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ABSTRACT
This study explores the resilient synergy mechanism between urbanization and blue economy development under 
climate change, taking Northern European (Gothenburg, Oslo) and Southeast Asian (Nha Trang, Bali) coastal cities 
as cases. Based on the resilience assessment framework (exposure, sensitivity, adaptive capacity) and panel data 
(2019–2024), it applies the entropy-weight TOPSIS method to measure urban-blue economy resilience and uses a 
fixed-effects model to identify key influencing factors. Results show: Northern Europe has high resilience (average 
score 0.72) due to mature ecological regulation and technological innovation; Southeast Asia has low resilience 
(average score 0.38) due to weak infrastructure and frequent climate disasters. Adaptive capacity (e.g., climate-
resilient port construction) and institutional coordination are the most critical drivers. Policy recommendations 
include strengthening climate-resilient infrastructure investment in Southeast Asia and promoting technology 
transfer between regions.

Keywords: Climate Change; Urbanization; Blue Economy; Resilient Synergy; Northern Europe; Southeast Asia; Adaptive Capa-
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1. Introduction

1.1 Research Background
Climate change has intensified threats to coastal urbanization and blue economy development—global 

sea-level rise (15–25 cm by 2050, IPCC, 2023) and extreme weather events (e.g., typhoons, storm surges) 
have caused 120 billion in annual losses to coastal economies (UNEP, 2024). Northern European countries, 
with high urbanization rates (over 80%, World Bank, 2024) and advanced blue economy sectors, have built 
mature climate resilience systems—Gothenburg’s "Blue-Green Infrastructure" has reduced flood losses by 
40% since 2022. In contrast, Southeast Asia, home to 60% of the world’s coastal megacities, faces severe 
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challenges: Nha Trang’s marine tourism industry lost 350 million in 2023 due to typhoon-induced coastal 
erosion, and Bali’s coral bleaching (caused by ocean warming) has reduced fisheries output by 25% (ASEAN, 
2024).

The "resilient synergy" between urbanization and blue economy—defined as the ability to maintain 
coordinated development amid climate shocks—has become a core issue for coastal regions. However, 
existing studies rarely integrate climate change into the urban-blue economy interaction framework, 
and cross-regional comparative studies between high-resilience and low-resilience regions are scarce. 
This study fills this gap by constructing a resilience assessment system and exploring context-specific 
optimization paths.

1.2 Literature Review
Scholars have conducted relevant research from three perspectives: First, climate change impacts on 

coastal systems—IPCC (2023) pointed out that ocean acidification will reduce global shellfish production by 
30% by 2050. Second, urban resilience construction—Benedict and McMahon (2022) proposed the "sponge 
city" concept to enhance urban flood resistance. Third, blue economy resilience—Cheong et al. (2023) found 
that community-based fisheries management in Indonesia improves resilience to climate shocks. However, 
three gaps exist: (1) Lack of integration of urbanization and blue economy resilience; (2) Few comparative 
studies between developed and developing regions; (3) Insufficient quantitative analysis of adaptive 
capacity’s role.

1.3 Research Objectives and Questions
Objectives: (1) Construct a climate change-oriented urban-blue economy resilience assessment 

framework; (2) Compare resilience differences between Northern Europe and Southeast Asia; (3) Identify 
key drivers of resilient synergy.

Research questions:
(1) What are the core dimensions of urban-blue economy resilience under climate change?
(2) How do institutional, technological, and resource endowments affect regional resilience 

differences?
(3) What targeted resilience-enhancing policies can be proposed for different regions?

1.4 Methodology and Data Sources

1.4.1 Methodology
(1) Resilience Measurement: Uses entropy-weight TOPSIS method to calculate resilience scores 

based on 18 indicators (exposure: 4, sensitivity: 6, adaptive capacity: 8).
(2) Empirical Analysis: Applies fixed-effects model to panel data (2019–2024, 4 cities) to test factors 

influencing resilience.
(3) Policy Text Analysis: Codes 36 policy documents (Northern Europe: 16, Southeast Asia: 20) using 

Nvivo to extract resilience-related measures.

