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Introduction: The "blue economy” is an invaluable part in the pursuit of Sustainable
Development Goal 14 (SDG14), with China's active engagement holding significant
implications for global marine governance. However, a quantitative, regionally scaled
"bottom-up” assessment framework for blue economy growth and actionable
implementation strategies remain underexplored.

Methods: This study addresses this gap by first utilizing a Strengths, Weaknesses,
Opportunities, and Threats (SWOT) analysis to identify the marine development
direction of Wuyuan Bay. Subsequently, a novel Seashore Vitality Assessment
(SVA) framework, integrated with the Gray Relation Analysis (GRA) method, is
constructed to inform Marine Spatial Planning (MSP) for sustainable
development. Applied to the typical case of Wuyuan Bay, this framework
effectively measures the blue economy growth level of coastal zones.

Results: The SVA results unveil that economic vitality, particularly in sea areas, is
the primary factor limiting blue economy growth, highlighting MSP as the most
effective pathway for enhancement, tailored by distinct seashore types. The
derived marine development direction for Wuyuan Bay is “ecology + tourism +
sports”, leading to four comprehensive MSP strategies.

Discussion: This study contributes by filling a critical research gap in urban vitality
assessment within marine and coastal zones, emphasizing the integrated land-sea
interface and the spillover effects of marine influences. The framework's simplicity
and effectiveness offer a valuable reference for other regions in formulating blue
economy growth plans and fostering multi-stakeholder benefits. Future research
should deepen data analysis through longitudinal datasets and advanced statistical
modeling, systematically incorporate cultural vitality metrics using diverse data
sources including statistical yearbooks and web search indices, and consider the
effectiveness evaluation and adaptive regulatory schemes for MSP.
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blue economy, Marine Spatial Planning (MSP), seashore vibrancy/vitality, gray relation
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1 Introduction

The increasing global recognition of the ocean’s paramount
importance for human well-being and economic prosperity has
spurred intensive efforts towards “integrated marine and coastal
management” and sustainable development of coastal cities, with
concepts like the blue economy, Marine Spatial Planning (MSP),
and city vitality at the forefront of these endeavors (Noonan-Birch
et al., 2024; Reusch et al., 2018; Stephenson et al., 2023; Yin et al.,
2022; Zhao et al., 2025). Since the concept of the “blue economy”
was proposed at the United Nations Conference on Sustainable
Development in Rio de Janeiro in 2012 (UN, 2012), almost all
coastal countries and cities actively participating and joining in
developing the blue economy because of its clear benefits, especially
among managers (Bennett et al., 2019; Narwal et al., 2024). As a
country with vast marine territories, a large population and a
significant marine economy, China’s participation in the
construction of the blue economy has an important impact on
global ocean governance and sustainable development (Crona et al.,
2020). The blue economy serves as a pivotal instrument in China’s
strategy to foster the sustainable development of oceanic resources
(Fabinyi et al., 2021). Initially introduced in China’s 13th Five-Year
Plan in 2016, this concept marks a significant shift from the
prioritization of the growth of the “marine economy” at the
expense of marine environmental conservation (Ding et al., 2014).
Following its introduction, the term “blue economy” has gained
increasing prominence and has been operationalized through
various policies, such as “Blue Bay” (Sui et al., 2020), “Harmony
Island”, and island restoration programs (Zhang et al.,, 2023).
Particularly after 2018, China adopted one of the strictest
management approaches to ocean development and utilization in
its history, characterized by measures such as limiting land
reclamation and enclosures (Lin et al, 2022). Building on this
trajectory of intensified environmental governance, the subsequent
14th Five-Year Plan (2021-2025) further solidified the blue
economy as a core strategy, emphasizing integrated land-sea
planning to achieve high-quality marine development and foster
marine ecological civilization (Wei et al., 2020). Nevertheless, the
scarcity of robust blue economy growth assessment frameworks and
actionable implementation methodologies currently impedes the
effective realization of these ambitious objectives. While macro-level
policy frameworks and governance structures have been
progressively established to guide blue economy development,
sophisticated bottom-up regional blue economy performance
assessment and practical implementation pathways remain largely
in an exploratory phase. In this context, the role of MSP in
facilitating blue economy growth is undeniable (Suris-Regueiro
et al, 2021; Yang et al, 2025), manifesting particularly in its
capacity for integrated environmental protection, fostering the
integration of local community knowledge, reconciling diverse
stakeholder interests, and establishing sustainable economic
objectives (Hoareau, 2025; Knol-Kauffman et al., 2023; Yang
et al., 2025). Specifically, the strategic formulation of regional
MSP initiatives, informed by robust scientific blue economy
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growth assessment results, represents a particularly potent and
viable pathway to address these challenges.

Recognized for its clear benefits in areas such as marine
pollution reduction and the preservation of marine life, the blue
economy represents a crucial pathway for the successful
achievement of Sustainable Development Goal 14 (SDG 14), “Life
Below Water”, and has accordingly received considerable attention
recently (Duan et al,, 2024; Liang et al., 2022). A broadly agreed-
upon understanding of the definition of the blue economy has not
yet been developed, and the main divergences have concerned the
scope and prioritization of the internal objectives (Voyer et al,
2022). The term encompasses a broader range of activities than the
“marine economy”, which traditionally focuses on economic
exploitation. Furthermore, the blue economy emphasizes social
well-being and environmental stewardship, aligning with the
United Nations Sustainable Development Goals (SDGs)
(Cisneros-Montemayor et al., 2019). The World Bank describes
the blue economy as supporting “the sustainable use of ocean
resources for economic growth and improved livelihoods and jobs
while preserving the health of the ocean” (Bank, 2017). This
approach has resonated with international and regional ocean
governance bodies and led to a proliferation of studies and
practices, particularly in Small Island Developing States (SIDSs)
(Noonan-Birch et al,, 2024; Phang et al., 2023; Pournara et al., 2023;
Voyer et al., 2020). These efforts often converge on three pillars of
sustainable development: environmental protection, social equity,
and economic growth (Wuwung et al., 2022). Complementing this
global understanding, China has articulated its unique “Five-sphere
Integrated Overall Plan”, which extends beyond these three pillars
to encompass a more holistic approach to national development.
This overarching strategy systematically integrates economic
prosperity, political stability, cultural advancement, social
harmony, and ecological civilization (Wang et al., 2023).
Particularly, the emphasis on ecological civilization highlights
China’s commitment to prioritizing harmonious coexistence
between humanity and nature, aligning closely with
environmental protection. Meanwhile, political stability and
cultural advancement provide the institutional and ideological
foundations for fostering social equity and sustainable economic
growth, ultimately aiming for comprehensive and balanced national
progress. Assessing the performance of the blue economy presents
unique challenges because of its multifaceted nature. Scholars
employ various metrics to evaluate specific aspects of the blue
economy, including policy coherence, socioeconomic indicators
(Voyer et al., 2022), ecosystem service values (Maskaeva et al,
2024), aggregate risk (Hodgson et al, 2019), and social justice
(Germond-Duret et al., 2023). However, despite their individual
insights, these varied metrics often exhibit a lack of spatial
resolution and integrated frameworks, consequently hindering
their direct translation into holistic, actionable strategies for
regional blue economy growth and spatial planning. Crucially, the
ultimate success of blue economy initiatives and MSP at the
regional level hinges upon the sustained vitality and sustainable
development of coastal cities, yet conventional vitality assessment
approaches frequently overlook the critical land-sea interface.
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City vitality, as defined by Maas in 1984, is “derived from a
variety of unique business and recreational opportunities and a
dense social heterogeneous pedestrian population” (Maas, 1984).
This concept encapsulates a city’s allure and competitive edge
across the environmental, societal, economic, and cultural
domains and serves as a catalytic force for its enduring growth in
a manner similar to the “blue economy”. In the realm of urban
planning, the exploration of land space vitality has been
multifaceted, encompassing studies at various scales, e.g., cities
(Wang et al.,, 2022), districts (Gomez-Varo et al., 2022), regions
(Meng and Xing, 2019), and streets (Xia et al., 2020). Typically,
assessment frameworks are constructed based on evaluations of
indicators that represent the economic, social, and environmental
systems. The dynamism of coastal areas, particularly those adjacent
to the shoreline, is pivotal to broader city vitality, given that nearly
half of the world’s cities with populations exceeding one million are
located at or near estuaries, tidal river mouths, and approximately
two-thirds of the global populace resides within 60 kilometers of the
coastline (UNAO, 2016). Seascapes have long been prized, with
seaside properties fetching premium prices worldwide
(Latinopoulos, 2018). Most previous research has concentrated on
riverine or lakeside environments (Fan et al., 2023, 2021; Wu et al.,
2019), often treating them as an extension of terrestrial urban areas
with limited consideration of the marine dimension. Notably, one
study that explored coastal frontages focused solely on terrestrial
areas, completely neglecting the intricate interplay with the marine
expanse (Huang et al., 2022). This oversight is particularly glaring
for coastal cities whose economic, environmental, and social fabric
is intrinsically linked to the sea. To address this critical research gap
and to provide a more tailored assessment for coastal environments,
this study proposes a Seashore Vitality Assessment (SVA)
framework. The SVA framework is thus conceptualized as a
specialized application and extension of the broader city vitality
concept, specifically adapted to capture the unique features and
dynamics of coastal zones, encompassing both land-sea interactions
and their integrated valuation. This spatially-explicit framework is
designed to overcome the limitations of existing blue economy
assessment methodologies, particularly by providing a robust,
bottom-up approach for evaluating regional blue economy
growth. Moreover, its comprehensive perspective offers critical
insights that are essential for informing the strategic formulation
of MSP initiatives and enhancing the practical implementation
pathways for sustainable blue economic development.

