai Sea. Third, the establishment of a
coordination and linkage platform, so as to improve the regional
consultation and governance mechanism of the Bohai Sea. Fourth,
to play a leading role in the allocation of marine resources in the
market, so as to achieve innovation in the operation mechanism of
marine resource allocation. Fifth, a supply-side structural reform, as
the driving force to achieve the healthy and sustainable
development of the Bohai Sea marine industry (Cao and Xie, 2021).

In summary, the “nature view” is based on the natural
properties of marine ecosystems and the exploitation and use of
marine ecosystems by humans, while the “barrier view” emphasizes
the protection of ecosystems for human survival. Ecological security
barriers are a buffer zone between natural ecosystems and human
society, while MESBs are the exchange field of liquid substances,
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such as sea and land resources and energy. Therefore, MESBs need
to be based on the marine ecosystem, and to be integrated with the
uniqueness of the marine ecological environment and the current
situation, with the goal of improving the ecological environment of
the Bohai Sea and the sustainable development of human beings, as
well as of integrating sea and land from the point of view of marine
ecological restoration and recovery, marine resources conservation,
ecological environment monitoring and early warning. From a
narrow perspective, MESBs are a comprehensive ecological
security system that integrates the development of land and sea.
Accordingly, the establishment of this system often relies on the
“hard” or “physical” measures of comprehensive ecological
management projects. From a broader perspective, MESBs are a
combination of marine engineering “physical barriers” and
“intangible barriers” such as institutions, policies, and protection
mechanisms (Cao and Han, 2020), which jointly maintain marine
ecological security.

MESBs have five main functions. First, they provide ecological
services such as climate regulation and air purification (Kaiwen
et al., 2004; Jiake et al., 2011). MESBs are based on the ocean;
therefore, they can assume the function of ecological services
provision in the marine ecosystem, guarantee human ecological
security, meet the needs of human survival and development, and
help achieve the harmonious coexistence between humans and
nature. Second, MESBs can maintain the biodiversity of sea-land
composite ecosystems. MESBs are representative spatial zones, an
excessive buffer zone or interlacing area. Therefore, the
construction of sea-land ecological security barriers not only can
guarantee the biodiversity of the land area, but also is an important
tool to maintain marine biodiversity offshore. Third, MESBs can
prevent the expansion of ecological threats from land-based sources
of pollution. Due to the continuity of ecosystems, resulting from the
natural confluence of water, the bays and their river basins become
an integrated, interconnected system (Doherty et al., 2014; Li et al,,
2014; Granit et al, 2017). As a result, rivers can easily carry
pollution from land-based sources into the ocean. MESBs, as a
systematic project, can establish a three-dimensional defense system
for the sea surface, the ocean, and the seabed through measures such
as inlet pollution control, marine pasture, and seabed forests,
effectively controlling the expansion of land-based pollution and
gradually improving marine water quality. Fourth, MESBs can
effectively prevent or reduce the damage caused by marine
disasters. Coastal ecosystems ensure wind and wave protection
through features such as coral reefs and mangroves, which can
effectively enhance the ability of coastal cities to withstand marine
hazards. However, the destruction of mangrove systems (Alongi,
2002), coral systems (Hughes et al, 2003), and marsh systems
(Kirwan et al., 2010) due to human activities has reduced the
resilience of coastal areas to marine hazards. To this respect,
MESBs not only contribute to the restoration of the original
ecosystem, but also can rely on green ocean technology
innovation to improve disaster warning and methodological
capabilities, thus reducing the loss from marine disasters such as
storm surges (Yi et al., 2021).

There are no doubts about the importance of marine ecological
security. For this reason, in practice, the Chinese central
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government and the local governments of the three provinces and
one city (Shandong Province, Liaoning Province, Hebei Province
and Tianjin City) of the Bohai Sea are aware of the importance of
the ecological environment, and have launched a number of policies
and action plans for the management of the ecological environment
of the Bohai Sea, including the “Bohai Sea Action Plan”, the “Bohai
Sea Comprehensive Improvement Plan”, the “Bohai Sea Coastal
Resources Management Action Plan”, and the “Bohai Sea
Environmental Management Strategy”. In 2018, the State Council
issued the “Action Plan for the Comprehensive Management of the
Bohai Sea” and officially opened the comprehensive management
action of the Bohai Sea. However, due to the unclear responsibilities
of the participating subjects and their conflicting interests, which
led to the lack of enthusiasm of some participating subjects, the
implementation of these policies for the marine ecological
environment management of the Bohai Sea enjoyed a large
investment but little effect. Therefore, to realize the Bohai Sea
MESB, it is necessary to pay attention to the functional roles of
the participating subjects and the interactions between them.

In the field of international marine ecosystem security
management, Bennett et al. (2019) performed a study of small-
scale fishers in 11 marine ecological reserves in 6 countries in the
Mediterranean Sea, and found that the establishment of good
governance processes and the existence of social impacts locally
support conservation more favorably than ecological benefits
(Bennett et al.,, 2019). In relation to the management of marine
and coastal protection in Brazil, significant advances have been
recorded, such as the creation of new, large mosaics of oceanic
protected areas, the recognition of Amazon mangroves were
recognized by the Ramsar Convention, and the creation of new
mangrove protected areas, besides other ones proposed.
Furthermore, project proposals are under development with
partners for better funding and sharing of responsibility, and
there is a better engagement with stakeholders. As such, the
building of the Brazilian Blue Initiative is underway. However,
despite such significant advances, the levels of funding, staff, and
stakeholders’ engagement remain relatively low for such a vast
system (Maretti et al., 2019). Therefore, marine ecological safety
management needs to pay great attention to the role of participating
subjects and their mutual interrelations.

2.2 The building of an MESB in the
Bohai Sea

Due to differences in resources endowment, ecological
conditions, economic foundation, and social evolution, the
economic development of the “three provinces and one city” in
the Bohai Sea Economic Cluster varies greatly. Therefore, to build
the MESB in the Bohai Sea, it is first necessary to solve the problem
of the division of roles and functions. Current research on the
construction of the MESB in the Bohai Sea still focuses on its
connotation, meaning, and specific ecological restoration; as such, it
does not include a focus on the precise positioning of the
participating subjects in this process, and ignore the subjectivity
of the marine ecological safety problems in the Bohai Sea. The
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industrial development of the Bohai Sea economic zone has caused
serious ecological and environmental problems, while driving the
rapid rise of the “three provinces and one city” urban
agglomeration. In view of the complexity, difficulty, investment,
long period, and risk of marine governance, reflected in marine
pollution and other marine ecological problems (Cheng et al., 2019;
Pinillos et al., 2023), the construction of the MESB requires
gathering the interests and strengths of different stakeholders
such as government, Non-governmental Organizations, and
enterprises (Cunha and Magalhaes, 2019; Gao J. et al., 2022).

