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List of abbreviations and units 

Abbreviations 

ACR – American Carbon Registry  

AI – Artificial Intelligence 

ASOMAUSAN – Asociación de Mangleros Unidos de San Antero (Colombia) 

CCB – Climate, Community and Biodiversity Standard 

CELOS – Centrum Voor Landbouwkundig Onderzoek in Suriname 

CNN - Coastal Carbon Network  

CoP – Community of Practice 

CVS – Corporación Autónoma Regional de los Valles del Sinú y del San Jorge (Colombia) 

CZMAI – Coastal Zone Management Authority and Institute (Belize) 

DEFRA – Department for Environment, Food and Rural Affairs (United Kingdom) 

eDNA - Environmental DNA 

ENSO – El Niño–Southern Oscillation 

GCCA – Global Climate Change Alliance 

GEDI – Global Ecosystem Dynamics Investigation (NASA) 

GIS – Geographic Information System 

IDB – Inter-American Development Bank 

IMA – Institute of Marine Affairs (Trinidad and Tobago) 

INVEMAR – Instituto de Investigaciones Marinas y Costeras (Colombia) 

IPCC – Intergovernmental Panel on Climate Change 

LAC – Latin America and the Caribbean 

LiDAR – Light Detection and Ranging 

MRV – Measurement/ Monitoring, Reporting and Verification 

NASA – National Aeronautics and Space Administration  

NDC – Nationally Determined Contribution 

NFI – National Forest Inventory (Suriname) 

NFMS – National Forest Monitoring System (Suriname) 

PV – Plan Vivo 



 

 

SBB – Stichting voor Bosbeheer en Bostoezicht (Suriname) 

SERC – Smithsonian Environmental Research Center 

SIAC – Sistema de Información Ambiental Colombiano 

SIAM – Sistema de Información Ambiental Marina (Colombia) 

SIGMA – Sistema de Información para la Gestión de los Manglares en Colombia 

SLMS – Satellite Land Monitoring System (Suriname) 

STACIE – St. Augustine Centre of Innovation and Entrepreneurship  

TLS – Terrestrial Laser Scanning 

UAV – Unmanned Aerial Vehicle (Drone) 

UNFCCC – United Nations Framework Convention on Climate Change 

USD – United States Dollar 

UWI – University of the West Indies 

VCS – Verified Carbon Standard (administered by Verra)  

Units 

ha – hectare (10,000 m²) 

km² – square kilometer (1,000,000 m²) 

m² – square meter 

CO₂ – carbon dioxide 

CH₄ – methane 

Mg C – megagram of carbon (1 Mg = 1 metric ton) 

Mg C ha⁻¹ – megagram of carbon per hectare (1 Mg = 1 metric ton) 

t CO₂ – metric ton of carbon dioxide 

t CO₂e – metric ton of carbon dioxide equivalent 

GtC O₂e – gigaton of carbon dioxide equivalent (1 Gt = 1 billion tons) 

Tg C - teragram of carbon (1 Teragram = million tonnes) 

Tg CO₂ - teragram of carbon dioxide 
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Conference Overview 

In the face of climate change, blue carbon ecosystems play a crucial role in carbon 

sequestration, making them essential to global efforts in mitigating climate impacts. 

Recognizing the importance of these blue carbon ecosystems, the St. Augustine Centre of 

Innovation and Entrepreneurship (STACIE) at the University of the West Indies (UWI), in 

partnership with the Inter-American Development Bank (IDB) and the UK Department for 

Environment, Food and Rural Affairs (DEFRA), and hosted by the Instituto de 

Investigaciones Marinas y Costeras (INVEMAR), convened the International Blue Carbon 

and Wetlands Conference. The goal was raising awareness and education about the 

importance and opportunities that blue carbon provided.  

This conference formed part within the Regional Blue Carbon Monitoring, Reporting and 

Verification (MRV) Project, which aimed to standardize blue carbon MRV across four project 

sites: Colombia, Panama, Suriname, and Jamaica. It built on the outcomes of the second 

technical workshop held in November 2024, where the Community of Practice (CoP) put 

forward recommendations to advance the regional blue carbon agenda, particularly 

regarding MRV systems. The conference reflects growing momentum across Latin America 

and the Caribbean (LAC) to strengthen regional collaboration in blue carbon science and 

reporting. 

Over two days, five core themes guided the technical sessions—presented not only as 

topics, but as stages in a shared climate response. These discussions engaged a wide range 

of stakeholders, including scientists, academic institutions, policymakers, resource 

managers, blue carbon brokers, and the local communities who lived in and depended on 

blue carbon ecosystems. 

The sessions began with an exploration of the ecosystem services provided by blue carbon 

habitats. From there, the focus turned to scientific innovations that supported evidence-

based decision-making and a deeper understanding of human impacts. Next, the agenda 

examined the human dimension—community and gender inclusion—within this broader 

context. The fourth theme highlighted the financial mechanisms needed to scale solutions 

and build resilience. Finally, discussions addressed the policy and governance frameworks 

required to ensure long-term implementation. 
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Keynote Address 

 

Stephen Crooks 
Co-Chair of International Blue Carbon Scientific Working Group, Silvestrum Climate 
Associates, United States of America. 
 

Coastal wetlands are among the most carbon-dense ecosystems globally, functioning as 

both critical carbon sinks and providers of multiple co-benefits. Although they occupy a 

relatively limited spatial extent, they store disproportionately high carbon stocks while also 

supporting fisheries, providing shoreline protection, and maintaining biodiversity. Carbon 

metrics thus serve not only as a basis for climate accounting but also as valuable indicators 

of broader ecosystem health. Importantly, Schile et al. (2017) demonstrated that coastal 

soils store more organic carbon than is found in total aboveground biomass1. 

Over the past 15 years, experience in blue carbon initiatives has shown the importance of 

vertical and horizontal linkages. Effective strategies connect high-level policy engagement, 

 
1 Schile, L. M., Kauffman, J. B., Crooks, S., Fourqurean, J. W., Glavan, J., & Megonigal, J. P. (2017). Limits on 
carbon sequestration in arid blue carbon ecosystems. Ecological Applications, 27(3), 859–874. 
https://doi.org/10.1002/eap.1489  

https://doi.org/10.1002/eap.1489
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beginning with the United Nations Framework Convention on Climate Change (UNFCCC) 

and other global frameworks, with action at the national and community levels, where carbon 

project development occurs. Achieving credibility and comparability in these initiatives 

requires the adoption of standardized methods for measurement, reporting, and verification. 

From a coastal management perspective, the focus on restoration extends beyond simply 

rehabilitating wetlands. The objective is to build functional, multifunctional landscapes that 

integrate ecological, social, and economic dimensions. This includes the coexistence of 

ecosystems, communities, ports, and development in a way that balances climate 

adaptation and mitigation. High-quality ecosystem restoration supports both objectives, 

particularly when designed with future change in mind, including climate variability and sea-

level rise. 

Regional variability underscored the need for context-specific approaches. For instance, in 

the Caribbean and adjacent regions, diverse geomorphological settings shape ecosystem 

responses to sea-level rise. In the Yucatán Peninsula, gradual slopes may allow mangroves 

to migrate inland. In contrast, Guyana’s sediment-rich coastline can support the vertical 

accretion of marshes and mangroves. However, island nations without either condition face 

heightened vulnerability, where transitions from mangroves to seagrass systems may 

become more likely. 

On the carbon market side, a study of Farahmand, Hilmi and Duarte (2025)2 showed by 

2025, 94 projects were listed across standards such as American Carbon Registry (ACR), 

Climate, Community and Biodiversity Standards (CCB), Plan Vivo (PV), and Verified Carbon 

Standard (VCS, administered by Verra), though most remain under development. However, 

only 19 projects have reached the market, reflecting the inherent complexity of coastal 

ecosystems. Approximately 70% of operational projects are under VCS, which, while 

rigorous, involves exacting and time-intensive processes. The majority of projects focus on 

mangroves due to their high carbon stocks, critical role in tropical regions, and relatively 

stronger financial returns. Fewer initiatives target salt marshes and seagrasses. These 

projects typically adopt 60-year lifespans, consistent with the long-term horizon necessary 

for natural climate solutions. 

 
2 Farahmand, S., Hilmi, N., & Duarte, C. M. (2025). The rise and flows of blue carbon credits advance global 
climate and biodiversity goals. npj Ocean Sustainability, 4, 39. https://doi.org/10.1038/s44183-025-00141-6 

https://doi.org/10.1038/s44183-025-00141-6
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Despite this progress, more than 90% of projects fail to reach completion, for reasons that 

include shifting standards and evolving methodological requirements. For example, earlier 

protocols, such as the Clean Development Mechanism mangrove methodology, have been 

retired, compelling projects to adapt and adopt more advanced technical approaches. This 

creates additional burdens for project developers but also opportunities for the broader blue 

carbon community to provide capacity building and technical support, thereby strengthening 

the project pipeline and ensuring that initiatives can continue to mature and deliver climate 

and ecosystem benefits. 

Based on mitigation potential of coastal ecosystems a Goto et al. (2025)3 study quantified 

the scale of opportunity for blue carbon restoration in the wider Caribbean and Central 

America and identified approximately 65,000 ha of restorable coastal wetlands across the 

region. If restored, these ecosystems could remove an estimated 51 to 52 million tCO₂, with 

about 31 million tons achievable at an estimated cost of USD 20 per tCO₂. Although these 

costs may be low, given the complexity and high transaction costs of coastal projects, the 

findings are nonetheless promising. It demonstrated both the significant mitigation potential 

of coastal ecosystems and the emerging economic rationale for scaling restoration across 

the region. 

Projects in coastal wetlands must be conceived with long time horizons, often sixty years or 

more. This demands investors and funders willing to look beyond immediate financial returns 

and embrace the long-term ecological and social value of restoration. The most durable 

projects are those that combine carbon finance with co-benefits, including biodiversity 

conservation, coastal resilience, and community well-being. Increasingly, buyers in 

voluntary markets are placing higher value on initiatives that integrate these multiple 

dimensions rather than focusing solely on carbon metrics. 

Degradation has double penalty: when mangroves are drained or lost, not only is centuries 

of stored soil carbon released as CO₂, but altered hydrological conditions can also intensify 

the production of CH₄, a far more potent greenhouse gas. In contrast, healthy mangroves, 

marshes, and seagrasses act as climate buffers on multiple fronts. Beyond carbon 

sequestration, they contribute to ocean alkalinity balances through biogeochemical 

processes. The export of dissolved alkalinity helps mitigate ocean acidification, supporting 

 
3 Goto, G. M., Goñi, C. S., Braun, R., Cifuentes-Jara, M., Friess, D. A., Howard, J., Klinger, D. H., Teav, S., 
Worthington, T. A., & Busch, J. (2025). Implementation costs of restoring global mangrove forests. One Earth, 
Article 101342. https://doi.org/10.1016/j.oneear.2025.101342  

https://doi.org/10.1016/j.oneear.2025.101342
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the resilience of marine ecosystems and calcifying organisms such as corals and mollusks. 

Although this service remains less quantified and has not yet been fully incorporated into 

carbon market methodologies. 

Finally, some tools that can help overcome barriers and accelerate action are: a publication 

Unlocking Blue Carbon Development: Investment Readiness Framework for Governments4 

to guide countries in aligning science, policy, and finance; a finance calculator Blue Carbon 

Cost Tool5 to assess project costs and revenues; the Coastal Carbon Atlas6, which curates 

standardized data and strengthens national climate inventories; and new technologies such 

as drone-based biomass mapping, which offer cost-effective and precise monitoring.  

In conclusion, while standardized approaches are essential to ensure credibility and 

comparability, progress must not be stalled by the pursuit of perfection. Echoing the long-

standing blue carbon philosophy, practitioners to “use the best available data” build on 

existing networks such as the Coastal Carbon Network (CNN), and continue refining 

methods as science and practice evolve. Conferences and expert workshops are vital for 

knowledge sharing and collective learning, while engagement with bodies like the 

Intergovernmental Panel on Climate Change (IPCC) helps embed coastal ecosystems 

within broader climate frameworks. Ultimately, the task is to align climate mitigation goals, 

natural working lands strategies, and national development aspirations with conservation 

imperatives. Only by linking these agendas coherently can blue carbon deliver on its promise 

of advancing climate action, biodiversity protection, and human well-being together. 

