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Blue	Carbon	

Half	of	biological	carbon	is	
capture	by	marine	living	
organisms		
Facts:	
•  Natural	ecosystems	are	

being	degraded,	reducing	
their	ability	to	absorb	CO2	

•  CriIcal	role	of	ocean	has	
been	overlooked	
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A RAPID RESPONSE ASSESSMENT

THE ROLE OF HEALTHY OCEANS IN BINDING CARBON
BLUE CARBON

UNEP,	2009	
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“Carbon	stored	in	
mangroves,	salt	Idal	
marshes,	seagrasses	
within	the	soil,	living	
biomass	(aboveground	
and	belowground)	and	
non	living	biomass.”	

Photo 1 
4.2” x 10.31” 

Position 
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management of coastal 
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Can coastal “blue” carbon 
leverage better management, 
conservation and restoration 
of coastal ecosystems? 
 



Carbon	sequestered	in	coastal	soils	can	be	extensive	and	remain	
trapped	for	very	long	periods	of	Ime		

Coastal Ecosystem Have Rich 
Carbon Stores 

Mean carbon storage 
above and belowground 

(Fourqurean et al. 2012; Pan et al. 2011; Pendleton et al. 2012) 



Blue	Carbon	ecosystem	for	climate	change		
adaptaIon	and	miIgaIon		
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Overview   
 

O.6 2013 Supplement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories: Wetlands 

3 COVERAGE OF THE WETLANDS 
SUPPLEMENT 

The 2006 IPCC Guidelines classify all land area into six broad land-use categories: Forest Land, Cropland, 
Grassland, Wetlands, Settlements, and Other Land (see Chapter 3, Volume 4 of the 2006 IPCC Guidelines). The 
lands covered in the Wetlands Supplement may occur in any of the IPCC land-use categories. The land-use category 
under which land is reported depends on national land-use category definitions, data collection systems and tracking 
of land transitions. For example, forested peatland can be classified as Forest Land, plantations on peatland may be 
classified as Forest Land or Cropland depending on national forest definitions, and mangrove forests may be 
classified as Forest Land or Wetlands. Due to their function, constructed wetlands are not considered as a land-use 
category. The coverage of the Wetlands Supplement is summarised in Table 1.  

 

TABLE 1  
COVERAGE OF THE WETLANDS SUPPLEMENT  

Chapter Coverage 

1. Introduction Guidance on the use of the report and generic information on the linkages 
between the 2006 IPCC Guidelines and the supplementary guidance that it 
presents. 

2. Drained Inland Organic 
Soils 

Guidance on managed inland organic soils including land drained for forestry, 
croplands, grazing, and settlements across climate zones. 

3. Rewetted Organic Soils Guidance on rewetted organic soils including boreal, temperate, and tropical 
wetlands occurring in any land-use category. 

4. Coastal Wetlands Guidance on specified management activities in coastal areas of mangroves, 
tidal marshes and seagrass meadows. 

5. Inland Wetland Mineral 
Soils 

Guidance on managed inland wetland mineral soils, including lands used for 
forestry, cropland, grazing, and settlements, and rewetted mineral soils. 

6. Constructed Wetlands for 
Wastewater Treatment 

Guidance on wetlands constructed for wastewater treatment. 

7. Cross-cutting Issues and 
Reporting 

Overall guidance on how to report anthropogenic emissions and removals 
from wetlands in the framework of the 2006 IPCC Guidelines. Also gives 
general good practice guidance on cross-cutting issues (key category and 
uncertainty analysis, times series consistency and quality assurance/quality 
control) to supplement that given in Volume 1 of the 2006 IPCC Guidelines. 

 
A summary of the main methodological updates to the 2006 IPCC Guidelines is provided below. Chapter 1 provides 
a decision tree to help inventory compilers determine which chapters of this supplement to apply and describes the 
coverage and definitions of the wetland types. 

