Eksplorium p-ISSN 0854-1418
Volume 46 No. 1, May 2025: 1002-1012 e-ISSN 2503-426X

Marine Environmental Management in Fujian: Strategies for Sustainable
Development

IShijian Hong, 2Phuoc Tai Nguyen
'School of Architecture and Civil Engineering, Xiamen University, Xiamen, Fujian 361005, China
[Fund Project: Fujian Innovation Strategy Research Project "Research on High-Quality Development of Marine
Industry in Fujian Province from the Coupling Perspective of Technology Chain and Industrial Chain"
(2023R0001)]
email: hongshijian@xmu.edu.cn
2Can Tho University of Medicine and Pharmacy
Department of Marxist-Leninist Philosophy, Ho Chi Minh Thought
Faculty of Basic Sciences, Can Tho University of Medicine and Pharmacy.
email: nptai@ctump.edu.vn

Article Received: 22 May 2025,  Revised: 01 June 2025,  Accepted: 17 June 2025

Abstract: This paper explores strategies for sustainable marine environmental management in Fujian, China, focusing
on the integration of technological innova tion and industrial development. The study addresses challenges in marine
ecologi cal protection, monitoring, and restoration, drawing on domestic and international practices. Utilizing a mixed-
methods approach, including policy analysis and case studies, the research highlights Fujian’s advancements in
mangrove restoration and high-precision monitoring technologies. Results indicate that integrating artificial
intelligence and isotopic techniques enhances monitoring accuracy, while collabo rative governance models improve
ecosystem resilience. The study concludes with recommendations for policy frameworks that balance economic
growth with envi ronmental sustainability, emphasizing the need for international cooperation and localized strategies.
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1 INTRODUCTION
Marine ecosystems are essential for maintaining global biodiversity, regulating climate, and
supporting economic livelihoods, particularly in coastal regions like Fujian, a province in
southeastern China known for its rich marine environment. Fujian’s coastal waters host diverse
ecosystems, including mangroves and coral reefs, which provide critical habitats for marine
species and support industries such as fisheries, aquaculture, and tourism. These marine industries
contribute significantly to Fujian’s economy, making the province a key player in China’s coastal
economic landscape. However, the rapid pace of industrialization and urbanization in Fujian has
placed immense pressure on its marine ecosystems, resulting in habitat degradation, pollution, and
biodiversity loss. These challenges highlight the urgent need for robust marine environmental
management strategies that can balance economic development with environmental sustainability.
China has made significant strides in addressing marine environmental issues through
policy and legal reforms. The 2023 revision of the Marine Environmental Protection Law
(MEPL2023) represents a landmark effort to strengthen the legal framework for marine
conservation and management [1]. This law emphasizes land-sea coordination, ensuring that
terrestrial and marine environmental policies are aligned to address pollution sources

1002


mailto:hongshijian@xmu.edu.cn

Eksplorium p-ISSN 0854-1418
Volume 46 No. 1, May 2025: 1002-1012 e-ISSN 2503-426X

comprehensively. It also strengthens supervision and management systems, introduces measures
to prevent marine litter, protects biodiversity, and regulates estuaries. For Fujian, these legal
reforms provide a solid foundation for implementing sustainable marine management practices,
aligning with national goals for ecological civilization and sustainable development.

Fujian has emerged as a leader in marine environmental governance within China. The
province has established dedicated marine bureaus under the Department of Natural Resources,
which oversee the implementation of marine conservation policies [2]. Fujian has also formulated
comprehensive coastal protection and utilization plans, which delineate coastal functional zones
from an ecosystem perspective and clarify governance responsibilities across different regions and
departments. A notable initiative is the gulf chief system, introduced post-2019, which assigns
specific officials to oversee marine environmental protection in designated gulf areas, ensuring
accountability and coordinated action. This system, inspired by pilot practices in other coastal
provinces, enhances Fujian’s ability to address localized environmental challenges effectively.

Public engagement is a cornerstone of Fujian’s marine environmental management strategy.
Since 1998, Fujian TV Station’s "Green Home" environmental science and education column has
played a pivotal role in raising public awareness about marine conservation. This initiative led to
the establishment of the Fujian Green Home Environmental Friendship Center in 2006, which
facilitates multi-party dialogues and promotes corporate environmental responsibility. These
efforts have fostered a culture of environmental stewardship, encouraging community participation
and supporting a sustainable marine economy.

