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About the Natural Climate Solutions Initiative
The Natural Climate Solutions Initiative (NCSI) at the Stanford Woods Institute for the Environment aims to help realize the full potential of 
forests, soils, and other natural ecosystems to safely absorb and store carbon. Finding practical ways to fund conservation and restoration; 
negotiating policy roadblocks; and ensuring that climate and co-benefits are durable and accurately accounted for are all part of the puzzle. 
The NCSI works across Stanford University and external partners to advance high-integrity carbon measurement, robust quantification of 
co-benefits, and economic and policy incentives for NCS.

About the Stanford Woods Institute
The Stanford Woods Institute for the Environment is working towards a future in which societies meet people’s needs for water, food, health, 
and other vital services while sustaining the planet. Part of the Stanford Doerr School of Sustainability, Woods serves as the university’s hub 
for interdisciplinary research about the environment. We bring together Stanford faculty, researchers, and students from all seven schools, 
fostering research collaborations that can tackle challenges too complex for any one discipline to solve. Our mission is to advance global 
sustainability through new knowledge and practical, fair solutions to pressing environmental challenges.
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I.	 EXECUTIVE SUMMARY
Forests provide critical climate services, capturing carbon dioxide from the atmosphere and storing the carbon in its 
biomass. Various climate policy and carbon market programs, at the project, jurisdictional, and national scales, have 
developed carbon accreditation and finance mechanisms to value and provide payments to forest stewards for these 
important services.

Despite the shared intentions and goals of these forest carbon accreditation standards and programs, to date they 
have developed and now implement a heterogeneous set of methodologies, standards, and results-based finance 
mechanisms. This leads to both real and perceived concerns regarding integrity, accountability, efficiency, and impact 
– which ultimately limits the amount of demand-side finance available to forest communities and jurisdictions to 
implement conservation and restoration activities.

As science and technology advance – and the importance of conserving forests’ ability to absorb and store carbon 
as a natural “sink” becomes more urgent – forest carbon accreditation has the opportunity to align foundational 
Measurement, Reporting, and Verification (MRV) attributes across scales and standards. Evolving towards smart and 
interoperable MRV systems, with common definitions, enabling technologies, and data governance, can help scale 
demand-side finance as well as enable new financial instruments for performance-based payments.

In late October 2025, the Stanford Woods Institute for the Environment convened forest carbon accreditation and 
finance stakeholders around this topic of methodological evolutions towards Interoperable MRV. The workshop, part 
of the institute’s Uncommon Dialogues program focused on evolutions already underway towards direct biomass 
estimation and durability metrics, as well as the role of research institutions in helping realize their potential. 
Participants included standards bodies, buyers, researchers, and data providers working across voluntary carbon 
market, jurisdictional, and UNFCCC initiatives.

This white paper details key takeaways from the group in methodological evolutions towards biomass estimation 
and durability metrics (Fig 1), as well as the unique roles research institutions can play in supporting such evolutions 
towards interoperable MRV (Fig 2).

With this white paper, the Natural Climate Solutions Initiative at the Stanford Woods Institute for the Environment aims 
to increase outreach to potential partners to activate key takeaways and roles identified in this Uncommon Dialogue. 
Further development of the identified next steps (Fig 3) can help coordinate and advance constructive academic 
engagement with and feedback to methodological evolutions in practice.

 

Stanford Woods Institute for the Environment    
Interoperable MRV in Forest Carbon: How Research Institutions Can Support Methodological Evolutions  
in Biomass Estimation and Duration Metrics to Scale Carbon Finance 		  3



Figure 1. Key takeaways in Methodological Evolutions towards Biomass Estimation and Durability Metrics.

KEY TAKEAWAYS IN METHODOLOGICAL EVOLUTIONS

1 2 3

Clear scientific communications 
are a precursor to adoption.

An important gap in activating 
biomass estimation in policy 
and market mechanisms is not 
a lack of existing products, but 
an understanding of how those 
products perform in specific 
geographies and use cases.

The interplay between inventory 
and remotely sensed data 
is critical in moving towards 
interoperable definitions of 
biomass and disturbance that are 
still functional in a local context.

4 5 6

The collection and sharing of 
calibration, training, validation 
data should be a community-
coordinated effort.

Phased or tiered adoption 
pathways of methodological 
evolutions allow standards, 
jurisdictions, and countries 
to adopt at different speeds 
depending on readiness and 
capacity.

A ‘Central Hub’ could help with 
some of these data sharing, 
coordination, and product 
benchmarking needs.

7 8

Operationalizing new MRV 
approaches may require ‘Rosetta 
Stone’ translations for existing 
standards and methods.

Activity Data will remain 
an important component in 
strategies to incentivize reduced 
deforestation and increased 
restoration.

Related Cross-Cutting Themes Considered in Dialogues & Special Presentations

Underlying Data Governance Financial & Policy Instruments 
Informed by Data

Parallel MRV Challenges in other 
NBS Pathways
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Figure 2. Key takeaways in Role(s) for Research Institutions in realizing methodological evolutions.

These Key Takeaways inform the group’s determined Next Steps (Figure 3):

KEY TAKEAWAYS IN ROLES FOR RESEARCH INSTITUTIONS 

1 2 3

Universities can help clarify the 
priorities and chronological order 
for advancing methodological 
evolutions towards 
interoperability.