Peatlands and organic soils. The 2006 IPCC Guidelines included some guidance on drainage (Chapter 4, Volume 4) 
and peat extraction (Chapter 7, Volume 4), but not on rewetting. In this supplement, peatlands are included along 
with organic soils and both drainage and rewetting are covered. Updated emission factors and methods are provided 
for both drained and rewetted organic soils including for off-site carbon dioxide (CO2) emissions via waterborne 
carbon losses. Guidance on methane (CH4) emissions from rewetting of organic soils (Chapter 3 of the Wetlands 
Supplement), ditches on drained inland organic soils and CO2, CH4 and carbon monoxide (CO) emissions from peat 
fires are also provided (Chapter 2 of the Wetlands Supplement). 

Peatland managed for peat production. Peat production is covered in the 2006 IPCC Guidelines (Chapter 7, 
Volume 4) and no additional guidance is given here except some updated emission factors in Chapter 2.  

Rice cultivation. Rice cultivation is covered in the 2006 IPCC Guidelines (Chapter 5, Volume 4) and additional 
emission factors for lowland rice production are given in Chapter 2. 

Coastal wetlands. The 2006 IPCC Guidelines provide no specific guidance for coastal wetlands, and new guidance 
is given in Chapter 4 of this supplement on how to treat anthropogenic emissions and removals associated with 



 Chapter 1: Introduction 
 

  

CHAPTER 3—REWETTED ORGANIC SOILS  
Chapter 3 in the Wetlands Supplement provides new guidance and emission factors for organic soils that have 
been drained for forestry, crop production, grazing, peat extraction or other purposes, and have subsequently 
been rewetted to re-establish water saturation (see Figure 1.3, Frame C in this chapter). Rewetting may have 
several objectives such as emission reduction, restoration for nature conservation or enabling other management 
practices on saturated organic soils (paludicultures). While restoration may take place on undrained sites (e.g. the 
restoration of damaged vegetation cover), in the majority of cases restoration will include rewetting. 

Chapter 3 provides Tier 1 guidance for assessing greenhouse gas (CO2, CH4 and N2O) emissions and removals 
from rewetted organic soils by climate region and general guidance for utilizing higher tier methodologies.  

CHAPTER 4—COASTAL WETLANDS 
Chapter 4 in the Wetlands Supplement provides guidance on estimating emissions and removals of greenhouse 
gases (CO2, CH4 and N2O) associated with specific activities on managed coastal wetlands that may or may not 
result in a land use change. Coastal wetlands are wetlands near the coast that are influenced by tidal and/or saline 
or brackish water. They may consist of mangrove, tidal marsh and seagrass vegetation and can have organic and 
mineral soils (see Figure 1.3, Frame A in this chapter). Management practices included in the guidance are 
aquaculture, salt production, extraction, drainage, rewetting, revegetation and creation, and forest management 
practice in mangroves.     

CHAPTER 5—INLAND WETLAND MINERAL SOILS  
Chapter 5 in the Wetlands Supplement provides guidance for managed inland wetland mineral soils, including 
drained soils subject to rewetting and those under long term cultivation; and any other mineral soils that have 
been wetted by human intervention (e.g. inundation for the purpose of wetland creation) not included in Chapter 
4 (coastal wetlands) or Chapter 6 (constructed wetlands for wastewater treatment) in the Wetlands Supplement 
(see Figure 1.3, Frame E in this chapter). The chapter provides methodologies for estimating greenhouse gas 
emissions and removals, delivers updated default reference values for soil organic carbon stocks and offers a 
default stock change factor for land-use for long term cultivation of croplands on inland wetland mineral soils. It 
also gives guidance that is not contained in the 2006 IPCC Guidelines, including a default stock change factor 
for land use for rewetted croplands, and methodologies and emission factors for CH4 emissions for mineral soils 
in any land-use category that have been rewetted or inundated for the purpose of wetland creation.  

