
© 2024 GMV Property – All rights reserved

UNFCCC Webinar on Soil Organic 

Carbon to Support National 

Greenhouse Gas Inventories from 

Developing Countries under the 

Enhanced Transparency 

Framework of the Paris 

Agreement

Session 4: MRV4SOC. Conceptual 
approach for establishing MRV 
systems for SOC in developing 
countries



© 2024 GMV Property – All rights reserved© 2024 GMV Property – All rights reserved Page 2

Content

Introduction

• Key concepts

Voluntary MRV systems

• Example in the EU

• Example in Nigeria

Building further capacity

• Technical

• Financial

• Capacity Bulding

• Objectives of MRV systems 

• Types of Carbon Markets 



© 2024 GMV Property – All rights reserved

Introduction

What is MRV?

Types of MRV systems

Objectives

Types of Carbon Markets

Page. 3



© 2024 GMV Property – All rights reserved

What is MRV?

➢ Widely used after the Bali Action Plan in 2007

➢ No universally accepted definition: initially ambiguous and used in different contexts

“MRV stands for Measurement/Monitoring, Reporting, and Verification. This term is used in 

diverse contexts, but most frequently in the context of greenhouse gas (GHG) emissions and 

their reduction. In essence, MRV is a series of processes to quantify GHG emission and their 

change overtime. Quantified values that have passed through robust MRV processes can 

represent accurate levels of GHG emission.” 

“For developing country Parties implementing REDD+ activities (referred to in paragraph 71 of 

decision 1/CP.16), to obtain and receive results-based payments, anthropogenic forest-related 

emissions by sources and removals by sinks, forest carbon stocks, and forest carbon stock and 

forest-area changes resulting from implementing those actions (REDD+ results) should be fully 

measured, reported and verified.”
Page. 4

Sources: IGES, 2013, REDD+ web platform

https://unfccc.int/resource/docs/2010/cop16/eng/07a01.pdf#page=12
https://unfccc.int/resource/docs/2010/cop16/eng/07a01.pdf#page=12
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Types of MRV systems

National level “aims at determining the GHG emission in each country. Its 

methodologies are well established through guidelines by the Intergovernmental 

Panel on Climate Change (IPCC). As the methodologies primarily rely on national 

statistics, its accuracy requirement is not as strict as organizational and project levels. 

Although most of developed countries established their national MRV schemes through their 

GHG inventories, many developing countries have yet to institutionalize such systems. 

Furthermore, national level MRV could potentially be applied to regional and local 

levels, but the methodologies and applications at subnational levels are limited at 

the moment.”

Page. 5
Sources: IGES, 2013
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Types of MRV systems

Project level “aims to quantify GHG reductions associated with a project for the 

purpose of crediting, most commonly through the implementation of the Clean 

Development Mechanisms (CDM) but also through other crediting schemes such as 

Verified Carbon Scheme (VCS). As at the organizational level, it requires a high level of 

accuracy. Although its methodologies are already well developed, there is a continued 

challenge to accurately estimate “baseline emission”, which enables the comparison 

between scenarios within and outside the project.”

Page. 6
Sources: IGES, 2013
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Objective of MRV systems

Page. 7

• Avoided  -
Removed GHG 
emissions

Activity

• One ton of 
reduced GHG 
emissions 
expressed in 
tCO2eq 

Credits
•Credits sold through a 
legally binding 
contracts

•5-10 years 

•Payments according 
to reported and 
verified results.

Payments
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Types of Carbon Markets

➢ Compliance markets: participation in response to a regulation.

➢ Voluntary markets: no formal obligation to reach specific goals.

➢ Different methodologies / standards have been developed.

➢ A current certification framework is being developed by the 

European Commission to improve transparency.

