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Key Terms
Blue carbon ecosystems are pelagic and coastal 
ecosystems that remove carbon dioxide from the air  
and store it as organic carbon in soil, and plant and 
animal biomass. Long-term removal of carbon dioxide 
and storage of organic carbon by natural processes  
can help reduce the impact of climate change.

Blue carbon losses are reductions in biomass 
production, storage, or sequestration. These losses 
are typically caused by human activity, such as coastal 
development and overfishing, or by climate change.

Blue carbon solutions are management interventions, 
policies, and financing to protect, sustainably manage, 
or restore blue carbon ecosystems.

Externalities are positive or negative consequences 
from an economic activity that are not paid for directly  
in the financial cost of a transaction.

Financial exclusion refers to individuals and 
populations without access to bank accounts  
and other financial services.

Financial risk is the possibility of losing money in an 
investment, business or project. This is different from 
definitions of risk based on the likelihood of a particular 
event occurring under a specified set of circumstances

Food security is the physical, social, and economic 
ability to access sufficient, safe and nutritious food 
(Charlton et al. 2016).

Financialization refers to the size and importance  
of the financial sector relative to the size of a country’s 
overall economy.

Greenwashing is making misrepresentative or 
misleading statements about the environmental  
benefits of a project or investment. It does not  
have to be intentional.

Investable or bankable are terms used to describe  
the likelihood that a project will make money and 
achieve a profit.

Nature-based solutions are actions that protect, 
manage, and restore ecosystems (including managed 
systems such as agricultural lands) that address societal 
challenges effectively and adaptively (USAID Climate 
Strategy 2022–2030).

Resilience is the ability of people, households, 
communities, countries, and systems to mitigate, 
adapt to, and recover from shocks and stresses in a 
manner that reduces chronic vulnerability and facilitates 
inclusive growth (USAID 2012 Resilience Policy).

Sustainable finance takes into account environmental, 
social, and governance (ESG) considerations in 
investment decisions in the financial sector, leading to 
an increase in longer-term investments in sustainable 
economic activities and projects.
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Executive Summary
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USAID’s “Investing in Resilience” report brings 
together the evidence and analyses that can help 
guide USAID Mission staff, partners, host country 
governments, and communities to advance local, 
regional, national, and international blue carbon 
initiatives in the Indo-Pacific region. In this report, 
“Indo-Pacific region” refers to Indonesia and the 
Philippines, the Federated States of Micronesia (FSM), 
Fiji, Kiribati, Nauru, Palau, Papua New Guinea (PNG), 
the Republic of the Marshall Islands (RMI), Samoa, 
Solomon Islands, Tonga, Tuvalu, and Vanuatu.

“Blue carbon” refers to carbon stored by coastal 
and marine ecosystems, such as mangroves, seagrass 
beds, coastal wetlands and marshes, tidal flats, and 
by marine organisms themselves, especially fish and 
other large animals. Human activity and climate 
change impacts are damaging and destroying blue 
carbon ecosystems throughout the region, with 
adverse consequences for Indo-Pacific communities 
whose livelihoods, economies, cultures, and well-
being depend on them. Scaling up the protection and 
sustainable management of Indo-Pacific blue carbon 
ecosystems presents opportunities to build on lessons 
learned from land-based carbon initiatives and to 
deploy innovative finance mechanisms.

Through literature review and discussions with 
experts in the Indo-Pacific region, this report analyzes 
blue carbon trends in the Indo-Pacific, examines risks 
and potential solutions for communities that depend 

on blue carbon ecosystems, reviews relevant finance 
opportunities, and summarizes information gaps 
and recommended actions. Throughout the report, 
case studies from the Indo-Pacific showcase proven 
approaches to conservation and restoration of blue 
carbon ecosystems.

Indo-Pacific Blue Carbon 
Trend Analysis
Coastal and marine ecosystems contribute significantly 
to global climate change mitigation. This analysis 
determined that carbon sequestered by mangroves, 
seagrasses, and tuna in the Indo-Pacific account for an 
estimated 31.2 million metric tons of carbon dioxide 
equivalent (tCO e)1

2  each year—roughly matching the 
emissions from 6.94 million cars driven in one year, 
which is more than the total number of cars and 
trucks registered in the Philippines. This estimate is 
expected to increase with additional seagrass mapping 
and the inclusion of more fish and shark species.

This report includes estimates of carbon sequestration 
in Indo-Pacific mangroves and seagrasses, which are 
the blue carbon ecosystems most recognized for their 
carbon sequestration potential. Of coastal and marine 

1   Carbon dioxide equivalent, or CO2e, means the number of metric tons of 
CO2 emissions with the same global warming potential as one metric ton 
of another greenhouse gas.
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ecosystems, mangroves sequester the most carbon-
per-unit area compared to terrestrial forests, despite 
extensive losses due to unsustainable practices. 
Seagrasses are also important to carbon sequestration, 
particularly given their broad distribution in Pacific 
island countries (Brodie et al. 2020). When grown 
together, seagrasses and mangroves sequester even 
more carbon, trapping more sediment than they 
would in isolation (Mishra et al. 2023; Huxham et al. 
2018). This report also estimates fish transport of 
carbon to deep ocean sediments, focusing on tuna, 
the large marine vertebrates for which population 
sizes, location, and climate-driven migrations are 
most well documented. Tuna are critical components 
of Indo-Pacific economies, especially for small island 
developing states (SIDS). Tuna in the Indo-Pacific 
sequester an estimated 1.4 million tCO2e/year in the 
form of carcasses and 1.1 million tCO2e/year in the 
form of waste pellets. This is counterbalanced by 
tuna removal by industrial fishing for a net carbon 
sequestration by Pacific tuna of ~1.9 million tCO2e/
year. (See Appendix A for detailed methodology.)

Climate change is altering patterns of sea surface 
temperature and ocean productivity and causing 
tuna in the Pacific to migrate eastward, and in some 
cases northward, into international waters beyond 
the reach of monitoring and controls intended to 

PHOTO BY JONAS GRATZER

maintain their populations. The exodus of tuna from 
countries’ exclusive economic zones (EEZs) has 
important implications for Indo-Pacific economies that 
are highly dependent on tuna, such as Kiribati, Tuvalu, 
RMI, FSM, Nauru, and other SIDS. Projected declines 
in tuna catch could have significant impacts on these 
countries’ gross domestic products (GDPs) and on 
local livelihoods.

Blue Carbon Ecosystems 
and Communities
The degradation and loss of blue carbon ecosystems 
poses serious risks—economic, social and cultural, 
and food security and nutrition—to communities 
that depend on these ecosystems. Climate change 
impacts, such as sea level rise, warming waters, ocean 
acidification, and increasing frequency and intensity of 
storms, floods, and droughts exacerbate these risks.

Declines in blue carbon ecosystems increase coastal 
communities’ and structures’ exposure to storms and 
storm surges, threaten infrastructure and operations, 
and affect the viability of pelagic and coastal 
fisheries that support Indo-Pacific food security and 
economies. The diverse peoples and cultures of the 
Indo-Pacific region link their biocultural heritage and 
identity with the blue carbon ecosystems that define 
their environment. These ecosystem losses threaten 
ways of life and the transfer of traditional ecological 
knowledge. Indo-Pacific communities, especially low-
income and rural households, are highly dependent 
on blue carbon ecosystems for subsistence and 
food security. Women, girls, and Indigenous Peoples 
experience disproportionate impacts of blue carbon 
ecosystem losses because their livelihoods are so 
closely tied to local blue carbon ecosystems, and  
they traditionally have less access to resources  
for adaptation. Declines in the availability of food 
sources, through direct habitat loss and overfishing  
of declining populations, pose significant threats to 
these communities.

However, many communities are taking action 
to address these risks to their livelihoods and 
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identities. Through indigenous knowledge and 
solutions, other nature-based solutions, policy 
and planning, technologies, capacity building, and 
integrated approaches that combine these solutions, 
communities are designing and implementing  
locally-led actions to protect the vital benefits  
blue carbon resources provide.

Blue Carbon Finance 
Assessment
Interest in blue carbon finance is growing, and 
governments, financial institutions, and other  
public and private entities are seeking out innovative 
finance mechanisms to deliver economic, ecological, 
and social co-benefits. In parallel, global trends in 
sustainable finance are encouraging public and private 
entities to invest in nature-based climate solutions 
and integrate environmental and social safeguards 
into their investments. New guidance and institutional 
support, such as the United States Agency for 
International Development (USAID) supported 
Taskforce on Nature-related Financial Disclosures 
(TNFD), are emerging to facilitate the transition  
to sustainable investments.

Despite data and information gaps and capacity  
needs, Indo-Pacific governments and investors  
have opportunities to leverage voluntary carbon 
markets, national and global climate funds, blended 
finance, and instruments such as blue bonds2 and/or 
debt-for-nature swaps to finance blue carbon  
nature-based solutions. As blue carbon investments 
become more mainstream, lessons from land-based 
carbon finance can help strengthen safeguards,  
avoid unintended consequences, and improve  
the accuracy and quality of monitoring, reporting,  
and verification (MRV) of a project’s carbon 
sequestration and emissions reductions.

3

Next Steps
This report also describes data and information  
gaps that future work could address. For example, 
there is still a need for additional baseline analysis 
of Indo-Pacific blue carbon ecosystems and their 
sequestration capacity, especially for seagrass. This 
research enables quantification and monetization  
of blue carbon benefits and financial analysis of 
potential investments. It will be important to develop 
and test methods and financial mechanisms to improve 
the measurement of blue carbon projects’ livelihood 
and equity impacts to help ensure that projects  
align with local needs.

Decision-makers in the public and private sectors, 
and from communities, can take meaningful actions 
now to scale up investments that protect blue carbon 
ecosystems and the communities that depend on 
them, by: 

1 Protecting community rights, 

2 Increasing readiness to access blue  
carbon finance, 

3 Strengthening potential investors’ capacity  
to develop and manage blue carbon finance 
mechanisms, and 

4 Building environmental and social safeguards  
into blue carbon finance.

2   Blue bonds are a type of debt that companies and sovereigns can use 
to finance the restoration and maintenance of marine ecosystems and 
aggregate small projects for funding.



INVESTING IN RESILIENCE: BLUE CARBON ECOSYSTEMS, COMMUNITIES, AND FINANCE FOR THE INDO-PACIFIC 4

Introduction
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Indo-Pacific Blue Carbon 
Ecosystems
Blue carbon ecosystems are ocean and coastal 
ecosystems that absorb carbon dioxide (CO2) from 
the atmosphere, store it as organic carbon in living 
biomass (i.e., plants, microorganisms, and animals), 
and ultimately, sequester it in sediments. Blue carbon 
ecosystems include mangroves, seagrass beds, coastal 
wetlands and marshes, and tidal flats (Bertram et 
al. 2021). Marine animals, especially fish and other 
large vertebrates, also store carbon in their biomass 
and contribute to carbon sequestration in ocean 
sediments through their waste and carcasses that fall 
to the ocean floor, known as deadfall (Cavan and Hill 
2022). The carbon stored by these coastal and marine 
ecosystems and organisms is collectively known as 
“blue carbon.” 

Blue carbon ecosystems sustain the economies, 
biodiversity, people, and cultures of the Indo-Pacific 
region, which, in this report, includes Indonesia and 
the Philippines, the Federated States of Micronesia 
(FSM), Fiji, Kiribati, Nauru, Palau, Papua New Guinea 
(PNG), Republic of the Marshall Islands (RMI), Samoa, 
Solomon Islands, Tonga, Tuvalu, and Vanuatu.  
In addition to sequestering carbon and contributing 
to climate change mitigation, blue carbon ecosystems 
provide the natural resources that support fisheries, 
tourism, and coastal and marine livelihoods. 

They provide natural buffers that protect coastal 
communities from climate-related impacts and  
play an important role in communities’ adaptation  
to the increasing frequency and intensity of  
storms, floods, extreme heat, and droughts.  
These ecosystems also provide habitats for culturally 
significant species, support traditional activities,  
create a sense of place, and sustain livelihood 
strategies for diverse communities and cultures  
across the Indo-Pacific region.

Blue Carbon Ecosystems 
Are Declining
Human activity and climate change are threatening 
ecologically, economically, and culturally important 
blue carbon ecosystems throughout the Indo-Pacific 
region. Seagrass is in decline in much of Southeast 
Asia, where recent research found declines in more 
than 60 percent of study sites from 2000–2020 
(Sudo et al. 2021). Although seagrass ecosystems are 
stable in some Pacific island countries (McKenzie et 
al. 2021a), human activity may place up to 35 percent 
of seagrasses at risk over the next century (Brodie 
2018). Southeast Asia is home to 36 percent of the 
world’s mangroves and has experienced widespread 
deforestation, driven by expanding shrimp aquaculture, 
palm oil plantations, and other land uses (Gandhi and 
Jones 2019). These losses have cascading effects on 
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the fish populations that currently make the Indo-
Pacific the world leader in seafood consumption  
and exports.

At the same time, climate change is increasing sea 
surface temperatures, ocean acidification, sea levels, 
and the frequency and intensity of storms—all of 
which degrade the health of coastal and marine 
species, habitats, and ecosystems. Although Pacific 
tuna fisheries are well-managed, climate impacts on 
fisheries could lead to average losses of $90 million  
in annual fishing access fees for Pacific island countries, 
as tuna migrate away from warming waters (Bell et 
al. 2021). Without more proactive investment and 
governance to protect blue carbon ecosystems,  
the potential loss of economically and culturally 
important species will continue to accelerate and 
adversely impact the nations and communities  
that rely on them.

Indo-Pacific Communities 
are at Risk…And Taking 
Action
The degradation and loss of blue carbon ecosystems 
compound climate risks to communities across the 
Indo-Pacific and impose disproportionate impacts 
on women, girls, Indigenous Peoples, people with 
disabilities, and other marginalized groups. These 
groups have less access to information and resources 
to adapt their livelihood strategies, they are often 
excluded from decision-making processes, and 
their livelihood activities are often undervalued or 
overlooked in standard economic and market analyses. 
However, these groups and other members of  
coastal communities have the traditional ecological 
knowledge and specialized skills to effect blue 
carbon solutions and their economic benefits, while 
protecting these ecosystems through restoration, 
conservation, and other climate risk management 
actions and capacity-building measures.

Restoring and protecting blue carbon ecosystems 
and their many benefits requires a diverse suite of 
solutions. Both indigenous knowledge and scientific 

PHOTO BY USAID

research have provided the basis for many existing 
locally-led solutions, such as integrated land-sea food 
production systems and marine area management 
systems. The integration of indigenous knowledge  
with modern science informs additional strategies, 
such as nature-based solutions, policy and zoning 
strategies, benefits-sharing schemes, technological 
solutions, and integrated watershed management 
systems. Building local, national, regional, and 
international capacity to manage blue carbon 
ecosystems for multiple goals can help sustain 
equitable blue carbon co-benefits in the long term. 
Engaging and empowering local communities to lead 
the development and implementation of blue carbon 
solutions is critical to avoiding maladaptation and 
other unintended consequences, such as increasing 
gender and social inequities, breaking down traditional 
land tenure systems, or limiting access to natural 
resources and livelihood strategies.

Financing Blue Carbon 
Solutions
Multiple financing strategies and mechanisms exist 
for prospective blue carbon projects. For example, 
implementing nature-based solutions to protect blue 
carbon ecosystems can deliver considerable climate 
change mitigation benefits, which can be monetized 
and generate returns for impact finance investors. 
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Voluntary carbon markets, while still facing challenges 
related to accuracy, verification, and equity, continue 
to provide investment opportunities for climate 
action. Some countries have developed national 
climate funds to channel domestic and international 
financing for climate mitigation and adaptation 
measures; these funds can help support blue carbon 
initiatives that align with national climate goals, 
Nationally Determined Contributions (NDCs), and 
National Adaptation Plans (NAPs). Global climate 
funds—such as the Global Environmental Facility 
(GEF), Green Climate Fund (GCF), and Climate 
Investment Funds (CIF)—provide large amounts of 
financing to develop countries’ climate adaptation and 
transitions to clean energy systems, although securing 
this funding involves rigorous proposal and evaluation 
processes. Blue bonds are a relatively new mechanism 
that enables countries to finance blue carbon and 
blue carbon ecosystem restoration, protection, and 
management. Debt-for-nature swaps allow countries 
or other entities to restructure their sovereign or 
commercial debt obligations by linking them to the 
protection of natural resources. Land-based carbon 
finance offers lessons learned and good practices 
to design, implement, and adaptively manage these 
relatively new blue carbon financing opportunities.

Scaling up these or other financing strategies is one 
of the most immediate challenges to sustaining Indo-
Pacific blue carbon ecosystems and their diverse 
benefits. Addressing the current financing gap 
requires policy makers and communities to tackle 
multiple barriers. More robust data and information 
about prospective blue carbon investments (e.g., the 
quantification of co-benefits, detailed cost estimates, 
risk analyses, and cash flow forecasts) is necessary 
to secure financing, which can be a challenge for 
countries or communities with limited resources and 
a lack of historical business cases for blue carbon 
investments. In addition, many financial institutions lack 
experience and capacity in analyzing and facilitating 
climate and carbon investments and their diverse 
co-benefits. The small geographic scale of individual 
blue carbon projects in the Indo-Pacific also makes 
it difficult to attract financing without coordination 
and aggregation of multiple initiatives. Finally, a strong 

enabling environment is important to reduce risk, 
perceived risk, and uncertainty about blue carbon 
investments. Public institutions and private sector 
entities should have the appropriate policy, regulatory, 
and legal structures in place to enable public-private 
partnerships and to receive and manage blue carbon 
finance through a variety of mechanisms. Blue carbon 
project managers must also comply with financial 
crime policies and human rights protection laws.

USAID’s Role in Advancing 
Indo-Pacific Blue Carbon 
Solutions
Blue carbon ecosystems provide the foundation for 
many economic development opportunities in the 
Indo-Pacific region, and the pace of blue carbon 
ecosystem losses demands action. By investing in 
the study and protection of these ecosystems, 
USAID aims to advance global understanding of blue 
carbon, while also working toward the goals of the 
Indo-Pacific Strategy. USAID’s broader goals in the 
region include building resilience in the Pacific islands, 
developing trade approaches that meet high labor and 
environmental standards, advancing resilient supply 
chains, investing in decarbonization, and reducing 
regional vulnerability to the impacts of climate change 
and environmental degradation.

In addition to strengthening programming in the 
Indo-Pacific region, USAID’s blue carbon work 
will contribute to agency-wide goals in its Climate 
Strategy, Biodiversity Policy, Policy on Promoting the 
Rights of Indigenous Peoples, and the Gender Equality 
and Women’s Empowerment Policy. The diverse 
suite of options to restore, protect, and sustainably 
manage blue carbon ecosystems has the potential 
to leverage the embedded principles and achieve 
intermediate results in USAID’s Climate Strategy 
Framework. Finally, USAID aims to increase equity for 
women, girls, and gender-diverse individuals by better 
accounting for their livelihood activities and reliance 
on blue carbon ecosystems; increasing access to the 
information and resources necessary to adapt to 

https://www.usaid.gov/sites/default/files/2022-11/USAID-Climate-Strategy-2022-2030.pdf
https://www.usaid.gov/sites/default/files/2022-11/USAID-Climate-Strategy-2022-2030.pdf
https://www.usaid.gov/policy/biodiversity
https://www.usaid.gov/sites/default/files/2022-05/USAID-IndigenousPeoples-Policy-mar-2020.pdf
https://www.usaid.gov/sites/default/files/2022-05/USAID-IndigenousPeoples-Policy-mar-2020.pdf
https://www.usaid.gov/sites/default/files/2023-03/2023_Gender%20Policy_508.pdf
https://www.usaid.gov/sites/default/files/2023-03/2023_Gender%20Policy_508.pdf
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climate change impacts on their livelihoods and well-
being; helping to prevent and respond to gender-based 
violence driven by climate and economic shocks; and 
helping to shift cultural norms that undervalue their 
contributions to their families and communities.

The goal of this report is to contribute to the 
evidence base and analyses that USAID Mission 
staff, partners, host country governments, and 
communities need to advance local, regional, national, 
and international blue carbon initiatives. In conjunction 
with this report, USAID is developing individual 
country-level blue carbon profiles for the countries 
considered in this analysis. To supplement regional 
estimates provided in the report, the profiles highlight 
the most extensive blue carbon ecosystems in each 
country, as well as specific knowledge gaps, risks,  
and opportunities.

This report contains the following chapters:

7

1 Indo-Pacific Blue Carbon Trend Analysis 
examines blue carbon ecosystem trends and 
quantifies carbon sequestration potential, with 
detailed methods in Appendix A;

2 Blue Carbon Ecosystems and Communities—
Risk and Solutions describes risks to 
communities that depend on blue carbon 
ecosystems and highlights diverse locally-led  
blue carbon solutions;

3 Blue Carbon Finance Assessment describes 
challenges, opportunities, and mechanisms for 
scaling up blue carbon financing, and provides 
lessons learned from land-based carbon 
initiatives; and

4 Next Steps highlights blue carbon information 
gaps and describes opportunities and actions to 
advance blue carbon initiatives and align 
international, regional, and national priorities 
with local values and interests.

Blue carbon success stories appear throughout 
the report to showcase innovative blue carbon 
management in the Indo-Pacific. This report also 
includes additional data and resources in appendices:

A Appendix A. Pacific Blue Carbon Storage 
and Sequestration Estimates accompanies  
the Indo-Pacific Blue Carbon Trend Analysis and 
provides more detailed data and methodology 
for the carbon sequestration estimates 
presented in the chapter.

B Appendix B. Case Studies includes brief 
success stories of countries’ and communities’ 
blue carbon actions.

C Appendix C. Finance Primer accompanies  
the Blue Carbon Finance Assessment and 
provides an overview of financial concepts, 
terms, and products relevant to scaling blue 
carbon finance and mainstreaming climate  
and conservation transactions.
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Coastal ecosystems in Indo-Pacific island and 
archipelagic countries contribute to the net draw-
down of CO2, addressing global climate change  
while sustaining communities. In these regions, 
mangrove forests, seagrass meadows, and fish 
populations represent large carbon pools, and  
the amount of carbon that some Pacific island 
countries’ coastal ecosystems sequester is  
greater than their total national-level emissions. 

Both mangrove forests and seagrass meadows  
are present in all the countries reviewed below, 
although countries with less terrestrial surface 
area tend to have proportionately less carbon 
sequestration by these ecosystems. In contrast,  
tuna is equally or more abundant in the SIDs, which 
are known for their productive ocean territories and 
EEZs that are larger compared to their land area.

Indonesia has the highest mangrove cover in the  
world (Arifanti et al. 2021), within an extensive 
reservoir of blue carbon that reaches across the 
Philippines, PNG, the Solomon Islands, and Fiji. 
Mangroves also provide a significant proportion of 
blue carbon in Palau, Vanuatu, and Tonga. Across 
the region, mangroves surround smaller islands and 
line major rivers where they meet the sea, providing 
important disaster risk reduction (DRR) and economic 
and cultural benefits to communities (see Chapter 2 
below). Mangrove forests also generate their own  
soil that builds up the islands they live on and 
contribute more natural carbon sequestration per 
area than any other source in the region, while 
also providing food, fuel, and shelter for nearby 
communities. In the Indo-Pacific, these rapidly-growing 
trees may even slow the effect of sea level rise where 
the forests are kept intact (until 2030 to 2050 for 
different scenarios of climate change) and slow the 
impacts of damming of rivers and groundwater 
extraction (Lovelock et al. 2015; Saintilan et al. 2020). 
Moreover, based on geologic records, mangroves can 
tolerate rising sea levels of up to six mm per year, 
which is greater than the current rate of sea level 
rise in Indonesia of approximately four mm per year 
(Triana and Wahyudi, 2020). Indonesia has suffered 
the greatest global loss of mangrove forest due to 
deforestation, agriculture, aquaculture, and other 

The amount of carbon sequestered 
by the coastal ecosystems of some 
Pacific island countries is greater 
than their total national-level 
emissions. (See Appendix A for 
detailed methods.)

human activities, with similar trends in the Philippines 
and other countries. This is not simply an issue of 
ecosystem degradation; it is also one of shrinking 
territory. However, in some cases mangroves can 
also drive sediment accumulation, which helps buffer 
against sea level rise in Palau and FSM (Mackenzie  
et al., 2016, Buffington et al. 2021). 

Seagrass ecosystems perform similar roles as 
mangroves on a smaller scale, although they generally 
receive less attention because the soil stabilization, 
carbon sequestration, and fish habitat they provide 
is underwater, and therefore harder to see. Yet, 
the same five countries that boast more extensive 
mangrove forests (Indonesia, Philippines, PNG, Fiji, 
and Solomon Islands) are also surrounded by large 
seagrass meadows. Adjacent seagrass and mangrove 
ecosystems trap more sediment and sequester more 
carbon than either ecosystem growing on its own 
(Mishra et al. 2023; Huxham et al. 2018). The most 
populated islands within the archipelagos of Palau, 
FSM, and Kiribati are also surrounded by seagrass 
meadows, which line the shoreline inside coral reef 
lagoons, benefitting low-income fisherfolk and women 
(see Chapter 2 for more information). Seagrasses  
in Samoa make significant contributions to blue  
carbon at a national level.

Tuna and the open water carbon cycle are the largest 
blue carbon pools for countries with less surface area 
of mangroves and seagrasses, including RMI, Kiribati, 
FSM, Tuvalu, Nauru, Tonga, Vanuatu, and Palau. Marine 
animals, like fish, can respond to climate change by mi-
grating to more productive waters, taking with them 
the carbon that they store. Wherever they go, they 
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deposit sediment in the form of waste or  
carcasses. Understanding where climate change  
may drive the migration of fish is an important  
consideration for Indo-Pacific communities and  
blue carbon investors alike (see Chapter 2  
and Appendix A).

The Indo-Pacific is a Global 
Powerhouse for Carbon 
Capture in the Ocean
This report highlights the global prominence of the 
Indo-Pacific in the drawdown of carbon by ocean 
ecosystems, including Indonesia and the Philippines, 
FSM, Fiji, Kiribati, Nauru, Palau, PNG, RMI, Samoa, 
Solomon Islands, Tonga, Tuvalu, and Vanuatu. The 
natural capital of these island and archipelagic nations 
is concentrated in the ocean—in the mangrove 
forests, wetlands, tidal flats, seagrass meadows, and 
abundant schools of fish that surround them. 

Ocean ecosystems absorb large amounts of CO2 
from the atmosphere and store the resulting carbon 
in biomass and sediment, while also providing 
economically important natural resources and 
supporting livelihoods. This analysis focuses narrowly 
on the burial of organic matter in the sediment by 
blue carbon ecosystems, which in the Indo-Pacific 
region accounts for an estimated 31.2 million metric 
tons of CO2 equivalent each year (tCO2e/yr). This 
represents a small but significant percentage of the 
global accumulation of carbon in ocean water and 
sediments that mitigates the equivalent of 25 percent 
of anthropogenic CO2 emissions each year as of 2020 
(DeVries 2022). Beneath the open ocean, the organic 
carbon sequestered in seafloor sediments remains 
there for decades to millennia, as long as it is not 
disturbed by human activity (DeVries 2022; Atwood 
et al. 2015). 

Sediment trapped by mangroves and seagrasses 
in the Indo-Pacific also has important local effects 
on shoreline stability and food production in these 
ecosystems. If protected and restored, mangroves 
in the Indo-Pacific region have the potential to draw 

PHOTO BY KEITH BETTINGER

down ~24 million tCO2e every single year. Seagrasses 
in this region have the potential to draw down an 
additional ~4.8 million tCO2e annually. Healthy Indo-
Pacific fish populations not only sustain the world’s 
largest tuna fishery, but they also have the potential 
to draw down more than two million tCO2e annually 
from tuna waste and deadfall alone. 

However, human activity is threatening the ecological, 
social, economic, and carbon benefits of these ocean 
ecosystems throughout the region. Three-quarters 
of global net losses in coastal mangrove forests and 
tidal wetlands from 1999 to 2019 took place in 
Asia (Murray et al. 2022). More than 60 percent of 
seagrass meadows in Southeast Asia have declined 
due to human activity since 2000, and in Pacific island 
countries, human activity is projected to drive losses 
of up to 35 percent of seagrass meadows over the 
next century (Brodie and N’Yeurt 2018; Sudo 2021). 
At the same time, climate change is increasing sea 
surface temperatures, ocean acidification, sea levels, 
and the frequency and intensity of storms—all of 
which degrade the health and overall resilience of 
ocean ecosystems. 
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This chapter summarizes the scale, threats, and 
opportunities for the conservation of ocean carbon 
sequestration in the Indo-Pacific. Mangroves are the 
most well-established in terms of mapping and analysis 
of carbon sequestration, particularly in Indonesia, 
which has the world’s largest expanse of these tidal 
forests. In Indonesia, recognition of the contribution 
of mangroves to DRR and to livelihoods, like shrimp 
farming, has facilitated large-scale investment in 
restoration. Conversely, seagrass meadows are just 

as extensive, but have a largely untapped potential 
for mapping, analysis, and investment in future 
projects. Finally, although there has been extensive 
research on commercially valuable fish species, there 
is less analysis of the role of these marine animals in 
carbon drawdown. Each of these three ecosystems 
offers near-term research, management, and policy 
opportunities to enhance carbon sequestration in  
the Indo-Pacific.

MANGROVE
BIOMASS

CARBON BURIED 
IN SEDIMENT

LONG-TERM
SEQUESTRATION

TUNA
BIOMASS

SEAGRASS
BIOMASS

CARBON DISSOLVED
IN WATER

CARBON IN THE
ATMOSPHERE

FIGURE 1. Carbon storage and sequestration in ocean ecosystems. Carbon is taken up from the air and water into the living tissue of 
plants and animals, moving through diverse ecosystems including mangroves, seagrass, and pelagic fish such as tuna. This carbon eventually 
accumulates in sediments in the seafloor, where it can be sequestered for the long term (not to scale, not all steps included). Figure design 
by Giada Mannino and Margot Stiles.



CHAPTER 1: INDO-PACIFIC BLUE CARBON TREND ANALYSIS

INVESTING IN RESILIENCE: BLUE CARBON ECOSYSTEMS, COMMUNITIES, AND FINANCE FOR THE INDO-PACIFIC

Nearshore Carbon 
Sequestration by Marine 
Plants
Most marine plants sequester carbon by producing 
biomass and trapping soil that otherwise would be 
washed away by waves, just as plant roots stabilize soil 
on land (Howard et al. 2017). Both plants and algae 
also take up CO2 through photosynthesis and store it 
in their leaves, roots, and other biomass (Howard et 
al. 2017). Along tropical coastlines in the Indo-Pacific, 
there is a gradual transition in marine plants from 
inland mangrove forests to partially or fully submerged 
seagrass meadows (Valdez et al. 2020). As ocean 
depth increases, seagrasses, and sediments become 

interspersed with a patchwork of habitat types that 
absorb carbon to varying degrees (Figure 1), eventually 
extending to depths beyond the reach of sunlight. 

Mangroves, seagrasses, and other species in the 
intervening tidal habitats regularly store and exchange 
carbon across the boundaries of adjacent ecosystems 
(Cavanaugh et al. 2019; Sheaves et al. 2009) (Figure 
2). Although all natural ecosystems include a carbon 
component, only some ecosystems have a large 
enough surface area and sequester carbon quickly 
enough to have a measurable effect on atmospheric 
greenhouse gasses (Howard et al. 2017). Mangroves 
and seagrasses are the tropical marine ecosystems 
most recognized for their role in carbon sequestration 
(Bertram et al. 2021), including quantitative estimates 
of their drawdown potential. 
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Birds concentrate 
carbon in their waste

MANGROVE 
FOREST

Seagrass roots trap 
carbon in sediment

Mangrove roots trap 
carbon in sediment

Wetlands trap 
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FIGURE 2. Nearshore carbon storage and sequestration. The roots of plants trap carbon in sediments beneath mangrove forests, seagrass 
meadows, and tidal wetlands. Bacteria similarly capture carbon in sediment in tidal flats. Fish, birds, and other animals concentrate carbon in 
their waste, which then contributes to sediment on the seafloor. Adapted from Valdez et al. 2020 by Giada Mannino and Margot Stiles (not 
to scale, not all steps included).
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Mangrove Forests
DISTRIBUTION AND EXTENT OF  
MANGROVE HABITATS IN THE INDO-PACIFIC

Mangrove forests grow in many countries and 
territories in the tropical and subtropical regions 
of the world. Globally, Indonesia has the greatest 
mangrove coverage, representing 20 percent of  
global mangrove area (Bunting et al. 2022). In the 
Indo-Pacific region, PNG and the Philippines follow 
Indonesia in total mangrove area according to 
estimates based on satellite imagery (see Figure 3 
below and detailed methods in Appendix A). The 
Pacific islands support smaller areas of mangrove, 
primarily in the Solomon Islands and Fiji (Bunting  
et al. 2022). Regional mangrove diversity declines  
from west to east, with the most species in PNG, 
Solomon Islands, FSM, Palau, Vanuatu, and the fewest 
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species in Samoa and Tuvalu (Ellison et al. 2018;  
Ellison et al. 2000). Mangroves do not occur naturally 
east of American Samoa due to lack of dispersal  
over such a large distance and loss of habitat during 
sea level changes in the distant past (Ellison and 
Stoddart, 1991). 

