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GLOSSARY

Accumulation rate

Activity

Additional/Additionality

Allochthonous carbon

Autochthonous carbon

Below ground storage

Biomass

Blue Carbon

CAR (Carbon Accumulation

Rate)

Carbon pools

corg

CO;

COz-eq

Dating methods

Emissions

GHG (greenhouse gas)

Lol (Loss on Ignition )

The rate at which atmospheric CO; is sequestered. Usually reported as a
mass per unit area per year.

An action undertaken to reduce anthropogenic GHG emissions; or an
action undertaken to increase anthropogenic GHG removals by sinks.

The effect of a project activity to reduce anthropogenic GHG emissions
below the level that would have occurred in the absence of the project
activity; or

The effect of a project activity to increase net GHG removals by sinks
above that would have occurred in the absence of the activity.

Carbon (organic or inorganic) formed at a site distant to that where it is
found.

Carbon (organic and inorganic) formed at the site where it is found.

Carbon stored below ground level as biomass (e.g. roots and rhizomes)
or sedimentary/soil carbon.

The total quantity (usually weight) of organisms in a given area or
volume.

The carbon stored and sequestered in coastal ecosystems such as
mangrove forests, seagrass meadows or tidal marshes.

The mass of organic carbon that accumulates in a soil, over a specified
period of time, usually one year.

Above-ground biomass, below-ground biomass, litter, dead wood and
soil/sediment organic carbon.

Organic carbon (i.e. carbon contained within living and dead organisms)

Carbon dioxide, a gas composed of one carbon and two oxygen atoms. It
is a major component of the global carbon cycle and a key greenhouse
gas

a measure of the environmental impact of one tonne of any greenhouse
gases in comparison to that of one tonne of CO..

The various methods used to age sediments/soils or carbon within
sediments/soils, thereby allowing the accumulation rate to be
determined. The most common methods involve the use of the
radioisotopes Carbon-14 or Lead-210.

An amount of a substance (usually a gas) that is released into the
environment (usually the atmosphere). The commonly considered
emissions are CO,, CH4, N>0.

A greenhouse gas listed in Annex A to the Kyoto Protocol. With respect
to blue carbon ecosystems, the commonly considered GHGs are carbon
dioxide (CO,), methane (CH4) and nitrous oxide (N,O)

The amount of material lost from a sample when combusted at about
500°C. It is taken as an approximation of the amount of organic matter.
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Organic carbon

Project

Remineralization

SAR (Sediment accumulation
rate)

Sediment

Sedimentary carbon
Sequestration

Sink

Soil

Soil carbon

Stocks (of carbon)

Verification

Carbon, both particulate and dissolved, found in an organic compound,
including living organisms, detritus, litter, and dissolved compounds

An action by a private or public entity which coordinates and implements
any policy/measure or stated goal that leads to GHG emission reductions
or net anthropogenic GHG removals by sinks that are additional to any
that would occur in the absence of the action.

The process in which organic carbon is transformed into inorganic forms,
such as carbon dioxide (CO3)

the net rate of vertical accumulation of sediment at a site.

Naturally occurring material broken down by weathering and erosion,
and transported to a place where it accumulates. Sediments are
relatively unstructured and not formed by interaction of biological,
physical and chemical processes.

Organic and inorganic carbon stored within sediments
The capture and long-term storage of atmospheric carbon dioxide.
a reservoir that accumulates and stores carbon-containing compounds.

The term sink implies that the storage is long-term (or semi-permanent).

A complex, structured mixture of organic matter, minerals, gases, liquids
and living organisms formed by the interaction of the parent material,
organisms, climate and relief.

Organic and inorganic carbon stored within soils
The total amount of, in this case, carbon stored in an area or volume.

Used interchangeably with ‘store’.

The periodic, independent evaluation and retrospective determination of
monitored GHG emission reductions that have occurred because of a
project activity.

Units used this this report

kg Kilogram 1,000 grams

t Metric tonne 1,000 kg

Mt Megatonne 10° (or 1 million) tonnes

Mg Megagrams 108 (or 1 million) grams = 1 tonne
ha Hectare 10,000 m2 = 0.01 km?

km? Square kilometre 10° (1 million) m2 =100 ha

Mg ha't Megagrams per hectare 10° (1 million) g per ha = 0.1 kg m™
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Executive summary

1.1 Background and Objectives

Seagrasses provide many ecosystem services, including carbon sequestration, yet they are
frequently neglected in decision-making. Seagrass meadows of the Indo-Pacific support up to one
billion people through their provision of inshore fisheries. They also provide critical habitat for many
marine species, including the Dugong (Dugong dugong), which is listed a vulnerable on the IUCN
Red List. At the same time, seagrasses in the region are declining because of coastal development,
deforestation, unsustainable resource extraction, and environmental degradation. Limited data
exists on seagrass status, their ecosystem services and value in the region, information that can
incentivise effective seagrass conservation.