Academic and research 
institutions can play a more active 
role in documenting, comparing, 
and verifying performance of new 
MRV definitions, technologies, 
and products.

A “Central Hub” concept could 
help coordinate and advance 
constructive engagement with 
and feedback from academic 
partners. 

4 5

Universities have convening 
power, and should use it.

Collaborative pilots between 
practitioners and universities 
are an effective way to rapidly 
develop and test methodological 
evolutions for interoperable MRV.

Figure 3. Next Steps as determined by the group’s key takeaways.

NEXT STEPS  

1 2 3

Publish key working group 
findings and increase outreach to 
new partners for implementation.

Develop a “Central Hub” 
construct for coordinating and 
advancing constructive academic 
engagement with and feedback 
into methodological evolutions in 
practice.

Consider future or ongoing 
convenings and dialogues.
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II.	 BACKGROUND ON UNCOMMON DIALOGUES

A.	 Uncommon Dialogues Events

Uncommon Dialogues are the signature method used by the Stanford Woods Institute for the Environment to address 
specific environmental challenges. These convening events provide an informal, constructive forum for thought 
leaders from diverse perspectives to share ideas and co-design solutions. The gatherings typically includes 25-30 
topical leaders and operate under Chatham House Rule to encourage open dialogue.

Past Uncommon Dialogues have informed the formation of California’s landmark Sustainable Groundwater 
Management Act, and brokered agreement between hydropower companies and conservation groups for 
implementing dam-related restoration activities — later codified and funded at $2.3B in the Bipartisan Infrastructure 
Law to implement the agreement.

B.	 Scope & Participants of this Event

This Uncommon Dialogue on Interoperable Measurement, Reporting, and Verification (MRV) for Forest Carbon 
brought together leading scientists, practitioners, and policymakers in national, jurisdictional, and project scale forest 
carbon accreditation and finance. Focusing on the evolution and alignment of pre-issuance MRV attributes across 
scales and standards, connecting the voluntary carbon market, UNFCCC, and jurisdictional initiatives, this Uncommon 
Dialogue aimed to help make Article 6 a success for forest countries and communities by advancing Interoperable 
MRV systems to increase demand-side finance.

Participants included a diverse set of relevant stakeholders, including groups that do not often have a forum for 
collaboration or share similar views. This includes standards bodies operating at different scales of credit issuance 
(project, jurisdictional, and national); those collecting and stewarding forest inventory and training data; those 
developing models for improved activity data and/or direct biomass estimation; researchers advancing best-in-class 
science; and buyers or practitioners implementing risk mitigation or other market mechanisms.

Participants discussed and debated the following topics:

1.	 How methodologies and standards evolve over time with scientific advances, in particular the evolutions towards:

a.	 Direct biomass estimation, and

b.	 Standardized durability metrics.

2.	 The role(s) of research and academic institutions in informing methodological evolutions and ongoing  
collaborative iterations.

For a discussion map from this Uncommon Dialogues session, please see Figure 4. For a list of participating 
organizations, please see Table 1. For full Agenda and Notes from the event, please see the Appendix. 
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Figure 4. Discussion Map of the Uncommon Dialogues on Interoperable MRV in Forest Carbon,  
Oct 28-29, 2025.

From Permanence
to Durability

From Activity Data to
Biomass Estimation

FacilitatingInforming

Evolution of Methodologies & Standards Role of Academic & Research Institutions

Data Governance

Tools & Tech

De�nitions

Table 1. Participating organizations in the Uncommon Dialogues on Interoperable MRV in Forest Carbon, 
Stanford University, California, October 28-29, 2025.

Verra Woodwell Climate Research Center

The ART Secretariat The World Bank Forest Carbon Partnership Facility

Amazon Emergent (LEAF Coalition)

The World Bank Carbon Finance Unit Planet Labs

Sylvera The World Bank Sustainable Finance Unit

National Fund for Sustainable Development 
(Government of Mozambique)

The Bezos Earth Fund

Chloris Geospatial University of California LA Center for Tropical Research

American Forest Foundation Norway’s International Climate & Forests Initiative

Wildlife Works Carbon Direct

Stanford Doerr School of Sustainability Stanford Woods Institute for the Environment
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III. BACKGROUND ON TOPICS

A.	 Why Focus on Interoperable MRV 

Forests provide critical climate services, capturing carbon dioxide from the atmosphere and storing the carbon in 
its biomass. Various climate policy and carbon market programs have developed carbon accreditation and finance 
mechanisms to value and provide payments to forest stewards for these important services. At the project level, 
this includes payments to forest communities and project developers through voluntary carbon markets; at the 
jurisdictional and national scale, this includes payments to governments whose policies are successfully aiding the 
conservation and restoration of forests from multilateral funds, instruments, and programs.

Despite the shared intentions and goals of these forest carbon accreditation standards and programs, to date they 
have developed and now implement a heterogeneous set of methodologies, standards, and results-based finance 
mechanisms. This leads to both real and perceived concerns regarding integrity based on a lack of accountability 
or permanence, which ultimately limits the amount of demand-side finance available to forest communities and 
jurisdictions to implement conservation and restoration activities.