  

 
4 World Bank. (2023, September 11). Unlocking blue carbon development: Investment readiness framework for 
governments. Washington, DC: World Bank. https://hdl.handle.net/10986/40334 
5 The Nature Conservancy & Vizzuality. (2025). *Blue Carbon Cost Tool (BCCT)*. NatureBase. 
6 Smithsonian Environmental Research Center, Coastal Carbon Network. (2024). Coastal Carbon Atlas. Coastal 
Carbon Network. Retrieved from https://shiny.si.edu/coastal_carbon_atlas/ 

https://hdl.handle.net/10986/40334
https://shiny.si.edu/coastal_carbon_atlas/?utm_source=chatgpt.com
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Technical Session: Ecosystem 

Services of Blue Carbon Habitats 

This session examined best practices, 

challenges, and innovations in restoring and 

managing blue carbon ecosystems across 

LAC. Speakers presented case studies on 

mangroves, seagrasses, and wetlands, 

emphasizing both ecological outcomes and 

community benefits. Discussions highlighted 

how ecosystem services such as biodiversity 

conservation, fisheries support, water purification, carbon storage, and coastal protection 

could be sustained through integrated approaches that combined science, local knowledge, 

and innovative monitoring tools. 

The session featured four presentations: 

• Juan Felipe Lazarus (INVEMAR, Colombia) shared lessons from decades of 

mangrove restoration in the Ciénaga Grande de Santa Marta, where hydrological 

reconnection, sediment mounding, and community participation were key to 

recovery. 

• Rahanna Juman and Hamish Asmath (Institute of Marine Affairs, Trinidad and 

Tobago) described how hydrological alteration and pollution shaped the Caroni 

Swamp, presenting new research on its biodiversity, water purification services, and 

blue carbon potential. 

• Hannah Morrissette (Smithsonian Environmental Research Center, United 

States of America) introduced a geomorphological framework for understanding 

how mangrove ecosystem services vary across scales and settings, offering 

practical entry points for management and policy. 

• Diana Isabel Gómez (INVEMAR, Colombia) showcased Colombia’s seagrass 

meadows as global blue carbon hotspots, presenting evidence of exceptionally 

high carbon storage and emphasizing their importance for climate mitigation and 

national commitments.  
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Planning, Implementing, and Monitoring Mangrove Recovery: A 
Best Practice Case from Cienaga Grande de Santa Marta 

Juan Felipe Lazarus 
Head of the Marine and Coastal Ecosystems Restoration Program, Institute for 
Marine and Coastal Research (INVEMAR), Colombia 
 

It described the long-term restoration of mangroves in the Ciénaga Grande de Santa Marta, 

Colombia’s largest coastal lagoon and a Ramsar site of global importance. The area also 

held high fisheries value, producing around 6,500 tons annually, which supported the food 

security of approximately 3,500 fishers and their families. By the late 1950s and 1970s, 

however, road construction caused the loss of more than 60% of mangrove cover. The 

principal drivers of this degradation were hyper salinization and sedimentation caused for 

the blocking of water flows. 

In response, the restoration project was developed on a robust ecological and hydrological 

baseline and included a long-term monitoring framework to track recovery and guide 

adaptive management. Restoration actions included hydrological reconnection through 

canal clearing, construction of sediment mounds for planting mangrove seedlings, and 

promotion of natural regeneration. Monitoring results showed improved water quality, 

reduced salinity, and recovery of mangrove forest structure, with measurable increases in 

biomass and carbon storage in soils and vegetation. 

The entire process was carried out with strong community participation. Dialogue spaces 

were created where local groups engaged not only in technical and ecological aspects of 

restoration but also strengthened their administrative and organizational capacities. This 

empowered communities to lead processes independently and to view conservation and 

restoration as sustainable livelihood opportunities. 

The success of this project lay in the integrated approach, combining science, community 

knowledge, and adaptive management. The strategy centered on three pillars: integrated 

planning through diagnosis and baseline assessment; socio-ecological implementation that 

merged scientific and local knowledge with community action; and robust monitoring to track 

recovery, inform adaptive decisions, and measure blue carbon outcomes. 
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Anthropogenic modifications to the Caroni Swamp: impacts and 
ecosystem services

Rahanna Juman 
Deputy Director, Institute of Marine 
Affairs (IMA), Trinidad and Tobago  
 

Hamish Asmath 
Geographical Information Systems 
Officer, Institute of Marine Affairs 
(IMA), Trinidad and Tobago - 

 

The presentation focused on the Caroni Swamp, Trinidad and Tobago’s largest mangrove 

forest and second largest wetland, covering more than 4,000 ha in 2020 along the Gulf of 

Paria. Recognized as a Ramsar site of international importance, the Caroni Swamp is a 

critical biodiversity hotspot, home to 190 bird species—including the endangered Scarlet 

Ibis, the country’s national bird—as well as commercially valuable species such as oysters, 

crabs, and fish that sustain local livelihoods and support eco-tourism. 

The history of hydrological alteration in the swamp, beginning in the colonial era with 

drainage schemes designed for rice cultivation. These interventions, combined with poor 

maintenance of infrastructure, sea level rise, and expanding urban development, reshaped 

the swamp’s ecology—driving mangrove expansion inland but at the cost of freshwater 

marshes. This transformation reduced the availability of freshwater invertebrates needed by 

juvenile Scarlet Ibis, making the species increasingly vulnerable. 

In 2020, research on water quality regulation used isotopic analysis to identify the main 

sources of pollution: wastewater and sewage on the northern side of the wetland, and 

agricultural fertilizers on the southern side. As a response, projects were initiated to promote 

alternatives to chemical fertilizers to reduce nutrient pollution while sustaining farming 

practices. Studies also demonstrated that the swamp plays a vital role in water purification: 

water exiting the system into the Gulf of Paria showed reductions of 20% in ammonia, 41% 

in nitrate, 23% in dissolved organic nitrogen, and 25% in total dissolved nitrogen, 

demonstrating the mangrove’s capacity to filter and improve water quality. 

Equally important, the Caroni Swamp was found to hold 65% of Trinidad and Tobago’s 

aboveground mangrove carbon (573,186 MgC). Pilot soil core studies revealed even higher 

carbon storage below ground, averaging 433 MgC ha⁻¹, emphasizing the critical role of 

sediments as long-term carbon reservoirs. The team also presented innovative 

methodologies to advance blue carbon MRV in the country, including Light Detection and 

Ranging (lidar) drone surveys, plot-level biomass measurements, 3D laser scanning to 
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capture tree structure, and novel approaches to measure CH₄ and CO₂ fluxes from soils and 

trunks. These efforts, supported by the Green Climate Fund and the IDB, aimed to inform 

the development of a national blue carbon credit scheme, with the Caroni Swamp as a key 

reference site. 
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Blue Carbon and Beyond: coastal ecosystem services and their 
drivers across the Caribbean  

Hannah Morrissette 
Associate Researcher, Smithsonian Environmental Research Center (SERC) and 
Global Mangrove Alliance Science Technical Group, United States of America.  
 

The aim of the presentation was that mangrove ecosystem services depended not only on 

the ecosystems themselves but also on geomorphological settings and spatial–temporal 

drivers across scales. At the global scale, climate processes such as ENSO and circulation 

patterns shape wetlands, while at regional, national, and local levels, factors include 

watersheds, protected areas, community management, and coastal development. A major 

contribution was the integration of coastal geomorphology as a framework for understanding 

ecosystem services.  

Mangroves were classified into four dominant geomorphological settings—deltas, estuaries, 

lagoons, and open coastlines—each influenced by hydrology, tides, waves, and sediment 

supply. This classification was functional as well as ecological, since different 

geomorphologies provided ecosystem services in distinct magnitudes and types, including 

fisheries, coastal protection, and carbon storage. Global datasets combined with local 

studies demonstrated that the Caribbean was largely dominated by carbonate settings, but 

with significant local-scale variations that required more detailed mapping. 

Research from Belize illustrated how carbon soil storage and origin varied by 

geomorphology. Offshore cays stored the highest amounts of carbon near the surface, 

lagoons showed greater accumulation at depth, and riverine mangroves maintained 

relatively stable carbon levels across the soil profile. Stable isotope analysis revealed that 

riverine sites contained approximately 40% mangrove-derived (autochthonous) carbon, 

while cays and lagoons reached 70–90%, findings with important implications for blue 

carbon MRV and accounting. 

Beyond carbon, different geomorphologies were shown to support distinct services: 

estuaries and lagoons provided the greatest value for coastal protection, deltas supported 

fisheries and expanding populations, and lagoons sustained livelihoods linked to bivalves 

and crabs. The presentation concluded that conservation and management strategies 

should move beyond simple area-based targets and instead integrate the capacity of each 

geomorphological setting to deliver services that benefitted both ecosystems and 
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communities. The data presented were already being applied in LAC to inform national 

policies, such as Nationally Determinate Contributions (NDCs), as well as local management 

plans, positioning geomorphology as a practical entry point for sustainable wetland 

conservation and blue carbon strategies. 
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The ecological value of seagrasses in carbon capture and 
advances in Colombia 

Diana Isabel Gómez 
Head of the Ecosystem Organization and Dynamics Line of the Biodiversity and 
Marine Ecosystems Program, Institute for Marine and Coastal Research 
(INVEMAR), Colombia 
 

This presentation focused on INVEMAR’s long-standing research on seagrass ecosystems, 

emphasizing their ecological functions and their role in blue carbon storage in Colombia. 

The country hosted six species of seagrasses: Thalassia testudinum, Syringodium filiforme, 

Halodule wrightii, Halophila decipiens, Halophila baillonis, and Ruppia maritima. In 

Colombia, seagrasses occurred only in the Caribbean region, with over 80% of the meadows 

located in La Guajira. These ecosystems played a vital ecological role by stabilizing 

sediments, protecting coastlines from erosion, serving as biodiversity hotspots, and acting 

as significant carbon sinks. Their root and rhizome structures trapped organic matter, while 

their leaves dissipated wave energy and contributed to sediment accumulation, forming 

geomorphological terraces that enhanced coastal resilience. 

Within the framework of the national project Manglares, pastos marinos y comunidades 

locales (2017–2020), a sub-project was developed to determine the role of Thalassia 

testudinum meadows in the Colombian Caribbean in the context of blue carbon. Using 

methodologies from the Blue Carbon Initiative, researchers quantified carbon stocks in 

seagrass sediments7.  

The results demonstrated that Colombian seagrass meadows contained exceptionally high 

carbon stocks, averaging 241 Mg C ha⁻¹ in the top one meter of soil. These values were 

considerably higher than the global average (140 Mg C ha⁻¹) and exceeded those reported 

for Mexico, the United States, and Indonesia (71–170 Mg C ha⁻¹). In total, an estimated 14 

Tg C (52 Tg CO₂). was stored in the first meter of sediment, which corresponds to 62% of 

the CO₂ emissions from fossil-fuel burning by Colombia in 2014. Based on the average 

Carbon Accumulation Rate (CAR) measured 0.081 Tg C year⁻¹ (0.3 Tg CO₂ year⁻¹), 

seagrass meadows represented approximately 0.4% of emissions from fossil fuels in 

 
7 Acosta Chaparro, A., Gómez-López, D. I., Sánchez-Valencia, L., González-Corredor, J. D., & Navas-Camacho, 
R. (2022). Biomasa de pastos marinos y su rol como sumideros de carbono en las localidades de la isla de San 
Andrés y La Guajira, Caribe colombiano. Boletín de Investigaciones Marinas y Costeras, 51(1), 137–150. 
https://boletin.invemar.org.co/ojs/index.php/boletin/article/view/1227 

https://boletin.invemar.org.co/ojs/index.php/boletin/article/view/1227
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Colombia at 2014 rates. These findings positioned Colombian seagrasses as a promising 

hotspot for blue carbon. 

Isotope analyses revealed that the primary carbon sources were seagrass detritus and 

seston, with mangroves contributing in some sites. Sediment grain size was a critical factor: 

fine sediments supported higher carbon stocks, while coarse sediments stored less. 

Biomass measurements further confirmed the importance of these ecosystems, particularly 

in San Andrés, where belowground biomass was notably high. Comparisons with 

international studies placed Colombian seagrass meadows among the most effective blue 

carbon ecosystems globally, although variations existed between regions. 

