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Partnerships in Environmental Management for the Seas of East Asia (PEMSEA) is an intergovernmental
organization operating in East Asia to foster and sustain healthy and resilient oceans, coasts, communities
and economies through integrated management solutions and partnerships. For over two decades, PEMSEA
has provided solutions for effective management of coasts and oceans across the shared seas of East Asia.
As the regional coordinating mechanism for the Sustainable Development Strategy for the Seas of East Asia
(SDS-SEA), a shared marine strategy among 14 countries in the region, PEMSEA works with national and local
governments, companies, research and science institutions, communities, international agencies, regional
programs, investors and donors towards implementation of the SDS-SEA.

Conservation International (Cl) is a nonprofit environmental organization with the goal to protect nature as a
source of food, fresh water, livelihoods and a stable climate. For nearly 30 years, Cl has been protecting nature
for the benefit of all through science, policy and partnerships with countries, communities and companies.
Cl works with more than 2,000 partners in 30 countries and has helped support 1,200 protected areas and
interventions across 77 countries, safeguarding more than 601 million hectares of land, marine and coastal
areas.

The Nature Conservancy is a conservation organization working around the world to protect the lands and
waters on which all life depends. With more than 1 million members and 600 scientists, the Conservancy has
protected 120 million acres of land and 5,000 miles of rivers worldwide and operates more than 100 marine
conservation projects globally.

Silvestrum Climate Associates is a consultancy providing technical analysts and practitioners in the fields
of environmental science and policy, coastal engineering and carbon project development, with a mission to
assist public and private sector clients tackle challenges of climate change and sustainable development.

The International Blue Carbon Initiative is a coordinated, global program focused on mitigating climate change
through the conservation and restoration of coastal and marine ecosystems. The Initiative comprises a global
network of scientists, practitioners and policy advisors collaborating to advance improved management of
blue carbon ecosystems.
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Executive Summary

Coastal blue carbon is a term that recognizes the
role of coastal wetlands in the global carbon cycle.
Mangroves, tidal marshes and seagrass meadows
(collectively called coastal blue carbon ecosystems)
sequester carbon dioxide from the atmosphere con-
tinuously over thousands of years, building stocks of
carbon in biomass and organic rich soils. This ecosys-
tem service is in addition to other ecosystem services
provided by coastal wetlands that underpin fish stocks,
maintain food security and contribute to filtration of
sediment, protecting coral reefs and populated coastal
lowlands from erosion and flooding.

Despite their importance, coastal wetlands are some
of the most threatened ecosystems on Earth, with
up to 800,000 hectares destroyed each year, approxi-
mately 1.5% of global coverahen degraded or
destroyed, the services provided by these coastal blue
carbon ecosystems are not only lost, but notably, they
can become a significant source of greenhouse gas
emissions, with thousands of years of sequestered
carbon released over a period of years to decades.?
Although the combined global area of mangroves, tidal
marshes and seagrass meadows equates to only 2-6%
of the total area of terrestrial tropical forest, its ongo-
ing losses accounts for up to 10-20% of the emissions
from global deforestation—a total of 0.5 billion tons of
carbon dioxide emissions annually.®

Photo by TNC

Over the past 10 years, researchers, policymakers and
practitioners have built a strong foundation of science,
policy, finance and coastal management approaches
for integrating the conservation and restoration of blue
carbon ecosystems into the global effort to address cli-
mate change. Such efforts reflect a growing awareness
of the importance of coastal blue carbon ecosystems
in terms of global climate regulation and adaptation
for local communities. Protecting and restoring blue
carbon ecosystems are a key link to achieving sustain-
able development goals, growing blue economy and
meeting national commitments to the Paris Climate
Agreement.

East Asia is a global hotspot for remaining coastal
blue carbon ecosystems, but it is experiencing high
rates of loss. Many East Asian countries are also home
to some of the most vulnerable coastal communi-
ties to the impacts of climate change and declining
coastal ecosystem services. There is an opportunity to
improve management of coastal blue carbon ecosys-
tems towards achieving climate change commitments,
sustainable development goals and the well-being of
coastal communities.