As science and technology advance – and the importance of conserving and restoring forests becomes more material 
in a world of changing climate – forest carbon accreditation has the opportunity to align foundational Measurement, 
Reporting, and Verification (MRV) attributes across scales and standards. Evolving towards smart and interoperable 
MRV systems, with common definitions, enabling technologies, and data governance, can help scale demand-side 
finance as well as enable new financial instruments for performance-based payments.

In Fall 2025, prior to COP30, the Stanford Woods Institute for the Environment convened forest carbon accreditation 
and finance stakeholders around this topic of methodological evolutions towards Interoperable MRV. We focused on 
evolutions already underway today, in biomass estimation and duration metrics, and the role of research institutions in 
helping realize their potential.

B.	 Methodological Evolutions Towards Biomass Estimation

Traditional approaches to estimating changes in forest carbon stocks have been shaped by technological capacity1, 
requiring indirect methods to (1) classify activity data (to estimate forest area change), and (2) multiply that forest 
area change by a carbon coefficient (typically informed by inventory data). These approaches have enabled scientists 
to understand the role of forests in global carbon cycles over decades, as well as supported policy and incentive 
structures for sustainable management.

But these indirect proxy or activity based approaches have also introduced a suite of standardization or 
interoperability challenges. For example, definitions of forest classes vary geographically and politically.2 Moreover, 
rapid parallel advances in remote sensing, cloud computing, and artificial intelligence technologies are enabling new 

1	 Seymour, Frances and Jonah Busch. 2016. Why Forests? Why Now? The Science, Economics, and Politics of Tropical Forests and Climate Change. 
Washington, DC: Center for Global Development.

2	 Forest Class Definitions. 2020. UNFAO Forest Resource Assessment.
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approaches to directly estimate tree cover and aboveground biomass3 – enabling carbon finance incentive structures 
to be based directly on carbon stocks (instead of via indirect proxy definitions).

Spaceborne sensors have been around for nearly five decades, providing a standardized, publicly accessible source 
of information on global change over time. But the past decade in particular has seen a revolution in the development 
and deployment of spaceborne and airborne sensors, providing new information at higher spatial, temporal, and 
spectral resolutions. Take, for example:

•	 NASA’s GEDI mission, providing global coverage of LiDAR data;

•	 ES A’s Biomass mission, delivering tropical radar observations for direct biomass estimation.

•	 Planet’s Dove mission, providing tree-canopy scale optical coverage near-daily; 

•	 ISRO’s & NASA’s joint NISAR mission, providing L-band and S-band Synthetic Aperture Radar.

At the same time, the scientific and technological capacity to combine and understand this explosion of remotely 
sensed data has also increased. The combination of cloud computing and artificial intelligence enables models to 
combine these data feeds, often further trained or validated with inventory or compared with labeled activity data, 
to directly estimate canopy cover and biomass.4,5 In some instances, technological capabilities are ahead of data 
licensing and governance structures, as these innovations are happening in both the public and proprietary spheres.

The implications for adopting new capabilities to directly estimate biomass in forest carbon accreditation and finance 
are significant, particularly in the context of Article 6. Activating direct estimation methodologies in forest carbon 
accreditation and finance could lead to more rapid deployment of performance-based payments and expedited policy 
implementation.  But such activation requires trust and a clear process for how methodologies and standards evolve 
to adopt new capabilities as they emerge.

Scientists in the public and private sectors are leveraging new datasets to produce local and global biomass 
products – and these are likely to advance rapidly over the next five years.6 Standards bodies in carbon markets and 
policies are individually exploring the potential transition to direct biomass methods and products7,8, albeit through 
different processes and at different paces. In the absence of community or regulatory standards for evaluating MRV 
performance, data providers are similarly individually determining best practices for measuring and disclosing product 
performance, including intercomparisons across datasets on core parameters.9

The group convened to discuss if and how methodologies and standards should evolve to leverage these new direct 
biomass estimation capabilities (Fig 5). What are the scientific and practical barriers to adoption and implementation? 
What is the role of various stakeholder groups, including academic and research institutions, in addressing those 
barriers? What does a standardized process across voluntary markets and public policies look like?

3	 Carbon Direct & Meta. 2025. Scaling forest carbon with artificial intelligence & remote sensing. 

4	 Reiner et al. 2023. More than one quarter of Africa’s tree cover is outside areas previously classified as forest. Nature Communications.

5	 Csillik and Asner. 2020. Aboveground carbon emissions from gold mining in the Peruvian Amazon. Environmental Research Letters.

6	 Randerson et al. 2025. The weak land carbon sink hypothesis. Volume 11, Issue 37. Science Advances.

7	 GFOI. 2024.  Meeting Summary: Informed Use of Space Based Biomass Data in MRV Procedures.

8	 The World Bank Carbon Markets Infrastructure Working Group. 2025. Standardizing Digital MRV in Carbon Markets.

9	 Anderson et al. 2025. Forest Carbon Diligence: Digital MV for Jurisdictional and Voluntary Offsets Markets. Preprint via EcoEvo.
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Figure 5. Discussion Questions for the group to discuss and debate on Methodological Evolutions towards 
Biomass Estimation in Forest Carbon MRV.

Evolution of Methodologies & Standards

From Activity Data to Biomass Estimation

Is there an opportunity to transition carbon 
accreditation or issuance methodologies 
towards direct biomass estimation, with 
interoperable definitions of tree canopy 
and/or aboveground biomass?

