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Can China’s ocean governance
system improve the marine
ecosystem? — Taking the “bay
chief system” as an example

Yusheng Chen*, Yongwei Zhou, Ye Ma, Zhaofa Sun
and Weili Yang

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

Marine ecosystem governance is an important component of the goal of
developing a strong maritime nation, as well as an urgent need to ensure
national maritime security. The "Bay Chief System”(BCS) is a novel policy
concept with Chinese roots that seeks to improve the marine ecological
environment. In this paper, we take the coastal cities in China as an example
and use the panel data of prefecture-level cities from 2010 to 2022 to analyse the
impact of the Bay Chief System on the regional marine ecological environment
by using a differences in-differences model. The baseline regression results
reveal that the implementation of the Bay Chief System leads to a 0.122
percentage point improvement in marine ecosystems but it has yet to be
linked to the River Chief System(RCS) to establish a systematic synergistic
mechanism. Heterogeneity analysis reveals that the implementation of the Bay
Chief System is more effective in coastal cities with smaller populations, a heavier
proportion of secondary industries, and a geographic location closer to the
South. The analysis of the impact mechanism indicates that the Bay Chief System
mitigates the adverse effects of near-shore resource development on the marine
ecological environment by regulating the intensity of fishery and coastal tourism
development. Additionally, it optimizes water quality by substantially reducing
pollutants like chemical oxygen demand (COD) and ammonia nitrogen (AN) in
seawater, ultimately contributing to the protection of the marine
ecological environment.
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1 Introduction

The marine ecosystem is one of the most important and
complex ecosystems on Earth and is of great significance to the
survival and development of humankind. However, with the
excessive exploitation and irrational utilization of marine
resources by human beings, the marine ecological environment
has been seriously damaged. According to the “2022 China Marine
Ecological Environment Status Bulletin” published by the Ministry
of Ecology and Environment in May 2023, most typical marine
ecosystems are still in a sub-healthy state, some beaches are
seriously polluted, and there are still issues such as irrational
marine development and ongoing degradation of marine ecology.
Marine ecological and environmental issues have become a major
problem to which the government attaches great importance and
the community is deeply concerned. The 20th Party Congress made
the important strategic plan of “developing the marine economy,
protecting the marine ecological environment, and accelerating the

. . »]1
construction of a strong marine country

. To effectively manage
the marine ecological environment, in September 2017, the former
State Oceanic Administration issued the “Guiding Opinions on
Carrying out the Pilot Work of the “Bay Chief System”(BCS), and
carried out the pilot work of the BCS in Zhejiang, Qinhuangdao,
Qingdao, Lianyungang, and Haikou, and began to gradually expand
the system to all coastal cities after 2018, with a view to improving
the quality of the marine ecological environment. The introduction
of the BCS as the latest form of marine ecological and
environmental management with Chinese characteristics not only
provides guidance for addressing China’s marine ecological
challenges, exploring the establishment of a novel marine
governance model, and systematically tackling marine ecological
and environmental issues. Moreover, it is also an important
manifestation of China’s participation in the world’s marine
ecological and environmental governance, showcasing Chinese
wisdom in the preservation of the world’s marine ecosystem.
Therefore, it is crucial to elucidate the influence of the BCS
on the marine ecological environment, which is a governance
model by considering both the river and the sea and through
coordinated governance.

2 Literature review

Marine ecosystem governance is a multifaceted responsibility
involving numerous sectors and geographic areas (Yang et al., 2017;
Roberts et al., 2021). Due to the public nature of the environment
and the mobility of marine pollution, externalities, and free-rider
issues often arise, resulting in unclear and shifting responsibilities.
Additionally, the primary governing body in the previous

1 Xi Jinping: Hold high the great banner of socialism with Chinese
characteristics and unite for the comprehensive construction of a modern
socialist country - Report on the 20th National Congress of the Communist
Party of China (CPC) - Seekingalpha.com (http://www.qgstheory.cn/yaowen/
2022-10/25/c_1129079926.htm)
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model was the government, and management behaviours were
administrative. This authoritative mode of environmental
governance, which relies solely on government power, is prone to
the disadvantages of weak trust, poor information, and insufficient
coordination between polluting enterprises and the government,
making it difficult to effectively solve marine ecological problems
(Han and Feng, 2020; Liu et al., 2012). The escalating exploitation of
marine resources, coupled with the expanding diversity of interests
and the intricate relationships among stakeholders, renders the
traditional government-led environmental governance approach
inadequate for socio-economic development. How to solve the
problem of interdependence and conflict caused by complicated
governance entities and numerous subjects of interest is more
important (Wang and He, 2004; Chu and Zhu, 2016; Vince et al.,
2017). With the emergence of collaborative governance theory,
pluralistic collaborative governance proves to be more effective in
addressing environmental governance issues when compared to the
government’s approach of single-aspect governance (Huitema et al.,
2009; Widmer et al., 2019). The various subjects involved in
pluralistic governance encompass the government, enterprises,
civil society organizations, the general public, international
organizations, and others (Quan, 2017). The roles played by these
subjects differ based on their position in environmental governance
(Huang, 2014). This paper takes the evolution of China’s ocean
governance policy as an example to visualise the embodiment of the
concept of pluralistic and synergistic governance in it, as shown
in Table 1.

As can be seen from Table 1, over time, the governance
approach has evolved from a single legal instrument to
comprehensive management and systematic governance; the
governance perspective has expanded from environmental
protection to comprehensive marine management; and the main
body of governance has gradually evolved from government-led to
multi-dimensional and shared governance. These changes have
contributed to the progress and improvement of China’s marine
ecological and environmental governance. As shown in Figure 1,
multiple actors play their roles according to their respective roles
and work together to promote environmental governance, which
helps to create a win-win situation. Therefore, in order to effectively
manage the marine environment and achieve sustainable
development, it is crucial to establish a marine environmental
governance model with clear responsibilities and rights and
multiple co-governance (Abe et al., 2016; Morrison et al., 2019;
Ning and Mao, 2017).

The implementation of the BCS is a combination and
innovation of the detailed responsibilities and the participation
model of multiple actors. In Western countries, there is no mention
of BCS or RCS about water environment governance. However, it is
widely acknowledged that eftective governance requires multiple
participatory approaches, including the establishment of a
synergistic mechanism among local governments, improvement
of the government’s information disclosure system, and
expansion of channels for social organizations and public
supervision (Eriksson et al., 2015). The BCS in China is derived
from the River Chief System(RCS) which was initially enforced by
the Wuxi municipal government in 2007 following a water supply
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FIGURE 1
Pluralistic governance relationships.

crisis resulting from a cyanobacteria epidemic in Lake Taihu. This
successful approach to water environmental governance has
become a benchmark for Chinese policy innovation, drawing
attention to the RCS as a focal point of research in environmental
protection and pollution governance. Studies have demonstrated
that the implementation of the RCS has led to significant reductions
in various water quality indicators, including dissolved oxygen
(Shen and Jing, 2018), chemical oxygen demand (She et al,
2019), acidity and alkalinity, and ammonia nitrogen (Wang and
Sun, 2020; Cheng et al., 2022). Moreover, it has also contributed to
enhancing the quality of economic growth in Chinese cities (Wang
and Sun, 2020; Cheng et al., 2022). However, the RCS has faced
challenges such as excessive administrative reliance, difficulties in
the assessment and accountability processes at the grassroots level
(Zhu, 2013), uneven sharing of governance costs in subcontracted

TABLE 1 Evolution of China’s ocean governance policies.