This report seeks to better understand the status of
coastal blue carbon ecosystems in East Asia and raise
awareness of the opportunities to include improved

! Costanza, R. et al. 2014. “Changes in the global value of ecosystem services." Global Environmental Change, 26:152-158.

2 Crooks, S. et al. 2011. "Mitigating climate change through restoration and management of coastal wetlands and near-shore marine ecosystems:
challenges and opportunities.” Environment Department Paper 121. World Bank, Washington, DC.

° Pendleton, L. et al. 2012. “Estimating global “blue carbon” emissions from conversion and degradation of vegetated coastal ecosystems.”

PloS One, 7.9:€43542.
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management of these ecosystems within climate
mitigation and adaptation actions and commit-
ments, including opportunities to access new forms
of financing. It geographic focus is on countries with
coastal ecosystems that have signed the Sustainable
Development Strategy for the Seas of East Asia (SDS-
SEA), specifically: Brunei Darussalam, Cambodia,
China, DPR Korea, Indonesia, Japan, Malaysia,
Philippines, RO Korea, Singapore, Thailand, Timor-
Leste and Viet Nam.

All three blue carbon ecosystems—mangroves, tidal
marshes and seagrass meadows—occur in East Asia.
Mangroves are the dominant tidal wetland ecosystem
type at latitudes between approximately 30°N and
30°S, covering most of East Asia. RO Korea or DPR
Korea are the only two countries in this study with
no mangrove cover due to their northern extent. Tidal
marshes are found at latitudes that are too cold for
mangroves to tolerate, typically latitudes greater than
30°N and 30°S. Therefore, in East Asia, tidal marshes
occur primarily in China, Japan, DPR Korea and RO
Korea. Seagrasses, though extensive, remain very
poorly mapped with estimates of extent and rates
of loss being derived from experts with knowledge of
field surveys and reports.

In all, there are 4 million ha of mangroves in the region,
representing around 30% of the global total. Five of the
top 11 mangrove-holding countries globally are in East
Asia: Indonesia (2.71 Mha), Malaysia (0.56 Mha), the
Philippines (0.26 Mha), Thailand (0.25 Mha) and Viet
Nam (0.22 l\/lhplying regional forestry models
and IPCC defatw—dlues for soil carbon stocks, it is
estimated that the region’'s mangroves hold 8.8 billion
tons of CO, vulnerable to release by human activities.
Each year, these mangroves remove approximately,
22.4 MMt CO, from the atmosphere.

Understanding Strategic Coastal Blue Carbon Opportunities in the Seas of East Asia

The full extent of tidal marshes is not known. China
held 57,344 hain 1995,* perhaps representing less than
10% of what once existed across temperate areas of
East Asia. Remaining vulnerable tidal wetland carbon
stocks are estimated to be between 180-660 MMt CO,,.
Each year, these wetlands sequester 0.19 MMt CO,.

It is estimated that there may be 3 million ha of sea-
grasses across the region, holding 1.3 billion tons CO,
within soils and sequestering 4.7 MMt CO, each year.
The lack of data on distribution and carbon stocks in
tidal wetland and seagrass ecosystems are critical
data gaps that have the potential to be filled. Efforts are
underway in the Philippines and Indonesia to quantify
and model seagrass carbon stocks and fluxes through
the BlueCARES project.