Page. 8
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Measurement, Reporting, and Verification

Page. 9
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What does an MRV system measure? The concept 
of carbon pools
The IPCC identifies five carbon pools, 
which can be measured and reported as 
part of national GHG inventories: 

(i) above-ground biomass (AGB); 
(ii) below-ground biomass (BGB);
(iii) dead wood; 
(iv) litter (DOM); 
(v) and soil organic matter (SOC), 

Parties are encouraged to report on as 
many of their significant carbon pools 
as possible, according to national 
circumstances. 

Countries should remain methodologically 
consistent.

Source: IPCC, 2006

Page. 10Source: FAO, 2013
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Evolution of Voluntary MRV systems: UNFCCC 
context

Page. 11

National communications

Biennial update reports (BUR)

International consultation analysis

Domestically supported Nationally Appropriate 
Mitigation Actions (NAMAs) 

Undertaking MRV REDD+ activities for results-based 
payments – Report REDD + results in the BUR

Broad context
Voluntary

Deforestation 
and forest 
degradation
Voluntary
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MRV for REDD+: elements to be developed

➢ A national strategy or action plan;

➢ A national forest reference emission level and/or forest reference level 
or, as an interim measure, subnational forest reference emission levels and/or 
forest reference levels;

➢ A robust and transparent national forest monitoring system for the 
measurement and reporting of the related activities, with subnational 
measurement and reporting as an interim measure, in accordance with the 
national circumstances;

➢ A system for providing information on how the safeguards for REDD-plus 
activities are being addressed and respected.

Page. 12
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Satellite Monitoring System

Source: World Bank 2021

Highlighted actions to overcome challenges

1
•Access to cloud services with decentralized multipurpose platforms 
and databases

2
•Foster partnerships with research groups, institutions, and agencies 
involved in the development and maintenance of in-situ plot networks.

3
•Enhance and promote new standardized methods using Remote 
Sensing, Geostatistics, and AI on the cloud.

4

•Create the necessary enabling environment by fostering coordination 
and partnership among agencies, institutions, countries, communities, 
and research groups to improve data and know-how sharing
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MRV for SOC 

Page. 14

Field methods

▪ Soil sampling at 
least 30 cm

▪ Measuring C 
stocks at the lab 
(bulk density, 
carbon content)

▪ Measuring C 
fluxes

The soil carbon stock to a certain depth is a standardized metric comparable across sites, 
time steps, and carbon pools.

Modeling

▪ Empirical

▪ Process-based 
models

Remote sensing 

▪ Proximal

▪ Airborne 

▪ Satellite 

Hybrid approach

Source: World Bank, 2021c., Smith et al. 2019
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Hybrid approach: Tier 3 methodology

Tier 3 methods require detailed data with derived emission factors from 

models and inventory measurement systems:

- Source specific

- Technology specific

- Region specific

- Country specific

Page. 15 Source: UNFCCC, 2009
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Before selecting a tool / method (Tier 1, Tier 2, 
Tier 3), let’s consider…

➢ Availability of data: historic data (soil samples, management 
practices)

➢ Scale of implementation and accuracy

➢ Robustness: consistent datasets and methodologies

➢ Transparency: assumption and methods clearly explained

➢ Standardization: scale up results

➢ Cost-effectiveness

Page. 16
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MRV for SOC: Key elements to be developed

➢ High resolution soil / land cover / drainage maps: National soil 
sampling monitoring system

➢ High resolution activity data: Spatially and temporarily referenced 
observations of land use and land management practices that can be 
used to inform model-based estimation of soil carbon stock changes 

➢ Country specific emission / removal factors for soil types and 
management practices

Page. 17 Sources: World Bank, 2021 c
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Why is an MRV system including SOC relevant?

Source: World Bank, 2021a,b, MRV4SOC

To limit global warming to 1.5°C, greenhouse gas emissions must peak 
before 2025 at the latest and decline 43% by 2030.

➢ Soils are the largest active terrestrial carbon pools.

➢ Agricultural management practices highly impact on the carbon cycle 
and the storage of Soil Organic Carbon.

➢ Low Soil Organic Carbon can reduce crop and land productivity.

➢ Increase the robustness, standardization, transparency, and cost-
effectiveness of Tier-3 methodologies.

