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Foreword - Letter from Marex 

 

“I believe that ESG should not just be box ticking but embody a culture of ‘doing the right thing’. With a global economic 

sentiment for taking account of ESG and more sustainable economic growth locked in now, the consequences of inaction 

have also become more apparent. At Marex we see ESG opportunity, and managing ESG risk, as driving our clients in the 

same direction, toward enhanced sustainable growth.” 

Ian Lowitt, Marex Group CEO 

Climate change is one of the fundamental challenges for humanity to solve in the next decade. 

Recognising their responsibility to respond to the climate crisis, businesses, organisations and 

governments have set challenging carbon reduction targets, which increasingly include net-zero 

aspirations. While energy reductions and renewables are key first steps, some of these reductions 

need to be generated from carbon offsetting and sequestration.  

To facilitate this transition to a net-zero future and meet the potential demand in the market, we 

believe carbon projects and offsets need to be scaled more quickly and be more cost effective to 

allow the investment to flow into these essential projects. As a successful and important leader in 

the global commodities industry, Marex is in a prime position to deliver a positive ESG impact in our 

markets. Our involvement in this project goes far beyond the financial backing, with active 

involvement from members of the firm who provide expertise and data across commodity, 

environmental and derivatives markets.  

Marex has assembled a consortium of world-class partners to work on this solution concept and we 

thank them for their valuable contributions.  Our belief is that market appetite is high for ultra-high 

integrity carbon credits, underpinned by transparent, science-based approaches.  Marex Spectron 

Asia Pte Ltd was awarded the Monetary Authority of Singapore’s Financial Sector Technology and 

Innovation (FSTI) Proof of Concept (POC) grant on 1-October-2021. The FSTI POC grant provides 

funding support for experimentation, development, and dissemination of nascent innovative 

technologies in the financial services sector. 

Key highlights from this project are: 

● Deforestation continues at rates in excess of 6% annualised making conservation critical. 

● Degradation is under-appreciated. 25% of over 4,500 trees sampled were cut down or dead. 

● Geo-spatial approaches require resolutions in excess of 10m to be sufficiently accurate. 
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The primary aims of this POC were to: 

1. Determine whether mangrove areas in SE Asia were a viable source of blue carbon credits - 

at scale. 

2. Determine whether the latest high-resolution satellite technology could derive biomass 

estimates at greater levels of accuracy than existing approaches.  Hence, achieve a high-

quality blue carbon credit that was both operationally scalable and fully transparent for 

buyer confidence. 

As is outlined in the rest of the paper, we believe that both of these questions can be answered 

positively.  However, the project was not without challenges and significant learnings were gained 

along the way. 

The first key observation was that there was a significant difference in terms of accuracy of forest 

density maps for approaches using Sentinel data (10m resolution) and high-resolution alternatives 

(0.5m to 2m resolution).  This is because the typical ground-truth collection process uses circles of 

5m in diameter and therefore cannot be precisely aligned with Sentinel classification maps.  This 

would not be an issue if forest density was uniform across areas of 20m or more.  However, high-

resolution analysis showed this not to be the case.   

Whilst traditional focus has been on deforestation (and barren land is easier to observe), the fact 

that 25% of all trees in our ground-truth samples were either dead or cut down suggests that 

degradation is materially under-appreciated.  This analysis suggests that conservation projects 

should also have embedded restoration work ongoing.   

The fact that this analysis has been able to highlight these issues strongly suggests that these areas 

are a viable source of blue carbon credit.  What underpins every carbon credit is trust in the integrity 

and that integrity can be derived from the accuracy and regularity of the monitoring process.  Whilst 

our current estimates are only indicative, we believe the carbon stock to be around 1,500 tons of 

CO2e per hectare.  This is much lower than most academic studies but reflects the serious 

degradation that has occurred.  Despite that, it is more than adequate to make these areas viable 

conservation projects and further carbon stock can be accumulated through responsible 

restoration activities alongside. 
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1 - Lead Perspective - Marex  
 

Marex a technology-enabled provider of essential liquidity and associated market infrastructure to 

participants in global commodities and financial markets. 

The firm provides comprehensive breadth and depth of coverage across four core services: Market 

Making, Commercial Hedging (both on exchange execution and clearing, and OTC derivatives), 

Price Discovery and Data/Advisory. It has a dominant franchise in many major Metals, Energy and 

Agricultural products, executing around 31 million trades and clearing over 183 million contracts in 

2019.  The firm provides access to every major commodity market in the world, covering a broad 

range of clients that include the largest commodity producers, consumers and traders, banks, 

hedge funds and asset managers.  

Marex draws on the expertise of over 1,000 employees across Europe, Asia and America, and many 

of its core operations involve traditional energy, metal and agriculture markets, including fossil 

fuels, with expanding focus on Environmental, Social, and Governance (ESG) products in renewable 

energy, fair agriculture, and the circular economy.  

In 2019, Marex became a founding sponsor of the Oxford Programme on the Sustainable Future of 

Capital-Intensive Industries. Under Dr. Atif Ansar direction, from the University of Oxford, the 

programme looks at how capital-intensive industries (such as mining, oil and gas, primary 

production, infrastructure and construction) can transition to environmentally sustainable modes 

of production. 

Marex is pursuing an ambitious plan to become carbon neutral by 2022 by incubating and 

accelerating initiatives that support a global balancing of carbon market activities. This involves a 

coordinated strategy of applied research and development to drive innovation in financing Nature 

Based Solutions (NBS) globally while upscaling blue carbon financing in SEA. Along with 

government, non-governmental, and private sector partners, Marex intends to support NBS 

innovations at multiple stages of the value chain: 

● In climate action project origination 

● In impact verification 

● In the commercialisation of climate impacts by local and regional stakeholders 
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Marex’s focus on Mangrove Forests  

Carbon trading is a market-based system designed to help countries and firms reduce greenhouse 

gas (GHG) emissions to mitigate global warming. Article 6 of the 2015 Paris Agreement re-engages 

traditional “compliance markets'' and allows countries that outperform their Paris climate pledge 

(e.g. by decarbonizing their energy mix or arresting deforestation) to sell “credits” to another 

country who may then count those emission credits towards their own target. Beyond these 

national-level markets - which focus on mainly large fixed point emitters like power plants - private 

and public firms that desire to take positive steps to address global warming have access to 

voluntary markets. Here, firms buy and retire credits sourced from climate projects, and hope to 

secure benefits to branding and reputation alongside real, positive impacts on Earth’s climate. 

Conversely, the reputational risk of trading in dubious offsets remains a material consideration. The 

complex nature of climate projects (including reforestation and conservation) - where many 

variables affect true impacts - make for near-universal demand for robust, third-party verification in 

voluntary markets. 

A rising area of interest in carbon markets is blue carbon: carbon sequestration below water and at 

the interface of land and sea. Blue carbon ecosystems – mangroves, tidal and salt marshes, and 

seagrasses – possess a natural ability to fight climate change and can be highly effective at 

sequestering carbon dioxide. Of these coastal ecosystems, mangroves are most suitable for 

remote-monitoring with satellite technology.   

Within the blue carbon space, mangrove forests are considered essential ecosystems of interest by 

scientific and development communities. They store 3-4 times more carbon than tropical upland 

forests (Sharma 2018) and account for 14% of the carbon capture of global oceans (Donato et al. 

2011, Alongi 2012). Thus mangroves fulfil a key role in countering greenhouse gas emissions and 

fighting global warming. (Duarte et al. 2013; Atwood et al 2017; Cameron et al 2019; Sani et al 2019). 

Moreover, mangrove forests contribute to biodiversity conservation, coastal protection, nutrient 

cycling, and tourism. Over 100 million people live within 10 km of mangrove forests and draw on the 

ecosystem services they generate (UNEP 2004). For local communities in coastal areas, intact 

mangrove ecosystems are crucial in coping with the increasing impacts of global warming and sea 

level rise while sustaining food security and enhancing livelihoods. Yet, financing regeneration and 

conservation of mangrove forests has proved a major pain point in the scale up of voluntary carbon 

markets and in the realisation of carbon markets’ promise to support the sustainable development 

of Southeast Asia.  

For these reasons, mangroves increasingly appear within the toolkit of “nature-based solutions” 

(NBS) being adopted by governments and organisations around the world. Protecting “blue 

forests” is even more pressing given the current high rate of mangrove loss. Developmental 
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pressure on coastlines from agriculture, aquaculture and tourism caused the destruction of 35% of 

mangrove environments between 1980 and 20001. 75% of the soil carbon released from mangrove 

loss over this period came from just three countries – Indonesia, Malaysia and Myanmar, yet these 

marine forest ecosystems continue to store between 4.2 to 6.4B MTCO2e2. 

Not only are mangroves highly effective carbon sequestration technologies, but they also provide 

significant co-benefits (avoiding coastal erosion, giving green shields for coastal communities, 

anchoring lattices for fisheries and supporting local livelihoods). In Asia especially, they are subject 

to much higher deforestation rates than other forests in the world, putting billions of tons of stored 

CO2 at risk of being unleashed.  Whilst these co-benefits are increasingly well recognised, 

monitoring, reporting and verification solutions need to meaningfully scale in order to be a 

significant part of any solution to the climate crisis. 

As it stands today, the industry appears unable to meet growing demand for blue carbon at pace.  

Here in Southeast Asia, inelastic supply of credits is not due to a lack of high-quality project 

potential. Many communities, regional NGOs, and national leaders have publicly stated support for 

blue carbon projects. However, the supply constraint stems, in our view, from two interrelated 

dynamics: An inability to supply accurate, cost-effective credits at scale and an inability to supply 

pre-financing capital at non-prohibitive rates. 

Overcoming Challenge of Scaling Blue Carbon 

First, recent advances in satellite image resolution, machine learning techniques and cloud 

computing have opened up the possibility of carbon sequestration models being faster, cheaper 

and more accurate than the previous generation of approaches.  In an approach without these 

technological advances, larger projects meant either a significantly larger ground-truth data 

requirement (more cost and time) or a wider extrapolation of existing ground-truth data points 

(less accuracy).  This compromise is unavoidable in the absence of geo-spatial data which allows 

monitoring at scale. 

However, remote-sensing is not automatically better than ground-based assessments.  It must be 

demonstrated to be more accurate.  In the past two years, the commercial availability of high-

resolution satellite data has advanced significantly beyond what was available even five years ago, 

let alone ten years.  Image resolution from freely-available constellations  at resolutions of 30m2 

(Landsat) or 10m2 (Sentinel) have helped to create improved ex-post evaluations of prior carbon 

 
1
 https://gca.org/mangroves-can-be-our-secret-weapon-against-climate-change-lets-protect-them/ 

2
 Sanderman, J., Hengl, T., Fiske, G., Solvik, K., Adame, M. F., Benson, L., ... & Landis, E. (2018). A global map 

of mangrove forest soil carbon at 30 m spatial resolution. Environmental Research Letters, 13(5), 055002. 

https://gca.org/mangroves-can-be-our-secret-weapon-against-climate-change-lets-protect-them/
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credit projects through land-cover assessments.  However, for nature-based-solutions which have 

a significant variation in (and within) species types, that level resolution is highly unlikely to lead to 

biomass estimates of sufficient accuracy such that project financers and credit purchasers can be 

comfortable. 

As with any financial product, carbon credits must retain the confidence of the market. That can 

only be achieved through the accuracy and integrity of the crediting process.  This POC seeks to 

develop such an approach through the consortium of partners we have assembled.  The trend 

towards science-based approaches is increasingly mainstream and Marex is proud to be a supporter 

of the University of Oxford’s Smith School of Enterprise and the Environment, a thought-leader in 

this area. 