As a trans-regional public resource, the non-exclusive nature of
the ocean makes local governments reluctant to actively bear any
costs, assuming considerably less responsibility for the ecological
management and restoration of the ocean (Wang et al, 2020)
“except in a coercive or other special way to make individuals act
in their common interest” (Yu et al., 2021). Therefore, the building
of the MESB in the Bohai Sea requires the development of policy,
legal, and institutional development influences (Liu et al., 2021;
Zhang et al., 2021) to focus on the state, market, and public society
in the maintenance of marine ecological security at multiple levels,
adopting a co-evolutionary hierarchical governance theory
perspective (Jiang and Li, 2021). From the perspective of
ecological modernization theory, the further integration of
economic and social development and ecological conservation
requires the central role of technological innovation and mature
market mechanisms in ecosystem development (Mol and
Spaargaren, 2000). Therefore, in the process of construction of
the MESB in the Bohai Sea, the local government should not
actively invest in the early stages, due to the cost of management
and other factors, but rather when the marine ecological safety
problems in the Bohai Sea will gradually become prominent and
affect the local economic development level, financial income, and
even the survival of residents. At this moment, the local government
should actively guide enterprises and the public to participate in the
construction of the MESB through the formulation of policies, laws,
and regulations.

As a higher quality tool for marine ecological civilization, the
construction of a good market mechanism for the MESB requires
giving full play to the main position of enterprises in the marine
economy. Although pre-investment costs are high and risky, and
the government needs to assume the role of guidance and
supervision, the adoption of a single-government governance
model will lead to a significant increase in endogenous
transaction costs (Du et al, 2022). Compared to the market-
oriented governance model, the single-government governance
model consists mainly in an ex-post control using administrative
policies in response to problems (Murphy et al., 2021). However,
the lag effect of policies and behavioral constraints compensation
(Xia et al., 2022) can hardly meet the public value of the whole
society (Jiang et al, 2019), which in turn affects the process of
ensuring a good ocean state. It is difficult for marine enterprises,
which are the main driver of land-based pollution, to actively
participate in the process of building the MESB, when the cost
paid is greater than the benefits obtained. Moreover, only when the
active participation of enterprises in the MESB has become an
important source of income, its construction will become
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consciously incorporated in the enterprise behavior. Therefore,
through their active behavior, sea-related enterprises can provide
the key resources, such as capital and technology, which will directly
determine the speed and quality of the construction of the MESB in
the Bohai Sea.

From a behavioral choice perspective, ocean issues are rooted in
individual behavioral choices, and citizens can change their public
values and decision-making behaviors to achieve the state-driven goal
of establishing a good marine ecosystem (Bakker, 2022). Small
community marine education practices in Indonesia (Zhang et al.,
2022) and Scotland (Gacutan et al., 2022) have also demonstrated
that increased levels of public understanding of marine knowledge
improve marine ecology and result in more “ocean-aware”
communities (Bai and Cheng, 2016). Theoretical studies have
found that public awareness, recognition, participation, and
support are important to achieve regional marine environmental
governance goals, and that a combination of the precautionary
principle and adaptive management is considered as an effective
tool to achieve the sustainable use of marine resources (Li et al., 2021).
Previous studies of specific environmental governance behaviors
found that the level of public participation plays an important role
in enhancing the effectiveness of pollution control (Xue et al., 2022).
Public participation, as a kind of civil rights application and
redistribution, is an effective mechanism for the government and
the public to negotiate and coordinate services on administrative
external behaviors through a reasonable and legal way; moreover,
improving the quality of public participation can entail a favorable
supervision for local governments (Millette et al., 2020). Therefore,
the incorporation of public participation into the construction of
MESBs can help form a balanced marine management system, and is
conducive to expanding the breadth of the MESB.

In summary, the construction of the Bohai MESB is a
comprehensive, long-term and complex project, and special
attention should be paid to the positioning of functions and roles
as well as the distribution of benefits among the main parties
involved in the construction, so as to form a comprehensive and
long-term synergistic governance system. However, few scholars
have explored the construction of MESB in the Bohai Sea from the
perspective of participating subjects. In the process of construction
of the MESB in the Bohai Sea, regarding the assumption of the
research subject, we referred to role-setting in previous studies on
marine ecological security governance. In the end, we determined
the three main strategic players: local government, marine
enterprises, and the general public. Through this, we aim to
achieve the integration of government governance, market
utilization, and social governance. This approach can address the
dynamic and governance mechanism issues of the MESB in the
Bohai Sea from the source. Although some scholars are currently
aware of the importance of the participation of multiple subjects
(Song et al., 2017; Garcia-Ayllon, 2019), there are still problems
such as a lack of top-level design, insufficient participation of
multiple subjects, and insufficient governance investment in
regional marine ecological environment governance. To this
respect, the evolutionary game theory is based on the biological
evolutionary theory, with the assumption that the game subjects are
finite rational people, and that the game parties finally achieve a

Frontiers in Marine Science

10.3389/fmars.2023.1226665

static equilibrium through the process of continuous mutual
learning and adaptation (Smith and Price, 1973; Maynard Smith,
1974). In this study, we created an evolutionary game model for the
construction of the MESB in the Bohai Sea, and analyzed the core
influencing factors that affect the proposed participation or non-
participation of sea-related enterprises in the decision.

Based on previous studies, the contributions of this study are as
follows. The first contribution relates to the selection of research
objects and subjects. As a special marine area characterized by
closed waters, long self-cleaning cycle, and fragile ecology, and
because it is an inland sea, it is difficult to ensure marine ecological
security governance of the Bohai Sea, which is directly related to the
success or failure of global marine ecological security governance.
This study from the selection of a new proposition for multi-party
checks and balances and optimal decision-making research
correspondence, to provide constructive advice for China’s
marine ecological security governance. Marine enterprises, local
governments and the public are all limited rationality, information
asymmetry and strategic choice interaction, there are no clear legal
provisions between the three parties to force constraints, and there
is a game relationship driven by interests. By constructing the
MESB in the Bohai Sea, it reveals the interaction mechanism
between the game subjects, makes all the participants benefit as
much as possible, and at the same time, helps each participant to
choose the correct use of decision-making (Xu et al., 2023).

Second, this study was the first to explore the dynamics and
governance mechanism in the construction of the MESB in the
Bohai Sea from the perspective of participating subjects, and to
provide a scientific reference for the construction of MESBs in
China by using Matlab numerical simulation.

3 Model hypotheses and analysis

Marine Protected Areas represent a complex area, where the
relationship between different stakeholders must be balanced. The
construction of the MESB in the Bohai Sea provides a coordination
mechanism and management framework for the integrated
management of the Bohai Sea ecological environment. A high-level
coordination and governance committee is established in the
construction of the MESB, in order to actively support marine
enterprises in assuming ecological and environmental responsibilities,
while reducing industrial pollution from land-based sources. In
addition, the construction of the MESB in the Bohai Sea requires
strengthening special legislation and comprehensive laws and
regulations in the Bohai Sea Rim, as well as an accountability and
supervision system (Scott and Thomas, 2017). In this way, it is possible
to create an ecological protection system based on the general public,
ultimately truly integrating sea and land to achieve coordinated and
sustainable economic, ecological, and social development (Song
et al,, 2017).

Therefore, this study assumed that in the construction of the
MESB in the Bohai Sea, local governments, marine enterprises, and
the public are the three main stakeholders involved, which are finite
rational economic subjects. More in detail, local governments mainly
include the provinces of Shandong, Liaoning, and Hebei, and the city
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of Tianjin. On this basis, the tripartite relationship was identified as
shown in Figure 1, and the following assumptions were made.

