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ABSTRACT

        Climate change presents one of the most pressing global challenges, impacting diverse life forms

across the planet. As anthropogenic greenhouse gas emissions continue to rise, it becomes increasingly 

urgent to explore effective strategies to mitigate climate change's adverse effects. Among these 

strategies, carbon sequestration plays a crucial role, particularly in coastal and marine ecosystems that 

can capture and store substantial amounts of carbon. Carbon sequestration encompasses three primary 

categories: carbon capture and storage (CCS), carbon capture and utilization (CCU), and carbon dioxide 

removal (CDR). The range of CDR includes technological and natural methods. In this study, we mainly 

focus on natural strategies, which address environmental challenges and promote sustainable 

development under the term "nature-based solutions," wherein the concept of "blue carbon" is situated. 

Blue carbon specifically refers to coastal and marine ecosystems, particularly mangroves, salt marshes, 

and seagrasses. The study and management of blue carbon ecosystems are imperative due to their 

exceptional capacity to sequester carbon dioxide, thereby offering a substantial means to mitigate 

climate change. Understanding and effectively stewarding these ecosystems hold the potential to not 

only curtail greenhouse gas concentrations, but also preserve biodiversity, bolster coastal resilience, and 

foster sustainable development. This study proposes a conceptual framework to encourage the 

development of schemes focused on managing blue carbon sequestration in order to mitigate climate 

change. This process takes into consideration various measures, including environmental education, 

research and technology, economy, law and regulation, and regional and international cooperation.

Keywords: Carbon sequestration, climate change, carbon adaptation.

*  Corresponding author, E-mail:  hctseng@email.ntou.edu.tw

    Received 5 September 2023, Accepted 22 September 2023.

1 Institute of Marine Environment and Ecology, National Taiwan Ocean University, Keelung City, Taiwan

Marine Research 
of the National Academy of Marine Research
ISSN: 2709-6629 (Vol.3 Iss.2)
GPN: 2011200033



Introduction of Blue Carbon Management

37

Marine Research of the National Academy of Marine Research
DOI: 10.29677/MR.202312_3(2).0003

         In an era defined by the unrelenting challenges of global climate change, the imperative to seek and implement 
innovative solutions has assumed unprecedented urgency. The world finds itself at a critical juncture where the 
consequences of human activities, particularly the unabated release of greenhouse gasses into the atmosphere, have 
precipitated far-reaching climatic shifts (Denchak, 2023). As a result, the pressing need to mitigate these impacts
has galvanized international efforts across myriad sectors. Among these endeavors, carbon sequestration has
emerged as a cornerstone strategy in the battle against climate change (Brogan, 2022).

       Carbon sequestration, encompassing various mechanisms that facilitate the capture and long-term storage of 
carbon dioxide (CO2), constitutes an essential component of the multifaceted approach to combat escalating global 
temperatures (Tcvetkov et al., 2019). An essential subset of this approach is the management of blue carbon 
ecosystems, including coastal habitats such as mangroves, seagrasses, and tidal marshes (Nellemann et al., 2009). 
The intricate interplay between these ecosystems and their unparalleled capacity to sequester carbon, often referred 
to as "blue carbon," renders them integral in the broader tapestry of climate mitigation strategies (Beaumont et al.,
 2014).

       This study delves into the fundamental realm of carbon sequestration and blue carbon management, examining 
their potential and proposing an efficient management plan to reshape the trajectory of climate change mitigation. 
Through a comprehensive exploration of the underpinnings of carbon sequestration and the strategic management 
of blue carbon ecosystems, this study aims to underscore the transformative role of these approaches in curbing 
the adverse consequences of climate change.

1 INTRODUCTION

      The process by which CO2 is captured from the atmosphere and stored, usually in natural ecosystems or 
engineered systems, is known as carbon sequestration (Alongi, 2012). This helps to mitigate the effects of excess 
CO2 in the atmosphere, which contributes to global warming. Carbon sequestration is crucial for combating climate 
change, and in order to effectively address this issue, it is vital to differentiate between the various functions that 
carbon management options can or cannot fulfill in mitigating climate change. This differentiation will provide 
insights to select the most suitable approach for specific situations. The organization of these methods could be 
divided into: carbon capture and storage (CCS), carbon capture and utilization (CCU) (Tcvetkov et al., 2019), 
and carbon dioxide removal (CDR) (Figure 1).