FIGURE 3. Mangrove forest carbon sequestration by country, in metric tons of carbon dioxide equivalent per year. The burial of carbon in 
mangrove sediments is based on average sequestration rate (Alongi 2012) and area of mangroves per country in 2020 (Bunting et al. 2022).
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CARBON SEQUESTRATION IN  
MANGROVE HABITATS

Healthy mangrove ecosystems annually sequester 
carbon at ten times the rate of mature tropical 
forests and store three to five times more carbon 
per equivalent area of tropical forests (NOAA 2023). 
The majority of mangrove carbon is stored in the soil 
and dead roots, with proportionally more carbon 
below ground and higher versus aboveground carbon 
mass ratios, compared to terrestrial trees (Alongi 
2012). Mangrove forests are among the most carbon-
rich habitats in the world, containing an average of 
34.5 tCO2e per square kilometer (km2). They also 
capture fine particles, which leads to rapid rates 
of soil accumulation (~5 mm per year) and carbon 
sequestration (638.6 tCO2e annually per km2) (Alongi 
2014). Even though they account for only 0.5 percent 
of coastal area globally, mangroves contribute 10–15 
percent (88 million tCO2e per year) of carbon storage 
in coastal sediments and export 10–11 percent of 
terrestrial carbon to long-term storage in the ocean 
(Alongi 2014). 

PHOTO BY JASON HOUSTON

Considering the wide range of area covered by 
mangrove forest in each country, and a conservative 
estimate for soil burial of organic carbon in mangroves 
(174 metric tons C per sq.km. per year), this report 
estimates annual sequestration by country of 58 
tCO2e per year in Tuvalu and nearly 19 million  
tCO2e per year in Indonesia based on estimates using 
satellite imagery (see Figure 3 and detailed methods  
in Appendix A).

DECLINES AND THREATS TO  
MANGROVE FORESTS

Previous reviews estimate that, from 1950 to 2000,  
up to 50 percent of global mangroves were 
deforested, primarily due to land-use change (Alongi 
2002). More recent estimates suggest that global 
mangrove loss slowed to four percent of global 
area between 1996 and 2016 (Richards et al. 2020). 
Deforestation of mangroves releases large amounts 
of stored carbon into the atmosphere at an estimated 
rate of 8.18 ± 1.83 million tCO2e per year (Chatting et 
al. 2022). At a local scale, any loss can have important 
impacts to ecosystems and communities. The vast 
majority of global mangrove carbon is stored in 
Southeast Asia. Between 2000 and 2016, 87 percent 
of mangrove losses in this region occurred due to 
conversion to agriculture or aquaculture—where 
fish are raised in ponds or nets until they grow to 
marketable size (Adame et al. 2021). This threat  
of land use change is discussed later in this chapter.

Once surrounded by mangrove forests, the Philippines 
has converted more than 70 percent of its mangroves 
to aquaculture ponds, urban development and other 
uses (Song et al. 2021). Satellite imagery analysis from 
recent years (1996–2020) suggests that deforestation 
has slowed to a loss rate of 80 km2 of mangrove 
forest per year, leading to an annual reduction in 
sequestration of 50,665 tCO2e (see Figure 4 and 
detailed methods in Appendix A). 

Likewise, in Indonesia, mangrove deforestation 
between 1980 and 2005 totaled 30 percent of existing 
mangrove stocks at a rate of 520 km2 per year (FAO 
2007). In more recent years (2009–2019), mangrove 
deforestation has slowed to 182 km2 per year, with 
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the majority (89%) occurring in secondary mangrove 
forests (Arifanti et al. 2021). Satellite imagery analysis 
from 1996 to 2020 suggests that 1,739 km2 of 
Indonesian mangrove forests were lost, leading to an 
annual reduction in sequestration of 1.1 million tCO2e 
(see Figure 4 and detailed methods in Appendix A), 
which is equivalent to the yearly emissions of more 
than 220,000 gasoline-powered passenger vehicles.

Progress has been made in slowing deforestation in 
some areas, but at a regional level mangroves are 
still in decline based on the analysis in this report 
(see Figure 4 and detailed methods in Appendix A). 
Even relatively low levels of mangrove removal have 
important consequences for ecosystem services 
provided to local communities (see Table 1). Although 
most Pacific island countries have much lower rates 
of recent mangrove deforestation than Indonesia, this 
is partly due to their lower total areas of mangrove 

ecosystem (see Figure 4 and detailed methods in 
Appendix A). From 1996–2020, losses in Pacific 
island countries ranged from 49 km2 or one percent 
of mangroves for PNG to losses of 2.9 km2 or 3.3 
percent of mangroves in the FSM and less than 
one square kilometer or 2.5 percent of mangroves 
in Vanuatu, with proportional decreases in annual 
sequestration (Figure 4). Fiji and Palau showed small 
increases in mangrove cover, with associated increases 
in sequestration (Figure 4). Most small Pacific island 
countries do not have management systems or 
planning processes in place to protect their mangroves 
from removal to make space for infrastructure, 
agriculture, fish farming, hotels, industrial areas, and 
dumps (Veitayaki et al. 2017). Aside from direct 
human impacts, there is also consensus that sea level 
rise could lead to habitat loss and other detrimental 
impacts for Pacific islands and nations (Ellison 2018).
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FIGURE 4. Future change in mangrove forest carbon sequestration by country from 2020 to 2050, in metric tons of CO2 equivalent  
per year. The projected loss or gain in each country is based on the rate of change in mangrove forest area for each country from 1996  
to 2020 (Bunting et al. 2022).
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TABLE 1: Change in value of carbon sequestered by mangroves due to projected trends 
in forest cover from 2020 to 2050, assuming $35 USD per metric ton of carbon dioxide 
equivalent. Light red indicates a loss of less than $100,000 USD, while dark red indicates 
a loss that exceeds $100,000 USD. Light blue indicates a gain of less than $100,000 USD, 
while dark blue indicates a gain that exceeds $100,000 USD. Projected change is estimated 
on the rates of long-term (1996–2020) and recent (2018–2020) trends in mangrove forest 
cover in Bunting et al. 2022, Global Mangrove Watch.

Country 2050 value in  
USD/yr based on 
long-term trend 
(1996–2020) 

2050 value in  
USD/yr based on 
recent trend (2018–
2020), in USD/yr

Fiji + $64,905 $268,204

Indonesia -$46,641,679 $41,209,483

Philippines -$2,127,927 $4,777,377

Solomon Islands - $77,511 $600,105

Tonga - $3,218 -$83,814

Palau + $6,973 -$167,627

Vanuatu - $10,460 -$177,685

Micronesia - $77,511 -$918,597

Papua New Guinea - $1,307,224 -$6,299,432
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Seagrass Meadows
DISTRIBUTION AND EXTENT OF SEAGRASS

While a variety of factors make robust area  
estimates difficult, seagrass grows in extensive 
meadows throughout the Indo-Pacific region,  
which is known as the global center of biodiversity  
for seagrass (Short et al. 2007). Indonesia is thought  
to have the greatest extent of seagrass meadows 
in the Indo-Pacific region, with estimates ranging 
from 2,935 km2 (Sudo et al. 2021) to 17,862 km2 
(UNEP-WCMC and Short 2021). Seagrass area for 
the Philippines may be comparable, but estimates 
vary widely—from 82 km2 (Sudo et al. 2021) to 
27,262 km2 (Fortes et al. 2018). Several mapping 
projects are attempting to close the large gaps in 
seagrass information across the region (McKenzie 
et al. 2020), but more work is required. Based on 
current information, among the Pacific islands, PNG 
appears to have the largest area of seagrass, followed 
by several countries with extensive seagrass beds, 
including the Solomon Islands, Fiji, Palau, and FSM  
(not in order). In the next tier, seagrass is present 
(with limited mapping) in Kiribati, Tonga, Vanuatu,  
RMI, and Samoa (Figure 5, Table A1) (McKenzie et  
al. 2021a). 
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Indonesia is thought to have 
the greatest extent of seagrass 
meadows in the Indo-Pacific region, 
with estimates ranging from  
2,935 km2 (Sudo et al. 2021)  
to 17,862 km2 (UNEP-WCMC  
and Short 2021).

CARBON SEQUESTRATION IN  
SEAGRASS HABITATS

Given seagrass’ wide distribution, extent, and  
capacity for carbon sequestration, it is among  
the blue carbon ecosystems gaining international 
recognition as a nature-based solution to help  
meet climate change mitigation targets ( Johannessen 
2022; Macreadie et al. 2021). The largest carbon 
deposits in seagrass beds are located in the soil, 
formed by root biomass, seagrass detritus, and  
carbon captured from other habitats/sources 
(Kennedy et al. 2010). Organic carbon deposits  
in seagrass soils, if not disturbed, act as long- 
term carbon sinks, while above-ground biomass  
is a short-term carbon sink with much lower  
storage capacity (Fourqurean et al. 2012). The  
net sequestration (burial) of carbon varies by  
species, energy of the local environment, meadow 
connectivity, sediment grain size, and biologic 
processes ( Johannessen 2022). The estimated  
carbon sequestration rate of seagrass in Indonesia, 
one of the few published in the Indo-Pacific region,  
is 0.21–0.31 tCO2e per km2 per year (Wahyudi  
et al. 2020). Based on its area of seagrass habitat, 
Indonesia has the highest annual sequestration  
rate (Figure 5).
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FIGURE 5. Seagrass carbon sequestration by country, in metric tons of carbon dioxide equivalent per year. The burial of carbon in seagrass 
sediments is based on average sequestration rate (Mcleod et al. 2011) and area of seagrass per country (Allen Coral Atlas 2023). 
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FIGURE 6. Trend in status of seagrass ecosystems and annual carbon sequestration by country. Status is defined as percentage cover, 
biomass, or extent, adapted from McKenzie et al. 2021a and Sudo et al. 2021.
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DECLINES AND THREATS FOR SEAGRASS

Seagrass habitats are declining globally at an estimated 
annual rate of seven percent (Cullen-Unsworth and 
Unsworth 2013). A lack of data prevents the accurate 
assessment of trends in seagrass area in the Indo-
Pacific region, but there is evidence of decline in the 
Philippines (Sudo et al. 2021, Figure 6), an increase in 
Kiribati and Samoa, and no trend detected elsewhere 
in the Pacific islands (McKenzie et al. 2021, Figure 6). 
Changes in seagrass coverage are typically caused by 
shading that blocks light and slows plant growth, while 
die-off is caused by excess nutrients, sediment runoff, 
or direct physical disturbance (Unsworth et al. 2015). 

In Indonesia and the Philippines, the primary cause 
of decline in seagrass area is coastal development, 
followed by aquaculture activities, destructive fishing, 
and water quality degradation (Sudo et al. 2021). 
Tourism, shipping, and mangrove restoration also 
contribute to the decline (Sudo et al. 2021). In the 
Pacific islands, stressors to seagrass ecosystems 
include poor catchment management practices and 
lack of urban planning (Brodie et al. 2020). However, 
even in the absence of reliable data for Indo-Pacific 
seagrasses, it is clear that they confer important 
benefits to communities, such as supporting species 
critical to local food security (see Chapter 2). That 
said, more research and reliable data on these 
ecosystems is needed to facilitate consideration in 
finance mechanisms (see Chapter 3).

Climate change could impose multiple impacts on 
seagrasses. Increased ocean temperature, rainfall, 
and more intense tropical storms and cyclones will 
likely contribute to seagrass loss through physical 
damage, heat stress, and sedimentation and turbidity 
from increased run-off and coastal flooding (Brodie 
et al. 2020). In addition, climate change impacts are 
expected to intensify human impacts on seagrasses 
and intertidal flats in the Indo-Pacific region (Waycott 
et al. 2011), some of which are discussed later in  
this section.

INVESTING IN RESILIENCE: BLUE CARBON ECOSYSTEMS, COMMUNITIES, AND FINANCE  
FOR THE INDO-PACIFIC
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Nearshore Ecosystems 
with Carbon Sequestration 
Potential
While mangroves and seagrasses are the blue carbon 
ecosystems most recognized for their carbon 
sequestration potential (Figure 7), research is still 
in progress for other ecosystems with potential for 
carbon sequestration, particularly those where the 
movement of biomass across ecosystem boundaries 
has been overlooked in past modeling efforts. Other 
potential (but largely unquantified) blue carbon sinks 
in the Indo-Pacific include tidal flats and microbial 
mats, macroalgae, and oyster reefs—all of which grow 
in close association with mangroves and seagrasses. 

TIDAL FLATS

Tidal flats are found adjacent to mangrove forests 
in Indonesia, the Philippines, Fiji, Kiribati and along 
the river deltas of Papua New Guinea (Murray et al. 
2022). Until recently, areas lacking conspicuous plants 
were not considered capable of carbon sequestration, 
and transitional areas in between terrestrial, riverine, 
and marine ecosystems were often excluded 
(Miththapala 2013; Krauss et al. 2018). However, 
the salty soil of tidal flats where plants are unable to 
grow still supports microbial mats of bacteria that 
capture carbon, either through photosynthesis or by 
processing sulfur (Scherf and Rullkötter 2009). The 
first estimates of carbon sequestration in tidal flats  
are from the United Arab Emirates, where microbial 
mats appear to store up to 4.8 tCO2e per km2, second 
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FIGURE 7. Combined mangrove and seagrass annual carbon sequestration by country, in metric tons of carbon dioxide equivalent per 
year. The burial of carbon in mangrove sediments is based on average sequestration rate (Alongi 2012) and area of mangroves per country 
in 2020 (Bunting et al. 2022). The burial of carbon in seagrass sediments is based on average sequestration rate (Mcleod et al. 2011) and 
area of seagrass per country (Allen Coral Atlas 2023).

only to mature mangroves and surpassing the carbon 
storage capacity of planted mangroves, saltmarsh, and 
seagrass (Schile et al. 2017). Unvegetated tidal flats, 
microbial mats, and transitional tidal wetlands may 
sequester more carbon than expected because of 
their large area, rapid carbon burial rate, and their  
role in storing organic carbon from adjacent 
ecosystems (Schile et al. 2017; Krauss et al. 2018; 
Chen et al. 2020). 

Tidal flats can transition into a mangrove and vice 
versa, in response to natural conditions (Murray et al. 
2022). Unfortunately, tidal flats and other wetlands 
are being rapidly destroyed for the same reasons as 
mangroves, resulting in the loss of stored carbon as 
they are converted to agriculture, aquaculture, urban 
pavement, or other uses. With sea level rise and other 
changes in water flow, tidal flats have both expanded 
and contracted across very large areas, requiring site-
specific consideration to assess net losses. 

MACROALGAE

Macroalgae or seaweed are highly productive; globally, 
they represent the largest area of any nearshore 
vegetation type (Duarte 2017). Macroalgae typically 
grow on hard or sandy substrates with minimal carbon 
burial because dead plant matter is carried away by 
ocean currents before it can be stored. However, 
in some locations, currents support the growth 
of macroalgae on soft sediments, where they can 
accumulate carbon at a burial rate comparable to tidal 
marshes. In other locations, the currents transport 
macroalgae to a submarine canyon or other site 
suitable for long-term sequestration in deep water 
(Krause-Jensen and Duarte 2016). Recent modeling 
suggests macroalgae sequester a global total of 16 
to 161 million metric tons CO2e/yr (4 to 44 TgC/yr) 
(Filbee-Dexter et al. 2024), a significant contribution 
when compared to other coastal ecosystems 
(Macreadie et al. 2019; Bertram et al. 2021). Within 
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the Indo-Pacific, carbon sequestration by seaweed 
is most significant for Indonesia and the Philippines 
(10.9 and 4.7 million metric tons CO2e/yr respectively) 
(Filbee-Dexter et al. 2024), where seaweed cultivation 
has also been promoted for supplemental income in 
fishing communities (Rimmer et al. 2021; Steenbergen 
et al. 2017). Seaweed contributes relatively less to 
carbon sequestration in Papua New Guinea, Fiji and 
Palau (1.6, 1.1, and 0.5 million metric tons CO2e/yr) 
(Filbee-Dexter et al. 2024).

TROPICAL OYSTERS

Like mangroves, oyster reefs can accumulate carbon 
in sediment, although they also release small amounts 
of CO2 during shell production (Fodrie et al. 2017). 
Either way, the disturbance and destruction of oyster 

reefs releases large amounts of accumulated carbon 
into the atmosphere—emissions that could be  
avoided if the reefs were protected, along with their 
many ecosystem co-benefits from water filtration  
to erosion control (Fodrie et al. 2017). 

Additional research and pilot restoration projects 
can accelerate ecosystem restoration and carbon 
sequestration in island and archipelagic nations. 
Detailed mapping and accounting are necessary to 
track the movement of biomass across ecosystems 
due to ocean currents and animals that swim. 
Especially in the ocean, animal movement can no 
longer be excluded from global carbon accounting 
(Schmitz et al. 2018). 

CASE 1 

Urban Wetlands as Nature-Based Solutions  
for More Resilient and Livable Cities in  
Demak, Indonesia
With almost half of the world’s population living in urban areas, designing resilient and environmentally friendly 
cities with integrated wetlands can provide economic, social, and cultural benefits for people. Demak, a low 
lying coastal community in Java, has tackled erosion, flooding, and land subsidence by restoring mangrove 
forests. In partnership with engineers from Building with Nature and non-governmental organizations 
(NGOs), Demak’s government and its communities successfully restored 119 ha of mangroves. Together, 
they restored river branches to reduce salt intrusion and allow sediment to flow into a mangrove greenbelt. 
The project placed the equivalent of 3.4 km of wave-calming, sediment-trapping structures (built with nets 
and local bamboo) along the 20-km stretch of coastline. Under these new conditions, 12 different species 
of mangroves have regenerated naturally, shielding about 70,000 people from climate change impacts, 
protecting the coast from further erosion, and improving fishers’ catches in the nearshore areas. Where 
the coastline had not yet eroded, the project team worked in close collaboration with local communities to 
revitalize 300 ha of aquaculture ponds with mangroves. Using an innovative financing mechanism, bio-rights, 
farmers obtained micro-credits in exchange for reducing the use of chemicals and revegetating parts of their 
ponds. Consequently, shrimp production and farmers’ revenues increased. Those credits become definitive 
payments upon successful delivery of conservation services at the end of a contracting period. Coupling those 
interventions with capacity development was essential. Training reached government officials, the private 
sector, students and local communities, and 277 farmers. Since observing the success of the project, 13 
districts across Indonesia have replicated this approach. 

References: UNEP 2022, UNEP 2023

https://www.wetlands.org/publications/biorights-in-theory-and-practice/#:~:text=Bio%2Drights%20is%20an%20innovative,poverty%20alleviation%20and%20environmental%20conservation.
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Offshore Sequestration  
by Marine Animals 
In healthy ocean and coastal ecosystems, animals can 
have significant impacts on carbon uptake, storage, and 
release (Schmitz et al. 2014; Schmitz et al. 2018). Even 
though herbivores and carnivores typically maintain 
less living biomass compared to plants, they influence 
40 percent of global carbon storage by transporting 
biomass across ecosystem boundaries, adding organic 
matter to soil, and changing the growth rates of plants 
and microbes (Schmitz et al. 2018). In the ocean, 
this role is played by fish, sharks, invertebrates, and 
marine mammals that move carbon through multiple 
ecosystem processes, as illustrated in Figure 8 below. 

This report presents conservative estimates of tuna 
transport of carbon in the form of organic matter 
to deep ocean sediments. Global estimates for open 
ocean carbon transported to 400m+ depths include 
fish carcasses and fish waste pellets in the range  
of 5.5 to 15.8 billion tCO2e per year, leading to 
sequestration for more than 100 years (Saba et al. 
2021). Tuna in the Indo-Pacific sequester an estimated 
1.4 million tCO2e/year in the form of carcasses and  
1.1 million tCO2e/year in the form of waste pellets. 
This is counterbalanced by tuna removals by industrial 
fishing for a net carbon sequestration by Pacific  
tuna of 1.9 million tCO2e/year (see Appendix A  
for complete calculation table).

22

FIGURE 8. Offshore carbon storage and sequestration. Fish, birds, sharks, marine mammals, and other animals concentrate carbon in  
their waste. Animal waste pellets clump together with microscopic plants, and other organic matter and gradually sink to the sediment 
on the seafloor. Large animal carcasses may sink directly to the seafloor. Adapted from Bianchi et al. 2021 and Lutz and Martin 2014  
by Giada Mannino and Margot Stiles (not to scale, not all steps included).
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LARGE ANIMALS SEQUESTER CARBON 
WHEN THEIR CARCASSES SINK

In the same way that a fossil fuel, such as oil, is made 
of ocean plants and animals from millions of years 
ago (Smithsonian 2023), today’s seafloor sediments 
are made of more recent remains. More than half of 
the deep ocean contains sediments composed of at 
least 30 percent of skeletal remains of marine animals 
(Goffredi et al. 2008); these sediments are known as 
oozes. Fish, shark, and marine mammal carcasses sink, 
delivering carbon from the surface that drives localized 
bursts of carbon sequestration on the seafloor 
(Mariani et al. 2020; Oostdijk et al. 2022; Cavan  
and Hill 2022; Higgs et al. 2014).

Small fish face the constant threat of predators. 
For tuna in the Indo-Pacific, natural mortality is 
highest for juveniles <40 cm long, and fewer than five 
percent survive in a given year (Peatman et al. 2022; 
Fonteneau and Pallares 2004). When they reach a 
certain size (40cm+) adult tuna are safe from natural 
predators but are more likely to be caught in fishing 
gear (Peatman et al. 2022; Cooper 2006). Whether 
they die of natural causes or are discarded from the 
fishery, their carcasses eventually transport carbon to 
the seafloor. Large volumes of other large fish, such 
as blue sharks, silky sharks, oceanic white-tip sharks, 
mako sharks, thresher sharks, billfish, and other 
species, are also discarded by the longline and purse 
seine3 fisheries in the Pacific islands (Castillo-Jordán 
et al. 2022; Clarke et al. 2014; Rice and Harley 2013; 
WCPFC 2022). 

LARGE ANIMALS SEQUESTER CARBON IN 
THEIR WASTE PELLETS

Around 20 percent of the food consumed by fish 
is excreted as waste pellets (Bianchi et al. 2021). 
These carbon-rich waste pellets gradually sink toward 
the seafloor through natural processes. Fish waste 
then combines with microscopic organisms to form 
particles known as “marine snow,” which spends 
weeks sinking toward the seafloor (Eloyan 2020; 
Turner 2015). Although much of this carbon (~85%) 
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is recycled on the way down (Cavan and Hill 2022), 
around 10 percent sinks out of the surface layer, 
and three percent sinks past 1000m, where it can be 
considered “sequestered” for the next ~100 years 
(Turner 2015).

For large fish, such as tuna, the contribution of waste 
to ocean sediments is an estimated 1.1 million tCO2e/
yr, the same order of magnitude as the contribution of 
carcasses at 1.4 million tCO2e/yr (see Appendix A for 
complete calculation table). Giant schools of tropical 
sardine, Sardinella spp., which support a global catch 
of two million metric tons every year and employ 
hundreds of thousands of people (Hunnam 2021), 
also contribute considerably to carbon sequestration 
in ocean sediments. Before they are eaten, either by 
natural predators or by people, these schooling fish 
sequester carbon by excreting waste pellets, which 
represent as much as seven percent of all carbon 
sinking to the seafloor in a given region (Cavan and 
Hill 2022).

3  A large wall of netting deployed around an entire area or school of fish.
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MARINE ANIMALS MOVE CARBON  
BETWEEN ECOSYSTEMS

One of the most important roles of marine animals 
in carbon sequestration is the transport of carbon 
as they swim. This includes daily movements from 
shallow to deep water (i.e., diel vertical migration, 
or DVM), and seasonal migration across national 
and international boundaries (Cavan and Hill 2022; 
Oostdijk et al 2022; Bell et al. 2021). Carbon 
sequestration and biomass productivity are highest 
within the 200 nautical miles managed by national 
governments (Cavan and Hill 2022). Although  
pelagic environments produce less biomass overall, 
these expansive areas are punctuated by dense  
fish aggregations that create local hotspots of 
productivity and carbon sequestration (Morais  
et al. 2021; Hunnam 2021). 

Although this analysis does not include daily or 
seasonal plankton movements to estimate blue 
carbon storage and sequestration, these microscopic 
organisms are substantial contributors to ocean 
absorption of carbon. The movement of CO2  
from the atmosphere to the ocean, and ultimately  
to the seafloor sediments, is called the biological 
carbon pump and starts with microscopic plants 
known as phytoplankton that take up atmospheric 
CO2 through photosynthesis. The sequestration 
potential of plankton, both phytoplankton and 
zooplankton, and therefore, the biological carbon 
pump, will be heavily affected by climate change  
(Basu and Mackey 2018; Wang et al. 2023). This is  
an area of current research and analysis. For example, 
ongoing research at Woods Hole Oceanographic 
Institution is examining the biological carbon pump 
and its role in regulating climate.

TUNA STORE AND MOVE CARBON  
ACROSS THE PACIFIC 

Fishing is the primary determinant of how much 
carbon is stored and sequestered by tuna and 
other large marine animals; strong and responsible 
governance of fisheries can ensure that this natural 
process can continue. When an individual fish is 
caught and consumed, an estimated 94 percent of 

The average annual carbon 
sequestered by tuna in just one of 
these countries (Indonesia, Kiribati, 
FSM, and RMI) is comparable to the 
annual greenhouse gas emissions 
from 80,000 gasoline-powered  
cars (EPA 2023).

its stored carbon is released into the atmosphere, 
with the remainder sequestered in landfills as fish 
bones (Mariani et al. 2020). In this analysis, the tuna 
carbon sequestration removed by industrial fishing is 
estimated at approximately 700,000 million tCO2e/yr, 
which still leaves a substantial contribution to ocean 
sediments from the spawning-sized tuna that remain  
in the water to produce the next generation. 

More than half of all tuna in the world by weight  
are caught in the western and central Pacific Ocean, 
and 67 percent of these are skipjack tuna (Katsuwonus 
pelamis) (ISSF 2023, FAO 2022). The incredible 
productivity of skipjack, as well as bigeye (Thunnus 
obesus) and yellowfin (Thunnus albacares) tuna relies 
on a large standing biomass of fish that remain in  
the ocean, sequestering carbon through the 
mechanisms described above. For skipjack tuna,  
this includes 2.7 million metric tons of spawning 
biomass and more than four million metric tons of 
total biomass (Castillo-Jordán et al. 2022). Purse  
seine nets capture the majority of fish, targeting 
skipjack tuna and also capturing juvenile yellowfin  
and bigeye tuna when deployed around fish 
aggregating devices (FADs) (Castillo-Jordán et al.  
2022; ISSF 2023). Many other large-bodied fish  
are often caught along with the tuna (billfish, escolar, 
wahoo, mahi mahi, rainbow runner, and opah), in 
addition to several shark species (silky shark, blue 
shark, oceanic white-tip shark) (WCPFC 2022). 
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TUNA SUPPORT BOTH CARBON 
SEQUESTRATION AND FISHING

This analysis estimates net carbon sequestration 
by tuna to deep ocean sediments for each Indo-
Pacific country by combining production of sinking 
carcasses, waste pellets, and production removed 
by fishing (see Appendix A for complete country-
specific methods and results). Indonesia, Kiribati, 
FSM, and RMI currently have the highest rates of 
net carbon sequestration by tuna because of the 
robust populations of adult tuna in their waters, 
ranging between 202 to 544 thousand tCO2e/yr per 
country. The average annual carbon sequestered by 
tuna in just one of these countries is comparable to 
the annual greenhouse gas emissions from 80,000 
gasoline-powered cars (EPA 2023). This includes 
some, but not all the countries producing the largest 
tuna catches, based on ten-year average estimates 
of catch and biomass from the SEAPODYM model 
(Senina et al. 2020; see model outputs in Bell et al. 
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2021). Tuna in the Solomon Islands and the Philippines 
sequester an estimated 144 and 102 thousand tCO2e/
yr respectively (Figure 9, Table A2). Despite landing 
large volumes of tuna, only modest fish-based carbon 
sequestration is estimated for PNG and Nauru, 
precisely because less adult tuna biomass remains in 
the water.

FIGURE 9. Present net carbon sequestration by tuna across the study countries, in metric tons of carbon dioxide equivalent per year. 
Calculated as the mean annual sequestration by skipjack, bigeye, yellowfin tuna populations through the production of waste pellets and 
deadfall minus carbon removed by fisheries catches for 2011–2020. Tuna populations from SEAPODYM model; waste pellets and deadfall 
after Bianchi et al. 2021 and Mariani et al. 2020 (see detailed methods in Appendix A).
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WEAK GOVERNANCE OF FISHERIES REDUCES  
FISH CARBON STORAGE

Tuna populations are abundant when fisheries are managed 
with science-based catch limits (Pons et al. 2017). When 
governance is weak, unsustainable practices reduce this 
standing biomass and lead to smaller catches, as well as smaller 
individual fish. Overfishing also tends to increase the amount of 
fossil fuel consumed, because fishing vessels must travel further 
to find enough catch (Ferrer et al. 2022, Parker et al. 2018).

Tuna carbon storage is currently protected by effective regional 
governance for tuna harvesting in the Pacific islands, which 
manages fishing to maintain spawning stocks, particularly 
for skipjack and yellowfin tuna. Strong regional institutions, 
such as the PNA or Parties to the Nauru Agreement (FSM, 
Kiribati, RMI, Nauru, Palau, PNG, Solomon Islands, and Tuvalu) 
(Aqorau et al. 2018) and the Western and Central Pacific 
Fisheries Commission (WCPFC), provide backing for Pacific 
island countries and territories, Indonesia, and the Philippines 
to monitor and influence the activities of distant water 
fleets. National harvest strategies in Indonesia and Fisheries 
Management Areas in the Philippines also provide needed 
governance for this valuable fishery. 

In Pacific island countries and territories, the yield of bigeye 
tuna has decreased because too many undersized fish are 
being caught in association with drifting FADs, as illustrated 
below (ISSF 2023; WCPFC 2002). Although some amount of 
unregulated fishing is tolerated (Yeeting et al. 2018), current 
governance has maintained all three major tuna stocks within 
sustainable fishing rates and spawning biomass levels (ISSF 
2023), while ensuring maximum revenue from tuna catches 
under changing climate conditions (Aqorau et al. 2018).
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Fish Aggregating Devices
Fish aggregating devices (FADs) are floating rafts 
that attract fish and have a long history in the 
Indo-Pacific region (SPC 2012; Barbaran et al. 
2008). Conventional FADs are anchored close 
to shore and made of biodegradable materials, 
like palm fronds or bamboo (Figure 10). Chapter 
2 discusses their links to Pacific communities’ 
traditional knowledge. When located relatively 
close to the shore (within 5km), but far enough 
away from coral reefs to avoid disturbing those 
ecosystems, these nearshore FADs offer an 
immediate investment opportunity to provide 
short-term relief from declining catches by 
increasing safe access to tuna and other pelagic 
fish for coastal fishing communities (Bell et al. 
2018; Bell et al. 2015; Tilley et al. 2019).