3.1 Hypothesis 1

In the construction of the MESB in the Bohai Sea, there are two
strategic choices for local governments, i.e., strict regulation and lax
regulation. If the local governments adopt a strict regulatory
strategy, they will have a certain amount of regulatory costs (C;)
and good government credibility (R,;), while if they adopt a lax
regulatory strategy, they will have higher regulatory costs C, (C, <
C;). When marine enterprises actively participate in the
construction of the MESB in the Bohai Sea, the local government
will impose a lower ecological and environmental tax rate (t;). At
the same time, if the local governments implement a strict
regulatory strategy, they will provide a certain amount of
subsidies (S) to marine enterprises, while if they adopt a lax
regulatory strategy, they will not provide any incentives or
subsidies. If marine enterprises do not participate in the
construction of the MESB, local governments will impose a
higher ecological tax rate t, (t; < t,). When the local governments
adopt a strict regulatory strategy, they will impose a fine on the
marine enterprises (F) for inaction, while when they adopt a lax
regulatory strategy, the public will report violations by marine
companies. If local governments choose to remain silent at this
point, they will entail a certain loss of government credibility ( D,).

3.2 Hypothesis 2

In the construction of the MESB in the Bohai Sea, marine
enterprises have two possible strategies: active participation and

10.3389/fmars.2023.1226665

non-participation. When they actively participate in the
construction of the MESB in the Bohai Sea, their product output
is Q; and the unit price of product is P. Moreover, marine
enterprises pay a cost of construction of the MESB, C;. At this
point, they provide ecological benefits to the public (R;), and pay
ecological taxes to the government (Qit;). If marine enterprises
provide ecological and environmental benefits that meet public
expectations, as a result of their active participation in the
construction of the MESB in the Bohai Sea, they will establish a
good corporate image and obtain intangible benefits (R;).
Conversely, if the public believes that the products offered by
marine enterprises do not meet their expectations, the public will
report them to the government, resulting in a loss of corporate
social image of the marine enterprise (D;). When marine
enterprises do not participate in the construction of the MESB in
the Bohai Sea, their product output is Q, (Q, > Qy), while the unit
price of product is still P. In this case, the ecological loss caused by
their non-participation in the construction of the MESB in the
Bohai Sea is D,. If the local governments implement a strict
regulatory strategy, marine enterprises need to pay taxes to the
government (t,Q,) and fines (F). At the same time, they will also
need to pay ecological compensation to the public, in strict
accordance with the relevant regulations (C,). If the public
reports on marine enterprises, the latter will incur in a loss of
social image caused by their inaction (D,). If local governments
implement a lax regulatory strategy, marine enterprises will often
pay ecological taxes to the government at a lower rate (Q,t;), while
expanding production to balance the cost of regulation, in
accordance with the principle of maximizing benefits and
minimizing costs (Guo et al,, 2021). In this case, if the public
reports the violation of the MESB in the Bohai Sea, marine
enterprises will incur in a loss of social image (D,) and of
government credibility (D, ).
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FIGURE 1

The relationship between the three parties in building the MESB in the Bohai Sea.
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3.3 Hypothesis 3

The public is the most direct stakeholder of the marine ecosystem. It
has two strategy options: supervisory reporting and non-supervisory
reporting. If the ecological and environmental benefits R; produced by
marine enterprises thanks to their active participation in the construction
of the MESB in the Bohai Sea meet public expectations, and then the
public will choose to accept and adopt the non-supervisory reporting
strategy. Otherwise, the public will adopt the supervisory reporting
strategy, and the cost of supervisory reporting will be Cs. If marine
enterprises do not participate in the construction of the MESB in the
Bohai Sea, the resulting loss of marine ecological environment will be D 4.
In this case, if the local governments will implement a strict regulatory
strategy, and the public will monitor and report the inaction of marine
enterprises, receiving an eco-compensation from marine enterprises (C,)
and an incentive from the government (W).

3.4 Hypothesis 4

Marine enterprises will choose the strategy to participate in the
construction of the MESB in the Bohai Sea in the proportion of x,
and will choose the strategy of non-participation in the proportion
of 1-x. Similarly, the local governments will choose the strict
regulatory strategy in the proportion of y, and the lax regulatory
strategy in the proportion of 1 —y; and the public will choose the
strategy of supervisory reporting in the proportion of z, and that of
non-supervisory reporting in the proportion of 1 —z.

Because the construction of the MESB in the Bohai Sea is still in
the conceptual stage, no specific data can be provided to support it.
To enhance the scientificity of this study, we referred to the Action
Plan on the comprehensive management of the Bohai Sea, issued by
the Department of Marine Ecology and Environment of the Ministry
of Ecology and Environment of China in 2019. This Plan states that
by October 2019, funding support for Bohai Sea governance exceeded
7 billion yuan. The three provinces and one city investigated 565
enterprises, investigated and rectified nearly 2,000 environmental risk
hazards, issued 187 rectification instruments, and filed environmental
emergency plans for more than 5,400 enterprises.

Table 1 provides a description of the main parameters
employed in this study.

TABLE 1 Description of the main parameters employed in this study.

Symbol Description Symbol Description

C, Local governments’ P Unit product price of
regulatory costs in marine enterprises
adopting the strict
regulatory strategy

C, Local governments’ D, Loss of government image
regulatory costs in as a result of lax regulatory
adopting the lax measures implemented by
regulatory strategy the Government

Cs Marine enterprises’ D, Loss of corporate image of
costs of marine enterprises not
active participation

(Continued)
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Symbol Description Symbol Description
involved in being reported
by the public
Cy Ecological D3 Loss of corporate image
compensation in caused by monitoring and
case of non- reporting despite active
participation of participation by
marine enterprises marine enterprises

Cs Cost of supervisory D, Ecological losses caused by
reporting by those marine enterprises
the public that do not participate in

the construction of the
MESB in the Bohai Sea

Ry Government ty Lower environmental
credibility in tax rates
adopting the strict
regulatory strategy

R, Ecological benefits t, Higher environmental
arising from the tax rates
active participation
of
marine enterprises

R; Eco-benefits of S Government subsidies for
marine enterprises the proactive behavior of
activism Intangible marine enterprises
benefits from
meeting
public expectations

Q Total production F Government fines for the
with active inaction of
participation of marine enterprises
marine enterprises

Q Total production w Government rewards for

without effective public
participation of supervisory reporting
marine enterprises

Based on these assumptions, an evolutionary game model of the
three subjects, i.e., local governments, marine enterprises, and the
public, was constructed; the benefits of the combination of the different
strategies, adopted by the three types of subjects, are shown in Table 2.

4 Model development and solution

4.1 Development of the evolutionary
game model

The replication dynamics analysis is a dynamic differential analysis
method that allows to analyze the degree of fitness of a strategy within a
population in the evolutionary game theory. Based on the data illustrated
in Table 2, the replicator dynamic equations for the marine enterprises,
local governments, and the public were derived, as follows.

4.1.1 Replicator dynamic equation for the
marine enterprises

The expected utility for marine enterprises, when they choose to
actively participate in the construction of the MESB in the Bohai
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TABLE 2 Equilibrium outcome of the three-party game.