        Carbon capture and storage (CCS) is a process in which a relatively pure stream of CO2 from industrial and 
energy-related sources is separated (captured), conditioned, compressed, and transported to a storage location for 
long-term isolation from the atmosphere. Sometimes referred to as carbon capture and storage (IPCC, 2023), carbon 
capture and utilization (CCU) or carbon capture, utilization, and sequestration (CCUS) is part of a broader set of 
"carbon recycling" applications, describing the reuse of captured carbon either directly (e.g., to fertilize plants or 
to be added in beverages) or as an ingredient in new products (e.g., concrete, fuels, chemicals). CCU can 
displace additional fossil fuel use, thereby reducing emissions. If the carbon is removed from the atmosphere 
and stays in a closed loop over many decades or centuries (e.g., when incorporated into cementitious building 
materials), the method may be considered removal. All other cases of CCU, in which carbon is rapidly (re-)released 
to the atmosphere, only delay (re-)emissions. As most captured carbon is not durably stored, CCU is generally 
not considered removal (IPCC, 2023; Carbon Gap, 2022).

2 CARBON SEQUESTRATION
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          Carbon dioxide removal (CDR) refers to anthropogenic activities removing CO2 from the atmosphere and 
durably storing it in geological, terrestrial, or ocean reservoirs, or in products. It includes existing and potential 
anthropogenic enhancement of biological or geochemical CO2 sinks and direct air carbon dioxide capture and 
storage (IPCC, 2023). A range of CDR strategies, using both natural and technological methods, aim at extracting 
CO2 from the atmosphere and subsequently storing it utilizing diverse mechanisms (Keller et al., 2018). These 
mechanisms encompass, among others, the sequestration of carbon within trees and vegetation, integration into soils, 
confinement within subterranean repositories, interaction with minerals, incorporation into the ocean, and  
integration into materials like concrete (Samaniego et al., 2023). It is imperative to recognize that each approach to 
carbon removal is accompanied by distinct sets of risks and associated benefits.

        The approach of CDR includes technological and natural methods (Figure 1). In terms of anthropogenic 
technology, sophisticated processes like direct air capture, involving specialized apparatuses to directly retrieve CO2 
from the atmosphere, and advanced mineralization, harnessing specific mineral reactions for carbon sequestration, 
come into play (Harvey, 2023). On natural methods lies a subset of strategies known as nature-based solutions (NbS), 
such as reforestation and the particular management of agricultural soils, where organic materials foster carbon 
storage (Dellesky, 2023).

        In contrast, methods like CCS or CCU, while touted as solutions, often fall short in reducing atmospheric 
CO2 levels. These technologies might absorb carbon, but their effectiveness in genuinely curbing CO2 
emissions remains questionable (Carbon Gap, 2022). Not to mention the cost they demand and risks they might 
have. Therefore, the allure of NbS lies not only in their efficiency, minor budget, and low risk profile, but also 
in their capacity to provide a sustainable and impactful means of addressing the global climate challenge (De 
Jesús Arce-Mojica et al., 2019). NbS synergistically integrate ecological benefits with carbon removal efforts, 
contributing to a holistic approach for mitigating climate change. These solutions aim to work in harmony with 
nature, harnessing its integral resilience and services to achieve positive outcomes for both the environment and 
human well-being (Ashford et al., 2023).

         Embracing NbS for carbon removal emerges as a strategic choice, capitalizing on the demonstrated efficacy of 
natural ecosystems in carbon sequestration. These methods not only adeptly capture carbon, but also yield a range 
of ancillary benefits, encompassing biodiversity enrichment, ecosystem services, cultural significance, and 
noteworthy cost-effectiveness (Samaniego et al., 2023). Besides, NbS exhibit a lesser degree of risk compared to 
some technology-driven approaches. This inherent safety stems from the fact that these solutions leverage existing 
ecosystems, requiring minimal human intervention beyond the preservation of efficient ecological processes 
(Herrmann-Pillath et al., 2022). Unlike certain high-tech strategies, NbS harness the innate capabilities of 
ecosystems to perform tasks they naturally excel at. This inherent suitability extends universally, rendering them 
viable for implementation across diverse countries and regions. Moreover, their appeal is magnified by their 
cost-effectiveness, demanding less investment and fewer resources than some alternative strategies 
(Wellmann et al., 2023). 