The absence of significant pools of capital for pre-financing of projects is directly related to the 

‘scalable-accuracy’ problem just outlined.  It should not be incumbent on the buyer of any carbon 

credit to incur significant expense in the due-diligence of any purchase.  If that is required, then it is 

a failure of the industry to provide sufficient transparency and accuracy to support broad-based 

confidence in the credit.  The absence of confidence creates market friction and that inhibits the 

flow of capital, and hence growth. 

The pilot sets the stage for Marex to deploy a high scaling financing solution (either directly or via 

an SPV)  that can blend blue carbon finance across four channels.  

1. First, investors could purchase a structured note conveying a long-term “carbon annuity” or 

auditable records of retired VCUs.  This would convey the advantages of having an ISIN and 

could be placed on institutional balance sheets within the existing accounting framework.   

2. Second, Marex could market VCUs  via “forward market” offtake agreements. This can be 

organised via a centralised auction system administered by Marex or a reputable third party 

exchange. These two initial channels generate valuable forward cash flow visibility for 

project developers.  

3. Third, Marex can supplement the financing derived through offtakes up by spot-market sales 

through Marex’s global OTC distribution platform.  This will be followed by support for 

secondary market activity in the VCUs such as broking and/or market-making.  This will 

enhance price transparency and help provide liquidity to the market. 

4. Finally, Marex is investing the scope for a hyper-scalable debt-financing model in which a 

segregated special purpose vehicle, organised as a fast scaling project developer, can raise 

debt finance from regional banks. Replication of this model across jurisdictions will allow for 

efficient, transparent assetisation of the VCUs vis a vis investors, akin to a real-estate 

investment trust (REIT).  The essential structure is designed to shift away from equity-based 
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pre-financing by the original market maker, Marex, to a more universal debt financing model 

supported by traditional banks.  

Illustration - Near Term Vision for Scalable Blended Finance for Blue Carbon 

 

Partnering to Develop a Proof of Concept Solution 

Our proof of concept (POC) solution is a novel, space-based carbon assessment and crediting 

solution embedded within an institutional settlement structure. By merging budding technologies 

in machine learning, remote sensing, and data analytics, with on the ground reforestation and 

conservation efforts, this initiative will bring greater efficiency and transparency to carbon markets. 

Through this work, Marex sets itself on a course to produce valuable financial products within a 

fast-growing market for nature-based solutions that protect biodiversity and reduce and reverse 

the pace of global warming.  

The POC collaboration leverages expertise from Global Mangrove Trust (GMT), Kumi Analytics, 

OxCarbon Limited, and Yayasan Gajah Sumatera (YAGASU). The project has served to materially 

enhance accurate, scientific assessments of dynamic carbon stocks in blue carbon contexts. Over 

the course of the pilot, these five key parties coordinated the calibration of project origination and 

registration, verification of avoided deforestation activities, and valorisation of climate action via 

novel blue carbon crediting. The result forms an improved foundation for institutional pre-
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financing, developed with robust methods and valuable inputs from the scientific communities in 

Singapore and the United Kingdom.  

Marex is now pleased to share the POC with global audiences of policymakers and practitioners 

with an intent to foster and accelerate a pragmatic discourse around evolving best practices and 

emerging opportunities for unlocking scale in blue carbon financing. Launched by Marex in a living 

laboratory conservation pilot in North Sumatra, this work deploys a coordinated effort to preserve 

2280 hectares of mangrove forest in the Pulau Kampai/Salahaji area on the northern border region 

between the Indonesian states of North Sumatra and Aceh. Through the success of this initial pilot 

project, Marex hopes to increase the range of its project to 25,000 Hectares over the next 2-3 years, 

advancing innovations in carbon crediting, community governance, and outreach.  

The solution addresses the near-universal demand for robust, third-party verification in voluntary 

markets due to the complex nature of climate projects (e.g. reforestation and conservation) - where 

many variables affect true impacts. In operation, the solution provides communities with efficient 

impact verification, science-based carbon crediting, and reliable pre-financing.   In addition to the 

climate impact, the POC delivers multiple co-benefits through investment into the local 

communities. 

3- Supporting Project Partners 

Marex developed the proof of concept (POC) solution in collaboration with four key partners: 

● Global Mangrove Trust (GMT) 

● Kumi Analytics Pte Ltd (Kumi) 

● Yayasan Gajah Sumatera (YAGASU) 

● OxCarbon Limited (OxCarbon) 

Global Mangrove Trust (GMT) 

GMT is a Singapore-based, not-for-profit NGO that works to help communities develop their own 

local conservation efforts. GMT works together with local impact partners, seeking to empower 

families and businesses globally to support community-based mangrove forestry. 

Marex engaged GMT as the lead project facilitator to establish downstream operational procedures 

and coordinate with local communities. GMT provides experts in innovation, project development, 

and institutional design, and works to ensure efficient contracting and ground truthing with the 

local partner, YAGASU. GMT has worked to decipher land use management rules in the pilot region 

and provide ongoing project development for the POC solution.  
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In the field, GMT plays a critical role in supporting governance, upskilling local partners, and advising 

on conservation and benefit sharing contracts with local communities. Governance support has 

entailed establishing original MOUs with four villages who hold title to approximately 2305 hectares 

of mangrove forest, setting covenants to freeze land conversion while GMT and YAGASU 

coordinate field measurements, and drafting a long term conservation agreement.  

A second goal for GMT has involved technical support to Marex’s carbon finance team and to the 

analytics team at Kumi.  Throughout, GMT is committed to building public value within the POC. 

GMT is collaborating with HG Lovells International offices to craft conservation covenants and 

working to build enduring livelihoods in land use education, silvo-fishery, and artisan programs for 

women and small businesses.  

In close collaboration with YAGASU, the project team has developed a “living basket” approach to 

social benefit sharing for the project, with community benefit funding earmarked to support 

sustained initiatives in women’s livelihoods programs, silvo-fishery, education, eco-tourism, and 

regenerative forestry.  

Illustration - Community Benefit Programs within the POC 
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Kumi Analytics Pte Ltd (Kumi) 

Kumi is a Singapore based technology company dedicated to integrating satellite imagery with 

machine learning to support its mission of helping people and businesses better understand the 

world around them. The company has a range of satellite imagery based products including 

pollution measurements, property analytics with environmental risk profiles and the carbon 

sequestration assessment tool. Kumi is a member of Singapore Land Authority’s Geoworks Geo-

Innovation Centre. Since its founding, the company has been focused on providing location based 

intelligence (both economic and environmental data) to the financial markets.  In 2020, the 

company committed to the Singapore Emerging Stronger Taskforce that it would further develop 

its carbon sequestration engine based on the latest technology in the furtherance of Singapore’s 

strategic goal of being a global centre for green finance.   

At the heart of the pilot, Kumi has enhanced the Kumi Analytics Carbon Sequestration Assessment 

Tool (KACSAT). KACSAT integrates satellite imagery, machine learning and ground-based 

observations to estimate total above-ground biomass and carbon sequestration rates. In doing so, 

KACSAT covers all aspects of forest based nature based solutions. The engine is now equipped and 

calibrated to: 

1) determine the regional deforestation rate;  

2) identify required ground truth data collections;  

3) establish a baseline analysis of the project area;  

4) measure changes of forest biomass over time;  

5) automate the assessment of leakage belts;  

6) integrate species based allometric models; and, 

7) generate robust, science based carbon sequestration estimates.  

Yayasan Gajah Sumatera (YAGASU) 

YAGASU works to build a vibrant community sharing a common smart business vision and a culture 

of cooperation, innovation and professionalism, and where Indonesian nationals play a role as part 

of global networks. The team pursues this vision through a combination of advocacy, media 

campaigns and field projects. This work aspires to advance efforts in five key work areas: 
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● Facilitating a unified, inclusive and active environmental and community development 

network that increases the capacities of individual agencies and builds a shared knowledge 

base in Indonesia and across our region. 

 

● Generating policy support and public mandates for actions that support integrated climate 

change mitigation with positive environmental and community impact. 

 

● Conducting scientific research and building partnerships with state and local stakeholders 

to tackle local problem-solution issues in surrounding project areas, improve the health and 

welfare, and support local socio-cultural-economic growth. 

 

● Conducting awareness and facilitation programs to revitalise local community capacity and 

build common heritage, identity and social vision for community development. 

 

● Facilitate income generation for local communities with programs and projects that support 

development of local businesses and environmentally friendly products. 

OxCarbon Limited3 

OxCarbon, a not-for-profit University of Oxford spin-out4, was established in 2021 “to create positive 

climate impact through the support of innovation and academic enquiry”.   

In particular, OxCarbon seeks to promote adoption of the Oxford Offsetting Principles5.  The 

extracts of Exhibits 1 & 2 from the Oxford Offsetting Principles below set out a taxonomy for types 

of offset but also an example net-zero aligned offsetting trajectory. 

OxCarbon has engaged with the pilot through advising on best practices to be followed with the 

baseline, historical assessment and leakage belt definitions in order to be consistent with OxCarbon 

Principles.   

In addition, OxCarbon has advised on establishing protocols for storing project-related data to 

provide best-in-class transparency,  making  it available for public review through international data 

portals (e.g. RESTOR) and submission to peer-reviewed journals (e.g. Nature - Scientific Data).  

OxCarbon will also be providing a formal assessment of Kumi Analytics’ KACSAT verification method 

 
3
 https://find-and-update.company-information.service.gov.uk/company/13398658  

4
 https://innovation.ox.ac.uk/portfolio/companies-formed/ 

5
 https://www.smithschool.ox.ac.uk/publications/reports/Oxford-Offsetting-Principles-2020.pdf 

https://find-and-update.company-information.service.gov.uk/company/13398658
https://innovation.ox.ac.uk/portfolio/companies-formed/
https://www.smithschool.ox.ac.uk/publications/reports/Oxford-Offsetting-Principles-2020.pdf
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as applied to the POC Pilot. Based on the KACSAT assessment, confirmed in conjunction with 

methodological ground truthing, Oxcarbon will issue VCU’s onto a recognised third party registry 

operator in line with the Oxford Principles on Net-Zero Aligned Carbon Offsetting. 

Exhibit 1 - A General Taxonomy of Carbon Credit Issuance - Oxford Principles6 

 

 

 
6

 https://www.smithschool.ox.ac.uk/publications/reports/Oxford-Offsetting-Principles-2020.pdf 

 

https://www.smithschool.ox.ac.uk/publications/reports/Oxford-Offsetting-Principles-2020.pdf
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Exhibit 2 - Guidance on Transitions to Long Term Carbon Removals for Managers7 

 

OxCarbon has published a set of principles that must be satisfied by any project desiring registration 

under the OxCarbon Standard: 

● Projects must demonstrate a science-based assessment of climate impact in CO2 terms that 

is verifiable and correctly accounted for. 

● Projects should minimise the risk of non-additionality or reversal and seek to avoid creating 

negative unintended consequences for people and the environment. 

● Projects should maximise carbon storage longevity and ensure that issuance is exclusively 

carbon removals by 2050. 

● Project developers must freely provide project data (that is not commercially-sensitive) to 

the peer-review community for research purposes. 

● Project methodologies should be appropriate and relevant to the project scope and 

prioritise conservatism where uncertainties exist. 

● Project methodologies should be updated to utilise technological advances as soon as it is 

economic to do so. 