Year Policy Name

Revision of the Law of the

Points of improvement

management (Li and H, 2017), lack of synergy between different
levels and sectors, and the challenge of achieving effective
collaboration between the government and society (Yan and
Zeng, 2019). The gulf is interconnected with rivers and lakes and
presents comparable management issues. Can BCS be as effective as
RCS in solving marine ecosystem problems? Does it encounter
analogous governance concerns? After reviewing the literature,
current research on the BCS primarily concentrates on its
generation and operation logic, analysis of implementation
challenges, and optimization thinking (Li et al., 2019; Wang and
Xin, 2019; Chen et al., 2020; Shen and Chen, 2022). Scholars have
argued that the oceans, which are the main target of the bay chief
system, are fundamental, large-scale, weak and external, resulting in
“market failure” and the need for government intervention.
However, the over-pursuit of GDP at the local level has led to the

Changes in
the way
of
governance

Changes in

Change of
governance
philosophy

Governance
Subjects

Emphasis on the deterrent | Legal
People’s Republic of China on = Strengthened the legal basis for marine environmental P . &
2012 i . . . Government-led and punitive effects of means
Marine protection and raised the cost of violating the law
K i the law strengthened
Environmental Protection
. Emphasis on planning
Twelfth Five-Year Plan for the . . X Government-led, Introduced
. For the first time at the national level, it proposes to . first and .
2013 Development of the National . enterprise . integrated
strengthen integrated management of the oceans L comprehensive
Ocean Programme participation management
development

Action Plan for the
2015 Prevention and Control of

Water Pollution and measures

Extends the scope of water pollution control to the
oceans, and puts forward specific control objectives

Emphasis on systematic
management and
integration of water
and land

Government-led, Cross-sectoral
enterprise

participation

collaboration
is strengthened

Guidelines on the Pilot Work

2017
0 of the “Bay Chief System”

precision of governance.
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Clearly defines the responsibilities of local
governments, encourages participation from all
sectors of the community, and the refinement and
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neglect of ecological environmental protection, while at the central
level, the complex hierarchical structure of the government has led
to information asymmetry and distortion, making it more difficult
to implement the policy. The introduction of the Bay Chief System
aims to address these issues in order to maintain national ecological,
food and political security. In order to have a more comprehensive
understanding of China’s water environment governance
mechanism, especially the difference in governance effectiveness
between the river chief system and the bay chief system, this paper
further compares and analyses the key elements of the two systems,
as shown in Table 2.

As can be seen from Table 2, the RCS and the BCS differ in a
number of key dimensions, and these differences have a direct
impact on the implementation effects and challenges faced by the
two systems. The RCS has achieved remarkable results in inland
river management by virtue of its wide coverage and mature
implementation mechanism. However, for the bay area, the
implementation of the BCS faces more challenges due to its more
complex pollution sources and more cross-regional and cross-
sectoral collaboration. In particular, the control of pollution in
rivers entering the sea has become one of the key factors restricting
the effectiveness of the BCS. Before we delve into the challenges
faced by the BCS, it is worth noting that before and after the
introduction of the BCS, the way of ocean governance has
undergone significant changes. Before the implementation of the
BCS, the relationship between the goals and responsibilities of
ocean governance was unclear, the cost of governance was high,
and it was difficult to achieve incentive compatibility. However,
after the implementation of the BCS, governance costs have
been reduced and the relationship between responsibility and
rights improved by clarifying objectives and responsibilities,
optimising assessment indicators, and enhancing the transparency
of information disclosure, thus achieving partial incentive
compatibility. In order to further promote the modernisation of
ecological and environmental governance, it is necessary to
establish incentive-compatible, commitment-monitoring and
peer-to-peer synergistic mechanisms to carry out polycentric
governance. In order to show the operation logic of the BCS
more clearly this paper draws Figure 2, in order to provide a
useful reference for the subsequent research.

Theoretical analyses prevail, yet empirical studies are lacking.
There is a dearth of research on the impact of the BCS with only one
evaluation of its governance effect in a single coastal province (Chen
and Tang, 2022). Thus, the empirical evidence is insufficient to
establish the causal relationship between the BCS and the
marine ecosystem.

The issue of the marine ecological environment has garnered
considerable interest from all sectors of society. Academics have
conducted extensive research on the marine ecological environment
and its governance, and the current findings have a significant
illuminating effect on the marine ecological environment. To further
illustrate this point, this paper collates key ecological and environmental
issues mentioned by different countries or sectors. These issues not only
reflect general concerns about marine ecosystems at the global level, but
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TABLE 2 Comparative analyses of the RCS and the BCS.

Comparison
Dimension
Governance |\ 1ivers within the territ Coastal b
. rivers within the territo oastal bays
Object Ty 4
Primarily affiliated with
Competent Primarily affiliated with water | marine
Authority conservancy departments management
departments
Organizational Multi-level, large number Higher-level, smaller
Structure of personnel number of personnel
Improve river water quality, Improve bay water
Primary P quality, P Yy
L flood control and quality, protect
Responsibilities . . .
pollution prevention marine ecology
Water resource protection, Marine ecological
water area shoreline protection, ecological
Governance . . Lo
Content management, water pollution | restoration, scientific
prevention, water allocation of resources,
and Focus .
environment treatment, water water
ecological restoration quality improvement
Remarkable achievements in Initial success in bay
Implementation inland river governance, but governance, but facing
Effect insufficient cross- more complex
regional coordination pollution sources
Mutual Improve nearshore water Improve bay
Complementarity = quality through treatment of environment by reducing
and Synergy rivers flowing into the sea land-based pollution
. . Learn from the successful
Policy Promotion .
. . experience of the RCS to
and Provide experience and e th
romote the
Experience reference for the BCS P .
. implementation of the
Sharing .
Bay Chief System
Insufficient cross-
regional and cross-
Insufficient cross-regional departmental
Challenges Faced = and cross- coordination, difficulty in
departmental coordination controlling pollution in
rivers flowing into
the sea

also demonstrate the diversity of perspectives and response strategies to
address them, as shown in Table 3.

As can be seen from Table 3, in terms of marine ecological
environment governance, the actions and governance programs of
various countries have fully affirmed the positive effects of the
marine environment governance model of joint participation of
multiple subjects on the marine ecological environment, but there is
little literature that explores in depth the effect of the synergistic
policy of local governmental responsibility on the governance of the
marine ecological environment under the micro perspective.