It emphasized the need for continued research, improved methodologies, and careful 

consideration of local ecological conditions to fully assess the restoration and conservation 

potential of these ecosystems. In addition, it was reaffirmed that Colombian seagrass 

meadows were true blue carbon hotspots, playing a crucial role in climate change mitigation, 

biodiversity conservation, and coastal protection. 
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Technical Session: Scientific 

Innovations in Blue Carbon Research 

This session explored cutting-edge research 

on carbon sequestration in coastal wetlands, 

highlighting progress in monitoring and 

modeling, as well as opportunities to harness 

new technologies for both baseline 

assessments and large-scale restoration. 

Discussions also emphasized the importance 

of translating scientific advances into 

actionable knowledge that strengthens national climate commitments and supports regional 

cooperation.  

The session featured four presentations:  

• Tobias Jackson (University of Bristol, United Kingdom) discussed allometric 

science using uncertainties terrestrial laser scanning (TLS) approach for mangroves 

and tropical forests. Also, it discussed uncertainties in carbon accounting for 

mangroves focusing on allometric equations, wood density variation, soil carbon, and 

belowground biomass.  

• Noelia Jiménez (Nature Metrics, United Kingdom) introduced the potential of 

eDNA in restoration and conservation projects. It explained how eDNA can identify 

species composition, track biodiversity shifts, and provide a cost-effective 

complement to traditional field surveys, making it a valuable tool for monitoring 

ecosystem health alongside carbon accounting. 

• Jorge Hoyos Santillán (University of Eastern Finland/ Smithsonian Tropical 

Research Institute, Panama) pointed out the role of science as the driver of climate 

strategies, using Panama’s experience to show how research has enabled the 

integration of mangroves into the country’s NDCs. It underscored the importance of 

moving from qualitative commitments to quantitative, verifiable targets, while also 

pointing out key challenges such as limited data, methodological variability, and 

reliance on international funding. 
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• Jasper Feyen (University of Ghent, Belgium) presented innovative work from 

Suriname, combining field inventories, TLS, UAV-based lidar and NASA’s GEDI 

spaceborne lidar to characterize mangrove structure and succession. This research 

demonstrated how combine all these technologies can calibrate large-scale models, 

improve biomass mapping, and strengthen national MRV systems while contributing 

to regional and global blue carbon initiatives.  
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Improving our estimates of mangrove carbon storage using lidar 

Tobias Jackson 
Senior Research Associate, University of Bristol, United Kingdom 
 

The contributions of this presentation were aim on allometry, which is the process of 

estimating tree biomass and carbon storage from field measurements such as height and 

diameter. Traditionally, allometric equations are developed by cutting down and weighing 

trees, but available datasets are limited, particularly for large trees. To overcome this gap 

the use of TLS, which produces detailed 3D point clouds of trees. This method allows 

researchers to fit cylinder models to tree structures, providing accurate biomass estimates 

without the need to cut down trees. Importantly, TLS is especially effective for large trees, 

which are underrepresented in traditional datasets. 

TLS has been successfully applied in temperate forests and is now being tested in mangrove 

ecosystems. Mangroves present unique challenges due to their root structures, but 

adaptations—such as modeling roots and stems separately and then recombining them—

have shown promising results. Despite its potential, TLS data collection and processing are 

complex: multiple scans are required, stable field conditions are essential, and substantial 

manual cleaning of point clouds is often necessary. Still, the payoff is significant, as each 

large tree scanned represented one less that must be felled for research 

While improved allometric equations help reduce uncertainty in aboveground biomass, 

several other sources remain. These include wood density variation, belowground roots, and 

deadwood storage. Soils, in particular, store very large carbon stocks but carry the greatest 

uncertainty due to variability in depth, composition, and measurement methods. Refining 

allometric methods is one step toward narrowing uncertainty, but advancing understanding 

of other components is equally critical. Trough collaboration, new datasets, and innovative 

methodologies like TLS in improving carbon accounting in mangrove and forest ecosystems. 
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The use of eDNA and artificial intelligence for MRV and Blue 
Carbon Accounting 

Noelia Jimenez Martinez 
Head of Insights and Machine Learning, NatureMetrics, United Kingdom 
 

Environmental DNA (eDNA) is genetic material that organisms leave behind in their 

environment and this joined with the artificial intelligence (AI) could strengthen MRV systems 

for blue carbon ecosystems. Genetic material shed by organisms, through cells, feathers, or 

waste, can be collected from sediments, water, or soil. This material can then be amplified 

in the lab to identify species presence, including fish, mammals, invertebrates, bacteria, and 

fungi. The approach is cost-effective, scalable, and inclusive, as local communities can 

participate in sample collection, enhancing ownership and accessibility of biodiversity 

monitoring. 

The eDNA allows researchers to track ecosystem health, detect invasive species, and 

assess the effectiveness of restoration activities. Peer-reviewed studies have also shown 

that eDNA metabarcoding can help trace the provenance of organic carbon, offering a 

taxonomic resolution that distinguishes between sources such as mangroves, seagrasses, 

and macroalgae. Beyond species identification, eDNA data can be combined with species 

distribution models and geospatial information to inform conservation priorities, identify high-

risk areas, and guide restoration strategies with greater precision. All these approaches are 

valuable for blue carbon restoration and conservation projects, including seagrass, kelp 

forests, and mangroves.  

AI, particularly emerging geospatial foundation models such as Google DeepMind’s 

AlphaEarth. These models aggregate vast layers of spatial and ecological data, enabling 

faster and more accurate pattern recognition in complex ecosystems and combining ground-

truth data from eDNA could generate more comprehensive biodiversity maps, improve 

carbon accounting, and enhance confidence in carbon markets. Integrating innovative 

methods like eDNA and AI is essential to accelerate systematic, verifiable approaches for 

monitoring blue carbon ecosystems and scaling conservation finance. 
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Mangroves in Panama's Climate Strategy 

Jorge Hoyos Santillán 
Senior Researcher, University of Eastern Finland/Smithsonian Tropical Research 
Institute – Blue Natural Heritage, Panama 
 

This presentation stressed the scientific contributions to the design and implementation of 

climate strategies, with particular emphasis on the integration of mangroves into Panama’s 

NDCs. Science is the driving force behind climate action, guiding countries in shaping their 

commitments. Across LAC, only sixteen countries explicitly mention mangroves in their 

NDCs, and just seven (Bahamas, Belize, Colombia, Guatemala, Guyana, Haiti, and 

Panama) include quantitative targets that can be monitored, verified, and economically 

valued.  

In Panama, research has supported a transition from qualitative commitments, such as 

ecosystem mapping and restoration manuals, toward quantitative targets that enable 

measurable and verifiable outcomes. This process, however, has faced several challenges, 

including limited information and variable methodologies, reflected in the lack of precision in 

national mangrove maps and uncertainty in carbon stock estimates due to differences in 

allometric equations, image resolutions, and soil sampling depths. National research 

capacity also has been constrained, as infrastructure depends heavily on foreign institutions, 

underscoring the need to strengthen local scientific leadership to ensure continuity. 

The Blue Natural Heritage project sought to address some of these challenges by generating 

new data for Bahía Parita and Bahía de Panamá. The project carried out species mapping, 

biomass and carbon assessments, and greenhouse gas flux measurements, while ensuring 

the involvement of Panamanian scientists. Importantly, it also made these datasets openly 

accessible. 

Overcoming existing barriers requires harmonized methodologies, transparent data 

practices, and stronger local leadership. Panama’s experience demonstrates that effective 

blue carbon strategies depend on robust national capacity, political commitment, adequate 

infrastructure, and sustainable financing. The open-access datasets now available not only 

provide a solid national baseline but also create opportunities for regional comparison, 

reinforcing the principle that science is essential for the development, implementation, and 

long-term success of climate strategies in blue carbon ecosystems.  
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Characterization of mangrove structure in Suriname using 
Terrestrial LiDAR and Multisource Remote Sensing 

Jasper Feyen 
PhD Researcher, University of Ghent, Belgium 
 

This presentation described a set of approaches applied to Suriname’s mangroves with the 

goal of characterizing their structure and advancing methods for mapping, monitoring, and 

modeling these ecosystems under the two Global Climate Change Alliance (GCCA) projects 

in the country. The first approach focused on species mapping, using Sentinel imagery and 

Google Earth Engine to classify red mangroves, black mangroves, and degraded “mangrove 

graveyards.” Historical Landsat time series were also used to generate annual cover maps, 

offering insights into mangrove dynamics and change over more than three decades. The 

second approach involved the use of TLS and UAV-lidar (ULS) transect studies, applied 

across sites ranging from young stands to mature mixed forests, generating highly detailed 

3D structural data.  

Third approach, used data from NASA’s GEDI, a lidar instrument on the International Space 

Station that sends laser pulses to Earth’s surface and records the returning waveform to 

reveal the vertical distribution of vegetation. When combined with Landsat-derived age maps 

and distance-to-coast proxies, the GEDI data showcased two key effects: (1) age effect—

structural metrics such as canopy height follow an exponential growth curve during the first 

10–15 years, showing how young mangroves rapidly gain height and complexity, and (2) 

coastal gradient effect—distance from the shoreline influences forest structure more linearly, 

with GEDI signals showing a shift toward older, sometimes degraded or swamp-like 

mangroves beyond approximately 2.5 km inland. 

Finally, results from a pilot study focused on two chronosequences of mangroves through 

two transects spanning from young coastal to older and decaying forest. Data collection 

included with UAV-based lidar, soil samples, wood-core density analyses, and forest 

inventories. Findings highlighted successional dynamics, with dense young stands thinning 

as they aged, while drone lidar provided detailed 3D structure and individual tree detection. 

These datasets are now being used to calibrate NASA’s GEDI spaceborne lidar, enabling 

more accurate mangrove-specific models of biomass and structure, and setting the 

foundation for improved national mapping in combination with Sentinel and upcoming radar 

missions.  
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Panel Discussion 

The panel discussion, moderated by Hamish Asmath, brought together four experts: Tobias 

Jackson, Noelia Jimenez, Jasper Feyen, and Jorge Hoyos. The session focused on 

balancing technological innovation with methodological harmonization in Blue Carbon MRV 

systems, and on identifying ways to scale scientific approaches into policy and practice. The 

conversation developed around five main themes: 

1. Standardization and harmonization. It’s necessary define a set of core metrics 

(such as aboveground biomass, soil carbon, and rates of cover change) and to 

harmonize sampling protocols, allometric equations, and plot sizes. Such 

consistency would ensure that data are comparable across countries and useful for 

both regional and global reporting. 

2. Technological innovation vs. practical applicability. Emerging tools such as 

eDNA, GEDI, drones, and AI hold significant potential to increase accuracy and 

expand monitoring. However, there must be a balance between innovation and 

simplicity, prioritizing methods that can be realistically maintained by governments 

with limited resources. Drones and satellite sensors were identified as the most 

immediately scalable technologies in the region. 

3. Local capacities and infrastructure. Strengthening and retaining local scientific 

expertise is essential to reduce dependence on foreign laboratories and institutions. 

Suggested strategies included regional cooperation programs, technical exchanges, 

and laboratory networks to build a sustainable MRV infrastructure across the region. 

4. Policy and financing. Translating science into concrete commitments in NDCs 

requires clear institutional mandates and strong backing from national ministries and 

agencies. To ensure continuity, panelists emphasized the importance of combining 

national budgets, international cooperation, and hybrid financing models to sustain 

MRV systems beyond short-term projects. 

5. Regional integration. Collaboration among LAC countries is vital to accelerate 

harmonization of methods and create open data platforms. Also, it’s important 

aligning national MRV systems with global blue carbon initiatives so that local data 

can feed into, and reinforce, international climate commitments. 

Across the discussion, three key messages emerged: 



 

 
28 

• Harmonization is critical to ensure comparability and transparency across MRV 

systems. 

• Technological innovation must be paired with capacity building and institutional 

support; otherwise, tools risk remaining at the academic or pilot stage. 

• Sustained financing and collaboration among governments, academia, industry, and 

local communities are essential to turn innovation into long-term climate action. 

The panel concluded that while technologies will continue to evolve rapidly, shared 

standards, open data, and ongoing regional cooperation will remain the foundation for 

credible and effective blue carbon MRV in LAC.  