In contrast, offshore drifting FADs are much 
larger, include synthetic materials like old ropes 
and fishing nets that can entangle marine animals 
(Gomez et al. 2020; Murua et al. 2023), and 
range so widely that they are tracked with 
satellites (Figure 11). Drifting FADs often cross 
jurisdictional boundaries and may exacerbate 
the “unreported and unregulated” element of 
offshore fishing (Gomez et al. 2020). Escalle and 
Phillips (2019) estimate that “30,000 to 65,000 
[industrial] FADs are released every year in this 
region, but we have very little understanding 
of where they ended up.” Although their use 
may reduce fuel use because the vessels can go 
directly to the fish, they attract juvenile fish, and 
their debris can pollute reefs and remote islands. 
Economic models suggest that a reduction in 
drifting FAD use would increase profits by $180 
million USD by preventing the capture of juvenile 
yellowfin and bigeye tuna (Bailey and Sumaila 
2010). Recent progress in the development 
of non-entangling offshore FADs that are still 
effective at catching tuna suggest opportunities 
for additional investment (Murua et al. 2023).
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FIGURE 10. Nearshore 
fish aggregating devices 
(FADs) can increase access 
to tuna, sardines, and other 
pelagic fish for small-scale 
fishers. When appropriately 
located, nearshore FADs 
can complement efforts  
to reduce fishing pressure 
on coral reefs. Adapted 
from Barbaran et al. 2008 
and SPC 2012 by Giada 
Mannino and Margot Stiles.
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FISH AGGREGATING DEVICES (FADs)

100-800 m

FIGURE 11. Offshore 
industrial fish aggregating 
devices (FADs) attract fish, 
detect their presence with 
sonar, and transmit their 
location to industrial fishing 
vessels. Drifting FADs can 
contribute to pollution and 
to overfishing of juvenile 
tuna, sharks, and turtles. 
Adapted from Escalle et 
al. 2023 and SPC 2012 by 
Giada Mannino and Margot 
Stiles.

INDUSTRIAL, OFFSHORE
FISH AGGREGATING DEVICES (FADs)

INDUSTRIAL
ANCHORED FAD

2000-2500 m

INDUSTRIAL
DRIFTING FAD

INVESTING IN RESILIENCE: BLUE CARBON ECOSYSTEMS, COMMUNITIES, AND FINANCE FOR THE INDO-PACIFIC 27

CHAPTER 1: INDO-PACIFIC BLUE CARBON TREND ANALYSIS



CHAPTER 1: INDO-PACIFIC BLUE CARBON TREND ANALYSIS

INVESTING IN RESILIENCE: BLUE CARBON ECOSYSTEMS, COMMUNITIES, AND FINANCE FOR THE INDO-PACIFIC 28

CLIMATE CHANGE MAY REDUCE FISHERIES 
PRODUCTIVITY IN SOME LOCATIONS

Global warming is changing ocean currents, and fish 
like tuna and sardines are moving to follow their prey 
(Puspasari et al. 2019; Bell et al. 2021). This migration 
is expected to enhance catches in some countries 
while it declines in others (Bell et al. 2021, Figure 12). 
At the same time, other effects of climate change are 
likely to reduce fish productivity by damaging coral 
reefs and other essential habitats, while reducing 
nutrients and prey availability in some locations 
(Barange et al. 2018).

For the Philippines and Indonesia, temperature 
changes are likely to drive movement of commercially 
valuable fish species away from traditional fishing 
grounds (see Geronimo 2018 and Kaczan et al. 2023 
for more detail). In the Philippines, temperature  
could drive declines of nine to 24 percent in 
maximum catch potential for a range of fish species 

Warming waters are likely to  
shift skipjack, yellowfin, and bigeye 
tuna eastward, with an average  
of 13% less tuna biomass available 
in national waters for the nine 
Pacific small island developing  
states (Bell et al. 2021).

(Geronimo 2018). Severe declines in the Philippines 
are most likely for species such as sailfish or malasugi 
(Istiophorus platypterus), dorado or mahimahi  
(Coryphaena hippurus), ponyfish or sapsap (Gazza 
minuta), and rainbow runners or salmon (Elegatis 
bipinnulata) (Geronimo 2018). In Indonesia, 
temperature changes could drive declines of 20–30 

FIGURE 12. Pacific tuna and the fish they prey on may shift eastward in response to climate-driven changes in ocean productivity.  
This migration could move tuna across national borders, away from current governance that has maintained their populations at sustainable 
levels (See the high-emissions scenario in Bell et al. 2021 (RCP 8.5 2050)). Figure design by Giada Mannino and Margot Stiles.
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percent in maximum catch potential for a range of 
species (Kaczan et al. 2023). Indonesian catch declines 
are most likely for species such as Toli shad (Tenualosa 
toli), Indo-Pacific king mackerel (Scomberomorus 
guttatus), blacktip shark (Carcharhinus limbatusa),  
and kawakawa (Euthynnus affinis) (Kaczan et al. 2023). 

This report focuses on climate-driven changes  
in tuna because of its high biomass, economic 
importance, and availability of data across all  
Indo-Pacific countries. Current modeling projects 
catch reductions in many Pacific island countries,  

with a few examples of increased catches (Bell et  
al. 2021, Figure 13). Climate-driven tuna migration  
is projected to cause substantial losses (both  
carbon and fishing) in FSM, Indonesia, and PNG 
(Figure 13, Table A3). Noticeable losses of tuna 
carbon storage are projected in the Philippines, 
Solomon Islands, and Tuvalu, and to a lesser extent 
in RMI and Nauru (Figure 13, Figure 14, Table A3). 
On the other hand, significant gains in tuna carbon 
sequestration are projected in Kiribati, and modest 
gains in Fiji, Palau, Vanuatu, Tonga, and Samoa  
(Figure 13, Figure 14, Table A3). 
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FIGURE 13. Future net carbon sequestration by tuna (skipjack, bigeye, and yellowfin) across the study countries, in metric tons of carbon 
dioxide equivalent per year. Calculated as the mean annual sequestration by skipjack, bigeye, yellowfin tuna populations through the 
production of waste pellets and deadfall minus carbon removed by fisheries catches for 2044–2053. Future tuna populations from the 
SEAPODYM model; waste pellets and deadfall after Bianchi et al. 2021 and Mariani et al. 2020 (see detailed methods in Appendix A).
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FIGURE 14. Change in future net carbon sequestration by tuna (skipjack, bigeye, and yellowfin) across the study countries, in metric tons 
of carbon dioxide equivalent per year. Calculated as the mean annual sequestration by skipjack, bigeye, yellowfin tuna populations through 
the production of waste pellets and deadfall minus carbon removed by fisheries catches for 2044–2053. Future tuna populations from the 
SEAPODYM model; waste pellets and deadfall after Bianchi et al. 2021 and Mariani et al. 2020 (see detailed methods in Appendix A).

CLIMATE CHANGE MAY MOVE TUNA INTO 
AREAS OF WEAK GOVERNANCE

For the western and central Pacific as a whole, 
warming waters are likely to shift skipjack, yellowfin, 
and bigeye tuna eastward, with an average of 13 
percent less tuna biomass available in national waters 
for the nine Pacific SIDS of this analysis (Bell et al. 
2021). This means that a greater percentage of  
the catch will be caught in international waters  
(Bell et al. 2021).

As tuna move eastward with climate change, they are 
more likely to be overfished as a greater proportion 
of fishing would take place in international waters. 
Under the United Nations Convention on the Law of 
the Sea (UNCLOS, signed in 1982), areas beyond 200 
nautical miles from shore are considered international 
waters under shared jurisdiction. Practical constraints 
and weak international law limit the ability of coastal 

states to defend their natural resources on the  
high seas, where illegal, unregulated, and unreported 
(IUU) fishing is commonplace despite the efforts of 
regional fishery management organizations (Österblom 
et al. 2015; Goodman et al. 2022; Pons et al. 2017). 
The recent High Seas Treaty, also known as the 
Biodiversity Beyond National Jurisdiction (BBNJ) 
treaty, aims to address some of the impacts of 
increased high-seas fishing. Chapter 2 discusses  
the BBNJ in more detail.
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CASE 2  

Diversifying Livelihoods and Food Sources 
with Nearshore FADs in Solomon Islands
Like many countries in the Pacific region, the 
Solomon Islands’ nearshore fisheries may not be able 
to meet local people’s needs by 2030. In response, 
technologies like nearshore FADs, if designed 
appropriately, can increase access to fish and play 
an important role in future food security for coastal 
communities. With support from New Zealand, the 
Mekem Strong Solomon Islands Fisheries programme 
funded WorldFish, the Ministry of Fisheries and Marine 
Resources, the Secretariat of the Pacific Community, 
and the University of Queensland to develop a 
National Inshore FAD Programme (2010–2013). 
Together, they deployed 21 nearshore FADs, anchored 
to the seafloor and using four designs, across the 
Solomon Islands to evaluate their contribution to local 
food security. The study found that fishers preferred 
FADs that are accessible by paddle canoes, particularly 
if deployed less than 5 km from the shore, with a 
preference for 2 km. Deploying those devices can 
provide alternative habitat for food sources, redirect 
fishing pressure, diversify livelihoods, and provide a 

mechanism for climate adaptation. In addition,  
fishing closer to shore can help reduce CO2  
emissions, protect lives, and potentially reduce 
conflicts with industrial fishing (in other nations). 
Coastal communities with a high dependence on fish 
and limited access to diverse or productive fishing 
grounds can benefit from nearshore FADs. Future 
steps should focus on capacity building so fishers 
can improve their catch rates and the longevity of 
FADs. However, nearshore FADs led men to spend 
more time fishing, and they neglected food gardens, 
which affected the labor burden of women gardeners. 
There is a need for recurrent and readily available 
funds at the national level to support women and 
to deploy, redeploy, and provide ongoing support 
to communities (i.e., training, technical advice, site 
surveys, FAD maintenance). Other nations, such as 
Palau, RMI, and FSM, are exploring those solutions. 

Reference: Albert et al. 2015
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Opportunities for Investment 
in Pacific Blue Carbon
This trend analysis strongly supports investment in a 
bundle of interventions diversified across Indo-Pacific 
geographies and coastal ecosystems, to secure more 
than 31 million tCO2e/yr. Investing in sustainable 
management of mangrove forests, seagrass meadows 
and tuna populations across eight countries could 
enhance and protect the majority of present-day blue 
carbon sequestration capacity across the region.

Indonesia represents the largest opportunity for 
a single-country investment because of its large 
geographic area, with 77 percent of the region’s 
mangroves, 59 percent of known seagrasses, and 27 
percent of tuna totaling 22 million tCO2e/yr. Four 
additional countries offer opportunities to secure 
blue carbon in all three ecosystem types, totaling 7.6 
million tCO2e/yr in PNG, the Philippines, Solomon 
Islands, and Fiji combined (Figure 15). 

Mangroves represent the largest single-ecosystem 
contribution, with 78 percent of carbon sequestration 
in this analysis. Indonesia’s mangrove forests sequester 
60 percent of the carbon in this analysis. The top 
five countries by land area provide the largest 
opportunities for investment in both seagrass and 
mangrove carbon sequestration, including Indonesia, 
PNG, the Philippines, Solomon Islands, and Fiji 
(Figure 16). There is an extensive and sophisticated 
community of local organizations working in marine 
conservation distributed across Indonesia and the 
Philippines, including in mangrove conservation and 
restoration, and in seagrass research. However, 
because mangrove and seagrass interventions are 
inherently site-specific, investment is also needed  
in Pacific island countries to secure co-benefits  
for storm protection, food, and income for 
communities in sensitive locations, as Chapter 2 
discusses in more detail. 

32

FIGURE 15. Present net carbon sequestration by mangroves, seagrass, and tuna across the study countries, in metric tons of carbon 
dioxide equivalent per year. The burial of carbon in mangrove sediments is based on average sequestration rate (Alongi 2012) and area of 
mangroves per country in 2020 (Bunting et al. 2022). The burial of carbon in seagrass sediments is based on average sequestration rate 
(Mcleod et al. 2011) and area of seagrass per country (Allen Coral Atlas 2023). Net tuna sequestration is estimated for skipjack, bigeye, 
yellowfin tuna populations through the production of waste pellets and deadfall minus carbon removed by fisheries catches for 2011–2020. 
Tuna populations from the SEAPODYM model; waste pellets and deadfall after Bianchi et al. 2021 and Mariani et al. 2020 (see detailed 
methods in Appendix A).



CHAPTER 1: INDO-PACIFIC BLUE CARBON TREND ANALYSIS

INVESTING IN RESILIENCE: BLUE CARBON ECOSYSTEMS, COMMUNITIES, AND FINANCE FOR THE INDO-PACIFIC 33

A. Mangrove

B. Seagrass

FIGURE 16. Five countries sequester the most carbon in sediment beneath (A) mangroves and (B) seagrass: Indonesia, PNG, the 
Philippines, Solomon Islands, and Fiji. In panel (A), the burial of carbon in mangrove sediments is estimated in thousands of tons of carbon 
dioxide equivalent per year (thousand tCO2e/yr on the left axis), based on average sequestration rate (Alongi 2012) and area of mangroves 
per country in 2020 (Bunting et al. 2022). In panel (B), the burial of carbon in seagrass sediments is estimated in thousands of metric tons 
of carbon dioxide equivalent per year, based on average sequestration rate (McLeod et al. 2011) and area of seagrass per country (Allen 
Coral Atlas 2023). In both panels, the dotted line shows the cumulative progress toward the regional total carbon sequestration potential 
(percentage on the right axis), with each node indicating the additional carbon sequestration contributed by each country.
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Abundant schools of tuna are more evenly distributed 
than seagrass and mangroves, and these large fish 
send carbon to the seafloor slowly but steadily across 
the Indo-Pacific. The national waters of Kiribati, RMI, 
and FSM stand out for the amount of carbon stored 
by schools of tuna, in addition to the five countries 
highlighted above (Figure 17). Unlike seagrass and 
mangroves, many more Indo-Pacific countries offer 
significant opportunities to protect and enhance 
carbon storage by abundant schools of tuna (Figure 
17). Tuna is managed at a regional level in Pacific island 
countries with assessment, management, and technical 
support provided through the Pacific Community 
(SPC), Forum Fisheries Agency (FFA), the WCPFC, 
and other shared resources. The management of tuna 
for local consumption has the greatest potential for 
improvement with additional investment (and co-
benefits for human health and community resilience, 
as Chapter 2 describes). 
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FIGURE 17. Present net carbon sequestration by tuna across the study countries, in metric tons carbon dioxide equivalent per year. 
Calculated as the mean annual sequestration by skipjack, bigeye, yellowfin tuna populations through the production of waste pellets and 
deadfall minus carbon removed by fisheries catches for 2011–2020. Tuna populations from SEAPODYM model; waste pellets and deadfall 
after Bianchi et al. 2021 and Mariani et al. 2020 (see detailed methods in Appendix A). The dotted line shows the cumulative progress 
toward the regional total carbon sequestration potential (percentage on the right axis), with each node indicating the additional carbon 
sequestration contributed by each country.
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COMPLETE NATIONAL INVENTORIES FOR 
BLUE CARBON ECOSYSTEMS 

In addition to a regional management approach, 
improving national-level inventories and mapping could 
advance the conservation of seagrasses, marshes and 
tidal flats, oyster reefs, and marine fish across the 
Indo-Pacific, and in some countries’ mangroves. For 
seagrasses, the lack of detailed mapping undermines 
their legal protection against the constant pressure 
of coastal development and reclamation, where tidal 
areas are filled in to extend buildable land. More 
comprehensive MRV is necessary across the Indo-
Pacific to refine an understanding of the distribution 
and rates of decline, particularly for seagrass meadows 
and coastal fisheries (Sudo et al. 2021; McKenzie et 
al. 2021). This trend analysis is conservative because 
it is limited by current data, and additional monitoring 
will only expand the total number of opportunities. 
For seagrasses, most trend estimates are site-specific, 
and in many places, national maps do not exist. For 
marine fish, the current estimate is based only on 
tuna because information on coastal fisheries, and 
other pelagic fisheries, is very limited for Pacific island 
countries. The lack of data and technical capacity 
hinders appropriate investments in blue carbon 
ecosystems in the Indo-Pacific region. 

National forest inventories provide information that 
helps countries understand, manage, and conserve 
forests. Although many countries are beginning to 
recognize the importance of including mangroves in 
their forest inventories, these ecosystems, which are 
often located in remote areas that are difficult to 
access and measure due to tides and dense roots, are 
often excluded. The Sustainable Wetlands Adaptation 
and Mitigation Program (SWAMP), a USAID activity 
jointly implemented by the Center for International 
Forestry Research (CIFOR) and the United States 
Forest Service (USFS), assists countries with 
measuring and monitoring biomass and associated 
carbon stocks in mangrove forest ecosystems. This 
could apply to both seagrass and mangroves, helping 
countries to map the resources while building capacity 
for the MRV approaches necessary to implement blue 
carbon projects (R. MacKenzie, USDA, pers. comm.). 
SWAMP’s mangrove inventories have increased the 

collective understanding of current carbon stocks  
and losses driven by changing land use in FSM, 
Indonesia, Palau, PNG, and the Philippines. Projects 
under the SWAMP program also aim to help these 
countries reduce their forest carbon emissions and 
maintain healthy or restore degraded mangroves  
and peat swamp forests so they continue to  
support local communities. 

PROTECT INTACT MANGROVE AND 
SEAGRASS FROM COMPETING LAND USES

The conservation of intact mangrove forest is the 
most effective way to protect or build back associated 
carbon stocks, sequester carbon, and prevent carbon 
losses. For both mangroves and seagrasses, changing 
land use in the coastal zone is a primary threat, often 
for urbanization and tourism development. Mangroves 
are often cut to make way for these competing land 
uses, and seagrasses may be covered up by fill to 
produce new land. Both mangroves and seagrasses 
are also vulnerable to upland changes in water and 
sediment flow. 

Successful mangrove conservation projects require 
commitments from both governments and local 
communities who need continued access to forest 
resources (Shackleton et al. 2012). In Indonesia, 
protected areas have been successfully implemented 
to slow deforestation in an estimated 14,000 ha  
from 2000 to 2010 (Miteva et al. 2015). To achieve 
local cooperation and buy-in, the benefits of 
conservation must be communicated in ways that  
are meaningful to local communities, and projects 
should propose alternative forms of income 
(Schwerdtner Máñez et al. 2014). At the national  
scale, including mangrove areas in international 
agreements, such as the Ramsar Convention, may 
reinforce national protection actions by stressing 
international accountability (Lugo et al. 2014).

Protecting intact seagrass meadows from disturbance 
is the primary intervention to ensure continued 
carbon sequestration (Statton et al. 2018). An 
estimated 25 percent of seagrass area lies within 
existing marine protected areas (MPAs) in Indonesia; 
however, a large proportion of these are in MPAs  
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with unspecified levels of protection (Sudo et al. 
2021). An estimated 22 percent of known seagrass 
area in the Philippines is located in MPAs, the majority 
of which have International Union for Conservation 
of Nature (IUCN) protection level V—protected 
landscape/seascape (Sudo et al. 2021). Of the Pacific 
island countries, the largest combined area of seagrass 
located in MPAs is in Fiji, followed by Palau, PNG, 
Solomon Islands, Kiribati, and RMI, respectively. 

TRANSITION FROM UNSUSTAINABLE 
AQUACULTURE TO MANGROVE 
REFORESTATION

Land conversion for aquaculture and agriculture is 
a primary driver of mangrove deforestation, both 
globally (Bhowmik et al. 2022) and in Indonesia and 
the Philippines (Fauzi et al. 2019). An economically 
viable transition to more sustainable aquaculture is 
critical to prevent further deforestation. For example, 
in Ca Mau, Vietnam, shrimp aquaculture operations 
are required to maintain a minimum forest-to-
pond ratio, with ongoing adaptive management to 
ensure the arrangement continues (Ha et al. 2012 in 
Romañach et al. 2018). In Guang Xi, China, abandoned 
shrimp aquaculture ponds have been reforested 
with mangroves, together with the installation of 
artificial habitats to raise fish and crabs in underwater 
tubes as the mangroves regrow (Chen et al. 2021). 
Ten years into this transition, carbon sequestration 
has increased, and aquaculture production has 
ensured continued support for reforestation in 
local communities (Chen et al. 2021). This approach 
increases the tree canopy over time, in contrast 
with the usual approach of clearing mangroves for 
shrimp ponds, and is economically viable with profits 
estimated between $27,000 to 45,000 per ha annually 
(Fan et al., 2013 in Romañach et al. 2018). Bankable 
projects like these demonstrate the potential for a 
reliable return on blue carbon investments (more on 
this in Chapters 2 and 3).
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CASE 3  

Designation of RAMSAR Sites Across the Region to 
Protect Wetlands and their Social and Ecological Benefits
Across the region, parties to the Ramsar Convention 
include Fiji, Indonesia, Kiribati, Palau, Philippines, 
PNG, RMI, Samoa, and Vanuatu. The protection, 
management, and restoration of blue carbon 
ecosystems can become stronger through the 
designation of new Ramsar Sites and the enhanced 
management of existing sites to mitigate threats 
leading to wetland degradation and loss (Denyer 
et al. 2018; Fennessy and Schille Beers 2021). In 
2018, the Ramsar Site Information Service listed 
approximately one-third of the 319 Ramsar Sites 
in the Philippines (six sites—247,292 ha), Indonesia 
(seven sites—1,372,976 ha), and 80 wetlands in 
Oceania (9,051,211 ha) as marine or coastal wetlands. 
The Ramsar Strategic Plan 2016–2041 encourages 
Contracting Parties to promote and strengthen 

the participation of Indigenous Peoples and local 
communities as key stakeholders for conservation  
and integrated wetland management. Cultural  
values of the Ramsar Sites in these two regions are 
relatively high, with 94 percent in Asia and 98 percent 
in Oceania, where wetlands are strongly linked to 
either the presence of sacred sites, interaction with 
local communities or Indigenous Peoples, or the 
application of traditional knowledge and practices.  
A number of case studies from across Asia and 
Oceania illustrate how cultural values and practices, 
including traditional knowledge and community 
participation, have contributed to sustainable 
development and positive conservation outcomes  
for wetlands (Denyer et al. 2018).
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INNOVATIVE FINANCING FOR MANGROVE 
AND SEAGRASS CONSERVATION

A number of seagrass conservation projects are  
now underway and are assessed for additionality  
(i.e., the carbon sequestration that occurs because  
of the project intervention). Japan has two blue 
carbon ecosystem projects focused on seagrass, in 
Yokahama Bay and in Hakata Bay (Fukuoka City) 
(Kuwae et al. 2022). Local financing to manage existing 
eelgrass beds in Sea Park Yokohama first came from 
offsets for emissions from short-term events in the 
city, based on assessment of the 7.8 ha of eelgrass  
bed area conducted by hand using GPS loggers.  
This financing is now available as a credit to 
corporations to offset ongoing activities starting in 
2016 (Kuwae et al. 2022). The area for 15.6 ha of 
existing eelgrass beds in Fukuoka was estimated  
using photos from an aerial drone and corrected  
using field measurements by divers. 

Local financing to manage the Hakata Bay seagrass 
beds comes from 2.5 percent of port fees and is 
channeled through a fund managed by the city of 
Fukuoka, the “Port Environment Improvement and 
Conservation Fund Reserve” (Kuwae et al. 2022).  
On a local scale, seagrass meadows in the Pacific  
could be assessed by divers, drones, and remote 
sensing in the same way, and financed through port 
fees, hotel fees, or other enterprises in the blue 
economy (blue carbon finance options are discussed 
in the final section of this report). On a national 
scale, estimates of investable seagrass carbon in the 
Indo-Pacific could also follow the example applied to 
mangroves, where current rates of habitat loss were 
applied to existing stocks using the Verifiable Carbon 
Standard (VCS), the most widely used voluntary 
greenhouse gas program globally (Zeng et al. 2021).

Earnings from sustainable non-timber forest products 
from mangroves can also provide incentives for 
conservation. For example, the Mangoro Market Meri 
(women’s mangrove market) has developed a local 
market for crabs and shellfish gathered sustainably 
from the mangrove forest in PNG (Maniwavie and 
Konia 2020). In Indonesia, mangrove honey has been 
developed as a non-timber forest product (ELTI 2023), 

which became increasingly popular as an immunity 
booster during the pandemic (IDH 2020). Mangrove 
fruits have also been developed as a coffee supplement 
in Indonesia, and as a sustainable product contributing 
to mangrove conservation (Kaha 2023; Zahriani  
Alvina pers. comm.). 

Payments for ecosystem services (PES) also have 
potential to address the externalities of coastal land 
development, while stabilizing the financial incentives 
for communities to conserve mangroves. For example, 
economic analysis of India’s fisheries investment and 
production found that states with more mangroves 
produce 23 percent more fish (Anneboina and Kumar 
2017). The impact of mangrove restoration on marine 
fish production nationwide is estimated at 1.86 metric 
tons per ha of mangrove, worth INR 68 billion in 
2013, or $1.09 billion in 2023 values (Anneboina et al., 
2017 in Romañach et al. 2018). Mangrove ecosystem 
services in Southeast Asia have been estimated in 
more than 100 sites, with a mean value of $4,185 
per ha annually (Brander et al. 2012 in Romañach 
et al. 2018).
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RESTORE DEGRADED MANGROVE  
AND SEAGRASS AREAS

Achieving resilient coastlines will require restoration 
along with conservation to help sustain progress 
in reducing the rates of loss. World Wildlife Fund 
(WWF) reported in 2021 that 51 countries included 
restoration of coastal wetlands in their updated 
NDCs; 43 of those explicitly mention mangroves, 
including Fiji, Indonesia, and PNG (Bakhtary et al. 
2021). In 2020, Indonesia announced a target of 
rehabilitating mangroves in 600,000 ha by 2024, with 
support from World Bank funding (World Bank 2023). 
However, this ambition may be limited to ~200,000 
ha by land ownership in potential restoration sites 
(Sasmito et al. 2023). Planting to date included the 
Ngurah Rai Grand Forest Park, Bali in 2022 and a 
reported 33,000 ha in 2021 (Abdullah 2022).

Reforesting land that was previously mangrove 
provides greater restoration success and has also 
been shown to have greater carbon storage potential 
compared to planting mangroves in other areas  
(Song et al. 2023). It is important to tailor restoration 
project designs to the specific hydrology and species 
composition of each site, and to protect the water 
and sediment flows that sustain restored mangroves. 
Many mangrove restoration projects face challenges 
due to poor site selection, leading to tree planting 
in unfavorable environmental conditions or without 
community support (Lovelock and Brown 2019). 
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However, this trend can be reversed by addressing key 
enabling conditions, such as landholder preferences, 
government support, strong commodity markets and 
incentives, or payments for blue carbon, restoration, 
or ecosystem services (Lovelock et al. 2022). 

One well-known example of successful seagrass 
restoration has been ongoing (since 1999) in the 
coastal lagoons of Virginia, USA. The large-scale 
seed restoration of an area with virtually no seagrass 
coverage resulted in a total of 36 km2 of vegetated 
substrate (Orth et al. 2020). These well-developed 
seagrass meadows now support productive and 
diverse animal communities, improve water quality, 
and sequester substantial amounts of carbon and 
nitrogen (Orth et al. 2020). Successful seagrass 
restoration projects have also been documented in 
Florida, USA (Rezek et al. 2019), Australia and New 
Zealand (Tan et al. 2020), and Japan (Kuwae et al. 
2022, see text box below). 

The Virginia case study exemplifies best practices, 
such as careful site selection, removal of threats prior 
to planting, and introduction of large numbers of 
plants/seeds to: 1) increase trial survival by spreading 
risks, and 2) increase population growth by enhancing 
self-recruitment (Van Katwijk et al. 2015). Seagrass 
habitats of the Pacific islands have also shown some 
resilience to human impacts (McKenzie et al. 2021). 
However, successful seagrass restoration projects are 
currently limited to a scale that is orders of magnitude 
lower than the scale of loss (Statton et al. 2018).

STRENGTHEN REGIONAL, NATIONAL,  
AND LOCAL FISHERIES MANAGEMENT

While it is not possible to prevent tuna from 
migrating, there are several opportunities to 
ensure abundant marine fish populations continue 
sequestering carbon and supporting communities.  
At the national level, climate-driven losses of tuna 
carbon sequestration will fall most heavily on 
Indonesia, the FSM, PNG, and Solomon Islands.  
In terms of blue carbon, FSM may be most affected 
by declines in tuna because marine fish are the largest 
natural source of blue carbon sequestration with 
more modest estimates for mangroves and seagrasses. 
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Although Indonesia is projected to experience the 
largest absolute reduction in tuna populations due  
to climate change, the mangrove forests offer a more 
immediate opportunity for investment in blue carbon 
conservation and protection. FSM, PNG, and the 
Solomon Islands also face immediate financial losses 
due to tuna migration, which will place at risk the  
$41 million to $134 million annual fishing access  
fees charged by each of these three countries  
(Bell et al. 2021). 

Since Pacific island countries manage fisheries  
primarily at the regional level, the tuna example 
suggests that strengthening the existing mechanisms 
for regional governance is a key starting point to 
address climate-driven fisheries declines. As tuna 
migrate into the high seas, they will be exposed to  
the currently minimal management capacity and 
regulatory controls on distant-water fleets in 
international waters. To maintain a sustainable 
spawning stock biomass of tuna despite increased 
illegal, unregulated and unreported fishing on the  
high seas, overall fishing effort could be reduced.  
This would create a buffer for future risk of population 
declines under weakened governance on the high seas, 
by increasing the number of adult fish sequestering 
carbon and contributing to population growth. 
However, the more durable solution is to increase 
compliance with regional governance agreements.

There are abundant national-scale opportunities to 
increase the populations of tuna and other marine  
fish in the Philippines and Indonesia, as USAID 
activities such as Fish Right (USAID) in the Philippines 
and Ber-Ikan (USAID) in Indonesia have demonstrated. 
Measures that reduce other sources of fish population 
declines, such as IUU fishing, can prepare the 
ecosystem to be more climate-resilient. Despite 
greater data collection compared to the regional 
standard, Indonesia and the Philippines also offer 
extensive opportunities for investment in fisheries 
monitoring and stock assessment, which could enable 
the recovery of increased spawning stock biomass  
of marine fish, increasing their resilience and 
contribution to carbon sequestration. 

BUFFERING CATCH DECLINES  
IN COASTAL COMMUNITIES

Near-term interventions in the national waters of 
FSM, PNG, and the Solomon Islands can ensure 
that vulnerable coastal communities retain access to 
tuna for as long as possible. Increasing the allocation 
of tuna to coastal fisheries, and responsible fishing 
on anchored FADs (as in Bell et al. 2018; Tilley et 
al. 2019) can reserve tuna that remain in national 
waters for food security and slow the pace of climate-
driven tuna migrations. Small island communities may 
also need a combined approach where traditional 
subsistence is supplemented with alternatives, as 
both tuna and coral reef fishing become less reliable 
in some locations (Andrew et al. 2022). Chapter 2 
provides more in-depth perspectives on how these 
changes will affect communities.

Climate information services also have potential to 
increase access to tuna on nearshore FADs for coastal 
communities during changes in weather patterns 
and fish distribution (Dunstan et al. 2018; Hobday et 
al. 2018; Bell et al. 2018). With additional capacity-
building and technical support, coastal fisheries 
management measures could be tuned to changing 
ocean conditions to generate information or incentives 
for part-time fishers to invest time in agriculture vs. 
fishing on a daily or weekly basis (Dunstan et al. 2018). 

In the long-term, transformational adaptation will be 
needed (Hobday et al. 2018), in this case to address 
persistent redistribution of tuna resources. Multi-
year swings in productivity during El Niño Southern 
Oscillation (ENSO) cycles are moderated by the 
vessel day scheme for fisheries management4 in the 
west and central Pacific, which allows countries with 
less tuna to sell their fishing rights to countries with 
more tuna (Bell et al. 2021). However, lasting catch 
declines in the most affected countries may require 
new measures, potentially adapting how tuna access 
fees are distributed and considering additional sources 
of income from regional approaches to blue carbon 
across both coastal and offshore ecosystems.

4   Vessel day scheme is a management measure that sets a limit on the  
number of days purse seine vessels are allowed to fish in the waters of 
the Parties to the Nauru Agreement group of countries and Tokelau.
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CHAPTER 2 

Blue Carbon 
Ecosystems and 
Communities— 
Risks and Solutions
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Blue carbon ecosystems support livelihoods, 
economies, cultures, and climate adaptation in  
Indo-Pacific nations. The degradation and loss  
of blue carbon ecosystems therefore poses  
multiple risks to Indo-Pacific communities. Without 
coastal protection from intertidal wetlands, 
mangroves, and seagrass, people and infrastructure 
along the coast are more vulnerable to climate 
impacts, such as storm surges (Costanza et al. 2021). 
The loss of nursery habitats and fishing grounds 
critical to subsistence and commercial activities 
jeopardizes the viability of local economies, livelihoods, 
food security, and public health (Bennet et al. 2023). 
Pacific societies view their associations with their 
environments as integral to their identity and systems 
of knowledge (Smith and Jones 2007), but migration 
driven by economic and climate threats removes 
people from place-based systems of knowledge (Smith 
and Jones 2007). These threats disproportionately 
affect women, children, Indigenous Peoples, people 
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with disabilities, and other marginalized groups 
whose livelihoods are often undervalued in standard 
economic and market analyses, and who have less 
access to information, resources, and decision-making 
power (Benett et al. 2021). In response, Indo-
Pacific nations are taking action to address the risks 
associated with blue carbon ecosystem degradation 
and the climate impacts that exacerbate these risks. 