On this basis, this paper carries out the following expansion: on
the theoretical level, it describes the principles and the impact
mechanism of the BCS. In the empirical analysis, the research object
is 54 coastal cities in China, and the panel data of Chinese
prefecture-level cities from 2010 to 2022 are selected, so that the
research scale is expanded from the provincial level to the municipal
level, and the impact of the BCS on the marine ecological
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Unclear mission orientation, asynchrony
between development and governance, Reshaping the system of job
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further Utilising the strengths of the mechanism mechanism mechanism
system and dealing with the
T three main relationships
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FIGURE 2

Logical analysis framework for the operation of the bay system.

environment is examined through the hand-organized data of the
implementation of the BCS and the more microscopic and
informative data on the water quality. A double-difference two-
way fixed-effects model is used to eliminate the confounding effects
of non-spatial and temporal unobservable factors, to more
accurately capture the differential impacts of the BCS, and to
improve the reliability of the conclusions after a large number of
robustness tests. Finally, an empirical test of the impact mechanism
is conducted to provide stronger empirical evidence for the
theoretical reasoning, and to provide a scientific basis for further
improving the BCS and the marine ecological environment in the
future. The specific flow of the study is shown in Figure 3.

3 Policy context and
theoretical framework

3.1 Policy background

The BCS, China’s innovative system for governing the sea and
the bay, was not born out of thin air but rather is rooted in the
successful experience of China’s River Chief System(RCS) and, like
the RCS, is embedded in the established environmental law and
environmental administrative management system.

Frontiers in Marine Science

As early as 2014, when the Environmental Protection Law was
amended, it was stipulated that local governments were required to
assume environmental responsibility. For example, article 28
stipulates that “local people’s governments at all levels shall, in
accordance with environmental protection objectives and
governance tasks, take effective measures to improve environmental
quality”. In 2016, Xiangshan County, Zhejiang Province, took the
lead in implementing the BCS.> Given the bottom-up practical
exploration, to further explore the protection and governance
model of near-shore sea areas and bays, in 2017, the State Oceanic
Administration issued the “Guiding Opinions on Carrying out the
Pilot Work of the Bay Chief System” (Guo Hai Fa [2017] No. 14) to
formally implement the BCS in the form of mandatory regulations.
The 2018 report on law enforcement inspection of the Marine
Environmental Protection Law of the People’s Republic of China
suggests hastening the creation of the BCS. In the same year, the
National Development and Reform Commission, the Ministry of
Ecology and Environment, and the Ministry of Natural Resources
collaboratively issued the Bohai Sea Comprehensive Treatment and

2 Comprehensively establishing and implementing the "beach manager
system” to promote the sustainable development of marine fisheries

(https://www.xiangshan.gov.cn/art/2017/9/20/art_1229045037_44448126.html)
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TABLE 3 National marine ecological issues and initiatives.

Countries
and

international
organisations

EU

ASEAN

United Nations
Environment
Programme

Philippines

Singapore

Sweden

Canada

Major
ecological and
environmental
issues

of concern

Strengthening the
treatment of marine
litter, pollutants, and
the protection and
management of
species diversity

Disaster risk
reduction and
management, climate
change adaptation,
poverty reduction,
integrated

coastal management

Protecting coastal and
marine environments
through the
sustainable
management and use
of marine resources

Severe deterioration
of water quality in
coastal areas

Controlling pollution
from land-based
sources and reducing
pollutants flowing
into the sea

Restoration of
biodiversity and
enhancement of
ecosystem services

Oceans restored to
sustainable health
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Response
programmes
or actions

Enacted the Water Framework
Directive (WFD) and the
Marine Strategy Framework
Directive (MSFD), both of
which introduced a major
change in the management
objectives for aquatic life, from
purely pollution control to
ensuring ecosystem integrity.

Promulgation of the Plan of
Action for the Protection and
Sustainable Development of the
Regional and Coastal Areas of
the Seas of East Asia,
Sustainable Strategy for the Seas
of East Asia (SDS-SEA)

The implementation of the
Regional Seas Programme (RSP)
and the promulgation of
Sustainable Development Goal
(SDG) 14 (underwater
organisms) sets out a
commitment to “conserve and
sustainably use the oceans, seas
and marine resources for
sustainable development”

Enactment of the Clean Water
Act, introduction of water
quality management zones,
sewerage licensing and billing
system, development of effluent
standards by type of industry

Enactment of the Environmental
Protection and Management Act
(EPMA) to protect and manage
the environment by controlling
the discharge of industrial
effluents, oil, chemicals, sewage
or other polluting substances

Strengthening ecological
relationships through the
development and enhancement
of green infrastructure that
connects and integrates
protected and conserved areas,
habitats, and landscapes,
including the marine
environment (RAMSAR
Convention, national report)

The Oceans Strategy has been
promulgated and is committed
to upgrading institutional
governance mechanisms,
implementing integrated
management plans, encouraging
partners to participate in the
planning and management of
oceans activities, clarifying
management responsibilities and
raising public awareness

10.3389/fmars.2024.1361187

Battle Action Plan. The plan proposed the establishment and
implementation of the BCS in three provinces and one city around
the Bohai Sea, including Liaodong Bay, Bohai Bay, and Laizhou Bay.
Since then, Coastal areas have implemented the BCS, which consists
of a four-tier structure. This mechanism promotes coordinated
operations of the bay chief and emphasizes the utilization of
information technology to achieve refinement, normalization, and
grid governance. As of 2023, the BCS has been implemented in all
coastal provincial administrative regions across the country. In
addition, during the implementation of the BCS, some regions have
also simultaneously explored similar systems such as the Beach Chief
System and the Island Chief System, greatly expanding the coverage
of this system. With the gradual introduction of the BCS, the chronic
problem of marine ecological protection, which was not practically
grasped in the past, is gradually being loosened.

3.2 Theoretical framework

The BCS is a system that assigns top leaders of local governments,
at all levels including provincial, municipal, county, and commune
leaders, to act as bay chiefs for the bays under their jurisdiction. First,
the BCS addresses the issue of externalities and free-riding on
environmental pollution by implementing individual responsibility
and defining each bay chief’s governed area. This is achieved through
the target responsibility system and administrative accountability,
which help prevent unclear responsibilities and shirking of duties, as
well as gaming between the central and local governments and among
local authorities (Li, 2018). The BCS links bay governance with
government performance appraisal and enforces rewards and
punishments based on evaluation results, compelling local
government officials to take governance actions. This increases
policy attention and prioritization of marine environmental
governance within the party-government system and changes the
traditional emphasis on the economy at the expense of ecological and
environmental governance (Zhou and Xiong, 2017). Second, the BCS
is structured into four tiers of “bay chiefs” which include provinces,
cities, counties, and communes. Each tier has a bay chief’s office
allocated. The offices are responsible for coordinating and
transferring instructions from higher-level and local bay chiefs.
Additionally, they inspect, assess, and evaluate the work of lower-
level bay chiefs. They establish a communication mechanism between
upper and lower levels to surpass information barriers, alleviate
interdepartmental conflicts, and ensure cross-departmental
cooperation. Finally, local authorities will regulate the polluting
conduct of corporations, urge them to shoulder the primary
responsibility for reducing pollution, and enhance accessibility by
publishing basic bay information, the contact of the bay chiefs, and a
reporting hotline, thus enabling the public to participate in
governance and oversight, fostering synergistic governance among
the government, enterprises, and the public. The specific organization
chart is shown in Figure 4.