The Seagrass Ecosystem Services Project (SES project) was established to provide critical data on the
state and condition of seagrass ecosystems and to promote the integration of Seagrass Ecosystem
Services (SES) into evidence-based decision-making and business models to ensure the sustainability
of seagrasses across the Indo-Pacific. The project focused on five priority sites in SE Asia, including
the North Sulawesi region in Indonesia, and addressed a range of seagrass ecosystem services,
including carbon sequestration (or Blue Carbon). The Indonesia NGO Yapeka, implemented the blue
carbon assessment, supported with training and expert advice from Edith Cowan University (ECU).

This technical report presents the outcomes of the assessment of Blue Carbon function in seagrass
meadows at two priority sites in North Sulawesi — North Minahasa and Sangihe Island. The
assessment was implemented with the following goals:

e Obtain information that can be used to inform decision makers of the value of seagrasses for
CO; capture and storage, and to inform the design of BC projects;

e Build the capacity of local NGO and communities to undertake Blue Carbon SES assessments;

e Collect data to undertake a Seagrass Blue Carbon assessment at the priority sites; and

e Build capacity within the NGO to integrate the Blue Carbon Assessment into policy guideline
development, decision-making and management.

1.2 Assessment design

The Blue Carbon Assessment was undertaken at four sites in North Minahasa and at two sites at
Sangihe Island (ES Figure 1). The sites comprised:

e In North Minahasa, two relatively undisturbed Reference sites (Tarabitan and Tamperong)
and two Impacted sites (Bahoi and Bulutui) where coastal development, extraction and
anchoring had affected the seagrass;

e At Sangihe Island, one Reference site (Bulo), considered to be representative of healthy
seagrass in the Sangihe Islands region; and one impacted site (Batuwingkung) subject to
gleaning and fishing activity.

At each site, four seagrass cores were collected to determine the carbon characteristics for
comparison of undisturbed and disturbed sites. The methods used followed published protocols,
modified to suit the local circumstances of the national partner while providing scientifically robust
estimates of the stocks and accumulation rates. The assessment suffered a major constraint when
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an export permit could not be obtained to allow the seagrass soil samples to be analysed in overseas
laboratories. At the same time, no Indonesian laboratory was equipped to perform the analyses.
Consequently, some aspects of the method could not be completed, specifically the direct analysis
of carbon content of the souls through elemental analysis and the dating of the soils to determine
carbon accumulation rates (CAR). An indirect method was used to estimate the carbon content of
the soils, but CAR could not be estimated.

Sangihe
Island

North Minahasa

Tamperong

)

ES Figure 1. The location of the two sampling regions, North Minahasa and Sangihe Island, used by YAPEKA in the
Blue Carbon assessment. Insert figures shows the individual sampling locations within each priority region.
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1.3 Seagrass soil Corg stocks in North Minahasa and Sangihe

On average, the top 100 cm of seagrass soil had stocks ranging from 93 + 3.6 to 458 + 68 Mg Corg ha”
1(1 Mg = 1 tonne). The Sangihe reference site (Bulo) had the highest mean stock and the impacted
Bahoi site had the lowest, almost a five-fold difference (ES Figure 1).

At Sangihe Island, the mean soil Corg stocks at Bulo and Batuwingkung were exceptionally high at
458469 and 32616 Mg Corg hal, respectively, placing the two sites among the highest recorded,
globally. These two sites also provided one of the first opportunities to examine the effect of
gleaning on seagrass carbon sequestration, since Batuwingkung experiences gleaning while Bulo
does not. Statistically there was no difference between the sites, meaning it is not possible to
conclude that gleaning has resulted in a loss of soil organic carbon, though the 30% lower stock at
the ‘disturbed’ Batuwingkung site suggest that further investigation may be warranted.

Assuming the Bulo and Tamperong reference sites are representative, undisturbed seagrass
meadows in the region can contain Corg stocks in the order of 200-450 Mg Corg hat, among the very
highest recorded in Indonesia and well above the global mean reported for seagrasses of about 140
Mg Corg ha (Duarte et al. 2013).

600 1 @30cm b
500 E100cm
ab
- 400 -
_'ccu ab
® 300 1 ab
=]
o
20 700 -
= a B
a B
100 - AB AB
0 N [N 2 ]
o | 1
Bahoi Tarabitan Bulutui Tamperong Bulo Batuwingkung
(B) (Tb) (Bu) (Tp) (B1) (Bw)
non-impacted | non-impacted| impacted impacted control impacted
North Minahasa Sangihe Islands

ES Figure 2. Mean (£ SE) organic carbon (Co;) stocks in 30 cm and 100 cm-thick soil seagrass deposits collected in
North Minahasa and Sangihe. The organic carbon values were estimated from the Loss on Ignition data by applying the
Lol v O.C. regression from Fourqurean et al. (2014)
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1.4 Total soil Corg stocks and accumulation rates in Minahasa and Sangihe
seagrass ecosystems

The total soil Corg stocks for seagrass at the seagrass sites were estimated by scaling up the mean
Corg stock in the top meter of soil to the total area occupied by seagrass. Across the six sites assessed,
the total BC stocks ranged from about 13,000 t C0,.eq at Bahoi to 39,500 t in Batuwingkung (ES Table
1).