 
7
 https://www.smithschool.ox.ac.uk/publications/reports/Oxford-Offsetting-Principles-2020.pdf 

https://www.smithschool.ox.ac.uk/publications/reports/Oxford-Offsetting-Principles-2020.pdf
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● Project approval is solely at the discretion of the OxCarbon Board who will rely on advice 

from recognised experts in the peer-review community. 

In relation specifically to this pilot project and in order to satisfy the OxCarbon Principles, the 

proponent partner team has collaborated to engage three primary work areas: 1) Building a living 

laboratory; 2) Pioneering space based blue carbon engine; and 3) Crafting a robust system for 

science based carbon crediting. These efforts set the stage for Marex’s work to forge pathways to 

scalable climate finance.  

To produce advancements in these critical work areas, the POC team developed and deployed new 

processes and protocols in baselining, impact verification, and project validation. These activities 

served to generate a rational, science based system for establishing the POC Pilot Project and for 

preparing it for registration under the OxCarbon Standard. 

Exhibit 3 - The POC - Baselining, Verification, and Validation Activities 

 

 
 
  



18 

 

4 - Baselining within a Living Laboratory 

To set the stage for the pilot, Marex has collaborated closely with YAGASU and GMT in a rigorous 

effort to protect, regenerate, and monitor 2,305 hectares of mangrove forest in North Sumatra. 

This effort involves a mix of conservation and production forest held by four villages: Pulau Kamai, 

Salahaj, Halaban, and Pangkalan Siata.  

Exhibit 4 - POC Project Site - North Sumatra 

 

In June 2021, the partners submitted permitting applications with the Indonesian authorities to 

conduct forest research - with tree inventories and soil sampling beginning in the fourth quarter. 

This work provides the critical training data sets that allow for the calibration of the KACSAT 

estimator for Indonesian mangroves.  

In work completed prior to the POC pilot, the proponent learned the very high value of high quality 

ground truth data for successful calibration of machine learning estimators of below ground and 

above ground biomass.  Good ground truthing data is essential for establishing a robust relationship 

between the satellite imagery and the Above Ground Biomass (AGB) captured in field observations 

and validated in laboratory analysis. Thus all three project implementation partners were closely 
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involved in overseeing field research efforts within the POC pilot in the course of establishing and 

implementing a robust baselining process for the carbon registration work.  

Illustration - Project Partners Roles in Baselining Procedures 

 

To initiate the analysis, a forest canopy density (FCD) analysis over the entire project area using 

Sentinel-2 satellite imagery data. This allows the analytics team to establish a baseline inventory 

protocol based on the local forest canopy characteristics for the four villages forest areas. Next, 118 

plots ( 5 metres radius for each plot) were selected by the technical team at Kumi Analytics. Plots 

were divided into 10 classes based on forest density  and proximity to water and road and selected 

using stratified random sampling. Stratified sampling ensures that each class is adequately 

represented within the whole sample. The area of each class is calculated and the number of points 

proportional to the area of each class is randomly selected from each class region. We also sought 

to ensure at least 2 points are captured in each class so that the class with small area representation 

is captured.   

To capture ground control which represented all present conditions of the project, it was critical 

that the points were not all along the edge of the water (which is the easiest to reach for the team) 

and ranged significantly.  Through the utilisation of access roads from nearby agricultural facilities, 

the team was able to identify collection points that were both accessible and far from the tidal flow. 
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Exhibit 5 - Road, River, and Maritime Access Analysis - POC Pilot Area 

 

Spectral indices were next utilised  to perform forest density analysis and generate 5 classes based 

on percentage of forest cover (i.e., bare, light, moderate, dense and high density cover).  Each class 

was then broken down into points ≤ 10 metres or >10 metres from water and road.  To better 

understand the profile of the site, a histogram of the frequency of the different classes was 

generated to show the distribution of density classes (see below). 
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Exhibit 6 - Forest Canopy Density (FCD) and Inventory Methods 

 

Based on the frequency of the forest density classes, a corresponding ratio of ground collections is 

then assessed for each stratum. The distribution of data collection points across the different 

classes is thus based on the percentage of land area that exists in each class.  
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Exhibit 7 - Observed of Forest Canopy Density (FCD) and Plot Locations 

  

Forest inventory and soil sample collection started in October 2021.  The first village was Pulau 

Kampai, where YAGASU teams spent 2 weeks collecting 165 soil samples in 55 plots. The four teams 

then proceeded to Pangkalan Siata, Salahji, and Halaban. 

Exhibit 8 - Plots Locations In each Village 

Pulau Kampai  Pangkalan Siata & Halaban Pangkalan Siata & Salahaji 

   

In scoping, the team significantly expanded the scope of collection and analysis for required soil 

sampling - increasing the size of the high quality data pool for subsoil analysis. This effort was 

deemed highly valuable for scale ups as it tightens KACSAT’s confidence intervals around predicted 
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below-ground soil carbon. Primary field research in the four villages completed December 2021, 

tallying a total collection of 354 soil samples from 118 inventories plots.  

Exhibit 9 - Forest Inventories 

 

The table below describes the ground collection process and provides details regarding the 

parameters of collection followed in fulfilling the data collection efforts.  

Exhibit 10 - KACSAT - Plot Selection and Data Collection Processes 

Item Details 

Plot Selection Method 
Random stratified sample based on forest 
density and proximity to water and road 

Minimum Number of Ground Control Samples 100 plots 

Ground Control Plot Size 10 metre diameter / 5 metre radius 

Included Trees Height > 1.5 metres 

Diameter Measurements 30 cm above highest prop root 

Tree Height Measurements with Clinometer 150 trees in three primary strata 

Soil Samples Taken at 0-15 cm, 15-30 cm, 30-50 cm 
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Prevalent Mangrove Species ● Rhizophora apiculata 

● Lumnitzera racemosa 

● Avicennia officinalis 

● Bruguiera sexangula 

● Rhizophora stylosa 

 

In the field, Breast Diameter and Height for each tree within each was measured by the local forestry 

teams for 4-7 foresters each. Teams first assessed and confirmed each plot’s GPS coordinate point 

as set by the project coordinators, and drove a plot stake to establish an operational centre point. 

Plot boundaries were clearly marked and trees within plots mapped and/or tagged. All trees of ≥ 2.5 

cm dbh were measured within each 5m radius (A = 78.5 m) plot. Each plot (according to the nature 

of the land) can consist of large trees and rare plants. 

Exhibit 11 - Ground Truthing 

Confirming GPS Coordinates for Centerpoints Collecting Soil Samples 

  

Measuring Diameter at Breast Height (DBH) Bagging Soil Samples 
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The 354 soil samples were collected via a soil bore gauge auger designed by the Institute of 

Pertanian Bogor (IPB) in Indonesia (5.5cm interior diameter, 100 cm length).  

Collection followed the following steps:  

1. Mark the bore with duct tape at three required depths (0-15 cm, 15-30 cm, 30-50 cm). The 

base of the tape corresponds to the required depth. 

2. Clear the soil surface of leaves, including those in decay. 

3. Ensure the soil sample remains in the bore! Use a machete to cut down into the ground next 

to the bore and cut the soil column cleanly off at the base of the bore. 

4. Pack soil sample in a bag with seal and mark with the sample plot #. 

5. Save the soil samples in iceboxes until sent to a laboratory in Medan for analysis. 

Exhibit 12 - Plot Layout and Gauge Auger for Collecting Soil Sample 

10m x 10m Plot Layouts following Kauffman Protocol8 5.5cm Bore 

 
8

 Kauffman, J. B., & Donato, D. C. (2012). Protocols for the measurement, monitoring and reporting of structure, 

biomass and carbon stocks in mangrove forests (p. 40). Bogor, Indonesia: Cifor. 
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Laboratory analysis at the Pusat Penelitian Kelapa Sawit Laboratorium in Medan, North Sumatera, 

Indonesia then measured Carbon, Nitrogen, and Water content following the Indonesian National 

Standard9. Yagasu field teams also did in-situ measurements to observe 1) Soil sample wet weight 

(grams), 2) local soil measurements (PH, Temp, Soil Conductivity (mS/cm), moisture content) and 

3) Water measurements (PH, Water Temp, TDS, Electrical Conductivity (EC), Water salinity(ppm) ). 

 

 
9

 https://balittanah.litbang.pertanian.go.id/ind/dokumentasi/juknis/juknis_kimia.pdf  

 

https://balittanah.litbang.pertanian.go.id/ind/dokumentasi/juknis/juknis_kimia.pdf
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Exhibit 13 - Sample of report from soil lab analysis 

 

 

Results from the laboratory analysis demonstrated a weighted average soil carbon stock density 

(shown in C M/t per top 100cm per hectare) of 371.8 Mt/ha.  This is in line with other studies in SE 

Asia (e.g. 411.5 Yap, Micronesia, 415.1 Babeldoab, Palau - Kauffman et al (2011)10) although results in 

the literature can vary considerably.  However, this is a particularly dense study in terms of samples 

per hectare relative to most academic studies which are often limited by cost constraints.   

The profile of results also displayed the expected reduced carbon density in the topmost layer of 

soil - again, in line with other studies.  Soil carbon stock density has been shown to increase with 

depth, particularly below 100cm (Kauffman & Donato (2012)) 

 
10

 https://link.springer.com/article/10.1007/s13157-011-0148-9 

https://link.springer.com/article/10.1007/s13157-011-0148-9
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Exhibit 14 - Distribution of Indicated Carbon Densities of Samples by Depth 

 

Whilst common practice is to only consider carbon emissions from the top 100cm, recent research11 

has suggested this materially understates the risk of carbon emissions from mangrove 

deforestation and this is an area we intend to research further.  Currently, there is no academic 

consensus that reliable soil carbon stock estimates can be achieved through remote-sensing.  

However, that could also be a result of the previous absence of high-volume ground-truth data and 

the lack of high-resolution satellite imagery to utilise it with.  This is a key future area of innovation 

we hope to make progress in as we gather a rich and deep dataset. 

 
11

 https://www.cifor.org/knowledge/publication/8017 

https://www.cifor.org/knowledge/publication/8017
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Challenges in Baselining 

The baselining process was not without its challenges. The Yagasu Field Team responsible for 

collecting inventory and soil sample data were not able to begin work until the start of October 

2021, being the beginning of the rainy season in Indonesia. Heavy rainfall posed a challenge for the 

field teams, and rainfall combined with anticipated adaptation to local tides to shape field 

protocols. The tide was low around 4 hours per day, so the field team required close coordination 

to enable them to enter the forest easily before the water covered the coastal areas. For many 

plots, the only suitable access to the forest was from the sea using boats. The project team also 

faced difficulties with the pandemic, as multiple members of team, both in Indonesia and in 

Singapore, wrestled with Covid-19 infections during the course of the pilot.  Lockdowns and curfews 

in Singapore and Indonesia also posed intermittent hurdles for teamwork.  

Analysis of the tree inventory data revealed significant anomalies in data collected by teams from 

one village.  The selection of tree inventory sample plots was based on a forest density classification 

map across the project area.  Samples were selected to focus specifically on the middle to higher 

range of forest density as those classes represent the largest distribution within the project area. 

Given that barren land has little to no biomass and that an exponential relationship exists between 

forest density and biomass, it is critical that these high density locations are accurately surveyed.  

Due to the fact that the highest density areas of forest are often inaccessible, additional factors 

were applied to ensure target ground truth samples were accessible. 