•	What are the costs & benefits of such a transition?

•	What are the scientific needs to make this transition 
happen?

•	What are the political needs to make this transition happen?

•	What have been the blockers to date?  

If so, how are the appropriate tools and 
technologies adopted? How do we think 
about the validation and/or benchmarking of 
different datasets, models, and products?

What data governance structures are 
needed to achieve this?

•	What data governance structures are needed to achieve this?

•	What types of licensing schemes do we need to consider in 
any such transition? 

•	How can groups collecting/hosting training or validation 
datasets coordinate with the broader community?

•	Especially as it relates to models’ access to remotely sensed 
data, inventory data, and/or labelled activity data.
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C.	 Evolutions towards Durability Metrics

Permanence has always been a critical MRV attribute for forest carbon accreditation, given the unique risks of 
reversal for conservation or restoration outcomes (including risks such as wildfire, plant pathogens, or shifting 
land use incentives or governance). However, while projects, jurisdictions, and national programs must each meet 
permanence requirements or participate in risk mitigation programs, these requirements and schemes are not 
necessarily commonly defined or coordinated.

Moreover, new approaches to permanence accounting and risk mitigation are also emerging. 

*	 Considerations for and approaches to duration-based accounting are challenging traditional definitions of 
permanence requirements. For example, the ICVCM Continuous Improvement Work Program’s recent report on 
Permanence made recent recommendations10 on standard definitions and a framework for a durability trust (or 
‘horizontal stacking’).11 Standardized accounting for emission reductions and removals over a given timeframe 
may enable more precise and place-based issuance, provide fungibility across nature-based and engineered 
interventions, and match buyers’ accountability for emissions liabilities.12

*	 For market-wide approaches to insurance, some argue that forest carbon accreditation protocols need more 
place-based data requirements for buffer pool contributions;13 or that the buffer pool concept could evolve into 
a simpler insurance fund, operating as an endowment whose returns cover reversal incidents in an annual time 
period.14

*	 In general, there is an understanding emerging in the nature-based solutions community that durability is 
dynamic over time, not a singular state of permanence, and that accreditationor trading schemes can instead be 
designed to achieve specific duration bounds and permanence.15

To clarify: this set of discussions did not aim to address all of the current conversations and debates around 
forest carbon permanence requirements and risk mitigation. Instead, we focused on a very targeted piece of the 
conversation: Measurement, Reporting, and Verification of durability.

For the evolution towards harmonized, interoperable durability measurement, we discussed the following needs 
(Figure 6):

•	 What are we measuring for durability (e.g., definitions of reversals and duration claims);

•	 How are we measuring it, currently and over time (e.g., tools and technologies, including remote sensing and 
inventory); and

•	 What are any (scientific or practical) barriers or blockers (including governance structures).

10	  CWIP Permanence. 2025. Integrity Council for the Voluntary Carbon Markets.

11	  Bodie Cabiyo. 2023. Accounting for short-term durability in carbon offsetting. Carbon Direct.

12	  Roston, March. 2025. The market that won’t trade: Fixing structural failures in the spot market for Carbon Removals. SSRN.

13	  Sanders-DeMott et al. 2025. Ground-truth: Can forest carbon protocols ensure high-quality credits? Earth’s Future.

14	  Truitt, Nathan and Lynn Riley. 2025. A trust for permanence: Enabling a new generation of permanent nature-based credits in the VCM. American Forest 
Foundation.

15	  Streck et al. 2025. Considering durability in carbon dioxide removal strategies for climate change mitigation. Climate Policy.
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Figure 6. Discussion questions for the group to discuss and debate on Methodological Evolutions towards 
Durability Metrics in Forest Carbon MRV.

Evolution of Methodologies & Standards

From Permanence to Durability Metrics

How did the discussions on evolving 
methods for direct biomass estimation 
change how you are thinking about similar 
evolutions underway in durability?

What are the threshold definitions for 
permanence (or durability requirements) 
and reversals at the project, 
jurisdictional, and national scale?

•	 How can we work towards common terms and definitions 
across scales?

How do we measure those thresholds? 
What are the tools and technologies?

•	 How does this look now vs in the future (over the ~30year 
timeframe of a project, and/or a ~100year timeframe of a 
durability claim)?

•	 How do harmonization needs change with these capabilities?

What is the role of remote sensing and/or 
inventory data in measuring and mitigating 
reversals?

•	 What forms of data governance do we need for both types of 
data? Who utilizes them?
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D.	 The Role of Academic and Research Institutions in Methodological Evolutions

How can scientific and applied research institutions best inform and/or facilitate the evolution of methodologies for 
core MRV attributes in forest carbon accreditation? This was the final topic for discussion, with the goal of creating an 
actionable collaborative roadmap for academic and research institutions coming out of COP30.

Traditional approaches for academic engagement include peer-review publication and direct consultation, while 
emerging approaches include product co-development, validation, and data hosting. Our question for this group 
(Figure 7) primarily focused on where academic and research institutions might be uniquely situated to help address 
scientific and practical blockers to adopting and activating methodological evolutions that could address important 
integrity, finance, or policy challenges in forest conservation and restoration at scale.

Figure 7. Questions for the group to discuss and debate on the role of academic & research institutions in 
methodological evolutions in Forest Carbon MRV.