ES Table 1. Total area and organic carbon stocks in top 100 cm of seagrass carbon ecosystems in the North Minahasa
and Sangihe Island sampling sites. 1 Mg = 1 tonne

Ecosystem Mean Soil Corg Total soil Corg Total Soil stock
stock stock (Mg CO,.q)

(Mg corg ha'l) (Mg corg)

North Minahasa

Tarabitan 52 219 11,400 41,860

Bahoi 39 93 3,630 13,340

Tamperong 44 115 5,070 18,600

Bulutui 33 330 1,0850 39,920
Sangihe Island

Bulo 7 458 3,210 11,770

Batuwingkung 33 326 10,760 39,480

The differences in soil Corg stocks between the sites was used to make first-order estimates of the
potential for avoided greenhouse gas (GHG) emissions in the seagrass ecosystems. Using two
different approaches, the potential emissions resulting from loss of the top 100 cm of the meadows
would range from as low as 20 to as much as 1200 Mg COz.. ha™, though most likely between 20
and 350 Mg CO,.. ha (ES Table 2). While this range is high, it captures a number of assumptions
which range from less to more conservative, which are detailed in the main report.

ES Table 2. Estimated potential abatement (avoided emissions) for North Minahasa and Sangihe seagrass sites.

*Minimum estimates are based on the difference between the disturbed site and the undisturbed site with the lowest stock and
assumes 25% of disturbed carbon is remineralised. **Maximum estimates are based on the difference between the disturbed site
and the undisturbed site with the largest stock and assumes 75% of disturbed carbon is remineralised

Region Mean Soil C,g stock Total soil Corg stock Total Soil stock
(Mg Cqrg ha-?) (Mg Corg hal) (Mg CO,.q ha?)

Healthy Disturbed Min* Max** Min* Max**
North Minahasa : :
Tarabitan Tamperong Bahoi

219 115 93 5.5 94.5 20.2 346.8

Sangihe Batuwingkung

438 326 28 84 102.8 308.3
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1.5 Methodological issues for BC assessments (Lessons learnt)

The four SES case studies, including that undertaken at North Minahasa and Sangihe, have provided
valuable insights into methodological and logistical issues that could affect the capacity to
implement blue carbon projects by NGOs working in the region. These included:

Determining Carbon Accumulation Rates

Most carbon crediting schemes and inventories require estimates of Carbon Accumulation Rates,
however, there is an absence of CAR measurements for Indonesia, forcing a reliance on global
means or estimates from other places in SE Asia (e.g. Miyajima et al. 2022). Determining CARs
typically involves either dating the soil using radioisotope techniques or directly measuring
accumulation using surface elevation tables (SET). Generally, there was little success in using
radioisotope techniques to establish CARs. In Indonesia this was due to legal constraints on
exporting the samples for isotope analysis and the absence of a laboratory within the country to
perform them. In other sites, the soil characteristics prevented CAR being determined, a problem
not uncommon in seagrass sites. Efforts to establish SETs were also unsuccessful due to the theft of
the measuring rods.

Methodological issues with determining %Corg using %LOI

It is common in BC studies to use the relationship between organic matter (LOI) and organic carbon
(Corg) to estimate the Corg content of a soil when financial constraints limit the number of Corg
analyses that can be performed. We attempted that approach here but it was generally unsuccessful
due to:
1. the relationship being weak and with significant uncertainties for the Corg data; or
2. being unable to analyse the samples for Corg content due to legal constraints on exporting
the samples for analysis.

Overcoming these two barriers will be an important step for allowing NGO and community
groups in the region to undertake carbon sequestration assessments.

Permits

Some of the SES project sites, including Indonesia, experienced difficulty in obtaining permits
needed to undertake the blue carbon assessments. These issues related either to:

1. Permits to undertake field work to collect soil samples; or
2. Permits to export soil samples for chemical analysis.

In some cases, the lack of permit severely compromised to outcomes of the project. The lesson here
is that it is critical to understand the permitting requirements in countries before commencing a
blue carbon assessment and that sufficient time needs to be allowed for obtaining those permits.
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Training delivery

The SES Project was initially structured around in-country, face-to-face training sessions, for the
technical partners to build capacity among the NGO partners. COVID-19 travel restrictions
prevented face-to-face training and necessitated a shift to on-line training resources, which were
useful in allowing the NGO partners to implement the assessments. However, the impact of no face-
to-face training became apparent as the project developed: what could effectively be explained
face-to-face in a two- or three-hours discussion proved almost impossible to convey using other
approaches. The lack of opportunity to hold the planned in-person workshops had a detrimental
effect on the efficiency and the quality of the outcomes of the blue carbon assessments. While the
outcomes are still valuable, there is no doubt that any future capacity building should prioritise in-
person training.

