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Abstract

Climate change poses an immediate threat to aquatic systems, more so in areas where human life is intertwined with fisheries and marine
biodiversity. This study constructs a climate-resilient marine management framework employing cost-efficient management techniques,
adaptive governance, and inclusive economic growth models. This qualitative case study analyzes how stakeholder engagement, marine
financial planning, and governance reforms can bolster resilience in marine systems. The study focuses on ecosystem service valuation
(ESV) and climate finance instruments, including blue bonds and public-private partnerships, along with ESG-compliant marine planning.
The analysis delves into local empowerment through capacity-building and risk-sharing frameworks. Findings reveal financial sustainabil-
ity, effective institutional integration, participatory governance, and coordinated adaptive management as fundamental for attaining endur-
ing ecological and socio-economic balance. The framework shifts the focus from marine policy conservation response to climate proactive
resilience, emphasizing finance-enabled marine policy. This research expands the scope of environmental economics and marine govern-
ance to policymaking, investment, and conservation action promoting resilient ocean economies while advocating cross-border collabora-
tion and flexible funding frameworks tailored to diverse regional contexts.
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1. Introduction

The frequency or intensity of extreme weather and climatic events may alter as a result of climate change, whether as a result of human-
caused forcing or internal natural variability(Balasubramanian et al., 2021). The biggest impact is the notable increase in greenhouse gases
(GHGs) caused by human activity(Fu et al., 2024). Consequently, rising ocean temperatures have influenced ocean-atmosphere circulation
in a variety of ways, which in turn affect pressure gradients, winds, and wave height or power (Emam et al., 2025). They do, however,
significantly contribute to several natural hazard events, such as flooding and extremes in coastal sea level, and they devastate coastal
infrastructure, including beaches, bays, and harbors (Polydoropoulou et al., 2024). Because of the ongoing, fast growth of coastal popula-
tions, particularly in many developing nations, their significance is only growing. Among the various ocean renewable resources, ocean
waves have attracted attention as a promising renewable resource because of their physical manifestation of energy and power. Addition-
ally, ocean wave energy, also known as Wave Power (WP), has the potential to become an economically viable renewable energy source
as technology advances (Sumaila et al., 2020). For the sake of national development and the avoidance of socioeconomic disasters, it is
essential to comprehend the energy and height of ocean waves (Miola et al., 2015; Bryndum-Buchholz et al., 2022). Large-scale changes
in sea level pressure, wind speed, and extreme ocean wave heights are driven by natural climate variability, but global satellite data also
show that anthropogenic forcing plays a role(Ab. Shukor et al., 2024; Dhanya & Balakrishnan, 2024). Even found that humans have an
impact on the North Atlantic Ocean's wave height and atmospheric storminess. According to these regional and global shifts in the climate
of extreme waves and their effects are still occurring and are expected to get worse in the future(Ab. Shukor et al., 2024). Furthermore,
studies conducted at the global scale only address the spatial variability of the regional wind-wave climate; they do not address the general
trend in wind-wave climateWorld Bank, 2022). because policies for coastal management require accurate regional measurements of wave
climate to integrate coastal and offshore infrastructure management. Therefore, coastal planning, offshore and coastal shipping, industrial
operations, and the welfare of growing coastal populations all depend on a thorough understanding of the extreme ocean wave climate, its
effects, and regional projections (Holsman et al., 2019; Haval & Afzal, 2024; Burke eta al., 2020; Eurich et al., 2024; McGuire, 2020;
Farhan et al., 2023; Ghazanfari et al., 2018).
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Fig. 1: Climate-Resilient Marine Management

2. Policy and Economic Context

Effective marine conservation is crucial from ecological, economic, and policy perspectives. The funding needed for adaptive marine
governance is dwarfed by ecosystem degradation, fisheries collapse, and disaster recovery costs. Assessing resilience strategies requires
the application of economic instruments like cost-benefit analysis, ecosystem service valuation, and climate finance. Also, ESG (Environ-
mental, Social, Governance) aligned policies can foster sustainability. Blending the blue economy approach with marine climate resilience
planning not only protects livelihoods but also enables financing (2023).

3. Significance of the Study

Numerous studies in recent decades have demonstrated how the effects of global environmental change are increasingly putting marine
species, marine resources, and coastal systems in general at risk. Ocean productivity is threatened in several ways by the effects of climate
change linked to climate variability, which have a significant impact on oceans worldwide. Coastal ecosystems are seriously threatened
by rising ocean temperatures and acidity. The effects of climate change will present many difficulties for societies around the world in the
future. Developing nations, heavily reliant on marine resources for their economies and livelihoods, are disproportionately vulnerable to
the impacts of climate change. Climate change exacerbates existing stressors in marine ecosystems, intensifying the severity of its effects
on communities dependent on these resources. Furthermore, climate change amplifies the threat of human mismanagement of natural
ecosystems, with potentially disparate impacts on countries like India and other developing nations. Sea level rise and coastal erosion are
two of the most common negative consequences of climate change that directly affect coastal fishing communities. The social, political,
and economic vulnerabilities that already exist in society are the main factors that shape and influence the harm caused by climate risks
and change. To successfully reduce the impacts of climate change, unpredictability, and extremes, it is vital to assess and analyze vulner-
abilities. To help communities better endure and bounce back from climate-related disruptions, reducing vulnerability is an essential part
of disaster management and climate change adaptation. Around 35 million people are directly engaged with the fishing occupation (includ-
ing inland fishing) across the world, making the fisheries sector always ranked among the leading critical natural resources. The fisheries
and aquaculture sector contributes much to ensuring food security, and it plays a pivotal role in eliminating hunger and reducing poverty
(Fu et al., 2024). The widespread mechanization of the fisheries sector over the past 60 years has resulted in the systematic overexploitation
of marine resources, leading to a significant decline in global fisheries. This unsustainable trend poses serious challenges to the long-term
viability of fisheries worldwide. The climate adaptation funds, green bonds, and insurance-based risk transfer systems are some of the
financial mechanisms that can enable scalable solutions for marine resilience. “Blue Bonds,” or debt instruments designated for specific
sustainable ocean initiatives, are in use in countries such as Seychelles. ESG investments in sustainable aquaculture, reef restoration, and
coastal infrastructure development also make it possible. Integrating these perspectives into marine policy frameworks can address both
ecological goals and economic viability.
The objectives are:
e To develop a cost-effective and policy-aligned climate-resilient marine management framework.
e To examine funding pathways (e.g., climate finance, blue bonds) and stakeholder structures that enhance adaptive governance in marine
ecosystems.