10.3389/fmars.2023.1226665

Strategy combination Marine enterprises Local government Public

Active participation, strict regulation, supervisory reporting PQ, -t,Q; -C3+R, —D3 +S 4Q -C, +R; =S R, -Cs

Active participation, strict regulation, non- PQ, -t,Q; -G +R, +R3; +S 4,Q -C, +R; =S R,

supervisory reporting

Active participation, lax regulation, supervisory reporting PQ, -t,Q; -C3+R, - D3 4, Q -C,-Dy R, -Cs

Active participation, lax regulation, non- PQ -t,Q; —C3+R;, +R; 4Q; -G, R,

supervisory reporting

Non-participation, strict regulation, supervisory reporting PQ,-t,Q, -D,-C,-D, -F tQ-C,+F+R, - W Ci-Dy-C5+W

Non-participation, strict regulation, non- PQ,-t,Q, -D,-C,-F t,Q, -C, +F+R; Cy—Dy

supervisory reporting

Non-participation, lax regulation,supervisory reporting PQ,-t,Q, -D,-D, 41 Q, -C,-Dy -D,-Cs

Non-participation, lax regulation, non- PQ, -t,Q, - Dy, 64Q, -G, -D,

supervisory reporting
Sea, is Uggg;, and the expected utility when they choose not to Ug = -G, + xt;Q; + (1 -x)t;Q, — zD, (7)
participate is Ugrg,. The average expected utility for marine

nterprises i , where: T
enterprises Is Usgg, where Us =yUqi +(1-y)Ug (8)

USREl = PQ] - tlQl - C3 + Rz +yS - ZD3 (1)
Usrez = PQ, —y,Q, = (1 -y)t;Q; —yCy =Dy —zD, —yF  (2)

Usre = XUgge1 + (1 = X)Usggs 3)
The replication dynamics equation for the marine enterprises
participating in the construction of the MESB in the Bohai Sea is as
follows:
dx
F(x) = i x(1 = x)(Usggr — Usgea)
=x(1 -x)[PQ; - t;Q; - C; + R, +yS - zD; - PQ,
+yt,Q; + (1 = y)t,Q, + yCy + Dy +zD; + yF] 4)
The derivative of F(x)is as follows:
F(x) =(1 - 2x)[PQ, - ;Q, - C; + R, +yS — zD; - PQ,

+y65,Q, + (1 - y)t;Q, + yCy + Dy + 2D, + zF] (5)

4.1.2 Replicator dynamic equation for
local governments

The expected utility for local governments when adopting the
strict regulatory strategy is Ug;, and the expected utility when
adopting the lax regulatory strategy is Ug,. The average expected
utility of local governments is Ug, where:

Ug = -C +Ry = xS+ xt;Q; + (1 = x)F+ (1 - x)t,Q, — (1 —=x)zW (6)

Frontiers in Marine Science

The replication dynamics equation for the adoption of the strict
regulatory strategy by local governments is as follows:

_dy _
F(Y)-a—

=y(1-y)([C; - Cy +R; = xS+ (1 -x)t,Q, — (1

y(1 =y)[Ug - Ug,]

-x)tQ, — (1 - x)zZW +zD ] )

The derivative of F(y) is as follows:

,

F(Y) = (1 - 2y)[C2 - Cl + R1 —XS + (1 —X)F + (1 —X)t2Q2

-(1-xt,Q, - (1 - x)zW +zD;] (10)

4.1.3 Replicator dynamic equation for the public

Setting the expected utility of the public to Up; when the public
adopt supervisory reporting strategies, and to Up, when the public
adopt non-supervisory reporting strategies, the average expected
utility of the public is Uy, where:

Up, =-Cs +xRy - (1 -x)Dy + (1 -x)yCy + (1 —x)yW  (11)

Up, =xR; — (1 -x)Dy + (1 - x)yCy (12)

Up =2zUp; + (1 —2)Up, (13)

The replication dynamics equation for the adoption of the
supervisory reporting strategy by the public is as follows:

F(Z) —g—

2(1 = 2)(Up; — Upy) = z(1 - 2)[-Cs + (1 - x)yW] (14)
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The derivative of F(z) is as follows:

F(z) =(1 - 22)[-Cs + (1 - x)yW] (15)

4.2 Analysis of the three-party
evolutionarily stable strategy

The replication dynamics analysis is a dynamic differential
analysis method to analyze the degree of fitness of a particular
strategy within a population in the evolutionary game theory. If the
net gain of a strategy during the game is higher than the average
gain of other strategies in a certain population group, then this
strategy is considered to be the most suitable for expansion in the
population group, i.e., the strategy is considered to be stable against
the invasion of variant strategies.

4.2.1 Asymptotic stability analysis of
marine enterprises

The replication dynamics equation of marine enterprises
participating in the construction of the MESB in the Bohai Sea is
as follows:

dx
F(x) = i x(1 = x)(Usger — Usrez)
= X(l _X)[PQI _tlQl —C3 + R2 +YS —ZD3 _PQZ

+y6,Q, + (1 = y)t;Q, +yCy + Dy + 2D, + | (16)

When F(x) = O,F(x)’< 0, x is the evolutionary stabilization
strategy of marine enterprises. Moreover, there are three
possible cases:

_ PQ;-PQ,+t;Q,—t; Q; —C3+R,+D,+zD,—zD _ .

1) When y = PAPQO0QCaRtDtiDiDs | F(x) = 0 s
always satisfied, independently from its value, x is in a stable

state, and marine enterprises’ strategy will not change.

2) When y > PQI—PQZ+t1t?é;ilt?é;?§j§:j]?4+zD2—zD3
F(x)|x=0> 0,F (X)]x=1< 0.

That is, x =1 is the stability point. This indicates that the
strategies of marine enterprises to participate in the construction of
the MESB in the Bohai Sea are closely related to the behavior of both
local governments and the public. When the proportion of local

, then we have

governments adopting a strict regulatory strategy is higher than

PQ;—PQy+t; Q=t; Q; =C3+Ry+D, +zDy —zDs
4Q-6,Q,-5-C4-F

participate in the construction of the MESB in the Bohai Sea, due to

, marine enterprises will actively

a combination of factors such as tax rates and corporate
social image.
PQ,~PQ, +1,Q,~t;Q; ~Cs +Ry+D;+zD,~zDs
3) When y < 0Q-6Q-5-C,F
F(x)[x=1> 0,F(x)|x=0<0.
That is, x = 0 is the stability point. When the proportion of local

, then we have

governments choosing a strict regulatory strategy is lower than

PQ; -PQy+t,Q,=t;Q; =C3+Ry+Dy+2zD,—zD;
4Q-1Q-5-C4-F

the strategy of not participating in the construction of the MESB

, marine enterprises will choose

in the Bohai Sea in the next stage of the game.
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4.2.2 Analysis of the replication dynamics of local
governments’ adoption of the strict
regulatory strategy

The replication dynamics equation for the adoption of the strict
regulatory strategy by local governments is as follows:

d
F(y) = 5 = y(1 - Y)[U: - Ug,)
=y1-y)(C,-C; +R; =xS + (1 - x)t,Q, —
(1-x)t,Q, — (1 =x)zW +zD]

(17)

When F(y) = O,F(y),< 0, y is the evolutionary stabilization
strategy of local governments. Moreover, there are three

possible cases:

_ G-C+R +F+t,Q,—t, Q,—zW+zD,
1) When x = STF+5,Q, -1 Q—2W

satisfied, independently from its value, y is in a stable state, and

, F(y) =0 is always

local governments’ strategy will not change.
Cy=Cy R, +F+1,Q, 1, Q, ~2W-+2D )
2) When x > =215 #1;831182%\; 221 then we have F'(y)|y=0
>0, F'(y)|y=< 0. That is, y = 1 is the stability point. This indicates

that the decision of local governments is closely related to the

proportion of positive behaviors of marine enterprises and the
proportion of the public’s adoption of the monitoring strategy.
When the proportion of marine enterprises actively participating in

the construction of the MESB in the Bohai Sea is higher than

C,—C; +R +F+t,Q,—t; Q—zW+zD;
S+F+t,Qy—t;Q,—zW

strict regulatory strategy, due to a combination of factors such

, the local governments will choose the

as credibility.
3) When x < S8l q d G > then we have F'(y)|y=0
<0, F(y)]y=1> 0. That is, y = 0 is the stability point. This indicates

that when the proportion of marine enterprises actively

participating in the construction of the MESB in the Bohai Sea is

Cy—Ci+R +F+1,Q,—t; Q;—zZW+zD;
S+F+t, Q- Q—zW

tend to choose the lax regulatory strategy.

lower than , the local governments will

4.2.3 Analysis of the replication dynamics of the
public’'s adoption of the supervisory
reporting strategy

The replication dynamics equation for the adoption of the

supervisory reporting strategy by the public is as follows:
dz
F(z) = e z(1 - z)(Up; — Up,) = z(1 — 2)[-Cs + (1 —x)yW] (18)

When F(z) =0,F(z) <0, z is the evolutionary stabilization
strategy of the public. Moreover, there are three possible cases:

1) Wheny = (l_cﬁ, F(z) = 0 is always satisfied, independently
from its value, z is in a stable state, and the public strategy will
not change.

2) When y > (I_Cﬁ, then we have F'(x)|z=0> 0, F'(x)|,-;< 0.
That is, z = 1 is the stability point. This indicates that the public’s
supervisory reporting strategy is closely related to the proportion of
marine enterprises not participating in the construction of the
MESB in the Bohai Sea, and to the proportion of local
governments adopting the strict regulatory strategy. When the
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Cs

(1-x)W >
reporting strategy in the construction of the MESB in the Bohai Sea,

latter is higher than the public will adopt the supervisory
due to the influence of the cost of supervisory reporting and
government incentives.

3) Wheny < afﬁ, then we have F'(x)|x=> 0, F'(x)|=1< 0. That
is, z=0 is the stability point. When the proportion of local
governments adopting the strict regulatory strategy is lower than
“fﬁ, the public will choose the non-supervisory reporting
strategy in the next stage of the game.

5 Equilibrium points of the
evolutionary game and
stability analysis

In the replicated dynamic system of the tripartite game of marine
enterprises, local governments, and the public, on the basis of the
Liapunov stability theory, the system of combination of the strategies of
the three subjects of the game is stable when all the real parts of the
eigenvalues of the system Jacobi matrix are lower than 0. Based on the
replicated dynamic equation of each game subject, the Jacobi matrix of

the replicated dynamic system was obtained as follows:
JF(x
ay
JF(y) 9F(y) 9E(y)
ox oz
JF(z)

oz

v

S
N

y
(z
ay

Q)

JF(z)
ox

9
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As shown in Table 3, the equilibrium points that may satisfy the
condition that all the real parts of the eigenvalues of the system
Jacobi matrix are negative, are (0, 0, 0), (0, 1, 0), (0, 1, 1), (1, 1, 0),
and (1, 0, 0). This shows the process, from the stage where marine
enterprises, local governments, and the public do not pay attention
and do not actively participate in the construction of the MESB in
the Bohai Sea, to the stage where local governments and the public
are aware of the importance of the construction of the MESB, and
finally to the stage where marine enterprises can actively and
consciously promote the MESB without the supervision of local
governments and the public. According to the range of values of
each parameter in the expression, the stability of each equilibrium
point can be discussed in the following five cases.

Case 1: When PQ; - PQ,+ t;Q,-t;Q;-C; + D, +R, < 0, C, —
C, + Ry +,Q, — t;Q, +F<0, — C5<0, then (0, 0, 0) is the ESS point
of the system. After transformation, we can obtain: Q, — t;Q, -Dy>
PQ;- t;Q;-C3+R,,—C; +R+t,Q,+F<-Cy+ ;Q;, C5< 0. This
means that the after-tax product revenue minus the environmental
loss caused when marine enterprises do not participate in the
construction of the MESB in the Bohai Sea is higher than the after-
tax revenue minus the cost paid for it when marine enterprises
actively participate in it, plus the resulting ecological benefits. For
local governments, the cost of adopting a lax strategy plus the tax
levied is higher than the sum of the cost of implementing a strict
regulatory strategy, the tax, the fines imposed on enterprises, and the
resulting credibility. According to the equilibrium condition, at this
time, the benefits of marine enterprises adopting the strategy of not
participating in the construction of the MESB in Bohai Sea are higher

TABLE 3 Stability analysis of the equilibrium solution to the three-party evolutionary games.

Equilibrium point

Eigenvalues A A, Az

Positive and negative signs

1,1,1) PQ, — PQ, +,Q, —,Q, + C; —C4 ~D, + Dy =D, ~R, =S —F, U, U, +)
C -C,-D—R + 6,
Cs

(1,0, 1) PQ, -PQ; +t,Q; -;Q; +C3 - D, + D3 =Dy - R,, U, U, +)
C,-Cy+D; +R; =S,
Cs

1, 1,0) PQ, - PQ, +1,Q, - ,Q, + C; ~ C4 — D, — R, — S-F, U, U,
€ -C—Ry +5,
Yo

(1,0,0) PQ -PQ +t,Q - t,Q +C; =Dy - Ry, (U, U, -)
C,-C +R,-§,
-G

0,1,1) PQ, -PQ, +6,Q, -t;Q; -C3+C, +D, - D3+ Dy + R, + S+F, (U, U, 0)
C-GC-Di+tQ-6Q -R -F+W,
Ci-W

0,0,1) PQ -PQ+1,Q - t,Q —~C;3 + D, = D3 + Dy + Ry, (U, U, +)
C,-C+D+6Q -t;Q+ Ry +F-W,
Cs

0, 1,0) PQ, -PQ +,Q, - ,Q; - C3 +Cy + Dy + R, + S+ F, (U, U, U)
G -G-Ri+4Q-6Q-F
-Cs+ W

(0, 0,0) PQ; -PQ +,Q, - ;Q; —C5 +Ds +R,, U, 0,9
C-C+R +6Q-t,Q +F
~Cs

U indicates that the positive and negative signs are uncertain and require further discussion.
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than those of actively participating in it; the benefits of local
government choosing the lax strategy are higher than those
adopting the strict regulation strategy; and the benefits of the
public adopting the non-reporting strategy are higher than those of
choosing the reporting strategy. Hence, the evolutionary stabilization
strategies of marine enterprises, local governments, and the public are
non-participation, lax regulation, and non-reporting, respectively.

This often happens in the early stage of the construction of the
MESB, when the central government has just issued related
promotion policies, local governments are still in the stage of
waiting and watching, and marine enterprises and the public do
not have a clear understanding of the MESB. In this case, marine
enterprises, local governments, and the public prefer to wait and see
what happens. Under such circumstances, the construction of the
MESB needs to analyze the behavior tendency and the influencing
factors of these subjects, so as to lay the foundation for the
construction of the MESB. The local governments of Shandong
Province, Hebei Province and Tianjin Municipality in the Bohai Sea
region are in a wait-and-see mode for the government to make a
comprehensive management program for the Bohai Sea region due
to the distribution of interests and the differences in the level of
economic development. Under these circumstances, businesses and
the public in the region will not take action either.