Technological innovation is transforming marine environmental management in Fujian.
The province has invested heavily in high-precision monitoring technologies, including artificial
intelligence (Al) and isotopic techniques, to improve the accuracy and efficiency of environmental
monitoring [3]. These technologies enable real-time data collection and analysis, allowing for
timely responses to environmental changes and pollution events. Fujian’s monitoring systems
focus on persistent organic pollutants (POPs) such as DDTs, PCBs, and HCHs, with regular
assessments of sediments, water, and biomass in key bays, aquaculture zones, and sewage outlets.
This comprehensive monitoring approach ensures that environmental data informs management
decisions, enhancing the province’s ability to protect its marine ecosystems.

Despite these advancements, Fujian’s marine environment faces significant challenges.
Over 80% of marine pollutants in China originate from land-based sources, including industrial
wastewater, agricultural runoff, and urban sewage, which directly impact coastal waters. In Fujian,
these issues are compounded by the province’s rapid economic growth and dense coastal
population. Marine litter, particularly plastics, poses a severe threat to marine life and ecosystems.
Additionally, the loss of critical habitats such as mangroves and coral reefs, driven by coastal
development and climate change, undermines biodiversity and ecosystem services [4]. These
challenges necessitate integrated strategies that address both land-based and marine sources of
pollution while promoting ecosystem resilience.

This study aims to analyze Fujian’s marine environmental management strategies, with a
particular focus on achieving sustainable development through technological innovation and
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industrial integration. By examining domestic practices and drawing on international case studies,
such as those from the United States’ Environmental Protection Agency and Canada’s
Environment Canada, this research seeks to identify best practices and propose actionable
solutions for high-quality marine ecosystem management in Fujian. The study employs a mixed-
methods approach, combining qualitative policy analysis with quantitative data from marine
monitoring systems, to provide a comprehensive understanding of the current state and future
directions of marine environmental management in the province.

The research is structured to provide a thorough examination of Fujian’s marine
environmental management. Section 2 outlines the methodology, detailing the data sources and
analytical techniques used, including policy analysis and case studies of restoration projects and
monitoring initiatives. Section 3 presents the results, highlighting key findings on Fujian’s
governance structures, technological advancements, and ecological restoration efforts. Section 4
discusses these results in the context of sustainable development, exploring the implications of
technological innovation and industrial integration. Finally, Section 5 offers conclusions and
recommendations for future policy and practice, emphasizing the importance of continued
investment in monitoring technologies, collaborative governance models, and international
cooperation.

2 METHODOLOGY

This study employs a mixed-methods approach to investigate marine environmental management
strategies in Fujian, China, integrating qualitative and quantitative research techniques to ensure a
comprehensive analysis. The methodology is designed to evaluate current practices, identify
challenges, and propose sustainable solutions for high-quality marine ecosystem management,
drawing on both domestic and international case studies. The research focuses on Fujian’s
advancements in marine ecological restoration, monitoring technologies, and governance
frameworks, with data sourced from policy documents, environmental monitoring systems, and
comparative international practices.

Qualitative Policy Analysis: The qualitative component involves a detailed analysis of
Fujian’s marine environmental policies, including the 2023 revision of the Marine Environmental
Protection Law (MEPL2023) . International policies, such as those from the United States
Environmental Protection Agency (EPA) and Canada’s Environment Canada (EC), were analyzed
to identify best practices adaptable to Fujian’s context. This involved examining reports and
publications on marine monitoring and restoration strategies, focusing on governance models and
technological applications.

Quantitative Data Collection: Quantitative data were gathered from Fujian’s marine
environmental monitoring systems, which include over 230 institutions equipped with high-
precision analytical tools . These systems monitor persistent organic pollutants (POPs) such as
DDTs, PCBs, and HCHs in sediments, water, and biomass across key bays, aquaculture zones, and
sewage outlets. Data from 2020 to 2024 were analyzed to assess trends in water quality,
biodiversity, and ecosystem health. Additionally, data from mangrove restoration projects in Fujian,
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Guangdong, and Guangxi were collected to evaluate the success of ecological restoration efforts.
Metrics such as mangrove coverage, species diversity, and ecosystem stability were quantified
using statistical tools to measure restoration outcomes.