In summary, the BCS has the following advantages: first, it
clarifies the responsibilities of all levels of government and avoids
the problem of unclear responsibilities and powers; second, through
the participation of multiple actors, it can gather more resources

frontiersin.org
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Research procedures

and wisdom to jointly deal with marine ecological and
environmental problems; and lastly, the refined management of
the BCS can help to ensure that the various protection measures are
effectively implemented. In order to visualize the specific operation
mechanism of the bay manager system at the grassroots level,
Table 4 was drawn.

Accordingly, hypothesis HI is proposed: the BCS can improve
the marine ecological environment by clarifying the main parties
responsible for authority and responsibility, implementing
supervision and evaluation, strengthening horizontal and vertical
coordination, and integrating multiple governance.

Human economic development is the leading cause of marine
contamination. It is estimated that 80% of the pollution load in the
marine environment comes from industry, agriculture, and other
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land-based activities (Huitema et al., 2009). Litter and pollution from
industry is considered the most important marine threat, followed by
fisheries and agriculture (Gkargkavouzi et al., 2020). Industry pollutes
by releasing wastewater and waste that contain chemical pollutants
into the ocean during production (Mu et al., 2023). This results in
harmful substances accumulating in seawater, causing harm to
marine ecosystems and organisms. This is especially true in cities
with a high concentration of industrial activity where marine
pollution is more severe. China, as a vast country, exhibits varying
degrees of environmental damage across its seas due to differing levels
of natural and socio-economic development. On the one hand,
natural conditions such as ocean currents, climate, and geographic
location affect the ability of pollutants to spread and dilute, as well as
the ability of marine ecosystems to recover. On the other hand,
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Organizational chart of the Bay Chief System.

differences in urban population size and levels of socio-economic
development can affect the pressure on the marine environment and
the quantity of pollutants discharged by activities such as industry,
agriculture, and urbanization.

Accordingly, hypothesis H2 is proposed: the effect of the BCS
on the improvement of the marine ecological environment varies
according to the degree of industrial development, population size,
and the conditions of natural economic development of the region.

In addition to land-based industrial pollution, environmental
pollution resulting from fishing activities and ocean tourism must
also be strongly considered. Overfishing in aquatic environments
can surpass the ecosystem’s carrying capacity, resulting in a
depletion of marine biodiversity and a reduction in self-
purification. Moreover, farmed fish release organic wastes,
including feces, urine, and feed residues, which can cause
eutrophication in adjacent water bodies if untreated. With the
emphasis on leisure tourism, coastal tourism has experienced
significant growth. However, driven by economic interests, some
of its development has caused damage to the water and marine life
(Guo et al, 2021). This is particularly evident during the peak
tourism season, which generates substantial amounts of beach
garbage and contributes to the deterioration of the coastal area’s
ecological environment. According to the Chinese Seawater Quality
Standard (GB 3097-1997), the primary pollutant of the marine
environment is COD, Ammonia nitrogen, and heavy metals
exceeding seawater quality standards. Land-based and marine
environmental monitoring focuses on these types of pollutants,
and local governments primarily address COD content, ammonia
nitrogen, and heavy metals in developing governance programs
(Xu, 2014).

Accordingly, hypothesis H3 is proposed: the BCS manages the
marine ecological environment by adjusting the intensity of fishery
development and coastal tourism development, and the various

management measures can reduce the COD and ammonia nitrogen
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content in seawater and realize the improvement of the marine
ecological environment.

4 Method and data

4.1 Empirical model

4.1.1 Parallel trend test

The basic premise of the DID approach is the parallel trend
assumption. Namely, in the absence of policy shocks to the
treatment group (counterfactual), there should be no systematic
differences in the trends of variables in the treatment and control
groups over time. This paper therefore constructs the following
parallel trend test model:

Yy =0 +Dy +D; +...+ D + 0K +V; + U + & (1)

The independent variable policy;, x time;, are replaced by D.
The superscripts indicate the advance or lag of the implementation
of the BCS, and to prevent dummy traps, the eighth year before the
implementation of the BCS in Equation 1 is excluded.

4.1.2 Benchmark modelling

Based on the assumptions, this paper adopts a double-difference
model to take 54 coastal cities in China as research samples, with the
period of 2010-2022, and the specific model settings are as follows:

Y, = o + oy policyy + 6Xj + Vi + u, + & (2)

where y;, is the dependent variable indicating the level of marine
ecosystem in city i in period t, and policy; is the independent
variable indicating whether or not city i has implemented the BCS
in year t, taking the value of 0 or 1. If the region has implemented
the BCS, it takes the value of 1, otherwise it takes the value of 0. X;, is
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TABLE 4 Grass-roots operational mechanism and main tasks of the BCS.

Coordination
level

The main body
of implementation

Specific responsibilities and actions

10.3389/fmars.2024.1361187

Need to collaborate on key tasks

Vertical

. Municipal Baymasters
coordination P 4

Development of overall strategic planning and policy

Co-ordinate co-operation and resource allocation
among departments

Supervising and evaluating the work of
grassroots baymasters

Grassroots Baykeeper

Implementation of protection measures and programmes

Feedback on frontline situations and issues

Organising and guiding environmental protection work at
the grassroots level

Horizontal

R Environmental Sector
collaboration

Marine Sector

Tourism

Other related departments

Monitoring and management of marine resources
and environment

Promoting environmentally friendly tourism concepts
and products

Participation in environmental protection in accordance
with their respective functions

Providing professional support and advice on
environmental protection

@ Control of marine space resources

@ Prevention and control of marine pollution
from land-based sources

@ Comprehensive prevention and control of
marine pollution

@ Marine Ecological Protection and
Restoration

@ Marine Environmental Risk Prevention

Multifaceted
governance

Governments

Formulate regulations and policies and
increase investment

Corporations

Supervise enterprises to fulfil their
environmental responsibilities

Support public participation in environmental
protection activities

Fulfilment of environmental responsibility and compliance
with regulations and policies

public

Investing in capital and technology for pollution control
and ecological remediation

Participation in environmental education and
volunteer activities

Monitoring and feedback on environmental protection

the control variable, v; is the area fixed eftect, and u, is the time fixed
effect. 0 is the relationship between the BCS and the local marine
ecological environment, based on the previous analysis, this paper
expects that the sign of o; should be positive, and €;, is the random
perturbation term.

4.1.3 Moderating effects modelling

This paper discusses the mechanism of the BCS to improve the
marine ecological environment through the moderating effect. The
main idea of the moderating effect is that if the relationship between
the dependent variable Y and the independent variable X is a
function of the variable m, m is said to be the moderating
variable. That is, the relationship between Y and X is affected by
the third variable m. The independent variable, the control variable,
m, and the interaction term between m and the independent
variable will be selected and regressed together, and if the
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regression result of the coefficient of the interaction term is
significant, it means that there is a moderating effect. Based on
Equation 2, the implementation of BCS is combined with the
mechanism variables to construct a moderating effect model as in
Equation 3 for mechanism analysis.

