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One of the world’s largest “blue carbon” ecosystems, Louisiana’s tidal wetlands on the US Gulf of Mexico coast, is rapidly being lost. Louisiana’s strong legal, regulatory, and monitoring framework, developed for one of the world’s largest tidal wetland systems, provides an opportunity for a programmatic approach to blue carbon accreditation to support restoration of these ecologically and economically important tidal wetlands. Louisiana’s coastal wetlands span ∼1.4 million ha and accumulate 5.5–7.3 Tg yr−1 of blue carbon (organic carbon), ∼6%–8% of tidal marsh blue carbon accumulation globally. Louisiana has a favorable governance framework to advance blue carbon accreditation, due to centralized restoration planning, long term coastal monitoring, and strong legal and regulatory frameworks around carbon. Additional restoration efforts, planned through Louisiana’s Coastal Master Plan, over 50 years are projected to create, or avoid loss of, up to 81,000 ha of wetland. Current restoration funding, primarily from Deepwater Horizon oil spill settlements, will be fully committed by the early 2030s and additional funding sources are required. Existing accreditation methodologies have not been successfully applied to coastal Louisiana’s ecosystem restoration approaches or herbaceous tidal wetland types. Achieving financial viability for accreditation of these restoration and wetland types will require expanded application of existing blue carbon crediting methodologies. It will also require expanded approaches for predicting the future landscape without restoration, such as numerical modeling, to be validated. Additional methodologies (and/or standards) would have many common elements with those currently available but may be beneficial, depending on the goals and needs of both the state of Louisiana and potential purchasers of Louisiana tidal wetland carbon credits. This study identified twenty targeted needs that will address data and knowledge gaps to maximize financial viability of blue carbon accreditation for Louisiana’s tidal wetlands. Knowledge needs were identified in five categories: legislative and policy, accreditation methodologies and standards, soil carbon flux, methane flux, and lateral carbon flux. Due to the large spatial scale and diversity of tidal wetlands, it is expected that progress in coastal Louisiana has high potential to be generalized to similar wetland ecosystems across the northern Gulf of Mexico and globally.
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1 INTRODUCTION
Coastal blue carbon refers to the greenhouse gases (GHGs), such as carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O), that are stored, sequestered, and/or emitted by vegetated coastal tidal ecosystems amenable to management (Crooks et al., 2019; Windham-Myers et al., 2019; IPCC, 2022; Macreadie et al., 2022). Since 2000, there has been increasing interest in the carbon sequestration potential of coastal herbaceous wetlands, evidenced by an exponential increase in blue carbon-related publications (Duarte de Paula Costa and Macreadie, 2022). The recent U.S. Ocean Climate Action Plan called for advances in protection and restoration of blue carbon habitats (Ocean Policy Committee, 2023). Globally, wetland ecosystems make up only 5%–8% of Earth’s land surface, yet store between 20% and 30% of all soil carbon (Fourqurean et al., 2012; Nahlik and Fennessy, 2016). Tidal wetlands, in particular, are highly efficient at producing and accumulating organic matter and therefore have a high potential to sequester carbon (Chmura et al., 2003; Laffoley and Grimsditch, 2009; Ouyang and Lee, 2014; Hopkinson, 2020).
While the contribution of blue carbon to global-scale emissions offsetting is likely to be limited (Macreadie et al., 2022), blue carbon from tidal wetlands has the potential to make a meaningful contribution at national and sub-national scales. There are three factors driving the need to generate carbon offset credits for tidal wetland blue carbon in Louisiana. These are: 1) the state of Louisiana’s goal to meet GHG reduction targets; 2) rapid ongoing coastal land loss in the Mississippi River Delta; and 3) the need for sustainable future funding to implement coastal protection and restoration in the state of Louisiana. Approaches to supply offsets through voluntary carbon markets have been demonstrated in China, small island states, and other states in the United States (Sutton-Grier et al., 2014; Crooks et al., 2018; Wedding et al., 2021; Friess, 2023; Liu et al., 2024). In 2014, the Louisiana Coastal Protection and Restoration Authority (CPRA) developed a methodology for quantifying blue carbon sequestration resulting from wetland creation activities through the Verified Carbon Standard (VCS) (VM0024: Methodology for Coastal Wetland Creation; CPRA, 2014). At that time, the anticipated low market value of blue carbon credits, along with the high costs of project implementation, meant there was not sufficient financial return to incentivize implementation of blue carbon-oriented projects under this methodology. However, the State of Louisiana’s effort to develop that new methodology highlights their interest in developing new approaches to maximize the carbon market incentives for coastal restoration (Macreadie et al., 2022). The process of method development also identified areas where more data were needed to improve assumptions and increase accuracy in future net carbon flux quantification.
There is currently a lack of precedent when it comes to accreditation of blue carbon projects in herbaceous tidal wetlands, even though the, now retired, VM0024 was developed in Louisiana specifically for tidal wetlands. Most internationally accredited blue carbon projects have been in mangrove habitats, primarily based on large above ground biomass rather than soil carbon (Emmer et al., 2023; Verra, 2020). Therefore, mangrove projects are most analogous to the terrestrial-forest or agricultural revegetation projects that also focus on above ground biomass production. In addition, blue carbon in general makes up a small percentage of all nature-based crediting which is currently dominated by terrestrial forestry projects. Of the 35 blue carbon projects listed on registries globally (Verra, ACR, Plan Vivo; seven fully registered, 28 in development), one is focused on seagrasses, 31 include mangrove systems, and three are in tidal marshes (as of March 2023; ACR, 2023; Verra, 2023b; VIVO, 2023). Of these projects, 15 focus on conservation or avoided carbon loss, 13 on restoration or reforestation, and 7 include both conservation and restoration. In all cases, the carbon credit yield is weighted towards avoided emissions (avoided loss of habitat) rather than the potential for additional carbon stored through habitat creation or restoration (ACR, 2023; Verra, 2023b; VIVO, 2023). There are currently three U.S. blue carbon projects working towards registration (i.e., listed in the registry). Two related to restoration of water exchange in California tidal marshes using a California-specific methodology, and one in Virginia with a seagrass habitat focus under VM0033 (Verra, 2023b). The case studies for successfully crediting large blue carbon projects have also been in woody mangrove forests, such as Cispata Bay in Colombia and the Delta Blue Carbon Project in Pakistan (Kairo et al., 2020; Indus Delta Capital et al., 2021; Friess et al., 2022). No blue carbon project has been registered (issued credits) that includes any habitat equivalent to the herbaceous Spartina-dominated tidal marshes of coastal Louisiana, despite their known importance in regional carbon budgets (Baustian et al., 2020b).
There are two primary ways that restoration of tidal wetlands directly mitigates carbon release. Firstly, restoration and creation of coastal wetlands directly increases the carbon storage potential of coastal areas into the future by direct increase in wetland area (Greiner et al., 2013; Lovelock et al., 2022). Secondly, created wetlands can provide additional protection to nearby emergent wetlands, potentially reducing shoreline erosion from storms and waves. The reduced shoreline erosion has potential to be classified as avoided loss of carbon that would have occurred without the created wetland. Avoided wetland loss preserves existing carbon stocks in soils, therefore mitigating assumed release of carbon from these habitats to the atmosphere as emergent wetlands convert to open water. Transition of emergent wetland to open water is often equated with erosion and redistribution of carbon which forms an important assumption within quantification of verified carbon units (Figure 1; Pendleton et al., 2012; Sapkota and White, 2019; Moritsch et al., 2021). The state of Louisiana’s Coastal Master Plan includes risk reduction and restoration projects that are projected to create or maintain 60,000 to 81,000 ha of tidal marshes over the next 50 years (CPRA, 2023b).
[image: Figure 1]FIGURE 1 | Projection of 50 years future without restoration action, High climate change scenario (+2.5 ft of sea level rise) and 391 CRMS (Coastwide Reference Monitoring System – yellow circles) stations. Data sourced from CPRA (2023b) and CPRA 2023 Coastal Master Plan data.
Louisiana was estimated to contain 1.4 million ha of wetlands in 2016 and accumulate between 5.5 and 7.3 Tg C yr−1, accounting for 6%–8% of the global carbon accumulation in tidal marshes (Baustian et al., 2020b). The more than 700 km (linear) of Louisiana coastline includes the entire delta plain of the Mississippi River, with a watershed of ∼3.8 × 108 ha (Vörösmarty et al., 2000). The Mississippi River Delta receives the seventh-largest sediment discharge of any river globally, noting that construction of dams and a cessation of legacy land clearing have reduced sediment transport from 400 × 106 Mg yr−1 prior to the year 1900 down to a mean of 145 × 106 Mg yr−1 between 1987 and 2006 (Meade and Moody, 2009). Coastal Louisiana also includes the adjacent Chenier Plain, a separate geomorphological feature (Cheniers) with different vegetation structure that is strongly influenced by stranded beach ridges (Penland, 1990; Battaglia et al., 2012). Coastal Louisiana includes seven estuarine bays and four coastal lake systems with a variety of salinity regimes. Therefore, identifying viable pathways to credit coastal carbon across the broad range of geography, geology, and ecology within coastal Louisiana can provide knowledge and lessons that are relevant to the large number of GHG accounting mechanisms globally (Vanderklift et al., 2019). From a governance perspective, this geography has a strategic advantage since this range of ecosystems and large geography are all governed by the state of Louisiana, United States. Therefore, coastal Louisiana provides a substantial opportunity for tangible progress in pathways to apply, refine, or develop financially viable blue carbon standards and methodologies for tidal wetlands, including restoration and marsh creation actions. To assess the opportunity and progress towards realizing carbon credits from tidal wetlands, we brought together perspectives from state, federal, and international coastal managers as well as policy and scientific experts in the science and implementation of blue carbon projects through multiple verification standards. While initial conversations were conducted over many years, targeted discussions, review, and revision of this manuscript served to synthesize and clarify targeted knowledge needs that can maximize financial viability of blue carbon crediting of Louisiana’s tidal wetlands.
2 FUNDAMENTAL CHALLENGES OF ADDITIONALITY, PERMANENCE, AND LATERAL CARBON FLUX
A first-order requirement for accreditation of tidal wetland restoration for carbon credits is a foundational principle of offset projects called additionality. Additionality maintains that an offset credit is granted only to the extent that the associated amount of emission reduction or sequestration is beyond “business-as-usual” conditions (Murray et al., 2007). Also, it must be demonstrated that the activity as well as any reductions or removals associated with the offset credits would not have occurred in the absence of the incentive created by carbon credit revenues (VCS Standard, v4.4, 2023; ICVCM, 2023). Dynamic tidal wetlands, such as those in North America, dominated by herbaceous perennials have specific challenges in terms of additionality and permanence compared to woody mangrove-dominated wetlands with regard to blue carbon credit-issuing. For wetlands projects to meet additionaility requirements and move forward they must demonstrated that the actions are not required by law, statues, or regulations (Emmer et al., 2023, VMD0052, 2021, Mack et al., 2021). Clarifying additionality requires careful analysis of initial and ongoing funding programs in collaboration with granting agencies, landowners, and carbon market standards. Another uncertainty relates to the relationships between private, state, and federal accounting mechanisms. There are multiple GHG inventory processes, not all regulatory and not all international. Therefore, in some cases, it is appropriate and acceptable to have a unit of carbon reported into an inventory process (e.g. a state / private entity inventory or commitment to reach net zero emissions) at the same time as being part of a carbon offset salable on the open market. Logically, these credits are legitimately moving both the private company and the state towards net zero at the same time, and should not pose a conflict as they are accounted for independently, however this is yet to be tested.