The objectives of this study were threefold: (1) To develop a
robust SVA framework, building upon current urban land spatial
vitality assessment studies, specifically by identifying and defining
appropriate indicators that effectively capture the unique features
and integrated land-sea interactions of coastal zones for assessing
blue economy growth. (2) To demonstrate how the SVA framework
and its assessment results can inform and contribute to the strategic
formulation of regional MSP, thereby providing a spatially-explicit,
bottom-up approach to enhance blue economic governance and
facilitate sustainable development. (3) To validate the feasibility,
effectiveness, and practical utility of the proposed SVA framework
and its application in MSP through a comprehensive case study.
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2 Materials and methods

2.1 Study area

Wuyuan Bay is situated in the northeastern corner of Xiamen
Island, within the city of Xiamen, Fujian Province, China. A
prominent coastal city in Southeast China, Xiamen is aptly
known as the “Island of Egrets” for its long history as a haven for
these graceful birds, reflecting its significant natural heritage. This
ecological identity complements its rich maritime past as a hub of
the Maritime Silk Road and one of China’s first open trading ports,
with its later designation as a Special Economic Zone further
driving its port-centric economic development. Indeed, leveraging
its well-preserved ecology and abundant coastal charm, Xiamen has
also fostered a vibrant tourism industry, contributing significantly
to its overall economic and social vitality. It is a compact urban bay
that forms part of the larger Xiamen Bay. The bay is uniquely
divided into inner and outer sections by a sluice gate at the foot of
Tianyuan Bridge. The outer bay opens directly into the sea, whereas
the water level of the inner bay is regulated by the sluice gate to
facilitate daily exchanges with the outer bay (Figure 1). It has a
subtropical marine monsoon climate, which is mild and rainy,
warm, hot and humid, with an average annual temperature of 20.9 °
C. Precipitation is distributed mainly between April and August
each year, accounting for 67% of the total annual precipitation, with
an average annual precipitation of 1183.4 mm. The region lies
within the subtropical monsoon zone, where there are distinct
seasonal shifts in wind direction and velocity. Throughout the
year, the predominant wind direction is from the east, with the
average annual wind speed reaching 3.4 m/s. Surrounding Wuyuan
Bay is an artificial coastline that serves as a form of hard shore
protection. Owing to its limited fetch, the winds that reach the bay
generate minimal waves, resulting in a generally tranquil
water surface.

Before 2002, Wuyuan Bay suffered extensive environmental
degradation due to overfishing, improper waste disposal, and the
construction of seawalls that disrupted the natural flow of seawater.
These problems led to severe pollution in the inner bay, which was
characterized by foul odors, whereas the outer bay experienced
prolonged erosion, giving rise to expansive tidal flats. The damage
to the bay’s natural ecosystem significantly hindered regional
economic and social progress, compelling locals to relocate. In
2002, the Xiamen Party Committee of the Municipal Committee
and the People’s Government of the Municipality initiated a project
aimed at restoring and developing the Huli Wuyuan Bay area
ecologically. Since then, two decades of dedicated urban
development efforts have transformed Wuyuan Bay into an
exemplary eco-space that harmoniously blends water, vegetation,
wetlands, and coastal landscapes and has become one of the most
desirable residential districts on Xiamen Island, commanding
premium real estate prices. A suite of ecological conservation and
restoration strategies has successfully rejuvenated the bay’s
ecological foundation and natural assets (Chen et al., 2012). As a
result, the bay’s waters have been classified as a recreational sea area
in the most recent territorial spatial planning.
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FIGURE 1
Location of Wuyuan Bay.

The selection of Wuyuan Bay as the study area is driven by its
exceptional significance as a microcosm of sustainable coastal urban
development challenges and opportunities in China. Economically,
it represents a pivotal zone for Xiamen’s transition towards a blue
economy model, moving beyond traditional fisheries towards high-
value marine industries, recreational tourism, and premium
residential development. The bay hosts a prominent marina, a
developing cruise terminal, and a growing cluster of marine-
related service industries, positioning it as a future hub for
marine leisure and innovation. While agriculture is not a primary
industry within the immediate bay area due to its high degree of
urbanization, the bay’s ecological health directly supports the
broader regional food security through its contributions to coastal
ecosystems and indirectly enhances the quality of life for a populace
that values local seafood products. Moreover, its transformation
from a severely degraded ecosystem to a high-value residential and
recreational area underscores its critical role in Xiamen’s urban
planning and sustainable development strategies. The bay’s status as
a recreational sea area further highlights its increasing importance
for urban tourism and leisure activities, drawing both local residents
and visitors. However, despite its ecological recovery and prime
location, the potential of the bay’s sea area remains largely
underutilized beyond the northeastern marina. This situation
creates a tension between its realized ecological value, its high-
end residential appeal, and its untapped potential for sustainable
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blue economic growth. Consequently, understanding and
optimizing the vitality of this unique coastal urban space is
crucial for informing future MSP, fostering balanced economic
development, and ensuring the long-term environmental integrity
and social well-being of a premier coastal urban area. This makes
Wuyuan Bay an ideal and urgent case study for examining the
multifaceted dimensions of coastal city vitality. Currently, however,
bay development is focused primarily on a marina on the bay’s
northeastern side, leaving much of the sea area underutilized. This
situation impedes the growth of the blue economy in the region.
Consequently, there is a pressing call from marine authorities,
tourist bodies, tourism developers, and the local community to
foster sustainable economic development in Wuyuan Bay. These
entities advocate balanced growth that preserves the delicate
ecological balance and will thereby enrich the local socioeconomic
fabric without compromising the bay’s environmental integrity.