Role of Academic & Research Institutions

From Permanence to Durability Metrics

What is the role for scientific and research 
institutions to:

•	 Inform threshold definitions and methodological evolutions?

•	Facilitate development, validation, and/or trust in tools and 
technologies?

•	 Facilitate data governance, such as licensing or hosting?

Where do these roles differ or agree in 
biomass and durability measurements?

What is the role for academic and 
research institutions to facilitate ongoing 
collaborations across standards bodies 
and other stakeholders? 

•	 To maintain methodological and definition interoperability and 
transparency

•	 To continue evolution with emerging science and technology 
capabilities
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IV.	KEY TAKEAWAYS
For full summary notes on each discussion topic, please see Appendix.

A.	 Key Takeaways on Methodological Evolutions in Biomass Estimation and 
Durability Metrics

Relevant to: * = Biomass Estimation ** = Durability Metrics *** = Both

1.	 Clear scientific communications are a precursor to adoption.***

a.	 This includes thoughtful analysis and documentation of underlying assumptions, costs, benefits, and 
applications of evolving methods and approaches. It also addresses specific stakeholder groups in its cost/
benefit analyses.

b.	 Scientific communications need to clearly address uncertainty. All approaches to biomass estimation, 
including both Earth Observation (EO) and National Forest Inventory (NFI) data, have inherent uncertainties. 
One of the benefits of biomass estimation, with proper calibration and validation, is the opportunity to have 
cohesive, spatially-explicit disclosure of uncertainty for carbon accreditation and finance programs.

c.	 “Not letting perfect be the enemy of the good.” No approach is perfect, cost/benefit analyses can help guide 
evolutions and adoption in practice.

2.	 An important gap in activating biomass estimation and mapping in policy and market mechanisms today 
is not lack of existing products but instead an understanding of how those products perform in specific 
geographies and use cases.*

a.	 Today we lack comprehensive documentation, comparison, performance benchmarking, and use case 
verification of existing forest structure and biomass models and products, which is a blocker to adoption.

b.	 Such evaluations are foundational to the scientific communications required for practical adoption.

3.	 The interplay between National Forest Inventory (NFI) and Remotely Sensed (RS) Data is critical in moving 
towards interoperable definitions of biomass and disturbance that are still functional in a local context.* 

a.	 The scientific + practitioner communities have to work together to determine how these different data types 
and sources can better interact to inform and improve forest structure, biomass, and disturbance/reversal 
alert models.

b.	 This is also critical in terms of bringing local knowledge, process, data sovereignty and expertise into the 
quantification of this ecosystem service in a given place or jurisdiction.
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4.	 The collection and sharing of calibration, training, validation data should be a community-coordinated 
effort.*

a.	 How and where to collect calibration and training data for global models; how to steward such information; 
and how to ensure equitable funding and business models for data collection, sharing, and use.

b.	 Moreover, the participation of local communities, indigenous land stewards, and jurisdictional authorities in the 
development and localized calibration of biomass estimates is critical to local context, applications, and equity. 

c.	 The infrastructure required for this model of top-down (remotely sensed) + bottom-up (inventory) data 
collection, sharing, and access requires collective business models to realize and sustain interoperable MRV 
systems.

5.	 Phased or tiered adoption pathways of methodological evolutions allow standards, jurisdictions, and 
countries to adopt interoperable MRV at different speeds depending on readiness and capacity.***

a.	 Without phased adoption pathways, smart and interoperable MRV approaches risk favoring jurisdictions and 
countries with existing data, infrastructure, and technical resources, as well as risk moving forward before 
local context, NFI data, and knowledge are adequately integrated.

b.	 Phased approaches could also align to the collective business models that sustain Interoperable MRV systems 
described in #4. E.g., earlier phases align to existing publicly-funded or licensed capabilities, with later phases 
building in the operational cost of smart and interoperable systems into transactions for sustainable collection, 
stewardship, and delivery.

6.	 The group sees the opportunity for a “Central Hub” to help with some of these data sharing, coordination, 
and product benchmarking needs.***

a.	 The group noted that this requires an independent + trusted institution to fulfill. Each stakeholder group 
interacts with this institution, but it is independent of any one stakeholder role.

b.	 A ‘Central Hub’ should strive to coordinate and collaborate with existing related initiatives, rather than replicate 
any ongoing work. Suggested partners to follow-up with include Geo-TREES, AGBRef from University of 
Potsdam, Science for High Integrity Frameworks to Transform Carbon Markets (SHIFT-CM, from The Nature 
Conservancy and Yale University), University of São Paulo, NASA GEDI, ESA Biomass, and others. This group 
should include scientific education and research institutions from tropical countries, given the importance of 
localized participation, calibration, and data-sharing.

7.	 Operationalizing new MRV approaches may require “Rosetta Stone” translations for existing standards 
and methods.***

a.	 How will scientific and technological evolutions affect specific standards and methodologies? What are the 
practical transition plans for project stakeholders? On what timelines?
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8.	 Activity Data will remain an important component in strategies to incentivize reduced deforestation and 
increased restoration.* 

a.	 Methodological evolutions towards new capabilities in biomass estimation and duration will not make activity 
data irrelevant. Activity data is an important layer for drivers attribution, especially in managing broader land 
use and economic development interactions.

i.	 Carbon measurement and finance do not operate in a vacuum; pressures on forest and land use incentives 
exist in a broader economic development agenda and trajectory.

b.	 It is important for the scientific community to keep in mind that different user groups, different stakeholders, 
might require different data. Local land stewards, communities, and governments have site-specific context 
for which data is useful for specific needs.