Permanence in carbon accounting is based on the slow cycling of carbon between the atmosphere and terrestrial or aquatic reservoirs (Joos et al., 2013; Broekhoff et al., 2019). Although the length of time required for project life and monitoring varies, 100 years is commonly considered “permanent” for the purposes of offset verification (Verra, 2014; 2020; Emmer et al., 2023). A 100-year time frame is challenging in highly dynamic coastal deltaic systems such as the Mississippi River Delta. Coastal Louisiana has one of the fastest rates of coastal land loss globally, with a mean of 42.9 km2 land lost per year between 1985 and 2010, a rate that has been slowing as less emergent tidal wetland is available to subside and erode (Figure 1; Couvillion et al., 2013, 2017). Multiple factors contribute to this land loss including hydrological changes reducing sediment supply, hurricane disturbance and storms causing erosion, eustatic sea-level rise, and high subsidence rates, being 5–8 mm yr−1 over most of Louisiana’s saline and brackish wetlands (Applied Coastal Research and Engineering, 2021; CPRA, 2023a). Thus, relative sea-level rise rates are as high as 12 ± 8 mm yr−1 in some areas of the Mississippi River Delta (Day et al., 2000; Yuill et al., 2009; Bailey et al., 2014; Khalil and Raynie, 2015; Jankowski et al., 2017; Törnqvist et al., 2020) and 9–45 mm yr−1 at the mouth of the Mississippi River (CPRA, 2023a). Two major hurricanes in Louisiana in 2005 resulted in around 560 km2 of land loss (Barras, 2006; Piazza et al., 2011). Within carbon accrediting methodologies the risk of “reversal” (loss of captured carbon back to the atmosphere) is mitigated with buffer pools, for example, VM0033 uses the “non-permanence risk tool” to reduce the number of verified carbon units to insure against future loss (Verra, 2023a). Some methodologies, such as the blue carbon accounting model of the Australian blue carbon accounting method (Lovelock et al., 2021), provide the option to calculate carbon credits using either a 100- or a 25-year horizon (noting the large penalties for 25- year projects), which may be a practical approach for highly dynamic tidal wetlands.
Current, and recently retired, methodologies for blue carbon accreditation, including Verra methodologies VM0024, VM0033, and VM0007, focus on a project footprint, have strict assumptions disallowing credit for the stable fraction of allochthonous carbon, and discount some of the carbon that leaves the project footprint based on geomorphic setting (Needelman et al., 2018). Additional carbon sequestration in dynamic and transitional coastal and deltaic systems experiencing marsh “drowning,” habitat migration, and changes in sediment supply and salinity at a coastwide scale are particularly difficult to accommodate in a project for a coastal system as complicated as the Mississippi Delta. However, in Louisiana, the state level planning capabilities and high capacity science community are in place to make progress.
In addition to the carbon attributable to the creation of tidal wetlands, the avoided loss of wetlands holds potential to yield a much higher net GHG flux benefit than direct tidal wetland creation alone. While VM0007 includes avoided loss and can be applied to dynamic tidal wetlands, it is currently challenging to quantify what would have been lost without the project and therefore quantify the avoided emissions. One approach could be to use peer-reviewed process-based numerical modeling of geomorphology and hydrodynamics to justify the baseline case of future without project against which the impacts of the project can be compared. Such an approach needs to be tested against the standard. At present, protection or conservation of intact wetlands is approved through VM0007 and restoration or creation through VM0033. It would be possible to include creation and conservation within one application (that would be under VM0007) but would be complex and there are currently no such approved projects. Verra is working on transferring tidal wetlands modules from VM0007 into an expanded VM0033 bringing conservation of intact wetlands and wetland restoration together into a single set of procedures to aid project development. An example of this approach for terrestrial forest conservation and management is the Verra methodology for improved forest management using dynamic matched baselines from national forest inventories (VM0045; Shoch et al., 2022).
3 THE GLOBALLY LIMITED SUPPLY OF HIGH VALUE BLUE CARBON CREDITS
In 2021, over US$1 billion worth of voluntary carbon credits were traded on international markets totaling nearly 300 Tg of carbon dioxide equivalent (Forest Trends’ Ecosystem Marketplace, 2021). The vast majority of reported voluntary carbon credit transactions in 2021 were in the agriculture, forestry, and other land use categories based on above ground biomass production. Recognizing that demand for blue carbon credits exceeds current supply (Friess et al., 2022), Louisiana’s wetland restoration projects could contribute towards blue carbon credit supply within existing voluntary markets. Current estimates are that one hectare of Louisiana tidal marsh accumulates roughly the same amount of total soil carbon as 63–84 ha of an average forest. This is based on a mean forest soil carbon accumulation of 4.6 g C m−2 yr−1 (Mcleod et al., 2011) while Louisiana tidal wetland types accumulate between 289 g C m−2 yr−1 (long term estimate - 50 years) and 382 g C m−2 yr−1 (short term estimates - 10 years; Baustian et al., 2020a, 2021; DeLaune and White, 2012). In total, Louisiana tidal wetlands are estimated to accumulate carbon at 5.5–7.3 Tg C yr−1 (Baustian et al., 2020b). This high storage potential, as well as the rapid rate of loss of emergent marsh in coastal Louisiana and assumed associated loss of carbon stock, indicate that projects for building, and avoiding loss of, critical wetland habitat could have substantive influence on net carbon balances. Rapid transition from emergent tidal wetland to shallow open water raises a specific challenge for accreditation of blue carbon in coastal Louisiana (Figure 1). However, lack of data on the fate of carbon and the specific limitations of methodologies mean that blue carbon accreditation of tidal wetlands in Louisiana cannot currently be used to help meet these supply needs.
Uncertainties in social, governance, financial, technical, and scientific aspects of blue carbon projects have also limited the number of projects resulting in verified blue carbon units that can be traded (Macreadie et al., 2022). For tidal wetlands, the high cost of constructing restoration projects and monitoring project success or failure results in challenges to blue carbon accreditation due to limited financial incentives or benefits (Mack et al., 2021, 2022). Coastal Louisiana has the governance structures, technical background, and long-term ecosystem monitoring programs to address these challenges at a large scale (∼0.5 million hectares; Couvillion et al., 2016) with the potential to demonstrate and then operationalize marketable blue carbon from tidal wetlands.
3.1 Potential for coastal Louisiana to supply high value blue carbon credits through tidal wetland accreditation
There is an increasing incentive to identify and address the economic, scientific, legal, and regulatory impediments to implementing current, or developing new, standards and methodologies to increase the flow of blue carbon credits onto the voluntary market (Mcleod et al., 2011; Lovelock and Duarte, 2019; Macreadie et al., 2019, 2022; Friess et al., 2022; Sapkota et al., 2023). Implemented and planned coastal restoration projects in Louisiana have been estimated to build or maintain over 207,200 ha of emergent wetland (CPRA, 2017), with planned but not yet funded projects estimated to build or maintain a further 60,000–81,000 ha of tidal wetlands over the next 50 years (CPRA, 2023b). The state of Louisiana has the potential to supply high value blue carbon credits and has high incentive to generate revenue in support of coastal restoration or contribute to meeting net zero emissions targets. Decades of legislative and policy progress supporting blue carbon in coastal Louisiana provide a strong potential to realize this opportunity (Figure 2).
[image: Figure 2]FIGURE 2 | Map of 2023 Louisiana Coastal Master Plan restoration projects. Data sourced from (CPRA, 2023b) and CPRA 2023 Coastal Master Plan data.
Currently, the largest revenue stream supporting coastal restoration in Louisiana is from the settlement of the 2010 Deepwater Horizon (DWH) oil spill, which allocated more than US$8 billion in one-time funds to the state of Louisiana (GCERC, 2016; DWH NRDA Trustees, 2017; Carruthers et al., 2020; Henkel and Dausman, 2020; The Water Institute, 2020). Much of this funding has, or will be, used to implement restoration projects within the current or previous iterations of the Louisiana Coastal Master Plan, but final allocation of DWH settlement funds will occur in 2031 (Henkel and Dausman, 2020; CPRA, 2023b). However, all currently known funding sources still fall more than US$20 billion short of the estimated US$50 billion required to implement the Coastal Master Plan for protection and restoration of coastal Louisiana (CPRA, 2023b). In February 2022, the Louisiana Climate Action Task Force adopted the Climate Action Plan (CAP), recommending strategies and actions to reduce GHG emissions to net zero by 2050 (Climate Initiatives Task Force, 2022). One of the strategies recommended in the CAP was the restoration and conservation of Louisiana’s tidal wetlands to maximize climate mitigation and adaptation goals (Climate Initiatives Task Force, 2022). Actions within that strategy include optimizing the carbon sequestration potential of Louisiana’s tidal wetlands through implementation of the state’s integrated coastal restoration plan, the Louisiana Coastal Master Plan.
Louisiana has developed a strong legislative and policy framework to progress accreditation and sale of blue carbon credits from coastal restoration (Table 1). Louisiana’s Coastal Protection and Restoration Trust Fund was constitutionally established in Louisiana’s state treasury to provide a dedicated, recurring source of revenue for the development and implementation of the state’s Coastal Master Plan through CPRA. Language was added to CPRA’s enabling legislation in 2009 specifically to address the potential generation of carbon credits from CPRA projects and ensure that any revenues gained from such projects were dedicated back to CPRA’s Trust Fund (Act 523, 2009 Regular Session of the Louisiana Legislature). This trust provides a mechanism for the state of Louisiana to manage funds from carbon credits and utilize them for future restoration activities, rather than those funds going into the state of Louisiana’s general revenue. Unlike most coastal areas, approximately 75% of the coastal zone in Louisiana is owned by private entities (Coreil, 1996). Ownership of the emissions reductions from blue carbon projects depend on who owns the land, the applicable regulatory scheme, and private contractual relationships. A 2010 law was enacted to provide that compensation for carbon credit is due to the landowner of the property where the sequestration occurred, with important exceptions (Table 1). First, the landowner can contractually assign revenues to another party and, second, the law exempts projects carried out and or sponsored by the Coastal Protection and Restoration Authority, in which case any revenue is the property of the state of Louisiana (Table 1). These clarifications provide a strong basis to determine ownership of revenue from blue carbon credits resulting from coastal restoration implemented by CPRA. Finally, the Louisiana Legislature authorized the Department of Agriculture and Forestry to act as the state’s primary agency for programs related to carbon sequestration or the reduction of GHG emissions from agriculture and forestry.1 This authorization did not extend to other land-use sectors and expressly reserved for CPRA the authority over “benefits, credits, or offsets derived from projects approved and undertaken” by CPRA.2 This legislation further supported the potential for the state of Louisiana to claim carbon credits for land created or preserved through coastal restoration projects (Table 1).
TABLE 1 | Legal and regulatory framework in the state of Louisiana, United States, favorable for programmatic and large scale blue carbon accreditation from restoration of tidal wetlands. Note that VCS methodologies are constantly being updated and major revisions are to be released in 2024–2025.
[image: Table 1]The State of Louisiana’s Climate Action Plan (CAP) recommended quantifying and monitoring the potential blue carbon in Louisiana habitats and developing a blue carbon market crediting mechanism. One path to achieve this goal is the development of an entirely new Louisiana-specific blue carbon accreditation system with an underlying standard and appropriate methodologies customized for the various habitat types in the state, most importantly herbaceous tidal wetlands. One potential challenge is the uncertainty of demand for a new or unique blue carbon credit. If there is not sufficient demand within the state, the international market would need to be convinced of the validity, reliability, and therefore value, of the carbon credits. A Louisiana blue carbon crediting mechanism could also include stacked, or stapled, benefits such as restoration projects that restore ecosystems to provide biodiversity, human benefits, and increased prevention of land loss. It could also help the state track and quantify its emissions and offsets in a manner aligned with its net zero emissions goals and other ecosystem maintenance goals. Another pathway could be to work through existing carbon standard programs, such as the Verra VCS, to expand application of, update, or amend existing methodologies. VM0033 is currently being updated, and the standard is considering some of the known challenges including carbonate consumption/production for its role in producing/consuming alkalinity and dissolved CO2. Given the large spatial scale and well developed legal and regulatory framework in coastal Louisiana, it is conceivable that a special case application of an established methodology (such as VM0033) may be feasible. One of the priority knowledge needs is a thorough investigation of these different policy pathways to determine the opportunities to reach a financially viable accreditation pathway for tidal wetlands in coastal Louisiana.
3.1.1 Targeted knowledge needs: legislative and policy