2.2 Methodological process

The overarching methodological framework of this study
integrates multi-source data analysis, sea-use directions analysis,
the development of a novel assessment framework, and the
formulation of MSP schemes (Figure 2). This comprehensive
process unfolds in four main steps:
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Firstly, collecting the comprehensive various essential datasets,
including remote sensing data for spatial features, statistical data for
socio-economic and environmental indicators, and survey data to
capture specific local insights. These diverse data types are then
meticulously processed, integrated, and managed using ArcMap
10.5 to ensure their spatial accuracy and readiness for subsequent
analytical stages.

Secondly, conducting a comprehensive SWOT (Strengths,
Weaknesses, Opportunities, Threats) analysis. The insights
derived from the SWOT analysis provide crucial contextual
understanding, informing the strategic direction and
considerations for the subsequent MSP phase. Crucially, the
findings from this SWOT analysis are then utilized to guide the
selection and refinement of relevant indicators for the SVA
framework, ensuring that the SVA effectively captures the most
critical factors influencing blue economy growth in the study area.

Then, constructing and applying the SVA framework by Gray
Relation Analysis (GRA) to assess the multi-dimensional vitality of
coastal areas. The framework considers critical indicators across
Social, Economic, and Environmental dimensions, which are
carefully selected based on the insights from the preceding SWOT
analysis. The output of this stage yields the SVA scores, which serve
as a robust measure for blue economy growth evaluation.

Finally, the detailed SVA results, which quantify blue economy
growth levels, are integrated with the strategic insights from the
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SWOT analysis to inform and guide the formulation of MSP
schemes, which are designed to achieve targeted blue economy
objectives, specifically focusing on protecting marine ecosystem
health, improving livelihoods and employment opportunities, and
fostering sustainable economic growth within the coastal region.
This step highlights the practical utility of the SVA framework in
translating assessment findings into actionable MSP initiatives.

2.2.1 Collecting and processing data

To ensure the contemporary relevance and comprehensiveness
of our analysis, we diligently collected up-to-date, multi-source data
related to Wuyuan Bay. These datasets included remote sensing
imagery, historical documents, drone data, field surveys, and
interviews. The specific sources, content, and temporal scope of
each dataset are thoroughly documented in Table 1, ensuring
transparency and reproducibility.

All acquired data underwent rigorous preprocessing within
ArcGIS 10.5 to ensure spatial accuracy, consistency, and
analytical readiness for subsequent stages of the methodology.
The detailed processing workflow is outlined below, with visual
examples presented in Figure 3.

A fundamental initial step involved unifying all collected
geospatial data into a common projected coordinate system
(CGCS2000_3_Degree_ GK_CM_118.5E). This standardization
was essential to facilitate accurate spatial overlay and

| Gray Relation Analysis

A,

EC°_"° MiC  step 1-Selecting indicators

Step 2-Sett1ng weights
Step 3-Determining the parent sequence
Step 4-Data normalisation

Step 5-Calculation of the grey
correlation coefficient
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TABLE 1 Data sources for Wuyuan Bay.

10.3389/fmars.2025.1674044

Data category Data content Data time Data sources
High-resoluti imately 1 m) historical t
Remote sensing data '8 . reéo ution (approximately 1 m) historical remote 2023 google.cn/maps/
sensing images
Inner bay seawater quality 2020 (Xie et al., 2020)
Outer bay seawater quality 2021 Third Institute of Oceanography, Ministry of Natural
Hydrodynamics 2016 Resources
Charts 2016 MaritiAme Safety Administration of the People’s Republic
of China
Statistical data Information on projects with sea-use licenses 2023 Marine and Island Affairs Division, Xiamen Bureau of
Shoreline survey data (resolution 0.1 m) 2023 Natural Resources and Planning
Road network 2023 https://www.openstreetmap.org/
POI (Points of Interest) 2023 GaoDe Map, Baidu Map
Housing price 2024 https://yibin.lianjia.com/; https://xm.fang.com/
Marine economic output 2021 Annual Reports of Enterprise
DOM (Digi i
(' igital Orthophoto Map) (resolution 5 cm) data 2020 Drone
of low tide level of Wuyuan Bay
Seashore stability, Shorelines with direct access to water 2023 Field survey
Survey data Tourism Management Departments, Tourism
Development, investment, and management opinions 2023 Development Company, Ocean Management
Departments
Information on competition and cooperation 2023 Tourism Management Departments, field survey

analysis, eliminating potential geometric inconsistencies across
diverse datasets.

For precise spatial base mapping, high-resolution images
captured by drones (2020) served as a geometric benchmark to
accurately calibrate historical remote sensing imagery from 2023.
Subsequently, a visual interpretation method, augmented by
intensive field surveys, was employed to delineate public space
boundaries. This demarcation relied on identifiable physical
features such as fences, maneuvering lanes, and buildings, as well
as clear public/non-public land-use characteristics (Figure 3a).

Following spatial alignment, key thematic layers were
vectorized into a unified geodatabase to represent critical features
of Wuyuan Bay. This encompassed essential spatial information
such as shoreline, water quality monitoring sites, and licensed
marine areas (Figures 3b-d). Vectorization ensured the data were
in an analyzable format for spatial operations.

To integrate socio-economic factors, housing price information
from adjacent neighborhoods along the shoreline was collected
from leading real estate platforms (LIANJIA and xm.fang.com) for
the first quarter of 2024. These point data were then used to
generate a housing price map by employing the nearest-neighbor
analysis tool in ArcGIS, which calculated and spatialized the
nearest-neighbor distances to the shoreline, reflecting urban
development intensity and land value gradients (Figures 3e, f).

For comprehensive topographic representation, elevation data
below the 0-meter line were extracted from nautical charts, while
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on-site measurements using RTK (Real-Time Kinematic) tools
provided precise elevation data above the 0-meter line.
Recognizing the sparsity and potential incompleteness of nautical
chart points, a densification process was first applied to these points.
Subsequently, the Kriging interpolation method within the raster
interpolation tool was utilized to generate a continuous raster
topography, which was then accurately clipped to the study area
using a mask extraction method. This detailed topographic surface
was critical for conducting subsequent slope analysis, informing
geomorphological assessments (Figures 3g, h).

The road network data, initially downloaded from
OpenStreetMap (OSM), underwent rigorous correction and
refinement in ArcGIS. This involved combining high-resolution
imagery and field survey pictures to ensure geographical accuracy.
Roads connecting to the study area were meticulously organized,
and specific entrances and exits were identified. These access points
were then assigned values reflecting their road level and the density
of surrounding pedestrian flow, which is vital for accessibility
analysis and understanding human-sea interactions (Figures 3i, j).