The GPS units being utilised by the field team have a 300cm margin of error.  When working with 

remote-sensing data with 10m resolution such as Sentinel, this error can result in an overall 

significant positional error as the initial points were generated with mid accuracy data sets.  This 

additional error becomes apparent when visualising the data on very high resolution imagery (0.5 

to 2.0 metre imagery) as in this pilot.  Sentinel-2 absolute positional accuracy is rated at 15 metre 

RMSE CE90. Worldview-2 imagery has a 3 metre RMSE CE90 – This indicates that there is a 90% 

chance that a coordinate identified in the image falls within a 3 metre circle of the actual coordinate 

on the ground (versus a 15 metre circle with Sentinel-2 imagery).  As a result, the inaccuracy of the 

GPS unit compounds the errors from the original source data (15 metres) and the end result may be 

the ground data collected is not the location recorded via satellite.   

Very high resolution satellite imagery mitigates this issue.  Since there is a 90% chance that a 

coordinate falls within a 3 metre circular area of what the satellite records, the GPS unit is 

significantly more likely to identify the desired location for data collection as the collection area has 

a 5 metre radius. 
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The following images demonstrate the advantages of using very high resolution imagery for the 

selection of ground control points as well as measuring overall biomass.  In the first image, 10 metre 

imagery was utilised to assess forest canopy density and select locations for ground control.  In the 

forest cover density map, the area appears to be covered by moderately dense vegetation.  When 

the same location is inspected with very high resolution imagery,the forest density map clearly 

shows moderately dense areas and barren areas within the collection point.  The third image is the 

50 cm imagery and clearly demonstrates that the ground collection area includes bare regions – 

specifically water.  The result is a measurement with approximately 50% of the area covered by 

mangroves and the remaining 50% barren.    

 

           
 

 

In this example, the 10 metre imagery provided a coordinate with a 5 metre buffer that was in a 

moderate region.  When plotted with very high resolution imagery, the absolute accuracy of the 

coordinate is improved and reveals that the collection of the ground data was on the edge of the 

river and resulted in only capturing 50% of the area with tree measurements.   

 

           
 

These results demonstrate that in the identification of the random stratified samples, very high 

resolution imagery should be leveraged.  Further, to ensure better model performance, all pixels 

(or an appropriate mix of values) within the collection area should be consistent with the defined 
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density class.  This will result in more accurate measurements of the range of conditions that exist 

in the project and decrease the chances of a lightly covered area being classified as dense and vice 

versa. 

The below histograms show the distribution of ground sample plots in terms of Forest Cover 

Density (FCD) percentile.  The average forest density of the anomaly village was 61.6 vs. 64.9 for 

the entire sample. 

For the sample excluding the anomaly village, the average forest density value was 68.0 vs. 61.6 for 

the anomaly village. 

 

Whilst some variation in ground truth results is to be expected due to the natural variability of the 

forest, it would not be expected that this variability should be material given the geographical 

proximity of the areas and the relatively uniform distribution of species varietals and area topology. 
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When analysis of tree inventory was performed, the anomaly village displayed a materially different 

profile in terms of tree above-ground-biomass data.  The histograms below display this in an 

extremely stark fashion.  The average AGB (tree biomass) for the anomaly village was 14.17 Mg/ha 

vs. 41.37 Mg/ha for the rest of the sample.   

 

 

Given the standard deviation of the entire sample, the differences in average value returned by the 

anomaly village (given the sample size) would imply a z-score of less than -7, i.e. a likelihood of 0%.  

As a result, ground truth data from the anomaly village was disregarded and new ground data 

commissioned (which is not available in time for this publication).  Due to the issues identified 
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regarding sparse forest cover in the collections and the anomalous data from the one village, high 

density areas have been identified for the new collections. 

Apportionment of tasks across remote teams served to overcome many of the major challenges 

met in the process of developing and deploying the baselining effort. The formalisation of the 

process within the KACSAT methodology returned the following Baseline Protocol.  

Exhibit 15 - KACSAT Baselining Protocol 

1. Stratify the area based on forest canopy density before collecting ground truth data for 

each of the resulting stratum. 

2. Establish a baseline of existing trees in the project area with inventory measurements 

to anchor future estimates of growth and loss. 

3. Deploy machine-learning quality assurance protocols to identify outliers in-field data and 

task field re-measurements by configuring sample growth profiles within tree 

population age sets. 

4. Generate a unique inventory for every study zone: DBH measured consistently to ensure 

average growth among each population is measured correctly while enabling the 

identification of specific trees and associated growth rates.   

5. All data made available to stakeholders to generate a level of transparency absent in 

existing verifications. 

5 - The KACSAT Engine 

In the second stage of the project, the team developed and deployed the KACSAT engine for high 

quality land use classification for a comprehensive deforestation analysis and the development of 

the project biomass estimates. The KACSAT engine operates a suite of operating modules in two 

core applications. The first involves land use / land cover classification and forest density analysis. 

The second involves the development, calibration, and deployment of the carbon estimation engine 

for assessing above- and below-ground carbon stocks of dynamic mangrove forests. 

Classification Engine 

Machine-learning based classification serves to identify mangrove forests, agroforestry plantations 

(including oil palm, coffee, and cacao), aquaculture, flooded areas, urban centres, barren land, 

agricultural fields, and tropical forests using remote sensing data.  Within the POC Pilot, the team’s 

classification effort started with the securing of satellite imagery from a series of commercial and 
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open-source satellite data providers including Sentinel 1 and 2 satellite imagery and NASA SRTM 

DEM data streams. These inputs were integrated within the Google Earth Engine workbench at 

Kumi. From here, preliminary classification studies of the project area utilised cloud free mosaics of 

Sentinel-2 and Landsat imagery collected over a five-year period (2016-2021).  Cloud and shadow 

removal also leveraged the Google Earth Engine toolchain.   

Effective classification is critical for determining historical deforestation rates. KACSAT identifies 

deforestation rates based on changes in land use and the Kyoto Forest definition. The system thus 

identifies decreases in forest cover within areas satisfying the following criteria:  Forest = a minimum 

area of land of 0.05-1.0 hectares with tree crown cover (or equivalent stocking level) of more than 10-

30 percent with trees evidencing potential to reach a minimum height of 2-5 metres at maturity in situ.  

Based on the weighting of different spectral signals, Kumi Analytics developed the following land 

cover type classes within the classification engine. 

 

Exhibit 16 - Classification Engine - Land Use Classes for Machine Learning Identification  

Land cover type Definition Example images 

(0) Mangrove forest Vegetation formation 
composed of any species of 
mangroves. 

 

(1) Palm plantation Areas used for plantation of oil 
palms. 

 



35 

 

(2) Developed area Areas mainly occupied by 
buildings, roads and other built-
up structures. 

 

(3) Aquaculture/water Areas used for controlled 
cultivation of fish and plants or 
water bodies. 

 

(4) Tropical forest Vegetation formation 
composed of natural forests in 
tropical regions. 

 

(5) Barren land Areas of bare soil or sparse 
vegetation. 

 

(6) Cultivated crops Areas used for cultivation of 
crops, including fallow land and 
paddy field during non-flooded 
period. 
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(7) Flooded area Areas flooded by heavy rainfall, 
seawater, or (periodically) 
flooded paddy fields. 

 

 

Having established the core protocol, the engine was applied to a reference area covering 250 km 

x 20 km (a total area of 5000 sq km or 500,000 ha) along the east coast of the State of North 

Sumatra (the same political jurisdiction as the project). This analysis set the stage for the project 

team to progress to assessing recent historical levels of deforestation and land conversion of 

natural mangrove forests into non-mangrove forest. This assessment would form the foundation 

of the counterfactual “business-as-usual” scenario described in the registered baseline for the 

avoided deforestation crediting project with the OxCarbon Standard. 

Exhibit 17 - Project Reference Area for Assessing Historical Deforestation 

 

Through iterative calibration of the classification engine, KACSAT was able to develop a high-

accuracy land cover type classification analysis of a significant reference area along the North 

Sumatran coastline. This reference area was utilised to generate a high accuracy assessment of 



37 

 

historical land cover change as regards mangrove forest and non-mangrove forest in their 

conversion to agriculture and settlement land over the reference period of 2017-2021.  

Exhibit 18 - Reference Area Classification Assessment (2021) - KACSAT 

 

To assess the accuracy of the results and identify any misclassifications, a confusion matrix was 

generated to determine the reliability of the classification results. 

Exhibit 19 - Confusion Matrix for Land Use Classification Engine 

Ref./ 
Classified 

Mangrove  
 

Oil Palm Developed 
Area 

Aqua 
Culture 

Tropical 
Forest 

Barren Agricultur
e / Crops 

Flooded 
Area 

Producer 
Accuracy 

Mangrove 40842 1934 0 195 149 0 298 980 0.9199 

Oil Palm 3 51659 2 0 509 3 65 194 0.9852 

Developed 
Area 

0 90 5390 1 0 23 26 2 0.9743 
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Aquaculture 2 0 0 260 0 0 31 102 0.6582 

Tropical 
Forest 

0 3385 0 0 64586 0 0 3 0.9502 

Barren 0 0 37 0 0 367 0 0 0.9084 

Agriculture / 
Crops 

117 535 113 34 0 155 12757 1080 0.8625 

Flooded 
Area 

88 231 0 5 0 0 49 2983 0.8889 

User 
Accuracy 

0.9949 0.8932 0.9726 0.5253 0.9899 0.6697 0.9645 0.5582 Overall 
Accuracy 
=0.9448 

As demonstrated in the confusion matrix, an overall accuracy of 94.48% accuracy was achieved.   

In determining the spectral signals of the different classes, it was observed that mangrove, oil palm, 

and tropical forest presented similar spectral profiles as demonstrated in surface reflectance data 

comparisons shown in the chart below.  Note that the classes mentioned above have similar signal 

strength in the bands available via the optical satellite.  When the machine learning model 

determines which class to assign to a pixel, it uses the signal strength of various bands.  In the case 

of mangroves, tropical forest, and oil palm, the values are very similar and therefore result in a 

higher level of confusion as represented in the confusion matrix.   

Exhibit 20 - Variation in Surface Reflectance by Land Classification by Spectral Band 
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To address this confusion in the model, Kumi added additional indices through the integration of 

SAR data that demonstrated differing scattering characteristics for forests and palm plantations. 

This innovation significantly improved the performance of the model, as the new spectral ratios 

(diff_vh_vv and ratio_hh_hv) allowed our engine to distinguish clearly between the land types. 

Exhibit 21 - Spectral Ratio Analyses to Distinguish Mangrove, Palm, and Tropical Forest 
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Deforestation Analysis 

Having developed and calibrated the land cover classification engine, the team next proceeded to 

apply the engine to ascertain land cover changes over the established historical reference period 

(2017-2021). This time range was established for the project in close consultation with the experts 

at OxCarbon, and drew on two sources of clear distinctions from other methodologies.  

First, the time range corresponds to the availability of high quality Sentinel data inputs, which came 

online in 2016. Setting the starting year of the analysis to align with the availability of this data aligns 

directly with the OxCarbon Principles of updating project methodologies to utilise technological 

advances as soon as it is economically viable to do so. 

Secondly, a five year window is significantly smaller and more recent than deforestation assessment 

periods typically employed in mangrove conservation projects, which normally employ 10 year 

windows.  The window is therefore allowed to expand up to a maximum of 10 years, starting from 

2017.  This aligns the approach with standard practices whilst ensuring the results are only based on 

high-quality data inputs. 