➢ Build trust in result-based payments mechanisms.

Page. 18
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Practical implementation

➢ Rewetting and restoring peatlands and wetlands to reduce carbon oxidation and
increase carbon sequestration potential.

➢ Agroforestry and mixed farming, integrating trees or shrubs with crop and/or animal
production.

➢ Implementing catch crops, cover crops, conservation tillage, and landscape features
to protect soils and enhance soil organic carbon.

➢ Reforestation respecting ecological principles for biodiversity and sustainable forest
management.

➢ Making more efficient use of fertilizers to reduce emissions of nitrous oxide from
agricultural soils.

Page. 19

Rewarding farmers and foresters for implementing climate-friendly 
practices (carbon farming) that enhance carbon sequestration and 

storage in forests and soils, or that reduce GHG emissions from soils. 
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Questions?
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Example in the European Union

Page. 21

Funded by the 
European Union
GA 101112754     

Developing an MRV system for the EU land sector
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Policy context

➢ First climate neutral continent by 2050

➢ At least 55% less net greenhouse gas emissions by 2030, compared to 1990 
levels

➢ 3 billion trees to be planted in the EU by 2030

Page. 22 Source: EU Climate Law, Biodiversity Strategy



© 2024 GMV Property – All rights reserved

Policy context

Page. 23
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Goals of the proposal

➢ Accelerate the deployment of verifiable, high-quality carbon removals

➢ Encourage industries, farmers and foresters to adopt effective carbon 
removal solutions

➢ Counter greenwashing, focus on high quality removals and build trust by 
focusing on trustworthy removals

➢ Ensure the EU’s capacity to quantify, monitor and verify carbon 
removals

➢ Stimulate a wide variety of result-based financing options by private or 
public sources

Page. 24

Source: EC, 2022
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The regulation relies on four pillars

Quantification 

The net carbon removal 
benefit' should be 

quantified in a robust 
and accurate way.

Page. 25

Additionality

 
Carbon removal 

activities must go 
beyond standard 

practices and what is 
required by law. 

Long-term 
storage

Carbon removal 
activities must 
ensure that the 

carbon removed 
is stored for as 
long as possible 
and the risk of 

release of carbon 
should be 

minimized.

Sustainability

Carbon removal 
activities must have a 
neutral impact on, or 

generate a co-
benefit
for, other 

environmental 
objectives.

Source: EC 2022/0394 (COD) 
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Key definitions

Carbon removals: “Anthropogenic removal of carbon from the atmosphere and its durable 
storage in geological, terrestrial or ocean reservoirs, or in long-lasting products”

Carbon farming: “means any practice or process, carried out over an activity period of at 
least five years, related to terrestrial or coastal management and resulting in capture and 
temporary storage of atmospheric and biogenic carbon into biogenic carbon pools or the reduction 
of soil emissions.”

Activity period: “a period over which the activity generates a net carbon removal benefit or 
a net soil emission reduction benefit, and which is determined in the applicable certification 
methodology.”

Monitoring period: “a period over which the soil emission reduction or storage of carbon is 
monitored by an operator or a group of operators and which covers at least the activity 
period as determined in the applicable certification methodology.”

Certification scheme: “an organization that certifies the compliance of activities and 
operators with the quality criteria and certification rules set out in this Regulation.”

Page. 26 Source: EC 2022/0394 (COD) 
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Certifying carbon farming practices 

➢ Soil emissions reduction units

➢ Rewetting peatlands or more efficient use of fertilizers: Activity period 
of at least 5 years

➢ Carbon farming sequestration units

➢ Temporary carbon removals in soils and forests: Activity period of at 
least 5 years

Page. 27 Source: EC 2022/0394 (COD) 
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Policy context in Agriculture and LULUCF sector

Page. 28

UNFCCC / Paris Agreement

EU Climate and Energy – LULUCF regulation 

Common Agricultural Policy
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EU MRV for carbon farming