B.	 Special Presentations on Data Governance, Financial Instruments, and Parallels 
in MRV for Emerging Nature-Based Pathways

Participants also heard presentations from and engaged in productive dialogue with three Stanford University faculty 
on related topics:

1.	 Climate Data Governance with Professor David Hayes (Stanford Law School),

2.	 Improving Tropical Forest Financing with Forest Linked Loans with Professor Bård Harstad (Stanford Graduate 
School of Business), and

3.	 Parallel Interoperable MRV Challenges in Emerging Nature-Based Solutions Pathways (Biochar and Enhanced 
Rock Weathering) with Professor Kate Maher (Stanford Doerr School of Sustainability).

Photo credit: Tara O’Shea.
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Key Takeaways from the related cross-cutting themes considered in Stanford faculty special presentations are 
provided in Table 2 below.

Table 2. Cross-cutting themes presented by Stanford University faculty.

Climate Data Governance: 

Professor David Hayes

Professor David Hayes presented on topics related to trusted climate data 
and data governance, providing examples from national US exercises in 
forestry, methane, and CDR. Governance systems are needed for data 
sharing, protocol agreement, and ability to get information into the public 
sphere. In addition to the US national context, David also shared parallel 
examples for data governance in the medical field.

Improving Tropical Forest 
Financing: 

Professor Bård Harstad

Professor Bård Harstad presented on his research, “Improving Tropical 
Forest Finance: From the TFFF and REDD+ to SSLB and FLL”. This work 
details the benefits of structuring results-based finance for reduced 
deforestation and restoration as forest-linked loans (versus one-time grant 
or development aid payments). The loan can be structured in such a way 
that if deforestation remains below a baseline threshold, the jurisdiction 
does not need to repay the principal. If deforestation is above a pre-
defined threshold, the loan must be repaid with an interest rate linked to 
deforestation rate. His research demonstrates how this solves important 
incentive and duration gaps in current paradigms for financing tropical 
forests. The group had a robust Q&A with Professor Harstad on this 
research as well as practical implications for implementation.

Parallels in Emerging NBS 
Pathways: 

Professor Kate Maher

Professor Kate Maher presented on MRV research and challenges for 
emerging nature-based carbon removal pathways, including enhanced rock 
weathering and biochar. Her work details how these solutions face similar 
challenges in standardized definitions, data sharing and governance. 
Her work presents a framework for thinking of the “MRV Layer” as 
separate from the “Accounting Layer”, in which the MRV layer consists 
of standardized physical measurements that can then inform accounting 
systems.
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C.	 Key Takeaways on the Role of Academic and Research Institutions 

1.	 Universities can help clarify the priorities and chronological order for advancing methodological 
evolutions towards interoperability.

a.	 This group discussion prioritized the following chronological order: Standardized definitions —> Identifying & 
benchmarking tools and technologies —> Supporting sustainable business models and tiered approaches for 
data access and applications.

i.	 All three stages should explicitly integrate capacity-building in forest countries, rather than treating it as a 
separate or downstream activity.

2.	 Academic and research institutions can play a more active role in documenting, comparing, and verifying 
performance of new MRV definitions, technologies, and products.

a.	 This includes scientific communications on the costs/benefits of these evolutions overall, as well as specific 
methods or products themselves.

b.	 This is especially true in the current evolution towards direct biomass estimation, where multiple global 
products exist. Academics can provide independent review of different methods and approaches in specific 
use case or regional context.

c.	 This scope could also include more active involvement in the methodological development and iteration 
processes themselves. For example, submitting comments during public consultations at all scales of carbon 
accreditation, or piloting protocols after they are verified.

3.	 A “Central Hub” that helps fill institutional data gaps for interoperable MRV could help coordinate and 
advance constructive engagement with and feedback from academic partners. 

a.	 A Central Hub, coordinating engagement with and feedback from a global (including global North and global 
South) coalition of universities, could support practical evolutions by:

i.	 Leading on scientific communications; 

ii.	 Conducting independent documentation and comparison of methods, products, and approaches; 

iii.	 Advising on translations for specific methods and standards;

iv.	 Helping design data collection protocols, sharing incentives, and potential collective business or 
governance models (particularly to support interplay of remotely sensed and NFI data); and

v.	 Coordinating dialogue, constructive criticism, feedback and iteration across academia and MRV 
practitioners.

vi.	 This could also include a Central Hub providing an ‘air traffic control’ service for academic feedback into 
methodological development, public consultation, and verification processes (described in 2c above), 
helping flag open review periods and summarize feedback points to and from the academic sector.
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4.	 Universities have convening power, and should use it.

Academia is uniquely situated to bring together scientists and practitioners from many roles and disciplines. This can 
catalyze and accelerate more productive feedback loops across all parties.

It can also enable more effective pilots of new approaches, tools, and technologies as they emerge, supporting tighter 
and more rigorous iterations and feedback loops.