1. As 75% of land is privately owned in coastal Louisiana and considering the state legislation around carbon ownership, establish potential investment pathways for purchasers of carbon credits, landowners, and opportunities to fund restoration implementation.
2. To ensure regulatory additionality for projects with multiple funding sources, investigate which of the many current funding sources allow for resultant carbon to be certified for offsets.
3. Investigate the opportunities to have a special application of current methodologies to the large scale of coastal Louisiana and/or the potential for methodologies, through regular updates, to better accommodate some of the unique challenges posed by tidal wetlands in coastal Louisiana.
4. Assess the viability and opportunity of developing a new methodology under a current standard (such as the VCS) or development of a composite methodology under a new standard.
5. Specifically consider the opportunity of a coastwide programmatic approach for blue carbon accreditation in coastal Louisiana utilizing the integrated protection and restoration planning within the state (Louisiana’s Coastal Master Plan).
4 DETAILS OF FOUR KEY SCIENTIFIC KNOWLEDGE NEEDS TO OPERATIONALIZE A FINANCIALLY VIABLE BLUE CARBON MARKET FOR COASTAL LOUISIANA
To be financially viable, quantifying and monitoring of blue carbon change over time will require cost-effective, efficient, and standardized protocols, including remote assessment of carbon and GHGs (Macreadie et al., 2019, 2022). Scientific consensus is becoming established on critical knowledge and data needs to reduce uncertainty in carbon storage and flux estimates (Mcleod et al., 2011; Holmquist et al., 2018; Lovelock and Duarte, 2019; Duarte de Paula Costa and Macreadie, 2022; Williamson and Gattuso, 2022). In one example, dozens of scientists from diverse disciplines developed a list of the top 10 priority research needs for blue carbon science (Macreadie et al., 2019). Similarly, the discussion below is framed from those aspirational priorities and describes how to apply them to the current governance and scientific context in coastal Louisiana. The four categories of key scientific knowledge needs are accreditation methodologies and standards, soil carbon flux, methane flux, and lateral carbon flux. These priorities have been developed over a decade of discussions amongst many of the authors of this article and others in the research, restoration, and coastal management community of the northern Gulf of Mexico and globally. They were clarified and synthesized in the development of this manuscript.
4.1 Apply, revise, or develop a standard and methodology based upon synthesized science knowledge to support financially viable accreditation
Coastal Louisiana has a strong legal and regulatory framework and baseline scientific data to develop the necessary crediting, market, standard, methodology, or verification mechanism, a major barrier to implementing trusted blue carbon markets (Pande, 2024). This includes almost two decades of effort focused on integrated restoration planning strongly built upon integrated coastwide monitoring (e.g., Coastwide Reference Monitoring System, CRMS), resource centralization (e.g., Coastal Information Management System, CIMS), and state agency centralization in restoration planning through CPRA. Additionally, there are ongoing updates to the Louisiana Coastal Master Plan and the Integrated Compartment Model (ICM), the numerical model on which it is based (Baustian et al., 2020a; Fischbach et al., 2021; White, 2021), as well as development of basin scale Delft3D numerical models for restoration project planning and implementation (Bregman et al., 2020; The Water Institute, 2022), and the refinement of the Land Use and Carbon Scenario Simulator (LUCAS) model (Liu et al., 2021) for coastal application. Carbon process and dynamics models have also been compared with regard to applicability for use in supporting carbon accreditation (Mack et al., 2023). Data synthesis and integration will need to continue to be the basis of developing the science and crediting framework supporting a Louisiana coastal carbon crediting methodology/standard. This will require an approach (including further building upon and developing current numerical and conceptual models) to quantify carbon in an ongoing regular (i.e., annual) cycle at a hectare scale. Due to critical uncertainties (and resultant highly conservative assumptions) in baseline projections for avoided loss, most projects moving forward through Verra, for example, are focused on revegetation rather than conservation or restoration of hydrological function.
Australia has approved a blue carbon methodology for attaining offsets or credits that is based on a calculation model that has simplified site assessment requirements (Lovelock et al., 2021). However, due to its broad geographic applicability the empirical model is still highly conservative, so may not address the critical uncertainties in quantifying carbon in coastal Louisiana. To achieve a more comprehensive and accurate assessment of net carbon flux at a hectare scale and maximize potential verifiable carbon units, previous process based numerical modeling efforts for coastal Louisiana will need further development and refinement. Opportunities for improvement include greater use of remote sensing data and empirical machine learning models to quantify carbon fluxes based on process-based hydrology, hydrodynamic, and morphology numerical models. While the coastwide ICM that underlies the Louisiana Coastal Master Plan has a 30 m × 30 m habitat grid, the salinity has compartments that are tens of kilometers in scale (White et al., 2017; White, 2021). Salinity is one of the more critical determinants of GHG flux estimates, particularly for CH4 emissions which are one of the largest sources of uncertainty in US coastal wetland GHG inventories (Holmquist et al., 2018). Therefore, the current resolution of the hydrology grid in the ICM model would not be sufficiently resolved to support progress towards a financially viable carbon accreditation framework due to high levels of uncertainty in primary input variables related to net GHG flux (such as salinity). The carbon accreditation framework would require incorporation of different model types to estimate and predict key parameters affecting blue carbon storage and flux in coastal Louisiana. Combining the strengths of numerical and empirical machine learning models can improve the accuracy and computational efficiency of blue carbon assessments, reduce uncertainties, and provide a more comprehensive understanding of carbon-associated coastal ecosystem processes. In addition, numerical modeling techniques can allow the application of spatially and temporally targeted local field measurements to estimate (or validate) carbon stocks and fluxes. Both process-based numerical modeling, machine learning, and remote sensing will be essential components of estimating the rate, and uncertainty, of change in carbon storage with and without restoration as well as estimating avoided loss through preservation and restoration actions.
A scientifically desirable and equitable approach is to have a network of control plots and matching criteria that can be used to quantify baseline emissions and removals in the absence of preservation and restoration actions and for numerical model validation. Coastal Louisiana has a comprehensive network of wetland monitoring sites (391 CRMS stations: Figure 1) that have well over a decade of baseline data. Targeted addition of metrics or refining protocols, if required, could ensure that this valuable monitoring network provides control data sites to specifically inform ongoing carbon quantification. The aim of monitoring to quantify baseline emissions and removals is a recent innovation in the VCM that has been integrated into methodologies for the restoration (Shoch et al., 2023) and improved management of terrestrial forests (Shoch et al., 2022) that could be applied to restoration and preservation of coastal wetlands. The main advantage of such an approach is that external factors impacting baseline emissions or removals—such as policy, markets, and climate change—are hard to predict in advance, and are better observed on a dynamic, real-time basis in control plots. Control plots could be monitored with a combination of remote sensing and periodic field measurements. For comparison, the Forest Inventory Analysis is maintained and updated every 5 years by the U.S. Forest Service and serves as the database for matching control plots under the new improved forest management methodology (Shoch et al., 2022). The existing CRMS network covering a variety of wetland types across the entire coast of Louisiana could be similarly leveraged for coastal restoration and preservation projects. This provides another example of how the strong scientific knowledge and monitoring data availability in coastal Louisiana can support progress towards large scale blue carbon accreditation.
4.1.1 Targeted knowledge needs: accreditation standards and methodologies

