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Introduction  

The SBSTA dialogue on developments in research activities relevant to the needs of the Convention held 
under Decision 9/CP.11 provides an opportunity to inform and exchange views on emerging scientific 
findings as well as research priorities and gaps.1 At its 34th meeting (Bonn, June 2011) SBSTA invited 
research programmes and organizations to continue to provide information on developments in 
research activities relevant to the needs of the Convention.2

This submission provides an overview of emerging scientific findings and current research needs 
emerging from the scientific literature on the role of coastal ecosystems, specifically mangroves, tidal 
marshes and seagrass meadows, in climate change mitigation. Whilst a growing body of literature 
emphasizes the key role of coastal ecosystems for climate change adaptation, this submission focuses 
on emerging scientific findings and research needs on their role for climate change mitigation. The 
above mentioned organizations and institutions are working with the world’s leading coastal carbon 
scientists
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 to improve communication and act as a conduit between the science and the policy 
community with a view to raising awareness and enhancing consideration by UNFCCC Parties of 
emerging scientific findings on the role of coastal ecosystems management in climate change mitigation. 

In addition to sustaining a wide range of other ecosystem services (including protection of shorelines 
from flooding and erosion and food security from fisheries), mangroves, tidal marshes and seagrass 
meadows are carbon sinks, potential sources of carbon emissions, and directly contribute to the balance 
of greenhouse gas concentrations in the atmosphere. Scientific data in peer-reviewed literature attests 
to the significance of conservation, restoration and sustainable management of these ecosystems to: 
maintain carbon reservoirs; conserve the capacity of these ecosystems to sequester carbon from the 
atmosphere and ocean; and avoid emissions from destruction and degradation.  

The sustainable management, conservation and enhancement of sinks and reservoirs in natural systems 
are part of Parties’ commitments under the UNFCCC.4 The UNFCCC explicitly recognizes the role and 
importance in marine ecosystems sinks and reservoirs.5

                                                           
1 FCCC/SBSTA/2011/L.4; FCCC/SBSTA/2007/4 

 For some time SBSTA and other bodies of the 
Convention have addressed the role of afforestation, reforestation, avoided deforestation and forest 
degradation in climate change mitigation, including through development of the REDD+ mechanism. 
More recently the role of peatlands in climate change mitigation has received increased attention, and a 
large-scale Clean Development Mechanism (CDM) methodology for afforestation and reforestation of 
degraded mangrove has been approved. Additional consideration of coastal ecosystems and especially 
mangroves, tidal marshes and seagrass meadows is warranted in view of scientific findings. 

2 FCCC/SBSTA/2011/2, para 52. 
3 For example, the International Blue Carbon Scientific Working Group, convened by CI, IUCN and UNESCO-IOC was formed to 
address the global significance of climate change mitigation through coastal ecosystems management, to review current 
scientific knowledge of coastal carbon and provide recommendations for quantifying and monitoring carbon sinks and sources. 
4 UNFCCC Art4.1(d) 
5 UNFCCC Preamble  



Coastal ecosystems contribute to climate change mitigation: Science highlights 

Mangroves 

Mangroves are a type of tropical wetland forest. The amount of carbon held in aboveground biomass is 
similar to terrestrial forests. Organic-rich soils underneath these systems range from 0.5 m to more than 
3m in depth and store 50% to 90% of the total carbon stock in this ecosystem.6 Reported soil carbon 
stocks in the first meter of mangrove soils range between 800 and 3,000 t CO2e/ha.7 A recent study 
shows that, including carbon stocks within the first meter of soil, mangroves are among the most 
carbon-rich forests in the tropics, containing on average 3,754.41 t CO2/ha8, 9

Carbon can continue to be sequestered in mangrove soils for millennia.