39

Marine Research of the National Academy of Marine Research
DOI: 10.29677/MR.202312_3(2).0003

Introduction of Blue Carbon Management

     These solutions leverage the inherent capacity of ecosystems to sequester carbon and enhance overall 
environmental resilience (Martin-Roberts et al., 2021). Reforestation initiatives, for instance, involve the deliberate 
planting of trees in deforested areas, harnessing the natural carbon absorption capabilities of forests, which is what 
we know today as "green carbon" (Mackey et al., 2008). Similarly, NbS not only bolster crop productivity, but also 
facilitate the sequestration of carbon within the soil matrix, most known as "yellow carbon" (Ontl & Schulte, 2012). 
In addition, coastal and marine ecosystems, including mangroves, salt marshes, and seagrasses, have an exceptional 
capacity to sequester and retain CO2 from the atmosphere and ocean, making them valuable "blue" carbon sinks 
(Nellemann et al., 2009), also known as "blue carbon." The above represent distinct facets of nature’s capacity to 
mitigate climate change and foster ecological resilience. For this study, our focus shall be directed towards the 
subject of blue carbon.

Figure 1. Carbon Sequestration Scheme.

      "Blue Carbon Enhancement" refers to activities or strategies aimed at increasing the capacity of coastal and 
marine ecosystems to capture and store CO2 from the atmosphere. These ecosystems naturally sequester significant 
amounts of carbon, and enhancing their capacity to do so can have positive implications for climate change 
mitigation and ecosystem health.

     To fully capitalize on and enhance the existing blue carbon potential, an efficient blue carbon management 
approach becomes paramount. Conservation, restoration, and sustainable use of these ecosystems are fundamental 
components of blue carbon management, ensuring their resilience and ability to maximize carbon sequestration and 
storage (Beaumont et al., 2014). By employing sound management practices, we can enhance the capacity of these 
habitats to capture and retain significant amounts of CO2 from the atmosphere, bolstering their role in mitigating 
climate change (Fennessy & Beers, 2023). The synergy between blue carbon sequestration and management not 
only reinforces the ecological importance of coastal and marine ecosystems but also underscores their indispensable 
contribution to global climate resilience and sustainability (Bandh et al., 2023).

3 BLUE CARBON MANAGEMENT
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      The growing attention of different actors, from academia to regulatory bodies, towards blue carbon highlights
the need for improved methodologies to accurately measure carbon sequestration (Macreadie et al., 2019). Through 
effective integration of both ecological and social perspectives, we can foster the development of robust and 
enduring management frameworks that effectively mitigate the socio-economic costs and ecological impacts of 
a changing climate (Bryan et al., 2020). 

        Prior to initiating any conservation, restoration or sustainable use, conducting research and evaluation of the 
area is imperative to establish the necessary groundwork and determine the appropriate course of action, based on 
the specific focus of the project (Karstens et al., 2019). By leading comprehensive research and evaluation, we gain 

essential insights into the area's ecological characteristics, biodiversity, and potential threats (Baker et al., 2013). 
This knowledge informs the development of tailored conservation, restoration or sustainable use strategies, 
ensuring that the chosen approach aligns effectively with the unique requirements of the ecosystem. 

      A pivotal role in the realms of conservation, restoration, and sustainable use is policy formulation, since 
effective policies serve as the foundation upon which actions are taken to address critical issues (Dudley et al., 2018). 
These policies define the legal, regulatory, and strategic framework within which various stakeholders, including 
governmental bodies, research institutions, NGOs, and industries, collaborate to achieve common environmental 
objectives, for which communication between them is key (Borrini-Feyerabend et al., 2021). In this context, 
science-based policies and laws are vital. These policies rely on rigorous scientific research to inform 
decision-making, ensuring that actions taken are grounded in accurate and up-to-date information. By considering 
the complex interplay of ecological processes, science-based policies offer a holistic perspective that minimizes 
unintended consequences and supports long-term sustainability (Edler et al., 2022). These policies enhance 
credibility, trust, and legitimacy among stakeholders, fostering cooperation and smoother implementation.