  



 

 
29 

Technical Session: Importance of 

Gender, Community, and Stakeholder 

Engagement in Blue Carbon projects 

This session explored the central role of 

inclusive governance, gender equity, and 

community participation in ensuring the 

success and long-term sustainability of blue 

carbon initiatives. Discussions pointed out 

how empowering local actors, recognizing 

traditional knowledge, and embedding equity 

considerations into project design create 

stronger ecological outcomes, enhance social 

legitimacy, and generate broader socio-

economic benefits. 

The session featured three presentations: 

• Paulette Bynoe (University of Guyana, Guyana) emphasized that blue carbon 

ecosystems are socio-ecological systems that cannot be effectively managed 

through technical approaches alone. She underscored the importance of inclusive 

governance that integrates gender, community, and stakeholder perspectives to 

strengthen equity, trust, and sustainability in project implementation. 

• Mark Beeston (Conservation International, France) provided an overview of 

recent global advances (2021–2025) in establishing standards and tools for high-

quality blue carbon projects. He showcased the evolution from the High-Quality Blue 

Carbon Principles (2021) to the Practitioner’s Guide (2024), and ongoing validation 

in 2025, noting the growing recognition of social, gender, and community dimensions 

as integral to project integrity. 

• María Ester Priolò Díaz (ASOMAUSAN, Colombia) shared community-based 

experiences from the Vida Manglar initiative in Cispatá Bay, demonstrating how 

gender inclusion and participatory approaches enhance local ownership, resilience, 
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and conservation outcomes. She illustrated how combining scientific knowledge with 

traditional practices creates effective and equitable pathways for mangrove 

protection and restoration. 
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Inclusive Governance in Blue Carbon Projects in the Caribbean: 
The Importance of Gender, Community, and Stakeholder 
Engagement  

Paulette Bynoe 
Dean, School of Graduate Studies and Research, University of Guyana, Guyana 
 

The presentation drew on experiences from Guyana and the wider Caribbean, emphasizing 

that effective management of blue carbon ecosystems requires inclusive governance that 

integrates gender, community, and stakeholder perspectives. While technical solutions are 

essential, they remain insufficient without mechanisms that ensure equity, participation, and 

social legitimacy. Inclusive governance enhances sustainability by fostering local ownership, 

building trust, and promoting equitable benefit-sharing. It also reduces conflict, strengthens 

compliance and monitoring, and aligns blue carbon initiatives with principles of fairness, 

human rights, and climate justice. 

Gender considerations are central to ensuring equitable participation and benefit 

distribution. Addressing gender equality requires recognizing the diverse roles played by 

different groups; while women have often been historically marginalized, equity depends on 

understanding and valuing all roles and ensuring that benefits are distributed fairly. 

Community engagement is a process that must extend beyond consultation to meaningful 

co-design and co-management. Stakeholder involvement, including communities, 

indigenous peoples, governments, NGOs, the private sector, and academia, was identified 

as critical at all stages of the project cycle to ensure transparency and shared responsibility. 

Several challenges to inclusive governance were noted, including centralized decision-

making, weak legal recognition of community and indigenous rights, overlapping institutional 

mandates, and limited resources for gender and community outreach. Addressing these 

challenges requires participatory governance models, clear legal mandates supporting 

inclusivity, multistakeholder platforms, and transparent benefit-sharing frameworks. The 

presentation concluded that inclusive governance is fundamental for the legitimacy, equity, 

and long-term success of blue carbon projects, and called for LAC countries to strengthen 

leadership by embedding social inclusion at the core of blue economy strategies. 
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Potential pathways to integrate high-quality community inclusion 
and safeguarding practices into policy  

Mark Beeston 
Blue Carbon Technical Director, Conservation International, France 
 

The presentation provided an overview of recent advances (2021–2025) in integrating 

gender, community, and stakeholder participation into blue carbon projects. It emphasized 

that blue carbon ecosystems are socio-ecological systems, where effective management 

requires addressing both ecological processes and human interactions. While technical 

approaches are essential, they are insufficient unless complemented by inclusive 

governance. 

In 2021, international debate began to consolidate around the definition of a “high-quality” 

blue carbon project. This year marked the initiation of principles and guidelines that combine 

ecological integrity with social benefits. In 2022, the High-Quality Blue Carbon Principles 

and Guidance8 were published, establishing a global framework to ensure that projects not 

only sequester carbon but also safeguard biodiversity, respect community rights, and 

promote equity. In 2023, the Best Practice Guidelines for Mangrove Restoration9 were 

released, providing a step-by-step approach to project design and management and 

explicitly integrating community engagement as a central component of project 

development. In 2024, the launch of the High-Quality Blue Carbon Practitioner’s Guide10 and 

introduced the progress wheel which is a practical self-assessment tool that allows projects 

to measure progress across ecological, social, and governance dimensions and to 

communicate results in a clear and visual format. Finally, in 2025, attention has shifted to 

the practical application and validation of these tools, with the expectation of releasing a 

more refined second version. 

The presentation concluded that successful blue carbon initiatives must integrate rigorous 

science with meaningful community participation, gender equity, and transparent 

 
8 Ocean Risk Alliance. (2022, November 9). High-Quality Blue Carbon Principles and Guidance. Retrieved from 
https://oceanriskalliance.org/wp-content/uploads/High-Quality-Blue-Carbon-Principles-Guidance-9-November-
2022.pdf  
9 Global Mangrove Alliance & Blue Carbon Initiative. (2023). Best Practice Guidelines for Mangrove Restoration. 
Retrieved from https://www.mangrovealliance.org/wp-content/uploads/2023/10/Executive-Summary_Best-
Practice-Guidelines-for-Mangrove-Restoration_v4.pdf  
10 Ocean Risk Alliance. (2025, February 19). Launching the High-Quality Blue Carbon Practitioner’s Guide. 
Retrieved from https://oceanriskalliance.org/resource/launching-the-high-quality-blue-carbon-practitioners-
guide / 

https://oceanriskalliance.org/wp-content/uploads/High-Quality-Blue-Carbon-Principles-Guidance-9-November-2022.pdf
https://oceanriskalliance.org/wp-content/uploads/High-Quality-Blue-Carbon-Principles-Guidance-9-November-2022.pdf
https://www.mangrovealliance.org/wp-content/uploads/2023/10/Executive-Summary_Best-Practice-Guidelines-for-Mangrove-Restoration_v4.pdf
https://www.mangrovealliance.org/wp-content/uploads/2023/10/Executive-Summary_Best-Practice-Guidelines-for-Mangrove-Restoration_v4.pdf
https://oceanriskalliance.org/resource/launching-the-high-quality-blue-carbon-practitioners-guide
https://oceanriskalliance.org/resource/launching-the-high-quality-blue-carbon-practitioners-guide
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stakeholder engagement. By embedding these principles into project design and monitoring, 

blue carbon projects can deliver not only carbon benefits but also broader ecological, social, 

and economic outcomes. 
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Community engagement for sustainable livelihoods in the 
mangroves 

María Ester Priolò Diaz (Pre-Recording) 
Secretary, Asociación de Mangleros Unidos de San Antero – ASOMAUSAN, 
Colombia 
 

The presentation offered the perspective of a community member from ASOMAUSAN, a 

community-based mangrove association in San Antero, Córdoba, Colombia, which is one 

of several local groups actively engaged in the community-led restoration and conservation 

of mangrove ecosystems in the Cispatá Bay area. This work forms part of the Vida Manglar 

initiative, a collaborative blue carbon project recognized as one of the first in Latin America 

to issue verified carbon credits for mangrove conservation under the VCS. 

Maria Ester shared reflections from four years of experience integrating gender, community, 

and stakeholder participation into blue carbon projects. It was reaffirmed that local 

communities are not only stewards of mangrove ecosystems but also essential actors in 

ensuring the long-term success of restoration and conservation initiatives. In addition, there 

was talk of how incorporating gender perspectives strengthens participation by ensuring that 

both women and men benefit equitably from project activities and decision-making 

processes. 

Finally, was highlighted that genuine stakeholder engagement, through dialogue, co-design, 

and shared responsibilities, creates a sense of ownership that enhances both ecological 

outcomes and community resilience. The experience of ASOMAUSAN illustrates that blue 

carbon initiatives are most effective when they combine scientific knowledge with traditional 

practices, empower local voices, and recognize social dimensions as central to climate and 

conservation strategies. 
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Technical Session: Blue Carbon 

Financing Opportunities  

This session explored the role of finance in 

scaling blue carbon initiatives, emphasizing 

the importance of innovative mechanisms 

such as carbon markets, blue bonds, and 

catalytic funds. Discussions underscored that 

transparent valuation, credible monitoring, 

and equitable benefit-sharing are key to 

attracting investment and ensuring that 

financial flows support both ecological 

integrity and community well-being. 

The session featured three presentations: 

• Diana Denke (Fair Carbon, Switzerland) introduced the Blue Catalyst Fund, 

designed to de-risk and accelerate blue carbon projects through catalytic finance, 

technical advisory, and transaction support, with the goal of mobilizing large-scale 

private investment. 

• Adrián Flores Aguilar (NDC Partnership) presented a framework for mobilizing 

investments aligned with national climate commitments, highlighting tools such as 

public finance, carbon markets, and innovative instruments like blue bonds and debt-

for-nature swaps. 

• Amy Schmid (Conservation International) shared lessons from the Vida Manglar 

project in Colombia, emphasizing both technical aspects of crediting and governance 

challenges, and showing how blue carbon’s economic value can drive conservation 

and community benefits. 
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The Blue Catalyst Fund: De-risking and Scaling High-Integrity Blue 
Carbon Projects for Coastal Resilience  

Diana Denke 
Co-Founder and Chief Executive Officer, Fair Carbon, Switzerland.  
 

The presentation focused on addressing structural challenges that limit the scalability of blue 

carbon markets and introduced the Blue Catalyst Fund, recently launched by Fair Carbon 

to provide end-to-end support for project developers. Despite the rapid growth of voluntary 

carbon markets, blue carbon remains underrepresented, accounting for only 0.2% of issued 

credits. Structural barriers were identified on both the supply side (scarcity of technical 

expertise, high project development costs, and fragmented access to guidance) and the 

demand side (high due diligence costs, lack of transparent data, regulatory complexity, and 

persistent perceptions of risk among investors). 

The Blue Catalyst Fund is a mechanism to de-risk, finance, and accelerate the development 

of high-integrity blue carbon projects. The fund combines grant-based catalytic finance, 

technical advisory services from leading blue carbon experts, and transaction support to 

prepare projects for investment. A milestone-based funding approach ensures alignment of 

incentives, while a revolving repayment model allows recycled philanthropic capital to 

support future project cohorts. 

The program aims to cut the average project accreditation timeline in half—from 3–5 years 

to 1.5–2.5 years—through two entry points: a prefeasibility track and a fast-track for projects 

already beyond feasibility. Initial efforts focus on mangrove projects, with an ambition to 

mobilize USD 6 million in philanthropic capital to unlock an estimated USD 300 million in 

private investment by 2035. Expected outcomes include support for more than 100 projects, 

protection and restoration of 180,000 ha, avoidance or removal of 50 million tCO₂, and USD 

250 million in direct community benefit sharing. 
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Mobilizing Investments for Blue Carbon Ecosystems: A Framework 
for Decision-Makers 

Adrián Flores Aguilar  
Climate Finance Associate, NDC Partnership 
 
The presentation underscored the importance of aligning blue carbon investments with 

national climate commitments, especially as many countries are beginning to include blue 

carbon ecosystems in updated NDCs. A publication about a Supplement on Blue Carbon 

Ecosystems: Climate Investment Planning and Mobilization Framework11 was introduced, 

designed to guide decision-makers through investment planning by integrating ecological, 

social, and financial considerations. The framework emphasized upstream actions such as 

early stakeholder engagement, policy alignment, and climate mainstreaming in national 

budgets, as well as downstream actions including evidence-based investment prioritization, 

cost assessments, barrier identification, and project structuring. 