1. Assess carbon flux at large spatial scale (basin and watershed) useful for national GHG inventories, based on LUCAS model output.
2. Report on carbon storage potential coastwide for state of Louisiana GHG inventory, using the Louisiana Coastal Master Plan numerical model (ICM).
3. Develop high resolution numerical models, based on ground-based monitoring, remotely sensed observations, and empirical machine learning models to reduce uncertainty in GHG flux estimates at a project, or programmatic, scale by refining available high resolution models such as the basin-wide Delft3D model (Meselhe et al., 2015; Baustian et al., 2018; Bregman et al., 2020).
4. Inform carbon quantification and numerical model validation for blue carbon accreditation with historic and ongoing monitoring data collection (Hijuelos and Hemmerling, 2016; CRMS, 2023).
5. Assess the potential of current, adapted, or additional standards and methodologies to provide financially viable coastwide Louisiana-specific blue carbon accreditation that incorporates best-available science.
4.2 Refining quantification of soil carbon lateral and vertical flux
Despite decades of research in coastal Louisiana ecosystems, the processes of soil carbon transport (lateral transport including flux during transition of emergent marsh to open water) and open-water sediment accumulation are not well-understood (Steinmuller and Chambers, 2019; Sapkota and White, 2020). In addition, there are gaps in the scientific understanding of shifting GHG balance with restoration activity (Mack et al., 2021). In the context of blue carbon accreditation, additional understanding through data collection can reduce uncertainty in establishing a geomorphologically relevant definition of permanence which is a critical component of carbon accreditation methodologies (Verra, 2014; Emmer et al., 2023). Changes in CH4 emissions are also an important component of permanence. For example, increasing temperature with climate change will exert an important influence on net CH4 fluxes through emergent marsh transitions (McTigue et al., 2021; Noyce and Megonigal, 2021). Almost all available accretion data are for emergent land, even though an increasing area of the coastal wetlands in Louisiana are shallow open water. Therefore, a better understanding of accretion and lateral transfer processes in submerging coastal wetlands (e.g., relict tidal swamp forests), submerged aquatic vegetation, and shallow bare benthos is required (see Lovelock et al., 2017). Current, or recently retired, carbon standards (VMD0050 module within VM0007) and common CH4 inventory methods used by U.S. Environmental Protection Agency (USEPA) assume that most or all soil carbon within the top 1 m is lost to the atmosphere when an emergent wetland converts to open water (Emmer et al., 2020; Baustian et al., 2023). These standards and methodologies also assume that carbon capture and storage are immediately regained to the level of a mature wetland when open water is restored to wetland habitat. While these assumptions may be mostly valid for surficial sediments occupied by the vegetation rhizosphere (Chambers et al., 2019; Wasson et al., 2019), they are unlikely to be valid for deeper sediment layers that may contain substantial buried wetland peat deposits accumulated over decades and centuries (Artigas et al., 2015; Rogers et al., 2019). Some studies of tidal wetland restoration projects indicate that carbon storage may take multiple decades before realizing soil carbon accumulation (e.g., Herbert et al., 2016; Murphy, 2020; Osland et al., 2020; Ledford et al., 2021). While there are indications that restoration of wetlands overall is positive for GHG mitigation (Kolka et al., 2021), uncertainties in key assumptions within current methodologies reduce the accuracy and reliability of net GHG flux quantification.
4.2.1 Targeted knowledge needs: soil carbon lateral and vertical flux