1.6 Conclusions and Recommendations

e Relatively undisturbed seagrass meadows in the North Minahasa and Sangihe regions have
s0il Corg stocks of 220-460 Mg Corg hal, among the greatest stocks measured elsewhere
Indonesia and globally.

e Disturbance appeared to reduce the soil Corg Stocks at some sites by 30% to 60%.

e The potential abatement associated with conservation of seagrass meadows in the region
was estimated to be 20 — 346 t CO,-.q per hectare.

e The SES Project has successfully achieved the key objectives of:

o Building capacity in the NGO National Partners to undertake blue carbon
assessments,

o Generating local data for application in local policy contexts and to strengthen any
future carbon crediting verification projects, including development of Tier 2 and Tier
3 carbon abatement projects,

o Identification of local partner organisations to assist the NGO partners in any future
projects.

e The blue carbon assessment saw the following activities completed as parts of Work
Packages |, Il, Il and IV of the SES Project:

o Activity I.1: Modify or develop new methodological tools for monitoring seagrass
ecosystem services (carbon sequestration);

o Activity 1.2: Five trainings (one per site) provided to local stakeholders on assessment
of seagrass status (blue carbon status) — the trainings were provided through on-line
instructional videos and a face-to-face workshop in which all five National partners
participated;

o Activity 1.4: Data collection (blue carbon) at all five sites, with community
participation, to build on and integrate with any existing data concerning the location,
extent, conservation, and SES of seagrass meadows;

o Activity Il.1: SES (blue carbon) data collection, analysis, and assessment at four sites to
determine the different ways in which seagrass is providing value and what the loss of
these services would cost;

o Activity 11.2: Five workshops (one per site) provided to local stakeholders on
understanding assessment and valuation of key SES. Total of 250 community members.
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Due to COVID travel restrictions, the five workshops (one per site) were replaced with
a single workshop in which all six of the project’s NGOs participated; and

o Activity IV.1: Training to build capacity of stakeholders (decision-makers, Protected
Area managers and NGOs) to utilise SES assessment and valuation. Training for the
blue carbon component was provided through a face-to-face workshop (Bogor, 2023)
for all six project National Partners.

Recommendations

e It is recommended that the information generated in this assessment should be used to
inform decision makers and the broader community about the value of seagrasses in carbon
abatement. This can be used to argue for the inclusion of seagrass ecosystems in the NDC
for the inclusion of seagrass projects in government strategies that involve the conservation
or restoration of vegetated habitats. The data generated in this assessment can also provide
an initial indication of the carbon credit potential of seagrass blue carbon projects in
voluntary carbon trading market operating in Indonesia.

e It is recommended that the CMS assist YAPEKA in completing the analysis of the seagrass
soil samples collected during the SES for Corg (through elemental C analysis) and for dating
of the cores and estimating Carbon Accumulation Rates, when the opportunity arises. The
un-analysed samples held by YAPEKA represent an extremely valuable opportunity to fill
several key knowledge gaps regarding Indonesian blue carbon resources, with benefit well
beyond the SES Project. The cost of implementing this recommendation would be modest
compared to the investment already made in obtaining high-quality samples but would yield
highly significant data for Indonesia.

e Itis recommended that future efforts to undertake seagrass blue carbon assessment use
the approaches, based on the experience gained during the SES Project:

o Further effort be applied to generate more robust Organic Carbon: Organic Matter
relationships;

o The National partner work collaboratively with local university/research partners to
implement assessments, in particular the Lol and organic carbon analyses;

o Direct measurement of soil accumulation rates be made using surface elevation rods,
horizon markers or rSETs, rather than relying solely on radio-isotopic approaches;
and

o Future efforts to build capacity in seagrass ecosystem service (blue carbon)
assessment prioritise the inclusion of face-to-face field and laboratory techniques
training.
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2 Introduction and Aims

This report summarises the activities and findings of a Blue Carbon (BC) assessment undertaken by
YAPEKA with technical assistance from Edith Cowan University (ECU). The assessment was
undertaken as part of a broader assessment of seagrasses at selected seagrass sites in the North
Minahasa and Sangihe Island regions of Indonesia, as part of the IKI- funded project “Conservation
of biodiversity, seagrass ecosystems and their services — safeguarding food security and resilience
in vulnerable coastal communities in a changing climate”, hereafter referred to as the ‘SES (Seagrass
Ecosystem Services) project’. The full SES project was a collaboration among six National Partners
(NGOs based in five SE Asian Countries) supported by four Technical Partners and two Implementing
Partners. The project was designed to enhance the understanding of seagrass ecosystem services
and the capacity of the National Partners to develop and deliver science-based policy solutions in
seagrass conservation. It brings together scientists, policy experts, business development experts
and conservation NGOs across the globe to provide expert and independent advice on seagrass
ecosystems services and how these might be relevant to policy and financial solutions to marine
conservation issues.