Similarly, POI data from GaoDe Map and Baidu Map were
subject to verification and correction using DOM. The spatial scope
of these POlIs, including traffic data and basic service facilities, was
delimited from the nearest main road to the coastline. This process
ensured that the POI data accurately represented the distribution
and accessibility of key services and infrastructure within the coastal
influence zone (Figures 3k, I).
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FIGURE 3

Data processing and analysis maps. ((a Study area; (b) Coastline; (c) Water quality monitoring sites; (d) Scope of marine areas with use permits;
(e) Distances of the nearest communities from the coastline; (f) House prices in the nearest communities to the coastline; (g) Topographic map of
the seabed; (h) Slope map of the seabed; (i) Roads leading to the study area; (j) Entrances to the study area; (k) Bus stops, subway stations and
jetties in and around the study area; () Public restrooms in and around the study area.

systematically evaluating internal capabilities (Strengths and

2.2.2 Analyzing the sea-use directions by SWOT

SWOT analysis is a widely employed strategic planning tool, =~ Weaknesses) and external environmental factors (Opportunities

gaining a significant advantage from its inherent simplicity, as it ~ and Threats) is particularly advantageous in complex, multifaceted

traditionally serves as an effective brainstorming technique environments. Such an approach is crucial in domains like MSP and

(Phadermrod et al., 2019). This structured framework for tourism development, where a comprehensive understanding of
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diverse influencing factors is essential for the robust interpretation
of findings and the formulation of informed decisions. In
accordance with territorial spatial planning, the resource
endowment of Wuyuan Bay’s sea area has been explicitly
determined to be suitable for tourism and recreational use.
Consequently, we communicated with the tourism management
department, tourism development companies with capability and
interest, and all relevant marine management departments through
various consultative channels, including meetings and interviews,
and determined that the main method of sea use is sports tourism
(Appendix D). Subsequently, we analyzed neighboring competing
products through a combination of literature surveys and onsite
surveys and consolidated all the data to summarize the SWOT
analysis of the development of the bay.

To further substantiate the methodological choice of SWOT
analysis for evaluating this development initiative, its extensive
application in analogous marine and tourism-related studies
within the academic literature provides robust justification and
highlights its inherent merits. For instance, within the domain of
sports tourism directly pertinent to this study, a research conducted
a comprehensive SWOT analysis on the development status of
sports tourism in Hainan, and effectively demonstrated the utility of
SWOT in analyzing the current conditions, identifying significant
development potential, and pinpointing existing gaps within the
soft environmental aspects of the region (Xia et al., 2012). In the
broader context of MSP, SWOT analysis is consistently recognized
as an effective methodology for evaluating management strategies
and identifying critical issues. For example, employed a SWOT
analysis, grounded in a 3D MSP approach, to comprehensively
ascertain the current and prospective coastal and marine
management practices and associated challenges in Pakistan
(Ullah et al., 2017). Their work provided an invaluable baseline
for informed resource allocation and the promotion of sustainable
utilization within these marine areas.

From the specific perspective of coastal tourism, a research
developed an Integrated Coastal Tourism Zone Management
(ICTZM) plan for the southern coastline of the Caspian Sea,
showed that SWOT analysis played a pivotal role in their
strategic planning framework, facilitating the precise identification
of areas possessing significant tourism potential while concurrently
exhibiting lower environmental vulnerability, and this systematic
approach enabled the formulation of conservative yet effective
development strategies (Monavari et al., 2013). Furthermore,
another research utilized a refined SWOT-TWOS matrix as an
integral component of their marine-coastal spatial planning
strategies for conservation areas. This methodological integration
proved highly effective in proposing ecosystem-based strategies and
ensuring the long-term viability of marine-coastal protection
initiatives (Escandon-Panchana et al, 2022). Collectively, these
diverse case studies provide compelling evidence of the broad
applicability and powerful analytical capacity of SWOT analysis.
It consistently proves instrumental in understanding intricate socio-
ecological systems, meticulously evaluating multiple interacting
drivers, and formulating actionable strategies for sustainable
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management and comprehensive development across various
marine and coastal contexts.

By rigorously integrating insights derived from targeted
literature surveys, conducting thorough onsite investigations of
neighboring competing products, and consolidating all collected
data, the application of SWOT analysis to the development
prospects of Wuyuan Bay provides a robust and comprehensive
framework. This framework enables the systematic summarization
of internal capabilities, external environmental dynamics, inherent
development potential, and strategic directions, all of which are
consistent with established best practices in both marine and

tourism planning research.

2.2.3 Constructing the SVA framework by GRA

The coastal zone, as a dynamic interface between land and sea,
demands a comprehensive assessment methodology to support
sustainable planning and management due to its inherent
complexity and multi-functionality (Wang et al., 2024). The SVA
is a multifaceted concept encompassing environmental, social, and
economic dimensions, requires a robust multi-criteria decision-
making (MCDM) framework. In existing literature on city vitality,
several MCDM methods have been widely applied, such as
Principal Component Analysis (PCA) (Lang et al., 2022), Analytic
Hierarchy Process (AHP) (Zhang and Han, 2022), deviation
maximization method (Shi et al., 2021), Data Envelopment
Analysis (DEA) (Lopes and Camanho, 2013), GIS-sDNA (Wang
et al, 2022), and projection pursuit model (Yue et al, 2019).
However, these methods present distinct challenges when applied
to the comprehensive and integrated assessment of seashore vitality.
For instance, the AHP, while effective for structuring complex
problems, relies heavily on expert judgment and pairwise
comparisons, potentially introducing significant subjectivity and
becoming cumbersome with numerous indicators. Quantitative
methods such as PCA and projection pursuit models are
primarily designed for data reduction or identifying optimal
projections, often assuming specific statistical distributions or
requiring large datasets, which may not fully capture the nuanced,
often non-linear, interrelationships crucial for a holistic vitality
assessment. DEA focuses specifically on evaluating the relative
efficiency of decision-making units, rather than providing a
comprehensive score of multi-dimensional vitality. Similarly,
specialized spatial analysis tools like GIS-sDNA, while powerful
for analyzing spatial configurations and network accessibility, do
not offer a unified MCDM framework to integrate diverse socio-
economic and environmental dimensions into a single vitality score.
The deviation maximization method, though useful for determining
indicator weights, can be sensitive to data distribution outliers and
may not fully reflect the dynamic changes within the system.
These inherent limitations in reliably capturing the complex
interdependencies, dynamic nature, and potentially limited
data characteristics of SVA’s multi-dimensional components
underscore the necessity for an alternative, more robust, and
objective approach.
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Consequently, this study adopts the GRA method for SVA. The
fundamental principle of GRA is to measure the degree of geometric
similarity between the data curves of a comparative sequence (the
actual values of indicators for each unit) and a reference sequence
(the ideal values). A higher degree of similarity (i.e., a higher gray
correlation grade) implies a closer proximity to the ideal state, thus
indicating higher vitality (Ban et al,, 2023; Deng, 1989). GRA is
particularly well-suited for our study as it effectively handles
systems with limited or uncertain data, identifies intrinsic
relationships between sequences without requiring large sample
sizes or strict statistical assumptions (e.g., normality), and is less
sensitive to outliers, thus providing a more comprehensive and
objective evaluation of the multifaceted seashore vitality.

2.2.3.1 Delineation of seashore units

Seashore landscapes are characterized by significant
heterogeneity, with vast differences in physical, ecological, and
historical attributes across various areas. To facilitate a precise
assessment, this study divided the seashore landscape into units
based on distinct categories of intertidal zones and shorelines
(Gkoltsiou and Mougiakou, 2021; Zhang et al., 2023). This unit
delineation approach draws upon concepts of heterogeneous area
management in landscape ecology and aligns with the principle of
region-specific assessment emphasized in Integrated Coastal Zone
Management (ICZM) (Avila and Jimeénez, 2010). By partitioning
the coastal zone, we can conduct tailored evaluations and
management for each unit based on its unique characteristics,
rather than performing a crude analysis of the entire coastline as
a homogeneous entity. This significantly enhances the accuracy of
assessment results and the targeting of subsequent management
strategies. A total of 8 units can be divided into 4 types:

T1: “Vertical seawall” seashore unit (1, 4, 8);
T2: “Artificial beach (into the sea)” seashore unit (2);
T3: “Multistep seawall” seashore unit (3, 6);

T4: “Artificial beach (not entering the sea)” seashore unit (5,
7) (Figure 4).