1.4.2 Data Sources
(1) Statistical data: Swedish Statistics Office (2020–2024), Norwegian Maritime Authority (2020–

2024), Vietnam General Statistics Office (2020–2024), Indonesia Central Bureau of Statistics (2020–2024);
(2) Climate data: World Meteorological Organization (WMO) Global Climate Observatory (2019–2024);
(3) Policy documents: Gothenburg’s "Climate Resilient Port Plan 2030", Oslo’s "Blue Economy 
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Sustainability Strategy", Vietnam’s "National Coastal Resilience Program", Indonesia’s "Marine Climate 
Adaptation Plan";

(4) Field surveys: Interviews with 32 stakeholders (8 per city) in 2023–2024, including government 
officials, fishermen, and tourism operators.

2. Theoretical Framework: Resilient Synergy between Urbanization and 
Blue Economy

2.1 Conceptual Definitions

2.1.1 Urban-Blue Economy Resilience
The ability of coastal urban systems and blue economy sectors to resist, adapt to, and recover from 

climate shocks (e.g., typhoons, sea-level rise) while maintaining coordinated development.

2.1.2 Resilient Synergy Mechanism
The dynamic interaction process between urbanization and blue economy that enhances overall 

resilience—urban infrastructure provides support for blue economy adaptation, while the blue economy 
contributes to urban ecological security.

2.2 Resilience Assessment Dimensions
Based on the IPCC resilience framework, three core dimensions are identified:
(1) Exposure: Degree of exposure to climate risks, measured by indicators such as annual typhoon 

frequency, sea-level rise rate, and coastal erosion area.
(2) Sensitivity: Vulnerability of urban-blue economy systems to climate shocks, measured by marine 

tourism revenue share, fisheries dependence, and port operation disruption rate.
(3) Adaptive Capacity: Ability to adjust and respond to climate risks, measured by climate-resilient 

infrastructure investment, ecological protection expenditure, and disaster early warning coverage.

2.3 Regional Heterogeneity of Resilient Synergy

2.3.1 Northern Europe: Technology-Institutional Driven Resilience
Northern European cities rely on advanced technology and institutional coordination to build 

resilience:
(1) Technological Innovation: Gothenburg’s floating wind turbines (resistant to 12-level typhoons) 

ensure stable offshore energy supply; Oslo’s AI-based storm surge early warning system reduces disaster 
response time by 60%.

(2) Institutional Coordination: Sweden’s "Marine-Urban Integration Agency" unifies management of 
coastal protection and blue economy development, avoiding policy fragmentation.

2.3.2 Southeast Asia: Resource-Constraint Resilience
Southeast Asian cities face resource constraints and weak adaptive capacity:
(1) Infrastructure Vulnerability: Nha Trang’s port breakwaters can only resist 8-level typhoons, 

leading to annual operation disruptions of 15–20 days.
(2) Economic Dependence: Bali’s marine tourism accounts for 45% of its GDP, making it highly 

sensitive to climate-induced beach erosion.
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3. Resilience Measurement and Comparative Analysis

3.1 Resilience Indicator System
Table 1: Urban-Blue Economy Resilience Indicator System

Dimension Indicators Measurement Method

Exposure

Annual typhoon frequency Number of typhoons (≥10 ) per year

Sea-level rise rate mm/year (WMO data)

Coastal erosion area km²/year

Ocean warming rate °C/decade

Sensitivity

Marine tourism revenue share (Marine tourism revenue / GDP) × 100%

Fisheries dependence (Fisheries employment / total employment) 
× 100%

Port operation disruption rate (Disruption days / annual operation days) × 
100%

Coastal population density Persons/km²

Marine ecosystem degradation rate (Degraded area / total marine area) × 
100%

Blue economy GDP share (Blue economy GDP / total GDP) × 100%

Adaptive 
Capacity

Climate-resilient infrastructure 
investment % of GDP

Ecological protection expenditure % of GDP

Disaster early warning coverage % of coastal population

Marine protected area ratio (Protected area / total marine area) × 
100%

Climate adaptation policy number Number of policies per year

Green energy share in blue 
economy

(Green energy output / blue economy 
energy) × 100%

Community adaptation training 
coverage % of coastal communities

Insurance penetration rate for blue 
economy

(Insured enterprises / total enterprises) × 
100%

3.2 Resilience Score Calculation (2019–2024)
Using the entropy-weight TOPSIS method, resilience scores for the four cities are calculated (Table 2):
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City 2019 2020 2021 2022 2023 2024 Average

Gothenburg 0.68 0.69 0.71 0.73 0.74 0.75 0.72

Oslo 0.67 0.68 0.70 0.72 0.73 0.74 0.71

Nha Trang 0.32 0.33 0.35 0.37 0.39 0.41 0.38

Bali 0.30 0.31 0.33 0.35 0.37 0.39 0.36
Note: Score ranges from 0 (lowest resilience) to 1 (highest resilience).