Seagrasses provide many ecosystem services, including the provision of human food,
biogeochemical cycling (including carbon sequestration), biodiversity protection and coastal
protection. Yet they are frequently neglected in decision-making, leading to alarming rates of loss —
29% of global seagrass meadows have been lost and, at the end of the last century, the remaining
beds were declining at a rate of 110 km? per year. Seagrass meadows of the Indo-Pacific support up
to one billion people through their provision of inshore fisheries. They also provide critical habitat
for many marine species, supporting biodiversity including the Dugong (Dugong dugong), which is
listed a vulnerable on the IUCN Red List. At the same time, seagrasses in the region are declining
because of coastal development, deforestation, unsustainable resource extraction, and
environmental degradation. Limited data exists on seagrass status, their ecosystem service
(including carbon storage capacity) and economic value in the region. This information is essential
to inform and incentivise effective seagrass conservation. Beyond a better understanding of the role
and value of seagrass to tropical marine ecosystems, a coordinated research and decision-making
response is needed if effective seagrass management is to occur in the Indo-Pacific.

The SES project was established to provide critical data on the state and condition of seagrass
ecosystems. It also aimed to promote the integration of Seagrass Ecosystem Services (SES) into
evidence-based decision-making and business models to ensure the productivity and sustainability
of seagrasses across the Indo-Pacific. The project focused on five priority sites in SE Asia, one in each
of five target countries, and applied a ‘bottom-up’ approach designed to empower local
communities to collect and provide the data needed to inform decision-makers and to develop
sustainable financing for the conservation of seagrasses and associated biodiversity that are tailored
to the specific environmental and economic contexts of the country and community. Consistent
with that approach, it was intended that the National Partners would implement the program,
supported with training and expert advice from the Technical Partners.

In each of the five priority sites, the project was implemented via five work packages:

WP1. Assessment: primary data collection using biological SES assessments and participatory
approaches with local communities.

WP2. Integration: build capacity for integration, develop policy guidelines and integrate SES
into decision-making and management.
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WP3. Business models: conceptualise 3 models for 5 pilot sites and build community capacity
to implement them.

WP4. Communications: develop a strategy and tools for the promotion of SES services and
biodiversity.

WP5. Project Management and Coordination.

This technical report presents the outcomes of components of the SES assessment (WP1) and
Integration (WP2), specifically, the assessment of Blue Carbon function in seagrass meadows at the
priority sites in North Sulawesi, Indonesia. The assessment was implemented by YAPEKA, supported
by technical experts at Edith Cowan University (ECU). The goals were to:

e Build the capacity of local NGO and communities to undertake Blue Carbon SES
assessments;

e Collect data necessary to undertake a Seagrass Blue Carbon assessment at priority
sites identified by the NGO (WP1);

e Build capacity within the NGO to integrate the Blue Carbon Assessment into policy
guideline development, decision-making and management (WP2).

Before describing the activities undertaken (Section 3) and the outcomes of the BC Assessment
(Section 4), Sections 1 and 2 of the report provides some relevant background on blue carbon,
seagrasses and the concept of blue carbon projects.

2.1 What is Blue Carbon?

Blue carbon, also known as coastal carbon, refers to the atmospheric CO, which is captured and
stored in coastal vegetated ecosystems, either as plant biomass or in the soils, referred to as
sedimentary organic carbon. Seagrass, mangrove and tidal marsh ecosystems are recognised as
making a significant contribution to the global carbon cycle (Nellemann et al. 2009), due to their
ability to bury organic carbon (Corg) in their soils at rates, and for storage periods, that are orders of
magnitude higher than in many terrestrial ecosystems (MclLeod et al. 2011). Interest in BC
intensified following the release of two reports in 2009 (Laffoley & Grimsditch 2009, Nellemann et
al. 2009), which highlighted the exceptional capacity of these ecosystems to sequester atmospheric
carbon, and the subsequent efforts of governments to embed blue carbon into their climate change
mitigation and/or adaptation policies (Martin et al. 2016). This, together with the high rates of loss
of BC ecosystems globally, make them of significant interest for national and regional climate
change mitigation strategies. The conservation, restoration and creation of BC ecosystems have the
potential to increase carbon capture and storage, mitigate climate change, support carbon crediting
systems and provide numerous co-benefits, including the provision of habitat for endangered
species such as the dugong (Dugong dugon). Globally, seagrasses occupy about 600,000 km? and
account for 12% of total carbon stored in ocean sediments. However, significant ongoing losses of
seagrasses result in a reduced capacity to mitigate climate change as well as losses to economic
sectors dependent on the extensive ecosystem services that seagrass meadows provide.
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Seagrass Blue Carbon

Blue carbon ecosystems store Corg in two main pools: the above-ground pool, mainly comprising
living biomass and litter; and the below-ground pool, comprising roots and rhizomes, dead below-
ground plant organs, buried litter and soil (or sedimentary) Corg. The majority of the Corg stocks in
blue carbon ecosystems are found in this below-ground pool (Duarte et al. 2013a), typically more
than 90% of total Corg stocks in tidal marshes and seagrasses and in the order of 65-75% in
mangroves (Nellemann et al. 2009, Alongi 2014; Serrano et al. 2019). This predominant storage of
Corg Within the below-ground pool (hereafter referred to as soil Corg) makes this the pool of primary
interest in many blue carbon initiatives (Sutton-Grier et al. 2014), especially in seagrass ecosystems.
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Figure 1 A profile through a seagrass meadow made possible by the erosion of an escarpment wall and
revealing the large amount of organic carbon-rich soil below the relatively thin living layer. Numbers in the
figure are based on Serrano et al. (2019) for Australian seagrass ecosystems.