Key barriers to investment were categorized into systemic challenges (such as governance 

structures, data gaps, and enabling environments) and project-level obstacles (such as 

tenure insecurity or context-specific risks). Capacity constraints, inadequate domestic 

financing, and insufficient policy implementation were also identified as recurring issues. To 

overcome these barriers, the presentation stressed the need to strengthen enabling 

conditions, reform subsidies that undermine conservation, and ensure local capacity 

development for long-term planning and implementation. 

Finally, financing options to accelerate blue carbon action was discussed. Domestic public 

budgets were identified as essential yet underutilized, with less than 3 percent of global 

budgets currently directed to coastal ecosystem conservation. International public finance, 

including multilateral development banks, climate funds, and bilateral cooperation, was 

described as a critical driver for creating enabling conditions and de-risking private 

investment. Market-based mechanisms, such as carbon credits, were recognized for their 

growing potential but also for their risks related to transparency, benefit-sharing, and project 

readiness. In addition, innovative instruments such as blue bonds, debt-for-nature swaps, 

 
11 NDC Partnership & The Pew Charitable Trusts. (2025, May). Supplement on Blue Carbon Ecosystems: 
Climate Investment Planning and Mobilization Framework. Retrieved from 
https://ndcpartnership.org/sites/default/files/2025-05/blue-carbon-ecosystems-supplement-climate-investment-
planning-and-mobilization-framework.pdf 

https://ndcpartnership.org/sites/default/files/2025-05/blue-carbon-ecosystems-supplement-climate-investment-planning-and-mobilization-framework.pdf?utm_source=chatgpt.com
https://ndcpartnership.org/sites/default/files/2025-05/blue-carbon-ecosystems-supplement-climate-investment-planning-and-mobilization-framework.pdf?utm_source=chatgpt.com
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and guarantees were highlighted as catalytic tools to diversify financing sources and unlock 

larger capital flows. 
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Conservation International’s Experiences with Blue Carbon 
Crediting Project Development  

Amy Schmid (Pre-Recording) 
Global Blue Carbon Project Lead, Conservation International  
 

The presentation was focus on Conservation International's experiences and lessons 

learned in the development of blue carbon crediting projects. Also, emphasized the use of 

blue carbon’s economic value to accelerate conservation and restoration of coastal 

ecosystems, highlighting climate mitigation and adaptation benefits as well as positive 

outcomes for local communities. The presentation outlined the pillars of Conservation 

International’s blue carbon program: advancing science through publications and global 

initiatives, piloting crediting projects such as the Vida Manglar project in Cispatá, Colombia, 

and enabling policy change to strengthen the enabling environment for ecosystem 

protection.  

Vida Manglar project, the first initiative to issue credits under a dedicated blue carbon 

methodology of the VCS. The project, implemented with INVEMAR, the Omacha 

Foundation, and the local environmental authority Corporación Autónoma Regional de los 

Valles del Sinú y del San Jorge (CVS), aims to reduce emissions from mangrove 

deforestation, enhance local management, and provide verified carbon credits. Expected 

outcomes include nearly one million tons of avoided CO₂ emissions over 30 years and 

significant community co-benefits, including alternative livelihoods in ecotourism, 

aquaculture, beekeeping, and biodiversity protection. 

Regarding the technical dimensions of blue carbon crediting, the foundational building 

blocks of project design include the principle of additionality, defined as the emission 

reductions or removals that would not have occurred without financial incentives from carbon 

credit sales, and the establishment of a robust baseline scenario, which serves as the 

reference point for calculating avoided emissions. Other critical components involve 

delineating the greenhouse gas boundary, typically encompassing CO₂ emissions and 

sequestration in above- and below-ground biomass and soil organic carbon, and 

implementing long-term monitoring protocols to ensure accuracy and credibility. 

Standardized quantification methods further enable consistency and comparability across 

projects. Finally, safeguards, such as community participation, equitable benefit-sharing, 
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and biodiversity protection, were highlighted as indispensable to project legitimacy, ensuring 

that climate objectives are pursued in alignment with social and ecological priorities. 

On the governance side, significant challenges persist, particularly concerning land tenure, 

carbon rights, and alignment with national climate policies. Questions of ownership, whether 

vested in landholders, government agencies, or communities, were identified as recurring 

barriers to implementation. In addition, the dynamic nature of coastal ecosystems, shaped 

by sea-level rise, erosion, and hydrological change, adds further complexity to governance 

and long-term project planning. Another key need is for standards and certification bodies, 

which have traditionally focused on mangroves, to continue expanding their frameworks to 

also encompass seagrass meadows and salt marshes, ensuring comprehensive coverage 

of blue carbon ecosystems. 

The presentation concluded by identifying persistent challenges in blue carbon crediting, 

including small project scale, complex tenure and rights issues, the need for robust 

community engagement, and ecological uncertainties tied to coastal change. Nonetheless, 

opportunities exist to expand crediting globally, with an active project pipeline across the 

Americas, Africa, and Asia-Pacific, signaling growing potential to scale up blue carbon 

finance while ensuring ecological integrity and social equity.  
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Panel Discussion 

The panel discussion, moderated by Tobias Jackson, brought together two experts: Diana 

Denke and Adrián Flores Aguilar. The session focused on how to build confidence in blue 

carbon crediting and financing, linking technical rigor with governance frameworks and 

innovative financial instruments to ensure scalability and sustainability. The conversation 

developed around five main themes: 

1. Technical robustness and investor confidence. Panelists emphasized that while 

scientific advances reduce uncertainty in monitoring and crediting, investor 

confidence depends on both data integrity and credibility. Translating complex 

technical results into accessible formats for financial audiences, supported by high-

integrity standards such as the Core Carbon Principles, was noted as essential. 

2. Early-stage investment and scaling. A recurring message was the need for upfront 

investment at national and regional levels to identify and map blue carbon 

opportunities beyond small, fragmented projects. Such investment would reduce 

transaction costs, provide clarity for governments and investors, and facilitate early 

community involvement. 

3. Innovative financing instruments. The discussion pointed out catalytic funds, 

recyclable grant models, and evergreen financing mechanisms as ways to de-risk 

projects and sustain long-term implementation. Diversification beyond traditional 

carbon markets was underscored, including blue bonds, blended finance, and 

business models linked to sustainable aquaculture, ecotourism, and biodiversity 

enterprises. 

4. Risk management and adaptation. Panelist noted that blue carbon projects must 

embed climate adaptation planning from the outset. Current voluntary market 

approaches, such as buffer pools of credits, were discussed alongside more 

comprehensive strategies to address risks linked to sea-level rise, erosion, and 

extreme weather events. 

5. Governance and enabling conditions. Governance challenges remain significant, 

particularly around land tenure, carbon rights, and alignment with national climate 

policies. Standards and certification bodies such as VCS, Gold Standard, and PV 
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were recognized as critical actors, with an emerging need to expand methodologies 

beyond mangroves to include seagrass meadows and salt marshes. 

Across the discussion, three key messages emerged: 

• High-quality, scientifically robust projects are essential to attract and retain investor 

confidence. 

• Financing must diversify beyond carbon markets, combining public, private, and 

philanthropic resources with innovative financial instruments. 

• Strong governance frameworks and inclusive community participation are non-

negotiable for long-term legitimacy and impact. 

The panel concluded that blue carbon projects framed as “win–win–win” solutions, delivering 

climate mitigation and adaptation, biodiversity conservation, and socio-economic benefits, 

stand the best chance of attracting sustainable financing and scaling globally.  
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Technical Session: Blue Carbon 

Policies and Governance 

This session examined the policy and 

governance dimensions of blue carbon, 

highlighting the need for robust legal 

frameworks and coordinated action to secure 

the long-term protection of coastal 

ecosystems. Discussions emphasized that 

effective governance is not only central to 

ensuring ecological integrity but also to 

enabling blue carbon projects to contribute meaningfully to national climate strategies and 

global mitigation goals. Strengthened legal protections, clear institutional arrangements, and 

international cooperation were identified as critical to safeguarding blue carbon sites from 

threats such as overexploitation and climate change, while creating the enabling 

environment for sustainable restoration and management. 

The session featured three presentations: 

• María Cecilia Pertuz Molina (Policy Lead, Fair Carbon, Colombia) introduced a 

regional readiness index, assessing institutional, legal, and technical conditions for 

blue carbon crediting, with emphasis on the importance of clear safeguards, tenure 

rights, and transparent authorization procedures. 

• Chantalle Clarke-Samuels (Coastal Zone Management Authority and Institute) 

shared governance innovations from Belize, including the creation of a national blue 

carbon working group and the introduction of new legislation, demonstrating how 

enabling environments can advance blue carbon as a national asset and strengthen 

participation in emerging markets. 

• Jerome Fitzgerald (Government of The Bahamas) presented the Bahamas Blue 

Carbon Initiative, showing how national legislation has recognized seagrass as a 

carbon asset and established governance mechanisms to integrate blue carbon into 

international finance and carbon markets.  
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Enabling Conditions in Blue Carbon: A Readiness Roadmap for 
Latin America & the Caribbean  

Maria Cecilia Pertuz Molina 
Policy Lead, Fair Carbon, Colombia 
 

The presentation focused on the enabling conditions necessary for the development of blue 

carbon projects in LAC, with particular emphasis on the voluntary carbon market. Drawing 

on Fair Carbon’s expertise, three main barriers and corresponding responses were outlined. 

The three main barriers to scaling blue carbon projects was: limited technical capacity, high 

project development costs with scarce early-stage financing, and complex regulatory 

frameworks marked by unclear land tenure and carbon rights. To address these, Fair Carbon 

introduced the Blue Carbon Academy to strengthen technical expertise, the Catalyst Fund 

to provide seed financing and de-risk projects, and country-specific Enabling Conditions 

Profiles together with a Blue Carbon Policy Dashboard to clarify legal frameworks and guide 

decision-making.  

Unlocking this opportunity depends heavily on enabling conditions related to policy and 

governance. To navigate this complexity, Fair Carbon developed the Blue Carbon Enabling 

Conditions Index, designed to assess how prepared countries are to engage in the voluntary 

carbon market. The index is built on a questionnaire of twelve indicators grouped into three 

dimensions : countries’ experience with nature-based carbon projects, which shapes 

institutional readiness; the presence of national requirements and safeguards, including 

authorization procedures, registries, benefit-sharing mechanisms, and Prior and Informed 

Consent provisions; and the clarity of land tenure and carbon rights, assessing whether legal 

frameworks define ownership, transferability, and use of coastal ecosystems and the carbon 

they store. 

Application of the index to nineteen countries revealed significant disparities in policy 

readiness, institutional frameworks, and regulatory clarity. No region consistently 

outperformed others, underscoring the fragmented nature of global blue carbon governance. 

At the global level, only a small group of countries (Kenya, Ghana, Brazil, Indonesia, and 

the Philippines) achieved favorable scores above four. These countries have relatively clear 

legal frameworks, standardized authorization processes, and explicit provisions for benefit-

sharing or carbon rights. However, even in such cases, strong enabling conditions on paper 
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do not always translate into efficient implementation, as bureaucratic complexity can still 

delay projects and increase costs. 

In LAC, five countries were assessed: Jamaica, the Dominican Republic, Colombia, Brazil, 

and Mexico. Brazil ranked highest, supported by new legislation harmonizing voluntary, 

compliance, and Article 6 markets, as well as explicit requirements for community 

participation and benefit-sharing. Mexico and Colombia fell into the intermediate range, 

reflecting some experience with blue carbon projects—such as the Vida Manglar initiative in 

Cispatá, Colombia—yet constrained by incomplete regulatory frameworks and ambiguous 

carbon rights. The Dominican Republic showed mixed conditions, with some policy elements 

in place but insufficient clarity for voluntary market engagement. Jamaica ranked lowest, 

characterized by high levels of uncertainty surrounding tenure and regulatory processes.  

Across the region, a recurring challenge lies in land tenure and carbon rights. Brazil stands 

out for explicitly recognizing carbon rights in legislation, providing greater certainty for both 

investors and local communities. In contrast, ambiguity persists in Colombia, Mexico, the 

Dominican Republic, and Jamaica, forcing developers to navigate overlapping legal 

systems, informal tenure arrangements, and potential conflicts with traditional community 

use. Moreover, only Mexico and Colombia have implemented direct blue carbon crediting 

projects inside the countries assessed.  