1. Conduct sensitivity analyses of key assumptions in net GHG flux calculations, including time scales and effect of management actions.
2. Improve assumptions of GHG flux (in particular CH4) across tidal wetland types through quantification accounting for salinity variability.
3. Refine assumptions of soil carbon loss (currently 75% below ground carbon down to 1 m) through quantification across tidal wetland types considering relevant physical inputs (exposure etc.).
4. Improve quantification of open water, basin, lake, and channel carbon accumulation rates, using modern data and paleo evidence.
4.3 Improve methane flux estimates for variable salinity tidal wetlands
The financial viability of blue carbon projects in Louisiana’s coastal wetlands is currently limited by substantial uncertainties in the amount of CH4 emissions from these environments (Williamson and Gattuso, 2022). Depending on the time horizon used, CH4 has a global warming potential between 27.9 and 81.1 (100-year and 20-year) times higher than CO2 (Calvin et al., 2023). Because of this large climate impact, current standards for certifying blue carbon projects in wetlands (e.g., VM0033) require developers to either continuously monitor CH4 emissions or to estimate them using a verified and validated methodology (Verra, 2014). Continuous monitoring is prohibitively expensive, and several cases exist where blue carbon projects have been withdrawn from consideration due to uncertainties and knowledge gaps related to CH4 emissions (Mack et al., 2022). As such, there is a need for improved methods to accurately estimate CH4 emissions from variable salinity, tidal blue carbon ecosystems that do not rely on continuous direct monitoring.
Sulfate from seawater leads sulfate-reducing microorganisms to outcompete methanogenic microorganisms, resulting in reduced methane production. As a result, salinity has long been used as a proxy to estimate CH4 emissions in coastal ecosystems, with high rates of CH4 production at salinities <5 psu and low rates of CH4 production at salinities >20 psu (Poffenbarger et al., 2011; Holm et al., 2016; Holmquist et al., 2018). The current carbon offset verification standard for tidal wetland restoration, VM0033, allows project developers to use a default CH4 emission rate of 0.011 T CH4 ha−1 yr−1 where the average or low-point salinity is 18–20 psu, and 0.0056 T CH4 ha−1 yr−1 where salinity is ≥20 psu. However, no default emission rates are permitted for intermediate and brackish salinities (0.5–18 psu). Which characterize ∼50% of Louisiana’s coastal wetlands (Sasser et al., 2008), although CH4 emissions vary between vegetation types and are negatively correlated to salinity across ecosystem types, the overall predictive power of this relationship remains too low for the purpose of verifying blue carbon offsets at a project or sub-basin scale (Derby et al., 2022). A recent meta-analysis of 97 studies found salinity predicts only 23% of CH4 flux variance in saltmarshes at a global scale (Al-Haj and Fulweiler, 2020) although the methods used to quantify salinity varied greatly across this meta-analysis. Because of this, other environmental drivers and approaches for estimation are needed to improve predictions of CH4 emissions in coastal wetlands.
Besides salinity, both microbial CH4 production (methanogenesis) and consumption (methanotrophy) are affected by sediment porosity, the concentration and composition of organic matter, water saturation depth and duration, frequency of soil exposure at low tide, temperature, and pH. Many wetland soils produce CH4 in deep anaerobic horizons, but CH4 can be oxidized back to CO2 before being emitted (52%–81% of gross CH4 production; Megonigal and Schlesinger, 2002). Plant productivity and community composition play a significant role in wetland CH4 cycling by regulating the availability of organic carbon, oxygen, and ferric iron for soil microorganisms. Some wetland plant species drive CH4 emissions by directly transporting soil CH4 to the atmosphere through highly porous aerenchyma tissue, allowing buried CH4 to bypass methanotrophic microbes in the upper soil layers (Sutton-Grier and Megonigal, 2011; Villa et al., 2020; Derby et al., 2022).
A key approach going forward will be to develop, and utilize where possible, new approaches that combine abiotic, plant, and microbial datasets to generate predictions of wetland CH4 emissions. Previous research in terrestrial ecosystems has demonstrated that the influence of microbial community composition on carbon dynamics rivals in magnitude the influence of soil chemistry (Domeignoz-Horta et al., 2020, 2021; Raczka et al., 2021), and small-scale models of soil carbon which explicitly relate environmental data to assays of microbe-mediated processes have an improved ability to capture and predict carbon dynamics (Blagodatsky and Richter, 1998; Lawrence et al., 2009; Allison et al., 2010; McGuire and Treseder, 2010; Allison, 2012; Wieder et al., 2013; Wieder et al., 2015a; Wieder et al., 2015b; Fujita et al., 2014; Lehmann et al., 2020). Likewise, Earth system models that neglect plant-microbe interactions may be biased and underestimate modeled climate impacts (Zhu et al., 2017; Shi et al., 2019; Wang et al., 2023). Prior investigations in permafrost and peat soil ecosystems have demonstrated that CH4 flux can be accurately predicted by the quantification of gene transcripts for methyl coenzyme reductase A (mcrA) and particulate CH4 monooxygenase (pmoA), the respective key functional genes for methanogenesis and CH4 oxidation (Freitag and Prosser, 2009; Freitag et al., 2010). Others have demonstrated cases where microbial composition data provided significant explanatory power for soil CH4 emissions and other biogeochemical processes that cannot be captured by abiotic variables (i.e., temperature, redox potential, pH) alone (McCalley et al., 2014; Graham et al., 2016; Meyer et al., 2020), in one case improving statistical fit of modeled CH4 emissions by 47% (Godin et al., 2012; Graham et al., 2016).
These approaches have not been applied in tidal wetlands and have potential to reduce uncertainty in quantification of CH4 flux in tidal wetlands with variable salinity (Spivak et al., 2019). These novel methods, with their cost-effectiveness at scale compared to continuous measurement approaches, have the potential to substantially improve CH4 prediction accuracy while lowering cost. In turn, these methods would bolster the feasibility of blue carbon initiatives in wetlands that encompass brackish and intermediate salinity wetlands where using current assumptions leads to the conclusion that CH4 emissions exceed carbon sequestration benefits.
4.3.1 Targeted knowledge needs: methane flux