5.	 Collaborative pilots between market and policy practitioners and universities are an effective way to 
rapidly develop and test methodological evolutions for interoperable MRV. 

a.	 This is an especially exciting time to pilot approaches for standardized biomass definitions, duration metrics, 
and associated monitoring technologies. Early pilots should include participation from multiple stakeholders, 
including community, government, and science institutions in tropical countries.

i.	 Article 6 transactions: piloting methodological evolutions in this period between COP30 and the 
Supervisory Body 2026 meeting.

ii.	 Voluntary & Compliance Markets: Compliance markets are under development at the subnational and 
national level globally; Voluntary markets continue to go through methods and standards evolutions and 
integrity councils.

iii.	 Forest-Linked Loans: piloting new conservation and land use finance incentives via traditional debt finance 
(vs aid or grants). This is timely following three initial national-scale FLLs, a growing interest from low 
historical deforestation-rate countries, and growing academic evidence of success.

Photo credit: Belle Long
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V.	NEXT STEPS
Participants in this Uncommon Dialogues on Interoperable MRV in Forest Carbon identified the following next steps:

1.	 Publish key working group findings and increase outreach to new partners for implementation.

a.	 Coordinated and published by the Stanford Woods Institute for the Environment, this white paper documents 
the key takeaways and next steps determined by the group, as well as serve as a foundational outreach 
material to build partnerships and momentum towards those next steps.

b.	 This white paper is intended to be disseminated to potential partners in academia, carbon markets, and policy, 
as well as to national governments and technical agencies for feedback.

c.	 The group may also consider adapting the Key Takeaways section into a perspective piece for a relevant 
journal.

2.	 Develop a “Central Hub” construct for coordinating and advancing constructive academic engagement 
with and feedback into methodological evolutions in practice.

a.	 The group will look for opportunities to take next steps towards activating academia’s role in some of the 
current gaps identified, such as early pilots that combine methodological innovation with on-the-ground 
implementation and capacity building; independent product comparison; standards translation; financial 
product innovation; and data sharing arrangements and environments. This white paper will serve as outreach 
material in the development of any such initiative.

b.	 The Stanford team will connect with existing related initiatives in this space to explore collaborations and joint 
workstreams.

c.	 All participants will consider next steps and outreach to relevant stakeholder participants in potential pilots.

3.	 Consider future or ongoing convenings and dialogues.

a.	 The Stanford Woods Institute for the Environment will consider coordinating an ongoing series, whether 
working group or plenary, towards the interoperable MRV gaps and needs identified here. 

Conserving and restoring forests is critical to climate change mitigation and adaptation. While solving for sustainable 
land use is a broad economic development challenge, carbon finance can support meaningful proactive interventions 
at the project, jurisdictional, and national levels in the near-term. Evolving and aligning foundational Measurement, 
Reporting, and Verification attributes can help unlock demand and financial instruments for forest conservation and 
restoration.

This Uncommon Dialogue aimed to focus on those core MRV evolutions underway and clarify next steps – for 
research institutions in particular – to practically support them. We look forward to working with interested partners 
on continuing this work towards Interoperable MRV in Forest Carbon and demonstrating impact for conservation and 
restoration at scale.
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VI.	APPENDIX
Table 2. Key Takeaways by Discussion Topic.

TOPIC – BIOMASS ESTIMATION

Discussion Questions

Is there an opportunity to transition carbon accreditation or issuance methodologies towards direct biomass estimation, with 
interoperable definitions of tree canopy and/or aboveground biomass?
•	 What are the costs & benefits of such a transition?
•	 What are the scientific needs to make this transition happen?
•	 What are the political needs to make this transition happen?
•	 What have been the blockers to date?  

If so, how are the appropriate tools and technologies adopted? How do we think about the validation and/or benchmarking 
of different datasets, models, and products?
What data governance structures are needed to achieve this?
•	 What types of licensing schemes do we need to consider in any such transition? 
•	 How can groups collecting/hosting training or validation datasets coordinate with the broader community?
•	 Especially as it relates to models’ access to remotely sensed data, inventory data, and/or labelled activity data.

Key Takeaways

Scientific Definitions and Communications
•	 Needs to be better scientific comms on the cost/benefits of such an evolution
•	 Benefits = speed and scale of MRV and results-based financing, regardless of whether the incentive scheme is in 

voluntary (private) markets or public financing
•	 The costs include not undervaluing the importance of activity data for land use and development planning more generally
•	 Scientific communication also needs to include an understanding of what is being defined and measured (“direct” may 

mean without co-efficient multiplication, but it is still an estimate of metrics like canopy height and biomass) and the 
value of activity data in broader use case application.

Addressing Political Barriers
•	 Scientific communications on not only cost/benefits, but also implications for system integrity
•	 Consideration for how to build trust in data realms
•	 The challenge of ‘needing every answer to be right’ – if new approaches invalidate old measures, what is a just process 

for that transition? Particularly for those that have invested in or are stewarding projects

Addressing Scientific Barriers
•	 Need an understanding across scientists and practitioners around thresholds for ‘good enough’ – how and when to not 

let perfect be the enemy of the good
•	 Adoption & communication of standardized, spatially explicit uncertainty measures can help here
•	 Need to align incentives for sharing data to ensure biomass models are locally calibrated and trained
•	 ‘Rosetta Stone’ translations for how these new approaches are applied to specific standards’ methodologies
•	 Independent review of biomass products – including performance in specific areas and use case applications

Data Governance Needs
•	 See above re: incentives for training, calibration, and validation data to be shared to ensure model’s accuracy in local 

contexts and applications
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TOPIC – DURABILITY METRICS

Discussion Questions

How did the discussions on evolving methods for direct biomass estimation change how you are thinking about similar 
evolutions underway in durability?
What are the threshold definitions for permanence (or durability requirements) and reversals at the project, jurisdictional, 
and national scale?
•	 How can we work towards common terms and definitions across scales?