Finally, emphasizing the importance of regulatory transparency, regional collaboration, and 

harmonized enabling conditions to accelerate the implementation of high-integrity blue 

carbon projects that deliver both climate and community benefits. 
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Advancing Robust Governance Frameworks for Blue Carbon 
Assets in Belize  

Chantalle Clarke-Samuels 
Chief Executive Officer, Coastal Zone Management Authority and Institute (CZMAI), 
Belize 
 

The presentation examined Belize’s progress in establishing governance frameworks for the 

protection, restoration, and sustainable management of blue carbon assets. Emphasis was 

placed on the need for enabling policies, legal instruments, and cross-sectoral coordination 

to advance conservation and carbon market readiness. Mapping efforts estimate over 

74,000 ha of mangroves and 286,000 ha of seagrass meadows across Belize. While recent 

assessments indicate a net loss of 0.13 percent of mangroves between 2014 and 2019, 

updated spatial assessments are underway to inform restoration priorities.  

On governance, significant reforms have been enacted. The 2018 Mangrove Regulations 

introduced a permitting system requiring prior authorization for any alteration of mangroves. 

These regulations specify the conditions under which permits can be issued, establish 

penalties for non-compliance, and mandate the creation of a review board to evaluate 

applications. Transparency is ensured through a public online dashboard that discloses all 

approved permits, enabling communities to verify whether local mangrove alterations are 

authorized and to report non-compliance directly to authorities. 

Complementary legal instruments reinforce this governance structure. The 2021 Blue Bond 

agreement created binding obligations to designate remaining public lands in the Belize 

Barrier Reef Reserve System as mangrove reserves, leading to new designations in 2022. 

The 2023 Climate Change and Carbon Market Initiatives Bill—currently under consultation—

seeks to establish a national carbon market, align domestic regulations with the Paris 

Agreement, and create mechanisms for carbon trading. In parallel, a draft Blue Economy 

Bill formally recognizes blue carbon assets as integral to livelihoods and national 

development, while Belize’s updated NDC sets explicit targets for mangrove restoration, 

conservation, and seagrass policy development. 

The presentation underscored that governance of blue carbon in Belize is inherently multi-

sectoral, involving the Forest Department, Fisheries Department, Climate Change Office, 

investment and finance ministries, and the Coastal Zone Management Authority and 

Institute. Partnerships with local communities, civil society organizations, and the private 
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sector were also emphasized, with examples of community monitoring, private landowner 

engagement, and corporate-sponsored restoration initiatives. 

The conclusion stressed that while Belize has established a strong foundation through 

legislation, policy, and partnerships, further work is needed to strengthen institutional 

coordination, address regulatory gaps, and enhance enforcement capacity. Ongoing 

reforms, pilot projects, and strategic collaborations were presented as critical steps toward 

building a robust enabling environment for the long-term protection and financing of blue 

carbon assets. 
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The Bahamas Blue Carbon Initiative 

Jerome Fitzgerald (Pre-Recording) 
Senior Policy Advisor, Office of the Prime Minister, The Commonwealth of The 
Bahamas 
 

The presentation outlined the Bahamas’ efforts to integrate seagrass ecosystems into 

national climate and finance frameworks following the 2020 discovery that more than 93,000 

km² of seagrass meadows, now recognized as the largest in the world, store over one billion 

tons of CO2. This discovery catalyzed the enactment of the Climate Change and Carbon 

Markets Initiative Act (2022), which designated carbon as a national asset, established a 

legal basis for credit trading in alignment with Article 6 of the Paris Agreement, and 

mandated transparent oversight. To operationalize this framework, the government created 

Carbon Management Ltd., a designated project company that functions as the technical, 

financial, and governance interface between national blue carbon assets and international 

markets, thereby ensuring both environmental integrity and fiduciary accountability. 

Under this framework, verified seagrass carbon is bundled into “enhanced ambition units,” 

insured, and transferred into a sovereign vehicle that issues blue carbon securities to 

institutional investors. Revenues are directed into a national development fund with 

mandates for renewable energy, coral restoration, education, and coastal livelihoods, 

transforming natural capital into tangible socio-economic benefits. This approach positions 

the Bahamas as a leader in demonstrating how ecosystems can be monetized responsibly 

to fund resilience and national development. 
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Panel Discussion 

The panel discussion, moderated by Adriana Matamoros, brought together two experts: 

María Cecilia Londoño and Chantalle Clarke-Samuels. The session focused on advancing 

policy and governance for blue carbon in LAC, examining enabling conditions, legal 

frameworks, and inclusive governance approaches that can unlock both market and non-

market opportunities. The conversation developed around four main themes: 

1. Harmonizing carbon markets. Panelists mentioned that one of the greatest 

challenges for countries is aligning national carbon markets, Article 6 of the Paris 

Agreement, and the voluntary carbon market. Countries such as Colombia, currently 

transitioning from a carbon tax to a broader carbon market, illustrate the difficulty of 

legislating across these overlapping systems. 

2. Carbon rights and transparency. Unclear ownership of mangrove and seagrass 

carbon remains a barrier. Questions of who holds carbon rights—the state, local 

governments, or communities—complicate project authorization and benefit-sharing. 

Panelists confirmed that legal clarity is a prerequisite for credible and equitable blue 

carbon crediting. 

3. Inclusivity and participatory approaches. The importance of bottom-up 

governance mechanisms was highlighted. Belize’s National Blue Carbon Working 

Group was cited as a good practice, bringing agencies and stakeholders together in 

a coordinated way. Inclusive processes, transparency, and community engagement 

were seen as key for building legitimacy and avoiding exclusion. 

4. Beyond carbon markets. Panelists also recognized that not all countries or 

ecosystems can access voluntary carbon markets due to high transaction costs or 

limited sequestration potential. Non-market approaches such as blue bonds, 

ecotourism, sustainable fisheries, and debt-for-nature swaps were presented as 

complementary avenues for financing blue carbon conservation. 

Across the discussion, three key messages emerged: 

• Harmonization of national and international carbon market frameworks is essential 

to reduce regulatory uncertainty and attract investment. 

• Clear legal frameworks on carbon rights, benefit-sharing, and MRV systems are 

critical enablers of high-integrity projects. 
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• Inclusive participatory governance structures ensure that blue carbon policies 

generate equitable benefits for communities while strengthening long-term 

legitimacy. 

The panel concluded that effective blue carbon governance requires both strong institutions 

and broad participation. By aligning policies, clarifying rights, and leveraging a mix of carbon 

and non-carbon financing mechanisms, countries in the region can unlock the full climate, 

biodiversity, and socio-economic potential of their coastal ecosystems. 

  



 

 
51 

Community of Practice Presentations  

This session presented the progress 

achieved by the countries currently engaged 

in the collaboration for MRV harmonization 

through the CoP, which is a regional platform 

for collaboration, capacity building, and 

shared learning on MRV of mangrove 

ecosystems. It brings together four 

countries—Colombia, Panama, Jamaica, and 

Suriname—that are developing national blue carbon initiatives. 

The session featured four presentations that provided an overview of the current status of 

national projects, highlighting key challenges and takeaways: 

• Paula Cristina Sierra Correa (INVEMAR, Colombia) presented Vida Manglar, the 

first certified mangrove project under the Verified Carbon Standard, showing how 

blue carbon crediting can finance long-term conservation while supporting local 

livelihoods and national climate goals. 

• Terrence Forrester (University of the West Indies, Jamaica) highlighted large-

scale mangrove restoration in Clarendon, where hydrological reconnection and 

community engagement are driving regeneration of degraded ecosystems. 

• Valentien Moe Soe Let (SBB, Suriname) and Carol Lieveld (Anton de Kom 

University of Suriname) described efforts to integrate mangroves into the National 

Forest Monitoring System and new restoration initiatives supported by the Blue 

Carbon Fund. 

• Julio Montes de Oca (Audubon Society, Panama) presented the Panama Blue 

Natural Heritage initiative, which combines science, ecosystem service valuation, 

education, and policy engagement to advance mangrove conservation and climate 

action. 
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Colombia - Certifying conservation actions to reduce carbon 
emissions and benefit local communities  

Paula Cristina Sierra Correa 
Head of Marine Research and Information, Institute for Marine and Coastal 
Research (INVEMAR), Colombia 
 

The presentation showcased Colombia’s long-term trajectory in advancing blue carbon. 

Within its NDCs, Colombia has committed to a 51% reduction of emissions by 2030, with 

mangroves recognized as a priority ecosystem, although not yet formally under the category 

of blue carbon. Colombia has built a strong institutional and technical foundation through its 

environmental information platforms. The national SIAC (Environmental Information System 

of Colombia) integrates monitoring, reporting, verification, and financial components. Within 

this framework, the SIAM (Marine Environmental Information System), coordinated by 

INVEMAR, centralizes marine and coastal data, including SIGMA (Information System for 

Mangrove Management in Colombia), the dedicated subsystem for mangroves. These 

systems provide tools such as the Mangrove Map of Colombia. 

Colombia progressively advanced toward dedicated blue carbon methodologies, achieving 

in 2020 the first certification of a mangrove project under the VCS. Vida Manglar was 

presented not only as a crediting initiative but as an innovative strategy to finance marine 

protected areas, recognizing that carbon credits cover only 20–25% of management costs. 

The project combines scientific rigor, stakeholder engagement, and community-driven 

governance, with benefits ranging from avoided emissions and biodiversity protection to 

alternative livelihoods in ecotourism, aquaculture, and apiculture. A strong emphasis was 

placed on adaptive management: from national-level methodologies and manuals to local 

monitoring networks and participatory restoration practices focused on hydrological 

recovery. 

Key lessons include: the importance of high-quality scientific data, the need for diversified 

financial strategies beyond carbon markets, and the role of local empowerment and legal 

frameworks—in Colombia’s case, where mangroves are public goods managed through 

marine protected areas. Overall, Vida Manglar demonstrates how blue carbon crediting can 

anchor long-term conservation processes while simultaneously strengthening local 

resilience and national climate goals. 
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Jamaica – Mangrove Restoration in Clarendon, Jamaica 

Terrence Forrester (Pre-recording) 
Chief Scientist & Managing Director, University of the West Indies, Solutions for 
Developing Countries, Jamaica 
 

The presentation focused on a large-scale mangrove restoration initiative in southern 

Clarendon, Jamaica, covering approximately 3,500 ha of coastal forest. Supported by the 

IDB through the DEFRA fund, the project integrates rigorous baseline assessments—

including satellite imagery, lidar, hydrological and sediment monitoring, biodiversity surveys, 

carbon stock analysis, and socioeconomic studies—with strong community engagement to 

identify the drivers of mangrove dieback and design appropriate nature-based solutions. 

Key causes of mangrove loss were traced to tropical storms, long-term land use changes 

linked to sugarcane cultivation and irrigation, and infrastructure developments such as 

shrimp farms and roads that disrupted hydrological connectivity. The restoration strategy 

centers on reestablishing natural water flows by dredging historical channels and installing 

culverts, thereby enabling spontaneous mangrove regeneration without reliance on heavy 

infrastructure. Pilot interventions since 2019 have already demonstrated encouraging 

regrowth. With engineering designs, permits, and community backing now secured, the 

project is poised to advance to construction once final funding approvals are confirmed. 

Three challenges remain: the risks posed by extreme weather events during the restoration 

phase, limited financial resources to fully implement the restoration plan, and the need for 

enhanced security, which has been mitigated through collaboration with the Jamaica 

Constabulary Force. Despite these obstacles, the initiative stands as a model of how 

science, engineering, and local knowledge can converge to deliver effective, community-

centered restoration of blue carbon ecosystems in the Caribbean. 
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Suriname - National Forest Monitoring System 

Valentien Moe Soe Let 
Remote Sensing and GIS Team 
Leader, Foundation for Forest 
Management and Production Control 
(SBB), Suriname 

Carol Lieveld  
Project Manager, Suriname Blue 
Carbon Restoration project, Anton de 
Kom University of Suriname (AdeKUS) 

 
The presentation focused on mangrove monitoring within Suriname’s National Forest 

Monitoring System (NFMS). This system extends beyond monitoring deforestation and land 

cover change to also include forest degradation, supported by near real-time tools and 

community-based approaches that enhance data collection and reporting at both national 

and international levels. A central component of the NFMS is the Satellite Land Monitoring 

System (SLMS), which has produced land use and land cover change maps for the period 

2000–2023. All data generated through the SLMS are publicly available and can be 

downloaded via a national geoportal. Recently, researchers explored a systematic sampling 

approach, involving approximately 26,000 points distributed across Suriname. National 

stakeholders collaboratively classified these points, participating in both training and 

classification exercises. However, the SLMS does not cover the country’s highly dynamic 

coastal zone, which meant that the system did not directly monitor mangroves. To address 

this gap, the GCCA+ project developed a separate mangrove monitoring initiative in 

collaboration with institutions such as CELOS (Center for Agricultural Research in 

Suriname) and the University of Kent. 

