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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• Blue carbon defined by criteria as spe-
cific habitats and species creates uncer-
tainty and impedes policy use. 

• Accreditation criteria align blue carbon 
with wider policy aims and make blue 
carbon definition-based criteria 
redundant. 

• Blue carbon should be redefined as all 
forms of marine, intertidal, and estua-
rine carbon. 

• Adaptive valuation is detailed to help 
bridge the disconnect of blue carbon 
research and accreditation processes.  
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A B S T R A C T   

Blue carbon has multiple definitions but is mostly defined, by criteria, as specific habitats or species: seagrass, 
saltmarsh, and mangrove. These qualifying criteria include significant capacity of carbon, long-term storage of 
carbon, feasibility of conservation to support carbon sequestration, and other criteria depending on the definition 
used. If ‘blue carbon’ habitats and species may change given new data, however, blue carbon will never fit a 
constant definition. As such, this approach underpins uncertainty in the blue carbon definition and impedes 
policy integration; policy frameworks require clear and unambiguous definitions. 

Global policy considers blue carbon for climate change mitigation through carbon trading. As such, the re-
quirements for blue carbon inclusion in policy mechanisms are functionally determined by carbon trading 
verification agencies - Standard Setting Organisations (SSOs). In practice then, accreditation criteria override and 
make redundant the conditions used in criteria-based definitions of blue carbon. The definition of blue carbon 
would therefore be more effective in policy if simply aligned to the SSO's five criteria: an established baseline, 
additionality, permanence, leakage, and co-benefits. 

This paper presents a redefinition of blue carbon that is better aligned to policy application, accreditation 
criteria, and research agendas:  

• Blue carbon – all forms of marine, intertidal, and estuarine carbon. 
This may include sedimentary stocks in addition to carbon stored in living biomass, which may be essential to 

protecting or maintaining sedimentary stocks of carbon, and with potential to be increased through protection 
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of blue carbon assessments is to detail the baseline. From this, additional 
inputs into carbon stores from blue carbon activity can be quantified. 
Baseline activity for blue carbon projects is generally defined to be on 
bare unvegetated sediment (Kennedy et al., 2010). The two primary 
methods7 for quantifying carbon fluxes and stocks are through analysis 
of metabolic rates and isotopic identification. Metabolic rate analysis is 
generally simpler and will sum all carbon fluxes from production, 
respiration, calcification, pelagic activity, co-benefits to fauna and flora, 
and temporal and spatial variability (Duarte and Cebrián, 1996; Duarte 
et al., 2005). Isotopic analysis, however, whilst more complex, will 
detail the sources and end points of carbon fluxes; within, between, and 
beyond habitats and bare sediment (Kennedy et al., 2010; Greiner et al., 
2016). 

A major obstacle for stock quantification is the identification of 
autochthonous and allochthonous inputs. In some habitats, over 80 % of 
organic matter may be exported from their place of origin (Krumhansl 
and Scheibling, 2012), the end points of this carbon export may occur 
across distances over 300 km (Krause-Jensen and Duarte, 2016), and 
from a wide range of biota (Pershing et al., 2010; Krause-Jensen et al., 
2018; Porter et al., 2020). Identification of carbon sources has associated 
costs (Callaway, 2018) and some research proposes using proxy mea-
surements to predict organic soil carbon concentrations (Serrano et al., 
2016) or low cost techniques easily implemented without expert guid-
ance (Keuskamp et al., 2013). Based on data from Kennedy et al. (2010), 
Howard et al. (2014) proposed that carbon accounting should be 
reduced by 50 % in seagrass sediments to account for the average 
contribution of allochthonous inputs (Oreska et al., 2018). Whilst this 
provides a mechanism to reduce data uncertainty and alleviate project 
costs, this approach would underestimate both the sedimentary carbon 
under the seagrass habitat itself and exported autochthonous carbon 
sequestration to bare unvegetated sediments (Suchanek et al., 1985; 
Duarte and Cebrián, 1996; Heck et al., 2008; Duarte and Krause-Jensen, 
2017a). 

In this study, we propose an approach of adaptive valuation to align 
research constraints and practicalities with carbon accreditation pro-
cesses. This method has inherent flexibility to account for the use of 
different quantification data (Macreadie et al., 2014), data certainty 
with different methods (CarbonPlan, 2022; Cullenward et al., 2022), 
and future refinements to carbon stock and sequestration data. 

6.2.1. Adaptive accreditation and valuation example 
In a hypothetical example, assuming for simplicity that all accredi-

tation criteria (baseline, additionality, permanence, leakage, and co- 
benefits) are met, a seagrass habitat is discovered and mapped by sat-

ellite and/or aerial imagery. For simplicity again, the seagrass habitat 
from initial remote sensing estimation is likely to contain 100 t C and 
sequester an additional 1.1 t C yr� 1. This is based on the areal extent of 
the habitat, extrapolation of sediment thickness, sediment carbon con-
tent, and carbon sequestration rates, as well as proportional ratios of 
seagrass habitats in Orkney, Scotland (Sheehy et al., 2023). Initial sat-
ellite and aerial imagery, with best extrapolated carbon content and 
sequestration rate data, are deemed in this example to have a certainty 
level of 5 %. All data certainty levels used in this example are hypo-
thetical and open to individual interpretation, but a tier 1 level assess-
ment, based on ‘default’ values for blue carbon habitats have error 
ranges of 50–90 % (Howard et al., 2014) which are conservatively 
accounted for with a 5 % data certainty and accreditation; tier 2 level 
assessments are likely more analogous in this example which use 
country specific blue carbon habitat data. To facilitate conservation 
action, and financing to support conservation, this habitat would then be 
eligible for 5 % of the estimated carbon stock and annual sequestration 
accreditation: 

������ ���	
 �		�������� = �������� ���	
 (� � )*������ ���� 	������� (%)

������ ���	
 �		�������� = 100*5%  

������ ���	
 �		�������� = 5 	�������

������ ������������ �		�������� =�������� ���	
 (� � )

*������ ���� 	������� (%)

������ ������������ �		�������� = 1:1*5%  

������ ������������ �		�������� = 0:06 	������

Assuming these credits are eligible for the EU ETS, with a current 
carbon traded price of €86.25 tCO2e (Tiseo, 2023), and a carbon market 
discount rate of 3.8 % (Department of Energy and Climate Change 
[DECC], 2018), this creates immediate values with which to engage 
community stakeholders. Values here are converted to annualised 
values in perpetuity to support project permanence, and to allow flexi-
bility in the payment structure. This inherent flexibility allows for up-
dates to valuations based on carbon market price, carbon data certainty, 
and for other potential changes to policy, accreditation processes, 
markets, and project details. Project details may change with further 
refinement of the scope, areal extent, number of habitats, and biodi-
versity values: 

Carbon stock valuation = Carbon stock credits*� tCO2e*3:8=100 

������ ���	
 �������� = 5*86:25*3:8=100  

������ ���	
 �������� = €60 �� � 1 

Fig. 1. Positive feedback loop of research and finance generated by policy using the new definition of blue carbon.  

7 eDNA is also another method to trace carbon sources and fluxes but this is 
as yet not commonly used (Geraldi et al., 2019; Ortega et al., 2020). 
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