         Following the determination of the most appropriate approach among conservation, restoration, or sustainable 
use, the engagement of stakeholders becomes essential for collaborative decision-making, fostering a collective 
understanding of intricate scientific insights (Colvin et al., 2016). This transparent interaction ensures inclusivity, 
enabling a diverse range of stakeholders—from governmental entities to local communities—to actively contribute 
to meticulously tailored policies that align environmental priorities with socio-economic considerations. Moreover, 
effective communication serves as a bridge linking rigorous scientific research and the formulation of evidence-
based strategies (Atalla et al., 2022). This exchange of information not only enhances public awareness, but also 
garners support and encourages the adoption of sustainable behaviors. Continuous dialogue further facilitates 
adaptive management, resolves conflicts, and monitors progress, cultivating a holistic paradigm that seamlessly 
interweaves technical acumen with the nuanced interplay of human and environmental factors inherent in 
marine policy (Langlet & Rayfuse, 2019).

         Therefore, investigation and evaluation are the initial steps towards a well-founded management plan focused 
on conservation, restoration, and sustainable use of our ecosystems (Levin et al., 2009), as well as a series of actions, 
which are discussed later in this document, that we believe could create a conceptual framework of blue carbon 
management (Figure 2).

        Regardless of whether the objective is conservation, restoration or sustainable use, a well-informed decision-
making process, driven by thorough research and evaluation, is fundamental to the successful implementation of 

measures and actions that will safeguard and enhance the ecosystem's health and resilience (Rehbein et al, 2020).
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     Figure 2. Conceptual Framework of Blue Carbon Management.

4 MANAGEMENT MEASURES

       It is vital to consider the engagement of communities in policy making, especially in the realm of marine 
environment and climate change. By doing so, we can harness local knowledge, foster ownership, and ensure that 
policies respect cultural and social aspects. This also enhances compliance, encourages innovation, and promotes 
social equity. Involving communities leads to more sustainable, resilient, and effective policies that consider the 
needs and aspirations of those most directly affected (Aguilar et al., 2015).

Engagement of communities in policy making

    Coastal communities often possess invaluable local knowledge that can be integrated with advanced 
technology to inform spatial planning. Their insights into marine ecosystems, combined with technologies, such as 
remote sensing and Geographic Information Systems (GIS), create comprehensive data for effective decision-
making (Sullivan et. al., 2015). By combining these technologies with scientific data, policymakers and 
conservationists can map and analyze the distribution of blue carbon-rich habitats, like mangroves and seagrasses, 
with high precision. This information is essential for effective spatial planning, helping to identify areas for 
conservation, restoration, or sustainable use (Carlson et. al., 2021). Additionally, real-time monitoring through 
technology makes the continuous assessment of blue carbon stocks and emissions possible, aiding in climate change 
mitigation efforts. Furthermore, this approach can engage local communities in data collection and interpretation, 
fostering a sense of ownership and promoting the sustainable management of these critical ecosystems. In 
summary, technology-based spatial planning and monitoring represent a powerful strategy for optimizing blue 
carbon management and contributing to climate change mitigation goals (Ashford et al., 2023).

Technology-based spatial planning and monitoring for blue carbon
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        Regardless of the specific objectives pursued in the targeted area, a series of important measures must be taken
into account post-assessment. Central among these measures is the active engagement of the local community, 
which plays an integral role in the success and longevity of conservation, restoration or sustainable use initiatives 
(IUCN, 2023). By involving civil society in the decision-making process and transparently communicating the 
planned activities in their immediate surroundings, we foster a sense of ownership and trust, ensuring that their 
perspectives and concerns are considered (Aguilar et al., 2015). Equipping individuals with a thorough 
understanding of the significance of the conservation, restoration or sustainable use efforts instills a shared 

responsibility for the ecosystem's well-being, encouraging active participation and support for the project (Clover 
& Hall, 2010). Concurrently, providing communities with comprehensive environmental education stands as a key 
pillar in empowering them to become environmental stewards. To provide an optimal environmental education to a 
community, activities such as workshops and educational talks, visits to blue carbon ecosystems or training for 
community leaders can be considered (Okorie & Christiana Ntente, 2021).

        On the other hand, research helps to study the impact of the human activities around blue carbon ecosystems, 
and it informs the development of restoration and conservation strategies. Meanwhile, technology, like remote 
sensing satellites, drones, and underwater sensors, aids in monitoring the health and changes in these ecosystems; 
it also assists in identifying suitable areas for restoration, implementing restoration projects, and tracking the success 
of these efforts (Lanceman et al., 2022; Stephenson, 2020). These tools help researchers track carbon storage, 
habitat loss, and degradation, which is essential for effective conservation and management.