OxCarbon advised that starting the window in 2017 was appropriate on the basis that the results 

would be based solely on higher-quality data inputs and therefore likely to have a greater degree of 

accuracy.  A later start for the window also serves to contend with widespread perceptions that 

deforestation of mangroves has slowed in recent years in Indonesia (and globally12), therefore 

reducing the potential for excessive claims of additionality based on deforestation activity prior to 

2017 that was no longer a threat. 

This approach aligns the project development procedures with the OxCarbon Principles for Project 

methodologies by prioritising conservatism where uncertainties exist.  OxCarbon also expects to 

see a dynamic assessment of the historic deforestation rate throughout the life-time of the project 

in order to ensure avoided emissions claims continue to have science-based evidence of 

additionality.  That therefore implies that the window would become a ‘moving’ ten year period 

from after 2026. 

Forest loss due to conversion to agriculture and aquaculture  

remains rife in North Sumatra 

Preliminary assessments of deforestation pressures in the reference area show marked land use 

conversation activities during the study period. Forest loss due to conversion to agriculture and 

 
12

 https://onlinelibrary.wiley.com/doi/epdf/10.1111/gcb.15275 
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aquaculture remains rife in North Sumatra, underscoring the importance of the conservation effort 

to preserve a significant portion of the remaining intact mangrove forests in the region.   

Exhibit 22 - KACSAT - Deforestation Assessment in Reference Area: 2017 - 2021 & Illustrations 

 

Illustration - The Coastline to Southeast Illustration - The Project Environ 

  

Note change in land use from mangroves to 
palm oil plantations (centre right) - areas 
converted via deforestation appear in red.   

The cut-out highlights an area near the project site 
(peninsula at centre) which was cleared during the 
reference period and highlights the risks borne by the 
remaining mangroves in this region. 
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The table below reports a sampling of the relevant data inputs employed through the course of the 

first major R&D effort - the development, calibration, and testing of the land classification engine 

for the calculation of the deforestation rate.  

Exhibit 23 - Classification Engine Inputs  

Source image Information Features 

NASA SRTM DEM Terrain information: Elevation, slope 

Sentinel-1 Backscatter Profile Ratio of VV and VH 
Difference of VH and VV 

Sentinel-2 Original bands: B2, B3, B4, B5, B6, B7, B8, B8A, B11, B12 

Sentinel-2 Derived 
Indices 

Spectral indices: Ratio of SWIR1 and NIR 
Ratio of red and SWIR1 
FDI 
WFI 
MDI2 
NDVI 
NDVI (red edge 1, red edge 2, & red edge 3) 
NDYI 
MNDWI 
NDWI1 & NDWI2 
NDBN 
SAVI 
OSAVI 
wetTC 
greenTC 
LSWI 
PSRI1 & PSRI2 & PSRI3 & PSRI4 

Sentinel-2 Derived 
Texture Profiles 

Texture information 
(GLCM) from (NIR, 
SWIR1, SWIR2) 
combination 

Angular Second Moment (ASM)  
Contrast 
Correlation 
Entropy 
Variance 
Inverse Difference Moment (IDM) 
Sum Average (SAVG) 
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Biomass Analysis 

Remote sensing-based biomass estimation creates a “bottom-up” carbon flux assessment that incorporates 

changes in forest extent, canopy measurements, and biomass density. Measurement of AGB at local scales 

using remote sensing technology leverages two main inputs: ground-truth measurements and high-

resolution imagery. Direct forest measurements by local observers (ground-truthing) enable AGB estimation 

through the use of allometric models. These suites of algorithms leverage empirical relationships among 

structural parameters for a given tree, e.g. trunk diameter, tree height, wood density, crown diameter, and 

dry weight (biomass) to generate estimates of mean AGB for a given area (e.g. a hectare). 

 

In practice, the POC team leveraged both allometric and remote sensing based techniques for estimating 

carbon stocks. We assessed ground data and after completing quality checks and a series of corrections, 

determined that it was sufficient to enable an allometric and remote sensing / machine learning based 

methodology for establishing above ground carbon biomass. Combined with an allometric equation of 

below ground biomass, this method generates a robust estimate for total carbon storage. 

 

Exhibit 24 - Illustration: KACSAT Biomass Assessment Processes 

 

KACSAT integrates a range of high quality satellite inputs for project site analysis. Very high 

resolution satellite feeds enable strong digital surface & terrain modelling, novel image-recognition 

models for accurately identifying land cover, robust growth tracking, and a more precise prediction 

of carbon dynamics.  For example through the use of high accuracy DSM data from Radarsat-2, a 

vertical accuracy of <6 metres can be achieved over the commonly used lower resolution SRTM 

data layer with 16 metre vertical accuracy.  Biomass estimates can be generated for every four 

square metres through the use of Worldview imagery rather than a minimum of 100 square metres 

with Sentinel data. 

Further, the combination of high accuracy satellite input data and quality ground data on tree 

species is central to the core assessment advance of the KACSAT engine. Mangroves ecosystems 

have enjoyed heightened focus in the allometric research literature on estimating carbon 

sequestration - largely due to mangroves’ high rates of carbon storage - so various equations have 
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been developed for quantifying AGB in mangrove ecosystems. However, to date, no local equations 

have been developed for the POC study area in North Sumatra. The POC team thus worked to fit a 

range of allometric equations mangroves residing in estuarine environments in Southeast Asia 

within the machine learning and estimation process. For species where an allometric equation is 

available, a model was selected based on species. Where a species specific model was unavailable, 

a generic mangrove model was utilised in place. 

Exhibit 25-A - KACSAT - Sample of Allometric Model Inputs Reviewed.  
DBH is the diameter at breast height, H is the tree height and ρ is the tree wood density. 

Species Allometric Equation Reference 

Avicennia alba AGB = 0.1848DBH2.3524 Darmawan and Siregar 2008 

Avicennia marina AGB = 0.1848DBH2.3524 Darmawan and Siregar 2008 

Avicennia officinalis 
AGB = 0.251*DBH2.46ρ 
ρ=0.62 

Komiyama et. al. (2005), Zanne 
et. al. (2009) Global wood 
density database 

Bruguiera cylindrica 
AGB =  0.04644*(D2H)0.94275*ρ 
ρ=0.741 

Simpson (1996) and World 

Agroforestry Centre (2011) 

Bruguiera parviflora 
AGB = 0.251*DBH2.46ρ 
ρ=0.78 

Komiyama et. al. (2005), Zanne 
et. al. (2009) Global wood 
density database 

Bruguiera sexangula 
AGB =  0.04644*(D2H)0.94275*ρ 
ρ=0.741 

Simpson (1996) and World 

Agroforestry Centre (2011) 

Cerbera manghas 
AGB = 0.251*DBH2.46ρ 
ρ=0.38 

Komiyama et. al. (2005), Zanne 
et. al. (2009) Global wood 
density database 

Ceriops tagal 
AGB = 0.251*DBH2.46ρ 
ρ=0.78 

Komiyama et. al. (2005), Zanne 
et. al. (2009) Global wood 
density database 

Excoecaria agallocha AGB = 0.1848D2.3524 Hossain et al (2015) 

Heritiera littoralis 
AGB = 0.0509*(DBH2H)*ρ 
ρ=0.79 

Chave et al (2005) 

Hibiscus tiliaceus 
AGB = 0.251*DBH2.46ρ 
ρ=0.47 

Komiyama et. al. (2005), Zanne 
et. al. (2009) Global wood 
density database 

Lumnitzera littorea 
AGB = 0.251*DBH2.46ρ 
ρ=0.7440000000000001 

Komiyama et. al. (2005), Zanne 
et. al. (2009) Global wood 
density database 

https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
https://link.springer.com/content/pdf/10.1007/s11273-015-9419-1.pdf
https://link.springer.com/content/pdf/10.1007/s00442-005-0100-x.pdf
https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
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Lumnitzera racemosa 
AGB = 0.251*DBH2.46ρ 
ρ=0.71 

Komiyama et. al. (2005), Zanne 
et. al. (2009) Global wood 
density database 

Rhizophora apiculata 
AGB = 0.0444*(DBH2H)0.96842*ρ 
ρ=1.05 

Kauffman and Cole (2010); 

Simpson (1996) dan World 

Agroforestry Centre (2011) 

Rhizophora mucronata 
AGB = 0.0311*(DBH2H)1.00741*ρ 
ρ=1.05 

Kauffman and Cole (2010); 

Simpson (1996) dan World 

Agroforestry Centre (2011) 

Rhizophora stylosa 
AGB = 0.251*DBH2.46ρ 
ρ=0.84 

Komiyama et. al. (2005), Zanne 
et. al. (2009) Global wood 
density database 

Sonneratia alba 
AGB  = 0.0825*(DBH2H)0.89966*ρ 
ρ=0.78 

Komiyama et al. (2005) 

Sonneratia caseolaris 
AGB  = 0.0825*(DBH2H)0.89966*ρ 
ρ=0.78 

Komiyama et al. (2005) 

Sonneratia ovata 
AGB = 0.251*DBH2.46ρ 
ρ=0.37 

 

Komiyama et. al. (2005), Zanne 
et. al. (2009) Global wood 
density database 

Thespesia populnea 
AGB = 0.251*DBH2.46ρ 
ρ=0.77 

Komiyama et. al. (2005), Zanne 
et. al. (2009) Global wood 
density database 

Xylocarpus granatum 
AGB = 0.251*DBH2.46ρ 
ρ=0.94 

Komiyama et. al. (2005), Zanne 
et. al. (2009) Global wood 
density database 

Below-ground Biomass BGB = 0.199*ρ0.899*DBH2.22 Komiyama et al. (2008) 

The derivation of the biomass per plot (tC/ha)  is thus based on the following steps: 

Step 1: Based on measurement from each tree in a plot, above-ground biomass (kg) is evaluated 

based on the species allometric equation shown above.  

Step 2: The above-ground biomass estimation depends on the status of the tree, i.e. alive, dead or 

cut down. For example, unlike a living tree, a dead tree will have few or no branches and only the 

main stem remains . The biomass calculated in step 1 is therefore multiplied by a factor based on 

the tree status where missing leaves and branches need to be accounted for: 

● Alive: factor of 1.0 

● Dead: factor of 0.6 

● Cut down: factor of 0.4 

https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
https://datadryad.org/stash/dataset/doi:10.5061/dryad.234
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Step 3: The above-ground biomass of each tree in a plot are summed to obtain the total observed 

local biomass and evaluated based on the area of the measurement plot: 

𝐴𝐺𝐵 (𝑡/ℎ𝑎)  = (∑𝑝𝑙𝑜𝑡 𝐴𝐺𝐵𝑡𝑟𝑒𝑒)/(𝑎𝑟𝑒𝑎𝑝𝑙𝑜𝑡) . 

Step 4: The carbon concentration of the wood is usually a little less than 50%, thus it is common 

practice to convert biomass to carbon by multiplying it by 0.46 to 0.5, if local or species-specific 

values are not available13. We use a factor of 0.47 for our AGB (tC/ha) calculation.  Thus, 

𝐴𝐺𝐵(𝑡𝐶/ℎ𝑎)  =  0.47 ∗  𝐴𝐺𝐵(𝑡/ℎ𝑎). 

Step 5: Similar to step 1, the below-ground biomass (kg) of each tree in a plot is based on the generic 

below-ground allometric equation shown in Exhibit 25.  The total below-ground biomass is obtained 

by summing all the calculated below-ground biomass (kg) in the plot. Converting below-ground 

biomass to carbon involves multiplying AGB by 0.39 – 0.42 to obtain BGB (tC/ha). We chose to use a 

factor of 0.39 for our initial BGB(tC/ha) calculations to establish the conservative low-end estimate. 