Complementing the SLMS, the National Forest Inventory (NFI) provides ground-based 

measurements across all forest types in Suriname. Mangroves receive particular attention 

within this framework, as they are measured more frequently than other forest types, with 

two monitoring cycles. The inventory currently includes 218 plots in total, of which 17 are 

located in mangrove ecosystems. Among these, 11 plots were measured in 2019 and re-

measured in 2023, while six additional mangrove plots were established in 2023 for 

strengthening the database for this ecosystem. Results revealed clear differences between 

black mangroves, which dominate along the coast, and red mangroves, which are more 

common along river lines. These differences were reflected in distinct biomass patterns, with 

evidence of both healthy stands and areas of dieback. Analysis of mangrove cover indicated 

a decline from 908 km² in 2018 to 830 km² in 2023. In addition, “mangrove graveyard” stands 

were observed, pointing to significant ecological stress. Despite progress, challenges 

persist, as monitoring remains largely project-driven, with limited financial and technical 
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capacity to ensure long-term continuity. Regular inventories and institutional strengthening 

are needed to secure consistent updates. 

The presentation also highlighted ongoing restoration planning efforts. The Anton de Kom 

University of Suriname is collaborating with the SSB in the northwestern district of Nickerie, 

supported by the Blue Carbon Fund. This initiative is currently undertaking baseline studies 

on geomorphology, hydrology, ecology, carbon stocks, and socioeconomic conditions, while 

also identifying the drivers of mangrove degradation. Planned interventions include 

reforestation with black and red mangrove species, alongside the installation of sediment-

trapping units in the form of permeable wooden dams. These structures are designed to 

reduce wave energy, promote sediment deposition, and create favorable conditions for 

natural regeneration.  
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Panama - An integrated approach to mangrove conservation: 
Panama Blue Natural Heritage 

Julio Montes de Oca 
Audubon Americas/National Audubon Society, Panama 
 

It was presented the Blue Natural Heritage initiative, upported by the UK Blue Carbon Fund, 

administered by the IDB, and implemented by the National Audubon Society in close 

collaboration with the Ministry of Environment and national partners. The project adopted an 

integrated approach, combining science, ecosystem service valuation, education, and policy 

engagement across two pilot sites: Bahía de Panamá and Bahía de Parita. These sites were 

strategically selected not only for their mangroves but also for their global importance to 

migratory shorebirds, underscoring the link between biodiversity conservation and climate 

action. 

Scientific efforts included historical mangrove change analysis, baseline carbon stock 

assessments, AI-based mapping of species–carbon relationships, and innovative 

biodiversity monitoring using acoustic tools. These efforts were paired with ecosystem 

service valuation, highlighting the protective, fisheries, and carbon sequestration benefits of 

mangroves, with estimated economic contributions ranging from USD 39 million in Parita to 

USD 116 million in Bahía de Panamá. Public outreach was central: the project expanded 

Aulas Verdes environmental education programs, developed a national traveling exhibition 

with the Biomuseo, and engaged schools, parents, and local communities to build 

awareness. 

At the policy level, the project actively supported Panama’s updated NDC, ensuring coastal 

and marine ecosystems were integrated with restoration targets and long-term planning. It 

also contributed to the establishment of a Panama chapter of the Global Mangrove Alliance, 

formally recognized as a subcommittee of the National Wetlands Committee. This multi-

actor platform strengthens national coordination while opening regional collaboration 

opportunities. Lessons highlighted included the importance of adaptive project design, 

alignment with shifting government priorities, and translating technical data into accessible 

formats such as policy briefs and story maps. 
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Panel Discussion 

The panel discussion, moderated by Gerard Alleng, brought together four experts—Paula 

Cristina Sierra Correa, Valentien Moe Soe Let, Julio Montes de Oca, and Farrah Mathura. 

The session showcased advances, results, and lessons learned from different blue carbon 

projects and MRV initiatives across four countries in the CoP: Colombia, Panama, Jamaica, 

and Suriname. Panelists also explored opportunities for future collaboration.  

The conversation developed around three main themes: 

1. Advantages of the Community of Practice. Panelists emphasized that the 

community has already created tangible benefits by enabling countries to exchange 

experiences, learn from each other, and avoid duplicating mistakes. The sense of 

trust and solidarity among members was described as a critical driver for advancing 

regional MRV efforts. 

2. Bridging knowledge gaps through inclusivity. The panel underscored the 

importance of inclusivity across geographies, languages, and social groups. 

Examples included Colombia’s efforts to integrate local knowledge into national MRV 

processes and Suriname’s initiatives to reach remote communities through 

museums and collaboration with other institutions. The use of local champions and 

community radio was seen as essential for reaching areas with limited connectivity.  

3. Innovation, technology, and communication. Panelists recognized that social 

media, visual tools, and creative storytelling can make mangrove conservation more 

tangible and appealing to diverse audiences. Virtual platforms for data sharing and 

greater use of digital technologies were considered essential for sustaining 

collaboration beyond physical meetings. Also, emphasized translating scientific data 

into practical formats, such as infographics, local languages, interactive and mobile 

museums, and school curricula, to make information accessible to communities, 

including youth and Indigenous peoples. 

Across the discussion, three key messages emerged: 

• The CoP is a powerful mechanism to foster collaboration, flexibility, and shared 

learning among countries. 

• Translating technical information into accessible formats is crucial for strengthening 

local ownership and ensuring meaningful participation. 
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• Creativity, inclusivity, and innovative communication approaches are needed to 

bridge gaps between science, policy, and communities. 

The panel concluded that expanding regional MRV alignment requires both technical 

innovation and social inclusivity. By leveraging the CoP, enhancing communication 

strategies, and investing in local capacity, countries can accelerate progress toward robust, 

regionally integrated blue carbon monitoring systems. 
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Wrap up and closing remarks 

 

The International Blue Carbon and Wetlands Conference highlighted both the scientific 

advances and the socio-political momentum that are shaping blue carbon action in LAC. 

Across the sessions, several consistent messages emerged.  

On the scientific front, evidence underscored the complexity of blue carbon dynamics. 

Methane variability across mangrove types, the role of soil depth and sedimentation in 

carbon storage. Innovations such as terrestrial lidar, eDNA, and Deep Learning are opening 

new frontiers for monitoring, while case studies demonstrated that robust baselines and 

long-term tracking remain essential for credibility and comparability. 

At the same time, the conference made clear that technology and finance alone are 

insufficient. Successful initiatives—from Colombia’s Vida Manglar project to large-scale 

restoration in Jamaica—show that community inclusion, gender equity, and local knowledge 

are central to building legitimacy and sustaining conservation outcomes. Translating science 

into formats accessible to policymakers, communities, and youth is critical for ensuring 

ownership and meaningful participation. 
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Finance and policy discussions emphasized that scaling requires both credibility and 

innovation. The limited share of carbon credits currently derived from mangroves highlights 

the urgency of improving project pipelines, shortening accreditation timelines, and 

diversifying financing instruments beyond voluntary markets. National experiences showed 

that clear governance frameworks, legal certainty on carbon rights, and alignment with 

NDCs are vital enablers of investment and long-term sustainability. 

The CoP reaffirmed the power of regional collaboration. By connecting Colombia, Panama, 

Jamaica, and Suriname, the CoP is not only harmonizing MRV methodologies but also 

building trust, technical capacity, and solidarity among countries. This regional platform 

demonstrates that shared learning and open communication are essential to bridge gaps 

between science, policy, and practice. 

In conclusion, the conference underscored three overarching lessons: 

• Science and innovation must be paired with inclusion and accessibility to 

ensure that data informs decisions and benefits reach communities. 

• Credible finance and governance frameworks are indispensable to scaling blue 

carbon initiatives and unlocking long-term investment. 

• Regional collaboration through the Community of Practice provides a 

foundation for harmonization, capacity building, and collective progress. 

 

Farrah Mathura  
Project Manager MRV Project, St Augustine Center for Innovation and 

Entrepreneurship University of the West Indies, Trinidad and Tobago 
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Rooted in Story and Soil: Indigenous-Led Climate Education and Coastal 
Stewardship in Trinidad and Tobago 

ALEEYAH AMANDA ALI 

Job Title: Indigenous Climate Educator, Conservationist & Creative Director 
Affiliation: Founder, Heritage Learning Resource Centre & Animal Sanctuary (Trinidad and 

Tobago) 
Area of Expertise: Indigenous-led climate education, coastal conservation, and community 

engagement through storytelling and visual arts. 
 

Sub-theme: Gender, Community, and Stakeholder Engagement in Blue Carbon Projects 

 

This presentation explores the power of Indigenous-led, culturally grounded storytelling as 
a tool for blue carbon education and community engagement in Trinidad and Tobago. 
Drawing from over two decades of environmental advocacy and arts education, the work 
centres on the “Little Tales from the Warao World” and “Clowning Around with Climate 
Change” series—two regionally celebrated initiatives that combine Indigenous knowledge 
systems, coastal biodiversity, and climate literacy through visual storytelling and animal 
characters like Willie the manicou and Tiki the toucan. 

Developed and facilitated by Aleeyah Amanda Ali, a multidisciplinary Indigenous educator, 
artist, and conservationist, these programmes are rooted in community resilience, women-
led leadership, and intergenerational knowledge transfer. Through partnerships with local 
schools, sanctuaries, and heritage spaces, the initiatives engage children, women, and 
underrepresented voices in wetland conservation conversations, often using visual arts, 
theatre, and culturally-relevant animal ambassadors. 

Ali’s work integrates key blue carbon ecosystems such as mangroves, estuaries, and 
seagrass zones, while also addressing gender equity, food sovereignty, and climate policy 
awareness. The accompanying sanctuary—Heritage Learning Resource Centre & Animal 
Sanctuary—serves as a living classroom where rescued wildlife, traditional ecological 
knowledge, and environmental stewardship converge. 

This case study highlights how creative, culturally embedded education methods can 
empower local communities—particularly Indigenous women and youth—as stewards of 
coastal resilience. It offers a replicable model for stakeholder engagement that respects 
traditional governance, advances gender inclusion, and nurtures regional blue carbon 
awareness through storytelling and community participation.  



 

 

Fine-scale carbon stocks mapping in the mangrove forests of Tumaco, Colombia 
using machine learning and remote sensing approaches 

Mapeo de reservas de carbono a escala fina en los bosques de manglar de Tumaco, 
Colombia, utilizando enfoques de aprendizaje automático y teledetección 

LAURA LOZANO-ARIAS, BRYAN ERNESTO GALLEGO-PÉREZ, JOHN JOSEPHRAJ 
SELVARAJ 

UNIVERSIDAD NACIONAL DE COLOMBIA, PALMIRA CAMPUS, DEPARTMENT OF 
ENGINEERING, CARRERA 32 NO. 12- 00 CHAPINERO, VÍA CANDELARIA, PALMIRA, 

763533 VALLE DEL CAUCA, COLOMBIA. Email: llozanoa@unal.edu.co 

Keywords: biomass, carbon stocks, machine learning, mangroves, WorldView-2 

 

Abstract 

Mangrove forests are among the most efficient ecosystems in sequestering carbon, storing 
up to five times more carbon than other tropical forests. Accurate mapping of their carbon 
stocks is essential for climate change mitigation and sustainable management. This study 
develops an integrated approach combining high-resolution WorldView-2 satellite imagery 
with field-based measurements to estimate aboveground biomass (AGB), belowground 
biomass (BGB), and associated carbon stocks in Tumaco, Colombia. Two machine learning 
algorithms, Random Forest (RF) and Support Vector Regression (SVR), were tested for 
biomass prediction. Mangrove cover was mapped through supervised classification, 
achieving 87% overall accuracy. The RF model demonstrated the best performance, with 
an R² of 0.78 and RMSE of 140.68 Mg/ha, surpassing global models. Mean biomass values 
were 192.50 ± 102.78 Mg/ha for AGB and 79.95 ± 56.85 Mg/ha for BGB, resulting in an 
estimated carbon stock of 127.43 ± 73.49 MgC/ha. Spectral indices significantly improved 
model predictions compared to using raw spectral bands. The findings highlight the potential 
of integrating remote sensing and machine learning to support local-level blue carbon 
assessments and provide critical inputs for regional climate strategies. Future research 
should increase the diversity of the training dataset and combine optical and active sensors 
such as LiDAR or SAR to enhance accuracy and reduce uncertainties. 