Yy = o + oppolicyxchaing + 0Xj + vi + u; + & (3)

Where chain;, serves as the mechanism variable, and where the
remaining variables remain constant as in the previous article.
Additionally, in this paper, the mechanism variable is centralized.

4.2 Selection of variables

(1) Dependent variable: The marine ecological environment is a
complex environmental system that integrates natural, economic,
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TABLE 5 Marine ecosystem evaluation index system.

10.3389/fmars.2024.1361187

TABLE 6 Results of descriptive statistics of variables.

Indicator Indicator Description Indicator variable average standard
dimension name of indicators properties name value deviation
P - Length of Length of coastline/ Mari
IESSPI'C eng : o ength of coastline Dependent Variable arine 1018 0.924
bearing coastline average + ecosystems
indicators per capita annual population
Whether or not to
COD content ton - Independent Variable implement 0.212 0.409
the BCS
ammonia
nitrogen ton - Mechanism variable: Value of
content intensity of fisheries 1060873 977945.3
fisheries exploitation production
Proportion of Category I and II
good seawater area/total + Intensity of coastal .
. N tourism revenue 5.419 6.999
water quality seawater area tourism development
Quantity of non- Contaminant content COD content 35814.850 51767.360
Non-hazardous
pressure hazardous waste
indi waste : ; + Ammonia
indicator . disposal/generation 4531.736 8127.694
disposal rate of waste and nitrogen
Comprehensive Control variables: Population size 472.1246 290.9639
c hensi utilization of industrial Level of
mprehensiv evel o
OMPTERENSIVE 1 solid waste/(industrial ) technological level 27.888 67.205
utilization rate . . regional development
. . solid waste generation + +
of industrial .
solid waste ) 'conilprehenswe: level of openness
utilization of previous to the 15.628 45.400
years’ storage) global market
Area of hectares . financial strength 8.686 3437
nature reserves
urbanization level 63.581 15.481
Wastewater -
discharge million tons i residents’
8 . 67380.760 27031.221
income level
Number of
level of it;
sewase amount + e per capiia 1418.531 1554.848
treatment environmental pressure water resources
plants
Number of
population Population growth/ industrial 2575.017 2564.04
growth rate total population enterprises
Sh: f S
arzo Gross secondary tre tren‘t:ie ate 91.708 9.710
ht - al I
s'eco ary product/GDP
industry
Greening coverage
+ means that the indicator is positive, - means that the indicator is negative. in built-up areas 4292597 1961391

and social influences. This paper combines the existing studies
(Miao et al., 2006; Tan, 2010; Zhang et al., 2020) and the main
implementation content of the BCS to construct the marine
ecological environment evaluation index system by using the
entropy value method. In this paper, 12 indicators are selected
from the perspective of pressure bearing and pressure exerting to
construct the marine ecological environment evaluation index
system. As shown in Table 5, where a "+" in the indicator
attribute indicates that the indicator is a positive indicator and a
"-" indicates that the indicator is a negative indicator.

(2) Dependent variable: The dependent variable of this paper is
whether coastal municipalities have implemented the BCS. This paper
manually organizes the implementation of the BCS in coastal cities
from 2010 to 2022. To ensure the accuracy of the hand-curated data,
the evolution data of the BCS was organized based on two channels and
cross-checked. First, we conducted a thorough search of the official
literature on the BCS issued by each region through Baidu online
encyclopaedia. We then manually compiled and organized the relevant

Frontiers in Marine Science

information about the implementation of the BCS in each city, along
with the corresponding year of implementation. For instance, the
implementation date of the BCS in Dalian City was obtained from
the “Work Program of Bay Chief System in Dalian City”. Additionally,
data concerning the deployment of the BCS in individual regions was
collected by searching news reports with the keywords “Bay Chief
System” (or “Bay Chief”) on the China Knowledge Network (CNN).
(3) Mechanism variables: This paper chooses fishery development
intensity, coastal tourism development intensity, and seawater
pollutant content as the mechanism variables in this paper. The
intensity of fishery development is represented by the output value of
fishery; the intensity of coastal tourism development is represented by
the tourism income of the region in the same year; and the content of
seawater pollutants is represented by the content of COD and
ammonia nitrogen, which are logarithmized in the empirical analysis.
(4) Control variables: To accurately identify the relationship
between the BCS and the marine ecological environment, this paper
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selects variables that impact the marine ecological environment as
control variables, categorized into two groups. The first category
denotes the region’s level of development across six indicators:
population size, measured by the average annual population;
science and technology level, determined by the government’s
scientific expenditure; level of openness to the global market,
measured by the total amount of imports and exports in each
region; financial strength, quantified by the ratio of government
financial revenue to local GDP; urbanization rate, defined by the
rate of urbanization; and residents’ income level, determined by the
average salary of local workers. The second category is the level of
environmental pressure, with four indicators: per capita water
resources, represented by the ratio of the current year’s total
water resources to the average annual number of people; the
number of industrial enterprises, represented by the number of
business entities in the industrial sector generating an annual main
income of £20 million or more; sewage treatment capacity,
represented by the proportion of regions that treat sewage
harmlessly; and the rate of green coverage in built-up areas,
represented by the proportion of green areas to the total built-up
area in cities. In this paper, six indicators, namely, population size,
residents’ income level, financial strength, urbanization rate,
number of industrial enterprises, and greening rate of built-up
areas, are logarithmized. Table 6 clearly shows all the variables and
the results of the descriptive statistics.

4.3 Data sources

Panel data from coastal cities between 2010 and 2022 were
collected for this paper, except Sansha City due to significant
missing data. As the majority of the sea area is shared between
multiple cities and there are intersections within the sea area of each
coastal city, direct seawater quality data is not readily available,
requiring some generalization, calculation, and organization.
Specific data sources are shown in Table 7. However, there is a
slight amount of data missing from this paper, which has been filled
in using linear interpolation.

5 Results
5.1 Ex ante test for parallel trends

The premise of using the double-difference method is to meet
the parallel trend test. This study selects 2017 as the foundational
year for the BCS pilot implementation, and 2010 as the baseline
group, in order to prevent complete covariance issues. According to
Equation 1, the results of the dynamic impact of the policy are
obtained, and the coefficients of the interaction term between the
implementation of the BCS in each coastal city and the year dummy
variable are plotted in Figure 5, with 95 percent confidence intervals
indicated by the dotted line.

From Figure 5, we can find that before the implementation of
the BCS, China’s marine ecological environment index shows a
general trend of upward and downward fluctuations followed by
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TABLE 7 Description of data sources.