Chapter 5 in the Wetlands Supplement does not provide guidance on the application of the methodology given in 
Chapter 11 in Volume 4 of the 2006 IPCC Guidelines, for estimating N2O emissions associated with loss of soil 
carbon as a result of changes in land use and/or management on inland wetland mineral soils based on estimates 
of the loss of soil carbon in relation to updated and new defaults for SOCREF and SOC stock change factors. 
However the chapter suggests a future development on the issue. 

CHAPTER 6—CONSTRUCTED WETLANDS FOR WASTEWATER 
TREATMENT 
Chapter 6 in the Wetlands Supplement provides guidance on estimating CH4 and N2O emissions from 
constructed wetlands and semi-natural treatment wetlands used for wastewater treatment (see Figure 1.3, Frame 
D in this chapter). The guidance supplements Chapter 6 in Volume 5 of the 2006 IPCC Guidelines in relation to 
wastewater treatment. Default emission factors for different types of constructed wetlands (e.g. those with 
surface, subsurface vertical or subsurface horizontal flows) are provided for the Tier 1 method. The types of 
wastewater include domestic, industrial wastewater, collected runoff from agricultural land and leachate from 
landfill. To avoid double-counting, N2O emissions from wetlands managed for the filtration of non-point source 
agricultural effluents, such as fertilizers, are included in indirect N2O emissions from managed soils (Chapter 11 
in Volume 4 of the 2006 IPCC Guidelines) as part of the leaching/runoff and volatilization components of 
indirect emissions, and are not considered within this supplement. No specific guidance for estimating potential 
changes in carbon pools associated with constructed wetlands for wastewater treatment is presented in Chapter 6 
in the Wetlands Supplement. Inventory compilers are encouraged to consider the guidance given in the 2006 
IPCC Guidelines and in the Wetlands Supplement for possible approaches to reporting these carbon pools.   

CHAPTER 7—CROSS-CUTTING ISSUES AND REPORTING 
Chapter 7 in the Wetlands Supplement provides guidance on reporting and cross-cutting issues, including 
uncertainties, key category analysis, completeness, time series consistency, quality control, and quality assurance. 
The chapter summarises the good practice guidance on these cross-cutting issues found in Volume 1 of the 2006 
IPCC Guidelines and addresses the cross-cutting issues specific to Chapters 2 to 6 of this Wetlands Supplement. 
Worksheets that can be used for estimating emissions and removals for each category using the Tier 1 guidance, 
and revised background tables, are included in the annex of the chapter. 

2013 Supplement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories: Wetlands 1.13 



UNFCCC COP 21 
Paris Agreement 
Article 5 
1.       Parties should take action to conserve and enhance, as 

appropriate, sinks and reservoirs of greenhouse gases as referred 
to in Article 4, paragraph 1(d), of the Convention, including forests. 

  
Art. 4 p.1d of the Convention reads: 
(d) Promote sustainable management, and promote and cooperate in 

the conservation 
and enhancement, as appropriate, of sinks and reservoirs of all 

greenhouse gases not controlled 
by the Montreal Protocol, including biomass, forests and oceans as well 

as other terrestrial, coastal and marine ecosystems; 
  



UNFCCC	COP	22	



Blue	Carbon	in	Indonesia:	
OpportuniIes	and	Challenges	





(KLHK,	2016)	

Blue	carbon	–	Climate	change	



(KLHK,	2016)	



SEQUESTRATION		
AND	STORAGE	

Data	in	scienIfic	
literatures	

HUMAN	DRIVERS	

Emission	rates	
associated	with	
human	acIviIes	

GEOGRAPHICAL	EXTENT	

Map	of	exisIng	
habitat,	loss	or	
change	

EMISSION	AND	REMOVAL	

Emission	from	exposed	
organic	soil	and	removal	
to	restored	ecosystem	

Knowledge	gaps	

COASTAL	EROSION	

Fate		of	eroded	
coastal	carbon	

(Blue	Carbon	Protocol,	2014)	
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Source: UNEP-WCMC, 2009; 
Valiela et al., 2001
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Why is Blue Carbon Important for Indonesia ? 

UNEP,	2009	



mangrove cover (relative to the global estimate of 136,700 km2

by Giri et al., 2011).