       Research-backed data on the carbon sequestration potential of blue carbon ecosystems can attract climate 
financing and investment in conservation and restoration projects. This funding supports the implementation of NbS 
(Kuwae et al., 2022). Through effective administration of these coastal areas with blue ecosystems, countries have 
the opportunity to preserve and rehabilitate them. This can result in the creation of carbon credits, which are tradable 
in carbon markets (Goodward & Kelly, 2010). This, in turn, offers a financial motivation for enterprises and 
industries to allocate resources towards initiatives that uphold these environments and the communities they sustain. 
Embracing the sustainable use of blue carbon presents a compelling opportunity to achieve economic growth while 
simultaneously fostering environmental sustainability and resilience to the challenges posed by climate change 
(Börner et al., 2017).

       The imperative transcends mere economic advancement; it encompasses the necessity to engender holistic 
socio-economic development. Within this paradigm, a diligent focus on law frameworks and regulatory mechanisms 
becomes indispensable in shaping the management of blue carbon, especially in the context of climate change 
mitigation and ocean policy (Hilmi et al., 2021). Blue carbon, including carbon stored in coastal ecosystems, 
requires a legal framework that aligns with Nationally Determined Contributions (NDCs) outlined in international 
agreements such as the Paris Agreement. These contributions set emission reduction targets and strategies for each 
country (Anisha et al., 2020; Ashford et al., 2023). Law plays a vital role by establishing guidelines for quantifying 
and reporting blue carbon sequestration, integrating it into national greenhouse gas inventories, and encouraging 
ecosystem conservation and restoration (Pham & Le Thi, 2019). Moreover, NDCs provide a platform for countries 
to collectively address climate change, reinforcing the importance of legal mechanisms in harmonizing blue carbon 
management with broader climate action agendas. In this way, law and NDCs intertwine, fostering a cohesive 
approach to sustainably harnessing blue carbon's potential while adhering to global climate commitments and 
ocean policy imperatives (Ashford et al., 2023).
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          Integrating these elements into the blue carbon management plan also strengthens the implementation and 
enforcement of agreed-upon measures. Unifying efforts and actions lead to greater effectiveness in protecting 
these valuable ecosystems and their potential for climate change mitigation.

          Moreover, international cooperation is vital to ensure that countries sharing blue carbon ecosystems collaborate 
to address common challenges and promote long-term sustainability (Ashford et al., 2023). Through engagement 
with international partners, collaborative research and data sharing, knowledge exchanges, partnerships with donor 
countries and organizations, transboundary project development, participation in blue carbon working groups, and 
coordinated efforts and shared responsibilities, a more holistic and effective approach to global blue carbon 
management can be achieved (Australian Government, 2023).

        The authors wish to thank the National Science and Technology Council of Taiwan for providing financial 
assistance for this work (NSTC 112-2611-M-019-012). The authors would like to thank the editor and 2 reviewers 
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        Optimal management involves an integral management approach, taking into consideration all types of actors 
in the scheme planning and decision-making processes. The convergence of scientific knowledge, civil participation, 
and growing political will present a timely opportunity to integrate blue carbon into mainstream climate change 
policy. By considering its incorporation into government climate change approaches, its full potential can be 
unlocked, delivering significant domestic and global benefits.

     The efficient management practices mentioned will be important in realizing the potential of blue carbon 
sequestration. The success of such endeavors will not only yield benefits on a domestic scale, but also elevate 
pioneer countries as world leaders in this sphere of environmental stewardship.

        Furthermore, blue carbon's emergence as a potential source of projects under various international agreements 
opens up possibilities for pilot projects to be explored and examined in early scientific studies. This proactive 
approach will help assess the feasibility of implementing blue carbon initiatives on a broader scale.

        As we move forward, the integration of blue carbon into climate change policy must prioritize the active 
engagement of all stakeholders, particularly the local communities whose participation and support are essential for 
long-term success. Conclusively, an inclusive and harmonized regulatory framework, underpinned by international 
cooperation, will be pivotal in effectively protecting and conserving blue carbon ecosystems that span across 
national borders.

5 CONCLUSION
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