1. Develop new and refined cost-effective proxies and models for CH4 emissions that are designed to leverage technology and databases for improved spatial and temporal resolution in highly salinity variable tidal wetlands across the salinity range 0.5–18 psu.
2. Apply data analytics and machine learning tools to microbial community and abundance data, as has been done for terrestrial soil communities, to reduce uncertainty in CH4 flux estimates.
3. Refine predictions of CH4 flux in salinity variable tidal wetlands to partition fluxes across tidal wetland types and spatial scales using eddy covariance measures, flux chambers, handheld sensors, quantification of microbial communities, and quantification of aerenchymatous wetland plants.
4.4 Quantify Particulate transport and dissolved lateral carbon fluxes including in shallow open water
Better quantification of particulate transport and lateral fluxes from tidal wetlands in Louisiana has high potential to reduce uncertainty in GHG flux estimates. Under current crediting mechanisms, it is assumed that 100% of the aboveground carbon is released back into the atmosphere as GHGs when wetland soils are eroded (Verra, 2014; Emmer et al., 2023). Some of the carbon, in both dissolved and particulate forms, may undergo lateral flux or be transported to adjacent estuaries, lakes, or offshore and may not be ultimately emitted back to the atmosphere. Outflow of dissolved inorganic carbon (DIC) and alkalinity into the coastal oceans surpassed burial by about 1.7 times in a subtropical mangrove ecosystem, establishing it as a substantial long-term carbon sink (Maher et al., 2018; Reithmaier et al., 2023). Quantifying the fate of particulate carbon lateral transport from emergent marshes and shallow open water areas is needed to reduce uncertainty in carbon accounting for carbon accreditation. Lateral flux of dissolved carbonate species and alkalinity to adjacent marshes and open water, especially across different salinity tidal wetlands (fresh, intermediate, brackish, and saline) still requires detailed quantification for carbon accreditation purposes.
Carbon fluxes occur laterally between wetlands and estuaries including dissolved organic carbon (DOC), particulate organic carbon (POC), and DIC which are commonly imported and exported through runoff and tidal flushing (Olefeldt and Roulet, 2014; Fouché et al., 2017; Mueller et al., 2023). A significant part of tidal wetland and estuarine carbon budgets is the lateral flux from coastal wetlands to estuaries, which is due mainly to tidal flushing. Estimates of total organic carbon (TOC; in both dissolved and particulate forms) exchange (per unit area of wetland) in coastal wetlands of the eastern United States were summarized by Herrmann et al. (2015), who calculated an overall average of 185 ± 71 g C per m−2 yr−1. Similarly, estimates of DIC exchange in eastern US coastal wetlands were summarized by Najjar et al. (2018), who calculated an overall average of 236 ± 120 g C m-2 yr-1. Lateral carbon flux has been identified as an important mechanism of carbon loss from terrestrial ecosystems (Bogard et al., 2020; Regnier et al., 2022). However, little is known about the influence of coastal wetland restoration on lateral carbon fluxes or their impact on carbon balance of the surrounding wetlands (Arias-Ortiz et al., 2021). The Verra methodology, VM0033, includes default factors for carbon preservation in depositional environments (CPDE) based upon published values, recognizing large variations within offshore locations, including along the northern Gulf of Mexico (Blair and Aller, 2012). A requirement of the Verra tidal wetland methodologies is to account for carbon that enters or leaves the project area. This creates complexity for quantifying smaller, individual projects in the landscape. This is particularly the case for projects in landscapes vulnerable to erosion, where sequestered carbon is at risk of reversal, and where carbon may be exchanged with adjacent wetlands. One possibility to address this is to consider a much larger project footprint for verification purposes, such as a basin or multiple basin scale. This could include either a single restoration or protection activity or a group of restoration and protection activities. In the case of the larger footprint, there is also the potential that emissions and removals may be accounted for more completely across the landscape as part of regional monitoring programs, reducing the cost of additional monitoring and improving the application of data from available long term monitoring efforts.
As Louisiana wetlands transition to open water, vertical fluxes from understudied ecosystems and lateral carbon transport or fluxes from all ecosystems within shallow open waters will become a larger component of quantifying estuarine carbon budgets. For example, submerged aquatic vegetation (SAV) are abundant in intermediate and fresh wetlands in Louisiana (Poirrier et al., 2017; DeMarco et al., 2018). However, this carbon pool and its contribution to net GHG flux has not been included in coastal carbon budgets for Louisiana, even though it is estimated to be as large as 6.4 ± 0.1 Tg Corg (Hillmann et al., 2020). Coastwide carbon accumulation in SAV, 0.3 Tg Corg yr−1 (Hillmann et al., 2020), is an order of magnitude lower than emergent wetland, 2.2 Tg Corg yr−1 (Hillmann et al., 2020) or 4.3–7.3 g TC yr−1 (Baustian et al., 2020b, 2021). However, in consideration of carbon accounting for accreditation at a hectare scale, SAV has potential to be a high percentage of the carbon pool in some locations (Liu et al., 2023b). The potential contribution of SAV with respect to lateral carbon flux within shallow water areas has also not been quantified. Long-term monitoring has been identified as a need to determine the role of intense, episodic forcing events such as hurricanes and tidal cycles on carbon dynamics across wetland-estuary ecosystems (Cao and Tzortziou, 2021; D’Sa et al., 2023). Advances in remote sensing techniques have a strong potential to help fill this data gap with higher spatial and temporal resolution as well as the opportunity to map the dynamics of these temporally and spatially variable carbon stocks (Mcleod et al., 2011; Liu et al., 2023a).
4.4.1 Targeted knowledge needs: lateral carbon flux