Future predictions of mangrove change

The wide variability in trends experienced by mangroves in
some countries results in potentially unrealistic estimates of
when mangroves may be lost outside protected areas (Table 4),
based on the assumption that each country had 20.7% of its
mangrove resource under protection (the global average).

According to selected trends, within the next decade, Nigeria,
Cuba and Vietnam could lose all their unprotected mangroves.
Within the next 100 years, 13 of the 15 countries analysed could
lose all their unprotected mangroves, and within the next 200
years, all unprotected mangroves could be extirpated in all the
countries analysed except Brazil.

For most countries, however, such worst-case scenarios are
unlikely, due to the high variability amongst trends, as well as
possible policy responses to rapidly declining mangrove cover.
Indeed, although a subset of 13 countries may lose all their

Table 2 Annual absolute rate of mangrove area change in 15 selected countries, according to source. Grey shading indicates a neutral or
positive rate of change.

Country

Annual rate of change (km2) All models

All
FAO (2007a)
trend

FAO (2007a)
projection

FAO
(2010) Academic Govt.

Remote
sensing Mean (SD) Range

Indonesia −365.86 −483.68 −503.39 47.03 −352.33 – – −331.65 (± 222.26) 550.42
Australia −44.12 −2.52 −2.68 −65.00 −59.85 – – −34.83 (± 30.41) 62.32
Brazil 31.45 – −20.17 – – – – 5.64 (± 36.50) 51.62
Mexico −105.96 −144.89 −119.18 −19.37 −45.89 −95.08 −268.57 −114.13 (± 80.51) 249.20
Nigeria −24.84 −1.00 −0.52 −7.71 −430.45 – – −92.09 (± 188.95) 429.93
Malaysia −38.09 −40.38 −44.32 12.57 −16.68 – – −25.38 (± 23.78) 56.89
Myanmar −52.42 −19.42 −17.71 −43.37 −80.20 – −150.54 −60.61 (± 49.74 132.83
Papua New Guinea −30.83 −78.30 −65.80 −24.55 −35.00 – −35.00 −44.91 (± 21.73) 53.75
Bangladesh 7.09 32.59 19.53 19.43 −43.74 – – 6.98 (± 29.75) 76.33
Cuba −1.58 4.77 4.05 97.00 −278.32 – – −34.82 (± 142.17) 375.32
Philippines −29.83 −24.66 −22.17 0.00 −8.54 68.02 – −2.86 (± 36.44) 97.83
Thailand −16.79 −20.77 −15.26 54.23 −28.49 69.58 – 7.08 (± 42.99) 90.35
Vietnam −59.87 −51.77 −47.48 −6.69 −86.29 – – −50.42 (± 28.72) 79.60
Solomon Islands −7.57 −7.57 −7.57 −7.66 – – – −7.59 (± 0.05) 0.03
Singapore −0.96 −1.57 −0.48 0.00 −1.15 – −1.16 −0.89 (± 0.56) 1.57

Table 3 Annual percentage rate of mangrove area change for each of 15 selected countries, according to source. Grey shading indicates a
neutral or positive rate of change. FAO, Food and Agriculture Organization; Govt, government.