The historic extent of all blue carbon ecosystem area
now converted to diked coastal floodplain is calcu-
lated to be 3.36 million ha across the region. The five
countries with the greatest extent of these subsided
coastal lands are China (1.81 Mha), Viet Nam (0.85
Mha), the Philippines (0.68 Mha), Indonesia (0.30 Mha)
and Japan (0.23 Mha). As a first approximation, using
IPCC default values for soil carbon loss, it is estimated
that some 3.7 billion tons CO, have emitted from con-
verted mangroves and tidal marshes across the region,
and annual carbon sequestration of around 6 MMt
CO, has been lost. These emissions are likely to be
underestimates, since areas where drained organic
soil remain, emissions will be continuing to this day.®

While losses of tidal marshes and seagrasses have
not been assessed, over the period 2000 to 2012 the
greatest rates of mangrove loss are found in Malaysia,
Cambodia, Indonesia, Thailand and China. The primary
causes for mangrove loss are conversion to aqua-
culture (33,721 ha), oil palm plantations (18,456 ha),

4 Shi-Jun, Y. and C. Ji-yu. 1995. “Coastal salt marshes and mangrove swamps in China." Chinese Journal of Oceanology and Limnology, 13: 318-324.
5 Crooks, S. et al. 2011. “"Mitigating climate change through restoration and management of coastal wetlands and near-shore marine ecosystems:

challenges and opportunities.”
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deforestation (5,483 ha) and urbanization (4,476 ha).
Across the region, some 17,496 ha of new mangrove
growth was identified, representing potential building
of new mangrove in delta regions and reforestation on
abandoned lands.

The potential to restore blue carbon ecosystems
depends upon site specific consideration. Some sites
are readily restorable; for others, recovering from former
conditions is not possible due to the degree of envi-
ronmental change.® While the needed experience and
expertise to assess restoration potential and enact
recovery exists, in most cases, failure is typically due
to poor site selection and planning. Restoration of sea-
grass meadows can often be more challenging than
tidal marshes or mangroves though, again, there is an
established scientific and restoration practice.

Several opportunities exist for countries to improve
management of coastal blue carbon ecosystems. Many
countries, including PEMSEA partner countries, recog-
nize the importance of mangroves, if not all blue carbon
ecosystems. However, conservation and restoration
policies often lack effectiveness. Enforcement capaci-
ties are minimal, activities within various government
departments are heterogeneous (fisheries as opposed
to nature conservation, for instance) and uncertain
land tenure hampers the capacity to identify relevant
stakeholders, plan with them and secure sustainable
investment.

International climate policy offers an opportunity to
restate the importance of coastal ecosystems and
establish effective mitigation and adaptation tools.
The emerging framework of nationally determined
contributions (NDC)—country commitments on cli-
mate change—creates powerful incentives for action.
Almost all PEMSEA countries have started addressing
blue carbon ecosystems in their NDCs. While to date, the

& Ibid.

mitigation opportunities have often been overlooked,
future rounds of NDC restatements will permit greater
and more comprehensive focus. This includes an
openness for greater bilateral and regional coopera-
tion between economically developed and developing
countries; between countries that operate or plan to
operate domestic emissions trading systems and
those that are willing to generate international offset
credits; and between countries that already employ
more advanced and comprehensive inventories and
others that require capacity building and technologi-
cal assistance.

Recommendations

There are a number of steps that PEMSEA partner
countries can take to build awareness, facilitate
knowledge exchange and accelerate practical action
on blue carbon. These include:

1) Improved tracking of blue carbon ecosystem
gains and losses (noting particularly a lack of
data on tidal marshes and seagrasses), quanti-
fication and reporting of greenhouse emissions
and removals following guidance provided in the
IPCC Wetland Supplement;’

2) Including coastal blue carbon ecosystems within
NDCs and related policies under national mitiga-
tion and adaptation commitments to the Paris
Agreement;

3) Measuring and weighing the significance of
coastal blue carbon ecosystems across policy
areas and planning documents, including on
trade, aid and integrated coastal management;

4) Developing climate change vulnerability assess-
ments, adaptation and resilience plans, and

" Hiraishi, Takahiko, et al. 2014. 2013 supplement to the 2006 IPCC quidelines for national greenhouse gas inventories: Wetlands. IPCC, Switzerland.



promoting the role of coastal blue carbon ecosys-
tems as a vehicle for sustainable environmental
infrastructure;

5) Building on bilateral and regional cooperation of
PEMSEA countries to work towards joint planning
and implementation of the NDC framework;

6) Engaging in programs and demonstration activi-
ties that build public—private initiatives or support
international financing for coastal blue carbon eco-
system conservation and restoration.