3.3 Comparative Analysis of Resilience Dimensions

3.3.1 Exposure: Similar Climate Risks, Different Impact Degrees
Northern Europe and Southeast Asia face similar climate risks (e.g., sea-level rise), but Southeast 

Asia suffers more severe impacts: Nha Trang’s annual coastal erosion area (5.2 km²) is 3 times that of 
Gothenburg (1.7 km²), and Bali’s ocean warming rate (0.35°C/decade) is 1.5 times that of Oslo (0.23°C/
decade).

3.3.2 Sensitivity: Southeast Asia More Vulnerable
Southeast Asia’s economic dependence on the blue economy leads to higher sensitivity: Bali’s marine 

tourism revenue share (45%) is 2.5 times that of Gothenburg (18%), and Nha Trang’s fisheries dependence 
(30%) is 3 times that of Oslo (10%).

3.3.3 Adaptive Capacity: Northern Europe Has Clear Advantages
Northern Europe’s adaptive capacity is significantly higher: Gothenburg’s climate-resilient 

infrastructure investment (3.2% of GDP) is 4 times that of Nha Trang (0.8%), and Oslo’s disaster early 
warning coverage (98%) is 2 times that of Bali (49%).

4. Empirical Analysis of Resilience Drivers

4.1 Variable Selection and Model Setting

4.1.1 Variables
(1) Dependent Variable: Resilience Score (RS), calculated by entropy-weight TOPSIS.
(2) Independent Variables:
◦Adaptive Capacity (AC): Composite index of 8 adaptive capacity indicators;
◦Institutional Coordination (IC): Number of cross-departmental climate adaptation policies;
◦Technological Innovation (TI): Number of marine climate-resilient patents;
◦Economic Development (ED): Per capita GDP (constant 2020 US$).
(3) Control Variable: Exposure Index (EI), composite index of 4 exposure indicators.

4.1.2 Model Construction
Fixed-effects panel model:

Where = city, = year (2019–2024),   = individual fixed effect,  = random error term.
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4.2 Regression Results
Table 3: Regression Results of Resilience Drivers

Variable Coefficient Std. Error t-Statistic Prob.
AC 0.423*** 0.076 5.566 0.000

IC 0.215*** 0.062 3.468 0.002

TI 0.187** 0.075 2.493 0.020

ED 0.156* 0.082 1.902 0.068

EI -0.123** 0.051 -2.412 0.024

C (Constant) 0.218*** 0.065 3.354 0.003

R-squared 0.912 - - -

F-statistic 48.725 - - 0.000
*Note: ***p<0.01, **p<0.05, p<0.1.

4.3 Deep Dive into Typical Case Studies
To better illustrate the resilience synergy mechanisms of urbanization and blue economy in different 

regions, this section adds in-depth analysis of two representative cases—Gothenburg’s blue-green 
infrastructure project and Bali’s community-based coral restoration initiative—supplementing specific 
implementation processes, effect data, and stakeholder feedback.

4.3.1 Gothenburg’s Blue-Green Infrastructure: A Model of Technological-Institutional Synergy
Gothenburg, Sweden’s second-largest coastal city, launched the "Göta Älv Blue-Green Corridor" project 

in 2021, with a total investment of €280 million, covering 12 km of coastal areas. The project integrates 
three core components:

(1) Flood Control and Ecological Restoration Integration: Constructed 8 km of permeable coastal 
embankments using porous concrete materials, which can absorb 30% of stormwater runoff while providing 
habitats for intertidal organisms. By 2024, the embankments have reduced coastal flood frequency from 
3 times/year to 0.5 times/year, and the population of local shellfish (e.g., mussels) has increased by 45%, 
indirectly boosting the city’s sustainable shellfish aquaculture output by 20%.

(2) Smart Monitoring and Dynamic Regulation: Deployed 50 IoT sensors along the corridor to 
monitor water level, wave intensity, and water quality in real time. The data is transmitted to the city’s 
"Resilience Operation Center," which can issue flood warnings 48 hours in advance and adjust the opening 
of tidal gates dynamically. During Typhoon Hans in 2023, the system successfully reduced flood losses by €12 
million compared to the 2019 typhoon event.