Variables Data source

The composite indicator is measured by the

entropy method, and the quality seawater variable

in the indicator comes from China Marine

Statistical Yearbook, China Marine Environmental
Explained variable: Quality Bulletin, China Nearshore Marine
marine ecosystem Environmental Quality Bulletin, local ecological
and environmental quality bulletin, local yearbooks
and local histories, etc. The rest of the indicator
data comes from the China Urban Statistical

Yearbook and local statistical yearbooks

C lanat iable:
Ore eXpIanatory Varabe: - official documents on the “Bay Chief System”

implementation of
P issued by each region

the BCS

Mechanism variable:

Intensity of China Urban Statistical Yearbook, local national

economic and social development statistical
bulletins and local statistical yearbooks

fishery exploitation

Intensity of coastal
tourism development

China Marine Statistical Yearbook, China Marine

Environmental Quality Bulletin, China
Pollutant content i i R
Environmental Quality Bulletin of Near-

shore Waters

Control variables: total . .
. Local Water Resources Statistics Bulletin
water resources per capita

Population size, level of
science and technology,
level of external
development, financial
strength, level of

urbanization, level of EPS China Cities Database

residents’ income, number
of industrial enterprises,
sewage treatment rate,
greening coverage rate of
built-up areas

gradual growth. The impact coefficient confidence intervals all
intersect at zero, indicating an absence of systematic variation in
marine ecological quality among coastal cities prior to the
introduction of the BCS. The parallel trend hypothesis test
conducted in this paper supports this finding. However, the
policy only exhibited statistical significance in its third year of
implementation, implying a delayed effect.

5.2 Double difference method

Table 8 displays the correlation between the BCS and the
marine ecosystem as estimated by Equation 2. Three regressions
were conducted: the first without the control variable; the second
with the control variable of regional development level only; and the
third with controls for both regional development level and
environmental stress levels. Both time and region were also
controlled for. All three sets of results have passed the test of
significance and displayed affirmative effects, demonstrating that
the BCS can bring about enhancements to the marine ecological
environment. This confirms hypothesis H1 of the research paper.
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FIGURE 5
Equilibrium trend test.

Taking the findings from column (3) as a case in point, it is
evident that, among control variables, population size, degree of
openness to the outside world, and the number of industrial
enterprises have a noteworthy adverse impact on marine ecology.
Cities with larger populations typically face heightened resource
constraints, which incline them toward excessive exploitation of
natural resources to fulfil the basic needs of their residents,
ultimately leading to the degradation of the marine ecosystem.
Greater openness to the world outside also results in more trade
activities and industrial development, exacerbating the risk of
marine pollution. Industrial firms often release significant
amounts of wastewater and liquid waste. As the number of such
companies grows, the risk of pollutant discharges entering the
oceans also increases, leading to direct harm to marine life
and ecosystems.

Scientific expenditure, residents’ income level, and the green
coverage rate of built-up areas significantly positively impact the
marine ecological environment. Scientific expenditure promotes
progress in marine scientific research, offering technical support
for the protection and governance of the marine ecological
environment. A positive and significant correlation also exists
between residents’ income levels and the marine ecological
environment. As people’s material living standards improve, their
consumption demands and habits will also shift. Once a certain
threshold of consumption is reached, individuals will increasingly
consider the impact of their choices upon the natural environment.
This, in turn, promotes the rational development and sustainable
use of natural resources. Green cover of built-up areas may
positively impact marine ecology by regulating the water cycle,
improving water quality, safeguarding biodiversity, regulating
climate, and maintaining sediments.

5.3 Robustness tests
5.3.1 Substitution of dependent variable

High-quality seawater is crucial for maintaining a healthy
marine ecosystem and promoting marine biodiversity. It also
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TABLE 8 Regression results.

(1) (2) (3)
Marine Marine Marine
ecosystems ecosystems ecosystems
Policy 0.133*%* 0.106** 0.122%*%%
(2.856) (2.332) (2.690)
Population size -1.461%%* -1.084%+*
(-6.247) (-4.300)
Science
. 0.003*** 0.002***
expenditures
(4.722) (4.163)
level of openness to 0,002+ 0,002+
the global market : :
(-3.824) (-3.020)
residents’
i 0.728*** 0.497**
income level
(3.686) (2.446)
financial strength -0.051 -0.002
(-0.594) (-0.020)
urbanization rate -0.149 -0.197
(-0.831) (-1.097)
Greeni
-reen{ng coverage 045104
in built-up areas
(5.422)
Number of
industrial -0.2574**
enterprises
(-3.509)
S
cwage -0.001
treatment rate
(-0.376)
Water reso.urces -0.000
per capita
(-0.522)
constant 1.209* 2.903 3.529
(27.864) (1.135) (1.392)
area fixed Yes Yes Yes
time fixed Yes Yes Yes
12 0.558 0.607 0.633

<0.1, **p<0.05, **p<0.01.
The symbol * in the upper right corner of some numbers represents whether the indicator is
econometrically significant or not.

serves as an indicator of the marine ecosystem’s condition. To
test the robustness of the baseline regression outcomes, this paper
employs the proportion of high-quality seawater between 2010 and
2022 as a Dependent Variable. The regression outcomes are
presented in column (1) of Table 9, and the regression results are
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TABLE 9 Robustness tests: replacement of dependent Variable, propensity to match scores.

(1) (2) (3) (4)

nearest
neighbor matching

Proportion of high
quality seawater

radius match nuclear matching

Policy 7.779%%% 0.122%* 0.104*% 0.096%*
(2.875) (2.691) (2.459) (2.290)
constant 519.894*** 3.465 2.286 3.532
(3.453) (1.365) (0.971) (1.500)
control variable Yes Yes Yes Yes
area fixed Yes Yes Yes Yes
time fixed Yes Yes Yes Yes
r2 0.109 0.630 0.671 0.662

p<0.1, **p<0.05, **p<0.01.

The symbol * in the upper right corner of some numbers represents whether the indicator is econometrically significant or not.

positively significant and consistent with the benchmark regression
results. This lends support to the robustness of the
benchmark findings.

5.3.2 Propensity score matching test

To overcome the systematic differences between samples and
eliminate the problem of sample self-selection bias as much as
possible, this paper adopts propensity score matching to find
matches for the experimental group in the control group for
sample matching. Matching methods are used in the form of
nearest neighbor matching, radius matching, and kernel
matching, respectively. The estimation results in columns (2) (3)
and (4) of Table 8 show that the estimation results of the model are
positive and significant regardless of the matching method, which is
consistent with the expected results and further proves the
robustness of the study in this paper.

5.3.3 Placebo test
To avoid interference from random and policy factors on
regression results, a placebo test is carried out using a fictitious

150.0-

100.04

50.0

Density

0.0

Estimator

FIGURE 6
Placebo test.
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treatment group. We randomly selected samples from the 54 coastal
cities in the sample to serve as the fictitious treatment group for the
BCS implementation and repeated the sampling process 1000 times.
The distribution of coefficient values is displayed in Figure 6. Under
the randomized treatment, the estimated coefficient values are
distributed around 0, which passes the placebo test. This indicates
that the BCS does have an impact on the marine ecosystem, and the
estimation results in this paper are robust.