Case 2: When PQ; -PQ, +t,Q, —t,Q, - C3+C, + Dy + R, +
S+F<0,C-C,-R; +t;,Q, - t,Q, -F <0, —C5+ W <0, then
(0, 1, 0) is the ESS point of the system. After transformation, we can
obtain: PQ, -t,Q; -C3+R, +S<PQ,-t,Q,-C,-D, -F, —
C,+t,Q, < -C, +R; +t,Q, +F, C; > W. This means that the
income of marine enterprises when they do not participate in the
construction of the MESB in the Bohai Sea minus the ecological
environmental taxes, marine ecological environmental losses, fines,
and marine ecological compensation paid to the public is higher
than the after-tax income of marine enterprises when they actively
participate in the construction of MESB in the Bohai, Sea minus the
costs paid for participating in the construction of MESB in the
Bohai Sea, plus ecological benefits and government subsidies. For
local governments, the cost of adopting a strict regulatory strategy
plus government credibility gains, tax revenue, and fines levied on
marine enterprises is higher than the cost of adopting a lax strategy
plus tax revenue. For the public, the cost of supervisory reporting is
higher than the government incentives. According to the
equilibrium condition, at this time, the benefits of marine
enterprises not participating in the construction of the MESB in
the Bohai Sea are higher than the benefits of those that participate.
The benefits of local governments adopting a strict regulation
strategy are higher than those adopting a lax strategy, and the
benefits of the public adopting the strategy of not reporting are
higher than those for the strategy of supervisory reporting. Hence,
the evolutionary stabilization strategies of marine enterprises, local
governments, and the public are non-participation, strict
regulation, and non-supervisory reporting, respectively.

This situation generally occurs at the stage when the MESB
policy is formulated and implemented from the central to the local
level. Local governments are forced to strictly supervise the
implementation due to the pressure from the central government;
however, marine enterprises and the public still do not recognize
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the importance of building the MESB, and they will choose the
strategy of not participating and not supervising the reporting,
respectively. The positive behavior of the local governments has
broken the rigid pattern of inaction of the three participating
subjects in the early stage, and has made a solid, first step to
promote the construction of the MESB. Due to the political and
policy pressure from the central government, the provinces in the
Bohai Sea region are forced to take the first step in the construction
of the Bohai Sea Marine Ecological Safety Barrier.

Case 3: When PQ; - PQ, +t,Q, - t,Q, -C;+C,+ D, - D5 +
D, +R;+S+F<0,C-C,-D; +,Q, - ,Q, - R - F+ W<
0, Cs — W < 0, then (0, 1, 1) is the ESS point of the system. After
transformation, we can obtain: PQ; —t;Q; —C; - D3 +R, +S <
PQ -6Q-Cy =D, =Dy -F, -G -D; +4Q, < -C; +,Q, +
R, + F= W, C5 < W.This means that the after-tax income of
marine enterprises when they do not participate in the
construction of the MESB in the Bohai Sea, minus the ecological
loss, corporate image loss, ecological compensation to the public,
and fines, is higher than the after-tax income of marine enterprises
when they actively participate in the construction, minus the cost of
participation and the loss of image when they are reported to meet
public expectations, plus the resulting good ecological benefits and
government subsidies. For local governments, the cost of adopting a
lax regulatory strategy plus the ecological taxes and fines levied, and
their credibility, minus the rewards for effective public reporting, is
higher than the cost of adopting a lax regulatory strategy, plus the
tax revenue and minus the loss of government image, when
reported by the public. For the public, the rewards from the
government are higher than the costs of supervisory reporting.
According to the equilibrium conditions, the benefits of marine
enterprises not participating in the construction of the MESB in the
Bohai Sea are higher than those for participation; the benefits of the
local governments adopting a strict regulatory strategy are higher
than those for adopting a lax regulatory strategy; and the benefits of
the public adopting the reporting strategy are higher than those for
adopting the not reporting strategy. Hence, the evolutionary
stabilization strategies of marine enterprises, local governments,
and the public are non-participation, strict regulation, and
supervisory reporting, respectively.

This generally happens when, after fully interpreting the central
government’s policy on the MESB, the local government publicizes
and educates about it, achieving good results. At this point, the
public’s awareness and the level of marine ecology and
environmental protection have been significantly improved, and
the public can fully participate in the process of building the MESB.
However, marine enterprises will still adopt a conservative non-
participation strategy, due to risk and interest considerations.

A good marine ecological protection context is a key link to build
the MESB in the Bohai Sea. The public is both the direct and indirect
subject of this construction. Its indirectness is mainly reflected in the
fact that it exerts pressure on marine pollution subjects through
public opinion, prompting them to actively participate in the
construction of the MESB. The active participation of the public is
a catalyst for the comprehensive construction ofthe MESB.

Case 4: When PQ,-PQ,+t;Q;-t,Q,+C;-C4,—D,-R,-S-F<0,
C,-C,-R;+S5<0, —Cs <0, then (1, 1, 0) is the ESS point of the
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system. After transformation, we can obtain: PQ, —t,Q, - C, — D, —
F<PQ -t,Q —Cs+R, +8,-C, < -C, + R, = S,~C5 < 0. This
means that the after-tax income minus the cost of participation,
plus the benefit of good image and government subsidies, when
marine enterprises actively participate in the construction of MESB in
the Bohai Sea, is higher than the after-tax income minus the
ecological compensation, ecological losses, and fines paid to the
public when marine enterprises do not participate. For local
governments, the cost of adoption of a strict regulatory strategy,
plus government credibility and minus government subsidies to
enterprises, is higher than the cost of adoption of a lax regulatory
strategy. For the public, in this case, supervision and reporting imply
only high expenses. According to the equilibrium conditions, at this
time, the benefits of marine enterprises actively participating in the
construction of the MESB in the Bohai Sea are higher than those for
not participating; the benefits of the local governments adopting a
strict regulatory strategy are higher than those for adopting a lax
regulatory strategy; and the benefits of the public adopting a non-
supervisory reporting strategy are higher than those for adopting a
supervisory reporting strategy. Hence, the evolutionary stabilization
strategies of marine enterprises, local governments, and the public are
active participation, strict regulation, and non-supervisory
reporting, respectively.

This generally happens in the context of the strengthening of
marine ecological protection awareness and public opinion across
the whole society. Marine enterprises are forced to participate in the
construction of the MESB in the Bohai Sea due to tax rates, fines,
and other coercive factors. The active participation of the marine
enterprises is an important element in this process. Marine
enterprises provide technology and other important resources for
the construction of the MESB in the Bohai Sea, and even become the
main driver for marine pollution prevention and treatment, which
will directly determine the quality and speed of the construction of
the MESB in the Bohai Sea.