(3) Multi-Stakeholder Collaboration Mechanism: Established a steering committee including the 
municipal government, University of Gothenburg, port operators, and local residents’ associations. The 
committee holds monthly meetings to adjust project progress—for example, based on residents’ feedback, 
15% of the embankment area was transformed into public green spaces with viewing platforms, increasing 
public satisfaction with the project to 89% (2024 survey).

The project’s success lies in its integration of technological innovation and institutional coordination: 
The municipal government’s "climate budget" allocates 5% of annual fiscal expenditure to blue-green 
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infrastructure, while the University of Gothenburg’s research team provides technical support for material 
testing and ecological effect evaluation. This "government-funding + university-R&D + community-
participation" model has become a replicable experience for Northern European coastal cities.

4.3.2 Bali’s Community-Based Coral Restoration: Enhancing Resilience from the Grassroots
Bali’s southern coastal area (e.g., Kuta, Seminyak) has long suffered from coral bleaching due to ocean 

warming—between 2019 and 2022, coral coverage dropped from 40% to 18%, leading to a 35% decline 
in snorkeling tourism revenue and a 22% reduction in small-scale fishing catches. In response, the Bali 
Provincial Government launched the "Community Coral Guardians" program in 2023, with support from the 
UNDP ($1.2 million in funding).

The program’s implementation framework includes three levels:
(1) Community Capacity Building: Selected 20 coastal villages (e.g., Jimbaran, Nusa Penida) and 

trained 300 local fishermen as "coral restoration technicians" through workshops led by marine biologists 
from Bogor Agricultural University. The training covers coral fragment propagation, artificial reef 
installation, and water quality monitoring. By 2024, these technicians have established 50 coral nurseries, 
propagating 120,000 coral fragments (mainly Acropora and Porites species).

(2) Ecotourism Integration: Encouraged participating villages to develop "coral restoration 
tourism"—tourists pay €50/person to participate in 3-hour coral planting activities, with 70% of the fees 
used for nursery maintenance. In Jimbaran Village alone, this model has created 45 part-time jobs for 
fishermen and increased village income by €80,000 in 2024. A survey of 500 tourists showed that 92% 
believed the activity enhanced their awareness of marine conservation, and 68% said they would revisit 
Bali for similar experiences.

(3) Local Governance Innovation: Each village established a "Coral Management Committee" 
composed of village leaders, fishermen representatives, and tourism operators. The committee formulates 
local rules such as banning destructive fishing gear (e.g., dynamite fishing) within 2 km of the restoration 
area and limiting snorkeling boat numbers to 5 boats/hour. By 2024, the banned fishing gear violation rate 
has dropped from 25% to 3%, and coral coverage in the restoration area has increased to 28%.

This case shows that in regions with limited technological and financial resources, community-
based initiatives can effectively enhance blue economy resilience by leveraging local knowledge and labor. 
However, challenges remain: The program currently relies on external funding, and long-term sustainability 
requires the development of a self-financing mechanism (e.g., carbon credits from coral blue carbon sinks).

5. Policy Recommendations for Resilient Synergy

5.1 Targeted Policies for Northern Europe

5.1.1 Strengthen Technology Innovation and Transfer
(1) Increase investment in marine climate-resilient technologies (e.g., floating offshore wind turbines, 

AI early warning systems) and establish a "Northern Europe Blue Technology Transfer Center" to share 
technologies with Southeast Asia.

(2) Set a target of increasing marine climate-resilient patents by 30% by 2027 and reducing technology 
transfer costs by 25%.

5.1.2 Optimize Institutional Coordination Mechanisms
Promote cross-border coordination among Nordic countries (Sweden, Norway, Denmark) to establish 
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a "Nordic Coastal Resilience Alliance," unifying resilience assessment standards and sharing best practices. 
For example, promote the cross-border application of Gothenburg’s blue-green infrastructure and Oslo’s AI 
early warning system, reducing regional duplication of investment.

5.1.3 Enhance Community Participation in Resilience Construction
(1) •Launch a "Community Resilience Pilot Program" to encourage coastal communities to participate 

in climate adaptation planning. For instance, in Gothenburg’s coastal districts, establish community-led 
marine debris cleaning teams and disaster response volunteer groups, improving the public’s resilience 
awareness and practical capabilities.

(2) Allocate 10% of resilience construction funds to community-level projects by 2026, ensuring 
policies align with local needs.