The capacity of different seagrass ecosystems to trap and store carbon in their soils varies. Up to
45-fold differences in soil organic carbon stocks have been reported among seagrass habitats, while
their annual carbon accumulation rates can vary by up to 70-fold (Lavery et al. 2013; Serrano et al.
2019; Mazarrasa et al. 2021). This variation is driven by many factors, including species composition,
geomorphological settings, soil characteristics, and biological features which interact to control the
capture and storage of Corg in seagrass ecosystems (Adame et al. 2013, Ouyang & Lee 2014a,
Serrano, et al. 2016b). Understanding this variability and the factors that control the stocks and
accumulation rates is key to identifying opportunities to enhance Corg stocks or avoid emissions of

GHG, thereby contributing to the mitigation of GHG emissions and forming the basis for potential
inclusion of BC activities within carbon crediting programs.
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How do SG capture and store carbon?

Seagrass meadows trap and accumulate two types of carbon — autochthonous and allochthonous
carbon. Autochthonous carbon is carbon which the seagrass plants, and other primary producers in
the meadow, have produced through photosynthesis and turned into plant biomass. This biomass
can then experience several fates. It may be consumed by herbivores, such as dugongs or be
exported, in the form of dead leaves shed by the plant. Through the process of remineralisation,
this carbon is likely to be turned back in inorganic forms, such as carbon dioxide and, potentially, re-
enter the atmosphere as gaseous emissions (Fig X). However, some of the biomass be buried in the
sediments, where it can accumulate and be isolated from the atmosphere for millennia. Most of this
buried carbon comes from the below-ground biomass of the seagrass (rhizomes and roots) which
are incorporated into the sediments when the tissues die. Allochthonous carbon refers to organic
carbon which originated in a different place but has accumulated in the seagrass meadow, largely
dead plants and animals which drifts into a meadow. The seagrass canopy slows the water
movement and facilitates the trapping of the material, where it falls into the sediment and is buried.

Most of the organic carbon accumulated in seagrass meadows is found in the sediments — typically
more than 95%. This is because the sediments have characteristics which assist the accumulation
and preservation of the carbon, while in the seagrass canopy conditions favour remineralisation.
The vertical growth of the seagrass plants and the trapping of particles by the canopy results in
vertical accumulation of the sediment and burial of material in it. Once buried, the carbon is isolated
from oxygen, which slows down its remineralisation. Furthermore, because the sediments are
permanently wet (even inter-tidal sediments) they are not subjected to fires. The constant burial,
lack of oxygen and absence of fire all promote the accumulation and preservation of carbon in
seagrass sediments. In contrast, the seagrass canopy (and terrestrial soils) is exposed to high levels
of oxygen and physical disturbance which work against the accumulation and preservation of
carbon, and terrestrial soils also experience fire which rapidly remineralises the stored organic
carbon to carbon dioxide. For these reasons, seagrasses and other blue carbon ecosystems tend to
have much higher rates of carbon accumulation in their soils than terrestrial ecosystems.
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Figure 2 Carbon stocks, accumulation and greenhouse gas emissions in seagrass meadows

Blue carbon assessment of seagrass meadows in N. Minahasa and Sangihe Is., Indonesia| 4



What is a Seagrass Blue Carbon Project?

A seagrass Blue Carbon Project refers to any action which is designed to maintain or enhance the
capture and storage of carbon by seagrass ecosystems. These actions (or projects) can take many
forms, ranging from the conservation of existing, healthy seagrass meadows through to the
restoration of degraded seagrass meadows or even the creation of seagrass meadows in places that
did not previously support them. The motivation for these actions are also quite varied. In some
instances, the goal is to conserve habitat for the range of ecosystem services it provides, carbon
capture being just one of these. In other cases, actions may contribute to regional or national goals
to mitigate climate change, contributing to Nationally Determined Contributions. In yet other
instances the goal may be to generate income through carbon credits which can be used for a variety
of purposes, including funding of conservation initiatives. Of course, these motivations are not
mutually exclusive.

