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Blue carbon and marine nature-based solutions have become a core 
component of climate mitigation over the past decade. 

One of the main drivers for the inclusion of coastal and marine 
ecosystems in climate mitigation is their ability to sequester carbon – 
both in their biomass and soil – over long periods of time. Blue carbon 
ecosystems refers to those vegetated coastal and marine ecosystems 
with capacity to capture and store carbon. The protection of blue 
carbon is of key importance because damaged or degraded ecosystems 
can alter from a GHG sink to a source of carbon dioxide, methane and 
nitrous oxide (Hiraishi 2013, Oreska et al. 2020, Vanderklift 2019). 

Alongside conservation and restoration activities, blue ecosystems hold 
the potential to reduce inequalities, particularly for women and young 
people. They create opportunities for participation and further sustained 
inclusion via training activities (for example, mangrove restoration and 
sustainable seaweed farming), access to finance and the creation of 
women-led cooperatives.
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Indonesia’s blue carbon is globally significant, housing 17 per cent of the 
world’s mangrove and seagrass forests (Alongi et al. 2016). However, 
rates of decline of mangroves and seagrasses could have a significant  
impact on the country’s emissions profile.

By avoiding mangrove deforestation and degradation and implementing 
restoration and reforestation, Indonesia could mitigate 41 MtCO2e 
annually, with total mitigation to 2030 reaching 256 MtCO2e (Arifanti et 
al. 2022a). Additionally, reducing seagrass degradation could mitigate 
17–60 MtCO2e emissions annually by 2030. In terms of seaweed farming, 
if Indonesia was able to achieve 30 per cent of the projected 1.5 million 
hectares of seaweed cultivation potential by 2030, it is estimated that the 
emissions mitigation would be 0.15–0.22 MtCO2e per year. 

Whilst Indonesia’s emissions accounting currently includes mangroves, 
the full potential of seagrasses is yet to be considered as either a source 
of emissions or as a carbon sink. Overall, enhanced efforts are needed to 
better integrate blue carbon ecosystems into Indonesia’s 'Second NDC'.

More recently, the development of the Indonesia Blue Carbon Strategy 
Framework (IBCSF) presents an important step to streamline governance 
efforts in blue carbon and bring together what have historically been 
separate ecosystem categories, such as mangroves and seagrasses, 
under one definition (Sidik et al. 2023). It also provides an opportunity 
to remedy information gaps and more clearly understand the climate 
value of blue carbon, while aiming to improve national monitoring, 
reporting and verification systems. Success will require financial support 
and enhanced governance, as well as stronger links between local 
communities and national policy outcomes. 

Blue carbon: action 
and impact

               2025                2030               2050

Mangroves

Seagrasses

 + Establish specific 
emissions reduction 
targets and mitigation 
strategies to be included 
in the next NDC.

 + Establish and clearly 
define a sixth sector for 
'Ocean Use and Ocean 
Change' in Indonesia’s 
NDC reporting.

 + Achieve a protection 
rate of 50 per cent 
of mangrove and 
seagrass ecosystems.

 + Prevent all conversion 
of mangroves to other 
land uses.

 + Achieve thriving 
blue ecosystems and 
communities with 
verifiable emissions 
mitigation.

 + Achieve a healthy 
and stable blue 
economy supporting, 
and supported 
by, mangrove and 
seagrass ecosystems.

Seaweed  + Set a specific target 
for expanding seaweed 
production in line with 
national planning 
and environmental 
assessments.

 + Set parameters and 
improve best practices 
for seaweed cultivation.

 + Improve mapping of wild 
and cultivated seaweed.

 + Enhance monitoring and 
reporting systems of 
seaweed plots.

 + Achieve a production 
target of 453,000 ha of 
seaweed cultivation.

 + Improve data and 
processes for  
seaweed farming.

 + Improve carbon 
accounting and 
monitoring for wild and 
cultivated seaweed.

 + Achieve thriving 
wild and cultivated 
ecosystems and 
sustainable sea 
farming practices.

 + Seaweed products 
replace carbon-
intensive, land-
based production of 
food and fuels.
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Mangroves Mangroves act as critical long-term carbon sinks. Their ecosystems 
also provide a multitude of environmental and societal benefits such 
as protection against storm surges and tsunamis for coastal regions, 
habitats for biodiverse coastal species, ecotourism activities, wood 
production and a local source of nutrition (Arifanti et al. 2022b). Despite 
their importance, mangroves are subject to degradation and are a target 
of deforestation worldwide. 

Mangroves in Indonesia are extensively monitored and mapped, with the 
Ministry of Forestry and Environment (MoEF) estimating coverage of 3.3 
million hectares in 2022 (MoEF 2021a). Figure 2 shows the locations of 
mangroves in Indonesia as of 2020.