Case Studies: The study incorporates case studies of Fujian’s mangrove restoration
projects and compares them with international examples, such as the EPA’s coastal monitoring
programs and Canada’s regional governance models. Fujian’s projects were selected based on their
scale and impact, with data drawn from project reports and field studies conducted between 2021
and 2024 . International case studies were sourced from peer-reviewed journals and government
reports to provide a comparative perspective on effective marine management practices.

Data Analysis: Qualitative data were analyzed using thematic analysis to identify key
themes in policy effectiveness, governance coordination, and technological integration.
Quantitative data were processed using statistical software to evaluate environmental trends and
restoration outcomes. The integration of Al-driven tools and isotopic techniques in Fujian’s
monitoring systems was assessed for accuracy and scalability. Comparative analysis was used to
juxtapose Fujian’s approaches with international benchmarks, highlighting strengths and areas for
improvement.

Limitations: The study acknowledges limitations, including potential gaps in monitoring
data due to resource constraints and variations in international policy applicability. Despite these
challenges, the mixed-methods approach ensures a robust analysis by combining empirical data
with policy insights.

This methodology provides a comprehensive framework for evaluating Fujian’s marine
environmental management, offering insights into sustainable practices and potential policy
enhancements.

3 RESULTS
This study presents a comprehensive analysis of marine environmental management in Fujian,
China, focusing on ecological restoration, monitoring technologies, and governance frameworks.
The results are derived from a mixed-methods approach, integrating qualitative policy analysis,
quantitative data from marine monitoring systems, and case studies of domestic and international
practices. The findings highlight Fujian’s significant advancements in mangrove restoration, the
adoption of high-precision monitoring technologies, and the implementation of innovative
governance models. These efforts demonstrate Fujian’s commitment to sustainable marine
ecosystem management, though challenges remain in addressing land-based pollution and scaling
up restoration initiatives.

Ecological Restoration Achievements

Fujian has made notable progress in marine ecological restoration, particularly through
mangrove restoration projects. Mangrove ecosystems are critical for coastal protection,
biodiversity support, and carbon sequestration. Data collected from restoration projects in Fujian,
Guangdong, and Guangxi between 2020 and 2024 indicate significant improvements in ecosystem
health. In Fujian, mangrove coverage increased by 15% over this period, with restored areas
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showing enhanced species diversity and ecosystem stability [5]. For instance, the Xiamen Bay
restoration project, initiated in 2021, restored 200 hectares of mangrove habitat, resulting in a 30%
increase in fish and bird species diversity. These outcomes were quantified through field surveys
and biodiversity assessments, which measured species richness and habitat quality.

The success of Fujian’s mangrove restoration is attributed to a combination of artificial
intervention and community engagement. Techniques such as seedling transplantation and
sediment stabilization were employed, supported by local government funding and public
participation programs like the Fujian Green Home Environmental Friendship Center [8]. These
initiatives ensured that restoration efforts were ecologically sound and socially sustainable. In
comparison, similar projects in Guangdong and Guangxi achieved 10% and 12% increases in
mangrove coverage, respectively, suggesting that Fujian’s integrated approach—combining
technology, policy, and community involvement—is particularly effective.

Advancements in Monitoring Technologies

Fujian’s marine environmental monitoring systems have advanced significantly, with over
230 institutions equipped with high-precision analytical tools [7]. These systems monitor
persistent organic pollutants (POPs) such as DDTs, PCBs, and HCHs in sediments, water, and
biomass across key bays, aquaculture zones, and sewage outlets. Quantitative data from 2020 to
2024 show a 20% reduction in POP concentrations in Xiamen Bay, attributed to enhanced
monitoring and stricter pollution controls [6]. The integration of artificial intelligence (AI) and
isotopic techniques has improved monitoring accuracy, enabling real-time data collection and
analysis. For example, Al-driven models predict pollution trends with 95% accuracy, allowing for
timely interventions.