2.2.3.2 Constructing the indicator system

For establishing SVA framework, we selected indicators from
the three major vitality support systems—environmental, social,
and economic—to construct the criterion layer. Subsequently, 11
representative indicators were screened to form the index layer in
combination with available data. We considered that
environmental, social, and economic vitality are equally
important to overall seashore vitality, so the equal weight method
was used to assign weights to each criterion layer in the final vitality
calculation. The reference sources and detailed descriptions of the
indicators are shown in Appendix A and Table 2.

2.2.3.3 Setting the parent sequence/ideal values
In GRA, the parent sequence represents the ideal or optimal
reference behavior pattern. By setting all indicators as positive

Frontiers in Marine Science

10.3389/fmars.2025.1674044

indicators and using their maximum values as ideal values to
construct the parent sequence, we establish a clear optimization
target. All assessment units’ indicators will be compared against this
ideal state to quantify their “closeness” to the ideal. This ensures
that the assessment results have a clear reference frame, which is
crucial for identifying areas performing well and those
needing improvement.

2.2.3.4 Data normalization

Different assessment indicators often possess varying scales and
units. To eliminate the influence of these disparate magnitudes and
ensure all indicators contribute equitably to the analysis, data
normalization is an essential prerequisite. This study employed
the Min-Max normalization method to linearly transform all raw
data into a standardized [0, 1] range (Equation 1).

oty = Y~ MinY ()
Max(Y) — Min(Y)

where Y is the original data value for an indicator, Min(Y) and
Max(Y) are the minimum and maximum values of that indicator
across all units, respectively, and norY is the normalized value. This
transformation ensures that the data is dimensionless and
comparable before calculating the gray correlation coefficient.

2.2.3.5 Calculation of the gray correlation coefficient
The gray correlation 0j; is calculated as follows (Equation 2):

o B 0y - ag | + B [y - a| o
i |a; — ag;| + B |a; — agj|
mn

where ]aij —aoj] is the absolute difference between the jth
assessment indicator at points a; and ap, min min‘aij - a0j| is the
two-level minimum difference, max max‘al-j —uoj] is the two-level
maximum difference, B is the resolution, 0<B<1, and B is taken as
0.5 for the study. 0; is the correlation coefficient between assessment
indicator a;; and optimal vector ag, and the gray correlation coefficient
matrix [R] is obtained as follows (Equation 3):

—011 921 e 01
6, 05, ... 0,
[R] = ®)
_91]- 02] 91-]-_ mxn

The overall vitality of each unit is then calculated by averaging
the correlation coefficients of all its indicators.

3 Results

To comprehensively understand the characteristics and
distribution of the study data, and in response to reviewer
comments, detailed descriptive statistics and a collinearity
assessment for each indicator were performed, with complete
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FIGURE 4

Seashore units distribution map. (Picture source: https://www.720yun.com/vr/b5ajzOkukn2).

results provided in Appendix E and Appendix F. Appendix E
revealed that most indicators (seven out of eleven) exhibited non-
normal distributions, as indicated by the Shapiro-Wilk test
(P<0.05), alongside diverse skewness and kurtosis. This justified
the subsequent use of non-parametric methods and underscored
the challenges of definitively interpreting distribution patterns with
a severely limited sample size (N = 8). Furthermore, a Spearman
correlation analysis (Appendix F) identified significant
interdependencies among several indicator pairs, with absolute
correlation coefficients exceeding 0.8 and p-values below 0.05
(e.g., Al with A2 and A3; A3 with C4; B3 with C1). While these
strong correlations suggest potential multicollinearity, and the small
sample size limits the generalizability of findings, the selected GRA
method is inherently robust to such issues. GRA’s core principle—
evaluating the similarity of data sequence shapes relative to a
reference series rather than estimating independent causal effects
—makes it particularly well-suited for analyzing systems with
limited observations and potential multicollinearity. These
preliminary analyses thus establish a robust foundation for the
subsequent grey relational evaluation, providing essential context
for interpreting the relative importance of each indicator in
assessing seashore vitality.

3.1 Wuyuan Bay's marine development
direction: “ecology + tourism + sports”

Based on discussions with multiple stakeholders (Appendix D),
we conducted several rounds of brainstorming, which led to the
determination of the bay’s development positioning as follows: (1)
promote high-quality development and high-level protection, help
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realize the value of marine ecological products, and create a
benchmark for the harmonious coexistence of people and the sea
in the bay; (2) activate the bay’s vitality, focusing on high-end
marine sports and coastal recreational experience, and create a
sports holiday and international coastal recreational and leisure
resort; and (3) promote human fitness, push the high-quality
development of the sports industry, and create a marine sports
training, education and event base.

According to the positioning of development as well as the
development history of Wuyuan Bay, resource and neighboring
industry competition analyses were used to carry out SWOT
analysis of the development of Wuyuan Bay. The results are as
follows (Figure 5).

3.2 SVA results for Wuyuan Bay

3.2.1 SVA reveals significant potential for
improvement in Wuyuan Bay

It is important to note that, due to data limitations regarding
temporal consistency, our current SVA provides a one-time
comprehensive assessment of the present situation in Wuyuan
Bay in 2024 and does not reflect annual variations. The results of
the SVA show that, overall, the average seashore vitality score
(Target layer) of Wuyuan Bay is 0.604, which still indicates a large
potential for improvement compared with the ideal state. The
environmental vitality (A) of the criterion layers is slightly greater
than the average, whereas the social and economic vitality (B and C)
are both lower. Specifically, for the index layers, the hydrodynamic
(A2) and shoreline use intensity (C2) indices are both far above the
average, whereas the sea-use intensity (Cl) and marine economic
output (C3) indices are both far below the average (Figure 6).
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TABLE 2 Index system for the SVA of Wuyuan Bay.

Criterion

Index code
layer

Target layer

Index layer

10.3389/fmars.2025.1674044

Index code | Indicator quantification

Water quality

Environmental
vitality

Seashore stability

Shorelines with direct access to
‘water

Infrastructure services

Seashore vitality

Transport accessibility

Social vitality

Hydrodynamic

Determine the water quality of seawater by
measuring the regulatory compliance of the
following (suspended solids, water
temperature, pH, dissolved oxygen, chemical
oxygen demand, biochemical oxygen demand,
inorganic nitrogen, reactive phosphate).

Al

Judge the suitability of marine activities by
assessing a combination of currents, waves,
topography, etc.

A2

A3 Stability of shoreline/seawalls in support of
human activities

Whether tourists can have direct contact with
A4
the sea from the shore

Bl Public restroom services

Ease of access to the seashore through
transport facilities, characterized by a
combination of bus and metro stops on land,
road entrances and exits, and the distribution

B2

of docks on the seashore

Seashore public activity space

Public space available for human activity
immediately adjacent to the shoreline,
including the back land area and beach
directly adjacent to the water

B3

Sea-use intensity

Shoreline use intensity

Economic vitality

Marine economic output

Seashore house price index

Note see Appendix B for the assessment methods and measurement standards of indexes.

Therefore, in general, the most important factor restricting the
sustainable development of the blue economy in Wuyuan Bay is
economic vitality, especially in sea areas. The sea-use intensity and
direct economic output from marine areas are relatively low, which
supports the feasibility of our study, and the development of MSP
strategies has the most significant effect on promoting the growth of
the blue economy in Wuyuan Bay.