1. Prioritize and improve net carbon flux estimates through increased accounting of lateral as well as vertical carbon fluxes.
2. Investigate dynamic numerical modeling to track improved quantification of dissolved and particulate carbon lateral fluxes from, and into, tidal wetlands across a range of salinity regimes to refine estimates of carbon loss to the atmosphere when emergent wetlands transition to shallow open water.
3. Include submerged aquatic vegetation (SAV) into coastal carbon budgets for Louisiana, through mapping and quantification of their role in lateral carbon transport and fluxes (accumulation, repository, and source), especially at the hectare scale to inform carbon accounting relevant to accreditation.
5 CONCLUSION
There are economic, ecological, and community benefits of maintaining tidal wetlands in coastal Louisiana. Large-scale ecosystem restoration is planned and coordinated through the Louisiana Coastal Protection and Restoration Authority (CPRA). CPRA leads prioritization, planning, and implementation of coastal risk reduction and restoration efforts, planning that extends out past 2050, assuming sufficient funding is made available. The state of Louisiana is also committed to reach net zero GHG emissions by 2050, as are many private companies that want to purchase high-value blue carbon offsets. The convergence of these needs present an opportunity for the benefits of blue carbon as a mitigation tool to meaningfully contribute to the prioritization of restoration actions within Louisiana’s Coastal Master Plan. This has potential dual benefits both to maximize climate change mitigation and to provide an additional funding stream to support implementation of coastal risk reduction and restoration. This would increase economic, ecological, and community resiliency in coastal Louisiana. Coordination and integration to reduce known scientific uncertainties with the revision or development of legal and regulatory mechanisms will be critical for accreditation of blue carbon to provide timely solutions to the challenges of coastal adaptation and mitigation. Coastal Louisiana has a long history of wetland science as well as systematic and large-scale ecosystem monitoring in parallel with decades of legislation on how to implement carbon accreditation of tidal wetlands. Even with this base of knowledge and experience, focused effort will be required to investigate and establish viable blue carbon accreditation pathways. This work identified twenty targeted knowledge needs that will address known data and knowledge gaps and can reduce uncertainty in key assumptions for quantifying net GHG flux at multiple spatial scales for accreditation of Louisiana’s tidal wetlands. Filling these knowledge gaps will need to be iterative, assessing the potential benefit (in terms of verifiable carbon units) of reducing uncertainty in a particular metric or updating a standard methodological assumption. Due to rapid loss of tidal wetlands and limited future funding for implementation of large-scale coastal restoration, the state of Louisiana has a strong incentive to generate carbon credits from the restoration of tidal wetlands. Given the size and ecological diversity of tidal wetlands in coastal Louisiana, progress made towards financially viable tidal wetland carbon credits in Louisiana will have strong potential for transfer to similar wetlands along the northern Gulf of Mexico and globally.
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‘The Coastal Protection and