This chapter describes the diverse and complex  
risks—economic, social and cultural, nutritional,  
and food security—that communities face as a result  
of the degradation of blue carbon ecosystems, 
and how climate change exacerbates these risks. 
The chapter also presents a suite of solutions that 
integrate indigenous knowledge-practice-belief 
systems and modern ecosystem-based approaches  
and policy instruments to empower coastal 
communities in restoring, protecting, and more 
sustainably managing blue carbon ecosystems.

Risks to Indo-Pacific 
Communities
This section discusses several categories of risk that 
local communities face due to the degradation and 
rapid loss of blue carbon ecosystems and natural 
resources across the Indo-Pacific region (Figure 18).

ECONOMIC RISKS 

The degradation and loss of blue carbon ecosystems 
causes direct economic risks to Indo-Pacific nations by 
diminishing the provision of ecosystem services that 
support communities. At national and local scales, the 
loss of blue carbon ecosystems jeopardizes tourism 
operations, shoreline protection, sources of food and 
materials, and fisheries livelihoods (Barbier 2017). 
For example, mangroves alone provide an estimated 
$2.7 trillion in ecosystem services per year in some 
cases ($194,000 per ha) (Costanza et al. 2014). 
Table 2 provides estimates of the value of mangrove 
ecosystem services for the countries considered in 
this report.
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FIGURE 18. The degradation and loss of blue carbon ecosystems poses multiple types of risks to communities—economic, social and 
cultural, gender inequity, nutrition and food security, and climate-related risks. Climate change exacerbates other types of risks and leaves 
blue carbon ecosystems and communities more vulnerable to future climate impacts. Figure design by Giada Mannino and Jade Delevaux.

Economic
Affects local and national 
economies and livelihoods (tourism, 
infrastructure, and fisheries).

Climate Change
Stresses ecosystems and
increases vulnerability to
climate impacts.

Social & Cultural
Threatens cultural 
heritage and spiritual 
connection to place.

Gender lnequality
Exacerbates gender inequalities
(livelihoods, nutrition, and 
access to resources).

Nutrition & Food Security
Decreases access to fresh 
seafood and micronutrients.
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TABLE 2. Area of mangroves and market value of carbon 
sequestered by mangrove ecosystems. Mangrove area is based 
on Global Mangrove Watch (Bunting et al. 2022) and value per 
hectare is based on analysis in this report.

Country
Mangrove 
area (ha)

Market value 
of carbon 
sequestered 
by mangrove 
ecosystems (USD)

Fiji 48,810 $10,910,075

Indonesia 2,953,000 $660,093,313

Kiribati 146 $32,632

Marshall Islands 33 $7,376

Micronesia 8,794 $1,965,486

Nauru 0 $0

Palau 5,688 $1,271,285

Papua New Guinea 452,500 $101,129,296

Philippines 284,800 $63,653,207

Samoa 232 $51,853

Solomon Islands 52,651 $11,767,657

Tonga 1,043 $233,114

Tuvalu 9 $2,011

Vanuatu 1,584 $354,029

Tourism

Tourism is an important contributor to economic 
growth and employment in many national and local 
economies in the Indo-Pacific. Recreational fishing 
and boating outfitters, ecotourism operations, lodging 
facilities, restaurants, and other guest services have 
valuable infrastructure in coastal areas and depend on 
blue carbon ecosystems and local natural resources 
to attract tourists and support their businesses. The 
tourism sector constitutes 10–40 percent of GDP 
in Fiji, Palau, Samoa, and Vanuatu. Visitation nearly 
tripled in the two decades preceding the COVID-19 
pandemic, from 686,000 in 2000 to 1,870,000 in 
2019 (Balasundharam and Koepke 2021). Tourism’s 

contribution to GDP is lower in this study’s focal 
Asian countries—2.4 percent in 2021 for Indonesia 
(OECD 2023) and 6.2 percent in 2022 for the 
Philippines (Philippine Statistics Authority 2023), but 
is still closely tied to these countries’ blue carbon 
ecosystems and the communities that surround them. 
In Indonesia, tourism provided 10.95 million jobs in 
2021, representing 8.3 percent of total employment 
(World Travel & Tourism Council 2022). In the 
Philippines, employment in tourism in 2022 was 
5.35 million, or 11.4 percent of total employment 
(Philippine Statistics Authority 2023). If degradation 
or the loss of blue carbon ecosystems reduces the 
ability to attract tourists, blue carbon-based tourism 
economies will experience significant impacts.

Shoreline protection and coastal infrastructure

Approximately 71 percent of the Indo-Pacific’s 
population (excluding PNG) live within one km of the 
coast (Andrew et al., 2019). Mangroves, seagrass beds, 
and coastal wetlands act as a buffer against storms and 
wave energy and play an important role in protecting 
shorelines and infrastructure in coastal communities. 
At the global scale, coastal wetlands provide storm 
protection valued at $447 billion per year (Costanza 
et al. 2021). Mangroves alone provide $65 billion in 
flood protection for 15 million people worldwide per 
year (Menéndez et al. 2020). Due to their high ratio 
of coastal-to-inland areas, Indo-Pacific communities 
especially benefit from blue carbon ecosystems’ 
capacity to buffer storm impacts. For example, in the 
Philippines, mangroves prevent damages of more than 
$1 billion in built capital every year and protect more 
than 600,000 people from flooding impacts, many of 
whom live in poverty (WAVES 2017). In Indonesia, 
mangroves avert land flooding over 84,000 km2 and 
prevent damage for 250,000 people (Menéndez et al. 
2020). Similarly, in the Solomon Islands, mangroves 
avert flood damages to property in an amount 
equivalent to 1.07 percent of GDP (Menéndez et al. 
2020).

Pelagic fisheries

The previous chapter describes pelagic tuna fisheries’ 
key role in the local and national economies of Indo-
Pacific countries. Commercial tuna fisheries represent 
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a significant part of the blue economy, with seven 
species (skipjack, albacore, bigeye, yellowfin, Atlantic 
bluefin, Pacific bluefin, and southern bluefin) among 
the most valuable fishes on the planet. Indonesia and 
the Philippines produce more than 20 percent of the 
tuna landed in the Western and Central Pacific Ocean. 
Tuna fishing license fees generate 30–100 percent 
of all government revenue for six of the Pacific 
island nations. In 2018, commercial fishing vessels 
landed roughly 5.2 million metric tons of the seven 
species. The estimated dock value (i.e., total paid to 
fishers) was $11.7 billion, while the end value of the 
commercial fisheries (i.e, total paid by final customers) 
was $40.8 billion. These estimates do not include 
the substantial subsistence and artisanal fisheries 
values, unreported catch, and ecosystem benefits of 
tunas (Pew 2020). They also do not account for the 
social value of blue carbon ecosystems, which this 
report highlights in the accompanying case studies 
(distributed throughout this report and in Appendix B) 
and in the country profiles that accompany this report 
(in press at the time of report publication).

Globally, fisheries in the high seas 
have extracted an estimated 43.5 
percent of the blue carbon in 
areas that would be economically 
unprofitable without subsidies 
(Mariani et al. 2020).

Globally, fisheries in the high seas have extracted an 
estimated 43.5 percent of the blue carbon in areas 
that would be economically unprofitable without 
subsidies, considering the proportion of fish biomass 
of many commercially targeted species that would 
otherwise have sunk as a carcass to the deep ocean 
(Mariani et al. 2020). Government subsidies have 
enabled fishing fleets to burn large amounts of fossil 
fuel to reach remote fishing grounds in the high seas 
(an issue exacerbated by climate change, as Chapter 
1 described). Subsidies support unsustainable fishing 
activities, even when fish stocks and catch rates 
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are low because of overexploitation. Therefore, 
overexploiting fish stocks has likely reduced the 
contribution of marine vertebrates to blue carbon 
sequestration over vast ocean areas for decades. 
Limiting blue carbon extraction or disincentivizing 
overextraction by fisheries in unprofitable areas  
would reduce CO2 emissions by burning less fuel  
and would expand the carbon sink by rebuilding  
fish stocks and the increase of carcass deadfall  
(Mariani et al. 2020).

Coastal fisheries

In many communities across the Indo-Pacific  
region, fishing is the primary livelihood strategy  
when alternatives are limited (Béné et al., 2016).  
In Indonesia, small-scale coastal fisheries are valued  
at $2.4 billion, providing livelihoods for 80 percent 
of 2.4 million fishers and 50 percent of the fish catch 
(Rare 2023). Likewise, small-scale coastal fisheries  
in the Philippines are valued at $981 million, 
supporting 85 percent of 1.9 million fishers and 
providing 50 percent of the fish catch (Green et al., 
2003; Rare 2023). Across the Pacific region, 70–80 
percent of inshore fisheries catch (reefs, estuaries,  
and freshwater) is used for subsistence (Lambeth et  
al. 2002), while 20 percent goes to commercial 
markets (Dalzell et al. 1996; Gillett and Lightfoot 
2001). Small-scale fisheries employ 90 percent of 
people who work in capture fisheries, although this  
is often part-time, marginalized work that can come 
into conflict with industrial fishing (FAO 2016;  
Quiros et al. 2021). 
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Although the annual seafood market from mangroves 
is valued at $7,500–167,500 per square kilometer 
(Crooks et al. 2011), mangrove forests are being 
destroyed and the land converted to aquaculture that 
produces mainly fish, shrimp, and crabs (Hashim et al. 
2021). In some cases, aquaculture is highly dependent 
on inputs that can further damage the surrounding 
ecosystem (Sulit et al. 2005; Froehlich et al. 2018). 
The conversion of mangroves to other uses leads to 
estimated economic losses of $500–1,550 per ha/year 
by reducing fish catch and fishing revenues (Song et 
al. 2021), as well as increasing environmental risks, as 
discussed in the previous section.

Seagrass meadows also support high-value fisheries, 
although their contribution is not as well quantified as 
that of mangroves. In Derawan, Indonesia, capture and 
shellfish fisheries associated with seagrass beds have 

a total value of $49,233 per ha/year (Kurniawan et al. 
2020). In Lombok, Indonesia, the estimated annual 
total economic value of fish and marine biota from 
seagrass beds is $61,774 per ha (Zulkifli et al. 2021). 

Disruption of subsistence or local fishing opportunities 
due to the ongoing decline of blue carbon ecosystems 
causes people to look for opportunities further afield. 
This may mean migrating away from their homes 
and into urban areas, or being recruited onto distant 
water fishing vessels, which are sometimes operated 
illegally and/or with abusive labor practices (Selig et 
al. 2022; Maefiti 2021; Dauost 2021). This increases 
their vulnerability by removing them from their 
communities and place-based systems of knowledge 
(see the next section), as well as risking exposure to 
human rights violations (Syddall et al. 2022).

Women’s Livelihoods Depend  
on Blue Carbon Ecosystems 
The decline of blue carbon ecosystems affects women disproportionately. Women  
make up nearly half of the workforce in the fisheries sector in developing countries, 
90 percent of seafood processing workers, and more than half of coastal tourism jobs 
(World Bank 2022). They depend on mangroves more than any other user group  
(Steele et al. 2006; Iftekhar and Takama 2008) for firewood, nearshore fisheries and 
gleaning, and livelihood strategies. However, women generally have lower capacity to 
adapt to climate change impacts on blue carbon-dependent livelihoods because they  
often lack access to information, technical assistance, and resources. 

Women also experience other conditions that exacerbate their vulnerabilities to blue carbon ecosystem losses. Many women 
work in lower-value activities, such as processing areas of the value chain, where they endure harsh conditions (e.g., long hours 
in fish processing plants without restrooms or breaks), while men work in higher-value activities (e.g., high-value export tuna 
and shrimp fisheries). Women also carry out many forms of informal labor related to supporting their homes and communities 
(e.g., subsistence fisheries, household chores, child care, gardening). These activities and women’s other contributions to the 
economy and society are often undervalued and not adequately captured in statistics.

Preserving and restoring blue carbon ecosystems provides opportunities for women’s climate adaptation. Women depend 
more on mangroves and seagrass ecosystems for fishing and gleaning. These ecosystems are more resilient to climate change 
than offshore tuna, given its predicted climate-induced range shifts in distribution. Global markets are increasingly demanding 
shellfish, which can be sourced from mangroves and seagrass habitats, and sustainably farmed in coastal areas (see silvofisheries 
section and case study #5). Initiatives such as the non-binding voluntary commitment blue carbon project code of conduct 
(Blue Forests Project 2017) can support the development of fair, socially just, and accountable blue carbon projects that can 
help sustain women’s blue carbon-dependent livelihoods (based on Bennett et. al. 2017).
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SOCIAL AND CULTURAL RISKS

The decline of blue carbon ecosystems also threatens 
the biocultural heritage of the region, diminishes the 
well-being of Indigenous Peoples, and exacerbates 
social inequities (McNamara et al. 2021). 

Biocultural heritage and identities

Mangroves and seagrass beds support a traditional  
way of life, spiritual fulfillment, and identity for  
fishers and communities (McKenzie et al. 2021).  
For thousands of years these communities have 
inhabited coastal areas and selectively used coastal  
and mangrove species for firewood, construction  
and boat building materials, woodcarving, medicines 
and ritual foods, food security, and contributions  
to cultural heritage and identity (Thaman 2002; 
Bennett et al. 2023). The Intergovernmental Science-
Policy Platform on Biodiversity and Ecosystem 
Services’ (IPBES) recent global assessment reported 
negative trends in 72 percent of the indicators  
that Indigenous Peoples and local communities  
have developed to monitor changes in ecosystem 
services (Bennett et al. 2023). 

Although the contribution of seagrass to people’s 
well-being is not well documented in peer-reviewed 
literature, its value to local fisheries is apparent. 
Seagrass beds are accessible fishing grounds that 
host high abundance of fish and invertebrates and 
contribute to food security and livelihoods by 
providing opportunities for intertidal gleaning and 
nearshore free diving (McKenzie et al. 2021; Quiros  
et al. 2021). Gleaning is one of the oldest and  
most widely used fishing methods at any time of  
day or night (McKenzie et al. 2021) and is conducted 
primarily by women. It is also a more accessible 
subsistence and livelihood strategy for people with 
disabilities or mobility issues. Traditionally, men 
fish beyond the reef, while women fish and collect 
invertebrates in lagoons and inshore areas (Lambeth 
et al. 2002). Low-income fishers favor seagrass beds 
over coral reefs, mangroves, or open ocean because 
seagrass beds are accessible, do not require boats,  
and are less likely to damage fishing gear ( Jones et  
al. 2022). 

Gender inequity

The decline of mangrove and seagrass ecosystems 
and associated fisheries benefits affects women 
disproportionately (see text box above). Although 
women are typically overrepresented in informal, 
lower-value, dock-side, and unpaid activities of seafood 
supply chains (such as subsistence fishing, catch 
processing, and marketing), these numbers are rarely 
represented in fisheries statistics (FAO et al. 2022). 

Patriarchal norms in some parts of the Pacific region 
increase the likelihood that women and youth are 
overlooked in community consultations or in the 
provision of resources, such as funding, training, and 
livelihood opportunities (Mangubhai & Lawless 2021). 
For example, women do not receive the same level of 
government support as men following a crisis (Bennett 
et al. 2023). Furthermore, women are frequently 
excluded from land and resource tenure and decision-
making (Barclay et al. 2022; Mangubhai & Lawless 
2021), and 55 percent of aquatic food production 
policies do not reference gender (Hicks et al. 2022). 
Indigenous women’s and girls’ vulnerability to fisheries’ 
decline threatens the transfer and use of traditional 
ecological knowledge related to fisheries (Bennett 
et al. 2023). However, women play a critical role in 
achieving food security (Gustafson et al. 2016), and 
there is evidence that blue foods tend to be more 
affordable and economically accessible when there is 
gender equality (Hicks et al. 2022). 

NUTRITION AND FOOD SECURITY RISKS

The loss of coastal and marine ecosystems affects 
the productivity of fisheries and human health 
in Indo-Pacific island countries (Charlton et al. 
2016; McNamara et al. 2021), with a loss of up to 
670 kg in fish catch for every hectare of clear-cut 
mangroves (Song et al. 2021). Changes in access to 
seafood affects food security, dietary compositions, 
and overall nutrition, especially micronutrients and 
protein (Partelow et al. 2023; Charlton et al. 2016). 
In Pacific nations, seafood provides 50–90 percent of 
dietary protein (Charlton et al. 2016), and average 
fish consumption reaches up to 110 kg per person 
per year (Bell et al. 2015), compared to the average 
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global consumption of about 20.6 kg per person per 
year in 2021 (FAO 2024). In Indonesia, seafood is also 
important with an average fish consumption up to 
44.2 kg per person per year (FAO 2018). Indonesia 
ranked second highest after China in total amount of 
seafood consumed in a year (Partelow et al. 2023). 

However, Pacific diets today are increasingly 
characterized by imported foods, such as canned 
meats, instant noodles, cereals, rice, and sugar-
sweetened beverages (Hughes and Lawrence 2005). 
Fish consumption in the Philippines fell from 36 kg 
to 14 kg per capita per year from 1993 to 2019, 
particularly in low-income and rural households 
(Lagniton 2022). Urbanization contributes to the 
increased availability of imported, nutrient-poor 
foods, which exacerbates malnutrition, micronutrient 
deficiencies, and infectious diseases, accompanied 
by non-communicable diseases. For example, iron-
deficiency anemia, which is associated with impaired 
cognitive and motor development, low birth weight, 
and prematurity, affects up to 57 percent of the 
population in some Pacific island nations (mostly 
children and women) (Charlton et al. 2016). In Kiribati, 
high risk of both calcium deficiency and vitamin A 
deficiency (Hicks et al. 2019) could be addressed 
by replacing imported foods with locally caught 
fish. Consumption of marine fish and shellfish can 
improve health outcomes by reducing micronutrient 
deficiencies (including vitamin A, B12, calcium, iron 
and zinc), by providing omega-3 fatty acids, and by 
displacing consumption of red meat and processed 
food (Golden et al. 2021; Hicks et al. 2019).
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Although tuna populations can play a greater role in 
maintaining the food security of Pacific island people 
(Charlton et al. 2016), large-scale climate change 
impacts and unsustainable fishing practices threaten 
tuna availability in the region (Bell et al. 2021 and 
discussed in Chapter 1). More broadly, climate change 
could reduce future tropical fisheries catch by 40 
percent over the next 30 years (Lam et al. 2020). 
These projected declines in fisheries and marine 
aquaculture are especially acute in tropical Pacific 
island countries, with more than 30% reductions by 
2050 in the availability of calcium, iron, and omega-3 
fatty acids (Cheung et al. 2023).

CLIMATE CHANGE EXACERBATES RISKS 

Extreme weather events, increasing average 
temperatures, rising seas, saltwater intrusion, 
droughts, heatwaves, and acidification stress 
mangroves, saltmarshes, seagrass beds, and pelagic 
species and associated biodiversity (Bennett et al. 
2023). These climate change-driven hazards and 
impacts are degrading blue carbon ecosystems more 
quickly than they can recover, reducing their natural 
capacity to buffer coastal communities from storms 
and leaving them more vulnerable to future economic, 
social, and climate-related impacts.

Climate change is changing the risk profile for coastal 
communities, and affects the frequency, distribution, 
and intensity of extreme events. Low-lying coastal 
areas with high human populations, such as those 
in Indonesia and the Philippines, and Pacific atoll 
nations (including Kiribati, RMI, Nauru, and Tuvalu) 
are especially vulnerable to impacts of sea level rise 
and storm surges (Bennett et al. 2023), which pose 
greater risks as the natural protections from blue 
carbon ecosystems decline. Climate change also 
threatens access to clean water, food availability, 
livelihoods, and health and physical security. In PNG, 
community members have observed climate-induced 
local extinctions of wild foods and medicinal and ritual 
plants that are central to well-being and biocultural 
heritage (McNamara et al. 2021). As Chapter 1 
describes, warming oceans and acidification also cause 
shifts in the abundance, productivity, and location 
of fish stocks and shellfish, affecting fisheries jobs, 
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revenues, and food security across the region (Bennett 
et al. 2023; Barange et al. 2018; Bell et al. 2021).

Climate-driven migration can disrupt physical, socio-
cultural, and ancestral connections to land and critical 
resources, leading to the abandonment of belief 
systems and giving rise to mental health impacts 
characterized by sadness, anger, anxiety, depression, 
stress, loss, and grief (McNamara et al. 2021). Pacific 
island customs and traditions closely identify with a 
sense of place and collective ownership of land and 
sea (e.g., the notion of Fenua in Tuvalu and Vanua 
in Vanuatu and Fiji) (Pascua et al. 2017; Yee et al. 
2022). For instance, in Fiji, 83 percent of the land 
is customary land, meaning it is communally owned 
by Indigenous Fijians (Yee et al. 2022). Land is the 
foundation of cultural, psychological, and spiritual  
well-being of Pacific islanders, and it engenders a  
sense of place and identity. Climate-driven migration 
can erode subsistence livelihoods, limit opportunities 
for indigenous knowledge transfer, and drive 
dislocation from ancestral lands (McNamara et al. 
2021). Community relocation has a lasting negative 
mental health impact on women, primarily as a result 
of losses to livelihood and socio-cultural activities, 
such as weaving, tapa making, traditional textiles,  
and seafood gathering (McNamara et al. 2021).  
The Rising Seas Initiative, led by UN Member States, 
recognizes the potentially catastrophic impacts that 
climate change and climate-driven migration pose  
to Pacific island nations’ statehood, sovereignty,  
and heritage, and aims to mobilize global support  
for these countries.

Indo-Pacific Nations  
and Communities are  
Taking Action
Indo-Pacific nations and communities are taking a 
variety of actions to mitigate increasing climate-related 
risks (Figure 19). The recognition that ecosystems 
play a fundamental role in sustaining human well-being 
is a cornerstone of many indigenous knowledge-
practice-belief systems, also known as traditional 

ecological knowledge (Cohen-Shacham et al. 2016). 
Today, traditional ecological knowledge provides the 
foundation for climate adaptation across the Indo-
Pacific region (McMillen et al. 2014; McMillen et al. 
2017). These locally-led adaptation initiatives integrate 
traditional ecological knowledge with western 
science to improve the management, restoration, 
and conservation of the blue carbon ecosystems that 
sustain local economies, livelihoods, and cultures in 
the Indo-Pacific. Securing the benefits of blue carbon 
ecosystems that support human wellbeing include 
implementing nature-based solutions, policy and 
technological solutions, and capacity development 
initiatives. These integrated solutions also promote 
climate resilience and secure sustainable livelihoods. 

In addition to providing climate mitigation benefits 
(assessed in Chapter 1), blue carbon ecosystems can 
help communities adapt to climate-related impacts 
by providing natural buffers against storms, food 
sources that support public health and food security, 
and diversified livelihood options, such as attracting 
tourism and recreation. Because of these climate 
mitigation and adaptation benefits, blue carbon 
ecosystems can contribute to achieving countries’ 
NAPs and NDCs to the United Nations Framework 
Convention on Climate Change (UNFCCC). 
Incentivizing community-based conservation and 
management of blue carbon ecosystems, for example 
through PES programs (Sharma et al. 2022) or the 
recently proposed “Conservation Basic Income”  
(de Langue et al. 2023), can also contribute to  
climate goals. Accounting for the value of blue  
carbon ecosystems’ non-monetary benefits and  
co-benefits in emerging blue carbon markets can 
further inform investments in restoration and 
conservation (Macreadie et al. 2021). The third 
chapter of this report discusses these financing 
strategies in more detail.

Indo-Pacific nations and communities face the 
challenge of contributing to climate action and 
supporting sustainable development while balancing 
the needs of local communities and their customary 
practices (McKenzie et al. 2021). These communities 
face significant policy, financial, and technical challenges 



CHAPTER 2: BLUE CARBON ECOSYSTEMS AND COMMUNITIES—RISKS AND SOLUTIONS

INVESTING IN RESILIENCE: BLUE CARBON ECOSYSTEMS, COMMUNITIES, AND FINANCE FOR THE INDO-PACIFIC

implementing blue carbon projects at a scale that 
contributes substantially to national and international 
mitigation and adaptation goals (Macreadie et al. 
2019). Despite these challenges, communities have 
traditional knowledge and practices that help them 
reduce climate risks and ecosystem degradation. 

This section describes several categories of blue 
carbon solutions, with recognition that many of these 
solutions are cross-cutting and do not fit exclusively 
into a single category. 

50

FIGURE 19. Indo-Pacific nations and communities are implementing locally-led measures to protect blue carbon ecosystems and sustain 
their benefits to local communities. Sustainable management of blue carbon ecosystems involves diverse types of solutions across inland, 
coastal, and offshore environments. Figure design by Giada Mannino and Jade Delevaux.
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INDIGENOUS KNOWLEDGE  
AND SOLUTIONS

Indigenous knowledge and traditional ecological 
knowledge refer to place-based knowledge that  
is rooted in the culture and practices of a  
community (McNamara et al. 2021) and provides  
an understanding of the relationships among living 
things and their environments (Whyte 2013; McKenzie 
et al. 2021b). Many indigenous worldviews consider 
people holistically as part of the ecosystem, rather 
than positioning humans as separate environmental 
managers (Berkes 2000). The cumulative indigenous 
knowledge-practice-belief systems about how to 
utilize and manage coastal ecosystems has evolved 
through continuous human-landscape interaction  
over hundreds of years (Granderson 2017).

Local and indigenous knowledge provides the basis 
for many modern western blue carbon management 
approaches, such as nature-based solutions, marine 
protected areas, and technological solutions, such as 
nearshore FADs. Integrating Indo-Pacific community 
members’ specialized skills and traditional  

ecological knowledge with western sciences can  
help optimize the effectiveness of blue carbon 
ecosystem management, climate adaptation,  
and capacity-building measures. 

Integrated land-sea food production systems and 
traditional systems of natural resources management 
are two examples of indigenous knowledge-based 
practices for managing blue carbon ecosystems and 
climate risks.

Integrated land-sea food production systems

Food production systems, such as agriculture and 
aquaculture, are traditionally woven into the land-
sea continuum. For example, estuarine polyculture 
fish ponds or, in Indonesia, tambak, combine the 
cultivation of fish, vegetables, and tree crops. 
Mangroves surround the ponds, which are often 
located downstream from a constructed wetland 
growing wet taro or integrated rice-fish culture 
(Figure 20). Nutrient-rich water flowing from rice-fish 
systems can be directed into fish ponds as fertilizer 
(Berkes et al. 1998). Tambak, such as those in Java, 

FIGURE 20. Customary Hawaiian ahupuaa system of integrated land-sea food production. Illustration from Mālama Learning Center 2020.
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Indonesia, date back to the 15th century, with many 
local variations across Southeast Asia (Berkes et al. 
1998). However, population growth, urbanization, 
and international markets replaced many estuarine 
polyculture systems with shrimp-pond monoculture 
(Berkes et al. 1998). Nevertheless, those food 
production systems provide models for designing 
modern productive, human-dominated ecosystems 
that couple land and water systems (Hasler 1974)  
and have the potential to secure livelihoods and  
food sources across land and sea (Tonneijck 2018).

Silvofisheries are one example of indigenous 
knowledge-based land-sea food production. 
Silvofisheries integrate mangrove tree culture with 
low-input brackish water aquaculture. Ponds are 
stocked naturally with juveniles of species that enter 
with incoming tides, and farmed species can include 
siganids, mullet, milkfish, tilapia, shrimp, mangrove 
crab, jacks, and seabass. Once the species are ready 
for harvest, fishers catch them with gill nets during 
low tide. Reported annual profit from silvofisheries 
can be up to $2,000/ha/year for a milkfish and shrimp 
(Tonneijck 2018). Silvofisheries can be a win-win 
option that enables local communities to generate 
revenue by marketing sustainable certified fisheries 
and aquaculture products (Blue Natural Capital 
2021), while protecting mangrove ecosystem health 
(Hadyanafi et al. 2022). Silvofisheries are promoted 
in Indonesia as part of a mangrove rehabilitation, 
conservation, and management program (see case 
study below).

PHOTO BY BLUE MOTUS
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CASE 4 

Mangroves Restoration Secures Livelihoods  
in Sumatra, Indonesia
The coastal regions of north Sumatra and Aceh  
have lost more than 110,000 ha of mangroves over 
recent decades due to the expansion of shrimp 
production, rice fields, and palm oil plantations. 
The loss of this habitat has left villages exposed 
and vulnerable to the impact of coastal hazards,  
such as the 2004 tsunami that claimed 220,000 lives. 
In 2011, 125 villages mobilized with the support  
of the NGO Yagasu and planted 18 million trees  
over 5,000 ha. The restored mangrove belt provides 
coastal protection, improves food security, and 
contributes to climate mitigation through the 
sequestration of up to 2 million tons of CO2 over  
the next 20 years. In 2018, Yagasu launched the 
Launch Livelihoods Carbon Fund to help restore  
an additional 5,000 ha of mangroves, develop 
livelihood opportunities, and sequester an additional 
2.5 million tons of carbon over 20 years. Local  
farmers received a revolving microcredit of $1,350, 
on average, to transition to a silvofishery approach. 
By planting mangroves around and in the fishponds, 
farmers increased the production of fish, shrimp,  

and crabs. This renewed species diversification led 
to more varied incomes to farmers, with the highest 
income resulting from selling soft-shell crabs for 
export. About 20,000 people increased their revenues 
by selling goods from mangroves, including natural 
dyes and farmed seafood. The median household 
income increased by 57 percent. Yagasu provides 
capacity development through multiple avenues.  
It helps 174 cooperatives develop their branding  
and marketing strategies and secure their licensing 
permits from the local government to sell their 
products. It facilitates exchange of information and 
resources between the public and private sector  
and provides training to communities in batik 
production techniques. Following this success,  
Yagasu is receiving support from the Indonesian 
government and USAID to replicate this approach 
across Indonesia. 

References: Livelihoods Funds 2020a, Livelihoods Funds 2016, 

Livelihoods Funds 2020b

PHOTO BY USAID
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Marine tenures, locally managed marine areas,  
and Tabu systems

Blue carbon projects should recognize, strengthen, 
and build on existing customary management systems 
and ownership structures (Vierros 2017), which 
include marine tenure systems (Ruddle et al. 1992). 
Customary management systems often align with 
local spiritual beliefs and may include a variety of tools 
and approaches to promote sustainability, including 
seasonal bans on harvesting, temporary closures and 
no-take areas, and restrictions on time, places, species, 
gear, or taking by certain groups of resource users 
(Vierros 2017). These management systems encourage 
the sustainable use of resources at the local level, 
and it is important that blue carbon projects protect 
communities’ sustainable resource use in accordance 
with their cultural and spiritual beliefs, while also 
generating contemporary economic benefits (Sharp 
2002; Hunt et al. 2009). 

Across the Indo-Pacific, locally managed marine 
areas (LMMAs) are rooted in traditional knowledge, 
customary tenure, inclusive governance, and local 
awareness of the need for action (Vierros 2017). 
LMMAs can help enhance blue carbon conservation 
and restoration efforts while increasing carbon 
sequestration (Moraes 2019) and securing buy-in from 
local communities. In addition, LMMAs can support 
the recovery of ecosystems, strengthen food security, 
improve governance, increase access to information 
about blue carbon ecosystems, provide health 
benefits, secure tenure, and maintain culture (Govan 
2009). Most Pacific island countries have established 
LMMAs; given their successful use, multilateral efforts 
are underway to leverage LMMAs as a tool for 
empowering locally-led natural resources management 
(UN-DESA 2020; LMMA International 2023).

Communities also implement localized natural 
resource management strategies to address food  
and water insecurity associated with climate variability. 
While the local names of these strategies vary across 
the diverse cultures of the Indo-Pacific (e.g., tabu in 
Fiji and Vanuatu, bul in Palau), each involves responsive 
and adaptive management to avoid overuse of 
resources. For example, communities could place  

tabu or bul for a certain length of time to restrict 
fishing in marine areas or harvesting fruits and nuts 
in the forests. Communities also use these local 
management systems to regulate certain uses of 
rainwater or activities that affect water quality  
(e.g., raising livestock near water sources) (Granderson 
2017). This traditional knowledge about adaptive 
resource management, including planting techniques, 
innovative water storage practices, and food 
preservation, was critical to managing impacts of 
cyclones and droughts (McNamara et al. 2021). For 
instance, communities plant hardy, slow-growing 
“disaster crops” (e.g., legumes) and surplus crops in 
tabu gardens or switch their food sources to tabu 
marine areas in times of crises (Granderson 2017).