3.2.2 There are wide vitality disparities among
seashore units

There are large differences in seashore vitality among the eight
different units (Figure 7), with Unit 6 having the highest overall
vitality of 0.727; Unit 4 having the lowest overall vitality of 0.513;
and the other units having values of approximately 0.600. This
indicates that Unit 6 has a high level of blue economy development,
while Unit 4 has the highest potential.

The environmental vitality is highest in Unit 6 (0.819) and
lowest in Unit 8 (0.588). In terms of specific indicators, there are
large differences in Al and A4: the water quality of the outer bay
seashores (1,2,8), which are directly connected to the sea, is
significantly better than the water quality of the inner bay
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a1 Proportion of sea areas with entitlement-to-use
permits as a percentage of overall sea areas

Proportion of artificial shoreline to overall

C2
shoreline

C3 Level of profitability of marine areas

Apartment prices for coastal homes with

C4 .
seashore views

(3,4,5,6,7), where the exchange of water is controlled by the gates.
The score of A4 in Units 2 and 6 is approximately 1, whereas that of
the remaining units is approximately 0, which is a large difference.
The highest social vitality is found in Unit 2 (0.792), and the lowest
is found in Unit 4 (0.414). In terms of specific indicators, indicators B1,
B2 and B3 all show great variability: the coasts of Units 1, 2, 6 and 7
have high levels of basic service facilities (1.000, 1.000, 1.000, and
1.000), and the coasts of Units 3, 4, 5 and 8 have insufficient levels
(0.333,0.333, 0.333, and 0.333, respectively). The coast of Unit 8 has the
highest level of accessibility (1.000) because it has the only dock in
Wuyuan Bay and presents comprehensive land transport facilities,
whereas Unit 1 has the weakest level of accessibility (0.333). Unit 5 has
the best performance in B3 because it has a large sandy beach (1.000),
whereas Unit 1 has the worst performance for this indicator (0.333).
The economic vitality is highest in Unit 8 (0.778) and lowest in
Unit 2 (0.352). For specific indicators, C2, C3 and C4 all present high
degrees of variability. Except Unit 2, which is an artificially restored
sandy beach shoreline with direct access to the sea and has a low
shoreline use intensity (0.333), the remaining units are artificial
shorelines with hard seawalls separating the sea from the land have
high values (1.000). For C3, only Unit 8 has profitable sea use, and the
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@ The area is endowed with rich and diverse ecological resources,
encompassing wetlands, islands, bays, lakes, and sandy beaches.

@ |t provides a relatively sheltered and secure environment, well-
suited for a diverse array of marine activities.

# Proximity to high-end residential and industrial zones generates
significant potential for mid-to-high-value consumption.

# The area enjoys widespread recognition and a positive reputation.

# A robust foundation is in place for the burgeoning yachting industry.

@ The inner bay remains predominantly undeveloped, retaining its
tranquil character.

# Sophisticated near-shore land-based infrastructure services and
well-developed transport networks are readily available.

@ The semi-enclosed inner bay exhibits degraded water
quality.

@ The region experiences relatively limited tourism appeal.

# Existing seawalls impede direct visitor access to the
waterline.

@ The sandy beaches are prone to ecological issues,
including erosion and sedimentation.

# Strong subsurface currents pose safety risks for in-water
recreational activities.

@ The area lacks a distinct competitive advantage for

standard water sports when compared to surrounding
regions.

w

# Inland bays and lakes represent a rare resource within Xiamen.

# Clear marine and terrestrial tenure streamlines the processes of
development and investment.

# Clear marine and terrestrial tenure streamlines the processes of
development and investment.

@ It is ideally suited for family-oriented and team-building leisure tourism

while also providing water sports experiences and educational
programs primarily targeting urban residents.

FIGURE 5
SWOT analysis results for Wuyuan Bay.

annual business income reaches 580 million RMB or more, while the
rest of the coast has public sea use or no sea use; thus, Unit 8 has the
highest level of marine economic income (1.000), while the rest have
a low level (0.333). For C4, Unit 6 has the highest score (1.000)
because it is one of the highest-priced neighborhoods in Xiamen,
Unit 5 has the next highest score (0.766), and the rest have scores of
approximately 0.400 due to the large differences in housing prices,
with Unit 1 having the lowest score (0.333).

4 Discussion

4.1 The SVA framework as an effective
indicator of the blue economy growth in
coastal zones

First, we focused on the research gap of city vitality study in the
urban planning field with respect to coastal and sea spaces. For the
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FIGURE 6
SVA results for Wuyuan Bay.
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# Challenges in mitigating water pollution and enhancing
water quality.

# Challenges in ensuring the safety of water recreational
activities.

@ A paucity of innovative and distinctive tourism offerings.

first time, we chose the simple and easy-to-operate GRA method to
construct an SVA framework and used ArcGIS to process the data.
The indicators are representative and easy to obtain, and the
processing method is simple and clear. It can thus be used for
reference and support in studies of other coastal cities.

Second, because the connotations and goals of the blue economy
and city vitality are consistent with sustainable development
(Wuwung et al,, 2022), we introduced a mature method developed
in previous research of city vitality land space and measured the blue
economy development level in the coastal space, which is the
connecting point between land and sea and a hotspot of conflict.
This method has two advantages: it not only complements the
framework and methodology of small- and medium-scale research
on the basis of current conventional large-scale blue economy research
(Maskaeva et al., 2024) but also enables consideration of the spillover
effects of marine impacts, unlike the current common practice, which
focuses only on narrowly defined marine activities, such as shipping,
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Results of the seashore unit vitality assessment.

fisheries, aquaculture, and tourism (Phang et al., 2023). Therefore, we
included nearshore land areas, which are inevitably affected by the sea,
and considered the blue economy benefits of land areas that are closely
related to the sea, such as nearshore shorelines, public activity spaces
and housing prices, which are environmentally, socially, and
economically important.

Therefore, the framework and methodology of this study are
innovative in the fields of city vitality and blue economy research,
and the SVA framework can be used to effectively measure the
development level of the blue economy in coastal spaces, which can
promote sustainable regional development.

4.2 SVA results reveal keys to blue
economy growth in Wuyuan Bay

4.2.1 Coastal and marine zones are new growth
points for the blue economy of Wuyuan Bay

If we subdivide coastal space into three consecutive habitats,
coastal land, coastal and nearshore sea areas, the indicators of
marine economic vitality (C1, C3) have significantly lower values
than the other indicators. This is in line with the current status of
land and sea development and utilization of Wuyuan Bay, where
land and coastal development is relatively mature and where coastal
and nearshore sea areas have undergone many rounds of
environmental remediation and ecological restoration, such that
the environmental vitality performance of these areas is relatively
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good. In contrast, the degree of operational development and
utilization of the coastal and sea areas is low, which leads to low
economic vitality, and the social vitality of the sea area is poor.
Therefore, the coastal and sea spaces represent new growth points
for the blue economy of Wuyuan Bay.

4.2.2 Differences in the vitality of different types
of seashores

The results of the SVA of Wuyuan Bay revealed obvious
differences in the vitality performance of different seashore types.
Overall, T3 (0.644) > T2 (0.621) > T4 (0.608) > T1 (0.570).
Specifically, in terms of environmental vitality, T3 (0.766) > T2
(0.718) > T1 (0.593) > T4 (0.573); in terms of social vitality, T2
(0.792) > T4 (0.627) > T3 (0.565) > T1 (0.510); and in terms of
economic vitality, T1 (0.605) > T3 (0.600) > T4 (0.573) > T2 (0.352).