. 
10 Carbon accumulation in 

mangrove soils results largely from the burial of in-situ plant material but also with the ongoing 
accumulation of sediment derived from land-based sources such as rivers, estuaries and the sea. 
Mangrove soils build vertically with sea-level rise, transferring soil carbon into long-term deep storage.11 
Carbon burial rates per unit area are high (mean carbon burial rate: 829.42g CO2 m–2 yr–1) although 
variable based on biological and hydrogeomorphological features.12 Globally, the total carbon 
sequestration in mangrove soils is estimated to be between 114.137 – 126.248 Tg CO2 yr−1. 13

Mangrove systems release significant amounts of CO2 when disturbed. Recent measurements of CO2 
emissions from disturbed mangrove soils in Belize were 106 t CO2 per ha per year in the first year, 
decreasing to 30 t CO2 per ha per year 20 years after the mangroves were cleared.

  

14 Similarly, a study of 
mangrove forests in Malaysia shows that conversion to aquaculture ponds could result in the release of 
550.5t CO2 ha–1 from removal of standing biomass and 2752.5t CO2 ha–1 from oxidation of organic 
sediments.15

Between 1980 and 2005 around 20% of mangrove areas have been lost worldwide. The rate of 
mangrove loss is alarmingly high in several countries around East Asia, Pacific Ocean, South-East Asia 
and North and Central America, up to 3% annually.

  

16 Global emissions resulting from mangrove 
deforestation and other land-use change are estimated at 0.0367 – 44.04 Tg CO2 yr-1.17

Tidal marshes 

 

Between 95%-99% of the carbon in tidal marsh ecosystems is held as organic soil carbon, which can 
extend to depths of several meters.18,19

                                                           
6 Donato, D.C. et al. 2011. Mangroves among the most carbon-rich forests in the tropics. Nature Geoscience vol. 4, pp. 293–297. 

 Estimates for soil carbon stock in the surface meter of 

7 Sifleet, S. et al. 2011. State of the Science on Coastal Blue Carbon. A summary for Policy Makers. Nicholas Institute, Duke 
University.  
8 1 tonne (t) = 1 megagram (Mg) = 10-6 Teragram (Tg)  
9 Donato, D.C. et al. 2011  
Each gram of organic carbon represents 3.67 CO2 equivalents.10 Donato, D.C. et al. 2011. 
11 Mcleod, E. et al. 2011. A blueprint for blue carbon: toward an improved understanding of the role of vegetated coastal 
habitats in sequestering CO2. The Ecological Society of America. DOI:10.1890/110004. 
12 Mcleod, E. et al. 2011 and references therein 
13 Mcleod, E. et al. 2011 
14 Lovelock CE, Ruess RW, Feller IC (2011) CO2 Efflux from Cleared Mangrove Peat. PLoS ONE 6(6): e21279. 
doi:10.1371/journal.pone.0021279 
15 Mcleod, E. et al. 2011  
16 Spalding, M. et al. 2010. World Atlas of Mangroves. ITTO, ISME, FAO, UNEP-WCMC, UNESCO-MAB and UNU-INWEH.  
17 Donato, D.C. et al. 2011 
18 Crooks, S. et al. 2011 Mitigating Climate Change through Restoration and Management of Coastal Wetlands and Near-shre 
marine Ecosystems. Challenges and Opportunities. Environment Department Paper 121, World Bank, Washington, DC, USA. 
19 Murray, B.C. et al. 2011. Green Payments for Blue Carbon. Economic Incentives for Protecting Threatened Coastal Habitats. 
Nicholas Institute, Duke University. 



saltmarshes range between 900 and 1,700t CO2e/ha.20

Tidal marshes show variable, but mostly high carbon burial rates per unit area, ranging between 66.06 – 
6286.71g CO2 m–2 yr–1 depending on biological and hydrogeomorphological features.

 On a per unit area basis saltmarshes are, with 
peatlands, among the most carbon dense natural systems.  