Case 5: When PQ, -PQ;, +t;Q; -t,Q, +C;-D,-R, <0,
C,-C;+R; -S<0, —Cs5 <0, then (1,0, 0) is the ESS point of the
system. After transformation, we can obtain: PQ, —t;Q, — D4 <
PQ; -t,Q; - C; +R,,—-C; +R; - S < -C,,-C5 < 0. The after-tax
income of marine enterprises, minus the costs paid for
participation, plus the resulting ecological benefits, when they
actively participate in the construction of MESB in the Bohai Sea,
is higher than the after-tax income minus the resulting ecological
losses under the non-participation strategy. For local governments,
the credibility of the government minus the cost of government
subsidies and payments is lower than the cost of regulation under
the lax strategy. At this point, for the public, there will only be cost
expenditures for supervisory reporting. According to the
equilibrium conditions, at this time, the benefits of marine
enterprises adopting the strategy of actively participating in the
construction of the MESB in the Bohai Sea are higher than those for
not participating; the benefits of local governments adopting the lax
regulation strategy are higher than those for adopting the strict
regulation strategy; and the benefits of the public for non-
supervisory reporting are higher than those for supervisory
reporting. Hence, the evolutionary stabilization strategies of
marine enterprises, local governments, and the public are active
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participation, lax regulation, and non-supervisory
reporting, respectively.

This situation generally occurs in the late stage of the
construction of the MESB. At this time, the role of the market in
this process is fully played, and the enthusiasm of marine
enterprises, as the main actor of the market, is mobilized. Marine
enterprises are fully aware of the importance of marine ecological
security and, at the same time, can realize the unification of marine
ecological and enterprise benefits through technical improvement
and other measures, so that they can actively and consciously
participate in the construction of the MESB without any
supervision. Local governments and the public fully recognize the
role of marine enterprises as the “defender” and “implementer” of
marine ecological security and, therefore, it will no longer adopt any
supervision and reporting decisions. This is the advanced stage of
construction of the MESB.

In summary, based on these assumptions, the stabilization
points of Case 1, Case 2, Case 3, Case 4, and Case 5 are (0, 0, 0),
(0, 1,0), (0, 1, 1), (1, 1, 0), and (1, 0, 0), respectively. Among these
points, (1, 0, 0) is the ideal state in which marine enterprises can
consciously and actively implement the construction of the MESB
in the Bohai Sea in the absence of government supervision and
public reporting. In other three scenarios, namely (0, 0, 0), (0, 1, 0),
and (0, 1, 1) marine enterprises may not have the main role in the
construction of the MESB in the Bohai Sea. Finally, in the case of (1,
1, 0), marine enterprises are already actively participating in the
construction of the MESB in the Bohai Sea, and a further increase in
cost investment will not lead to an improvement in the
marginal effect.

6 Simulation analysis

In order to identify the different constraints and the strength of
the influencing factors, this study adopted a numerical simulation
method to analyze the influence of different strategy values of
marine enterprises, local governments, and the public on the
equilibrium strategy of the system for the abovementioned three
scenarios of system dynamic evolution path and stability. Then, for
the ideal case 5, the main parameters were changed with the aim of
analyzing how the system tends to evolve and stabilize under
different intensities of the relevant factors. The system parameters
were assigned according to the basic assumptions and the
correlation action relations between the parameters in the
constraints of case 5. This study employed MATLAB R2020a,
setting the simulation step size to 0.15, the simulation initial time
at 0, and the end time at 30.

6.1 The impact of regulatory cost C; of the
strict regulatory strategy implemented by
local governments on the evolutionary
steady state

The impact of the cost paid by local governments to implement
the strict regulatory strategy on the steady state of the evolutionary
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game, holding other parameters constant, is as follows. When C,
40,C, =45, then local governments will implement the strict
regulation strategy. Under the strict regulation of local
governments, marine enterprises will actively participate in the
construction of the MESB in the Bohai Sea, and the three-party
game will approach the stability point (1, 1, 0). When C; keeps
increasing and reaches a certain level (C; = 50), local governments,
under the pressure of increasing costs, will voluntarily abandon the
strict regulatory strategy and shift to the lax regulatory strategy, at
which time the three-party game will approach (1, 0, 0) as shown
in Figure 2.

This shows that a stronger strict regulation by local
governments is more conducive to promoting marine enterprises
to actively participate in the construction of the MESB in the Bohai
Sea. When marine enterprises have integrated marine ecological
security into their own development strategies and have become
conscious of their behavior, local governments will be constrained
by the regulatory input and the completion of the construction of
the MESB in the Bohai Sea, and will adopt regular and
lax regulation.

6.2 The impact of government credibility
R, of the strict regulatory strategy
implemented by local governments on the
evolutionary steady state

The impact of the government credibility, generated by local
governments to implement the strict regulatory strategy, on the
steady state of the evolutionary game, holding other parameters
constant, is as follows. When R; =50, R; =60, then local
governments will implement the strict regulation strategy.
Under the strict regulation of local governments, marine
enterprises will actively and consciously participate in the
construction of the MESB in the Bohai Sea, and the three-
party game will approach the stability point (1, 0, 0). When
R, keeps increasing and reaches a certain level (R; = 70), the
increase in the credibility of local governments will strengthen
their important role in the construction of the MESB in the
Bohai Sea; therefore, that they will give up the lax regulatory

social public

C, =40

FIGURE 2

Cl =45

10.3389/fmars.2023.1226665

strategy and turn to the strict regulation strategy, and will
continue to promote the steady implementation of the
construction of the MESB. At this time, the three-party game
will be close to (1, 1, 0), as shown in Figure 3.

This indicates that a higher government credibility, generated
by the local governments’ participation in the construction of the
MESB in the Bohai Sea, will be more favorable to the formation of
local government performance. This will not only strengthen the
local governments’ determination to perform strict regulation, but
also be more favorable to promote the evolutionary trend of marine
enterprises’ participation in the construction of the MESB in the
Bohai Sea.

6.3 The impact of government rewards for
effective public supervisory reporting W,
on the evolutionary steady state

The impact of the government reward for effective public
supervisory reporting on the steady state of the evolutionary game,
holding other parameters constant, is as follows. When W = 10, W =
20, then local governments will implement the strict regulatory
strategy, marine enterprises will consciously and actively participate
in the construction of the MESB in the Bohai Sea, and the three-party
game will approach the stability point (1, 1, 0). When W keeps
increasing and reaches a certain degree (W = 30), local governments,
constrained by the increase in regulatory cost, will abandon the strict
regulatory strategy and adopt the lax regulatory strategy, at which
time the three-party game will be close to (1, 0, 0), as shown
in Figure 4.

When the social public’s awareness of marine ecological
security reaches a certain level, the governments’ reward
incentives will fail, i.e., a further increase in investment in
socially just rewards will not yield marginal benefits. In the
higher call of marine ecological environmental protection,
marine enterprises will actively participate in the construction
of the MESB and incorporate it into their own development
strategy, thereby showing the adoption of a regular behavior. At
this point, the local governments will also gradually shift to
lax regulation.

02

marine related enterprises

marine related enterprises

C1=50

Regulatory cost evolution path of the strict regulatory strategy implemented by local governments.
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Government credibility evolution path of the strict regulatory strategy implemented by local governments.