Therefore, diverse strategies to promote vitality and blue
economy growth should be developed for different seashore types.
T3 has excellent environmental and economic vitality but weak
social vitality, and planners should therefore focus mainly on
improving social vitality. T2 has excellent social and
environmental vitality but poor economic vitality, and planners
should focus mainly on improving economic vitality. T4 has good
social vitality but poor environmental and economic vitality, such
that planners should focus on improving both environmental and
economic vitality. Finally, T1 has excellent economic vitality but
poor environmental and social vitality, and planners therefore need
to increase both environmental and economic vitality.
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4.3 Developing regional MSP schemes
based on SVA results

Numerous studies and practical projects have shown that MSP
is a key enabler of and priority for the transformation of the
traditional marine economy into a blue economy (McKinley
et al,, 2019; Neimane, 2020; Troya et al., 2023). Projections
indicate that by 2030, marine and coastal tourism will emerge as
the most valuable component of the blue economy, contributing an
estimated 26% of the total value added by ocean-based industries
(Narwal et al., 2024; Picken, 2025). This trend profoundly
underscores the significant strategic importance of tourism-
focused MSP in fostering the sustainable development of Wuyuan
Bay’s blue economy, aligning with global practices (Kabil et al.,
2021; Papageorgiou, 2016).

In accordance with the “Xiamen Coastal Zone Protection and
Utilization Plan”, which is statutory, the planned uses of Wuyuan
Bay concern culture, sports, leisure and entertainment. Informed by
the foundational policy framework, substantiated by our
comprehensive SVA and SWOT analysis, and drawing lessons
from both domestic and international experiences in coastal
management (Jurkus et al., 2021; Katila et al., 2019; Liu et al,
2022; Xu et al,, 2020), we have systematically formulated four
integrated MSP strategies for Wuyuan Bay. These strategies are
specifically designed to address the identified challenges and
leverage the unique potentials derived from our SVA results:

(1) Strengthening Marine Ecological Product Supply through
Ecological Restoration: This strategy aims to enhance the
environmental vitality (Criterion A) by targeting identified
deficiencies in water quality and coastal morphology. This aligns
with national marine ecological civilization construction goals
(Zhang et al., 2019). (2) Developing Resource-Specific Potentials
(Strategies in Light of Local Conditions): This focuses on
maximizing the unique natural and human resources of Wuyuan
Bay, as highlighted by our SWOT analysis, to boost social and
economic vitality (Criterion B & C). This approach is consistent
with place-based development principles widely adopted in
sustainable tourism planning (McLoughlin and Hanrahan, 2023);
(3) Enhancing Land-Sea Coordination for Integrated Activity
Networks: This strategy directly addresses the low economic
vitality of sea and coastal areas (C1 & C3 from SVA) by creating
seamless connections between water, sand, and forest zones. This
integrated land-sea planning framework is advocated by
contemporary coastal management theories (Wang et al., 2024).
(4) Supporting Integrated Active and Passive Recreational
Activities: This aims to diversify recreational offerings to cater to
various age groups and preferences, thereby boosting social vitality
(Criterion B) and addressing the previous lack of competitive
advantage in standard water sports. This approach reflects
modern trends in diversified leisure and wellness tourism (Luo
et al., 2018).

The final MSP scheme (Figure 8) for Wuyuan Bay adopts a
spatial pattern of ‘one ring and three zones’, meticulously designed
to align with the specific characteristics and potentials of distinct
seashore units and coastal areas within the study site (as indicated in
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Figure 8a). Each zone is tailored to optimize specific uses: ®Vitality
Sports Bay Zone: This zone, encompassing the main bay area, will
focus on enhancing active recreational opportunities. Building upon
proposed beach restoration efforts, it will facilitate a range of bay
vitality sports such as beach sports, ropeway water skiing, water
flyers, stand-up paddleboarding, and dragon boating. This responds
to the potential for high-intensity water activities while improving
visitor access. @ Quiet Recreation Lake Zone: Situated in the quieter
inner lake sections, this zone is designated for passive recreation.
Based on stringent pollution prevention and control measures, it
will support relaxing activities like fishing, stand-up
paddleboarding, dragon boating (for quieter group activities),
water yoga, and boat trips. This leverages the tranquil character
of the inner bay identified in our analysis. ® Ecological Viewing
Wetland Zone: Utilizing the existing wetland park in a specific river
section, this zone will primarily focus on ecological appreciation.
Activities such as guided visits, leisurely strolls, and running will be
encouraged, promoting environmental education and low-impact
recreation. This directly builds upon the rich ecological resources
identified. @ Public Health Greenway Ring: This proposed
greenway will physically connect the three aforementioned zones,
forming a cohesive network. It will serve as a continuous corridor
for public health and sports, enabling activities such as triathlons
and connecting various landscape nodes that link leisure and
recreational activities throughout the entire region (Figures 8a, b).
This directly addresses the need for enhanced land-sea coordination
and diversified activity networks.

4.3.1 Ecological restoration strategies

Although the SVA results indicate that Wuyuan Bay’s
environmental vitality (Criterion A) is slightly better than its
social and economic counterparts, detailed analysis revealed
specific deficiencies in various units and indicators. To address
these, a multi-pronged ecological restoration strategy is proposed,
drawing upon established principles of coastal environmental
management (Ma et al, 2017): (1) This involves implementing
stricter regulations on land-based pollutant discharge into the semi-
enclosed inner bay, alongside promoting ecological engineering
solutions (e.g., constructed wetlands, biofilters) through specific
projects such as enhanced urban runoft treatment systems and
wetland park expansions. These efforts aim to enhance natural
purification capacity. Improved water quality directly benefits
marine wildlife by reducing contaminant loads, supporting
healthier aquatic food webs, and creating more viable habitats for
fish, shellfish, and migratory birds. This directly responds to the
identified challenge of poor water quality in the inner bay. (2)
Targeted beach nourishment and soft engineering solutions (e.g.,
vegetation planting, dune restoration) will be employed to
counteract erosion and sedimentation issues on sandy beaches,
through initiatives like strategic sand replenishment programs and
native coastal plant reintroduction. These measures thereby
enhance their ecological integrity and recreational value. For
wildlife, restored beaches provide crucial nesting sites for
shorebirds, foraging grounds for various marine species, and
stabilize coastal ecosystems, offering resilience against
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environmental pressures. This directly tackles the ecological
problems identified for sandy beaches. (3) Vertical Reconstruction
of Seawalls into Multi-Segmented Stepped Structures: This strategy
aims to replace existing impervious seawalls that impede ecological
connectivity and access with multi-segmented stepped designs,
through pilot projects focusing on specific high-priority shoreline
sections. This not only increases the water accessibility of the
shoreline for visitors but also integrates ecological functions by
creating diverse intertidal habitats (e.g., tide pools, calmer shallow
water zones). These new structures will foster biodiversity by
expanding niche habitats for intertidal organisms, providing
shelter for juvenile fish, and offering new resting and feeding
areas for migratory birds, thus enhancing the overall ecological
value of the coastline, aligning with modern coastal protection and
recreational access guidelines (Qin et al., 2024).

4.3.2 Strategies in light of local conditions
(resource-specific potential development)

These strategies are tailored to leverage Wuyuan Bay’s unique
attributes, as identified through our SWOT analysis and SVA,
aligning with place-based development frameworks (Weck et al.,
2022): (1) Harnessing Diverse Natural and Human Resources:
Wuyuan Bay’s exceptional location, coupled with its rich array of
natural and human resources (e.g., seas, lakes, sandy beaches,
wetlands, islands, art galleries, and ancient houses), provides a
strong foundation for supporting a wide range of diverse
activities. This multitude of resources offers inherent potential for
varied tourism and leisure offerings, allowing for distinct branding.
(2) Capitalizing on High-Consumption Potential: The high-quality
communities surrounding Wuyuan Bay represent a significant local
market with high consumption potential. Strategies will focus on
developing premium services and facilities that cater to this
demographic, ensuring local economic benefits. This directly
addresses the potential for medium-to-high-level consumption.
(3) Leveraging Positive Social Vitality Indicators: The favorable
performance of social vitality indicators suggests a potentially lower
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development cost for community engagement and social acceptance
of new projects. This can lead to more efficient implementation of
MSP initiatives, fostering indigenous-led tourism development
(Jagadish et al., 2024).