Indonesia is home to about 22 per cent of global mangroves (Giri et 
al. 2011); however, in the past three decades, approximately 800,000 
hectares have been lost (Sasmito et al. 2023). Between 2009 and 
2019, 6.3 per cent of mangroves were deforested, while 2.7 per cent 
experienced degradation (MoEF 2021b) (Figure 3). Degradation and 
deforestation are mainly a result of land use changes and coastal and 
infrastructure development. 

Mangroves are currently listed in the Food and Land Use section of 
Indonesia's NDC which means they are grouped with terrestrial forests 
and contribute to land-based emissions reporting and mitigation 
strategies. There are currently no mangrove-specific emission  
reduction targets. 

FIGURE 2: Locations of mangroves in Indonesia as of 2020 with percentage of mangroves in marine 
protected areas per province 

Note: Mangroves are concentrated along the coastline of Indonesia’s 
major islands. The provinces of North Kalimantan, Riau, North Maluku 
and Central Java have the lowest percentage of mangroves that fall 
within protected areas. This is significant given that the greatest 
potential for emissions gains from mangroves is through the protection 
of existing sites, while reforestation is beneficial over a longer timeframe 
(Arifanti et al. 2022a).

(Sources: Protected Planet 2023; 
Global Mangrove Watch 2023; 
Simard et al. 2019)
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FIGURE 3: Key areas of mangrove presence and deforestation in Indonesia 

Note: Kalimantan is an area of importance for mangroves in Indonesia, 
subject to a deforestation rate of 19 per cent between 2009–2019. The 
current protection rate is 18 per cent coverage, which is low in comparison 
to Indonesia’s national average of 27 per cent. By comparison, Papua has 
a large area of carbon-dense mangroves with a low historic deforestation 
rate and no indication of shift.

(Sources: data derived from MoEF 
2021a; Sanderman 2017; Simard et 
al. 2019)

By actively addressing deforestation and degradation of mangroves, 
Indonesia has the potential to mitigate 32 MtCO2e annually, with total 
mitigation to 2030 reaching 256 MtCO2e (Arifanti et al. 2022a). Emissions 
reductions are highly dependent on effective protection to ensure that 
mangroves forests are not converted to other land uses.

Indonesia’s Second NDC – targets for inclusion

NDC category: Sub-sector mitigation target Sub sector non-GHG targets

Targets for inclusion:  + Reduce 32–41 MtCO2e of 
annual emissions from 
mangroves by 2030.

 + Protect 39,000 ha per year 
to achieve a total mangrove 
protection rate of 50 per cent 
by 2030.

 + Prevent all conversion of 
mangroves to other land uses  
by 2030.
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Seagrasses Indonesia’s seagrasses are a key ecological, social and economic asset in 
the context of climate change mitigation. 

Globally, the role of blue carbon ecosystems in climate change 
mitigation has focused on mangroves as a carbon sink, and prioritised 
their protection and restoration. In contrast, seagrass ecosystems have 
received insufficient recognition, research and regulation. 

Seagrasses sequester carbon dioxide from the atmosphere and act as a 
carbon sink, with biomass, seabed and subsoil storage capabilities. They 
also provide economic value through enhanced fisheries productivity and 
the reduction of coastal erosion. Indonesia's seagrasses also have high 
conservation value through the support of species richness, including for 
vulnerable populations such as dugongs and turtles. Figure 4 shows the 
extent and concentration of seagrass meadows in Indonesia. 

Across Southeast Asia, seagrass ecosystem degradation is estimated 
to be around 4.7 per cent per year over the past 20 years (Sudo et al. 
2021). Seagrass degradation is primarily caused by coastal development, 
water pollution and stresses on the ocean as a result of climate change 
(Sudo et al. 2021). Additional causes of seagrass loss in Indonesia include 
land reclamation, deforestation, seaweed farming, sand and coral 
mining, overfishing, poor water quality, garbage dumping and direct 
disturbances such as anchoring.

It is estimated that by reducing their degradation, Indonesian seagrasses 
have the potential to mitigate 17–60 MtCO2e per year by 2030. The 
application of the correct protection measures would also create a range 
of economic, environmental and social co-benefits. 

An overarching action is the inclusion of mangrove accounting and 
emissions within a new 'Ocean Use and Ocean Change' sector in 
Indonesia's 'Second NDC'.  This will allow for clear demarcation of the 
boundary between other forests and mangroves, and provide for the 
inclusion of offshore emissions without alteration of historic land use, 
land-use change and forestry (LULUCF) ecosystem baselines. 
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FIGURE 4: Seagrass meadows extent and concentration in Indonesia (by province) 

Note: This map highlights the significant portion of locations where data 
is still tentative and which may be historical locations.