Country

Annual rate of change (%) All models

All
FAO (2007a)
trend

FAO (2007a)
projection

FAO
(2010) Academic Govt

Remote
sensing Mean (SD) Range

Indonesia −1.18 −1.55 −1.62 0.15 −1.13 – – −1.07 (± 0.71) 1.77
Australia −0.45 −0.03 −0.03 −0.66 −0.61 – – −0.36 (± 0.31) 0.63
Brazil 0.33 – −0.21 – – – – 0.06 (± 0.38) 0.54
Mexico −1.43 −1.95 −1.61 −0.26 −0.62 −1.28 −3.62 −1.54 (± 1.09) 3.36
Nigeria −0.38 −0.02 −0.01 −0.12 −6.59 – – −1.42 (± 2.89) 6.58
Malaysia −0.75 −0.80 −0.88 0.25 −0.33 – – −0.50 (± 0.47) 1.13
Myanmar −1.06 −0.39 −0.36 −0.88 −1.62 – −3.04 −1.22 (± 1.00) 2.68
Papua New Guinea −0.64 −1.63 −1.37 −0.51 −0.73 – −0.73 −0.94 (± 0.45) 1.12
Bangladesh 0.16 0.75 0.45 0.45 −1.00 – – 0.16 (± 0.68) 1.75
Cuba −0.04 0.12 0.10 2.30 −6.60 – – −0.82 (± 3.37) 8.90
Philippines −1.13 −0.94 −0.84 0.00 −0.32 2.58 – −0.11 (± 1.38) 3.71
Thailand −0.71 −0.88 −0.64 2.29 −1.20 2.94 – 0.30 (± 1.82) 4.14
Vietnam −2.91 −2.52 −2.32 −0.33 −4.20 – – −2.46 (± 1.40) 2.58
Solomon Islands −1.61 −1.61 −1.61 −1.63 – – – −1.62 (± 0.01) 0.02
Singapore −18.59 −30.41 −9.33 0.00 −22.35 – −22.41 −17.18 (± 10.84) 30.41

Variability in mangrove ecosystem loss

Global Ecology and Biogeography, © 2013 John Wiley & Sons Ltd 5

as policy-makers react to declining mangrove cover. For these
reasons, we do not extrapolate deforestation trends to an unre-
alistic 0% mangrove cover.

RESULTS

Annual rates of mangrove change

There is considerable variability in the estimated rate of change
of mangroves, depending on the data being modelled (Fig. 1),
particularly for Indonesia, Brazil, Malaysia, Bangladesh, Cuba,
the Philippines, Thailand and Singapore; for these countries,
we were able to derive models of forest loss, of forest gain or of
no change (Tables 2 & 3). High variability meant that many
countries showed a large standard deviation in mangrove
change when averaged across all models, such as Nigeria
(−92.09 ± 188.95 km2 yr−1), Bangladesh (6.98 ± 29.75 km2 yr−1),
Cuba (−34.82 ± 142.17 km2 yr−1), the Philippines
(−2.86 ± 36.44 km2 yr−1) and Thailand (7.08 ± 42.99 km2 yr−1).
High variability between data points also manifests itself in a
very wide 95% individual prediction interval (see Fig. 2, high-
lighting selected countries). For example, using all data points,
historical projections of mangrove area in Australia in 1888

may range approximately from 7500 km2 to 24,000 km2 (true
value 14,809 km2).

With the largest area of mangroves, Indonesia showed the
largest absolute rates of change, as well as the highest variability
(−331.65 ± 222.26 km2 yr−1; range 550.42 km2 yr−1). According
to one set of projections (FAO, 2007a), Indonesia is losing
483.68 km2 of mangrove per year, while under other estimates
(FAO, 2010) it experiences an increase of 47.03 km2 per year. In
percentage terms, Singapore showed the highest rates of man-
grove loss (−17.18% ± 10.84% yr−1, with a worst case of 30.4%
yr−1 between 1978 and 1990, according to the FAO, 2007a
trend). A high percentage loss would be expected for a country
with a small historical mangrove resource and experiencing
rapid economic transformation. Other data sources from Sin-
gapore (FAO, 2010), however, support the interpretation that
mangrove cover in Singapore did not change between 1990 and
2008.

This study largely focused on the countries with the largest
mangrove area, so variability in estimates for these countries has
an important impact on the accuracy of mangrove area esti-
mates at the global scale. Taking the highest and lowest estimates
from each model for the year 2000, the 15 countries studied here
may account for as little as 66.8%, or as much as 82.7% of global

Figure 1 Summary of the different
trend lines that can be extrapolated
for mangrove extent in Australia,
Bangladesh, Brazil, Cuba, Indonesia,
Malaysia, Mexico, Myanmar, Nigeria,
Papua New Guinea, the Philippines,
Singapore, the Solomon Islands,
Thailand and Vietnam.