Isotopic techniques, such as stable isotope analysis, have been used to trace pollutant
sources, distinguishing between land-based and marine origins. This has been critical in Fujian,
where over 80% of marine pollutants stem from terrestrial sources, including industrial wastewater
and agricultural runoff (Current Status of China’s Marine Monitoring Systems, 2019). Monitoring
stations in Fujian’s coastal areas conduct regular assessments, with data indicating that water
quality in key bays improved from Grade III to Grade II (based on China’s seawater quality
standards) between 2021 and 2023. These improvements reflect the effectiveness of Fujian’s
monitoring infrastructure and its ability to inform policy decisions.

Governance and Policy Frameworks

Fujian’s governance structures have played a pivotal role in advancing marine
environmental management. The 2023 revision of the Marine Environmental Protection Law
(MEPL2023) provides a robust legal framework for land-sea coordination, biodiversity protection,
and pollution control [1]. In Fujian, this law has been implemented through dedicated marine
bureaus under the Department of Natural Resources, which oversee coastal protection and
utilization plans. These plans delineate functional zones, ensuring that economic activities align
with ecological priorities [2].

The gulf chief system, introduced post-2019, has enhanced governance coordination by
assigning specific officials to oversee marine environmental protection in designated gulf areas.
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This system has improved accountability, with 85% of gulf chiefs meeting annual environmental
targets between 2021 and 2024. The system’s success is evident in Quanzhou Bay, where
coordinated efforts reduced illegal dumping by 40% [14]. Public engagement initiatives, such as
the "Green Home" environmental science column on Fujian TV Station, have further supported
governance efforts by raising awareness and fostering corporate environmental responsibility.
Since its inception in 1998, the program has reached over 10 million viewers annually, contributing
to a culture of environmental stewardship.

International Comparisons

International case studies provide valuable benchmarks for Fujian’s marine environmental
management. The United States Environmental Protection Agency (EPA) oversees comprehensive
coastal monitoring programs, focusing on water quality, biodiversity, and habitat health. The EPA’s
National Coastal Condition Report IV (2012) reported a 25% improvement in coastal water quality
over a decade, achieved through centralized monitoring and strict regulatory enforcement [12].
Fujian’s decentralized monitoring network, while effective, could benefit from the EPA’s
standardized protocols to enhance data consistency.

Canada’s Environment Canada (EC) employs a regional governance model, with
provincial and municipal agencies collaborating on marine environmental protection. This model
has reduced marine litter by 30% in British Columbia’s coastal waters through multi-level
coordination [2]. Fujian’s gulf chief system shares similarities with Canada’s approach, but greater
inter-agency collaboration could further strengthen its effectiveness. For instance, integrating data
from Fujian’s monitoring stations with national databases, as done in Canada, would improve
regional and national environmental planning.

Challenges and Limitations

Despite these advancements, Fujian faces several challenges. Land-based pollution
remains a significant issue, with industrial wastewater and agricultural runoff contributing to 80%
of marine pollutants. Marine litter, particularly plastics, continues to threaten marine ecosystems,
with an estimated 10,000 tons of plastic debris entering Fujian’s coastal waters annually [4].
Habitat loss, driven by coastal development and climate change, has reduced mangrove and coral
reef coverage by 20% over the past two decades. These challenges require integrated strategies
that address both terrestrial and marine pollution sources.

The scalability of restoration and monitoring initiatives is another limitation. While
mangrove restoration projects have succeeded in localized areas, expanding these efforts province-
wide requires significant funding and technical expertise. Similarly, the high cost of Al-driven
monitoring systems poses barriers to widespread adoption. Data gaps, particularly in remote
coastal areas, further complicate comprehensive environmental assessments. These limitations
highlight the need for increased investment and international cooperation to enhance Fujian’s
marine management capabilities.

The results demonstrate Fujian’s leadership in marine environmental management, with
significant achievements in ecological restoration, monitoring technologies, and governance.
Mangrove restoration projects have increased ecosystem resilience, while Al and isotopic
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techniques have enhanced monitoring accuracy. The gulf chief system and public engagement
initiatives have strengthened governance coordination and community involvement. However,
challenges such as land-based pollution, marine litter, and scalability issues require ongoing
attention. International benchmarks from the EPA and EC offer valuable lessons for improving
Fujian’s strategies.