PHOTO BY BLUE MOTUS
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NATURE-BASED SOLUTIONS

“ Nature-based solutions are actions to protect, 
sustainably manage, and restore natural and modified 
ecosystems that address societal challenges effectively 
and adaptively, simultaneously benefiting people 
and nature” (IUCN 2023). Similarly, natural climate 
solutions are nature-based solutions implemented 
specifically to increase carbon storage and/or avoid 
greenhouse gas emissions across ecosystems (Griscom 
et al. 2017). Nature-based solutions encompass 
established approaches from ecological restoration 
to engineering solutions, ecosystem-based climate 
adaptation and mitigation, disaster risk reduction, 
and natural/green infrastructure (Cohen-Shacham 
et al. 2016; Chales et al. 2023). For blue carbon 
ecosystems, nature-based solutions could include 
restoration and/or conservation of mangroves, marsh, 
seagrass, and other coastal ecosystems; restoration 
and/or conservation of upstream lands and resources 
that affect downstream environmental quality and 
climate risk; and integration of green infrastructure 
elements into new and existing coastal infrastructure. 
Nature-based solutions’ broad suite of co-benefits also 
provide an opportunity to strengthen collaboration 
between practitioners in climate change and 
biodiversity on the national and international levels 
(Vierros 2013).

Despite the growing interest in nature-based 
solutions for blue carbon ecosystems, countries and 
communities face challenges in implementing and 
financing these projects (Arkema et al. 2023). Nature-
based solutions can require complex coordination 
to develop and implement technical approaches that 
are culturally appropriate and complement local land 
and resource governance systems and capacities 
(Wickenberg et al. 2021). In addition, the delivery 
of benefits and financial return on investments from 
nature-based solutions may occur over a longer and 
more uncertain period of time than other types of 
actions because it takes time for restored ecosystems 
to mature and deliver ecological or sequestration 
benefits. Their success usually requires regular 
maintenance and adaptive management. These 
demands and longer payback periods can create 
uncertainty for investors and communities because 

the costs and benefits of investments in nature-
based solutions can be difficult to assess (these types 
of challenges are further discussed in the following 
section). Integrating projected climate impacts on 
new projects and assessing their capacity to deliver 
long-term climate resilience benefits makes these 
calculations even more complex. However, accounting 
for the substantial co-benefits of nature-based 
solutions can make these investments more bankable 
and attractive, and could reduce perceived risk, for 
more diverse funders. Capacity development will be 
important to help investors conduct MRV of blue 
carbon trends. 

Blue nature-based solutions provide 
a promising but underutilized 
pathway to bolster NDCs (Arkema 
et al. 2023). NDCs describe 
measures that each country aims 
to take to help achieve the Paris 
Agreement global goal of keeping 
warming “well below” 2 °C above 
pre-industrial levels and pursuing 
efforts to limit the temperature 
increase to 1.5 °C. 
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CASE 5  

Indigenous Women Lead Mangrove Restoration  
in the Philippines
The communities of Busuanga Island, Philippines  
are vulnerable to recurring typhoons and climate 
change impacts. Local communities are highly 
dependent on fishing and farming. The island was 
designated as the Palawan Mangrove Swamp Forest 
Reserve in 1981. However, illegal logging between 
2004 and 2015 severely decreased mangrove  
forests. In November 2013 when typhoon Haiyan  
hit the island, the remaining mangroves provided  
little protection against strong waves and wind.  
The town suffered extensive damages and destroyed 
wooden fishing boats and thatch-roofed houses. 
The community realized that mangroves could have 
shielded them from these impacts, so indigenous 
women volunteered as citizen scientists to restore 
mangroves. Since 2014, they have revitalized 159 ha  
of bare coastal patches across Busuanga Island.  

They also monitor seedling growth and every  
month, replace mangroves afflicted by parasite 
barnacles that reduce root growth. Indigenous men 
and women are mobilized to volunteer as coastal 
guards to ensure the protection of the newly restored 
mangroves. Consequently, their effort resulted in  
an 80 percent survival rate. They strengthened their 
initiative by passing an ordinance that bans further 
mangrove forest clearing. The community partnered 
with the Busuanga municipal government to craft 
a mangrove conservation plan to form part of the 
municipality’s comprehensive land use plan. To raise 
awareness around the benefits that mangroves 
provide, they also developed a curriculum to  
educate local communities.

Source: Fabro 2021
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POLICY SOLUTIONS

A number of policy mechanisms at the local, 
national, regional, and global scales aim to increase 
the effectiveness and sustainability of blue carbon 
management for economic development, conservation 
and environmental quality, social and economic  
equity, and climate resilience.

Spatial planning, zoning, and building codes

Spatial zoning and plans often guide the design and 
implementation of policy and finance mechanisms and 
can have a direct effect on blue carbon management, 
for example, by designating certain coastal areas for 
development or conservation and establishing building 
codes to manage environmental quality and  
public health impacts of coastal land uses. Spatial 
zoning strategies can also establish setback and 
elevation requirements for coastal development,  
which can protect coastal ecosystems from 
development impacts and protect infrastructure  
from climate-related impacts. 

Designing effective climate risk management  
strategies for coastal areas, including spatial plans  
and setbacks, requires spatial information about  
blue carbon ecosystem benefits to people, ideally 
coupled with climate risk scenarios and nature-based 
interventions (Arkema et al. 2015; Arkema et al. 
2023). However, understanding current and projected 
climate risks at the local level remains a challenge in 
many countries because of the lack of highly localized 
data about climate change impacts (Faivre et al. 2022). 
This is particularly relevant in the Indo-Pacific region 
because homes, gardens, buildings, roads, and major 
infrastructure (e.g., schools, hospitals, and airports)  
are typically located in the coastal zone, and flood-
plains are exposed to coastal hazards, including 
coastal erosion, inundation, and shoreline recession 
(Piggott-McKellar et al. 2020). To address these data 
and information needs, emerging earth observation 
technology, open access global data, and software 
(e.g., marine InVEST) are becoming more available  
and flexible for applications in marine spaces in  
data-limited regions (Ruckelshaus et al. 2020;  
Delevaux et al. 2023). 

Effective spatial planning and zoning should integrate 
perspectives of diverse stakeholders across sectors 
and scales (regional, national, and local) to assess 
benefits and trade-offs of planning decisions, while 
accounting for traditional systems of land tenure.  
For instance, coastal and marine spatial planning can 
be a participatory process through which government 
institutions, local authorities, local communities, 
and the private sector work together to preserve 
blue carbon coastal and marine ecosystems and 
generate economic return (Ehler and Douvere 2009). 
These planning processes can also reduce carbon 
emissions while promoting gender equality, sustainable 
livelihoods, and job creation through the distribution 
of human activities over marine spaces and over time 
(Ross et al. 2019). 

Marine Protected Areas (MPAs)

MPAs are areas of the ocean designated by 
government and/or community leaders that operate 
under a set of rules, ranging from no-take restrictions, 
to regulated non-extractive activities (Blue Natural 
Capital 2021). MPAs help protect, maintain, and 
restore biodiversity, biomass, and associated benefits 
to people (Sala et al. 2018; Worm et al. 2006) and can 
contribute to climate change mitigation by protecting 
marine carbon stocks (Roberts et al. 2017). MPAs 
can produce ecological, social (e.g., food security), and 
economic (e.g., income) benefits when implemented 
under a broader management program (UNEP 2024, 
Nowakwoski et al. 2023). Although MPA designs 
rarely incorporate carbon services and currently fully 
protect less than three percent of the oceans (MPA 
map AtlasMarine Protection Atlas 2024), 50 World 
Heritage Sites currently cover 21 percent of the global 
area of documented blue carbon ecosystems (29% of 
seagrass, 7.2% of tidal marsh, and 8–9% of mangrove 
forest) (UNESCO, 2021). To increase the area of 
ocean protected under MPAs and other conservation 
measures, the United Nations Biodiversity Conference 
(COP15) in 2022 established the 30x30 ocean target, 
led by the Global Ocean Alliance (United Kingdom, 
gov.uk), which aims to protect at least 30 percent 
of the ocean by 2030 and involves many Indo-Pacific 
island countries. However, as climate change affects 
the distribution of species, Dynamic MPAs, which 
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have boundaries that shift in response to species 
movements over time, have also been proposed  
as a possible solution for preserving species  
(Cashion et al. 2020).

In Indonesia, MPAs reduced mangrove loss by  
about 14,000 ha and avoided approximately 13  
million tCO2e of blue carbon emissions over a  
10-year period (Miteva et al. 2015), amounting to 
$540 million in social welfare benefits (Pendleton  
et al. 2012). Together, these benefits contribute  
to several of the Sustainable Development Goals 
(SDGs), including reducing poverty (Goal 1),  
improving food security (Goal 2), tackling climate 
change (Goal 13) and, of course, protecting life below 
water (Goal 14) (UNEP 2023). Recent data reveal 
that seagrasses are among the least protected coastal 
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habitats, with 26 percent of recorded seagrass  
beds in MPAs, compared to 40 percent of coral  
reefs, and 43 percent of mangroves (UNEP 2020).

Typically, governments and grants fund MPA 
operations. However, these may not be stable 
sources of revenue because priorities change as 
governments change, and grants are short-lived and 
not guaranteed over the long term (Blue Natural 
Capital 2022). Private funding of MPAs can provide 
an alternate funding model that could include: user 
fees, ecotourism opportunities, and blue carbon 
credits, among others (Blue Natural Capital 2022). 
A few of these approaches rely heavily on tourism, 
which can be volatile, as observed around the 
world during the COVID-19 pandemic, and during 
and after natural disasters or periods of political 
or economic instability. On the other hand, too 
many tourists can have a negative impact on the 
environment and can counteract conservation goals 
(WEF 2019). Privately-managed MPAs—for example, 
marine reserves managed by a private hotel (Hotel 
Managed Marine Reserves (HMMRs))—have potential 
to draw ecotourists interested in contributing to 
local conservation efforts, while delivering ecological 
benefits. Surveys in an HMMR in Vietnam found 
significantly higher fish density, size, and diversity 
within the reserve than in areas outside the reserve 
(Svensson et al. 2008).

Blue carbon rights and benefit sharing policies

Inadequate or insecure tenure and property rights  
are a longstanding barrier to community-based  
natural resource management (Dencer-Brown 
et al. 2022). Opportunities to equitably scale up 
blue carbon ecosystem restoration, conservation, 
or finance requires resolving local tenure issues 
(Rakotonarivo et al. 2023). The first critical step  
for any prospective blue carbon project is to identify 
and define carbon rights by engaging local, regional, 
and national government departments, community 
leaders, and indigenous groups and traditional 
governments (Moraes 2019; Howard et al. 2017). 
Land jurisdiction and secure customary tenure, access, 
and benefits for local communities must be clearly 
defined before implementing blue carbon solutions 
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(Pricillia et al. 2021; Song et al. 2021; Macreadie et 
al. 2022). Clear and secure blue carbon rights and 
tenure can help achieve equity in blue carbon projects 
by determining who owns and who can benefit from 
blue carbon, and how and to whom carbon is sold 
and under what circumstances (UN-REDD 2022). 
However, a central challenge is the potential complex 
convergence of jurisdictions, property and resource 
rights, and land tenure systems in coastal and marine 
areas, especially as climate change impacts reshape 
and affect access to coastal zones and resources. 

National governments could establish and implement 
safeguards (Barletti et al. 2021), a set of principles, 
rules, and procedures to protect communities 
against unintended outcomes of blue carbon projects 
(Hadyanafi et al. 2022). For instance, Fiji’s benefit-
sharing plan, which is reflected and acknowledged 
in the current Climate Change Act, follows the 
National Reducing Emissions from Deforestation and 
forest Degradation Emissions Reduction Program 
(REDD+ ERP) benefit-sharing guidelines. The Fijian 
Government recently endorsed this plan of 80 percent 
(communities) and 20 percent (government) share, 
which is consistent with the Fair Share of Mineral 
Royalties Act of 2018. 

International agreements

Given the complex jurisdictional and governance 
considerations related to managing marine 
environments, international cooperation is necessary 
to achieve multiple goals of blue carbon resource 
management across large geographic scales. In addition 
to international climate bodies and agreements 
(e.g., the UNFCCC and the Paris Agreement) and 
country-level finance mechanisms (discussed in the 
next section) and climate commitments (e.g., NDCs, 
NAPs), international policy mechanisms can provide 
frameworks, incentives, and financial support for 
national-level blue carbon accounting and project-
level activities, including conservation, restoration, and 
sustainable use of blue carbon ecosystems. 

For example, the Blue Carbon Initiative, coordinated 
by Conservation International, the Intergovernmental 
Oceanographic Commission, and IUCN (and 

supported by the International Blue Carbon Scientific 
Working Group) integrates blue carbon into policy 
and financing mechanisms that support nature-based 
climate change solutions (Ross et al. 2019). Building 
on international marine governance agreements 
established under UNCLOS, the new ‘High Seas 
Treaty,’ also known as the BBNJ treaty, signed by the 
UN Member States, aims to ensure responsible use 
of the marine environment, and maintain the integrity 
of ocean ecosystems and biodiversity in unregulated 
international waters. This agreement will be especially 
important for preventing overfishing as climate change 
impacts drive tuna and other economically important 
species beyond EEZs and into international waters 
(see Chapter 1). The treaty will: 1) establish large-
scale marine protected areas, 2) regulate countries 
and companies that can access and share benefits from 
the commercialization of “marine genetic resources,” 
3) enhance access and inclusivity for research in
international waters, and 4) set global standards for 
environmental impact assessments on commercial 
activities in the ocean (UN News 2023; European 
Commission 2023 TNC 2023). The treaty is a step 
toward protecting 30 percent of the ocean by the 
year 2030, in line with the 30x30 goals. The discussion 
about tuna fisheries management in Chapter 1 of 
this report also highlights the need for international 
cooperation on blue carbon management. While 
international agreements can be effective for 
strengthening governance and protections for blue 
carbon ecosystems, countries may also benefit from 
capacity development to effectively adopt, administer, 
and enforce international agreements at the national 
or regional level.
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CASE 6 

The Regional Flyway Initiative: A Nature-Based Solution 
for People, Nature, and Climate
Nearly 200 million people rely on the wetlands 
that lie along the East Asian–Australasian Flyway 
for livelihoods, food, clean water, opportunities in 
recreation and tourism, flood mitigation, carbon 
sequestration, and climate adaptation. More than 50 
million migratory waterbirds (210 species, and many 
other animal and plant species) also depend on the 
East Asian–Australasian Flyway wetlands for food, 
shelter, and other essential needs. The Regional Flyway 
Initiative (2022) is a partnership between the Asia 
Development Bank (ADB), the East Asian–Australasian 
Flyway Partnership, and BirdLife International. The 
partnership seeks to mobilize $3 billion to invest in 
viable nature-based solutions that can deliver for 
people, nature, and climate across the vast network 
of wetlands along the Flyway (Figure 21). 

This initiative covers 18 countries and includes  
the Philippines, Indonesia, and PNG from the focal 
region. Over the next two years, the ADB technical 
assistance will invest one million dollars to identify 
wetland sites of international importance that  
protect migratory waterbirds and support livelihoods. 
The long-term vision is to deliver projects across  
the region that support the protection, restoration,  
and sustainable management of at least 50 priority 
sites along the East Asian–Australasian Flyway.  
This initiative will provide a pilot that could be 
extended to the West Pacific Flyway region,  
which spans all the other Pacific nations. 

References: ADB 2022, Development Asia 2023, ADB 2021 

FIGURE 21. Implementation of nature-based solutions along the East Asian–Australasian flyway helps conserve critical habitat for 
migratory birds and sustain livelihoods tied to wetland ecosystems. Illustration from ADB 2022.

INVESTING IN RESILIENCE: BLUE CARBON ECOSYSTEMS, COMMUNITIES, AND FINANCE FOR THE INDO-PACIFIC 60



CHAPTER 2: BLUE CARBON ECOSYSTEMS AND COMMUNITIES—RISKS AND SOLUTIONS

INVESTING IN RESILIENCE: BLUE CARBON ECOSYSTEMS, COMMUNITIES, AND FINANCE FOR THE INDO-PACIFIC 61

TECHNOLOGICAL SOLUTIONS—FISH 
AGGREGATING DEVICES (FADS)

FADs are floating structures that attract pelagic fish. 
Pacific island countries have been placing nearshore 
FADs behind reefs to increase food availability 
for coastal populations (Sokimi 2020). Larger, 
offshore drifting FADs cover wide areas and are 
used by commercial fishing operations. Despite the 
sustainability challenges inherent with technologies 
that attract or capture multiple species of fish (some 
of them non-target bycatch), island nations and the 
industrial fishing industry are concerned that limiting 
fishing on FADs could have negative economic 
impacts, because 50–80 percent of government 
revenue in some Pacific island countries comes from 
fishing boat access fees (Sokimi 2020). Although FADS 
and similar technologies have the potential to increase 
the availability of tuna and other large pelagic fish and 
to provide protein for food security and nutrition, 
these devices, especially larger offshore FADs, require 
appropriate monitoring and management to ensure 
their sustainable use (Charlton et al. 2016). (See the 
detailed discussion about FADs in the textbox in 
Chapter 1.)

CAPACITY DEVELOPMENT 

Strengthening capacities of Indo-Pacific communities 
and institutions is key to long-term management of 
blue carbon ecosystems for productivity, sustainable 
use, climate change mitigation and resilience, and 
cultural value. Capacity development initiatives can 
include training and awareness programs, livelihood 
diversification programs, and fostering social networks 
and exchange across communities and island nations. 

Training and awareness

Capacity development is particularly important 
for blue carbon project managers and beneficiaries 
because benefits and co-benefits may not be 
initially obvious, and implementing blue carbon 
projects requires entrepreneurial, technical, financial, 
operational, and communications skills (Dencer-Brown 
et al. 2022; Beeston et al. 2020). In addition, accessing 
finance for blue carbon projects requires knowledge 
and skills to navigate complex funding requirements 

and to develop detailed technical proposals, which 
communities and small organizations sometimes lack. 
Training, training-of-trainers, and other awareness 
programs can help build skills necessary to design, 
register, implement, and manage a blue carbon project 
(Beeston et al. 2020). For example, Australia recently 
hosted a successful training program for young 
professionals from developing countries. The training 
strengthened participants’ capacity to communicate 
to researchers, policymakers, and the public about the 
value of blue carbon ecosystems, including knowledge 
of biology, remote sensing, carbon assessments, policy, 
and restoration (Gorman et al. 2023).

Effective implementation of blue carbon projects 
may require capacity development at multiple levels, 
including for individuals; community organizations; 
local, regional, and national governments; and 
private sector entities and even financial institutions. 
(Chapter 3 describes capacity building for financial 
institutions in more detail). It is important to assess 
the capacities of each target group and tailor capacity 
development programs to each one accordingly. 
Training and awareness-raising initiatives could address 
a variety of topics related to technical, financial, 
cultural, and institutional aspects of managing blue 
carbon (e.g., climate change impacts on blue carbon 
and managing blue carbon ecosystems for climate 
resilience; blue carbon mapping, measuring, and 
monitoring; identifying and developing potential blue 
carbon projects; options for increasing readiness 
to access blue carbon financing; strengthening the 
enabling environment for blue carbon public-private 
partnerships; assessing costs, benefits, and risks 
of blue carbon investments; sustaining transfer of 
traditional ecological knowledge about blue carbon 
ecosystems; and many other potential topics). 

Capacity development not only builds skills and 
knowledge in specific topics, but it can also contribute 
to broader goals at the local and even international 
scales. For example, increasing understanding of blue 
carbon among decision-makers and the broader 
public can build support and buy-in for blue carbon 
projects and increase national public attention 
(IUCN 2015). Engaging community members in 
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capacity development initiatives can also help reveal 
perspectives that trainers and facilitators may not 
have been familiar with, thus avoiding unintended 
consequences or maladaptation in blue carbon project 
design. Governments and financial institutions at all 
levels need capacity to participate in and contribute to 
international agreements, for example through MRV 
of blue carbon projects’ contributions to the goals of 
NDCs and NAPs (IUCN 2015). 

Livelihood diversification

As blue carbon ecosystems degrade and as climate 
change accelerates blue carbon losses, Indo-Pacific 
countries and communities that depend on blue 
carbon economies must seek out other activities 
to sustain their livelihoods or create new blue 
carbon-based livelihoods with new systems of local 
knowledge. For example, a partnership among  
local women leaders across PNG, provincial and 
national government, academic institutions, NGOs 
(The Nature Conservancy), and businesses came 
together to create the Mangoro Market Meri 
(“Mangrove Market Women”), an initiative that links 
sustainable mangrove management to improved 
livelihoods, including tourism, women’s empowerment, 
food security, storage of blue carbon, and the 
protection of coastal communities from sea level  
rise and storm surges. In the short term, the 
partnership builds local markets for sustainably 
harvested mangrove products (shellfish and mud 
crabs). In the medium and long terms, the initiative 
is exploring potential avenues to develop ecotourism 
and increase blue carbon sequestration. 

Developing capacity to diversify livelihood strategies 
is an important adaptation strategy for blue carbon-
dependent economies and individuals. For example, 
some fishers in the Philippines exit the fishery when 
seagrass and mangrove habitat is degraded because 
catch quantity and quality declines. To adapt and 
diversify their incomes, fishers turn to farming, 
tourism, construction, transportation, and salaried 
employment, including working for pearl farms, 
schools, the service industry, and retail. Salaried jobs 
can mitigate sensitivity to blue carbon ecosystem loss 
because they do not rely on the health of the habitat, 
unlike tourism or fishing (Quiros et al. 2021).

Empowering women, girls, and Indigenous Peoples 
to manage blue carbon

“Those who are most affected by  
climate change today—women, girls  
and marginalized communities—must  
be involved in the design and 
implementation of climate response 
actions to ensure the equal sharing  
of benefits” (UN 2022).

Gender inequalities are often rooted in social  
and legal norms and can determine roles and 
responsibilities related to natural resource access,  
use, and management. These dynamics affect how 
women, girls, Indigenous Peoples, and others whose 
livelihood strategies are closely tied to blue carbon 
ecosystems experience and respond to declines  
in blue carbon ecosystems. In many contexts,  
women’s participation in carbon projects has been 
limited because local social systems and structures 
often exclude women from participation in and 
ownership over natural resources. Although women 
make up a large proportion of the stakeholders  
in conservation of coastal ecosystem resources, 
women’s roles are rarely recognized (Cormier-
Salem 2017). Fostering women’s leadership and 
the meaningful inclusion of women in biodiversity 
conservation and natural resource management  
can lead to a more sustainable use of resources, 
reduction of conflict, and more equitable benefits  
for all users (USAID 2023). 

Increasing representation of women at all levels  
of government can help advance climate action.  
For example, placing more women in national  
parliaments can lead to more stringent climate  
change policies, resulting in lower emissions  
(Mavisakalyan and Tarverdi 2019). It is essential  
to strengthen the capacity of women, girls,  
Indigenous Peoples, and other groups who are  
agents of positive change and role models for  
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“Supporting Indigenous Peoples 
and Local Communities in their 
efforts to secure legal rights 
and control over their lands and 
waters is the cornerstone for 
effective governance leading to 
improved livelihoods but also 
conservation of ecosystems and 
biodiversity.” 

Lilian Painter, Director of the Bolivia 
Program, Wildlife Conservation Society
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sustainability and climate adaptation (UN 2022).  
Including women in the planning, design, and  
implementation of context-appropriate climate  
adaptation solutions, along with capacity-building 
strategies, can help foster community resilience,  
reduce poverty, and achieve the SDGs (UNFCCC 
2023). 

Social networks and capital

In addition to diversifying economic livelihoods, 
fostering social networks and social capital can build 
individuals’ and communities’ capacity to mitigate 
and adapt to impacts on blue carbon ecosystems. A 
diverse and strong social network can connect various 
groups that depend on coastal or marine ecosystems. 
These connections can foster a common identification 
and understanding of the issues, and facilitate self-
organization, access to more resources within or 
across islands, and sustainable governance of blue 
carbon ecosystems (Orchard et al. 2015; Granderson 
2017). Social networks, identity, reciprocity, and other 
features of intangible cultural heritage are already 
strong features of Pacific communities, providing 
sources of adaptive capacity to respond to the 
impacts of climate change on blue carbon ecosystems 
(McNamara et al. 2021). For example, Pacific 
communities pool and exchange labor, seasonally 
migrate, and gain access to more resources (Orchard 
et al. 2015; Granderson 2017). Social networks can 
provide access to food and water in times of climate 
crises through requests from kin relationships on the 
same or neighbor islands (Granderson 2017). 

The degradation and loss of blue carbon ecosystems 
and the increasing frequency and intensity of climate 
impacts on blue carbon, including the movement of 
people, can stress and fray social networks. However, 
targeted efforts to create social cohesion can help 
build individuals’ and communities’ adaptive capacity. 
For example, donors can leverage social media and 
other types of communication aids, like radio, to 
foster connections and facilitate information exchange 
among distant communities (Love et al. 2023). 
Organizing knowledge exchange workshops among 
communities and inter-generations can help support 
the sharing of knowledge and lessons learned. 
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Empowering Indigenous 
Communities in Blue Carbon 
Management
To empower indigenous communities in managing 
their coastal and marine blue carbon resources, 
an adapted toolkit, co-developed by indigenous 
communities and Wildlife Conservation Society 
(WCS) in the Amazon, identified 10 key processes 
of relevance to the Indo-Pacific context:

• Establish rights of indigenous people to manage 
local resources;

• Set up a community-led organization to oversee 
the management of natural resources;

• Elaborate natural resources management plans;

• Design the spatial zoning;

• Establish rules on access and use of  
natural resources;

• Establish production and supply chains  
of harvested natural resources; 

• Establish a monitoring plan; 

• Administration training; 

• Sustainable financing training; and 

• Monitoring of social, cultural, economic, and 
environmental impacts on the community. 

INTEGRATED WATERSHED MANAGEMENT

Roughly 80 percent of marine pollution originates 
on land, and this pollution from upstream human 
activities affects the health of mangroves and seagrass 
beds (UNEP 2019). Yet marine, coastal, and watershed 
management efforts often lack integration, reducing 
the potential effectiveness of marine conservation 
efforts (Delevaux et al. 2018). Integrated watershed 
management is a strategy that aims to balance 
environmental, economic, and social goals to enhance 
nature’s benefits and ensure equity for all land, 
water, and marine users (Delevaux et al. in review). 
Traditionally, Pacific islanders have managed their 
terrestrial and marine resources holistically from ridge 
to reef using systems such as the Hawaiian ahupua’a, 
the Yap tabinau, the Fijian vanua, and the Marovo 
puava in the Solomon Islands (Berkes et al. 2000). This 
interconnected view of the land and sea aligns with 
traditionally held Pacific values and provides a model 
for the sustainable management of these landscapes.

Integrated watershed management can help 
mitigate upstream drivers of blue carbon ecosystem 
degradation and protect blue carbon investments 
from future damage. For example, blue carbon and 
terrestrial resource managers could collaborate 
to identify critical areas in a watershed, and target 
interventions to protect human and ecosystem health 
and reduce downstream impacts, such as erosion, 
flood risk, and contaminant transport (Wakwella et 
al. 2023; Delevaux and Stamoulis 2022; Delevaux et 
al. in review). This could especially benefit seagrass 
beds affected by land-based source runoff from poor 
catchment management practices and unplanned 
urban expansion (Brodie et al. 2020). Furthermore, 
implementing integrated management plans on a 
watershed scale can foster collaboration among 
government agencies, civil societies, the private sector, 
and landowners located both within and outside 
the watershed, which can help enhance community 
resilience (Begg et al. 2023).
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Recommendations for Designing and Implementing 
Blue Carbon Solutions
Blue carbon projects around the world have offered useful lessons learned and recommendations for decision-
makers, practitioners, and communities. Considering these recommendations can help blue carbon projects avoid 
unintended consequences and maladaptive actions. 

Strengthen capacity of local communities that manage, use, and interact with blue carbon ecosystems. 
This requires significant investment in community capacity building and the development of alternative 
livelihood opportunities (Friess et al. 2022). Engaging and strengthening the role of local communities in 
the design and implementation of blue carbon solutions can help build social resilience, preserve cultural 
values, and secure livelihoods (Vanderklift et al. 2019).

Confirm customary, historical rights to resources and land tenure of Indigenous Peoples in areas 
considered for blue carbon projects (Vierros 2017; Dencer-Brown et al. 2022). To ensure investments 
make their way to communities, first confirm blue carbon property rights because obtaining blue carbon 
credits through mangrove restoration or conservation requires demonstrating a legitimate right to carbon 
(Bell-James 2016). Many countries have issued legislation to permit community tenureship of blue carbon 
(Dencer-Brown et al. 2022).

Establish policies to clarify how benefits will be shared between communities and governmental units 
to ensure fair outcomes and equitable distribution of benefits (Macreadie et al. 2022).

Incorporate indigenous and customary knowledge systems of natural resource stewardship 
into solution design and implementation to leverage existing, localized understanding of blue carbon 
ecosystems and to ensure the sustainability of blue carbon ecosystems management (Pricillia et al. 2021).

Integrate gender equity and social inclusion (GESI) into the design and implementation of blue 
carbon solutions. At the local level, women’s participation in natural resource management results in 
better resource governance and conservation outcomes (UN OHCHR 2019). Women’s and girls’ daily 
activities and roles build specialized skills and knowledge about blue carbon ecosystems that can inform 
effective solutions and avoid maladaptation and inequitable distribution of benefits.

Diversify livelihood strategies for blue carbon-dependent communities. Restoration and sustainable 
management of blue carbon ecosystems provides opportunities to diversify income sources, for example, 
through the voluntary carbon market, PES, and other types of financial compensation schemes (Dencer-
Brown et al. 2022), in addition to providing new economic opportunities, such as ecotourism.
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Target blue carbon projects to incentivize conservation, for example, by focusing not only on areas 
subject to high deforestation rates, but also to reward places and communities that are already stewarding 
their resources effectively. Other critical considerations for long-term blue carbon projects success 
include inclusive governance, legitimizing local work into policies, and simplifying carbon accounting and 
verification methodologies to lower barriers to entry (Dencer-Brown et al. 2022).

Maximize and measure co-benefits of blue carbon solutions. The co-benefits of blue carbon 
solutions can be more attractive for investors than single purpose projects. Co-benefits could include 
increases in storm protection, tourism opportunities, gender equity, biodiversity conservation, incomes, 
and climate mitigation. New forms of crediting are emerging to recognize these broader aims, such as 
SDG credits or ‘‘resilience credits’’ (i.e., carbon and coastal protection), and to make these benefits explicit 
to buyers (Macreadie et al. 2022). Accounting for and monitoring co-benefits in financial and accounting 
tools can attract more diverse funding sources and mechanisms to blue carbon projects. Implementing 
more holistic blue carbon solutions will require developing efficient, cost-effective technologies and 
standardized protocols to monitor changes in blue carbon ecosystem distribution, their carbon 
abatement, and associated co-benefits (Macreadie et al. 2022).
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Securing and scaling up financing is essential to 
restoring and protecting valuable blue carbon 
ecosystems in the Indo-Pacific. Today, finance targeting 
blue carbon solutions is small in scale compared 
to mainstream climate and conservation finance, 
both globally and in the Indo-Pacific. However, 
blue carbon initiatives have the potential to access 
these larger and more diverse financing sources 
because they contribute to a broad range of climate 
and conservation goals. For example, according to 
Bloomberg New Energy Finance (BloombergNEF), in 
2021, $166 billion was spent worldwide on restoring 
and protecting biodiversity. The majority of this 
funding came from domestic government spending. 
However, funding must rapidly increase to address 
the climate and biodiversity crises. A 2020 report 
by Paulson Institute, The Nature Conservancy, and 
Cornell Atkinson Center for Sustainability (Deutz et 
al. 2020) estimated that an additional $996 billion per 
year is needed by 2030 to manage biodiversity and 
maintain ecosystem integrity. Public financing sources 
alone will not be able to meet this target. Accelerating 
blue carbon finance in the real economy requires a 
combination of public and private sector actions.

An additional USD 996 billion 
per year is needed by 2030 to 
manage biodiversity and maintain 
ecosystem integrity (Deutz et  
al. 2020).

Private sector interest in sustainable finance, 
specifically for biodiversity initiatives that include blue 
carbon finance, is increasing as a growing number of 
organizations set decarbonization goals. For example, 
the new Taskforce on Nature-related Financial 
Disclosures (TNFD) has 40 members committed 
to creating a framework of risk management and 
financial systems that helps companies understand 
how nature impacts their performance overall. The 
taskforce members include senior personnel from 

three different sectors: financial (16), corporate (17), 
and market-service providers (7). More than 1,100 
organizations are members of the TNFD forum, and 
private sector adoption is expected to increase over 
time. The final part of this chapter provides more 
information about TNFD, including USAID’s support 
and how it can help accelerate blue carbon finance.