Thus, 

𝐵𝐺𝐵 (𝑡/ℎ𝑎)  = (∑𝑝𝑙𝑜𝑡 𝐵𝐺𝐵𝑡𝑟𝑒𝑒)/(𝑎𝑟𝑒𝑎𝑝𝑙𝑜𝑡) , 

𝐵𝐺𝐵(𝑡𝐶/ℎ𝑎)  =  0.39 ∗  𝐵𝐺𝐵(𝑡/ℎ𝑎). 

The AGB of each calculated plot is shown below, where ‘HB’, ‘SH’, ‘PS’ and ‘PK’ refers to plots in the 

village Halaban, Salahaji, Pangkalan Siata and Pulau Kampai, respectively.  

 

 
13

 Chapter 3 of “Protocols for the measurement, monitoring and reporting of structure, biomass and carbon 

stocks in mangrove forests” J. Boone Kauffman and Daniel C. Donato. 
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Exhibit 26 - Calculated AGB (tC/ha) for each plot 
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Next, KACSAT deploys machine learning algorithms on satellite imagery and local ground data (tree 

inventories and soil samples) to assess above ground and below ground biomass. Assessment 

establishes baseline carbon stock for the avoided deforestation crediting project area and enables 

periodic verifications of state change over the course of project operations.    

In order to achieve optimal accuracy, the team used very high resolution imagery and synthetic 

aperture radar. In advancing the final model employed, we surveyed and analysed a series of  

remote sensing based models for estimating above ground biomass for mangrove forests. This 

work leveraged very high resolution Worldview 3 imagery, Radarsat Ultra Fine SAR and Sentinel 1 

and 2 to provide a comprehensive range of potential carbon measurements for the study area. The 

following data sets were used in the analysis: 

Exhibit 27 - KACAST - Satellite Based Imagery Data Utilised for Above-Ground Biomass 
Assessments 

Sensor Band Resolution Date of Acquisition 

Worldview-3 Pan Panchromatic  0.5 m October 29, 2021 

Worldview-3 MS Blue (450-510 nm) 
Green (510-580 nm) 
Yellow (585 - 625 nm) 
Red (630-690 nm) 
Red Edge (705-745 nm) 
Near Infrared 1 (770-895 nm) 
Near Infrared 2 (860-1040 nm) 
 

2.0 m October 29, 2021 

Radarsat-2 SAR - C Band (HV Polarization) 1.6m x 2.8m November 20, 2021 
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Exhibit 27 - KACAST - Satellite Based Imagery Data Utilised for Above-Ground Biomass 
Assessments 

Sentinel-1 SAR - X Band (HH, HV, VV, VH 
Polarization) 

10 m 2021 Cloud free Mosaic 

Sentinel-2 Blue (~493nm) 
Green (560nm) 
Red (~665nm) 
Near Infra-Red (~833nm) 

10 m 2021 Cloud free Mosaic 

Protocols for Image Preprocessing 

The preprocessing of the images continued with the application of different filters and generation 

of spectral indices. These served for reducing the effect of atmospheric conditions and removing 

clouds, and cloud-shadows to every multispectral stack.  

Different spectral indices showing relationship with forest AGB - (e.g. NDVI, NDI45, EVI, LAI and 

IRECI) were calculated and appended to the pre-processed stacks. The POC further engaged the 

spectral bands and ancillary biophysical information described in the tables above and below.  

Exhibit 28 - KACAST - Vegetation indices and biophysical predictors of above-ground 
biomass 

Predictor Variable Definition 

Normalised Difference Vegetation 
Index, NDVI 

(NIR-Red)/(NIR+Red) 

Normalised Difference Index of Band 4 
and 5 of Sentinel-2, NDI45 

(RedEdge1-Red)/(RedEdge1+Red) 

Enhanced Vegetation Index, EVI 2.5*(NIR-Red)/((NIR+6*Red- 7.5*Blue)+1) 
 
An ‘optimised’ vegetation index designed to enhance the 
vegetation signal with improved sensitivity in high biomass 
regions and improved vegetation monitoring through a de-
coupling of the canopy background signal and a reduction 
in atmosphere influences. EVI is similar to Normalised 
Difference Vegetation Index (NDVI) but it uses additional 
wavelengths of light to correct for the inaccuracies of 
NDVI. Variations in solar incidence angle, atmospheric 
conditions like distortions in the reflected light caused by 
the particles in the air and signals from the ground cover 
below the vegetation are corrected using EVI. 
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Inverted Red Edge Chlorophyll Index, 
IRECI 

(RedEdge3-Red)(RedEdge1/RedEdge2) 
 
Incorporates the reflectance in four Sentinel-2 bands to 
estimate canopy chlorophyll content. 

Leaf Area Index, LAI (RedEdge2-SWIR1-SWIR2)/(RedEdge2+SWIR1+SWIR2) 
 
LAI is a dimensionless index measuring the one-sided green 
leaf area over a unit of land.  LAI characterises plant 
canopies. 

 

Clouds from the multispectral Worldview image were not replaced from the initial analysis, instead 

areas with the presence of clouds were identified through a series of image processing steps to 

create a cloud mask.  5.5% of the study area was obstructed by clouds.  Shadows are corrected 

through the application of locally derived histogram equalisation to increase the radiometric value 

of the shaded area equal to neighbouring regions. Preprocessing also includes the smoothing of 

radar noise in images, including atmospheric correction for filtering out atmospheric noise. 14 

Radar backscatter  and multispectral bands and indices have been shown to have a correlation with 

AGB (at plot level) contents in woody ecosystems (Castillo, et al., 2017). Specifically SAR, using X, C 

or L band15 has been used as a main input in forest monitoring studies, as it enables the measure of 

some key physical properties of the trees, e.g., scattering behaviour, increasing the amount of 

available information for calculating AGB at spatial level (Flores et al., 2019).  

In honing in on a final set of models for the analysis, we considered several additional multispectral 

indices as inputs. These included IRECI, LAI, NDI45, EVI, and NDVI from Exhibit 28. We found that 

NDI45 remains the primary index used in AGB calculations, and therefore employed NDI45 as the 

main index in our AGB models. NDI45 is calculated by taking the normalised difference of the Near 

Infrared (NIR) and Red satellite bands. From Sentinel-1 imagery the primary polarisation band used 

is VV and VH, which signifies a dual-band co- and cross-polarization, vertical transmit and horizontal 

receive. These multispectral indices are calculated from both the Sentinel and Worldview sensors.  

 
14

 Sentinel-1 & Sentinel-2 images are open source and available free of charge through the Copernicus 
programme. Worldview is a commercial satellite with imagery available for purchase through Maxar 
Technologies. Both Sentinel and Worldview images go through the same preprocessing to allow for the 
comparison of results across multiple resolutions.  
15

 X, C and L refer to the wavelength of the microwave signal. Thus, X has a wavelength of 3.8 – 2.4 cm, C of 7.5 – 3.8 cm 

and L of 30 – 15 cm. For additional detail on the practical attention to variable wavelength in biomass studies, see Santoro 
2019 at https://www.mdpi.com/2072-4292/11/13/1563/htm. 

https://www.mdpi.com/2072-4292/11/13/1563/htm
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An initial machine learning process calculates AGB for the sample plots, based on training from the 

ground control data, the integrated multispectral indices, SAR backscatter, and elevation profiles. 

Initial prediction results for those plots appear below. 

Exhibit 29 - KACSAT - Initial Results - Above-Ground Biomass Model Predictions 

 

 
 
 

As demonstrated in the scatter plot, AGB predictions exhibit a strong linear relationship (r-squared 

= 0.8) to ground observations in all plots where less than 25% of trees have been cut down (as seen 

in highly degraded forest zones). In areas that have suffered more significant deforestation, the 

model shows a significant decrease in accuracy – both in terms of overestimation and of 
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underestimation.  This key finding strongly supports the case for employing higher quality data both 

in terms of remote sensing inputs and ground data, so as to better identify anthropogenic 

degradation of the forest and tighten the confidence interval around machine learning 

representation of forest biomass.  Advancing the engine’s predictive power in heavily degraded 

zones will require additional analysis of the very high resolution imagery, paired with degradation-

focused ground study to more accurately identify, quantify, and integrate the spatial extent of 

humans selectively cutting down individual trees versus identifying the clear cutting of larger areas 

via ten metre data sets. 

Exhibit 30 - KACSAT - Initial Results - Map of Above-Ground Biomass Model Predictions 
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Key Learnings and Future Developments 

The use of satellite imagery provides tremendous promise for the advancement of scalable carbon 

sequestration solutions to assist in the fight against climate change.  

Through the course of the work detailed in this white paper, the POC team has identified several 

challenges which require continued innovation and improved processes to turn this promise into a 

reality.  Further, the team has identified several important learnings that will guide our continued, 

collective efforts towards this goal. 

1. Absolute accuracy is a key component in determining the reliability of ground data 

collections. While imagery data sets have an established resolution, the position of each 

pixel in an image is not absolute but rather has a relative error that must be understood and 

applied in any space based remote sensing assessment of ground control data. Our work has 

shown that we can leverage very high resolution imagery (1-2 metres) for identification of 

ground control points to enable the required accuracy for meaningful and deliberate ground 

control collections. Further, it has become clear through this effort that while mid to high 

resolution imagery (10-20 metres) provides a valuable source of information, it lacks in its 

ability to manage ground based data collections. 

 

2. Generation of long term assessments of deforestation requires the use of a range of data 

sets to differentiate and understand ground based phenomenon.  To overcome this 

challenge, it is critical that we integrate different satellite sensors, biodiversity information, 

public policy, and local economic activity and laws to truly understand the changes in the 

environment, in how human behaviour impacts the environment, and in the long term 

implications of any such changes. 

 

3. Identification of human behaviours through the use of very high resolution satellite imagery 

and ground based observations will enable a better understanding of the current state of 

the forest.  Through the use of convolutional neural networks, satellite imagery and in situ 

observations, we can enable reforestation projects to identify areas that have been 

impacted by human activity as opposed to natural degradation of the forest.  This will enable 

a more accurate representation of the project area for stakeholders.  Through this 

understanding we can better measure the forest and work with local participants to 

establish incentives to change destructive behaviours which will allow for a more effective 

reforestation and conservation effort and have a lasting change on the ecosystem. 
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As shown in the results map above, total estimated carbon equivalent biomass for the project area 

is generated for every ten square metres.  From this information, total biomass can be generated 

on a per hectare basis, for each community, or for the overall project. Given the variability of 

predicted results based on areas that have experienced significant damage (> 25% cut down) versus 

more stable regions, the model must be expanded to treat damaged versus non damaged areas as 

separate classes for the prediction of biomass estimates. Continued research to advance the 

accuracy of space based measurements of biomass will help address this challenge.   

Finally, an additional biomass predictive model which identifies areas that have been cut down 

versus naturally sparse will enable the accounting of BGB from those cut down trees and branches 

- in effect to measure something that is no longer visible above ground, but persists below the 

earth.  Identifying the footprint of prior destruction will further enable a more effective 

identification of those areas and subsequent predictions from machine learning models that 

provide more accurate overall biomass estimates. 

6 - Work Area #3 - Science-based Crediting 

The team has also concluded robust scoping for scale-up of the POC in conjunction with experts in 

the practitioner and scientific fields of Carbon Crediting and Mangrove Ecosystems within 

Singapore. This has included engagement in extensive stakeholder outreach to a wide community 

of experts in forest carbon and remote sensing to participate in the OxCarbon Technical Review 

Panel. These experts hail from the Oxford Smith School, National University of Singapore, and other 

leading institutions.  