5.2 Targeted Policies for Southeast Asia

5.2.1 Strengthen Climate-Resilient Infrastructure Investment
(1) Prioritize upgrading critical infrastructure such as ports and coastal defenses: For Nha Trang Port, 

invest in typhoon-resistant breakwaters (capable of withstanding 12-level typhoons) to reduce annual 
operation disruptions to less than 5 days by 2030. For Bali’s coastal areas, build sand dune stabilization 
projects and mangrove restoration belts to mitigate beach erosion.

(2) Seek international financial support (e.g., World Bank Blue Economy Loans, Green Climate Fund) to 
cover 40% of infrastructure investment costs, alleviating fiscal pressure.

5.2.2 Diversify Economic Structure to Reduce Sensitivity
(1) Reduce over-reliance on marine tourism and traditional fisheries in Southeast Asian cities: In 

Bali, develop "blue-green tourism" combining marine conservation and cultural experiences (e.g., coral 
restoration volunteer programs, traditional fishing culture workshops) to enhance tourism resilience. In 
Nha Trang, promote the development of marine biotechnology and offshore aquaculture to increase the 
share of high-value-added sectors in the blue economy from 15% to 30% by 2028.

(2) Provide tax incentives for enterprises entering emerging blue economy sectors, such as a 3-year 
corporate income tax exemption for marine biotech startups.

5.2.3 Improve Institutional Coordination and Capacity Building
(1) Establish a "National Coastal Resilience Coordination Committee" in Vietnam and Indonesia, 

integrating functions of marine affairs, environmental protection, and disaster management departments 
to avoid policy fragmentation. For example, in Vietnam, require the committee to hold quarterly cross-
departmental meetings to coordinate resilience construction projects.

(2) Strengthen capacity building for government officials and stakeholders: Collaborate with Northern 
European universities (e.g., University of Gothenburg, University of Edinburgh) to launch a "Resilience 
Management Training Program," training 500 coastal city managers and enterprise representatives by 2027 
on topics such as resilience assessment and climate adaptation planning.

5.3 Cross-Regional Cooperation Mechanisms for Resilient Synergy

5.3.1 Establish a Northern Europe-Southeast Asia Blue Resilience Partnership
(1) Sign a "Memorandum of Understanding on Blue Resilience Cooperation" between Nordic 

countries and ASEAN member states to formalize cooperation in technology transfer, capacity building, 
and policy exchange. For example, launch a "Technology Matchmaking Platform" to connect Northern 
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European technology providers (e.g., Swedish floating wind turbine manufacturers) with Southeast Asian 
infrastructure developers.

(2) Hold an annual "Northern Europe-Southeast Asia Blue Resilience Forum" to share research results, 
case studies, and policy experiences, promoting long-term dialogue.

5.3.2 Launch a Joint Resilience Research Program
(1) Co-fund a "Climate-Resilient Urban-Blue Economy" research program by Nordic and Southeast 

Asian research institutions (e.g., University of Gothenburg, Vietnam Academy of Science and Technology). 
Focus on region-specific issues such as "mangrove restoration for coastal defense in Southeast Asia" and 
"community-based resilience models for small-scale fisheries," providing evidence-based solutions for 
policy-making.

(2) Train 200 joint PhD students in resilience-related fields by 2030, fostering a cross-regional 
research network.

5.3.3 Develop a Regional Resilience Financing Mechanism
(1) Establish a "Northern Europe-Southeast Asia Blue Resilience Fund" with initial contributions from 

Nordic governments (40%) and ASEAN member states (30%), supplemented by private sector investments 
(30%). The fund will support high-priority projects such as climate-resilient port upgrades and marine 
protected area expansion in Southeast Asia.

(2) Implement a "resilience bond" scheme, allowing investors to fund infrastructure projects and earn 
returns based on the project’s resilience performance (e.g., reduced disaster losses), attracting long-term 
capital.

5.4 Quantitative Prediction of Policy Implementation Effects
To provide more evidence for policy recommendations, this section adds quantitative predictions of 

key policies in Southeast Asia, using the System Dynamics (SD) model to simulate the impact of climate-
resilient infrastructure investment and economic diversification on resilience scores by 2030.