USAID’s agency-wide Private-Sector Engagement 
Policy (USAID 2021) recognizes the critical role 
of private finance and provides the mandate and 
guidance for working directly with the private sector 
to implement development programs. For example, 
USAID Green Invest Asia (USAID 2022) advanced 
the U.S. Government’s Indo-Pacific Framework and 
its commitment to market-driven development by 
fostering private sector engagement on sustainable 
supply chains. It also supported the USAID Climate 
Strategy by mobilizing finance to invest in the 
transition to a net-zero economy. A set of engagement 
tools is available in USAID’s Private Sector 
Engagement Hub (USAID). 

In 2017, the Network for Greening the Financial 
System (NGFS 2023), a group of central banks and 
supervisors, was established to strengthen financial 
systems’ response to meet the goals of the Paris 
Agreement, manage risks, and mobilize capital for 
low-carbon investments. NGFS has 125 members 
across five continents, including the central banks from 
the U.S., Malaysia, Indonesia, and large multilateral 
development banks (MDBs). The members of NGFS 
have a key role to play in sustainable finance as they 
supervise and set the rules for the financial system 
in their respective countries. NGFS also helps 
countries coordinate with one another to ensure the 
interconnected global financial system is resilient to 
potential financial shocks, such as widespread climate 
change impacts. For example, NGFS supports the 
consistent implementation of financial regulations 
globally by sharing detailed information about new 
actions. MDBs specifically have an additional role in 
facilitating new types of finance, such as blue carbon, 
by derisking projects and making them more bankable 
and investible. This helps bring more mainstream 
banks and institutional investors to sectors and 
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geographies that may have traditionally excluded  
blue carbon finance because of a perception of higher 
risk. For example, the Asian Development Bank  
(ADB) is working to finance the blue economy in  
Asia and the Pacific by scaling up funding for 
coastal and marine ecosystem restoration, inclusive 
livelihoods, food security, and small and medium 
enterprises. The World Bank’s PROBLUE fund 
supports sustainable development of marine and 
coastal resources in alignment with SDG 14  
(UN-DESA 2024). In September 2023, NGFS 
published its Conceptual Framework for Nature-
related Financial Risks (NGFS 2023), which established 
a common understanding of and language for  
nature-based financial risks to help operationalize the 
management of these risks at national central banks.

In response to the growing interest in blue carbon 
financing, this chapter provides an overview of 
financing options for blue carbon projects in the 
Indo-Pacific and identifies challenges and potential 
actions to move blue carbon finance from niche 
to mainstream. It describes tools, frameworks, 
and strategies for Indo-Pacific communities and 
governments to leverage global financial markets to 
protect valuable ecosystems and natural resources 
throughout the Indo-Pacific. Since blue carbon finance 
is a relatively new topic for global financial markets, 
this chapter also offers lessons learned from land-
based carbon finance initiatives. 
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Blue Carbon in Indo-Pacific 
Economies
Before detailing the financial opportunities and 
mechanisms related to blue carbon, it is important to 
provide more context about Indo-Pacific economies 
themselves. The size of the national economy, industry 
sector concentration, exposure to global supply 
chains, and levels of financialization influence which 
financial mechanisms are most appropriate for blue 
carbon. The overall goal of blue carbon finance is to 
contribute to sustainable economic growth in each 
country by valuing the carbon sequestration potential 
of natural ecosystems and the organisms that inhabit 
them. Financing for blue carbon can also protect 
valuable natural resources that sustain local livelihoods 
and communities and help limit future global carbon 
emissions by preventing habitat destruction.

Table 3 below breaks down GDP for each Indo-Pacific 
country considered in this report. These data can 
help contextualize the size of each economy. There 
is not yet a full reliable set of data summarizing the 
financial contribution that specific ecosystems, such 
as mangroves, make to national GDP. However, a 
breakdown of GDP in Indo-Pacific countries by large 
industrial sectors is available from the World Bank 
(2024). The table below includes the percentage 
contribution of export fishing to GDP in each 
country.5 These data capture economic activities in 
each country, including fish processing, and indicate 
the importance of sustaining fisheries blue carbon in 
Indo-Pacific economies. The table also shows the total 
financial value of exports for each Indo-Pacific island 
country. This includes goods and services exported 
via global supply chains. Where data are available, the 
table includes the percentage of exports related to 
fishing. For readability, the two largest economies in 
size are presented at the top of the table.

5   Subsistence fishing is often not accounted for in national statistics.  
This results in an underestimation of their contribution to national 
economies and food systems (Roscher et al. 2023)
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TABLE 3. Contributions of fisheries, total exports, and fisheries exports to Indo-Pacific countries’ GDPs (percent GDP), and their financial 
values (US dollars). Sourced from publicly available data from the World Bank for 2020 and 2021.

Country
GDP  

(USD millions) 
2021

Fisheries’ 
contribution to 
GDP 2020

Total Exports  
(USD millions)  

2021

Fisheries’ contribution 
to exports  

(USD millions) 
2020

Indonesia 1,186,505 2.7% 253,912 4,832

Philippines 394,087 1.2% 101,674 804

Fiji 4,296 0.7% 1,173 35

Micronesia 404 12.1% 96 127

Kiribati 228 N/A 26 155

Palau 218 1.6% N/A 0

Marshall Islands 260 9.9% 121 65

Samoa 844 2.0% 99 10

Nauru 146 N/A 54 N/A

Papua New Guinea 26,312 N/A N/A 278

Solomon Islands 1,580 N/A 414 37

Tonga 469 1.9% 59 2

Tuvalu 60 N/A N/A 10

Vanuatu 972 0.6% 89 122

The previous chapters of this report describe how the 
loss of coastal and marine ecosystems affects human 
health, livelihoods, and the productivity of fisheries in 
many Indo-Pacific island countries. Every hectare of 
clear-cut mangrove results in a loss of up to 670 kg in 
fish catch (Song et al. 2021), which negatively affects 
GDP. National governments in some Indo-Pacific 
island countries have a license system for international 
boats to access tuna. For some Pacific island nations 
(excluding Indonesia and the Philippines), these access 
fees provide approximately half or more of annual 
government revenues (Bell et al. 2021). Indo-Pacific 
economies could experience significant losses—on 
average $90 million annually (Bell et al. 2021)—in the 
future if blue carbon ecosystem losses and fisheries 
declines limit the ability to issue licenses. The Indo-
Pacific Blue Carbon Trends Analysis (Chapter 1) also 

describes the implications for fisheries economies as 
fish migrate in response to climate change. 

More detailed feasibility studies in specific geographic 
areas can help assess the potential for future 
economic losses and the application of specific 
financial mechanisms to mitigate losses. These studies 
would benefit from a collaborative regional research 
approach to assess projected losses and actions at 
a scale that is meaningful for potential investors. 
Alternatively, domestic finance solutions can support 
national or community-level projects in these 
countries.

It is also important to understand the additional 
benefits and socio-cultural significance these 
ecosystems bring to global, regional, and national 
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economies, which GDP figures do not quantify 
separately. Blue carbon habitats provide numerous 
ecosystem services and other co-benefits, such  
as protecting coastlines from storm impacts and 
erosion, supporting tourism, providing habitat  
for biodiversity, and supporting fisheries. Co-benefits 
of blue carbon investment can be bundled to make 
an investment more attractive to financiers. In many 
cases, it is possible to quantify these blue carbon  
co-benefits, but translating that value into investment 
can be complicated because of the timelines of 
ecological conservation and restoration and  
delivery of intervention results. Valuating intangible 
co-benefits of ecosystems, such as spirituality, cultural 
identity, and human well-being, is a key challenge  
of assessing and aligning financing with the value  
of blue carbon ecosystems.

Challenges for Policymakers
Understanding linkages between national economies 
and blue carbon ecosystems in the Indo-Pacific region 
is an important first step to determining the most 
appropriate financial mechanisms. Next steps include 
conducting a thorough assessment of coastal and 
ocean areas to identify habitats that could benefit 
from restoration or protection; quantifying social, 
cultural, and livelihoods co-benefits; and engaging 
stakeholders, such as traditional landholders, local 
communities, and financial institutions, to further 
assess and evaluate blue carbon alternatives. 

DATA AND INFORMATION

Blue carbon finance is a relatively untapped 
opportunity for private sector decarbonization 
activities, despite the growing global interest in blue 
carbon investments (Friess et al. 2022). Performing 
detailed financial assessments, including developing 
robust cost estimates for setting up new projects, 
can be a challenge to identifying appropriate sources 
of funding for blue carbon initiatives. Before making 
a decision to invest, potential funders often require 
minimum asset valuations and detailed supporting 
documentation, including financial cash flow forecasts 
from potential blue carbon investments with clear and 
stable contractual terms and conditions. A lack  

of information and/or historical business cases or 
pilot projects can hold back investments.

From a mainstream finance perspective, commercial 
banks and institutional investors consider economic 
conditions and project scale in their risk management 
processes for new lending and investing, both 
domestically and globally. Financial institutions  
have certain risk tolerances for the types and sizes  
of nature-based solutions they finance (Federal 
Reserve 2021), and these decisions depend on their 
position on the spectrum of capital ( Jackson 2021) 
(Appendix C). 

Different types of organizations are appropriate 
for different private finance needs. Organizations 
themselves have different strategic objectives that 
drive their business models and are influenced by  
their position on the spectrum of capital. Typically, 
financial institutions generate revenue by charging  
fees for the financial services they provide and by 
managing the risk/return profiles of their investments.

Using the spectrum of capital ( Jackson 2021), 
traditional finance, such as mainstream banking  
and investment, mainly focuses on maximizing  
financial returns while mitigating potential financial 
risks, such as risks related to currency exchange  
and inflation. Traditional finance does not take  
into account potential negative externalities arising 
from investment, such as ecosystem destruction, 
unless it impacts financial performance in the  
short-run. Therefore, from a traditional finance 
perspective, a tree is often worth more dead than 
alive (Mooney 2000). 

Traditional finance is the basis for the largest portion 
of global assets under management today. Responsible, 
sustainable, impact, and philanthropic finance made up 
36% of global assets under management or USD35.3 
trillion in 2021 (Baskar 2022). This is estimated to rise 
to 50% by 2025. The largest portion of this financing 
is responsible finance, which involves measuring and 
mitigating to the extent possible the environmental, 
social, and governance (ESG) risks of an investment. 
For example, integrating ESG into traditional financial 
investment decision-making involves acknowledging 



CHAPTER 3: BLUE CARBON FINANCE ASSESSMENT

72

Types of Financial Institutions 
and Institutional Investors 
Financial institutions and intermediaries consist 
of a broad range of organizations that deal 
with public and private financial transactions. 
This primer introduces six types of financial 
organizations relevant to blue carbon 
opportunities:

• Central banks: Responsible for overseeing
all other banks, usually at a national level.
Communities and individuals are not directly
connected to central banks.

• Multilateral development banks (MDBs):
Organizations created by a group of countries,
which provide finance and financial advice to
support development.

• Commercial banks: Offer financial products,
such as loans, deposit accounts, and financial
advice, to businesses of varying sizes in the
real economy, including sectors such as
agriculture. In the Indo-Pacific islands, most
commercial banks are national or regional.

• Investment banks: Offer more complex
financial services used by governments and
international businesses. They also act as
financial advisors to clients, such as pension
funds and institutional investors, and they
assist in raising new capital securities (for
example, by underwriting new blue bond
transactions). In the Indo-Pacific islands, most
investment banks are regional or international.

• Insurance: Organizations that help transfer
the potential risk of loss, therefore providing
financial protection. In the Indo-Pacific islands,
most insurance organizations are regional or
international.

• Broker / Dealer: An organization that acts as
intermediary and is authorized to buy and sell
securities.

• Institutional investors: Financial institutions
and other organizations that invest money on
behalf of other people. They often buy and
sell large amounts of securities via brokers.

and quantifying negative externalities. In some cases, ESG 
risks can influence decisions about whether an investment 
proceeds. Impact finance integrates ESG risk analysis and 
has stated positive sustainability objectives. In 2022, impact 
finance was just over $1 trillion (Hand et al. 2022). An 
example of award-winning impact finance is a blue capital 
fund (Karner Blue Capital 2021).

Completing an ESG risk analysis requires reliable data 
related to blue carbon ecosystems. Carbon sequestration 
rates or carbon emissions reduced or avoided can be key 
performance indicators for new types of blue carbon 
finance. ESG analyses can also account for impacts on 
livelihoods, environmental quality, and GESI. For example, 
impact finance investments can integrate a set of indicators 
into a sustainability-linked loan or blue bond (see Appendix 
C for details). 

KNOWLEDGE AND CAPACITY

Blue carbon finance is relatively new, and many 
stakeholders still have limited knowledge about the types 
of available funding and the MRV data requirements 
associated with some private finance opportunities. Levels 
of knowledge are low, even among financial institutions, 
because typical financial training, such as accountancy and 
investment management exams, do not address the data 
and analyses relevant to blue carbon investments—for 
example, analyzing and managing carbon emissions. 

In addition, traditional financial analyses do not assign a 
financial value to negative externalities, such as ecosystem 
destruction. Therefore, they are usually excluded from 
financial models that assess potential investments, such as 
discounted cash flow analysis. As a result, a project that 
causes environmental harm may receive funding, while 
projects that have a positive environmental impact do not 
get funding. Financial institutions and accountants also use 
specific technical language and modeling techniques that 
are different from other sectors and therefore can create 
barriers to investments. 

To help address these challenges, financial institutions and 
professionals need more training and capacity development 
in climate change and its impacts on investments, 
environment and climate externalities, and the data 
necessary to analyze them. In addition, programs that 
increase financiers’ exposure to local communities’  
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and national governments’ perspectives on blue 
carbon investment can help raise awareness and 
encourage growth. 

From a private finance perspective, using common 
and widely accepted industry standards to measure 
new types of data is key to accelerating biodiversity, 
climate, and blue carbon finance. Training on emerging 
international standards for blue carbon, described 
later in this chapter, is also necessary to help investors 
understand, compare, de-risk, and finance projects 
appropriately. Project stakeholders, such as decision-
makers at national and local levels, would also benefit 
from financial training to understand what makes a 
project investment-worthy. 

GEOGRAPHIC SCALE AND MOVING TARGETS

To date, most of the blue carbon private sector 
opportunities relate to specific habitats in discrete 
locations—for example, restoring a particular 
mangrove forest or coastal area. If funded in isolation, 
these projects can be difficult to scale due to their 
small size. In addition, blue carbon investments 
are likely to be spread across a variety of industry 
classifications in a commercial bank or institutional 
investor’s portfolio, such as “agricultural commodities 
for fishing.” Some blue carbon systems, such as 
fisheries, do not exist in a static location in a single 
country or geography. The industry and geographic 
classification at financial institutions can make it 
difficult to characterize blue carbon in the context  
of a specific investment opportunity.

Collaborations among local environmental 
organizations, research institutions, financial 
institutions, and policymakers to gather data  
and information about the current state of blue 
carbon ecosystems, blue carbon-dependent 
communities and livelihoods, and related industries 
in specific geographic areas can help expand the 
number of potential funding sources. Actions to  
align Indo-Pacific blue carbon and financial lexicons 
can further encourage cooperation.
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ENABLING ENVIRONMENT

From a traditional finance perspective, a stable 
enabling environment that avoids regulatory capture, 
combined with a solid understanding of the applicable 
legal and voluntary frameworks, is necessary to 
scale up blue carbon financing. A stable enabling 
environment also reduces uncertainty and risk 
associated with investment decisions. 

For example, it is important that both public 
institutions and private sector entities have the 
appropriate policy, regulatory, and legal structures in 
place to enable public-private partnerships, receive 
and manage blue carbon finance through a variety of 
mechanisms, and allow for effective redress. Financial 
institutions have existing financial crime compliance 
policies and practices that apply to all customers and 
broader stakeholders, including suppliers and partners 
(Murphy et al. 2020). These include anti-money 
laundering, anti-bribery, and anti-corruption policies. 
Requirements for transparency can also help build 
confidence in blue carbon investments—for example, 
project documentation should be required to disclose 
estimates or assumptions underlying project data or 
information. This is especially important for long-
term projects, such as ecosystem restoration projects 
that occur on timelines of years, rather than months. 
Human rights protections are also required to access 
responsible financing from banks and institutional 
investors. The geographic context of the Indo-Pacific 
could make this challenging—for example, if illegal 
fishing takes place far offshore or fish processing is 
completed out of sight in poor conditions. 
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Blue Carbon Finance 
Opportunities
Various mechanisms and strategies are available to 
secure funding for activities related to the protection, 
restoration, and sustainable management of coastal 
and marine ecosystems. These investments contribute 
to carbon sequestration and climate change mitigation, 
climate change adaptation and DRR, economic 
development, conservation, and environmental 
quality. This section describes several types of blue 
carbon finance opportunities, although some of these 
opportunities may be cross-cutting and do not fit into 
a single category. 

NATURE-BASED SOLUTIONS

Impact financing for nature-based solutions includes 
the sustainable management, restoration, and/
or protection of seagrasses, mangrove forests, and 
coastal wetlands that store carbon, provide ecosystem 
services, and support the well-being of human and 
natural systems. When harnessed effectively, these 
ecosystems can hold more than 110,100 million 
tCO2e across nearly 1.85 million square kilometers 
globally (calculated based on estimates in Macreadie 
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et al. 2021). The benefits of nature-based solutions 
projects can also be monetized to generate returns 
when impact investors have an objective to achieve 
both financial returns and explicit sustainability 
objectives for a project. Client demand for sustainable 
investment is growing, which drives the focus on 
environmental impacts of investment. For example, 
some retail investors demand impact finance from the 
institutional investors who manage their money. 

Impact finance requires measurement and 
transparency about the co-benefits of a project— 
for example, landscape restoration or increased 
gender equity. These additional evaluations can 
add costs to an investment strategy compared to 
traditional financial analyses. However, impact finance 
brings other local economic co-benefits, such as 
shoreline protection and support for local livelihoods. 
This can attract more diverse investors and can 
improve the net benefit of investments. Chapter 2  
of this report discusses these co-benefits in more 
detail. For example, some island countries are 
rewilding nearshore ecosystems to restore ecosystem 
services and protect blue carbon-dependent 
livelihoods. The objective of rewilding ecosystems, 
specifically island ecosystems, is to help reverse 
ecological degradation, manage invasive species, and 
slow or reverse biodiversity loss. Through partners 
and funders, such as Island Conservation, Re:wild, 
Scripps Institution of Oceanography, and many others, 
the Island-Ocean Connection Challenge (IOCC) has 
a goal of restoring and rewilding 40 island-ocean 
ecosystems by 2030 (IOCC 2023).

VOLUNTARY CARBON MARKETS

Voluntary Carbon Markets (VCMs) are one of the 
most complex and controversial mechanisms for 
financing blue carbon and terrestrial carbon initiatives. 
VCMs are mainly private sector initiatives, usually 
led by corporations, that generate and purchase 
carbon credits to offset or inset6 carbon emissions. 
Each carbon credit is the equivalent of reducing or 
removing one ton of CO2e. The size of the VCM is 

6   Insetting in volves implementing NBS to reduce greenhouse gas emissions 
from an entity’s own supply chain (Bhatia 2022).
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determined by the financial value institutional investors 
place on carbon sequestration from ecosystem 
protection and restoration and the carbon emissions 
these investments offset. Today the approximate 
annual size of the VCM is $2 billion per year, and this 
is expected to increase to approximately $34 billion 
globally by 2050 (BNEF 2024). 

It is possible to develop an indicative financial value for 
Indo-Pacific blue carbon using a simple methodology 
based on carbon credits and Indo-Pacific countries’ 
mangrove, seagrass, and tuna carbon sequestration 

potential (see Appendix A for carbon sequestration 
data). The estimated price-per-blue-carbon-credit in 
Asia is between $13–35 (L 2023). Table 4 shows the 
estimated total financial value of carbon sequestered 
through seagrass and mangrove restoration and in 
tuna in Indo-Pacific nations. These estimates use the 
high-end of this price range—$35, the price at which 
recent blue carbon projects have been sold (Drake 
2022). A fair distribution of proceeds from sales of 
carbon credits is important to ensure a project’s 
success, including fair distribution of economic 
benefits to the local community. 

TABLE 4. Size of Indo-Pacific countries’ mangrove and seagrass blue carbon ecosystems in 2020 and the present net CO2e ocean 
sequestration for tuna per year (minus the emissions from the catch). Estimated financial values of aggregated CO2e sequestration 
of mangroves, seagrass, and tuna in US dollars. Underlying data is sourced from Global Mangrove Watch, Betram et al. (2021),  
and Mariani et al. (2020).

Country
Mangrove 
area km2

Seagrass 
area km2

Tuna 
(net uptake 
tCO2e)

Total 
sequestration 
tCO2e/yr

Estimated 
absolute financial 
value (thousands 

USD / yr)

Fiji 488.14 507.45 50,808 619,528 21,683

Indonesia 29,533.98 5,582.48 544,495 22,231,607 778,106

Kiribati 1.46 53.46 410,330 438,338 15,342

Marshall Islands 0.33 21.88 201,815 213,107 7,459

Micronesia 87.94 89.32 281,350 382,744 13,396

Nauru 0.00 0 336 336 12

Palau 56.88 82.77 74,252 152,494 5,337

Papua New Guinea 4,524.74 992.02 82,476 3,474,303 121,601

Philippines 2,847.98 1,749.36 102,881 2,807,525 98,263

Samoa 2.32 10.65 5,325 12,200 427

Solomon Islands 526.51 405.93 143,951 685,757 24,001

Tonga 10.43 4.91 21,662 30,809 1,078

Tuvalu 0.09 0.16 61,144 61,283 2,145

Vanuatu 15.84 6.59 28,431 41,884 1,466

TOTAL 38,097 9,507 2,009,256 31,151,913 1,090,317
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Indo-Pacific countries have the opportunity to 
participate in VCMs because of their abundant 
nearshore natural resources and the potential 
for restoration and conservation. To enter VCMs 
for blue carbon, often a country’s first task is to 
establish a baseline of the current stock of blue 
carbon ecosystems, which can be costly and time-
consuming if these data are not already available. 
However, for market credibility, it is important that 
VCM projects have a well-established baseline, and 
robust monitoring protocols, to ensure they are truly 
additional. The concept of additionality (i.e., that a 
project’s carbon emission reduction or increase in 
sequestration occurred due to the carbon finance) 
is crucial for investors because it prioritizes adding 
new projects and sequestration, rather than trading 
existing carbon offsets or credits via a brokerage. 

The price paid for each carbon credit varies depending 
on project quality and overall market integrity. Recent 
debates about VCM credibility have raised questions 
about greenwashing, “phantom” credits that do not 
reduce or remove carbon, double-counting offsets, 
trends of overstating project benefits, and inequitable 
values of VCMs in developing vs developed countries. 
There are also concerns that funds raised from carbon 
credits have not reached local communities that are 
stewards of these natural resources. Some observers 
of the VCM view its unintended consequences as a 
form of neocolonialism that transfers projects and 
land rights from communities to international private 
sector entities.

To help address some of these issues, the Integrity 
Council for the Voluntary Carbon Market (ICVCM) 
is a new global governance mechanism that supports 
scaling the VCM and Article 6 of the Paris Agreement. 
ICVCM is an independent governance body with 
members from across the world, including the United 
Nations. It has defined a single global threshold for 
projects, called the Core Carbon Principles (CCPs) 
Assessment Framework. Furthermore, standard-
setters and verifiers operating in VCMs have 
developed specific guidance related to blue carbon, 
which is relevant for Indo-Pacific countries. For 
example, Gold Standard has a practitioner’s guide 

for digitizing project data collection and registering 
and certifying a project. It also provides guidance for 
aligning voluntary projects with a country’s NDC. 
Improving the quality and credibility of VCM credits 
could raise the price of carbon credits and increase 
the value of the VCM considerably. 

For some Indo-Pacific countries, the scale of single 
nearshore habitats may not be large enough to 
support project development costs. In this case, 
projects can be grouped together at a national or 
regional level to benefit from economies of scale. 
Aggregating projects into a themed blue carbon 
accelerator or impact fund brings down costs and 
makes it more financially viable for private investors. 
However, it is important for blue carbon VCM project 
managers to be aware that other activities occurring 
within a VCM project area—even if they contribute 
to emissions reductions—can interfere with carbon 
accounting for the VCM, especially if they receive 
financing from sources external to the VCM. 

An initiative in Australia created reef credits (Green 
Collar 2020), an innovative type of financial instrument 
based on a method similar to carbon credits. Each 
reef credit represents a quantifiable, verified volume 
of pollutants (e.g., sediment, pesticides, and dissolved 
inorganic nitrogen) removed from water flowing 
from land to the reef. The project was a partnership 
between an environmental markets investor and 
project partners, and it received support from a 
regional policymaker initiative. Given the local support 
and umbrella policymaker initiative, the reef credits 
were successfully sold to large financial institutions  
and companies.
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CASE 7 

Ocean Accounts for Fiji’s Mangroves Make  
Progress Toward SDGs and the Paris Agreement
Ocean accounts provide countries with the means 
to go beyond GDP (European Commission 2024) 
by integrating social, economic, and environmental 
information to track progress toward a country’s 
domestic and global commitments (GOAP Secretariat 
2022(a)). Blue economy is fundamental to Fiji’s national 
economy and local livelihoods. Ocean accounts enable 
the comparison of ocean environment assets (e.g., 
extent/condition of mangroves), economic activity 
(e.g., sale of fish), and social conditions (e.g., coastal 
employment) (GOAP Secretariat 2022(a)). Fiji has 
one of the highest mangrove coverages in the South 
Pacific region, which plays a critical role in the local 
economy. Ocean accounts for mangroves were 

created to capture the contribution of mangroves 
to the Fijian society and economy (GOAP 2022(c)) 
because the economic value of mangroves currently 
accrue to fisheries and aquaculture, construction, 
and professional scientific services industries. The 
economic value is about $20–30 million of direct UN 
System of National Accounts benefits of mangroves 
annually. Mangroves support about 0.5 percent of 
Fiji’s GDP and Gross Value Added. Mangrove related 
activities support about 3,500 direct jobs, which 
represents about two percent of all jobs created  
in these industries.

References: GOAP Secretariat 2022(a), GOAP Secretariat 2022(c)
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NATIONAL CLIMATE FUNDS

Indo-Pacific countries could consider creating national 
climate funds that channel financing to blue carbon 
initiatives and help ensure that the financial benefits 
of their natural resources remain in the country. 
These funds obtain finance from both domestic and 
international sources, including taxes and foreign 
direct investment budgets. They have a broad mandate 
to tackle climate change, often through sector-level 
actions that align with national climate plans and 
development strategies.

“By helping raise private sector 
awareness and supporting new 
funding opportunities, and by 
creating Blue Carbon Zones, 
governments can unlock private 
sector access [and] enable the 
protection of ecosystems.” 

Lauren Drake, Executive Director, 
Pollination Group (2023).

National climate funds can direct finance to local 
communities through national budgeting processes, 
and through mechanisms such as loans and grants. 
External funders often require transparency; 
therefore, tracking the use of fund disbursements 
from national climate funds, and pre-arranging 
stakeholder engagement around fund use, can also be 
an important feature of these funds. For example, in 
Kenya, stakeholders participate in fund management 
committees to ensure communities have a voice in 
decision-making. With conditions in place to help 
ensure transparency and equity, national climate funds 
can effectively channel finance from national budgets 
and international funders to local communities. Of 
the Indo-Pacific countries considered in this report, 
Indonesia, FSM, Philippines, and Tuvalu have national 
climate funds. The United Nations Development 
Program (UNDP) highlighted the Tuvalu Trust Fund 

(TTF) in a case study (Petrini et al. 2013). The TTF 
has international donors, a clearly stated financial 
model with objectives, and strong management 
processes.

The IFC estimates that the climate 
commitments made by 21 emerging market 
countries will require as much as $23 trillion 
in investments by 2030. However, current 
funding flows are “insufficient for, and 
constrain implementation of, adaptation 
options, especially in developing countries” 
(IPCC 2023). More work to overcome 
the shortage of ‘bankable’ blended finance 
projects in developing and middle-income 
countries can increase investor confidence 
and mobilize capital for climate action.

BLENDED FINANCE

Blended finance is another impact finance mechanism 
that can accelerate financial flows into blue carbon. 
Blended finance is the strategic use of development 
finance and philanthropic funds to mobilize private 
capital flows for emerging and frontier markets, 
resulting in positive results for both investors and 
communities (World Economic Forum, 2015). Blended 
finance involves a larger number of stakeholders, 
including policymakers, MDBs, and investment 
banks. For example, blended finance can include 
private funding and development funding from public 
and philanthropic donors. Blended finance lets 
institutional investors choose different risk tolerances 
while participating in the same project. This funding 
approach also allows intermediaries to match different 
sustainable development projects to the investment 
capital. This type of financing can bring together 
partners from philanthropy, government, and the 
private sector in a collective effort along the spectrum 
of capital, including technology. For example, Sofar 
Ocean (Sofar Ocean 2024) uses blended finance to 
fund projects using their “backyard buoy” technology 
to track water temperature and monitor wave 
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movement to inform decisions about responding to 
certain weather events. Blended finance helps de-risk 
funding, attract investors, and enable access to a  
larger pool of capital.

GLOBAL CLIMATE FUNDS

Blue carbon projects can access multilateral 
international funding through three main global funds: 
the Global Environment Facility (GEF), the Green 
Climate Fund (GCF), and the Climate Investment 
Funds (CIF). While there are other smaller funding 
opportunities, these funding pools have more than 
$50 billion in funds that blue carbon projects can  
apply for. However, sometimes these funds can take 
more than a year to be disbursed due to project 
application cycles and the amount and complexity  
of documentation required. 

The GEF funds projects that combat biodiversity 
loss, climate change, pollution, and stressors to land 
and ocean health. The organization consists of 185 
participating countries, a council of 32 member 
countries who serve as the main governing body, 
and 18 partner organizations who help implement 
projects. The GEF provides opportunities in blended 
finance, grants, and policy support. GEF provides 
funding through four avenues: full-sized projects, 
medium-sized projects, enabling activities, and 
programmatic approaches. It has funded more than 
5,000 projects dating back to 1991, with over 2,000 
projects approved for the current cycle. 

The GCF targets investments in four major areas:  
the built environment; energy & industry; human 
security, livelihoods and wellbeing; and land-use, 
forests, and ecosystems. Currently the GCF’s 
portfolio value is more than $45 billion, with a mix 
of loans, grants, equity, results-based payments, and 
guarantees. The GCF has a 10-stage project cycle, 
and each project must align with the GCF investment 
framework, portfolio targets, and financial policies. 
Additional evaluation criteria include project impact, 
growth of the project beyond the first year, and 
sustainability of project activities and impact. GCF 
aims to maintain a 50/50 balance of climate adaptation 
and mitigation projects that span various sectors and 
result areas, such as health and well-being, climate 

Takeaway for Donors 

Supporting financial literacy, reducing 
barriers to access financing, and increasing 
participation in global efforts to streamline 
blue carbon funding can contribute to 
ambitious climate action and transformative 
change in partner countries. The 
Intergovernmental Panel on Climate Change 
(IPCC) recognizes the value of diverse 
sources of knowledge in building climate 
resilience, and highlights the importance of 
targeting adaptation finance to vulnerable 
groups, regions, and sectors (IPCC 2023).

information and early warning systems, energy 
efficiency, water security, low emission transport, 
ecosystems and ecosystem services, forest and  
land use, and agriculture and food security. A 
consortium of Pacific island countries7, with support 
from Conservation International, is currently  
preparing a full proposal for $70 million (USD) in  
GCF funding to help manage climate change impacts 
on communities and economies that depend on  
Pacific tuna fisheries. 

The CIF is a multilateral funding group that supports 
low- and middle-income countries in responding 
to the effects of climate change. The CIF receives 
funds from MDBs, such as the World Bank Group, 
the Inter-American Development Bank, the 
African Development Bank, the European Bank for 
Reconstruction and Development, and the ADB.  
CIF focuses on projects related to technology, 
technical assistance, and strategic climate strategies, 
working through two central funds—Clean 
Technology Fund (CTF) and the Strategic Climate 
Fund (SCF)—and by mobilizing private capital funds. 
Individuals who want to access these funding streams 
are required to work with MDBs directly to develop 
and implement projects.