While there are actions that each country can take
within national borders to support coastal blue carbon
ecosystems and their climate benefits, there are addi-
tional benefits to be gained through transboundary

Understanding Strategic Coastal Blue Carbon Opportunities in the Seas of East Asia

collaboration. Sharing of knowledge and experience
builds regional capacity (e.g., development of GHG
inventories, NDCs, NAMAs, science and restoration
experience). Countries advancing carbon finance trade
infrastructure may serve as hubs for regional market
interventions. Those seeking partners to reduce
in-country emissions may engage with other coun-
tries requiring support. Donor countries may provide
scientific and technical development assistance to
regional neighbors. Many of the threats facing coastal
blue carbon ecosystems are transboundary in nature
(e.g., water quality, sediment delivery, trade impacts)
and would benefit from international cooperation to
address as part of regional sustainability actions.
Regional coordinating mechanisms, such as PEMSEA,
can offer institutional framework for enhanced regional
planning and implementation.
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Introduction

Photo by SCA/Crooks

Coasts and oceans are some of the most productive
ecosystems on the planet, providing a rich array of
ecosystem services that maintain human survival
and quality of life, supporting local communities and
national economies. More than half of the world's
population lives within 200 km of the coast, drawn to
environmental and economic resources that support
large populations.®

Consequently, coastal ecosystems are among the
most threatened, under pressure from destruction
and degradation. Since the turn of the 19th century,
it is estimated that 50% of all mangroves and tidal
marshes globally have been converted to other land
uses, and area of seagrass meadows have been
reduced by 29%.° The loss of these wetlands has
resulted in a forfeiture of the beneficial ecosystems
services they provided,'®!" including food provision,
storm protection, climate regulation and local ocean
acidification buffering, as well as aesthetic and spiri-
tual benefits.

One key service provided by coastal ecosystems,
but historically overlooked, is the regulation of the
global climate by coastal ecosystems. The concept
of “coastal blue carbon” has emerged to recognize
the need for improved management of coastal eco-
systems to support this important climate regulating
service. Within just a few years, coastal blue carbon
has evolved from a mostly scientific interest into
a cross-cutting policy tool linking greenhouse gas
(GHG) accounting for coastal environments—a major
global emissions source—with short- and long-term
commitments of a wide range of countries, climate
finance (for both mitigation and adaptation) and fund-
ing opportunities for developed countries, private
investors and coastal communities.

The concept of coastal blue carbon recognizes the
role of the ocean’s biological systems in buffering
the world's atmospheric CO, levels. This service is
provided through the extraction of CO, by plants
directly from the atmosphere and surface waters.'?

Creel, Liz. 2003. “Ripple Effects: Population and Coastal Regions." http://www.prb.org/Publications/Reports/2003/RippleEffectsPopulationand

CoastalRegions.aspx. Accessed 2016 November 3.

Pendleton, L. et al. 2012. “Estimating global “blue carbon” emissions from conversion and degradation of vegetated coastal ecosystems.”
Costanza, R. et al. 1997. “The value of the world's ecosystem services and natural capital.” Nature, 387:253-260.

Costanza, R. et al. 2014. “Changes in the global value of ecosystem services.”

Pidgeon, E. 2009. “Carbon sequestration by coastal marine habitats: important missing sinks." In The management of natural coastal carbon sinks.

Edited by Laffoley, D. and Grimsditch, G. [UCN, Gland.



Coastal blue carbon is the contribution to climate
mitigation made by coastal ecosystems, particularly
mangroves, tidal marshes (salt, brackish, and fresh-
water marshes) and seagrasses.’® These ecosystems
directly extract CO, from the atmosphere and coastal
waters and store it as solid form carbon in biomass
and soil material. The soil carbon pool is particularly
important because low-oxygen conditions created by
wet soils significantly decrease decomposition rates,
allowing build-up of carbon stocks that exceed those
of upland soils.