How do we measure those thresholds? What are the tools and technologies?
•	 How does this look now vs in the future (over the ~30year timeframe of a project, and/or a ~100year timeframe of a 

durability claim)?
•	 How do harmonization needs change with these capabilities?

What is the role of remote sensing and/or inventory data in measuring and mitigating reversals? 
•	 What forms of data governance do we need for both types of data? Who utilizes them?

Key Takeaways

Scientific Definitions and Communications
•	 Standardized metrics for durability are important for supply-side integrity (e.g., managing systems and risk mitigation for 

permanence) as well as demand-side integrity (e.g., fungibility with carbon accounting and removal assets).
•	 Supply side: Durability definitions and measurements inform reversal detection and risk mitigation practices to maintain 

systemic permanence
•	 Demand side: Carbon accounting and disclosure is evolving towards duration-based assessments of emissions liabilities, 

which requires duration-bound assets; also allows for more fungibility across carbon removals and emission reductions
•	 Esp important to get fungible definitions of durability over the next 30 years, as emission reductions now are important to 

bridge towards net-zero & removals

Addressing Political Barriers
•	 What are ‘transition policies’ if new or interoperable approaches change the buffer pool or other insurance requirements 

for specific standards or projects
•	 Need to reconcile permanence reporting activities in the VCM with compliance markets and jurisdictions
•	 Durability metrics need to consider anthropogenic influences – “Permanence problems are not in physical risks; it’s the 

human elements of land use change and opportunity costs”
•	 Anthropogenic drivers of reversals need to be considered / balanced in broader incentives and development agendas

•	 Both activity data and biomass data therefore helpful in managing durability or managing its risks

Addressing Scientific Barriers
•	 Need more collaboration across scientists and practitioners on practical durability metrics
•	 What is a ‘pie in the sky’ requirement vs a functional threshold 
•	 Have same remote sensing + NFI data sharing requirements as in the biomass estimation discussion

•	 Need supply & demand side accounting to both become more dynamic

Data Governance
•	 Have similar data governance challenges as in the biomass estimation discussion, because both remotely sensed and 

inventory datasets can help inform reversal detection and management systems
•	 But also have broader governance questions around insurance, transition plans for projects and jurisdictions towards 

more interoperable insurance mechanisms
•	 Who is on the hook when reversals are detected? Or need to have additional development planning to prevent? Or are 

larger than anticipated at time of system design?
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TOPIC – ROLE FOR UNIVERSITIES

Discussion Questions

What is the role for scientific and research institutions to:
•	 Inform threshold definitions and methodological evolutions?
•	 Facilitate development, validation, and/or trust in tools and technologies?
•	 Facilitate data governance, such as licensing or hosting?

Where do these roles differ or agree in biomass and durability measurements?

What is the role for academic and research institutions to facilitate ongoing collaborations across standards 
bodies and other stakeholders? 
•	 To maintain methodological and definition interoperability and transparency
•	 To continue evolution with emerging science and technology capabilities

Key Takeaways

Universities can help document and compare different biomass datasets and models
•	 Seen as a neutral body to document, assess, and communicate various models’ or products’ performance and fit for use 

case applications
•	 Role of comparison and benchmarking
•	 Clarification of which use cases works well for which products
•	 Making this information as independent and accessible as possible
•	 Best if done as a coalition of universities
•	 Can learn from how LLM benchmarks are being set up

Helping serve as a “Central Hub”
•	 A coalition of universities could fill this institutional gap
•	 Could address the above referenced review of datasets/models
•	 Could help design data gathering protocols, think through incentives and business models for sharing and sustaining 

specific datasets and their access
•	 This is particularly important with regards to coordination across model developers (data providers) and NFI data holders 

(countries) – universities can help with related NFI/RS research as well as equitable models for data sharing and use
•	 Could help with scientific communications on these evolutions – their benefits, costs, and implications for specific 

stakeholders
•	 Could help with ‘Rosetta Stone’ translations of how to transition specific methodologies as science evolves
•	 Can help communicate and/or respond to academic criticism and requirements
•	 Translating criticisms into action; building back external trust
•	 “Trust comes before the evolutions” – universities are important in both

Universities have powerful convening power
•	 Can bring together scientists and practitioners, practitioners across multiple applications, and scholars from multiple 

disciplines
•	 Can help academics and practitioners have a more productive feedback loop on criticisms and remedies

Universities should support early pilots in Interoperable MRV for Article 6 transactions and/or FLLs

Universities should consider the chronological order to these evolutions when prioritizing their activities

•	 Harmonized definitions —> Identifying & Benchmarking tools —> Sustainable business models and tiered approaches for 
data access and applications
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