D. A. Friess and E. L. Webb

Global Ecology and Biogeography, © 2013 John Wiley & Sons Ltd4

(Friess	et	al,	2013)	



Carbon	sequestraIon,	storage,	emission,	removal:	
	

How	much	carbon	stored	and	sequestered	?	
Where?	

What	are	the	potenIal	emissions	?		



(Blue	carbon	protocol,	2014)	



Gain	or	Loss	?	

(Blue	Carbon	Protocol,	2014)	



RSET-MH Network (Indo-Pacific) 
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Peatlands 

Mangroves 

Permanent	plot	



Similar	trends	in	restored	and	natural	forests	
(elevaIon:	1.0	±	0.1	cm	year-1)		(Sidik	et	al,	in	prep)	

GAIN		



What’s	next	?	

•  Science:	
– NaIonal	mapping	and	assessments	

•  Policy:	
– NaIonal	GHG	inventories	
– Mangroves	into	naIonal	REDD+	strategies	
– CoordinaIon	among	ministries-local	government-
NGOs,	policy	development	and	implementaIon	

	



Lampiran 11Analisis Kesenjangan Keterwakilan Ekologis Kawasan Konservasi Di Indonesia
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Chapter 1: Introduction  
 
 

Wetlands, Settlements, and Other Land, see Figure 1.2). The Wetlands Supplement is consistent with Chapter 3 
(Consistent Representation of Lands) in Volume 4 of the 2006 IPCC Guidelines in that it does not change the 
assignment of land to a category. If using Approach two or three for land representation1, land-use conversions 
should also be identified (e.g. Forest Land converted to Cropland, Cropland converted to Settlements). 

In comparison with the 2006 IPCC Guidelines, the Wetlands Supplement identifies relevant subcategories (see 
Figure 1.2 below) and specifies emission factors for all land-use categories with organic soils and wet and 
drained mineral soils (including drained ‘wetland mineral soils’ (see Note 4 below) subject to rewetting; inland 
wetland mineral soils subject to long-term cultivation; inland dry mineral soils that have been wetted; coastal 
drained mineral soils subject to rewetting and coastal mineral soils subject to other management practices2). The 
Wetlands Supplement differentiates between coastal land and inland land, because water salinity and dynamics 
(e.g. tides) may, for the same land-use category, modify emission factors compared to inland land. .  

Figure 1.2 Soil based subcategories addressed in the Wetlands Supplement  

 

Notes on Figure 1.2: Guidance for all the soils shown in this figure is included the Wetlands Supplement. Guidance for ‘mineral dry’ 
soils except for those drained for long-term cultivation and drained coastal wetlands (see Note 5) is provided in the 2006 IPCC 
Guidelines.  

It is good practice to subdivide each land use/conversion category into subcategories with similar characteristics. 
The Wetlands Supplement proposes to use - in addition to the dry mineral soils covered by the 2006 IPCC 
Guidelines - a division into four soil subcategories3; all with a coastal and inland subdivision where appropriate 
(see Figure 1.2 above):  

1) drained mineral soil  

2) wet mineral soil 

3) wet organic soil  

4) drained organic soil. 

In the case of dry mineral soil, the guidance in the Forest Land, Cropland or Grassland Chapters in the 2006 
IPCC Guidelines should be used as appropriate. Chapter 4 of the Wetlands Supplement provides new guidance 
for drained coastal mineral soils, and Chapter 5 presents new guidance for drained inland wetland mineral soils 

1 Cf. Section 3.3.1, Chapter 3 in Volume 4 of the 2006 IPCC Guidelines 
2 Other management activities on coastal wetland mineral soils covered in the Supplement include extraction, revegetation 

and aquaculture.  
3 The guidance for rice cultivation provided in Chapters 2 and 5 of the Wetlands Supplement should be used in conjunction 

with Chapters 5 and 11 in Volume 4 of the 2006 IPCC Guidelines. 
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