Approximately 48% of carbon sequestration of the
entire ocean occurs within just 2% of its area, through
transfer of atmospheric CO, to the soil carbon pool.*
Not recognized in this calculation, but also valuable,
is the flux of dissolved and particulate carbon from
coastal ecosystems to support food webs in coastal
and ocean areas.'® Some of this “lateral carbon flux”
eventually becomes buried in offshore marine sedi-
ments, but is difficult to track and not currently included
directly in climate mitigation calculations. Thus, while
conserving and improving all coastal ecosystems and
marine ecological conditions is beneficial to carbon
sequestration, blue carbon interventions for meeting
quantified GHG mitigation goals are focused on man-
agement of mangroves, tidal marshes and seagrasses.

When coastal blue carbon ecosystems are drained or
excavated and converted to other land uses, carbon
sequestration is halted. More significantly, stored soil
carbon stocks are released and, together with the bio-
mass carbon stock (e.g., removed mangrove trees),
are returned to the atmosphere. Soil carbon stocks
that had accumulated over thousands of years may

Understanding Strategic Coastal Blue Carbon Opportunities in the Seas of East Asia

be returned within just a few decades.'®'"'¢ |t is estimated
that some 450 MMt CO, of soil carbon from blue carbon
ecosystems are released from land use change each year
with an annual economic impact of $18 billion USD.™®
Such levels equate to 10-20% of total CO, emissions from
global deforestation and rise to a level at which economic
instruments may be brought to bear to reduce or reverse
environmental losses.?

Blue carbon ecosystems are heavily concentrated in a
few countries and regions, including the seas of East Asia,
with Southeast Asia as the unambiguous geographic
global center. Covering over 7 million km? of sea area
and 235,000 km of coastline, East Asia is home to some
of the most economically and ecologically important sea
areas of the world. With a growing population and ongoing
coastal migration, pressure continues to mount on coastal
and ocean resources in the region. The environmental and
social impact of these activities threatens a decline in
coastal ecosystems that form the basis of the economic
growth and well-being of the region, and the planet. Many
East Asian countries—home to the world's largest coastal
carbon stocks and some of the most vulnerable coastal
communities to the impacts of climate change—have
embraced the blue carbon concept and are seeking to
implement it in the years to come.

This report outlines the status and trends of coastal blue
carbon ecosystems in the seas of East Asia and sum-
marizes their relevance to developing climate mitigation
commitments, blue carbon interventions and financ-
ing options. Finally, recommendations for interventions
on policy advancement and direct actions to support
management, climate adaptation and development of a
regional blue economies are provided.

3 Howard, J. et al. 2017. “Clarifying the role of coastal and marine systems in climate mitigation." Frontiers in Ecology and the Environment, 15:42-50.
* Duarte, C.M. et al. 2005. “Major role of marine vegetation on the oceanic carbon cycle." Biogeosciences, 2:1-8.
5 Twilley, R. et al. 1992. “Carbon sinks in mangroves and their implications to carbon budget of tropical coastal ecosystems.” In Natural Sinks of CO,.

Springer, Netherlands, pp. 265-288.

16 Crooks, S. et al. 2011. "Mitigating climate change through restoration and management of coastal wetlands and near-shore marine ecosystems:

challenges and opportunities.”

7 Kauffman, J. B. and D. Donato. 2012. Protocols for the measurement, monitoring and reporting of structure, biomass and carbon stocks in mangrove
forests. (CIFOR Working Paper no. 86, p. 40p). Center for International Forestry Research (CIFOR), Bogor, Indonesia.

'8 Fourqurean, J.W. et al. 2012. “Seagrass ecosystems as a globally significant carbon stock." Nature Geoscience, 5:505-509.