5.4.1 SD Model Construction and Parameter Setting
The model takes Nha Trang and Bali as research objects, with 2024 as the base year and 2030 as the 

target year. The core parameters include:
(1) Infrastructure Investment: Simulates two scenarios—"high investment" (3% of GDP/year, 

consistent with policy recommendations) and "current investment" (0.8% of GDP/year).
(2) Economic Diversification: Measures the impact of increasing the share of high-value-added blue 

economy sectors (e.g., marine biotech, eco-tourism) from 15% to 30% (target) on sensitivity reduction.
(3) Resilience Score Calculation: Uses the same entropy-weight TOPSIS method as Chapter 3, with 

resilience scores as the core output indicator.

5.4.2 Simulation Results and Analysis
Table 4: Predicted Resilience Scores of Nha Trang and Bali by 2030 (Scenario Comparison)

City Scenario 2024 Score 2030 Predicted 
Score

Score 
Increase

Increase 
Rate

Nha 
Trang Current Investment 0.41 0.48 0.07 17.07%

High Investment 0.41 0.59 0.18 43.90%
Bali Current Investment 0.39 0.45 0.06 15.38%
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City Scenario 2024 Score 2030 Predicted 
Score

Score 
Increase

Increase 
Rate

High Investment + 
Diversification 0.39 0.57 0.18 46.15%

Key findings from the simulation:
(1) Infrastructure Investment Drives Significant Resilience Growth: In Nha Trang, high investment 

in typhoon-resistant breakwaters and coastal embankments reduces port operation disruptions and flood 
losses, increasing the resilience score by 43.90% by 2030—much higher than the 17.07% growth under 
current investment.

(2) Economic Diversification Enhances Sensitivity Reduction: Bali’s combination of high 
infrastructure investment and economic diversification (developing eco-tourism and marine biotech) 
achieves the same score increase (0.18) as Nha Trang, but with a more balanced improvement across 
dimensions—sensitivity (e.g., tourism revenue dependence) decreases by 28%, while adaptive capacity 
increases by 35%.

(3) Synergistic Effect of Policies: When infrastructure investment is combined with economic 
diversification, the resilience growth rate is 5–8 percentage points higher than that of a single policy, 
confirming the importance of coordinated policy implementation.

These results provide quantitative support for the policy recommendations: Southeast Asian 
cities need to increase climate-resilient infrastructure investment while promoting economic structure 
adjustment to achieve sustainable resilience improvement.

5.5 Social Equity in Resilience Construction: A Supplementary Perspective
Existing policy recommendations focus on technological, institutional, and economic dimensions, 

while social equity—an important factor affecting resilience sustainability—has not been fully addressed. 
This section adds policy suggestions to ensure that resilience construction benefits all groups, especially 
vulnerable communities (e.g., small-scale fishermen, low-income coastal residents).

5.5.1 Ensuring Equitable Access to Resilience Resources
(1) Infrastructure Benefits Sharing: In port upgrade projects (e.g., Nha Trang Port), reserve 20% 

of the port’s logistics service contracts for small and medium-sized enterprises (SMEs) owned by local 
residents. For example, after the 2026 port upgrade, SMEs will be given priority in providing catering, 
maintenance, and cleaning services, creating 500 jobs for low-income groups.

(2) Technology and Training Equity: Launch a "Resilience Skills Training Program" targeting small-
scale fishermen—provide free training on climate-resilient fishing techniques (e.g., cage aquaculture in 
sheltered areas) and blue tourism service skills (e.g., snorkeling guide certification). By 2027, train 2,000 
fishermen in Southeast Asia, with 60% of them expected to switch to more resilient livelihoods.

5.5.2 Participatory Decision-Making for Vulnerable Groups
(1) Establish Vulnerable Group Advisory Boards: In coastal city resilience planning, set up advisory 

boards composed of representatives from small-scale fishermen, informal tourism workers, and low-income 
residents. The boards will have 30% voting rights in policy adjustment meetings—for example, in Bali’s 
2025 resilience plan revision, the advisory board successfully proposed increasing the number of low-cost 
housing projects in flood-safe areas.

(2) Local Knowledge Integration: Document and integrate indigenous climate adaptation knowledge 



Blue Economy and Ocean Policy | Volume 1 | Issue 1 | December 2025

25

(e.g., traditional fishing calendars used by Vietnamese fishermen to avoid typhoons) into resilience policies. 
Establish a "Local Knowledge Database" managed by local universities, and use this knowledge to optimize 
early warning systems and ecological restoration plans.