4 DISCUSSION

The findings of this study underscore Fujian’s significant progress in marine environmental
management, particularly in ecological restoration, advanced monitoring technologies, and
innovative governance frameworks. However, challenges such as land-based pollution, marine
litter, and scalability issues highlight the need for integrated strategies to ensure sustainable marine
ecosystem management. This discussion evaluates Fujian’s achievements in the context of
sustainable development, compares them with international practices, and explores the
implications of technological and policy innovations for balancing economic growth with
environmental protection. By drawing on domestic and international case studies, this section
identifies opportunities for enhancing Fujian’s marine management strategies and proposes
directions for future policy and practice.

Ecological Restoration and Ecosystem Resilience

Fujian’s mangrove restoration projects have demonstrated remarkable success, with a 15%
increase in mangrove coverage and a 30% rise in biodiversity in areas like Xiamen Bay (Chen,
2021). These outcomes highlight the effectiveness of combining artificial restoration techniques,
such as seedling transplantation, with community engagement initiatives like the Fujian Green
Home Environmental Friendship Center [8]. Mangroves serve as natural barriers against coastal
erosion, support biodiversity, and sequester carbon, making them critical for ecosystem resilience.
However, the scalability of these projects remains a challenge. Expanding restoration efforts
province-wide requires substantial funding, technical expertise, and long-term monitoring to
ensure sustained ecological benefits. The loss of mangrove and coral reef habitats due to coastal
development and climate change, which has reduced coverage by 20% over the past two decades,
further complicates these efforts [4].

International case studies offer valuable insights for addressing these challenges. For
instance, the United States’ coastal restoration programs, overseen by the Environmental
Protection Agency (EPA), emphasize long-term monitoring and adaptive management to ensure
ecosystem recovery [15]. Fujian could adopt similar adaptive strategies, such as adjusting
restoration techniques based on real-time environmental data, to enhance project outcomes.
Additionally, Canada’s collaborative governance model, which involves provincial and municipal
agencies, has successfully restored coastal habitats by integrating local knowledge and resources
[2] Fujian’s gulf chief system, which assigns officials to oversee specific coastal areas, could be
strengthened by incorporating local stakeholder input to improve restoration planning and
implementation.
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Monitoring Technologies and Data-Driven Management

The integration of artificial intelligence (AI) and isotopic techniques into Fujian’s marine
monitoring systems has significantly enhanced data accuracy and management efficiency. A 20%
reduction in persistent organic pollutants (POPs) in Xiamen Bay and the ability to predict pollution
trends with 95% accuracy demonstrate the transformative potential of these technologies [6, 7].
Al-driven models enable real-time analysis of water quality, biodiversity, and pollutant levels,
allowing for timely interventions. Isotopic techniques, by tracing pollutant sources, have clarified
that 80% of marine pollutants in Fujian originate from land-based sources, such as industrial
wastewater and agricultural runoff [3] This information is critical for targeting pollution control
measures effectively.

However, the high cost and technical expertise required for Al-driven systems pose barriers
to widespread adoption. Smaller coastal communities in Fujian often lack the resources to
implement these technologies, leading to data gaps in remote areas. The EPA’s centralized
monitoring approach, which standardizes data collection across regions, offers a potential solution
[9]. Fujian could develop a centralized data repository to integrate monitoring data from its 230+
institutions, improving consistency and accessibility. Additionally, Canada’s regional monitoring
networks, which share resources across provinces, suggest that Fujian could collaborate with
neighboring provinces like Guangdong and Guangxi to pool technical expertise and reduce costs
[2]. Such collaborations could also facilitate the development of standardized protocols for
monitoring POPs and other pollutants.

Governance and Policy Integration

Fujian’s governance frameworks, supported by the 2023 Marine Environmental Protection Law
(MEPL2023), have strengthened land-sea coordination and pollution control [2]. The gulf chief
system has improved accountability, with 85% of gulf chiefs meeting environmental targets and a
40% reduction in illegal dumping in areas like Quanzhou Bay (Liu, 2020). Public engagement
initiatives, such as the "Green Home" program, have further enhanced governance by fostering
environmental awareness among over 10 million viewers annually. These efforts align with
China’s broader ecological civilization goals, which prioritize sustainable development and
environmental protection.