In moving towards true science-based issuance, OxCarbon has advised the project team on best 

practices in ground proofing project data while improving understanding of the intricacies of 

cooperating with regional communities.  Marex, GMT, and Kumi have further coordinated with 

OxCarbonto add transparency and confirm the rigour of impact verification methods.  

Throughout the setup process, OxCarbon sought to maintain a simple and straightforward path for 

projects to self-organise and register with minimal start-up costs. Close collaboration with the 

project team has informed a process based in ideation, design, scientific validation of space-based 

carbon estimation, and open data registration. 
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Exhibit 31 - Illustration: OxCarbon Standard Project Registration 

 

In the case of the pilot project, Yayasan Gajah Sumatera (YAGASU) has joined the effort as a local 

implementing party coordinating land management and benefit sharing processes. On Registration, 

OxCarbon will engage in a series of direct interviews with local stakeholders to confirm the terms 

of key agreements and bona fides. OxCarbon will then assess the essential protocols and findings 

of the KACSAT baseline assessment, laboratory assessment, and baseline carbon estimate 

assessments. As the penultimate step to achieving carbon crediting-based finance for the 

conservation POC and its subsequent scale-ups, these elements will comprise the Project Design 

Dossier (PDD) and official lodgement for the project within the OxCarbon registry.  

OxCarbon validation path since the registration of the project as seen in the exhibit below: 

Exhibit 32 - OxCarbon Project Registry and Crediting 
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Within the OxCarbon Standard, the PDD serves to allow OxCarbon to assess the project design's 

wholeness, check that processes are in place to ensure procedures are well communicated across 

all members involved, and continuously maintain supporting documents when policies are updated. 

In addition, the PDD becomes the foundation for reporting and reviewing the project annually, 

resulting in the issuance of the OxCarbon Certificate. The PDD and the technical implementations 

procedures will be published via OxCarbon in an open-access platform. This allows other project 

coordinators to learn how to start a mangrove project with a direct, useful impact on the 

environment, one of the main pillars of OxCarbon principles and standards.  

Process Development 

Under the OxCarbon Standard, a project coordinator develops the PDD to contain all the critical 

background data and contract foundations for the conservation effort. This includes a robust suite 

of project governance documents including a community benefit sharing agreement and land 

management contract, developed either independently between the coordinate and the local 

landholders, or with the participation of a subcontracting intermediary.  

In crediting, OxCarbon processes the space-based carbon assessment provided by the KACSAT 

engine at a 1-year time window, validating the estimate of state change against the business as usual 

reference deforestation rate. The OxCarbon Crediting report serves as a detailed assessment of the 

KACSAT findings on the effectiveness and additionality of the local conservation project and 

establishes the bona-fides of the OxCarbon credits.  

OxCarbon will participate in the project plan discussion to assist the project coordinator in 

completing the required steps below: 

1. The project coordinator is responsible for establishing Anti Money Laundering (AML) 

processes and arranging an MOU) with project operators to secure the rights to participate 

in the project within the first few weeks.  

2. Organise the data collection protocols consisting of density maps, navigability maps, and 

ground truth collection plans. 

3. OxCarbon, the local reforestation partner, and the project coordinator will perform a 

secondary data review and a quality control assessment. 

4. The local reforestation partner is required to obtain ground-truthing data with detailed site 

maps to determine the above-ground biomass (AGB) of trees, land density, land 

classification, and identify any potential forest restoration. 

5. AGB analysis and baseline data are acquired by employing machine learning or other 

developed methodology. Submit a draft and deliverables report to OxCarbon, and a 

technical review assessment will be performed.  
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The Project Design Document (PDD) should have the complete details of the following: 

● Project's goals and objectives 

● Location of the project area  

● The organisations and communities involved and their roles 

● AML/KYC disclosure of entities 

● Estimation of climate and sustainable development impacts  

● Guidelines for community benefit contracting 

● Guidelines for community programs 

● Safeguarding principles assessment 

● Project land registration 

● The project management and monitoring plan 

● Technical instruments and baseline techniques 

● Administrative, financial, technical and social procedures for implementation and reporting 

● Memorandum of Understanding (MOU)s between the local party and landowners 

● Stakeholder's benefit-sharing contract 

● Signed OxCarbon Terms & Conditions 

Leakage Belt Protocols 

OxCarbon has also worked closely with the project partners to develop a protocol for establishing 

a leakage belt for avoided deforestation projects. The belt is designed to respond to anticipated 

and unanticipated displacement of deforestation activities from within the conservation project 

area to its neighbouring environments. OxCarbon has consulted with the project team to arrange 

for interviews with local experts to ascertain future forest restoration or deforestation activities, 

plans, and government or private projects will be implemented near the project area.  

Activities set to increase or decrease the deforestation rate inside the leakage belt or otherwise 

affect the carbon stocks in the leakage belt are relevant factors on the additionality of the project 

used in the calculation of credit awards. This work results in publication of the following process 

guidance for OxCarbon Project coordinators to organise and report Leakage Belts.  
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Exhibit 33 - OxCarbon Leakage Belt Protocol Guidance 

 

In collaboration with OxCarbon, GMT has worked with the YAGASU team to prepare the suitable 

Leakage belt maps for our project area, besides discussing the possibility of the presence of future 

deforestation inside and outside the project area, which will affect the designation process of the 

leakage belt. The next exhibits show the first leakage belt assessments for the initial 1 and 2 km 

buffer zones. These analyses serve to determine the area of forest area in the immediate proximity 

to the project area that should be considered candidates for a registered Leakage Belt and inform 

the project team in expanding the leakage belt area to incorporate additional forested areas in the 

wider environs. 
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Exhibit 34 - Leakage belt draft maps 

Leakage belt maps - 1km buffer Leakage belt maps - 2km buffer  

  

In further collaboration with OxCarbon, GMT has led the project team in crafting open-source legal 

templates for community benefit sharing and land management agreements for the POC, 

templates which GMT aspires to host via OxCarbon for ease of replication by new project 

coordinators and scale-ups in Indonesia and across the global tropics.  

Exhibit 35 - Legal Developments for Open Source Agreement Templates by GMT 

 

These open source legal templates serve multiple purposes, including aligning incentives for 

sustained, long term husbandry of the mangrove forests. Covenants are also designed to allay 
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investor risks in committing funds to support long term conservation efforts, and setting 

foundations for sustained social benefit funding.  

 

7 - Additional Considerations 

Conservation Finance and Incentives 

A critical issue in conservation finance involves developing the right incentive structure to align the 

interests of local communities and reforestation NGOs with those of international donors, 

financiers, and buyers of carbon credits. This problem is complex for various reasons.  

The implications of the carbon credit on the market are not realised by the reforestation NGOs 

themselves. The experience in the POC Pilot shows that reforestation NGOs are rarely able or willing 

to absorb unpredictable revenue streams pegged to the sale of carbon credits. Their inability or 

unwillingness to absorb them stems from their preference to sacrifice upside rewards of rising 

prices in favour of predictable payments to cover costs of forestry work and the social programs 

intertwined with successful conservation. In the pilot, these programs range from education to 

livelihood development based on sustainable economic activity in eco-tourism, fisheries, and 

aquaculture.  

While it makes sense that rural communities and resource-constrained forestry NGOs are unable or 

unwilling to bear performance risks, this problematises the incentive alignment between the (pre-) 

financier and local contractors. Presently, the solution in progress involves soft enforcement; 

building trust and in writing contracts in which duties and expectations are clearly laid out and in 

which the NGO is held accountable for leakage due to human intervention, but not for geopolitical 

or climate-related adversities. These contracts also need to be sensitive to local rules that, in 

Indonesia, imply that community commitments must remain largely voluntary. 

Policy Risks 

There is currently little clarity in any Southeast Asian country as to how nature-based solutions can 

minimise carbon emissions while addressing the elusive Article 6 of the Paris Accord.16 In addition 

 
16

 Article 6 of the Paris Agreement aims at promoting integrated, holistic and balanced approaches that will assist governments 

in implementing their Nationally Determined Contributions (NDCs).  NDCs through voluntary international cooperation. This 
cooperation mechanism, if properly designed, should make it easier to achieve reduction targets and raise ambition. In 
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there is an absence of a multilateral agreement in SEA that would homogenise the stance of all 

regional governments on nature-based solutions and resultant carbon crediting. As such, 

companies and countries will need to establish bilateral agreements on a case-by-case basis. 

With regards to Indonesia, local experts have discussed the possibility that a future policy would 

establish the Ministry of Environment and Forestry as the sole entity that can legitimately issue 

carbon credits for nature-based solutions based in the country. Yet simultaneously, the state has 

proved largely willing to give land rights and even titles to companies that make commitments to 

plant and conserve trees. While debates are likely to continue evolving in the next months, several 

key takeaways point in a positive direction:  

1) Many experts note the Indonesian government may lack capacity to monitor land use and 

state change in forests at scale and will thus elect to rely on third parties to provide this 

service for them. 

2) The state may lack some credibility internationally to mount its own carbon crediting 

standard and may be concerned that doing so would risk drying up much-needed foreign 

funds that help protect local ecosystems. 

3) Effective conservation creates massive co-benefits for communities. These emerge in terms 

of coastal erosion protection, biodiversity conservation, and flood protection, and the 

economic benefit of these services vastly outweigh the carbon values. Because none of 

these co-benefits can be meaningfully appropriated by foreign investors via carbon 

sequestering assets, foreign capital providers may retain a strong negotiation position, as 

much benefit must always flow to local stakeholders. 

4) The willingness of the government to potentially transfer land titles to companies investing 

in restoration and conservation is a significant, positive policy change. This change is 

favourable in terms of reducing the risk of expropriation or the redrawing of land use in the 

future, and helps investors secure the long-term protection and preservation of mangrove 

ecosystems.   

5) The state could likely approve specific voluntary carbon evaluation methodologies to 

safeguard the flow of foreign funds for reforestation, afforestation, and conservation (RAC) 

projects. However, such approval may incur costs and in exchange for the project approval. 

Instead, the government may lay claim to a specific percentage of the generated carbon 

credits either for domestic sales and/or to directly add to its own carbon accounting, which 

would provide an easy, attractive pathway for sharing upside in carbon markets among 

investors and regulators. 

 
particular, Article 6 could also establish a policy foundation for an emissions trading system, which could help lead to a global 
price on carbon, see https://iccwbo.org/media-wall/news-speeches/article-6-important/ (accessed on 12th March 2022) 

https://iccwbo.org/media-wall/news-speeches/article-6-important/
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Performance Risks & Permanence 

Operating natural resources and specifically natural capital assets like carbon-sequestering forests 

entails performance risks. There are three performance risks that are typically associated with 

these:  

The quantum of carbon credits that a forest can generate can be predicted using allometric models 

and validated using a combination of ground-truthing, remote sensing, and machine learning 

(KACSAT). For conservation projects, it is simplistic to guarantee that a specific amount of carbon 

credits will be granted year-on-year. Regarding  reforestation projects, the growth of carbon 

sequestration tends to follow an S-shape but various environmental factors remain unpredictable; 

factors such as leakage or acceleration due to human intervention, changes in the sea level, 

andclimate. While adverse human intervention can be contractually stipulated, such contracts can 

never be binding for entire communities.  