21 Global soil carbon 
sequestration by saltmarshes is estimated to be between 17.616 – 320.024 Tg CO2 yr−1, but values 
remain uncertain.22

Degrading or draining tidal marshes results in significant CO2 emissions due to the oxidation of organic 
material previously held in wet, anoxic soils. Emissions continue until the exposed carbon is depleted or 
until the original water level is returned and appropriate vegetation is restored.

  

23 Emissions from 
degraded tidal marshes are particularly high in the first decade after drainage and may continue for 
decades in more organic soils.24 In the Sacramento – San Joaquin Delta, California, USA, drainage of 
1,800 km2 of organic wetlands soils has released some 0.9 Gt CO2 mostly over the last century. Between 
5 and 7.5 million tons of CO2 continue to be released from this Delta each year, with the upper end 
equivalent to 1–1.5% of the State of California’s annual GHG emissions.25

Globally, 25-50% of all tidal marsh area is estimated to have been lost due to human activity. The 
current annual rate of loss is estimated to be 1-2%.

  

26

Seagrass Meadows 

 However, no global inventory of salt marshes has 
been published.  

Between 95% and 99% of the carbon in seagrass ecosystems is stored as soil carbon, which can extend 
to 4 meters in depth.27 Estimates of soil organic carbon pool in the surface meter of seagrass meadows 
range between 66-1467 t CO2e/ha.28 Carbon burial rates per unit area are high (mean carbon burial rate: 
506.46g CO2 m–2 yr–1)29 but variable depending on location and seagrass species. The total global soil 
carbon sequestration by seagrasses is estimated to be between 176.16 – 411.0Tg CO2 yr−130

Based on available, but incomplete data sets, it is estimated that since the 1990s about 50% of 
seagrasses have been lost globally.

 but these 
values are uncertain, in part due to the uncertainties in estimates of areal extent of seagrass 
ecosystems. Currently neither seagrass coverage nor associated carbon reservoirs have been fully 
quantified in any coastal areas. 

31 The average rate of seagrass loss is estimated to be 1.5% annually, 
a similar rate of loss to mangroves and salt marshes, but faster than tropical forests (0.5%). 32

                                                           
20 Sifleet, S. et al. 2011 

 Carbon 
dioxide emissions from past and present seagrass loss and disturbance are currently unknown. It is also 
unclear whether carbon dioxide emissions from seagrass systems to the ocean and atmosphere differ 

21 Mcleod, E. et al. 2011 
22 Mcleod, E. et al. 2011 
23 Crooks, S. et al. 2011 
24 Lovelock, K.E. et al 2011.  
25 Crooks, S. et al. 2011 
26 Mcleod, E. et al. 2011 
27 Mateo M.A. 1997 Dynamics of millenary organic deposits resulting from the growth of the Mediterranean seagrass Posidonia 
oceanic. Estuarine Coastal and Shelf Science 44 (1), 103-110. 
28 Murray et al 2011 
29 Mcleod, E. et al. 2011 
30 Kennedy, H. et al. 2010. Seagrass sediments as a global carbon sink: Isotopic constraints. Global Biochemical Cycles.Vol.24, 
GB4026, doi:10.1029/2010GB003848 
31 Mcleod, E. et al. 2011 
32 Waycott, M et al. 2009 Accelerating loss of seagrasses across the globe threatens coastal ecosystems. PNAS 106(30) 12377-
12381. 



depending on the type of disturbance, e.g. degradation due to changes in water quality or deep soil 
dredging.  

Ecosystem management for climate change mitigation and adaptation 

When lost and degraded, coastal ecosystems not only become carbon sources contributing further to 
climate change but also lose their ability to support climate change adaptation. Coastal ecosystems 
functions include acting as buffer zones to reduce impacts from severe weather events such as storms 
and floods, protecting coasts from erosion, and adapting to sea-level rise through sediment accretion. 
These coastal habitats also serve as important nursery and rearing habitats for subsistence and 
commercial fish species.  

