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Objective: provide a state-of-the-art overview on the topic and conclude with 
relevant recommendations for policy, practitioners, and research funders. The 
document is primarily written from a European perspective, but due to the nature 
of marine CDR, it may have global relevance.

The report provides an accessible summary of:
• different marine CDR approaches
• key challenges for MRV
• assesses the current observational and modelling capabilities
• the state of regulations and governance
• highlights the major knowledge gaps and uncertainties 
• knowledge needed for MRV of different methods
• and provides actionable recommendations.
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Different methods of mCDR

Marine CDR: A range of biotic and geochemical methods that remove carbon from the 
atmosphere by enhancing ocean carbon uptake or storage through different mechanisms, 

scales, and pathways, each requiring its own tailored MRV.



Key challenges for MRV

MRV is the systematic process of monitoring, reporting, and verifying carbon removals and their impacts to ensure they are 
real, additional, transparently documented, and scientifically robustly quantified. 
This process should provide confidence that climate benefits are genuine, measurable, and can be independently validated.

• Marine CDR requires 
careful assessment of 
factors such as 
additionality, storage 
durability, and biological 
indicators.

• It includes monitoring 
stored carbon, tracking 
other GHG emissions, 
and and applying 
rigorous measurement 
and verification over time.



MRV regulations and governance: current landscape

• International frameworks guide MRV for marine CDR, but no binding obligations exist yet.
• Deployments mostly restricted to sceintific research under international law, and national permits.

Global Agreements
• UNCLOS
• BBNJ Agreement
• UNFCCC, Kyoto, Paris
• CBD – Convention on 

biodiversity

Environmental Impact 
Assessments

• Required for activities 
that may cause 
significant harm

• Legal interpretation 
includes mCDR

London Protocol
• Assessment framework 

relevant for MRV
• Must justify purpose, 

scale, methods, 
location, benefits and 
risks

«Adequate scientific basis and risk consideration for 
biodiversity and socio-economic impacts»



Paris Agreement Article 6.4 –
Crediting mechanisms and MRV

Implication for mCDR: any activity generating Paris-compatible credits must meet these 
requirements for transparency, integrity and risk management.

• Enables cooperation between 
countries by transferring carbon 
credits from verified emission 
reductions or removals.

• Credits support countries in meeting 
their NDCs.

• Removal activities with reversal risks 
require monitoring beyond the 
crediting period to ensure durability.

Projects seeking Article 6.4 credits 
must report on:
1. Monitoring methods
2. Net removal estimates and 

uncertainties
3. Associated GHG release events
4. Assessments of environmental and 

social impacts.



Challenges in Coverage and Measurement Accuracy

Global ocean carbon observations: gaps and challenges

Credit: Alizée Roobaert. 

Surface CO2 measurements (SOCAT) – annual and latitudinal distributions

Subsurface DIC measurements (GLODAP) – annual count and depth distributions

• The observing 
system is patchy, 
not sustained at 
the scales needed 
for MRV.

• Major gaps in 
depth coverage, 
regional sampling, 
seasonality, and 
long-term 
consistency. 



Modeling approaches for mCDR: 
from mechanistic to Earth system

Credit: EMB based on a concept by Chelsey Baker. Modified from Sulpis et al. (2022), Wang et al. (2025), Baker et al. (2022), Tagliabue 
et al. (2023), Met Office (2013) Reprinted with permission © Crown Copyright 2013, data supplied by the Met Office.

Earth System models capture feedbacks but require integration with mechanistic and regional 
models for accuracy.

Blue arrow: progression of modeling complexity. 
Purple arrow: examples of outputs relevant to MRV.



State of MRV readiness for 
mCDR methods

Pilot-scale MRV readiness 
varies widely across mCDR 
methods, with only a few 
approaches showing 
mature baseline and 
monitoring frameworks, 
while most remain only 
partially ready or still lack 
foundational MRV 
components.

Colours signal readiness: 
Green = ready (established protocols exist)
Yellow = partially ready (important gaps remain)
Red = not ready (foundational methods missing)
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Building Confidence in Marine Carbon Dioxide Removal 
- A Six-Pillar MRV Framework

Robust MRV for mCDR 
rests on six core pillars 

These pillars ensure 
removals are

real, 
additional, 

durable, and 
environmentally safe

reference 
conditions

beyond 
natural 
variability

link changes 
to 

intervention

long-term 
permanence

ecosystem 
health

side-effect 
monitoring





Recommendations
Overarching recommendation: 
We recommend that rapid reductions in CO2 emissions remain the top priority.



Recommendations for policymakers and regulators

1. Develop a standardised, comprehensive regulatory framework for MRV.
2. Standardise the collection and reporting of mCDR MRV information across diverse regulatory fora.  
3. Develop regulations for baseline monitoring covering both carbon and ecology, using these to 

establish additionality and to detect/attribute ecological effects, with pre-defined indicators and 
adaptive triggers.

4. Develop cost-effective, standardised and sustained long-term monitoring and observing systems 
for carbonate system variables, complement with modelling and machine learning.

5. Limit scaling and co-deployment until MRV protocols for individual methods have been proven, 
and assess changes in efficacy in co-deployment scenarios.

6. Consider the requirements of key legislation, for the implementation and monitoring of mCDR 
methods in the EU.



Recommendations for science funders
(national, European and philanthropic)

1. Fund projects to establish baseline carbon fluxes and sinks, particularly those that support 
development of instruments allowing high-frequency, long-term, in situ carbonate system 
measurements. 

2. Fund projects that produce observational data for the purpose of validating and refining models, 
particularly on deep-Ocean. 

3. Fund projects to investigate how biological processes respond to environmental change as part of 
MRV assessments, to ensure these changes do not compromise Ocean health. 

4. Fund projects to close knowledge gaps on the long-term efficacy, environmental impacts and 
scalability of mCDR. 

5. Require transparent data-sharing policies, and open-access publications and project outcomes.
6. Support practical applications of real-world MRV for mCDR, to complement the fundamental 

research behind mCDR methods.
7. Support multi-disciplinary and trans-disciplinary MRV research projects that scope and map the 

regulatory landscape, while actively engaging stakeholders and local communities. 



Recommendations for MRV scientists, 
practitioners and project planners

1. Establish robust local-, regional-, and large-scale baselines of carbon fluxes.
2. Quantify uncertainties in MRV protocols for CO₂ removal across different scales, including instrumental 

precision, measurement accuracy, temporal and spatial variability, and model prediction fidelity.
3. Determine thresholds for unacceptable ecological and environmental side effects that would trigger policy or 

management response.
4. Quantify the durability of the CO₂ removal, in addition to its magnitude.
5. Establish how interactions between various mCDR methods being co-deployed may be credited within MRV 

and carbon removal accounting frameworks.
6. Conduct rigorous Life Cycle Assessments (LCAs) to quantify the net carbon removal.
7. Develop standardised environmental MRV (eMRV) guidance and baselines, for detecting and attributing 

ecological impacts and non-CO₂ forcers.
8. Describe environmental and ecological risks, at least qualitatively, and quantify when possible.
9. Follow ethical principles and codes of conduct for research, and prioritise funding from transparent sources. 
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