4. Methodology

Implementing scenario planning and other decision-support methods to design and test effective climate-resilient marine management
approaches are two of this study's three main methodological objectives: (1) developing and implementing a mixed-methods strategy that
integrates qualitative and quantitative research methods to build an integral appreciation of climate-resilient marine management; (2) de-
veloping and implementing a suite of indicators and metrics to measure the climate resilience of marine ecosystems and the success of
marine management approaches, ultimately supporting evidence-driven decision-making. Apart from scenario planning and mixed-meth-
ods analysis, this study applies policy document analysis and expert interviews to grasp the interrelation of climate finance and governance
in marine resilience. Where data was available, financial metrics, such as benefit-to-cost ratios and risk-adjusted returns, were also analyzed.
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Fig. 2: Improving Marine Protected Areas' Adaptive Management and Climate Change Planning

Almost 70% of the Earth’s surface is occupied by Oceans, which play an important role in the climatic conditions of Earth's systems.
Oceans are home to several types of plants and animals. In addition, the ocean provides energy in the form of waves, currents, and
hydrocarbons, among other things. Oceans are the major source of minerals, medicines (from marine phytoplankton, Seaweeds, Sponges,
Corals), and importantly, Salt. India's coastline is roughly 10,000 kilometers long. Understanding the various ocean processes requires
knowledge of the ocean's water, nutrients, and circulation patterns both offshore and along the coast. The physical, chemical, and biological
processes in the ocean are closely intertwined. It has been noted that the variations in mean and extreme wave characteristics are of distinct
kinds and are associated with more frequent extreme occurrences. Because extreme parameters have greater effects than the mean, it is
imperative to examine how natural climate variability affects them. However, traditional linear regression analysis is limited to mean
variables, making extreme value theory a crucial tool for assessing the impact of climate variability on extreme parameters such as signif-
icant wave height (SWH), wind, wave period, and others. Consequently, accurate regional knowledge of extreme wave climates is essential
for various applications, including wave energy harvesting, coastal industry operations planning, coastal hazard risk management, and
naval and marine operations planning (Karr et al., 2021; Ab. Shukor et al., 2024; Boxshall, 2022; Haval& Afzal, 2024).
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Fig.3: Conceptual Framework of Improved Climate-resilient

The depletion of conventional energy supplies and the acceleration of global warming caused by the usage of fossil fuels have raised
interest in ocean renewable energy resources in many countries. Engagement in climate-resilient marine strategies is the integrated partic-
ipation of all interested parties. This includes planning with the fisherfolk communities, inclusion of local expertise, and support from
lower administrative levels. Other stakeholders, like non-governmental organizations, private marine research enterprises, and even some
private sector investors, come into view, but only if there is transparency among them. Other tools, like participatory scenario planning and
stakeholder mapping, are organized and can assure success both in relevance and in performance.
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Fig. 4: Reliability Measures

Source: Prepared by the author

The oceans of the Earth contain renewable energy resources such as tides, waves, temperature gradients, and salinity gradients. Among the
various ocean renewable resources, ocean waves have attracted attention as a promising renewable resource because of their physical
manifestation of energy and power.
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Fig.5: Overall Analysis
Moreover, with the advancement of technology, ocean wave energy, known as Wave Power (WP), can become an economically viable

renewable energy resource. Therefore, a deeper understanding of ocean wave heights and energy is crucial not only to prevent social and
economic disasters but also for the development of the country.
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Fig. 6: Beta-coefficient Analysis

Natural climate variability drives large-scale fluctuations in wind patterns and extreme ocean wave heights and energy over interannual to
decadal timescales, influencing specific regions. However, global-scale studies primarily focus on the spatial variability of regional wind-
wave climates, neglecting the overarching trend in wind-wave climate patterns.
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Fig.7: Performance Valuation Over Various Coefficients

As coastal management Policies need precise wave climate measurements at the regional scale to effectively incorporate coastal and off-

shore infrastructure management.
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Therefore, coastal planning, offshore and coastal shipping, industrial operations, and the welfare of growing coastal populations all depend
on a thorough understanding of the extreme ocean wave climate, its effects, and regional projections.

6. Conclusion

This study proposes an integrated marine management framework that balances ecological resilience with economic feasibility and gov-
ernance reform. The findings underscore the importance of cost-effective planning, inclusive governance, and innovative financial mech-
anisms such as blue bonds and climate funds. Future research should explore regional differences in funding access, cross-sector ESG
partnerships, and dynamic risk models for marine systems.
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