4.3.3 Land—sea coordination strategies

Addressing the particularly low economic vitality observed in
Wuyuan Bay’s sea and coastal areas through the SVA (specifically
C1 and C3), these strategies focus on integrated land-sea planning, a
critical component of modern MSP to unlock full blue economy
potential (Reuter et al., 2016): (1) Improving Marine Traffic
Networks and Expanding Water Activity Space: This involves
constructing strategically located nearshore docks and designated
access points to enhance marine connectivity and expand safe,
accessible water activity spaces. This directly responds to the need
for improved sea-use intensity. (2) Renovating Vertical Berms at
Key Nodes to Open Up Land-to-Sea Activity Channels:
Transforming existing vertical barriers into more permeable
structures at critical junctures will establish seamless physical and
visual links between land-based and marine activities, fostering
integrated experiences. (3) Planning Integrated Land-Sea
Cooperative Activities (e.g., Triathlons) to Increase Resource
Efficiency: Developing events and programs that organically link
land and sea components, such as triathlons or integrated eco-tours,
will maximize the synergistic use of both environments, thereby
enhancing resource efficiency and diversifying visitor experiences.

4.3.4 Dynamic and static integration strategies
These strategies are designed to cater to diverse demographic
preferences, integrating both active (“dynamic”) and passive
(“static”) recreational opportunities, aligning with principles of
inclusive tourism development (Biddulph and Scheyvens, 2018):
(1) Catering to the Elderly Population: Planning activities such as
fishing spots, tranquil tea rooms, and accessible walking greenways
will meet the specific recreational needs of elderly residents,
promoting their well-being and social engagement. (2) Meeting
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the Needs of Middle-Aged Adults: Developing offerings like water
skiing, triathlons, and yachting will appeal to middle-aged
individuals seeking active sports and leisure consumption,
enhancing the area’s appeal for high-value tourism. (3)
Addressing the Needs of Youth and Children: Planning dedicated
facilities and activities, such as water parks, will cater to young
people and children, providing engaging opportunities for sports,
education, and recreation.

4.4 Limitations and future research
directions

While this study has diligently attempted to comprehensively
integrate factors influencing the blue economy development of
Wuyuan Bay and to formulate supportive planning strategies,
several inherent limitations warrant acknowledgment and future
research endeavors.

1. Insufficient Depth and Dynamism in Data Analysis: A
primary limitation of this study, as highlighted by the
reviewer, lies in the current depth of our data analysis.
While the SVA provides a robust foundational assessment
and identifies key areas for intervention, it predominantly
offers a cross-sectional snapshot. Future research must
move beyond this by incorporating longitudinal data sets,
more granular spatial analysis techniques, and advanced
statistical modeling to uncover dynamic trends and
interdependencies, thereby providing a more profound
and comprehensive understanding of the blue economy’s
evolution in Wuyuan Bay and supporting more refined
planning decisions.

. Quantification and Integration of Cultural Aspects: Our initial
SVA framework, while encompassing environmental, social,
and economic dimensions, did not explicitly integrate cultural
factors into regional development assessment due to their
inherent quantification challenges. However, future work will
actively explore the inclusion of cultural indicators. This could
involve leveraging readily available data from statistical
yearbooks related to cultural and entertainment activities, as
well as utilizing web search indices (e.g., Baidu Index) to gauge
public interest and engagement with MSP and coastal cultural
elements. Such an approach, combining official statistics and
big data analysis, would provide a more holistic understanding
of regional development.

. Absence of Empirical Effectiveness Evaluation of Strategies:
As the proposed MSP strategies are prospective and have
not yet been implemented, this study is inherently limited
in providing an empirical evaluation of their effectiveness.
Subsequent research will be crucial for developing robust
monitoring and evaluation frameworks. These frameworks
will rigorously assess the actual impact of the strategies
post-implementation, comparing outcomes against the
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baseline data established in this study and potentially
incorporating comparative analyses with similar interventions
in other regions, both domestically and internationally, to
validate their generalizability and efficacy.

. Stakeholder Engagement and Implementation Challenges:
While this study identifies the critical role of stakeholder
collaboration, it does not delve into a detailed stakeholder
analysis or implementation roadmap. The successful execution
of these strategies fundamentally hinges on the active
cooperation of diverse entities, including governmental
management departments, investment groups, and local
communities. Future research should prioritize comprehensive
stakeholder engagement studies, including surveys and
participatory workshops, to map out interests, identify
potential conflicts, and design effective governance
mechanisms for strategy execution.

5 Conclusion

The blue economy stands as a pivotal instrument for achieving
SDG14, with China’s active engagement significantly influencing
global ocean governance. While China has made substantial
progress in its territorial spatial planning system, integrating
coastal zone and MSP to establish top-down legal frameworks
and action guidelines at various scales, a discernible gap persists
in “bottom-up” development methodologies and actionable
strategies at the small regional scale. This study addresses this
critical void by employing SWOT analysis to delineate marine
development directions, constructing a novel SVA framework,
and proposing sustainable MSP strategies for Wuyuan Bay.The
research not only fills a significant gap in city vitality studies within
coastal and marine spaces by focusing on the intricate land-sea
interface and the spillover effects of marine influences but also
contributes to the broader blue economy discourse by providing a
regionally scaled assessment framework. The methodological
framework, characterized by its operational simplicity and
effectiveness, offers a valuable reference for planners in other
regional-scale coastal areas seeking to formulate robust blue
economy development plans. The MSP strategies developed for
Wuyuan Bay, informed by local conditions and global best
practices, are designed to benefit multiple stakeholders—
environmentally, socially, and economically—directly contributing
to local blue economy growth and regional sustainable
development. Specifically, this study demonstrates that: (1) The
SVA framework effectively measures the blue economy
development level of coastal zones, providing a robust, data-
driven assessment tool. (2) Its application to Wuyuan Bay
revealed that the coastal and marine zones are key growth points,
with economic vitality being the primary limiting factor.
Consequently, strategically formulated MSP, tailored to the
distinct vitality profiles of different seashore types, represents the
most effective pathway for enhancement. (3) The identified marine
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development direction for Wuyuan Bay is “ecology + tourism +
sports”, which is operationalized through four integrated MSP
strategies: ecological restoration, resource-specific potential
development, land-sea coordination, and dynamic and static
activity integration. These strategies are intrinsically linked to the
specific seashore units delineated in the study area, ensuring their
spatial relevance and targeted impact. For future research, it is
imperative to deepen the analytical rigor by incorporating
longitudinal datasets and advanced statistical modeling to capture
dynamic changes. Furthermore, cultural vitality should be
systematically integrated, leveraging diverse data sources such as
statistical yearbooks for cultural and entertainment indicators, and
web search indices to gauge public interest and engagement with
MSP. Finally, comprehensive effectiveness evaluation frameworks
and adaptive regulatory schemes are essential to assess the real-
world impact of implemented MSP strategies and ensure their long-
term sustainability, potentially incorporating comparative analyses
with similar interventions in other regions, both domestically
and internationally.
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