5.3.4 Consideration of other policy disturbances
From 2010 to 2022, the government placed significant emphasis
on pollution reduction and ecological preservation of water and
marine ecosystems. Due to the numerous pollution sources and
their direct hazardous implications for urban and rural water
security, inland river contamination has received prior attention
within governmental initiatives. Pollution in marine ecology
encompasses not only industrial and agricultural pollution in
nearshore and offshore areas but also the pollution carried by
numerous inland rivers into the sea. This aspect is crucial in
affecting marine ecological environments. The RCS plays a crucial
role in improving the marine ecosystem by controlling water quality
in rivers entering the sea and reducing the amount of pollution
carried upstream and downstream. Therefore, to realize the
systematic governance of water pollution, some coastal areas in
China have adopted the two systems in parallel, opening up a new
mode of governance that integrates the land and sea and takes into
account both the river and the sea. In this paper, the
implementation of the RCS is included in the model for testing,
excluding the potential impact of the RCS on the marine ecological
environment, to more accurately assess the implementation effect of
the BCS. Column 1 of Table 10 reveals that even after accounting for
the interference of the RCS, the BCS still exerts a notable positive
influence on the marine ecosystem. However, the effect of the RCS
on the marine ecological environment is insignificant. On one hand,
this verifies the robustness of the benchmark regression results
mentioned earlier, while on the other hand, it highlights that the
RCS has not had a significant impact on the governance of the
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TABLE 10 Robustness tests:policy interference; Heterogeneity analysis: population size, degree of industrial development.

()] (2) (3) (4) (5)
Marine Small Large Lowosfhare Larg%?hare
ecosystems population size population size secondary sector secondary sector
Policy 0.120%* 0.227** 0.060 0.006 0.217**
(2.606) (2.725) (1.288) (0.148) (2.586)
River Chief System -0.016
(-0.307)
constant 3.501 -9.986** 6.394* 1.625 5.535
(1.379) (-2.087) (1.784) (0.645) (1.000)
Control variable Yes Yes Yes Yes Yes
area fixed Yes Yes Yes Yes Yes
time fixed Yes Yes Yes Yes Yes
r2 0.633 0.643 0.694 0.806 0.588

“p<0.1, #p<0.05, **p<0.01.

marine ecological environment, nor has it established a strong,
synergistic governance system with the BCS. This paper suggests
that the possible reason is that the offices of the two belong to
separate government departments with distinct jurisdictions.
Ambiguities in defining and dividing responsibilities emerge due
to the governance involving various departments and regions.
Moreover, inadequate communication and information sharing
between various government departments result in information
asymmetry, inaccurate decision-making, and a lack of consistency
and coordination.

5.4 Heterogeneity analysis

5.4.1 Differences in population size

The enlargement of the population will result in an elevated
request for resources. This demand will inevitably exceed the
resources available, leading to their depletion and the resultant
disruption of the equilibrium within the ecosystem. Additionally, a
population surge will cause an increase in urbanization and
industrialization, thereby contributing to the already mounting
burden on the marine environment. The study divides the sample
by population size, classifying it into large and small samples based
on the median annual average population. This results in two
groups for estimation, which are displayed in columns (2) and (3)
of Table 10. Based on the regression findings, it is evident that the
effectiveness of the BCS is higher in regions with lower populations,
confirming the hypothesized H2.

5.4.2 Differences in the degree of
industrial development

The paper categorizes the total sample areas into high and low
secondary industry shares based on the median secondary industry
share of each coastal city. The results are presented in Table 10 (4)
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and (5), indicating that the implementation of the BCS has a greater
impact on the governance of the marine ecosystem in regions with a
higher percentage of secondary industry. This result is in line with
hypothesis H2.

5.4.3 Regional differences in physical geography
The division of physical geographic areas is based on the “14th
Five-Year Plan” for the Development of the Marine Economy,
which divides the 54 coastal cities into the Northern, Eastern, and
Southern Marine Economic Rims. The Northern Ocean Economic
Circle encompasses the Liaodong Peninsula, Bohai Bay, and the
coastal areas of the Shandong Peninsula. The Eastern Ocean

TABLE 11 Heterogeneity analysis: differences in physical
geographic location.

(2) (2) (3)
Northern Eastern Southern
Maritime Maritime Ocean
Economic Economic Economic
Circle Circle Circle
Policy -0.028 0.178 0.265+*
(-0.364) (1.137) (3.051)
constant -12.786 -19.926** 4.153
(-1.571) (-2.053) (0.861)
cm?trol Yes Yes Yes
variable
area fixed Yes Yes Yes
time fixed Yes Yes Yes
2 0.699 0.670 0.663

*p<0.1, **p<0.05, **p<0.01.
The symbol * in the upper right corner of some numbers represents whether the indicator is
econometrically significant or not.
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Economic Circle includes the coastal areas of the Yangtze River
Delta, while the Southern Ocean Economic Circle comprises the
coastal regions of Fujian, the Pear]l River mouth and its surrounding
areas, the Gulf of Tonkin, and Hainan Island. As demonstrated in
Table 11 (1), (2), and (3), the effectiveness of governance in the
Southern Ocean economic zone is significantly better than that in
the Northern and Eastern Ocean economic zones, which is positive
and significant, with an impact coefficient of 0.265 significantly
higher than that of 0.178 in the Eastern region and -0.028 in the
Northern region. Additionally, the trend shows a decline from the
South to the North. The possible reason is that the southern coastal
cities are primarily situated in subtropical or tropical regions,
fostering a warm and humid climate, and promoting marine
ecosystem biodiversity. The concentration of dissolved oxygen in
seawater dwindles as the water temperature ascends. In the
southern sector, the water temperature is higher, making
the dissolved oxygen content inferior to that of the water in the
northern region. Consequently, seawater quality is superior in the
southern coastal region. Moreover, the southern coastal cities have
experienced early economic development and possess stronger
economic potential, enabling them to dedicate a greater amount
of resources and funds towards the governance of the marine
ecological environment.

5.5 Mechanism analysis

The findings presented in the preceding section provide
empirical evidence that the implementation of the BCS has the
potential to greatly enhance the marine ecological environment. A
review of the implementation plan for the BCS, issued by several
coastal cities, indicates that this system stresses the need to enhance
the governance and surveillance of different near-shore
development and usage activities. Furthermore, it offers targeted
guidance for the fishing and tourism sectors. For instance, it is
suggested that a regulatory system be established and enforced to
manage pollutants stemming from fishing vessels, necessitating the
implementation of an efficient marine sanitation system; improving
the handling of seawater aquaculture waste; prohibiting the illegal
dumping of waste; intensifying the monitoring of seawater-related
activities encompassing sewage disposal, shoreline occupation,
offshore fishing, seawater aquaculture, marine engineering and so
forth, and carrying out lawful investigations and actions against any
marine violations. Encourage the leaders of tourist attractions and
other significant enterprises to act as civil bay chiefs, fulfilling their
main responsibility for protecting the environment ecologically.
Ensure the reduction of pollutants (COD, ammonia nitrogen)
entering the sea by inspectors’ daily inspections of outfalls
(sewage colour, smell), marine garbage (shoreline garbage, sea-
drifting garbage, garbage from fishing ports and wharves, etc.), oil
on the surface of the sea, and dumping of garbage, and by timely
reporting of violations of the law and anomalies.