Restoration Authority (CPRA) was

established (to coordinate response to comprehensive coastal protection and

damage from hurricanes Katrina and restoration plan including a Master

Rita) Plan for coordinating and prioritizing
protection and restoration effort
(updated on a 5-yearly basis - note:
now every 6 years)

2005 Act 8 of the First Extraordinary
Session of 2005

One state agency was responsible for
developing and implementing a

CPRA has a Trust Fund that funds the
restoration program, revenue from
carbon credits must be added to the

2009 Act 523, Regular Session of the
Louisiana Legislature

[RJevenues derived from integrated
coastal protection programs, projects,
or activities shall be deposited in and

credited to the fund

trust fund and used for future
restoration

2010 La. RS. 9:1103 Carbon credit revenues are the 1. Landowner contractually assigns A landowner can assign carbon credits
property of the landowner ownership to another party to a third party (for example, to
validate an offset)
2. Carbon revenues derived from a Regardless of the landowner, if the
project sponsored by CPRA when the  additional carbon results from a CPRA
state owns the carbon revenue project, the state owns the carbon
revenue. Note some project funding
sources may be excluded under
‘additionality rules,’ for example, funds
from environmental damage
mitigation
3. In addition to the restoration project | Any carbon revenue from the broader
footprint, any carbon revenue from | avoided land loss from individual
avoided land loss resulting from the  projects (or programmatic restoration)
project also belongs to the state will be attributed to the state, regardless
of the landowner
2010 La. RS. 31221 in 2010 ‘The Louisiana Department of CPRA was expressly identified as the  Established the potential for the state to
CPRA [La. RS. 3:1221(C)] Agriculture and Forestry is the authority over “benefits, credits, or claim carbon credits for land created
primary agency for carbon offsets derived from projects approved (o not lost) as a result of coastal
sequestration programs - in and undertaken” from coastal restoration projects
agricultural and forestry lands restoration projects implemented by
CPRA
2014 VCS Methodology CPRA developed this Verra standard methodology specifically to quantify the greenhouse gas benefits of wetland creation
VM0024 approved projects (Verra, 2014). Methodology was categorized as a Restoring Wetland Ecosystem (RWE) + Afforestation,
Reforestation and Revegetation (ARR) methodology. VM0024 was developed in parallel with the VM0033 Methodology for
Tidal Wetland and Seagrass Restoration (Emmer et al,, 2023). It was retired in 2024.
2020 VCS Methodology First developed in 2011 for forests, the methodology was changed in 2020 to include project activities on tidal wetlands
VM0007 REDD+MF
2021 VCS Methodology Under this restoration methodology, all tidal wetland restoration projects in the United States are deemed to automatically
VM0033 approved meet the additionality requirement, due to the low number of these activities (Emmer et al,, 2023)
2012, CPRA releases updates to ‘This integrated coastwide protection and restoration planning process rigorously identifies and selects suites of projects,
2017, Louisiana’s Comprehensive Master | modeling land area change with and without restoration effort 50 years into the future (CPRA, 2012; CPRA, 2017; CPRA,
2023 Plan for a Sustainable Coast 2023b)
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