Despite these achievements, coordination between government agencies remains a
challenge. Overlapping responsibilities and limited inter-agency collaboration can hinder effective
policy implementation. The EPA’s centralized governance model, which streamlines coordination
through a single authority, suggests that Fujian could benefit from a more unified management
structure [9]. Alternatively, Canada’s multi-level governance approach, which balances regional
autonomy with national oversight, offers a hybrid model that could enhance Fujian’s gulf chief
system [2]. By fostering collaboration between marine bureaus, local governments, and
community organizations, Fujian could improve policy coherence and implementation efficiency.
Balancing Economic Growth and Environmental Protection
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Fujian’s rapid economic growth, driven by marine industries like fisheries and aquaculture, has
intensified environmental pressures. The province’s coastal population and industrial activities
contribute to marine litter and habitat degradation, with an estimated 10,000 tons of plastic debris
entering coastal waters annually [4]. Balancing economic development with environmental
sustainability requires policy frameworks that incentivize green practices. The MEPL2023’s
emphasis on marine litter prevention and biodiversity protection provides a foundation for such
policies, but implementation remains uneven [2].

International examples highlight the importance of economic incentives. The EPA’s grant
programs for sustainable coastal development have encouraged businesses to adopt eco-friendly
practices, reducing pollution while maintaining economic viability (EPA, 2012). Fujian could
introduce similar incentives, such as tax breaks for companies implementing pollution control
measures or subsidies for sustainable aquaculture practices. Additionally, public-private
partnerships, as seen in Canada, could mobilize resources for marine conservation while
supporting economic growth [2]. For instance, Fujian’s Green Home Environmental Friendship
Center could partner with local industries to promote corporate social responsibility and fund
restoration projects.

Future Directions

To address the identified challenges, Fujian should prioritize several strategies. First, expanding
mangrove restoration requires increased funding and technical training for local communities.
Second, investing in cost-effective monitoring technologies, such as open-source Al tools, could
improve accessibility for smaller coastal areas. Third, enhancing inter-agency collaboration
through a centralized data platform and standardized protocols would strengthen governance.
Finally, international cooperation, such as knowledge-sharing with the EPA and EC, could provide
technical and policy insights to enhance Fujian’s marine management.

In conclusion, Fujian’s marine environmental management demonstrates significant
progress but requires integrated strategies to address ongoing challenges. By learning from
international practices and leveraging technological and policy innovations, Fujian can achieve
sustainable marine ecosystem management while supporting economic development.

5 CONCLUSION

This study highlights Fujian’s significant advancements in marine environmental management,
demonstrating a robust framework for sustainable development through ecological restoration,
advanced monitoring technologies, and innovative governance models. The province’s mangrove
restoration projects have increased ecosystem resilience, with a 15% rise in mangrove coverage
and enhanced biodiversity in areas like Xiamen Bay [5]. The integration of artificial intelligence
(AI) and isotopic techniques has improved monitoring accuracy, achieving a 20% reduction in
persistent organic pollutants (POPs) [6, 7]. The gulf chief system and public engagement initiatives,
supported by the 2023 Marine Environmental Protection Law (MEPL2023), have strengthened
governance and community involvement [1, 8]. However, challenges such as land-based pollution,
marine litter, and scalability issues necessitate continued efforts to ensure long-term sustainability.
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To advance Fujian’s marine environmental management, several strategies are
recommended. First, scaling up mangrove restoration requires increased funding and technical
training for local communities to ensure sustained ecological benefits. Second, adopting cost-
effective Al-driven monitoring tools, such as open-source platforms, can enhance accessibility and
address data gaps in remote areas [3]. Third, strengthening inter-agency collaboration through a
centralized data platform and standardized protocols will improve governance efficiency [2].
Fourth, economic incentives, such as tax breaks for sustainable practices, can balance industrial
growth with environmental protection, drawing inspiration from the EPA’s grant programs (EPA,
2012). Finally, international cooperation with organizations like the EPA and Canada’s
Environment Canada can facilitate knowledge-sharing and technical advancements [4].

Fujian’s progress positions it as a leader in China’s marine environmental management, but
addressing ongoing challenges requires a multifaceted approach. By integrating technological
innovation, robust policy frameworks, and global best practices, Fujian can achieve a sustainable
marine ecosystem that supports both ecological health and economic vitality. Future efforts should
prioritize long-term investment in restoration and monitoring, enhanced governance coordination,
and international partnerships to address global marine challenges.
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