7 Conclusions and policy implications

7.1 Conclusions

MESBs are the product of combining the concept of “ecological
security barrier” with the strategy of “Maritime Power”. Moreover,
they are also a specific tool for the implementation of a land-sea
integration strategy. In fact, they creatively combine the need for
protection of the marine ecological environment with the objective
of sustainable development of the marine economy, thereby not
only ensuring the spatial security of national development, but also
entailing economic benefits and ecological services to the region
(Jiang and Li, 2021). This has become a strategic, forward-looking,
and comprehensive management initiative in the sustainable
development of marine ecology and environment. This study took
the Bohai Sea, in China, as the research object, and used
evolutionary game theory to construct a game model including
local governments, marine enterprises, and the public. Through the
analysis of the interests of each decision maker, this study
investigated the strategies to actively construct the MESB in the
Bohai Sea. Due to differences in cognition and interest motivation
among decision makers, there will inevitably be certain conflicts and
synergies in the decision-making actions. Therefore, the analysis of
the conflict and cooperation among decision makers will help them
make the right decision in favor of “Marine Ecological Civilization”.

In order to contribute to the construction of the MESB in the
Bohai Sea and provide a reference to guarantee regional marine

05 -
~— 02
local government 0 o local government

marine related enterprises

W=10 w

FIGURE 4

ecological security, this study constructed a tripartite game model
consisting of marine enterprises, local governments, and the public,
and analyzed the evolutionary equilibrium conditions and
evolutionary stabilization strategies of the three parties using
MATLAB R2020a. The conclusions of the study are as follows.

First, the construction of the MESB in the Bohai Sea is a long-
term, systematic and comprehensive project. In terms of the
main participants, first, the Bohai Sea region (three provinces
and one city) has large differences in the level of economic
development and development, as well as in ecological and
environmental governance capacity. Therefore, the
construction of the MESB in the Bohai Sea needs to pay
attention to the distribution of interests among local
governments. In addition, the synergistic development of
economic development and ecological security in the Bohai Sea
region not only involves the behavior of local governments, but
also is inseparable from the behavior of marine enterprises and
the public. The intricate distribution of interests increases the
difficulty of constructing the MESB in the Bohai Sea. Therefore,
the construction of the MESB in the Bohai Sea requires top-level
design and comprehensive integrated planning.

Secondly, the construction of the MESB in the Bohai Sea
requires that the collaborative governance capacity of the local
governments of the three provinces and one city be brought into full
play. At different stages of the construction of the MESB in the
Bohai Sea, local governments have different operational
performance and strategic choices, which depend on the sum of

social public

-~ o4
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marine related enterprises.

=20

Government rewards evolution path of effective public supervisory reporting.
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the costs, credibility and other benefits paid by the local
governments under different strategic choices.

Thirdly, in the construction of the MESB in the Bohai Sea, the
behavioral choices of enterprises involved in the sea are
characterized by phases, which are mainly closely related to the
costs paid and ecological losses caused by their participation.

Fourthly, whether the public monitors or not depends mainly
on the cost it pays for monitoring. Therefore, it is particularly
important to smooth the channels of public participation in the key
aspects of promoting the construction of the MESB in the
Bohai Sea.

In conclusion, in the construction of the MESB in the Bohai Sea,
we should not only pay attention to the guiding and supervising role
of the government, but also encourage the guiding role of the
market economy, stimulate the vitality of the construction body of
marine enterprises, and comprehensively promote the
implementation of the MESB.

7.2 Policy implications

7.2.1 Improving the reward and punishment
appraisal system and mechanism in the
construction of the MESB in the Bohai Sea

Firstly, the central government should make an effort to realize
the top-level design. Construct a comprehensive and systematic
participation system for the Bohai MESB with the core of “Bohai
Sea local governments—marine enterprises—the public”, and clarify
the responsibilities and rules for the distribution of benefits of each
subject in the construction of the Bohai MESB. The responsibilities
and benefit distribution rules of each subject in the construction of
the barrier should be clarified.

Secondly, the central government and the Bohai Rim local
governments need to formulate a comprehensive, systematic and
long-term plan for the construction of the MESB in the Bohai Sea,
taking into account the stage-by-stage characteristics of the
construction of the MESB in the Bohai Sea and the distribution
of benefits among the main parties at each stage, and to formulate a
combination of mid- to long-term and short-term planning
programs. In particular, in the early stages of the construction of
MESB in the Bohai Sea, given the investment term mismatch in the
construction of the MESB in the Bohai Sea, it is difficult for marine
enterprises to actively participate from the early stage of
construction. Therefore, it is necessary to innovate the operation
mechanism of marine resources allocation, encourage the macro-
control role of the government, and strengthen the guiding and
supporting role of the government in the construction of the MESB.
Specifically, first of all, we need to construct an optimized
assessment and evaluation index system for the MESB in the
Bohai Sea, integrating the internal, vertical “central government-
local governments-government staff” assessment index system with
the multi-body “local governments-enterprises-public” assessment
index system, which is a multi-dimensional and comprehensive
assessment and evaluation index system. Secondly, the assessment
and evaluation of the MESB of the Bohai Sea will be incorporated
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into the performance appraisal of local governments and the
assessment and selection of cadres. Finally, according to the
evaluation index, we need to establish an effective reward and
punishment mechanism for marine enterprises, and strengthen
their rights and obligations in the construction of the MESB in
the Bohai Sea. Preferential tax rates and subsidies can be used to
reward active marine enterprises, and economic or legal recourse
can be imposed on those enterprises that violate the construction of
the MESB in the Bohai Sea, so as to comprehensively promote
its construction.

7.2.2 Achieving the process and diversification of
construction means and measures, and
consciously encouraging the behavior of the
construction subject

In the process of construction of the MESB in the Bohai Sea, any
action will entail a cost. In order to maximize the benefits, the local
governments of the “three provinces and one city” need to adopt
targeted measures based on the stage characteristics of the
construction of the MESB in the Bohai Sea. In the initial stage of
construction, the government should strengthen the use of “hard
means’, i.e., administrative means. In the middle and late stages of
construction, it should take the initiative to decentralize; moreover,
it should let the market become the main place for marine resources
allocation and ecological protection; and, through various forms of
publicity and education, it should improve the ecological and
environmental protection awareness of marine enterprises, so that
the concept of marine ecological security is internalized into their
production and operation behavior, and consciously becomes their
main behavior. More in detail, education and propaganda can be
combined with industry, academia, and research, so that the public
and enterprises can master the knowledge of marine ecological
resources and environment, improve their own ability to use them,
improve the quality of marine ecological protection and sense of
responsibility, and give full play to the enthusiasm for participation
of multiple subjects, finally achieving a high degree of autonomy in
“doing nothing is better than doing something”, as well as the unity
of ecological security and economic benefits.

7.2.3 Sound supervision mechanism for public
participation in the construction of the MESB in
the Bohai Sea

In order to smoothly promote the construction of the MESB in
the Bohai Sea, it is necessary to open channels for the active
participation of the public, e.g., by adopting a hearing system for
major issues, and to enrich the tool for public participation, including
through the use of a variety of social media, microblogging, WeChat,
and Shake. In his way, it is possible to implement a social public
supervision of local governments and marine enterprises, so that the
MESB in the Bohai Sea can really be instrumental in coordinating the
relationship between sea and land, as well as between human
development and marine ecological protection, and in improving
the supply of marine ecosystem services.

This study assumed two possible behaviors of marine
enterprises, i.e., that they are either actively involved in the
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construction of the MESB in the Bohai Sea, or not at all. However,
in reality, with the evolution of the concept of “ecological security
barrier”, the majority of marine enterprises are involved in the
construction of the MESB in the Bohai Sea under the supervision of
local governments, even if they are passively involved. Therefore,
future research should explore more deeply the participation

behavior of marine enterprises.
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