Valuations of carbon credits have risen sharply over the course of the preparation and deployment 

of the POC pilot, especially for high-quality blue carbon credits. Blue carbon has proven popular in 

voluntary markets - thanks to the significant co-benefits for communities and livelihoods. As the 

climate agenda has increasingly entered board rooms globally, bullish expectations around the 

value of verified blue carbon units have multiplied. Looking ahead to 2030, many countries and 

companies are expected to accelerate climate commitments (carbon neutrality, net zero). Such 

expectation could see a continued increase in demand for carbon absorption and credits. A key 

indicator to track will be the decarbonisation of the energy supply in demand markets like Europe, 

the USA, and Australia, and to a lesser extent Singapore, China, and India. The feasibility of 

reforestation and avoided deforestation climate projects must always be assessed against various 

future price scenarios. 

The permanence of carbon credits is a critical issue from an ecosystem and credibility perspective. 

Carbon credits that are sold for nature-based solutions that are wiped out by adverse weather 

events, fires, human intervention, or other disasters lose entirely all the ecosystem value they 

created. Any organisation selling or buying carbon credits that face high impermanence risks will 

therefore face an important price discount. It is advisable to consider various forms of parametric 

insurance against force majeure to protect against adverse weather events if and when possible. It 

is noteworthy that conservation projects in general  have reduced impermanence risks. In 

restoration projects, 20 to 80% of trees are at risk of non-survival in the first year. Such low survival 

rates are significantly less likely in conservation projects, making conservation inherently more 

predictable.  
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Annexes  

Annex 1: Project Parties and Leadership 

1. Marex Spectron Asia Pte Ltd: ( https://www.marex.com/ ) is a subsidiary of Marex UK, 

incorporated under the laws of Singapore (company no. 200416106H and LEI no. 

549300Q45UQMVBSR3Z76) and is regulated by the Monetary Authority of Singapore (CMS 

Licence no. CMS100396-1). Spectron Energy (Asia) Pte Ltd is incorporated in Singapore 

(company no. 199200681K and LEI 549300UFPPKZDO4PUJ23) and exempted under the 

Commodity Trading Act (para. 1(aa) of the Schedule) from the need to be regulated by 

International Enterprise (IE) Singapore and from the Monetary Authority of Singapore.     

Ian Lowitt: Group Chief Executive Officer - Ian Lowitt joined Marex in 2012 as CFO, becoming 

CEO in 2016. 

Dr. Guy Wolf: CEO of Marex Spectron Asia Pte. Ltd. - Guy is the Global Head of Market 

Analytics at Marex. 

Robert Watts: Chief Operating Officer (COO) Marex Spectron Asia Pte. ltd. 

2. OxCarbon Limited: ( http://oxcarbon.org/ ) UK-Non-trading company (UK SIC Classification 

2007), registered under the Companies Act 2006 as a private Company, through Registrar of 

Companies for England and Wales, on a mission to combat global warming by providing 

academic review for forestry projects around the world, OxCarbon is a private company 

limited by guarantee,, and the situation of its registered office with number 13398658.  

Dr. Atif Ansar: Dr. Ansar serves as Founder and Director of OxCarbon in consultation with 

the Oxford Smith School of Enterprise and the Environment. Dr. Ansar also serves as Director 

of the Oxford Programme on the Sustainable Future of Capital Intensive Industries and 

Senior Teaching Fellow on the MSc in Major Programme Management and the Australian 

Major Projects Leadership Academy (AMPLA). 

3. Global Mangrove Trust (GMT) : ( https://globalmangrove.org/ ) A Singaporean non-profit 

founded in 2017 to develop technology solutions for reforestation projects in South-East 

Asia, GMT serves as the POC project coordinator. Leveraging a two-year collaboration with 

DBS Bank and Zilliqa, GMT has developed various tools to help communities enter carbon 

markets. GMT’s initial designs for a prototype space-based carbon assessment solution drew 

international recognition in 2020 as the Top Idea for India by the Climate Policy Initiative 

(CPI) Climate Lab. The NGO was named a Fintech Finalist in Singapore in 2020. 

https://www.marex.com/
http://oxcarbon.org/
https://globalmangrove.org/
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Dr. Ryan Merrill: Dr. Merrill serves as Co-Founder and Executive Secretary of GMT.  Before 

founding GMT, Dr. Merrill serves as a Doctoral Research Fellow in Sustainability, Strategy 

and Innovation and an Adjunct Professor at Singapore Management University. He holds a 

PhD in Environmental Policy from the University of Southern California and teaches and 

publishes on sustainable development innovation and the promise of blue carbon mangrove 

forestry to lead the fight against climate change. 

 

Dr. Simon Schillebeeckx: Dr. Schillebeeckx serves as Co-Founder and Director of GMT, as 

well as an Assistant Professor of Strategy and Innovation at the Lee Kong Chian School of 

Business of Singapore Management University. He holds a PhD in Management from 

Imperial College London alongside advanced degrees in Corporate Social Responsibility and 

Commercial Engineering. Simon founded GMT in partial inspiration from his ongoing 

academic study in Digital Sustainability and Sustainable Resource Management. 

 

Mohamed Elsayed S. Abdelwareth: Mohamed has served as the POC project coordinator 

and GMT Optimisation Research and Analysis Lead. An electric engineer specialising in 

optimisation theory and artificial intelligence, Mr. Abdelwareth is passionate about the 

science of deploying remote sensing for renewable energy grids and regenerative land use. 

 

4. KUMI Analytics:  ( https://kumianalytics.com/ ) Kumi Analytics is a team of remote sensing 

and machine learning professionals dedicated to helping people and businesses better 

understand the natural world. The company has a range of satellite imagery based products 

including carbon dioxide, nitrogen dioxide, and sulphur dioxide measurements, national and 

local economic growth estimates, agricultural production estimates, and recently 

completed a feasibility analysis for a carbon sequestration assessment tool KACSAT which is 

the monitoring tool in the PKS project.  

 

Clinton Libbey:  Managing Director of Kumi Analytics Pte Ltd, Mr. Libbey has been 

pioneering advances in the mapping and computer vision insight sector for 30 years. Early in 

his career, Mr. Libbey helped create the first global satellite imagery browsing system and 

the first international very high resolution satellite imagery joint venture. He now leads a 

team of engineers in crafting intelligence services for global land use innovations. 

 

Dr. Mong Suan Yee: Co-founder of Kumi Analytics and Head of Engineering, Dr. Yee recently 

led the engineering team at COSS.io. She previously founded a software development firm, 

Insight Software Pte. Ltd. (Malaysia), acquired by Vericardsys 

(https://www.vericardsys.com). Insight Software provides product development and 

https://kumianalytics.com/
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consultancy firm for wireless and software projects. She previously served as CTO of 

SweetSpot, a proximity based marketing platform, and as CTO of BLoyalty.  Ms. Yee holds a 

PhD in the Application of Neural Networks from Southampton University. 

 

5. Yayasan Gajah Sumatera (YAGASU), Indonesia: (https://yagasu.or.id/) YAGASU Aceh is a 

Local Implementing Partner and project developer of mangrove reforestation work in 

Indonesia, initiated as a Non-Government Organisation (NGO) under the name of Yayasan 

Gajah Sumatera at public notary “Risna Rahmi Arifa, SH” in Medan on July 17, 2001 (“Akte 

No 7”). YAGASU is also registered under the name of Yayasan Gajah Sumatera (YAGASU) 

Aceh at the Public Notary “Sabaruddin Salam, S.H., SpN on 11 May 2006 (“Akte No. 81”) and 

certified by the Decree of Ministry of Law and Human Right Republic of Indonesia No. C-

1192.HT.01.02.TH2007. 

 

Bambang Suprayogi: Founder and CEO of YAGASU NGO since its launch in 2001. As 

Indonesian citizen, Dr. Suprayogi has worked until pension in the Indonesian Forest 

Department, has a rich scientific background, and strong vision on how to couple mangroves 

sustainability with income generating activities for the coastal inhabitants  

 

Meilinda Suriani Harefa: Yagasu Program Director, Lecturer in  Universitas Negeri Medan, 

North Sumatera, Indonesia. Dr. Harefa is an expert in regenerative mangrove aquaculture 

and sustainable community development. She leads the YAGASU team in Medan, Indonesia, 

and has represented YAGASU in 2021 and 20022 in Singapore and London. 

 

Grace Yanti Panjaitan: Yagasu Research & Monitoring Manager. Ms. Grace has served in a 

variety of key roles through the POC Pilot, coordinating field measurements, laboratory 

analysis, and mapping work with her colleagues, Mr. Maulana Gogo and Mr. Anton.  

 

 

  

https://yagasu.or.id/
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Annex 2 : Land Classifications Maps 

 

Exhibit 36 - KACSAT - Forest Density Overlaid on High Resolution Synthetic Aperture 
Radar 

 

 

Exhibit 37  - Protected Areas in North Sumatera 
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Exhibit 38 - Forest Canopy cover Density Classifications  

 

Pulau Kampai Pangkalan Siata & Halaban Salahaji 
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This document has been prepared by Marex for information purposes only. 

The Marex ® group of companies includes Marex Financial (including the Marex Solutions division), Marex 

Spectron International Limited, CSC Commodities UK Limited, Tangent Trading Limited, Marex Spectron Europe 

Limited, Marex North America LLC (including the Rosenthal Collins Group division), Marex Spectron USA LLC, 

Spectron Energy Inc., Marex Hong Kong Limited, Marex Spectron Asia Pte. Ltd., Spectron Energy (Asia) Pte. 

Ltd., Marex France SAS (including the BIP AM division), X-Change Financial Access, LLC, Starsupply Petroleum 

Europe B.V., Volcap Trading Partners Limited, Volcap Trading Partners France SAS and Arfinco S.A. (individually 

and collectively “Marex”). 

Information in this document should not be considered as advice, or as a recommendation or solicitation to 

purchase or otherwise deal in securities, investments or any other products. It has been prepared for institutional 

clients, is not directed at retail customers and does not take into account particular investment objectives, risk 

appetites, financial situations or needs. Recipients of the document should make their own trading or investment 

decisions based upon their own financial objectives and financial resources.  

This document may contain forward looking statements including statements regarding our intent, belief or current 

expectations with respect to Marex’s businesses and operations, market conditions, results of operation and 

financial condition, capital adequacy, specific provisions and risk management practices. Readers are cautioned 

not to place undue reliance on these forward-looking statements which may be subject to change without notice. 

While reasonable care has been used in the preparation of forecast information, actual results may vary in a 

materially positive or negative manner. Forecasts and hypothetical examples are subject to uncertainty and 

contingencies outside Marex’s control. Past performance is not a reliable indication of future performance.  

The information in this document is current as at the date of publication. No part of this document may be 

redistributed, copied or reproduced without prior written consent of Marex. While reasonable care has been taken 

to ensure that the facts stated are fair, clear and not misleading, Marex does not warrant or represent (expressly 

or impliedly) the accuracy, completeness or fitness for purpose or use of any information in this document. Any 

opinions expressed may be subject to change without notice. Marex accepts no liability whatsoever for any direct, 

indirect or consequential loss or damage arising out of the use of all or any of the data or information in this 

document. 

This document has been approved by Marex Financial (“MF”). MF is incorporated under the laws of England and 

Wales (company no. 5613061, LEI no. 5493003EETVWYSIJ5A20 and VAT registration no. GB 872 8106 13) and 

is authorised and regulated by the Financial Conduct Authority (FCA registration number 442767). MF’s registered 

address is at 155 Bishopsgate, London, EC2M 3TQ. 

©2022 Marex. All rights reserved. 
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