19 Pendleton, L. et al. 2012. “Estimating global "blue carbon” emissions from conversion and degradation of vegetated coastal ecosystems.”

20 Murray, B. et al. 2011. Green payments for blue carbon: Economic incentives for protecting threatened coastal habitats. Nicholas Institute for

Environmental Policy Solutions, Report NI 11.04.



Status of Coastal Blue Carbon Ecosystems in East Asia

Coastal wetlands, which include mangroves, tidal
marshes and seagrasses, are found in a narrow
elevation range along the coast. Mangroves and
tidal marshes occupy the top half of the tidal range,
not occurring below mean tide elevations or above
the highest tides. Seagrasses are found predomi-
nantly below the tides with their lowest depth range
determined by water clarity. The following section
summarizes current knowledge of each ecosys-
tem’s distribution in East Asia, estimated carbon
stocks and estimated emissions due to ecosystem
loss.

Mangrove Ecosystems

Mangroves are the dominant tidal wetland eco-
system type at latitudes between approximately
30°N and 30°S. This latitudinal range covers most
of East Asia. RO Korea or DPR Korea are the only
two countries in this study with no mangrove cover
due to their northern extent. There are at least 41

mangrove species found within East Asia, making it
a significant hotspot for mangrove diversity.

Over the past several years, several efforts have been
undertaken to map mangroves globally. In 2000, for
instance, four separate approaches were used to
assess baseline mangrove cover.?’ Two estimates
were based on mangrove presence/absence in a given
area from classified Landsat satellite imagery: Giri et
al. (2011)?? and the World Atlas of Mangroves?® (Figure
1; Appendix Figures 1-11). The other estimates were
based on mangrove cover within a given area (instead
of presence/absence) and were derived from a com-
bination of previous mangrove and forest mapping
efforts (Giri et al. 2011 — ‘Mangrove Forests of the
World' [MFW] and ‘Terrestrial Forest of the World'
[BIOME]). Mangrove cover was assessed between
2000 and 2012 using imagery and estimated for 2014
based on rates of change.?* None of these methods
account for mangrove loss prior to 2000 and thus are
only an estimate of recent change.

21 1n 1999, the Landsat 7 satellite was launched, which captured moderate resolution (30m) imagery across the world at a 16-day interval. In many

cases, this was the first imagery of its kind to be collected in many parts of the world and enabled systematic image analysis, such as mapping

mangroves, at a global scale.

2 Giri, C. et al. 2011. “Status and distribution of mangrove forests of the world using earth observation satellite data." Global Ecology and Biogeo

chemistry, 20: 154-159.
% Spalding, M. 2010. World atlas of mangroves. Routledge.

" Hamilton, S. and D. Casey. 2016. “Creation of a high spatio-temporal resolution global database of continuous mangrove forest cover for the
21st century (CGMFC-21)." Global Ecology and Biogeochemistry, 25: 729-738.



Understanding Strategic Coastal Blue Carbon Opportunities in the Seas of East Asia

Figure 1. Distribution of mangroves in East Asia based on data from the ‘World Atlas of Mangroves”. PEMSEA countries with mangroves in medium grey.

Bl mangrove coverage

0 250 500 1,000
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Considering that five of the top eleven mangrove-holding
countries globally are in East Asia, mangroves are indeed
a critical blue carbon ecosystem for the region (Table 1).
Indonesia has the greatest mangrove coverage of any
country, both within East Asia and globally. There are some
differences in estimated mangrove coverage depending on
the methodology used. Notably, the BIOME method esti-
mates are nearly double all other estimates and are likely
an overestimation. This would seem to be the case, based
on visual comparisons made by the authors of this report.

Based on the estimated mangrove area, mangrove carbon
stocks across the region were calculated using several dif-
ferent approaches. Field collected data provide the most
reliable method for quantifying carbon stocks at a given
location, and there are challenges to extrapolating these

values across a region as large as East Asia. This can
be accomplished by combining multiple data sources to
derive a statistical average of soil condit