Page. 29

Certification methodology 

Methodologies recognized by an authority

Independent auditing certification bodies

Certification registries

Source: EC 2022/0394 (COD) 
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Example of a Voluntary Carbon Market 
implemented at a national level (Label-bas 
Carbone)

Page. 30 Source: Carbon Gap, 2023. 
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The MRV4SOC project in a nutshell

https://youtu.be/CNhjo-Rjihk https://mrv4soc.eu/
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General objective

Designing a comprehensive and robust Tier 3 approach*, 

accounting for changes in as many C pools as possible, to 
estimate GHG and full C budgets, couple C and N cycles, 
quantify C accumulation (Soil Organic Carbon -SOC- and Soil 
Organic Matter -SOM-), and assess the results of traditional 
management practices and C farming.

❖ Scalable, accurate, transparent, standard, cost-effective, 
and reliable. 

Page. 32
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Specific objectives

➢ To measure long-term SOC accumulation in 9 EU representative 
LULC classes.

➢ To assess how C farming practices drive C flux dynamics in the 9 
LULUCF classes.

➢ To assess the impact of climate change on SOC accumulation
associated with C farming practices.

➢ To develop a robust, transparent, standard, and cost-effective 
MRV to facilitate results-based payments

➢ To seek out revenue opportunities to unlock results-based 
payments.

➢ To increase stakeholders’ faith in Voluntary Carbon Markets.

Page. 33
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Demonstration Sites

5 EU countries: DE, 
CZE, IT, BE, SP

1 Associated 
country: NOR

5 biogeographic 
regions: 
Mediterranean, 
Atlantic, Continental, 
Artic-Alpine, Boreal, 

Different pedo-
climatic conditions

Page. 34
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Peatlands, 
paludiculture and 

wetlands

Land use/ cover classes

ForestCroplands

Grassland and pasture Agroforestry

Peri-urban areas

Page. 35
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Highlighted challenges

QUantification

•Tier 3 frameworks are 
not standardized or 
validated in many 
cases.

•Lack of case studies:

•Large spatial 
variability in SOC.

•Multitude of land 
use, climate, and soil 
combinations to be 
tested.

Additionality

•Go beyond standard 
practices.

•Difficulties to measure 
C added into the soil 
directly related to the 
land management 
practice.

•Avoid C leakage 
through incentivised C 
farming.

Long-term 
storage

•Ensuring permanence 
of reported C 
removals.

•Lack of  effective 
long-term 
monitoring.

•Natural and 
anthropogenic 
disturbances.

SustainabilITY

•Accounting for co-
benefits derived from 
C removal activities.

•Increase trust in 
Voluntary Carbon 
Markets

Page. 36
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•Lack of case studies:

•Large spatial 
variability in SOC.
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use, climate, and soil 
combinations to be 
tested.

Additionality

•Go beyond standard 
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•Difficulties to measure 
C added into the soil 
directly related to the 
land management 
practice.

•Avoid C leakage 
through incentivised C 
farming.

Long-term 
storage

•Ensuring permanence 
of reported C 
removals.

•Lack of  effective 
long-term 
monitoring.

•Natural and 
anthropogenic 
disturbances.

SustainabilITY

•Accounting for co-
benefits derived from 
C removal activities.

•Increase trust in 
Voluntary Carbon 
Markets

QUantification

•Development of 
scientifically sound Tier 
3 methodologies.

•Assimilation of high-
quality in-situ (long-
term experiments) and 
RS data for testing 
methods and scale up 
purposes.

•Standardization of MRV 
schemes to ensure 
transparency, accuracy, 
and cost-effectiveness.

Additionality

•Wide range of time 
frames to assess 
different contexts.

•C farming vs traditional 
management practices.

•MRV schemes to ensure 
robustness.

Long-term storage

•Long-term experiments 
and future climate 
change scenarios will be 
considered.

•Estimation of deep SOC 
whenever possible.

•Accounting for biotic and 
abiotic disturbances 

SustainabilITY

•Reporting co-benefits of 
C farming practices

•Increasing transparency 
in VCM.