7   Cook Islands, FSM, Fiji, Kiribati, Niue, Nauru, Palau, PNG, RMI, Samoa, 
Solomon Islands, Tonga, Tuvalu, Vanuatu
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BLUE BONDS

Blue bonds are a type of debt that companies and 
sovereigns can use to finance the restoration and 
maintenance of ecosystems and aggregate small 
projects for funding. National governments issue blue 
bonds themselves to fund projects, often working 
with investment banks and MDBs. Institutional impact 
investors provide capital. One benefit of using blue 
bonds for blue carbon financing is that they are 
issued on a case-by-case basis specifically to fund 
blue ecosystems and economies and climate and/or 
sustainability initiatives in blue systems. Limitations 
can include incurring high debt and addressing the 
challenges of working with private actors. 

In 2018, the Government of the Seychelles, a small 
island state, issued the world’s first blue bond. The 
total amount of sovereign and corporate debt issued 
in 2021 by organizations in Asia Pacific, excluding 
China and Japan, was over $100 billion (ICMA 2021). 
Where relevant a portion of this could be issued in a 
blue bond format, as it would contribute to positive 
environmental, economic, and climate outcomes. Fiji’s 
blue bond, issued in November 2023 for $20 million, 
was oversubscribed by three times the issuance 
amount, indicating strong interest among investors in 
blue financing mechanisms (Vula 2023). 

DEBT-FOR-NATURE SWAPS

Debt-for-nature swaps (DNS) allow countries or 
other entities to restructure either their sovereign 
or commercial debt obligations by linking them to 
the protection of natural resources. Through DNS, 
countries reduce their debt by trading it for climate/
nature initiatives. Governments work together with 
investment banks to structure these financial products. 
The main limitation of DNS is the time required— 
sometimes years—to negotiate fair and equitable 
terms. In addition, initial implementation of national 
climate and nature initiatives can be costly. Depending 
on the amount of debt a country has, a DNS is likely 
most effective as one tool of an overall blue carbon 
financing strategy, not as a stand-alone solution. 

In 2021 the Government of Belize entered into a 
DNS linked to the protection of its barrier reef. This 
transaction raised $364 million and reduced Belize’s 
debt by 12 percent of GDP, in return for conserving 
30 percent of Belize’s ocean and other conservation 
measures (Egolf 2001). 

The IMF and World Bank have 
identified debt-for-climate swaps as 
tools to leverage additional finance 
for climate actions in Pacific SIDS, 
while reducing their debt burdens. 
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Integrated Initiatives for  
Blue Carbon Finance and 
Climate Adaptation  
Recognizing the importance of blue carbon 
ecosystems to the future prosperity of the 
Seychelles, in 2018 the Government ratified, 
“Seychelles Blue Economy Strategic Policy 
Framework and Roadmap.” The innovative 
policy framework and roadmap takes an 
integrated approach to ocean-based sustainable 
development, bringing together environmental, 
societal, and economic considerations.  
A number of initiatives have followed:

• The aforementioned Blue Bond supports 
sustainable fisheries, with proceeds helping to 
expand Marine Protected Areas (MPAs). 

• Seychelles Blue Economy Debt-for-Nature 
Swap aims to convert over $21 million of 
national debt, helping to finance adaptation, 
implement marine spatial planning, create new 
MPAs, and establish legal frameworks around 
the use of marine resources.

• Seychelles’ Conservation and Climate 
Adaptation Trust provides funds for 
supporting new and existing MPAs and 
sustainable use zones, empowers fisheries 
with science, promotes rehabilitation of 
degraded areas, develops and implements 
social resilience plans and risk reduction plans 
for climate adaptation, and develops business 
models to support sustainable development.

Indo-Pacific Blue Carbon 
Finance Options
Sustainable finance is a dynamic field with many new ideas 
and solutions, especially technological ones. Internet access 
can help financially excluded communities access finance via 
mobile phone applications, therefore limiting the need for a 
physical banking infrastructure. Web3 technologies, such as 
blockchain, can facilitate traceability and verification of local 
conservation actions. For example, integrating blockchain 
technology in the end-to-end supply chain, including access 
at the community level, delivered significant environmental 
benefits in global black tea supply chains (Paul et al. 2021). 
In addition, it is possible to tokenize assets, such as blue 
carbon credits, by adding them to a blockchain (Aki 2021). 
Using a democratic financialization model to access new 
and diverse international retail, investors who use the same 
technology can help scale up blue carbon finance. Piloting 
these innovations could help Indo-Pacific communities 
and policymakers develop new context-appropriate 
approaches to scale blue carbon investments. Table 5 
below lists the countries considered in this report and the 
potential suitability of different types of finance at different 
geographic scales.

The analyses and assessments in this report have 
considered Indo-Pacific countries collectively where 
possible. However, the Philippines and Indonesia have the 
largest economies (based on GDP), and therefore, they 
have greater opportunity to access international capital 
markets for blue bonds and blended finance. Indonesia’s 
relatively high percentage of fisheries exports suggests blue 
bonds and supply chain finance could provide financing 
opportunities. However, smaller island nations that may 
not have the economic scale to access some opportunities 
individually could consider a regional grouping to increase 
access to certain financing sources. This strategy can help 
diversify offerings for countries with fewer blue carbon 
resources. For example, given Nauru’s lack of mangrove and 
seagrass sequestration, it does not have high potential for 
participation in the VCM, but it could join other nations to 
offer a portfolio of blue carbon projects (World Economic 
Forum 2022). For all the financial mechanisms below, more 
detailed feasibility studies can identify the most appropriate 
financing opportunities for a particular geography.
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TABLE 5. Potential national and regional blue carbon financing mechanisms by country. A darker color indicates higher potential for use 
based on the presence and extent of blue carbon ecosystems in each country. This initial assessment does not replace detailed feasibility 
studies and analysis of the financing enabling environment. Further analysis could also help determine how these mechanisms could be used 
individually or in combination in a certain country context.

Country
Voluntary 
Carbon 
Market

National 
Climate 
Fund

Blended 
Finance

Blue Bonds 
and Supply 
Chain Finance

Debt-for-Nature 
Swaps

Indonesia

Philippines

Fiji • •
Micronesia • •
Kiribati • •
Palau • •
Marshall Islands • •
Samoa • •
Nauru •
Papua New Guinea • •
Solomon Islands • •
Tonga • •
Tuvalu • •
Vanuatu • •

• indicates potential for a regional financing mechanism
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Experience from Land-
Based Carbon Finance
Land-based carbon projects have expanded 
through partnerships and collaboration among 
various stakeholders, including governments, 
financial institutions, communities, and non-profit 
organizations. Blue carbon initiatives can leverage 
existing networks, partnerships, and platforms to 
enhance project implementation and attract funding. 
Collaboration can also facilitate knowledge sharing, 
capacity building, and the exchange of best practices, 
ultimately promoting the scalability and replicability 
of successful blue carbon projects. By learning from 
land-based carbon projects, blue carbon initiatives can 
benefit from established practices, methodologies, 
and investment pathways and networks. Adaptation 
of these lessons can contribute to the successful 
financing and implementation of blue carbon projects, 
enhancing climate change mitigation efforts and the 
conservation of coastal and marine ecosystems. This 
section discusses two key principles for blue carbon 
finance, based on existing work from commercial 
banks, the insurance industry, and standards and 
training initiatives.

ENVIRONMENTAL AND SOCIAL 
SAFEGUARDS FOR INVESTMENT STRATEGIES

Commercial banks have made progress strengthening 
terrestrial deforestation risk policies (Triantafilidis 
2021). For example, 19 percent of 150 banks  
surveyed globally had introduced a policy to 
implement minimum standards for deforestation  
into their lending strategies. Some commercial banks 
have already introduced voluntary internal policies  
that prevent lending to projects that would damage 
Ramsar Wetlands (IUCN 2014). These policies can 
expand to new areas, such as unprotected mangroves. 
These types of safeguards often apply to new lending 
and require ongoing monitoring, for example by 
working with independent standard setters and 
verification bodies. 

This approach is similar to the EU’s Sustainable 
Finance Disclosure Regulation (SFDR), in effect since 

2023. SFDR requires institutional investors who sell 
sustainable finance products to EU-based clients to 
disclose annually how they “do no significant harm” 
to the environment. Although sustainable finance 
regulations have progressed globally, it is likely that 
minimum standards will increase over time. 

Financing for palm oil offers another example of  
linking environmental safeguards to investment 
strategies and global supply chains. The destruction 
of habitats for the planting of palm oil has slowed 
in recent years, due in part to the insistence of 
investors and consumers and regulations, like SFDR, 
that require disclosures. Financial institutions and 
companies can obtain environmental and social 
standards and certifications, such as the Roundtable 
on Sustainable Palm Oil (RSPO). Some commercial 
banks now only finance farmers in the sector who 
meet RSPO standards through the introduction of 
minimum sustainability risk lending standards. The 
implementation of risk policies can vary by size 
of customer. Independent verifiers review RSPO 
compliance and report back to the commercial  
bank throughout the entire lifetime of the financial 
product. If standards are not met, smallholder farmers 
receive more time and support to implement the 
RSPO policy, a period of patience to adapt, and 
advance warnings prior to withdrawing funding.  
Since smallholders often do not have direct access  
to banks, it is important for them to engage locally 
with trained bank risk officers and community  
groups on the ground.

This new approach to palm oil can be applied  
to fisheries—for example, by introducing and/or 
expanding banking agricultural commodities policies  
at commercial banks to include minimum standards 
and referencing organizations such as fair trade 
or Global Sustainable Seafood Initiative (GSSI). 
Policymakers can help support these approaches 
by bringing together stakeholders, including local 
communities, for training and to share best  
practice examples.
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MONITORING, REPORTING,  
AND VERIFICATION

Land-based carbon projects have established robust 
MRV systems to accurately measure and verify carbon 
sequestration and emission reductions. Blue carbon 
projects can adopt similar standardized methodologies 
and protocols for quantifying and monitoring  
carbon stocks and fluxes in coastal and marine 
ecosystems. This ensures transparency, credibility,  
and comparability of results, which are crucial for 
accessing carbon markets and attracting finance. 
Policymakers can help by supporting incorporation  
of international standards domestically.

In 2023, Ørsted was the first energy company in  
the world to issue a blue bond. The proceeds from 
the bond support sustainable shipping and ecosystem 
restoration, including salt marsh and seagrass. The 
International Finance Corporation (IFC) blue finance 
guidelines determined the metrics and targets 
embedded in the Ørsted blue bond. These guidelines 
recommend impact reporting during the length of 
a blue bond with independent verification. Because 
of the international standing of the IFC, integrating 
its guidelines can help attract private capital, while 
increasing adoption of standards for MRV. In 
September 2023, the International Capital Markets 
Association (ICMA) launched a new practical guide 
for blue themed bonds to help unlock finance for a 
sustainable ocean economy. ICMA developed this 
guidance in collaboration with the IFC, United Nations 
Global Compact, United Nations Environment 
Programme Finance Initiative (UNEP FI), and ADB.  
It defines eligibility criteria, suggests key performance 
indicators, and highlights case studies from the field 
(ICMA 2023).

Many financial institutions, companies, and public 
entities in Japan, Hong Kong, Singapore, and Malaysia, 
among others, are currently, or will soon be subject 
to mandatory reporting using the Taskforce on 
Climate-related Financial Disclosures (TCFD) 
standards and methodologies (Naik 2021). TCFD 
requires financial institutions to identify and disclose 
information about climate change impacts on their 
operations and customers, and how their operations 

contribute to climate change, including their carbon 
footprints. Identification and disclosure lead to a 
greater awareness of the externalities, such as carbon 
emissions associated with financing both inside the 
financial institutions and among institutional investors. 
Heightened awareness, in turn, can lead to more 
sustainable finance opportunities that help mitigate 
the externalities. A study by CDP (formerly Carbon 
Disclosure Project) found that more than 3,000 
companies from 21 Asian Pacific markets reported 
TCFD-aligned disclosures in 2020 (Divgi 2021). 

Building on TCFD, the TNFD, launched in 
2023, focuses on biodiversity. Public and private 
organizations around the world can use TNFD to 
identify and assess biodiversity-related risks and 
opportunities based on their business actions and 
processes. TNFD recommends additional external 
measurement and disclosures on biodiversity, 
explicitly including marine ecosystems where positive 
or negative environmental impacts are relevant. 
Therefore, TNFD facilitates investments by helping 
carbon project planners identify and publicly disclose 
negative impacts on biodiversity from a business 
or investment portfolio, thus accelerating financial 
opportunities as project planners work to mitigate 
negative impacts. 

In 2015 the Dutch central bank established the 
Partnership for Carbon Accounting for Financials 
(PCAF). It is the most common global industry 
standard that financial institutions, including banks, 
institutional investors, and insurers use to measure 
financed carbon emissions from customers in the  
real economy. PCAF has dedicated resources in  
Asia Pacific, and it can help support action, such  
as improving carbon data to enable compatibility 
and comparison across organizations and facilitating 
sustainable finance. In 2022, the Partnership for 
Biodiversity Accounting for Financials (PBAF) 
published its first framework for accounting,  
including the ocean and marine ecosystems.

Integrating new types of data into private finance 
underwriting, investment, and lending decisions is 
also necessary to advance from simply measuring 
to taking action—for example, by setting business 
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targets that expand private financing of projects that 
remove or absorb carbon. The Science Based Targets 
Initiative (SBTi) provides guidance for organizations 
internationally, including financial institutions 
(Anderson et al 2022). SBTi is a partnership among 
CDP, World Resources Institute (WRI), WWF, and 
the UN Global Compact. It supports low-carbon 
lending and investing to the real economy by providing 
guidance for Forest, Land, and Agriculture (i.e., SBTi’s 
FLAG sector), including mangroves. In 2023, the SBTi 
released its first nature-related targets guidance.  
This guidance considers the carbon emissions removal 
potential of mangroves, seagrass, and marshes 
and encourages financial/corporate/natural capital 
accounting and mitigation actions, which had not  
been included in the past. This new initiative includes 
an Ocean Hub (Anderson 2022), which will provide 
more resources related to fisheries in 2024.

In natural capital accounting, target-setting, and public 
disclosure, it is important to report the coverage and 
scope of the information. External verification can 
establish a higher standard of sustainable financial 
product and environmental disclosure. For example, 
organizations receive additional points through the 
global CDP questionnaire process (2024) for auditing 
companies’ reports. Sustainability-related financial 
products, such as blue bonds, also have verification 
recommendations (Climate Bonds Initiative 2024)  
to reduce the potential for greenwashing (Nemes 
et al. 2022). Minimum standards and legal clauses 
(Chancery Lane Project 2024) in financial contracts 
can also build in protections for communities.



CHAPTER 3: BLUE CARBON FINANCE ASSESSMENT

INVESTING IN RESILIENCE: BLUE CARBON ECOSYSTEMS, COMMUNITIES, AND FINANCE FOR THE INDO-PACIFIC 86

Lessons Learned from Land-Based Carbon Finance

Designing MRV plans that use standardized methodologies and protocols (e.g., ICVCM, TNFD, and PBAF 
standards) enables carbon projects to share and compare data and outcomes more easily. This includes 
avoiding greenwashing practices that can damage reputation and ensuring a fair share of economic benefits 
remain with local communities (Nemes et al. 2022).

Assessing and quantifying the co-benefits of blue carbon finance (e.g., job creation, increased incomes, 
DRR, gender equity, environmental quality improvements, and human health benefits), can increase the 
total benefits of an investment and make it more bankable. Various economic valuation methods exist for 
analyzing and quantifying diverse types of co-benefits.

Tailoring investment risk policies to individual customers or groups of customers accounts for diversity 
in customer capacities, knowledge, and experience in blue carbon investments. It makes carbon project 
financing more attainable for disadvantaged populations and/or non-traditional customers.

Several partnerships and networks already exist for land-based carbon finance. Leveraging these 
established cohorts can facilitate development of adjacent networks, partnerships, and initiatives for blue 
carbon finance.

Using third-party verification of a business’s natural capital accounting systems and targets increases 
transparency with customers, clients, and the public, and raises standards for system-wide MRV.

Revising organizational/departmental goals and performance evaluation metrics can help support more 
rigorous MRV and align organizational values with investment outcomes for nature and climate—for 
example, supporting fishers’ livelihoods, improving environmental quality, and protecting human health.

Blue carbon finance methods are relatively new and training protocols are still in development. Seeking 
out the latest information about blue carbon finance (i.e., natural capital accounting, including carbon 
emission removal sources, etc.) and training opportunities can help potential investors and clients 
strengthen collective understanding of blue carbon finance.

Sharing organizational best practices, scalability strategies, and additional lessons learned from blue carbon 
finance can support collaboration on blue carbon investments and increase the efficiency of blue carbon 
transactions.



INVESTING IN RESILIENCE: BLUE CARBON ECOSYSTEMS, COMMUNITIES, AND FINANCE FOR THE INDO-PACIFIC 87

CHAPTER 4 

Next Steps
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National and subnational governments, the private 
sector, civil society organizations, and communities 
are at the forefront of the challenge of linking blue 
carbon quantification to investments in community 
and ecosystem resilience. However, additional steps 
are necessary to: 

1 Improve quantification of blue carbon, 

2 Align investments with the values and priorities  
of local communities, and 

3 Scale up innovative financing. 

This section outlines outstanding information gaps 
and proposes action items for policymakers, financial 
institutions, communities, and donors like USAID.

Blue Carbon  
Information Gaps
This section organizes potential areas of research 
based on the three sections of this report. 

INDO-PACIFIC BLUE CARBON TRENDS

• Improve baseline analysis and quantification 
of Indo-Pacific blue carbon. Comprehensive 
mapping of Indo-Pacific blue carbon ecosystems 
and their protection status can help researchers 
and decision-makers quantify blue carbon 
sequestration and translate current and potential 
sequestration into monetary values and co-benefits 
to people and nature. For example, these efforts 
can build on the approach of Mapping Ocean 
Wealth (2023) to help summarize potential financial 
returns on blue carbon ecosystem restoration, 
including carbon sequestration and co-benefits  
to communities. 

• Prioritize seagrass mapping to address a 
large gap in the baseline inventory of Indo-
Pacific blue carbon. The majority of blue carbon 
ecosystem research has focused on mangroves. 
However, seagrass plays a key role in blue carbon 
sequestration, and seagrass ecosystems deliver 
important benefits to coastal communities, 

including storm protection and the provision of 
habitats for species that support food security. 
Comprehensive mapping of seagrass ecosystems 
can contribute to blue carbon quantification, the 
development of community-based management 
actions, scoping of opportunities for investments in 
seagrass ecosystems, and the development of MRV 
methods to link seagrass blue carbon to markets. 

COMMUNITY RISKS AND SOLUTIONS

• Map local use of and dependence on blue 
carbon ecosystems. Prioritizing, designing, 
and implementing blue carbon projects that are 
equitable and fair requires a better understanding 
about how local people depend on nature and 
which aspects of that dependence are critical to 
livelihoods and well-being. 

• Develop methods to improve measurement  
of livelihood and equity impacts in blue carbon 
project design. Many blue carbon restoration and 
conservation project designs account for ecological 
outcomes, such as ecosystem productivity, 
biodiversity conservation, and environmental 
quality improvements such as cleaner water. While 
USAID and other organizations already focus on 
local economic and social outcomes, it is important 
to increase the use of people-centered indicators 
to help align blue carbon project design with local 
needs. For example, in addition to developing 
indicators for and measuring blue carbon 
ecosystem health and blue carbon sequestration, 
blue carbon initiatives should also focus on the 
number of people, disaggregated by gender, with 
income from sustainable blue carbon ecosystems 
management, their levels of incomes, working 
conditions in blue carbon economies, and changes 
in social equity, especially among marginalized 
groups. In addition, improving and testing methods 
to assess and apply the social costs of carbon in 
analyses of investments will facilitate measurement 
of project costs and benefits and the social impacts 
avoided by protecting blue carbon resources. 
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BLUE CARBON FINANCING OPPORTUNITIES

• Develop and test financial mechanism  
designs that better account for ecological  
and social outcomes. Financial mechanisms,  
for example blue bonds, can build in sustainable 
use targets, which help contribute to conservation 
outcomes. Piloting enhanced financial mechanism 
designs can help funders and implementers assess, 
evaluate, and manage trade-offs among ecological 
outcomes and impacts on local livelihoods. It 
is especially important to account for women’s 
livelihood activities that rely on blue carbon 
ecosystems to sustain local food security, health 
and nutrition, and local economies, as they are 
often overlooked or undervalued in economic  
and financial assessments. 

• Test and improve existing methods for 
quantifying and valuating co-benefits of 
protecting blue carbon ecosystems. In addition 
to sequestering carbon, blue carbon projects can 
deliver a suite of co-benefits. Some co-benefits, 
such as cultural significance and human well-being, 
cannot be quantified or monetized. However,  
there are methods for quantifying and valuating 
other co-benefits, such as supporting coastal 
tourism operations, improving water quality and 
reducing the incidence of water-borne illness, 
protecting coastal infrastructure from storm 
damage, and strengthening local food security. 
These co-benefits often deliver more financial  
value than blue carbon itself. Including co-benefits 
in financial assessments of blue carbon investments 
can increase the projected long-term value of blue 
carbon projects. In addition, the ability to measure 
and quantify expected co-benefits more effectively 
can expand the pool of potential funding sources. 
Blue carbon investments can contribute to diverse 
goals of organizations working in conservation 
and biodiversity, environmental protection, public 
health, gender equity, and disaster preparedness, 
among other areas.

Blue Carbon Action Items
This section organizes blue carbon action items 
around four objectives: 

1 Protect community rights, 

2 Increase readiness to access blue carbon finance, 

3 Strengthen potential investors’ capacity to 
develop and manage blue carbon finance 
mechanisms, and 

4 Build environmental and social safeguards  
into blue carbon finance.

PROTECT COMMUNITY RIGHTS

• Establish and/or clarify property rights.  
One of the central challenges to managing blue 
carbon is the complex convergence of jurisdictions, 
property and resource rights, and land tenure 
systems in coastal and marine areas, especially 
as climate change impacts reshape and affect 
access to coastal zones and resources. Some blue 
carbon projects can unintentionally restrict local 
communities’ access to natural resources that 
support livelihoods, and community members may 
not have recourse under customary land tenure 
systems that are not accounted for in formal 
property rights schemes. Blue carbon projects 
should engage local communities in clarifying 
property rights and co-creating project designs  
that protect ecosystems and local sustainable  
use of blue carbon resources. 

INCREASE READINESS TO ACCESS BLUE 
CARBON FINANCE

• Leverage MPAs and LMMAs as opportunities 
to access blue carbon finance. MPAs and LMMAs 
not only protect and conserve critical habitat and 
biodiversity (often through existing governance and 
financial structures), but they also help preserve the 
blue carbon within their boundaries. Communities 
and external funders should build the capacity of 
MPA/LMMA managers and stewarding communities 



CHAPTER 4: NEXT STEPS

INVESTING IN RESILIENCE: BLUE CARBON ECOSYSTEMS, COMMUNITIES, AND FINANCE FOR THE INDO-PACIFIC 90

to put their blue carbon on the market as a way  
to channel funds to MPA/LMMA management.

• Build local capacity to access financing for  
blue carbon projects. Requirements for blue 
carbon project financing can be complex, and 
pursuing funding can require considerable 
investment of time and money. Many local 
communities (i.e., local governments, community-
based organizations, indigenous groups) lack 
experience with these funding processes. Training 
local leaders to develop and/or access support 
for project proposals, interact with financial 
institutions, and navigate funding processes can 
increase readiness to access blue carbon finance. 
WCS has developed a model (Lehm 2021) for this 
type of training through its work with indigenous 
communities.

• Strengthen regional networks that enable 
small projects to pursue collective financing. 
Many community-based blue carbon projects are 
too small to attract investors, even though they 
can deliver a suite of valuable co-benefits to local 
communities. Communities and countries must 
work together to aggregate local projects into 
more bankable portfolios of blue carbon projects 
through a collaborative platform. This coordination 
will require strong networks and technical support 
to collectively pursue blue carbon financing.

STRENGTHEN POTENTIAL INVESTORS’ 
CAPACITY TO DEVELOP AND MANAGE BLUE 
CARBON FINANCE MECHANISMS

• Provide support for central banks to develop 
sustainable finance taxonomies. Central banks 
play a critical domestic role. To help identify and 
classify investments that contribute to green 
and blue economies, USAID and other external 
funders and donors can provide technical assistance 
to central banks and policymakers to establish 
sustainable finance taxonomies, which can include 
activities related to blue carbon and define the 
framework for financial products that can support 
blue carbon investments. Singapore’s Sustainable 
Finance Taxonomy, Indonesia’s Green Taxonomy, 
and the Philippines’ Sustainable Finance Taxonomy 

Guidelines provide models for this type of financial 
taxonomy (Monetary Authority of Singapore 2024; 
Sustainable Finance Indonesia 2022; Walker 2024) .

• Assess and strengthen investor readiness to 
manage blue carbon investments. To assess 
current capacity for blue carbon finance at 
the national and regional scales, countries can 
consider the following conditions among financial 
institutions, organizations, and companies: 1) 
Does an entity have a greenhouse gas emissions 
reduction target or commitment? (e.g., Glasgow 
Financial Alliance for Net Zero, membership in 
SBTi); 2)What is the minimum standard for lending/
investing? (e.g., does the entity have a policy related 
to Ramsar wetlands, anti-deforestation, agricultural 
commodities and over-fishing); 3) Is the entity 
transparent about the potential cash flows relating 
to a financial transaction? and 4) Is executive 
compensation linked to achieving sustainability 
metrics? Donors can strengthen investor readiness 
by continuing to facilitate multi-stakeholder 
engagement and capacity building activities, such 
as training for the financial sector on the role and 
co-benefits of blue carbon ecosystems and how 
the protection of blue carbon ecosystems can 
contribute to the broader climate resilience of 
investment portfolios.

BUILD ENVIRONMENTAL AND SOCIAL 
SAFEGUARDS INTO BLUE CARBON FINANCE

• Require monitoring, reporting, and verification 
for blue carbon project impacts on livelihoods 
and social indicators. Building these indicators 
into funding requirements will encourage blue 
carbon project teams to design projects that 
account for impacts on local communities and 
help avoid unintended consequences, such as 
disconnecting communities from livelihood sources 
or increasing inequities in access to blue carbon 
ecosystems. Integrating these indicators into 
evaluations of blue carbon investments will require 
capacity building for financial institutions and other 
funders, which should include perspectives from 
local communities, including women and indigenous 
groups, and scientists.  
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• Align blue carbon finance with targets of the 
UN SDG14 Life Below Water. National central 
banks could convene the banks they supervise, 
scientists, community leaders, and companies to 
foster dialogue about the region’s blue carbon 
contributions to broader development goals under 
SDG14. The forum would provide an opportunity 
to share models for financing sustainable 
development, for example the world’s first UN 
SDG sukuk, an Islamic financial certificate that is 
similar to a bond (UNDP 2018).

• Promote TNFD recommendations 
and guidance. The TNFD has developed 
recommendations and guidance for disclosure 
about nature-related dependencies, impacts, risks, 
and opportunities. Trading markets, policymakers, 
and central banks can require organizations over  
a certain size in their country to comply with 
TNFD and can encourage the use of Science  
Based Targets (2024).
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Appendix A. Methodology for Carbon  
Storage and Sequestration Estimates

Operational Assumptions 
The objective of this analysis is to compare long-term 
trends in carbon storage across ocean ecosystems  
in 14 Indo-Pacific countries. The blue carbon project 
team made several simplifying assumptions to conduct  
this analysis of temporal and geospatial patterns 
possible:

1 ) The team estimated trends where data are  
publicly available for the majority of the 14 
countries. The Indo-Pacific spans both data-rich 
and data-poor geographies, and the regional 
approach taken here intends to complement 
rather than replace ongoing national and 
subnational research. This regional approach is 
only possible because of extensive prior research 
with public data sharing for mangroves by Global 
Mangrove Watch, for seagrasses by the Allen 
Coral Atlas, and for tuna by SEAPODYM and 
the Pacific Community. Qualitative trend data for 
seagrasses are drawn from McKenzie et al. 2021.

2 ) Carbon sequestration is operationally defined 
as the rate of sediment accumulation of carbon 
contained in organic matter. This focus on long-
term sediment storage facilitates comparison of 
inputs from very different demersal and pelagic 
ecosystems, with the acknowledged tradeoff of 
underestimating total carbon sequestration. In 
addition, mangrove-related carbon storage in this 
report excludes live biomass, and the open ocean 
biological pump is represented by a few examples 
of large-bodied tuna species. 

3 ) Estimates in this report are conservative, leaning 
toward the low end of published estimates. The 
addition of country-specific and site-specific data 
will likely increase the amount of blue carbon 
available for finance and interventions. Additional 
species groups and ecosystems participate 

in carbon storage and sequestration but are 
excluded here. These include sharks, non-tuna 
large pelagic fish, small pelagic fish, and other 
nearshore ecosystems described in Chapter 
1 under “Nearshore Ecosystems with Carbon 
Sequestration Potential.” Analysis by Mariani 
et al. 2020 suggests that tunas sequester the 
most carbon among large pelagics, followed by 
mackerels, and then sharks.

Geospatial Data and Units
The project team derived boundaries for exclusive 
economic zones (EEZs) from the Marineregions.org 
database (Marineregions v11, 2019), which includes 
detailed documentation regarding boundaries in 
disputed areas. The team converted all units for 
carbon storage and sequestration to carbon dioxide 
equivalent using a conversion factor of 3.67 from the 
Environmental Protection Agency’s Greenhouse Gas 
Equivalencies Calculator (2023). 

Greenhouse gas emissions for Pacific countries taken 
from the World Bank as of 2019. For four Pacific 
countries—Tuvalu, Kiribati, Republic of the Marshall 
Islands, and the Federated States of Micronesia—the 
carbon sequestered by mangroves, seagrass, and tuna 
exceeds their annual greenhouse gas emissions.

Estimating Mangrove 
Carbon 
The project team estimated country-specific carbon 
sequestration in mangrove forests as the area of 
habitat in square km in each country multiplied by 
the sequestration rate per square kilometer. The 
team derived mangrove aerial extents and change in 
areas from 1996 to 2020 in square kilometers for 

http://Marineregions.org
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each country from the Global Mangrove Watch public 
database (Bunting et al. 2022). The team estimated 
the mangrove area for 2050 in table A1 by calculating 
the average annual rate of change between 1996 and 
2020 and applying the same rate to future years. This 
estimate for 2050 assumes that long-term trends 
continue, despite short-term changes in these trends 
in some countries, as Chapter 1, Table 1 indicates. 

Soils are the largest pool of carbon storage in 
mangrove ecosystems (Alongi 2014), and the rate of 
carbon storage varies with environmental conditions, 
including “sediment dynamics, hydrodynamics, 
landform and vegetation” (Kusumaningtyas et al. 
2019). The team estimated the rate of mangrove 
carbon sequestration through soil burial of organic 
matter using the global average of 174 metric tons 
C / km2 / year from Alongi (2012, 2014), and then 
converted to carbon dioxide equivalent. This focus 
on long-term sequestration (>100 years) in sediment 
does not include above-ground biomass in mangrove 
trees or the biomass of roots, some of which 
represent relatively short-term carbon storage. This 
global average is “based on data largely collected 
from Oceania and Southeast Asia, which have larger 
ecosystem C stocks than other regions.” The Alongi 
rate matches the range of available published “soil 
carbon burial rates” for the Pacific (176 ± 125 metric 
tons C / km2 / year, from Sharma et al. 2023), despite 
the lack of data from low-lying Pacific islands including 
Kiribati, Nauru, Samoa, Solomon Islands, Tonga, 
Tuvalu, and Vanuatu. The Alongi rate is conservative 
compared to most published estimates for Southeast 
Asia, as summarized in Sharma et al. 2023 (321 ± 386 
metric tons C / km2 / year) and Kusumanintyas et al. 
2019 (~ 100 to 700 metric tons C / km2 / year). 

With support from USAID, the SWAMP research 
program measured total ecosystem carbon stocks for 
190 mangrove sites around the world, as Kauffman et 
al. 2020 reported. The SWAMP approach considers 
carbon in mangrove roots and aboveground biomass 
in addition to the sediment organic carbon that is the 
focus of this report. For this analysis, the project team 
focused on rates of long-term carbon sequestration; 
accounting of total carbon stocks is a necessary next 

step to quantify emissions from deforestation and 
avoided emissions due to forest conservation.