In most instances, any seagrass blue carbon project will need to demonstrate the potential or actual
effectiveness in carbon capture. Where the actions are feeding into Greenhouse Gas (GHG)
inventories, NDCs or Crediting projects, then a formal estimation or verification of the carbon
capture will likely be required. Such assessments require information on how much carbon the
seagrass site captures each year (i.e. the sequestration rate or Carbon Accumulation Rate, CAR),
the total amount they have buried in their soils (the soil Corg stock) and the emissions of GHGs from
the meadow (Fig X). For seagrasses, and many other ecosystems, this information will likely be
incomplete, requiring estimates to be made with some degree of uncertainty. The IPCC has classified
their methods for estimating GHG emissions into three tiers based on their complexity and data
requirements (IPCC 2006, 2019). Tier 1 is the most basic method, Tier 2 intermediate and Tier 3
most demanding, with Tiers 2 and 3 generally considered to be more accurate. In the absence of
locally derived information on seagrass Corg stocks, CAR and GHG emissions, global default values
could be used to estimate the amount and rate of Corg capture at a specific site, providing a tier 1
estimate. Determining region-specific values for Corg stocks and sequestration rates will allow tier 2
or tier 3 estimates (i.e., estimates based on regional data or modelling) to be applied. The benefit
of deriving tier 2 or 3 estimates is that they provide a more accurate estimate of carbon capture, or
possible carbon emissions following disturbance, for use in nationally determine contributions, and
the greater certainty may be rewarded in the size of carbon credits that might be derived in a blue
carbon project.

There is a paucity of case studies to inform the potential enhancement of carbon capture and
storage following specific management actions such as seagrass restoration projects. The potential
opportunities for seagrass ecosystems in carbon mitigation strategies is based on the presumption
that restoration can return the Corg Sequestration rates to those of undisturbed ecosystems, yet this
remains to be tested. The ‘SES Project’ was designed to generate data to fill critical knowledge gaps
around BC in the study region, thus supporting the ability to demonstrate one of the values of
seagrasses to local communities and decision-makers and to assist in any future efforts to develop
seagrass blue carbon projects by providing data to underpin tier 2 or tier 3 estimates of GHG
inventories.

Blue Carbon Projects & data requirements

The specific information requirements for any BC assessment will depend on the purpose of the
assessment. Broadly, assessment can be undertaken to:
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a) provide an understanding of the function and value of a seagrass ecosystem, which might
educate stakeholders (such as local communities through to regional or national
governments) and, thereby, influence policy or decision-making;

b) to provide data that can underpin carbon accounting activities, such as those needed for
GHG accounting or measuring performance against NDCs; or

c) to provide the information required as part of the verification process for a blue carbon
crediting project. Sometimes, the assessment may need to meet more than one of these
objectives.

The data requirements and methods for a baseline survey (a, above) will be for the assessment
team to decide, and there is comprehensive guidance available on this (e.g., Howard et al. 2014;
Rahmawati et al 2019). For assessments which feed into formal GHG accounting or crediting
schemes, it is likely that the data requirements and methods will be specified by national or
international governance bodies (e.g., the IPCC) or by a verification agency (e.g., VERRA:
www.verra.org/programs/verified-carbon-standard; or Gold Standard:
https://www.goldstandard.org/). In all these cases, there is usually a requirement to assess the
carbon characteristics of an undisturbed meadow and a disturbed meadow. The undisturbed
meadow defines the baseline condition and provides insights into the ecosystem service being
provided by existing seagrass meadows, in terms of carbon capture. The disturbed meadow
provides insights into the impact humans can have on carbon emissions if a meadow is disturbed
or if a disturbed meadow is rehabilitated.

For GHG inventories and general information for influencing policy, the undisturbed condition
demonstrates how much carbon a healthy seagrass meadow can sequester each year — i.e., the
ecosystem service being provided. It also provides insight into how much carbon could be released
to the atmosphere (i.e. an emission) if the meadow was disturbed. The difference between the
healthy and disturbed meadow provides further insight into the potential emission from a seagrass
meadow if it were disturbed. Conversely, it can be used to demonstrate how much additional carbon
would be captured if the disturbed meadow were restored to a healthy condition.

For blue carbon crediting project, measurements of healthy and disturbed meadows can be critical
in estimating its carbon abatement potential. Most project verification schemes require the project
to demonstrate two features of any carbon capture: additionality and permanence. Additionality
implies that the carbon which a project captures is additional to that which would have been
captured in the absence of the project. For example, if the project was restoration of a seagrass
meadow, the only carbon eligible to receive credits is that which can be shown to have accumulated
because of the restoration; any carbon that would have accumulated in the absence of the
restoration would not be eligible. In this situation it is necessary to define the baseline condition (or
the condition before any project is implemented — often referred to as the Business as Usual (or
BAU) condition — as this indicates the amount of carbon that would accumulate without the project.
The BAU case is often estimated by measuring the disturbed area. It is then necessary to estimate
how much carbon will be sequestered by the project. This can be done in many ways, but one way
is to measure the sequestration in a healthy meadow and assume that the project will result in
similar characteristics. The difference between the Project estimate and the BAU estimate
represents the additionality and is the amount of carbon potentially eligible for credits.