(Sources: Sudo et al. 2021; Sjafrie 
et al. 2018; IUCN 2018)

Indonesia has committed to the Convention on Biological Diversity 
‘30×30’ goal, aiming to protect 10 per cent of its waters by 2030. 
Leveraging this commitment could enable the coordination of current 
conservation goals with climate mitigation targets.

Current best practice targets encourage the protection of 50 per cent  
of global seagrass meadows by 2030 and restoration of 90 per cent  
of loss by 2050 (Buelow et al. 2022). The application of these best 
practice targets by Indonesia would show leadership and provide  
critical protection.

Seagrasses are currently not represented within Indonesia’s 'Enhanced 
NDC'. As a result, the full extent of blue carbon has yet to be considered 
as either a source of emissions or as a potential carbon sink, leaving a 
significant gap within national GHG inventory accounting and climate 
ambition and policy. The creation of a new 'Ocean Use and Ocean 

Indonesia’s Second NDC – targets for inclusion

NDC category: Sub-sector mitigation target Sub sector non-GHG targets

Targets for inclusion:  + Reduce 60 MtCO2e of annual 
emissions from seagrasses by 2030.

 + Achieve a total seagrass protection 
rate of 50 per cent by 2030.

 + Protect at least 8,600 ha per 
year of seagrasses. 
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Seaweed Seaweed ecosystems absorb carbon which is exported to the deep ocean 
where, if undisturbed, can be stored for long periods of time. The term 
seaweed refers to red, green and brown macro-algae ecosystems. 

Seaweeds help regulate ocean acidification and minimise 
deoxygenation, among other ecosystem services including carbon 
sequestration – the latter is currently being studied given the unknowns 
regarding the extent of carbon stored and its permanence. Additionally, 
seaweed holds mitigation opportunities as a low-carbon alternative 
to high emitting products including as a food source, as a substitute 
for synthetic fertilisers, as biofuel and as a livestock feed replacement 
leading to reduced bovine methane emissions. 

The Indonesian Government has deemed seaweed farming a growing 
sector with a calculated potential of 1.5 million hectares for cultivation 
(BPK 2019). Indonesia also plans to increase its domestic seaweed 
processing capacity and improve cultivation practices and access to 
disease and climate change resistant seeds. However, if closely located, 
cultivated seaweed ecosystems may pose a threat to established 
seagrass meadows and, thus, to the carbon sequestration potential 
of seagrasses. The magnitude of the impact will depend on seaweed 
abundance, attachment type and size (Thomsen et al. 2012). 

If Indonesia was able to achieve 30 per cent of the 1.5 million hectares 
cultivation potential by 2030, it is estimated that the emissions mitigation 
would be 0.15–0.22 MtCO2e per year; if 90 per cent of the cultivation 
potential was achieved by 2050, the estimated emissions mitigation 
would be 0.44–0.66 MtCO2e per year. Emissions mitigation remains deeply 
dependent on seaweed farming scalability and market uptake. Figure 5 
breaks down Indonesian seaweed production by province.

Change' sector in the NDC will enable accounting for, transparency 
around and prioritisation of blue ecosystems and the inclusion of 
offshore emissions without altering historic LULUCF ecosystem baselines. 
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FIGURE 5: Seaweed production in Indonesia, by province 

Note: Seaweed production to date compared to the Indonesian 
Government's calculated potential of 1.5 million ha for seaweed cultivation. 

(Sources: BPK 2019; BPS 2021)

Seaweed farming expansion will require clear guidelines that consider 
production advice, practices, site selection, and seeds as well as clarity 
on the potential interactions with vulnerable blue carbon ecosystems like 
seagrass meadows. There is a need for strong policies and procedures to 
minimise the chance of perverse outcomes from such developments.
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The inclusion of seaweed as a form of blue carbon remains tentative, 
and confidence in its sequestration abilities and permanence will require 
further investigation. 

Due to these uncertainties, wild seaweed forests and cultivated seaweed 
are not currently mentioned in Indonesia’s NDCs. Their inclusion is 
further hampered by inconsistencies in monitoring, quantification and 
verification standards (Rose and Hemery 2023). 

Furthermore, seaweed carbon sequestration potential is also dependent 
on scale and linked to high-quality seeds, best practices, suitable 
production costs and market variations, as well as more contentious 
considerations regarding offshore cultivation (Ross et al. 2023).

Indonesia’s Second NDC – targets for inclusion

NDC category: Sub-sector mitigation target Sub sector non-GHG targets

Targets for inclusion:  + High uncertainty in 
mitigation potential – target 
to be reviewed as scientific 
information improves.

 + Expand cultivation area of 
seaweed to 453,000 ha by 
2030 – 30 per cent of  
the government’s  
current calculated  
cultivation potential.
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