Maintenance or restoration of mangroves can reduce vulnerability of coastal areas to sea-level rise and 
extreme weather events while also contributing to food security. Furthermore, tidal marshes can divert 
and control floodwaters and thus form part of coastal defense measures in many countries. Seagrasses 
trap and stabilize coastal sediments and attenuate wave energy, providing shoreline protection from 
erosion.  

Additional guidance is needed for planning and implementing ecosystem-based approaches to maintain 
the dual role for climate change mitigation and adaptation by coastal ecosystems.  

Research gaps 

Scientific information and technical methods are sufficiently mature to measure the contribution of 
mangroves and tidal marshes to the balance of GHG concentration in the atmosphere and include them, 
as appropriate, into existing mechanisms such as REDD+. Therefore, their mitigation potential is 
quantifiable and they could usefully form part of national and international mitigation policies and 
measures.33

Technical methods are also available for quantifying seagrass carbon pools. Additional targeted research 
is however needed to fully quantify the contribution of seagrasses to the global GHG balance. This 
includes higher resolution mapping of seagrass meadows and their soil carbon reservoirs, as well as 
understanding the emission factors of different activities that degrade or destroy seagrass meadows.  

 However, technical methods and capacity are not available in many areas/countries. 
Further, increased research and investment is needed to detail the dynamics of carbon stocks, emissions 
and sequestration, reduce current uncertainties in emissions factors, and to enable inclusion in relevant 
databases such as the IPCC Emission Factor Database. Remaining uncertainties in global and national 
spatial distribution data sets also need to be addressed.  

Specific research issues that need to be addressed for carbon in coastal ecosystems include34

Data collection 

: 

• Significantly increasing the scientific data, observations and publications from developing countries, 
particularly those with significant mangrove, seagrass and salt marsh areas. Increased local capacity 
building will be necessary to achieve this.  

• Mapping of converted and degraded coastal ecosystems and the quantification of emissions from 
exposed organic soils. 

• Improved mapping of coastal ecosystem extent and carbon pool size, particularly saltmarshes and 
seagrass meadows.  

• Improved quantification of carbon sequestration capacity of undisturbed, restored and managed 
tidal wetlands 

                                                           
33 Climate Focus. 2011. Blue Carbon Policy Options Assessment. Washington, DC, USA. 
34 Based on O’Sullivan, R. et al. 2011 Blue Carbon - A new frontier. Point Carbon. September 2011.  



• Quantification of other GHG emissions (e.g., increasing understanding of methane releases from 
saltmarshes and mangroves in environments under the threshold salinity level for methane 
production (i.e., 1835

 
)), and development of emissions factors.  

Monitoring emissions, emissions reductions and removals 
• Further research related to emission rates over time for a range of drivers of ecosystem degradation 

or loss (e.g., drainage, burning, harvesting or clearing of vegetation at different intensity levels). 
 

Demonstration projects 
• Field-based demonstration projects are urgently needed to develop and test practical 

methodologies to ensure their applicability, feasibility, and replicability. Further, a network of field 
projects is needed to address the significant data gaps that exist for coastal carbon systems in the 
potentially ‘hot-spot’ regions of Africa, South Asia and South America.  

 

Additional advice by the IPCC on definitions as well as technical and methodological guidance for GHG 
accounting in marine ecosystems will help advance their inclusion into climate change mitigation 
policies and measures, and support Parties’ efforts to promote sustainable management, conservation 
and enhancement of sinks and reservoirs in coastal and marine ecosystems as called for in UNFCCC 
article 4.1 (d). 

At its 33rd session in Abu Dhabi in May 2011, the Intergovernmental Panel on Climate Change (IPCC) 
decided to develop the “2013 Supplement to the 2006 IPCC Guidelines for National Greenhouse Gas 
Inventories: Wetlands”. This will include a chapter on coastal wetlands (i.e., those that are tidally 
influenced), including mangrove, saltmarsh, seagrass and tidal freshwater systems.36

Based on existing information, a manual for field measurements and accounting of carbon in coastal 
systems is currently under development by the International Blue Carbon Science Working Group. 
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