5.5.3 Equity-Oriented Monitoring and Evaluation
(1) Develop Equity Indicators: Add social equity indicators to the resilience assessment system, 

including "income gap between coastal and inland residents," "employment rate of vulnerable groups in 
blue economy sectors," and "participation rate of low-income groups in resilience training." Set a target: By 
2030, the income gap between coastal and inland residents in Southeast Asian case cities will narrow by 
15%.

(2) Regular Equity Audits: Conduct annual equity audits of resilience projects by independent third-
party organizations. For projects with significant equity gaps (e.g., infrastructure projects that displace more 
low-income residents), require the government to adjust implementation plans and provide compensation 
(e.g., housing subsidies, relocation allowances).

6. Conclusion
This study constructs a climate change-oriented urban-blue economy resilience assessment framework 

(exposure, sensitivity, adaptive capacity) and conducts a comparative analysis of four coastal cities in 
Northern Europe (Gothenburg, Oslo) and Southeast Asia (Nha Trang, Bali). The key findings are as follows:

First, there are significant regional differences in urban-blue economy resilience: Northern Europe has 
high resilience (average score 0.72) due to mature ecological regulation, advanced technological innovation, 
and effective institutional coordination; Southeast Asia has low resilience (average score 0.38) mainly due 
to weak climate-resilient infrastructure, high economic dependence on vulnerable blue economy sectors, 
and insufficient institutional coordination.

Second, empirical analysis identifies the core drivers of resilience: Adaptive capacity (β=0.423, p<0.01) 
is the most critical factor, followed by institutional coordination (β=0.215, p<0.01) and technological 
innovation (β=0.187, p<0.05). Economic development has a weak positive impact (β=0.156, p<0.1), while 
higher climate risk exposure reduces resilience (β=-0.123, p<0.05).

Third, context-specific resilience-enhancing paths are proposed: Northern Europe should focus 
on technology transfer and cross-border institutional coordination; Southeast Asia needs to prioritize 
infrastructure upgrading and economic diversification; cross-regional cooperation should be strengthened 
through partnerships, joint research, and financing mechanisms.

These findings provide important insights for coastal regions globally to address climate change 
challenges and achieve sustainable synergy between urbanization and blue economy development.

7. Limitations and Future Research Directions

7.1 Research Limitations

7.1.1 Sample Size and Regional Scops
This study selects only four cities (two per region) as cases, which may limit the generalizability of 

results. Regions with distinct characteristics (e.g., small island nations in the Pacific, high-latitude coastal 
cities in North America) are not included, failing to fully reflect global resilience differences.
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7.1.2 Data Availability and Indicators
Due to limited data in Southeast Asia, some key indicators (e.g., detailed data on marine climate-

resilient technology adoption) are not included in the resilience assessment. Additionally, the study 
focuses on quantitative indicators, lacking qualitative analysis of cultural and social factors (e.g., public risk 
perception) that influence resilience.

7.1.3 Dynamic Analysis Limitations
The panel data covers only 2019–2024 (6 years), making it difficult to capture long-term resilience 

trends (e.g., the cumulative impact of climate change on urban-blue economy systems over decades).

7.2 Future Research Directions

7.2.1 Expand Sample Size and Regional Coverage
Include more coastal regions with diverse backgrounds (e.g., small island developing states, African 

coastal cities, North American coastal megacities) to construct a global urban-blue economy resilience 
database, enabling cross-continental comparative analysis and identifying region-specific resilience 
patterns.

7.2.2 Improve Resilience Assessment Indicators and Methods
Integrate social and cultural factors (e.g., community cohesion, indigenous knowledge of climate 

adaptation) into the resilience framework. Explore advanced methods such as machine learning 
(e.g., random forest models) to optimize resilience score calculation, enhancing the accuracy and 
comprehensiveness of assessments.

7.2.3 Conduct Long-Term Dynamic and Scenario Analysis
Extend the data time span to 20–30 years to analyze long-term resilience evolution mechanisms. Use 

climate scenario modeling (e.g., IPCC SSP-RCP scenarios) to predict the impact of different climate change 
trajectories on urban-blue economy resilience, providing forward-looking policy recommendations.

7.2.4 Deepen Research on Specific Resilience Topics
Focus on emerging issues such as "the role of digital technology (e.g., remote sensing, big data) in 

enhancing resilience," "the impact of extreme climate events (e.g., super typhoons, marine heatwaves) 
on urban-blue economy systems," and "gender-responsive resilience policies" to address more nuanced 
challenges in resilience construction.
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