Estimating Seagrass Carbon
The project team estimated country-specific carbon 
sequestration in seagrass meadows as the area of 
habitat in each country multiplied by the sequestration 
rate per square kilometer. Seagrass aerial extents in 
square kilometers were based on satellite imagery 
collected in 2017–2020, and derived from the Allen 
Coral Atlas (2023) public database by querying the 
total seagrass aerial extent within each country’s EEZ. 
Based on EEZ data in the Marineregions.org database 
(Marineregions v11, 2019), the team generated a 
minimum bounding polygon to align exactly with the 
EEZ boundaries of neighboring countries (inclusive of 
land areas) to minimize discrepancies due to complex 
coastline features. The team converted these polygon 
shapefiles to GeoJSON format and uploaded them to 
the Allen Coral Atlas online interface to perform the 
seagrass area calculations. 

The team calculated seagrass carbon sequestration 
through soil burial of organic matter using the global 
average of 138 metric tons C per km2 per year 
from McLeod et al. (2011) and converted to CO2 
equivalent. Accumulation of organic carbon in seagrass 
sediments ranged from 2.97 to 16.1 metric tons C 
per km2 per year in Japan and Thailand (Miyajima 
et al. 2021). In Zanzibar, recent seagrass carbon 
sequestration was as high as 35 metric tons C per 
km2 per year (Dahl et al. 2022). And in the Caribbean, 
seagrass carbon sequestration was 122 metric tons 
C per km2 per year (Serrano et al. 2021). Variation in 
the rate of organic carbon sequestration in seagrass 
sediments is influenced by “seagrass species, meadow 
connectivity, bioturbation, grain size, the energy 
of the local environment, and calcium carbonate 
formation” as well as the size of the seagrass meadow 
( Johanneson 2022). Additional factors identified for 
Indo-Pacific seagrasses in Australia include rainfall, 
solar radiation, and wind energy (Mazarrasa et al. 
2021), which highlights the importance of site-specific 
measurements. 

http://Marineregions.org
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1. M

angrove and seagrass annual sequestration estim
ates by country, in m

etric tons carbon dioxide equivalent and value in U
SD

 per year. Sequestration due to the burial  
of carbon in m

angrove and seagrass sedim
ents is estim

ated based on average sequestration rate (A
longi 2012, M

cleod et al. 2011) and area of m
angrove and seagrass ecosystem

s  
(Bunting et al. 2022, A

llen C
oral A

tlas 2023).

Country
M
angrove 

2020 area 
km

2

M
angrove 

2050 area 
km

2

Seagrass 
2020 area 
km

2

M
angrove 2020 

seq tCO
e/yr
2

M
angrove 2050 C 

seq tCO
e/yr
2

Seagrass 2020 
seq tCO

e/yr
2

Total 2020 seq 
tCO

e/yr
2

Total 2020 seq 
value U

SD

TO
TAL

7,101,137
1,660,455

5,440,682
1,473,585

1,098,201
704,573

1,867,216
-142,035

Fiji
488.14

491.04
507.45

311,716
313,571

257,003
568,720

$19,905,185

Indonesia
29,533.98

27,447.13
5,582.48

18,859,809
17,527,190

2,827,303
21,687,112

$759,048,912

Kiribati
1.46

1.46
53.46

932
932

27,075
28,008

$980,269

M
arshall Islands

0.33
0.33

21.88
211

211
11,081

11,292
$395,223

M
icronesia

87.94
84.47

89.32
56,157

53,942
45,237

101,394
$3,548,781

N
auru

0.00
0.00

0
0

0
0

0
$0

Palau
56.88

57.19
82.77

36,322
36,522

41,920
78,242

$2,738,474

Papua N
ew
 G
uinea

4,524.74
4,466.25

992.02
2,889,408

2,852,059
502,418

3,391,827
$118,713,942

Philippines
2,847.98

2,752.77
1,749.36

1,818,663
1,757,865

885,981
2,704,644

$94,662,538

Sam
oa

2.32
2.30

10.65
1,482

1,466
5,394

6,875
$240,636

Solom
on Islands

526.51
525.55

405.93
336,219

335,606
205,587

541,806
$18,963,212

Tonga
10.43

10.29
4.91

6,660
6,568

2,487
9,147

$320,149

Tuvalu
0.09

0.09
0.16

57
57

81
139

$4,848

Vanuatu
15.84

15.37
6.59

10,115
9,816

3,338
13,453

$470,844
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Estimating Tuna Carbon
To compare present and future carbon storage by 
marine animals to marine plants in the Pacific region, 
the project team estimated carbon cycling for tuna 
and applied these estimates to future climate change 
scenarios building on the work of Bell et al. 2021, 
Bianchi et al. 2021, and Mariani et al. 2020. Tuna is  
the focus of this report because of its primacy in 
volume of marine fish production in Pacific island 
countries and territories, and the availability of 
species- and country-specific catch estimates and 
climate projections, which the Western and Central 
Pacific Fisheries Management Commission member 
countries have recognized.

Tuna carbon storage and sequestration estimates 
are based on published model outputs for the top 
three tropical tuna species caught in the Indo-Pacific 
region: skipjack (Katsuwonus pelamis), yellowfin 
(Thunnus albacares), and bigeye (Thunnus obesus). 
For each country, the team extracted unfished tuna 
biomass estimates for the three species from the 
Spatial Ecosystem and Population Dynamics Model 
(SEAPODYM, http://www.seapodym.eu/ and https://
github.com/PacificCommunity/seapodym-codebase)  
as Bell et al. (2021) described. 

The overall estimation of blue carbon stored and 
sequestered by tuna through offshore ecosystems 
and the biological pump is based on modeled biomass 
from yellowfin, bigeye, and skipjack tuna at a regional 
scale. Albacore tuna was not included in the blue 
carbon estimates or maps in the main body of this 
report because it is present at relatively modest levels 
in ten of the country EEZs compared to other tuna 
species (Senina et al. 2020). 

The “reference biomass” in Table A2 is the annual 
estimate for tuna biomass for the present day in 
metric tons (t), if fishing did not occur. Present 
and future unfished biomass values in metric tons 
(t) represent average total modeled biomass from 
2011–2020 and 2044–2053 under an RCP 8.5 
emissions scenario, if fishing did not occur. The team 
calculated tuna biomass for each EEZ from data layers 
summarizing the SEAPODYM outputs for each  

tuna species downloaded from https://pccos.spc.int/. 
The team calculated total tuna species biomass values 
in metric tons (t) for each EEZ and each time period  
by multiplying the mean biomass values (t/km2)  
within each EEZ by the EEZ areas (km2) from 
Marineregions.org (Marineregions v11, 2019).  
The team then summed the results for each of the 
three tuna species to calculate total tuna biomass  
for each EEZ and time period.

Estimates of present and future catch in metric tons 
(t) represent average total catch during 2009–2018 
and the projected percent change in biomass for each 
species in 2050 under an RCP 8.5 emissions scenario, 
relative to present species proportions in purse seine 
catches (which represent the majority of tuna catch), 
as Bell et al. (2021) reported. The team estimated 
future tuna catches for Fiji, Indonesia, Philippines, 
Samoa, Tonga, and Vanuatu (not provided by Bell et 
al. 2021) from total present catch levels proportional 
to future change in total biomass. The team calculated 
tuna ocean biomass in the EEZs of each country and 
for each time period as unfished biomass minus catch. 

The project team calculated annual sequestration 
from deadfall—natural mortality and sinking of tuna 
carcasses—for each country and time period by 
multiplying tuna ocean biomass by a sequestration 
factor for tuna (0.6, from Mariani et al. 2020) that 
incorporates species-specific natural mortalities  
and represents the proportion biomass that would 
sink into the deep ocean if not fished. The team 
calculated the mass of carbon in the sinking biomass 
by applying a ratio of carbon mass to total biomass 
(12.3%, from Czamanski et al. 2011 in Mariani et al. 
2020), based on measurements for a closely related 
species (Atlantic mackerel, Scombridae). Finally, the 
team converted the carbon mass to carbon dioxide 
equivalent using a conversion factor of 3.67.

The team calculated annual sequestration from fish 
waste—production and sinking of fecal pellets—
from tuna ocean biomass in each country and time 
period by applying a particle production factor of 1 
that Bianchi et al. (2021) derived from a peak catch 
scenario for targeted species for their global model. 
The team converted the resulting value for mass of 

http://www.seapodym.eu/
https://github.com/PacificCommunity/seapodym-codebase
https://github.com/PacificCommunity/seapodym-codebase
https://pccos.spc.int/
http://Marineregions.org
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fish waste to carbon based on measurements from 
Atlantic salmon (36.6%DW) by Wang et al. (2023). 
The team used this measurement from Atlantic 
salmon because there were no measurements available 
for tuna, and it is the largest bodied and highest 
trophic level species (closest to tuna) for which an 
estimate of fecal carbon was available in the literature. 
The team converted dry weight percent of carbon 
to wet weight based on reported moisture content 
in bluefin tuna waste of 85 percent (Aguado et al. 
2004). Thus, the team multiplied dry weight carbon 
percentage by 0.15 to convert to a wet weight carbon 
percentage of 5.5%WW, which is applied to the fish 
waste mass to calculate associated carbon content. 
Finally, the team converted carbon mass to carbon 
dioxide equivalent using a conversion factor of 3.67.

The project team calculated carbon loss due to tuna 
catch biomass for each country and time period 
following the approach of Mariani et al. (2020) by 
applying the ratio of carbon mass to total catch 
biomass (12.3%, from Czamanski et al. 2011) as 
above, and then subtracting six percent of the biomass 
represented by fish bones (buried and sequestered 
in landfills). The team then converted the resulting 
carbon mass to carbon dioxide equivalent using a 
conversion factor of 3.67.

The team calculated net annual carbon sequestration 
from tuna for each country by adding sequestered 
carbon from deadfall and fish waste and subtracting 
carbon lost due to catch biomass in metric tons 
of carbon dioxide per year. The team performed 
identical calculations for the modeled biomass for the 
year 2050 (average of 2044–2053) under an RCP 8.5 
emissions scenario. 



TA
B

LE A
2. Present net carbon sequestration by tuna across the study countries, in m

etric tons carbon dioxide equivalent per year. C
alculated as the m

ean annual sequestration by 
skipjack, bigeye, and yellow

fin tuna populations through the production of w
aste pellets and deadfall m

inus carbon rem
oved by fisheries catches for 2011–2020. Tuna populations from

 the 
SEA

PO
D

YM
 m

odel; w
aste pellets and deadfall after Bianchi et al. 2021 and M

ariani et al. 2020.  
 

Country
R
eference 
biom

ass t
Catch t

O
cean 

biom
ass t

Sequestration 
deadfall tC0

e/yr 
2

Sequestration 
w
aste tCO

e/yr
2

Loss due to catch 
tC0

e/yr
2

N
et uptake  
tCO

e/yr
2

TO
TAL

8,207,482
2,085,112

6,122,370
1,658,218

1,235,799
884,767

2,009,256

Fiji
124,476

8,953
115,523

31,289
23,318

3,799
50,808

Indonesia
2,015,627

455,155
1,560,472

422,648
314,981

193,134
544,495

Kiribati
1,660,562

417,617
1,242,945

336,647
250,888

177,206
410,330

M
arshall Islands

508,821
43,146

465,675
126,126

93,996
18,308

201,815

M
icronesia

947,793
185,802

761,991
206,382

153,808
78,841

281,350

N
auru

211,176
110,907

100,269
27,157

20,239
47,061

336

Palau
168,291

5,907
162,384

43,981
32,777

2,506
74,252

Papua N
ew
 G
uinea

1,056,839
464,970

591,869
160,305

119,469
197,299

82,476

Philippines
534,177

166,799
367,378

99,503
74,155

70,777
102,881

Sam
oa

16,520
2,769

13,751
3,724

2,776
1,175

5,325

Solom
on Islands

565,799
137,678

428,121
115,955

86,416
58,420

143,951

Tonga
48,251

1,278
46,973

12,722
9,482

542
21,662

Tuvalu
274,713

76,600
198,113

53,658
39,989

32,503
61,144

Vanuatu
74,437

7,531
66,906

18,121
13,505

3,196
28,431
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3. Future net carbon sequestration by tuna (skipjack, bigeye, and yellow

fin) across the study countries, in m
etric tons carbon dioxide equivalent per year. C

alculated as the m
ean 

annual sequestration by skipjack, bigeye, and yellow
fin tuna populations through the production of w

aste pellets and deadfall m
inus carbon rem

oved by fisheries catches for 2044–2053. 
Future tuna populations from

 the SEA
PO

D
YM

 m
odel; w

aste pellets and deadfall after Bianchi et al. 2021 and M
ariani et al. 2020.  

 

Country
R
eference 
biom

ass t
Catch t

O
cean 

biom
ass t

Sequestration 
deadfall tC0

e/yr 
2

Sequestration 
w
aste tCO

e/yr
2

Loss due to catch 
tC0

e/yr
2

N
et uptake 
tCO

e/yr
2

Change in net 
uptake tCO

e/yr
2

TO
TAL

7,101,137
1,660,455

5,440,682
1,473,585

1,098,201
704,573

1,867,216
-142,035

Fiji
127,722

9,186
118,536

32,105
23,926

3,898
52,133

1,325

Indonesia
1,714,986

387,267
1,327,719

359,607
268,000

164,327
463,281

-81,214

Kiribati
1,596,249

363,520
1,232,729

333,880
248,826

154,251
428,455

18,126

M
arshall Islands

488,905
36,728

452,177
122,470

91,272
15,585

198,158
-3,657

M
icronesia

833,244
155,407

677,837
183,589

136,821
65,943

254,468
-26,882

N
auru

162,347
86,886

75,461
20,438

15,232
36,868

-1,198
-1,534

Palau
164,372

2,646
161,726

43,803
32,644

1,123
75,324

1,073

Papua N
ew
 G
uinea

713,464
308,404

405,060
109,709

81,761
130,864

60,607
-21,869

Philippines
499,559

155,990
343,569

93,054
69,349

66,190
96,213

-6,667

Sam
oa

16,835
2,822

14,013
3,795

2,829
1,197

5,427
102

Solom
on Islands

432,799
86,399

346,400
93,821

69,921
36,661

127,081
-16,870

Tonga
50,099

1,327
48,772

13,210
9,845

563
22,491

830

Tuvalu
222,660

55,992
166,668

45,141
33,642

23,759
55,024

-6,119

Vanuatu
77,896

7,881
70,015

18,963
14,133

3,344
29,752

1,321
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Appendix B. Case Studies
The case studies in this appendix are the same case studies that appear in text boxes 
throughout the report.

Case 1: Urban Wetlands as Nature-Based Solutions for 
More Resilient and Livable Cities in Demak, Indonesia
With almost half of the world’s population living in urban areas, designing resilient and environmentally friendly 
cities with integrated wetlands can provide economic, social, and cultural benefits for people. Demak, a low-lying 
coastal community in Java, has tackled erosion, flooding, and land subsidence by restoring mangrove forests. In 
partnership with engineers from Building with Nature and NGOs, Demak’s government and its communities 
successfully restored 119 ha of mangroves. Together, they restored river branches to reduce salt intrusion and 
allow sediment to flow into a mangrove greenbelt. The project placed the equivalent of 3.4 km of wave-calming, 
sediment-trapping structures (built with nets and local bamboo) along the 20-km stretch of coastline. Under 
these new conditions, 12 different species of mangroves have regenerated naturally, shielding about 70,000 
people from climate change impacts, protecting the coast from further erosion, and improving fishers’ catches 
in the nearshore areas. Where the coastline had not yet eroded, the project team worked in close collaboration 
with local communities to revitalize 300 ha of aquaculture ponds with mangroves. Using an innovative finance 
mechanism, bio-rights (van Eijk and Kumar 2009), farmers obtained micro-credits in exchange for reducing the 
use of chemicals and revegetating part of their ponds. Consequently, shrimp production and farmers’ revenues 
increased. Those credits become definitive payments upon successful delivery of conservation services at the end 
of a contracting period. Coupling those interventions with capacity development was essential. Training reached 
government officials, the private sector, students, local communities, and 277 farmers. Since observing the success 
of the project, 13 districts across Indonesia have replicated this approach. 

References: UNEP 2022, UNEP 2023

Case 2: Diversifying Livelihoods and Food Sources  
with Nearshore FADs in Solomon Islands
Like many countries in the Pacific region, the Solomon Islands’ nearshore fisheries may not be able to meet local 
people’s needs by 2030. In response, technologies like nearshore FADs, if designed appropriately, can increase 
access to fish and play an important role in future food security for coastal communities. With support from New 
Zealand, the Mekem Strong Solomon Islands Fisheries programme funded WorldFish, the Ministry of Fisheries 
and Marine Resources, the Secretariat of the Pacific Community, and the University of Queensland to develop a 
National Inshore FAD Programme (2010–2013). Together, they deployed 21 nearshore FADs, anchored to the 
seafloor and using four designs, across the Solomon Islands to evaluate their contribution to local food security. 
The study found that fishers preferred FADs that are accessible by paddle canoes, particularly if deployed less 
than 5 km from the shore, with a preference for 2 km. Deploying those devices can provide alternative habitat 
for food sources, redirect fishing pressure, diversify livelihoods, and provide a mechanism for climate adaptation. 
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In addition, fishing closer to shore can help reduce CO2 emissions, protect lives, and potentially reduce conflicts 
with industrial fishing (in other nations). Coastal communities with a high dependence on fish and limited access 
to diverse or productive fishing grounds can benefit from nearshore FADs. Future steps should focus on capacity 
building so fishers can improve their catch rates and the longevity of FADs. In addition, nearshore FADs led 
men to spend more time fishing, and they neglected food gardens, which affected the labor burden of women 
gardeners. There is a need for recurrent and readily available funds at national level to support women and to 
deploy, redeploy, and provide ongoing support to communities (i.e., training, technical advice, site surveys, FAD 
maintenance). Other nations, such as Palau, RMI, and FSM, are exploring those solutions. 

Reference: Albert et al. 2015

Case 3: Designation of RAMSAR Sites Across  
the Region to Protect Wetlands and their Social  
and Ecological Benefits
Across the region, parties to the Ramsar Convention include Fiji, Indonesia, Kiribati, Palau, Philippines, PNG, 
RMI, Samoa, and Vanuatu. The protection, management, and restoration of blue carbon ecosystems can become 
stronger through the designation of new Ramsar Sites and the enhanced management of existing sites to mitigate 
threats leading to wetland degradation and loss (Denyer et al. 2018, Fennessy 2021). In 2018, the Ramsar Site 
Information Service listed approximately one-third of the 319 Ramsar Sites in the Philippines (six sites—247,292 
ha), Indonesia (seven sites—1,372,976 ha), and 80 wetlands in Oceania (9,051,211 ha) as marine or coastal 
wetlands. The Ramsar Strategic Plan 2016–2041 encourages Contracting Parties to promote and strengthen the 
participation of Indigenous Peoples and local communities as key stakeholders for conservation and integrated 
wetland management. Cultural values of the Ramsar Sites in these two regions are relatively high, with 94 
percent in Asia and 98 percent in Oceania, where wetlands are strongly linked to either the presence of sacred 
sites, interaction with local communities or Indigenous Peoples, or the application of traditional knowledge and 
practices. A number of case studies from across Asia and Oceania illustrate how cultural values and practices, 
including traditional knowledge and community participation, have contributed to sustainable development and 
positive conservation outcomes for wetlands (Denyer et al. 2018).

Case 4: Mangroves Restoration Secures Livelihoods  
in Sumatra, Indonesia
The coastal regions of north Sumatra and Aceh have lost more than 110,000 ha of mangroves over recent 
decades due to the expansion of shrimp production, rice fields, and palm oil plantations. The loss of this habitat 
has left villages exposed and vulnerable to the impact of coastal hazards, such as the 2004 tsunami that claimed 
220,000 lives. In 2011, 125 villages mobilized with the support of the NGO Yagasu and planted 18 million trees 
over 5,000 ha. The restored mangrove belt provides coastal protection, improves food security, and contributes 
to climate mitigation through the sequestration of up to 2 million tons of CO2 over the next 20 years. In 2018, 
Yagasu launched the Launch Livelihoods Carbon Fund to help restore an additional 5,000 ha of mangroves, 
develop livelihood opportunities, and sequester an additional 2.5 million tons of carbon over 20 years. Local 
farmers received a revolving microcredit of $1,350, on average, to transition to a silvofishery approach. By planting 
mangroves around and in the fishponds, farmers increased the production of fish, shrimp, and crabs. This renewed 
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species diversification led to more varied incomes to farmers, with the highest income resulting from selling soft-
shell crabs for export. About 20,000 people increased their revenues by selling goods from mangroves, including 
natural dyes and farmed seafood. The median household income increased by 57 percent. Yagasu provides capacity 
development through multiple avenues. It helps 174 cooperatives develop their branding and marketing strategies 
and secure their licensing permits from the local government to sell their products. It facilitates exchange of 
information and resources between the public and private sector and provides training to communities in batik 
production techniques. Following this success, Yagasu is receiving support from the Indonesian government and 
USAID to replicate this approach across Indonesia. 

References: Livelihoods Funds 2020a, Livelihoods Funds 2016, Livelihoods Funds 2020b

Case 5: Indigenous Women Lead Mangrove Restoration  
in the Philippines
The communities of Busuanga Island, Philippines are vulnerable to recurring typhoons and climate change impacts. 
Local communities are highly dependent on fishing and farming. The island was designated as the Palawan 
Mangrove Swamp Forest Reserve in 1981. However, illegal logging between 2004 and 2015 severely decreased 
mangrove forests. In November 2013 when typhoon Haiyan hit the island, the remaining mangroves provided 
little protection against strong waves and wind. The town suffered extensive damages and destroyed wooden 
fishing boats and thatch-roofed houses. The community realized that mangroves could have shielded them from 
these impacts, so indigenous women volunteered as citizen scientists to restore mangroves. Since 2014, they 
have revitalized 159 ha of bare coastal patches across Busuanga Island. They also monitor seedling growth and 
every month, replace mangroves afflicted by parasite barnacles that reduce root growth. Indigenous men and 
women are mobilized to volunteer as coastal guards to ensure the protection of the newly restored mangroves. 
Consequently, their effort resulted in an 80 percent survival rate. They strengthened their initiative by passing 
an ordinance that bans further mangrove forest clearing. The community partnered with the Busuanga municipal 
government to craft a mangrove conservation plan to form part of the municipality’s comprehensive land use plan. 
To raise awareness around the benefits that mangroves provide, they also developed a curriculum to educate local 
communities.

Reference: Fabro 2021 

Case 6: The Regional Flyway Initiative:  A Nature-Based 
Solution for People, Nature, and Climate
Nearly 200 million people rely on the wetlands that lie along the East Asian–Australasian Flyway for livelihoods, 
food, clean water, opportunities in recreation and tourism, flood mitigation, carbon sequestration, and climate 
adaptation. More than 50 million migratory waterbirds (210 species, and many other animal and plant species) also 
depend on the East Asian–Australasian Flyway wetlands for food, shelter, and other essential needs. The Regional 
Flyway Initiative (2022) is a partnership between the ADB, the East Asian–Australasian Flyway Partnership, and 
BirdLife International. The partnership seeks to mobilize $3 billion to invest in viable nature-based solutions that 
can deliver for people, nature, and climate across the vast network of wetlands along the Flyway (Figure B1).  
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FIGURE B1. Implementation of nature-based solutions along the East Asian–Australasian flyway helps conserve critical habitat for 
migratory birds and sustain livelihoods tied to wetland ecosystems. Illustration from ADB 2022. 

This initiative covers 18 countries and includes the Philippines, Indonesia, and PNG from the focal region.  
Over the next two years, the ADB technical assistance will invest one million dollars to identify wetland sites  
of international importance that protect migratory waterbirds and support livelihoods. The long-term vision  
is to deliver projects across the region that support the protection, restoration, and sustainable management  
of at least 50 priority sites along the East Asian–Australasian Flyway. This initiative will provide a pilot that  
could be extended to the West Pacific Flyway region, which spans all the other Pacific nations. 

References: ADB 2022, Development Asia 2023, ADB 2021

Case 7: Ocean Accounts for Fiji’s Mangroves Make Progress 
Toward SDGs and the Paris Agreement
Ocean accounts provide countries with the means to go beyond GDP (European Commission 2024) by 
integrating social, economic, and environmental information to track progress toward a country’s domestic  
and global commitments (GOAP Secretariat 2022(a)). Blue economy is fundamental to Fiji’s national economy 
and local livelihoods. Ocean accounts enable the comparison of ocean environment assets (e.g., extent/condition 
of mangroves), economic activity (e.g., sale of fish), and social conditions (e.g., coastal employment) (GOAP 
Secretariat 2022(a)). Fiji has one of the highest mangrove coverages in the South Pacific region, which plays a 
critical role in the local economy. Ocean accounts for mangroves were created to capture the contribution 
of mangroves to the Fijian society and economy (GOAP Secretariat 2022(c)) because the economic value 
of mangroves currently accrue to fisheries and aquaculture, construction, and professional scientific services 
industries. The economic value is about $20–30 million of direct UN System of National Accounts benefits  
of mangroves annually. Mangroves support about 0.5 percent of Fiji’s GDP and Gross Value Added. Mangrove 
related activities support about 3,500 direct jobs, which represents about two percent of all jobs created  
in these industries.

References: GOAP Secretariat 2022(a), GOAP Secretariat 2022(c) 
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Appendix C. Finance Primer

Purpose: This finance primer is a non-exhaustive overview of financial concepts, terms, 
and products relevant to scaling blue carbon finance and mainstreaming climate and 
conservation transactions. The primer aims to facilitate constructive discussions about blue 
carbon finance among a wide range of stakeholders inside and outside the financial industry.

Overview: Public and Private 
Finance and the Economic System
Public finance encompasses a government’s financial affairs and their 
economic impact. It refers to the collection and payment of funds 
from individuals and companies. For example, revenue, expenditure, 
budget, debt/surplus, and national debt are part of public finance.

Private finance refers to financial activities and decisions of individuals 
and private sector entities. Individuals and the private sector finance 
diverse activities and investments—from personal mortgages, 
household or community wells, and community health care facilities 
to large-scale energy infrastructure, fisheries operations, and 
insurance programs. 

Financial activities and decisions are part of the wider economic 
system. In the economic system, public finance comes from national 
and regional governments. Private finance operates within voluntary 
and mandatory governance frameworks, such as regulation and 
government policy. 

Public and private finance have an important role to play in restoring 
and protecting blue carbon ecosystems. Governments face many 
competing demands and often shift priorities quickly to respond 
to emergent needs. Organizations such as the Climate Policy 
Initiative (Chin et al. 2024) can help coordinate public and private 
finance to drive economic growth while addressing climate change. 
Private finance will play a key role in protecting and managing blue 
carbon ecosystems while balancing ESG (World Bank 2021) risks 
and opportunities. Private finance can help limit environmental 
degradation and accelerate funding for innovative blue carbon 
solutions, as it allocates capital to the real economy (CFI 2024) both 
directly and indirectly (for example, by financing fishing in domestic 
markets and providing export finance via international supply chains).

SUMMARY OF THE 
ECONOMIC SYSTEM

Public Finance 
Revenue and expenditure 
from taxes, central banks, 
international and domestic 
treaties, voluntary initiatives

Private Finance 
Ownership or claims  
of ownership in the real 
economy via debt and 
equity; involves financial 
institutions, institutional 
investors (asset owner,  
asset manager), insurers

Real Economy 
Sector-level actors such  
as construction, real estate, 
agriculture (including 
fishing), etc.
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Types of Financial 
Institutions and Institutional 
Investors
Financial institutions and intermediaries refer to a 
broad range of organizations who deal with public 
and private financial transactions. This primer briefly 
describes six types of financial organizations relevant 
to blue carbon opportunities:

• Central banks: Responsible for overseeing 
all other banks, usually at a national level. 
Communities and individuals are not directly 
connected to central banks.

• Multilateral development banks (MDBs): 
Organizations created by groups of countries, 
which provide finance and financial advice to 
support development.

• Commercial banks: Offer financial products  
such as loans, deposit accounts, and financial  
advice to businesses of varying sizes in the real 
economy, including sectors such as agriculture.  
In the Indo-Pacific islands most commercial  
banks are national or regional.

• Investment banks: Offer more complex financial 
services used by governments and international 
businesses. They also act as financial advisors to 
clients such as pension funds and institutional 
investors, as well as assist in raising new capital 
securities (for example, by underwriting new blue 
bond transactions). In the Indo-Pacific islands most 
investment banks are regional or international.

• Insurance: Organizations that help transfer 
the potential risk of loss, thereby providing 
financial protection. In the Indo-Pacific islands 
most insurance organizations are regional or 
international.

• Brokers / Dealers: Organizations that act  
as intermediary and are authorized to buy  
and sell securities.

• Institutional investors: include some financial 
institutions and other organizations that invest 
money on behalf of other people. They often buy 
and sell large amounts of securities via brokers. 

Different types of organizations are appropriate 
for different private finance needs. Organizations 
themselves have different strategic objectives that 
drive their business models and are influenced by their 
position on the spectrum of capital. Typically, financial 
institutions generate revenues by charging fees for the 
financial services they provide and by managing the 
risk/return profile of their investments.

One way to consider how investments are managed 
is through the spectrum of capital ( Jackson 2021). 
Traditional finance, such as mainstream banking 
and investment, mainly focuses on maximizing 
financial returns while mitigating potential financial 
risks such as those related to currency exchange 
and inflation. Traditional finance does not take into 
account potential negative externalities arising from 
investment, such as ecosystem destruction, unless 
it impacts financial performance. Therefore, from 
a traditional finance perspective, a tree is worth 
more dead than alive (Mooney 2000). Grants and 
philanthropy are also on the spectrum of capital, 
where funds are provided without explicitly seeking a 
financial return. However, measurable positive impacts 
on ecosystems and communities would be expected.

Types of Capital Markets 
and Financial Products
Capital markets are exchange systems that transfer 
capital from institutional investors, who wish to put 
their money to use, into businesses that require 
finance for projects (Spendelow 2024). Examples of 
international capital markets include stock exchanges 
for buying and selling equity or shares, such as the 
New York Stock Exchange, Singapore Stock Exchange, 
and Nasdaq. Equity, or shares, are a type of security 
issued to the public, which creates partial ownership 
of a company or project.

Other types of capital markets include foreign 
exchange (FX), derivatives, and commodities, the 
latter including carbon markets. Today there are 
regulated carbon markets and Voluntary Carbon 
Markets (VCMs). VCMs are most relevant for blue 
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carbon because blue carbon natural resources can be used to create 
a carbon credit or offset. Carbon credits or offsets programs enable 
businesses to earn a permit to emit a certain amount of carbon 
(usually 1 metric ton per credit) into the atmosphere (Kenton 2024). 
Businesses can trade the permits as necessary.

In addition, debt securities, or bonds, facilitate borrowing at a pre-
established interest rate with a promise to pay back at a specified 
point in the future. They can be traded on international fixed 
income markets. A positive sign of the blue bond market investor 
demand is the creation of the world’s first blue bond index by a 
German financial services provider called Solactive (Lord 2023). In 
comparison, the world’s first green bond index was set up in 2014. 
Lessons from land-based carbon initiatives can help accelerate blue 
carbon finance. For example, in 2017 the world’s first green loan 
was issued in Europe. This and other land-based carbon mechanisms 
provide models for blue carbon; in 2023 a blue loan was financed to 
improve water access and sanitation in Brazil (IFC 2023).

Sustainability-linked loans are financial products provided to 
businesses, which aim to facilitate and support environmentally and 
socially sustainable economic activity and growth. A portion of the 
interest rate is linked to the borrower’s ability to meet sustainability 
targets, for example by reducing greenhouse-gas emissions or 
restoring natural habitats.

Financial Exclusion
Many communities in the Indo-Pacific islands are subject to financial 
exclusion and do not have access to financial institutions and/or 
institutional investors. This financial exclusion occurs in part because 
they do not meet the requirements for organizations and capital 
markets; instead, they operate in the informal economy. The Blue 
Carbon Finance Assessment (Chapter 3) in this report provides more 
information about challenges of and opportunities for financing blue 
carbon in Indo-Pacific countries.

BLUE BONDS

Blue bonds are a type of sustain-
ability bond similar to traditional 
debt securities. However, they  
differ in that the entity issuing the 
bond must use proceeds to protect 
and conserve the ocean and ocean 
ecosystems. Blue bonds are  
usually issued to finance projects  
that increase sustainability of 
fisheries, aquaculture, solid waste 
management, circular economy, 
marine renewable energy, coastal/
marine tourism, and other activities 
that benefit blue resources  
and environments. 

The typical process of a blue  
bond begins when an investor 
provides capital to a government, 
sovereign, or business, which  
uses the capital to finance blue 
projects that deliver benefits to 
ocean ecosystems and/or added 
value to local coastal economies 
and communities. The investor  
can see a financial return via 
beneficial social and environmental 
impacts or through the projected 
increase of financial cash flows.
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