•Reliable measurements.

Highlighted solutions

Page. 37
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Implementation

Page. 38
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Expected results

➢ EO and in-situ data inventory

➢ Prototypes for space-based RS products

➢ Simulations and SOC uncertainty estimation

➢ ORCHIDEE new version and new modules

➢ Standard requirements

➢ Transparent and trustworthy MRV methods

➢ Policy recommendations towards an MRV 2.0 system for the EU land sector

Page. 39
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Why are these results important?

The expected results will help us identify robust, standard, transparent, 
and cost-effective Tier 3 methodologies considering:

- Different pedo-climatic conditions

- Different national contexts: data, levels of MRV development…

- Different scales of implementation

Page. 40

Contribution to the EU Technical Focus Group on carbon removals
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Questions?
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Example in Nigeria, by courtesy of ESA GDA Climate resilience cluster

Page. 42

Digital soil organic carbon mapping to design SOC programs
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Building climate resilience for Nigerian farmers

Page. 43

Source, ESA: https://gda.esa.int/story/soil-monitoring-helps-build-climate-resilience-for-nigerias-farmers/
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A SOC MRV system for Nigeria

Page. 44
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Subset in Kaduna region

Page. 45
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Selection of satellite images

Page. 46
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Selection of proxies

Page. 47
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Selection of proxies

Page. 48
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SOC estimation

Page. 49
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SOC estimation
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SOC estimation
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Key takeaways

➢ The European Space Agency’s Global Development Assistance Programme Climate Resilience 
Consortium supported the studies for a monitoring, reporting and verification system for 
changes to soil organic carbon.

➢ Working with the World Bank in target watersheds in northern Nigeria, the project understood 
how satellite data and machine learning could help building climate resilience for Nigeria’s 
farmers.

➢ The work increased the awareness among Nigerian counterparts on the use of Earth 
Observation to monitor soil organic carbon.

➢ The consortium’s work provides detailed information on soil carbon stock and loss, supporting 
planning sustainable farming practices.

➢ The work proved that EO techniques can improve sustainable landscape management practices 
and prevent soil degradation through Integrated watershed management plans.

Page. 52

Source: ESA, 2024, 
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Building further capacity

Page. 53
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UNFCCC Support

Technical

Consultative Group of 
Experts on National 

Communications from 
Parties not included in 

Annex I to the Convention 
(CGE) 

Financial Capacity building

Paris Committee on 
Capacity Building (PCCB)

The Global Environment 
Facility provides financial 

support for the preparation 
of national communications 

and BURs in accordance 
with guidance from the COP 

to non-Annex I Parties 
either through its

agencies (UNDP, UNEP and 
the World Bank) or directly

(since 2011).

Up to USD 500,000  for National Communications and USD 352,000 for 
Biennial Update Reports via the Global Environment Facility.

Source: UNFCCC, 2014Page. 54
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Successful stories

➢ Mozambique and Democratic Republic of Congo signed landmark 
agreements with the World Bank in 2019 to implement programs by 2024.

➢ Up to USD 50 million for verified emission reductions in Mozambique

➢ Up to USD 55 million for verified emission reductions in DRC

➢ To be paid through the Carbon Fund of the Forest Carbon Partnership 
Facility

➢ FCPF works with 47 developing countries and 17 donors providing

➢ FCPF Carbon Fund: current funding USD 900 million.

Page. 55
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Take-home messages

➢ A drastic reduction in GHG emissions is necessary to limit global warming to 1.5 ºC

➢ Agricultural management practices highly impact on the carbon cycle and the storage 

of Soil Organic Carbon

➢ A hybrid approach using remote sensing and process-based models is requested to 

build Tier-3 methods

➢ New approaches much rely on robustness, transparency, standardization, and cost-
effectiveness

➢ Opportunities of result-based financing options by private or public sources

➢ Check possibilities to build further capacity in your country

Page. 56
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Questions?
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