Accordingly, the following section further verifies the intrinsic
mechanism of the BCS to improve the marine ecological environment
and emphasizes the importance of green economic development.

Frontiers in Marine Science

15

10.3389/fmars.2024.1361187

In Table 12, columns (1)(2)(3)(4) represent the results of the
moderating effects of fishery development intensity, coastal tourism
development intensity, COD content and ammonia nitrogen
content, respectively, and the regression results of the model
show that fishery output value, tourism income of coastal cities,
COD content and ammonia nitrogen content will have a negative
impact on the marine ecological environment, but the regression
coefficients of the interaction terms (policy;*chain;) of the four
mechanism variables with the BCS are all positive and passed the
significance test. This indicates that the implementation of the BCS
has weakened the negative impact of fishery development and
coastal tourism development on the marine ecological
environment, significantly reduced the content of COD, and
ammonia nitrogen in seawater, and served to protect the marine
ecological environment, which verifies hypothesis H3.

6 Conclusions and
policy recommendations

This paper selects the panel data of coastal cities from 2010 to
2022 and utilizes the double-difference model to study the
relationship between the BCS and the marine ecological
environment, and the main conclusions of this paper include the
following aspects:

1. The results of the parallel trend test show that there was no
significant difference between the experimental group and
the control group before the implementation of the BCS,
which is in line with the conditions of the model using the
double-difference method. However, the BCS effect is not
realized until after the third year, which indicates that the
implementation effect of the BCS has a lag. The results of
the benchmark regression prove that the BCS can improve
the local marine ecological environment, while the
conclusions of this paper still hold after the robustness
tests of replacing the dependent variable, propensity
matching scores, randomly constructing the dummy
group and dummy time of the policy implementation,
and considering the other policy interference. However,
the empirical evidence from the regression of RCS
interference also found that the RCS and BCS have not
yet formed a close synergistic mechanism, and it is
necessary to further explore how to strengthen the
synergistic effect between the two policies to realize a
better governance effect.

. Heterogeneity analysis shows that, in the comparison of
population size, the policy effect of the BCS is more effective
in areas with smaller populations, and it is difficult to
change the population size in a short period, which makes it
particularly important to further raise people’s awareness of
marine ecological protection; in the comparison of the
difference in the degree of industrial development, the
policy effect of the BCS is more obvious in areas with a
higher proportion of secondary industry; in the natural
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TABLE 12 Results of moderating effects.

(] (2) (3) (4)
Intensity of Intensity of coastal :
fisheries tourism COD content Amr'_nonla
exploitation development U] AU e
Policy 0.149* 0.082* -0.416*** 0.055
(3.219) (1.724) (-2.668) (1.095)
Value of fisheries production -0.025
(-0.340)
Value of fisheries production *policy 0.090***
(2.761)
Revenue from tourism in coastal cities -0.005
(-0.905)
Tourism revenues in
coastal cities*policy 00107
(1.939)
COD content -0.020
(-0.957)
COD content*policy 0.053*+*
(3.017)
Ammonia and nitrogen -0.016
(-1.113)
Ammonia and nitrogen*policy 0.046***
(2.950)
constant 5.187* 3.764 -0.989 -0.521
(1.952) (1.489) (-0.296) (-0.148)
control variable Yes Yes Yes Yes
area fixed Yes Yes Yes Yes
time fixed Yes Yes Yes Yes
12 0.636 0.638 0.684 0.688

“p<0.1, **p<0.01.

geography, the effect of the policy implementation is only
significant in the southern oceanic economic circle area,
and the effect of the policy shows a trend of decreasing from
the south to the north. The above differential results suggest
that specific measures tailored to the characteristics of
different geographical regions and industries will better
utilize the effects of the policy.

. The analysis of the mechanism shows that the BCS
regulates the marine environment by regulating the
intensity of fishery development and coastal tourism
development, and improves the quality of the marine
ecosystem by reducing the COD and ammonia nitrogen
content of seawater. Therefore, emphasizing the impacts of
near-coastal human activities on the marine environment
and strengthening the related governance and monitoring

Frontiers in Marine Science

are essential to ensure that the policy achieves long-term
and sustainable effects.

Based on the above findings, the paper makes the following
recommendations:

1. Strengthening the implementation and promotion of the

BCS. As the BCS implementation has a lagging effect,
the implementation and promotion of the BCS
should be continued and strengthened. Government
departments should gradually increase the proportion of
environmental governance of bay in the overall work, and
in the public disclosure of information, the focus of the
work is reflected in the display, so that enterprises and the
public intuitively feel the importance of the government’s
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work on Bay, and effectively raise the awareness of
enterprises and the public on the protection of marine
ecology and actively participate in coordinated governance.

. Promote the establishment of a synergistic mechanism
between the RCS and the BCS. At present, a close
synergy mechanism between the RCS and the BCS has
yet to be established. Governments at all levels should
strengthen the overall planning and governance of
river and bay ecosystems, unify the two from the top-
level design, and then promote the establishment
and improvement of the joint meeting system of bay
chiefs and river chiefs and the information sharing
system. Moreover, copy and report monitoring
information promptly, realize the extensive coverage of
the infrastructure of monitoring and assessment cross
sections into the sea, report the monitoring results to the
same level of river chiefs and bay chiefs, and find out the
problems for joint discussion, to help form an ideal
situation of river and sea co-management.

. Regional governments should implement differentiated
governance by local circumstances, taking into account
their particular natural and geographical endowment
characteristics and socioeconomic development
conditions. Each region has unique natural resources,
which should be combined with the actual circumstances
of each bay to create a differentiated assessment system.
With the aid of remote sensing monitoring, water quality
monitoring, industrial characteristics analysis, and other
methods, the overall consideration of all factors, accurately
grasped the key factors affecting the ecological environment
of the bay and targeted to address the problem of pollution
in the sea.

. Promoting modifications in the development of near-
coastal resources and the economic development
approach is essential. Intense development and utilization
practices in coastal areas can have a detrimental effect in the
bay. The key principle should be moderate and reasoned
economic development. To ensure the sustainable
utilization of fishery resources, it is important to establish
reasonable catch limits, manage fishing periods, carefully
select fishing gear, and protect no-fishing zones.
Additionally, it is necessary to strengthen the
management of aquaculture, promoting the reasonable
use and treatment of feeds, as well as minimizing the
discharge of wastewater and wastes in the process. When
developing and utilizing tourism resources, it is essential to
determine the scope and limitations of tourism
development based on the environmental carrying
capacity of coastal areas. Tourism development projects
should undergo a strict examination and approval process.
Further, implementing a tourism quota system during peak
tourist season can help control the scale of tourism
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activities by restricting the number of tourists. To
effectively improve the marine ecological environment, it
is also critical to strengthen environmental education for
both tourists and tourism practitioners.
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