Additionality can be achieved through:
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1) Enhanced sequestration — in this case, the project occurs on a disturbed site and results in
an improvement in the seagrass such that more carbon is being accumulated (sequestered)
each year. An example of this is a seagrass restoration project on a disturbed site; and

2) Avoided Emissions — in this case, the project acts to conserve an area that would otherwise
have been disturbed. By avoiding the disturbance, the project is also ensuring that the
emissions associated with the disturbance are also avoided. An example of this might be
declaring a marine Protected Area on a site that would otherwise have been dredged for
development.

Project
commences

Additional
Carbon

Carbon Stock
(amount of carbon present in soil)
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Time

Figure 3 Additionality in blue carbon projects. The diagram shows the amount of carbon which might
accumulate at a site over time under two scenarios: at a site with no management action (i.e., Business as Usual
(red line); and at the same site following implementation of a blue carbon project (blue line). The difference
between the two lines represents the additionality (i.e., the additional carbon sequestered because of the
management action).

The second important requirement for any crediting project is that permanence can be
demonstrated. Permanence refers to the length of time that the captured carbon will be retained
on the site. Many verification schemes require the carbon to be captured for 20 or 100 years, and
the number of credits awarded will reflect the level of confidence and the duration of the
permanence; project with a high level of certainty of capturing carbon for a long period of time may
receive more credits. Demonstrating permanence requires ongoing monitoring of a project site to
show that carbon has been captured and retained. However, it is also possible to gain insights into
permanence by measuring healthy sites and determining the age of carbon in those sites.

It is apparent from the above that any blue carbon assessment will generate the most versatile
outcomes for future application when both healthy and disturbed meadows are assessed. Ideally,
the disturbed meadow will be very similar to the healthy meadow in all respects except for the
disturbance or interest — e.g., dredging, boat moorings, eutrophication, sediment deposition,
fishing.
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2.2 NP-identified objectives for BC assessment

In late 2019, at the SES Project Inception meeting held in Manado, each National Partner was asked
to clarify their objective(s) in undertaking a Blue Carbon assessment. All the National Partners
indicated that their primary objective was to:

e Build capacity for the National partner to independently undertake Blue Carbon
assessments; and

e Provide data which would demonstrate to policy makers and the broader community the
capacity of local seagrasses to sequester and store carbon.

There was less focus on undertaking the assessments to subsequently develop Blue Carbon projects
that could generate financial returns through crediting or any other approach.

Following the Manado meeting, ECU worked closely with the National partners to develop a Blue
Carbon assessment which would meet their stated objectives. This required the sampling of healthy
meadows which could be used to demonstrate the ecosystems service currently being provided. It
also required the sampling of disturbed meadows which could, be used to demonstrate any negative
effect of those impacts on the ecosystem service. This approach also provided an opportunity to
generate baseline data that could inform any future blue carbon project seeking carbon credits.

This report presents the findings of the Blue Carbon assessment in two locations in North Sulawesi:
North Minahasa (4 sites) and Sangihe Island (2 sites), undertaken as part of Work packages 1 and 2.
The assessment incorporated sampling of relatively undisturbed and degraded seagrass
ecosystems, focused on Corg storage and sequestration. Because the collection of these data added
to the database on Corg stocks and sequestration rates in Indonesian seagrass ecosystems, a review
of known information on seagrass blue carbon in Indonesia’s coastal ecosystems is included.
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3 Seagrass Blue Carbon and Blue Carbon Policy in
Indonesia

Seagrass blue carbon stocks in Indonesia have been reported for a variety of different soil depths (Table
1), making comparisons difficult. A number of those studies did report seagrass organic carbon stocks over
1 m soil depth, which is an accepted soil depth used in most verification schemes since this represents the
soil depth likely impacted by disturbance and, therefore, the potential source of any carbon emissions.
That work indicates stocks ranging from about 36 to over 240 Mg Corg ha? (Table 1) and include
monospecific and mixed-species meadows. These meadows were largely at coastal sites in Sulawesi,
though national averages and values from Bali (Nusa Penida) fall comfortably within the range. At the
time of writing, there were no published carbon accumulation rates for seagrass meadows in Indonesia.

Fourqurean et al. (2014) developed relationships between the organic matter content of seagrass soils
and the organic carbon content of seagrass soils, an approach which has also been tested in this study to
reduce the analytical costs and time associated with blue carbon assessments by estimating organic
carbon from more easily measured variables. Extracting only data for the latitudes and longitudes
encompassing Indonesia (which also includes some Malaysian and Philippines seagrass sites) from
Fourqurean et al. (2014), there is a moderate relationship between soil organic matter (Loss on Ignition)
and soil Organic Carbon (R? 0.727), however, this relationship is driven strongly by three sites (in the
Philippines and Malaysia).

y = 1.3865x + 2.299
R?2=0.7272 * =

Soil Organic Carbon (%)
o = N w H (65 (@) ~ [00]

0 0.5 1 15 2 25 3
Soil Organic Matter (Lol) %

Figure 4 Relationship between seagrass soil organic matter and organic carbon content for Indonesian and Malaysian
seagrass meadows, based on data from Fourqurean et al 2012.
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