This abstract is based on previously published research: Lozano-Arias, L., Gallego-Pérez, 
B.E., Selvaraj, J.J. 2025. Fine-scale carbon stocks mapping in the mangrove forests of 
Tumaco, Colombia using machine learning and remote sensing approaches. Revista de 
Teledetección, 66, e23035. https://doi.org/10.4995/raet.2025.23035 
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Cultural Ecosystem Services as Drivers of Environmental Stewardship in Blue 
Carbon Habitats: A Case Study of Turneffe Atoll, Belize 

Ed’n Newfield 
+5016137000 

ednnewfield8888@gmail.com MPhil Marine Environmental Science 
University of Belize 

 

Abstract 

Blue carbon ecosystems provide essential ecological services beyond carbon 
sequestration, including cultural and stewardship values embedded within local resource 
users. This study explores how cultural ecosystem services (CES) drive environmental 
stewardship (ES) behaviors among camp-based and vessel-based fishers operating in 
Turneffe Atoll, Belize. Drawing on mixed-methods research including participatory mapping, 
socio-demographic surveys, and factor analysis, we assess nonmaterial benefits such as 
place identity, spiritual enrichment, and intergenerational knowledge transfer. Results 
indicate strong relational bonds between fishers and the marine environment, particularly in 
how CES translate into localized stewardship actions such as self-enforced compliance, 
habitat monitoring, and sustainable fishing practices. Key findings reveal that CES variables, 
such as Connection to the Natural Environment (CBFNE) and Passing Down Knowledge 
(PDKFI), significantly correlate with stewardship indicators, reinforcing the conceptual 
interdependence between CES and ES. Spatial mapping further visualizes culturally 
significant fishing grounds, underscoring the need for inclusive marine spatial planning. This 
research advocates for integrating CES into blue carbon policy frameworks to ensure 
culturally grounded, community-driven conservation of blue carbon habitats. 
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Abstract 

Mangrove forests account for approximately 3% of global tropical forest carbon 
sequestration and act as a natural atmospheric CO2 sequestration mechanism, which gives 
them an important role in climate change mitigation. However, different anthropogenic 
disturbances continue to negatively impact the structure and function of mangrove 
ecosystems; therefore, it is important to investigate the effect of specific anthropogenic 
alterations on the capacity of mangroves to store carbon. The present study aimed to test 
the hypothesis of a direct relationship between the degree of anthropogenic intervention and 
the reduction of mangrove carbon stocks. Eight edge forest types with different degrees of 
anthropogenic intervention and multiple uses were selected. Six 100 m2 plots were 
established in each forest to determine its structure and evaluate the concentration of 
sedimentary organic carbon and biomass. The anthropogenic disturbance index (ADI) was 
used to quantify the degree of specific disturbances in the studied forests. The results 
supported the proposed hypothesis, showing that the mangroves with the highest 
anthropogenic disturbance measured through the ADI registered the lowest values in blue 
carbon. However, it is evident that in addition to anthropogenic disturbances, impacts such 
as coastal erosion pose a very important threat to some of these forests. Estimated organic 
carbon losses in the study area were between 8.4% and 49.3%, corresponding to 158 and 
929 Mg CO2 eq ha−1, respectively. Logging is one of the main disturbances that affects 
forests differently according to their structural development. Forests with higher structural 
development are subject to greater pressure. Carbon losses from logging are not only 
reflected in above ground carbon but are also evident in sedimentary carbon. 
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Abstract 

Estimating carbon stocks in mangrove ecosystems is crucial for evaluating their ecological 
and economic value and informing effective management strategies. Given the high spatial 
variability of organic carbon (OC) in these systems, site-specific measurements are crucial 
to identify patterns that improve the accuracy of stock estimates. This study presents new 
estimates of OC stored in aboveground and belowground biomass, downed wood and soils 
in mangrove ecosystems across contrasting coastal settings in Colombia’s Caribbean and 
Pacific regions. In the Caribbean, the study sites were San Andrés Island, a carbonate, 
open-coast environment, and the Ciénaga Grande de Santa Marta, a terrigenous, river-
dominated delta. On the Pacific coast, sampling was conducted in Buenaventura Bay, a 
terrigenous, fluvial dominated delta environment, located in one of the rainiest regions on 
Earth. At each location, we conducted analyses in two mangrove forests, quantifying OC 
stocks and measuring key soil physicochemical properties. Our results show that, across 
full soil profiles (0.9–3.7 m), total OC ranged from 372.6 to 961.5 Mg C ha⁻¹, with OC in soils 
comprising the largest proportion. The highest OC stocks were observed in the river-
dominated deltaic environments of Ciénaga Grande and Buenaventura Bay, both 
characterized by deeper soils and strong fluvial influence. Soil pH (6.4– 7.0) and interstitial 
water temperature (28.2–30 °C) were consistent across sites, while interstitial salinity (8.4–
38.2 PSU) and soil depth varied substantially. These findings highlight the pivotal role of 
coastal morphology in shaping soil conditions and OC storage in mangrove ecosystems, 
underscoring the need to account for local environmental coastal settings in regional and 
global carbon assessments.  
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Abstract 

Mangroves are a powerful fixer of atmospheric CO2; by opening and closing their stomata, 
they promote the gases flow through the system. In particular, mangrove coasts have been 
shown to accumulate C in biomass and soils for hundreds and thousands of years. In order 
to estimate of C in mangrove biomass, intrusive methods have been used, where individual 
trees are extracted and weighed to model equations that explain biomass as a function of 
variables such as DBH and height, which are easily collected in the field. The Marine and 
Coastal Research Institute (INVEMAR) of Colombia has estimated biomass in thousands of 
trees, using local and global existing equations. The new technologies arrive as a powerful 
improvement in accuracy of those estimations. The objective of the present research is to 
describe the technological advances implemented by INVEMAR helped by IDB, UWI and 
STACIE, on the modeling of local allometric equations using terrestrial laser scanning (TLS). 
As a first approach, a terrestrial laser scanning of an individual of Rizhophora mangle was 
carried out in the sub-national marine protected area (DRMI initials in Spanish) called 
Ciénaga de La Caimanera, located in the middle of the Caribbean Colombian coast. Lidar 
data capture and digital data processing steps were implemented using Cyclon, Cloud 
Compare and Matlab software. The results provided protocols for both field data collection 
and office processing in the context of these new techniques. Key aspects were defined in 
terms of improvements, advantages and disadvantages of new measurement methods to 
replace the use of regional-global allometric equations in a local context. And it is expected 
to continue with the development of these new technologies to include other mangrove 
ecosystems of the Caribbean and Colombian Pacific. 
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Abstract 

Desde 2017, Fundación Natura contribuye a la conservación del Complejo Cenagoso de la 
Zapatosa, el humedal continental más extenso de Colombia, con 30.000 hectáreas en 
aguas bajas y 70.000 en aguas altas, ubicado en los departamentos de Cesar y Magdalena. 
Este ecosistema, rico en fauna, flora y expresiones culturales, fue designado sitio RAMSAR 
en el año 2018 y Distrito Regional de Manejo Integrado (DRMI) en el año 2019. 

Entre 2021 y 2024, en Fundación Natura en alianza con Ecopetrol desarrollaron la iniciativa 
CO2 Humedales, la cual desarrolló: i) metodologías para estimar carbono y biodiversidad 
en humedales y el desarrollo de iniciativas de reducción de emisiones, ii) articulación 
institucional y comunitaria para fortalecer la gobernanza ambiental, iii) acciones de 
reducción y remoción de emisiones, y iv) una propuesta de proyecto de reducción de 
emisiones para el DRMI-RAMSAR Zapatosa, promoviendo conservación y restauración a 
largo plazo. 

Los resultados incluyeron metodologías validadas para estimar carbono y biodiversidad, 
identificando zonas de mayor y menor contenido de carbono, cambios en almacenamiento 
durante ocho años, áreas clave para la pesca y biodiversidad, e implementación de 
acciones de restauración y trabajo con ganaderos para reducir la presión por esta actividad 
productiva. La articulación con actores locales aportó a la toma de decisiones de distintos 
actores, a través de lo cual se espera avanzar en el corto plazo en la construcción de una 
iniciativa de reducción de emisiones que fomente la sostenibilidad del Complejo Cenagoso 
de la Zapatosa. 
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Abstract 

Mangrove forests occupy less than 1% of tropical forest areas, but account for approximately 
3% of global tropical forest carbon sequestration and act as a natural atmospheric CO2 
sequestration mechanism, which gives them a fundamental role in climate change 
mitigation. However, different anthropogenic disturbances continue to negatively impact the 
structure and functioning of mangrove ecosystems. The present study aimed to test the 
hypothesis of a direct relationship between the degree of anthropogenic intervention and 
mangrove carbon stocks. Eight edge forest types with different degrees of anthropogenic 
intervention and multiple uses were selected. Six 100 m2 plots were established in each 
forest to determine its structure and evaluate the concentration of sedimentary organic 
carbon and biomass. To quantify anthropogenic disturbance, the anthropogenic disturbance 
index - (ADI) was used. The results supported the proposed hypothesis, showing that the 
mangroves with the highest anthropogenic disturbance measured through the ADI 
registered the lowest values in blue carbon. However, it is evident that in addition to 
anthropogenic disturbances, impacts such as coastal erosion pose a very important threat 
to some of these forests. Estimated organic carbon losses in the study area were between 
8.4% and 49.3%, corresponding to 158 and 929 Mg CO2 eq ha-1, respectively. Logging is 
one of the main disturbances that affects forests differently according to their structural 
development. Forests with higher structural development are subject to greater pressure. 
Carbon losses from logging are not only reflected in aboveground carbon, but are also 
evident in sedimentary carbon. 
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Abstract 

México tiene 906,000 ha de manglares conservados y 300,000 ha degradadas por factores 
asociados a mala planeación del desarrollo costero y deficiente manejo de cuencas 
hidrológicas. Para establecer un plan de mitigación y adaptación al cambio climático, 
centrado en la conservación y restauración de manglares, se realizó una revisión y análisis 
de >130 estudios que llevaron a contar con la línea base de los almacenes de carbono azul 
en manglares de México. Se identificó variabilidad en el almacén de carbono (<150 a >2,000 
Mg Corg ha⁻¹) relacionada con las diferencias de clima, hidrología y geomorfología de las 
costas del país, estimándose un almacén total de 240 Mt Corg. El análisis identificó la 
necesidad de generar tanto datos como mapas y sus cambios en el tiempo a escala de sitio, 
para evitar subestimaciones o sobreestimaciones. Esta información es necesaria tanto para 
estrategias de manejo como para las proyecciones de los incentivos voluntarios del 
mercado de carbono. Se identificó que se requiere el estudio de los flujos de carbono y sus 
vínculos con la sociedad como los son los co- beneficios o servicios ambientales derivados 
de la restauración y conservación de manglares que, son esenciales para el bienestar de 
los socioecosistemas. Se propuso que la restauración como mecanismo para acelerar la 
captura de carbono requiere de cambiar paradigmas como los viveros y la reforestación, 
proponiéndose la rehabilitación hidrológica y topográfica son costo- beneficio más 
eficientes. Las comunidades se deben involucrar en la restauración lo que favorece se 
apropien del cuidado y usos sustentable del sitio restaurado. Para todo lo anterior, se 
requieren mayores interacciones entre academia, financiadores (ONGs), comunidades y 
gobiernos creando acuerdos y actuando con ética y respeto. El consorcio de investigación 
de la Península de Yucatán desarrolla proyectos en los temas mencionados arriba usando 
tecnologías como LIDAR, drones, radioisótopos, e Inteligencia Artificial
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