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1. Introduction 
 

1.1 Background 

                                                                 

1 https://ec.europa.eu/commission/presscorner/detail/en/ip_22_7156 
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2 https://www.dcceew.gov.au/climate-change/emissions-reduction/independent-review-accus 
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Figure 1. Effects of soil type, climate and management factors on the retention of SOM in soils (Ingram and Fernandes 2001). 

 

                                                                 

3 In the UNFCC Bali Action Plan 2007 (paragraph 1bii), the term MRV first was coined as follows: “Nationally appropriate 
mitigation actions by developing country Parties in the context of sustainable development, supported and enabled by 
technology, financing and capacity-building, in a measurable, reportable and verifiable manner” (see UNFCC 2014. Handbook on 
Measurement, Reporting and Verification for developing country parties, United Nations Climate Change Secretariat, Bonn, 56 p. 
United Nations Climate Change Secretariat). In the context of national MRV systems and their purpose, however, it often turned 
out in practice that a broader sense as reflected by the term ‘Monitoring’ might be more appropriate (Wartmann S, Larkin J, 
Eisbrenner K and Jung M Elements and Options for National MRV Systems, International Partnership on Mitigation and MRV, 37 
p. https://carbon-turkey.org/files/file/docs/Elements_and_Options_for_National_MRV_Systems.pdf). Throughout the present 
review we use ‘M’ for ‘Monitoring’ when dealing with national and sub-national level MRV systems. 
4 https://ejpsoil.eu/soil-research/road4schemes 
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1.2 Aims of review  
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2. Description of main MRV components 
 

2.1 Context 

 
  
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

Figure 2. Building blocks of a soil monitoring, reporting and verification framework. The letters M, R, V, indicate to which 
component(s) each building block could contribute  (Source: Smith et al. 2020). 

 



  

  

 

 
ORCaSa Deliverable D4.1 

16 
 
 

 

 
 

 
 
Figure 3. Schematic representation of components and information flow for an approach to quantify soil carbon stock changes 
(and net GHG emissions) from field to national scales, aimed at supporting different implementation policies to remove 
atmospheric CO2 and sequester soil carbon (From: Paustian et al. (2019)). 

 Monitoring, which includes experiments, direct (soil) measurements, activity data, spatial data layers, 

Earth Observation (M1 to M5) aimed at developing and/or applying models (M6 to M8). The gear wheel in 

the green monitoring box (M) serves to illustrate that these activities are performed within the context of 

a scalable quantification platform. 

 Reporting, which includes rules and procedures (R1 and R2). 

 Verification, which includes rules and procedures, verification itself, proof of adoption of practice and, data 

(soil and/or EO) for verification (V1 to V4). 
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Figure 4. Schematic representation of components, building blocks, and information flow for a generic, scalable MRV system.  

 

 

 

2.2. Monitoring 

 

2.2.2 Data Preparation 

 

2.2.2.1 General considerations 
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2.2.2.2 Earth observation 

                                                                 

5 https://world-soils.com/ 
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2.2.2.3 Experiments and flux measurements 

 

Field experiments  

                                                                 

6 https://gedi.umd.edu/ 
7 https://earth.esa.int/eogateway/missions/biomass 
8 https://nisar.jpl.nasa.gov/ 
9 https://iscn.fluxdata.org/network/partner-networks/ltse 
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Chronosequence studies 

Direct (flux) measurements 

                                                                 

10 https://glten.org/ 
11 https://www.tern.org.au/ 
12 https://esdac.jrc.ec.europa.eu/projects/lucas 
13 https://www.icos-cp.eu/ 
14 https://www.neonscience.org/data-collection/meteorology/ 
15 https://www.ozflux.org.au/ 
16 https://fluxnet.org/about/ 
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2.2.2.4 Direct (soil) measurements 

This section addresses building block M3 of Figure 4. 

 

Planning in-situ (soil) measurements 

Sampling design 

Traditional field measurements versus proximally-sensed data 



  

  

 

 
ORCaSa Deliverable D4.1 

23 
 
 

 

Examples of soil monitoring networks 
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2.2.2.5 Activity data 

                                                                 

17 https://csiropedia.csiro.au/soil-carbon-research-program/ 
18 https://www.dcceew.gov.au/climate-change/emissions-reduction/agricultural-land-sectors/soil-carbon-storage-

measurement 
19 https://www.nrcs.usda.gov/programs-initiatives/crp-conservation-reserve-program 
20 https://www.dcceew.gov.au/climate-change/publications/full-carbon-accounting-model-fullcam 
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21 https://www.collect.earth/ 
22 https://www.planet.com/ 
23 https://earthdailyagro.com/ 
24 https://forobs.jrc.ec.europa.eu/TMF 
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2.2.2.6 Spatial data layers 

Soil type and soil properties data 

                                                                 

25 https://data.nasa.gov/ 
26 https://eosc-portal.eu/ 
27 https://www.ncei.noaa.gov/cdo-web/ 
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Land Use maps  

                                                                 

28 https://www.isric.org/explore/soil-geographic-databases\ 
29 https://land.copernicus.eu/pan-european/corine-land-cover 
30 https://agriculture.ec.europa.eu/common-agricultural-policy/financing-cap/assurance-and-audit/managing-payments_en 
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2.2.3 Data analytics 

2.2.3.1 General considerations 
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Table 1. Specifications for different model categories. 

 Decision support 

tools 

Models 

Empirical   SOC models Biochemical  

Data requirement High (farm specific 

data) 

Low 

 

 

High 

(environmental 

data) 

High (environmental 

data) 

Calibration requirement Low Low High High 

Required expertise Medium Low High High 

Management options Medium-high Medium (categories) No-high High 

Targeted scale Field-farm Country and larger Point, country and 

larger 

Point, country and 

larger 

Uncertainty/expected error 

for field scale 

Medium-high High Low Low 

Examples Cool Farm Tool 

(Tier 1), Comet 

Farm (Tier 1 and 

2), CPB tools (Tier 

1 and 2), SIMEOS-

AMG (Tier 3) 

IPCC and UNFCC 

models (Tier 1 and 

Tier 2)  

Roth C (Tier 3) EPIC, CENTURY, 

DAYCENT, DNDC 

(Tier 3) 

* Adapted from Kuhnert et al. (2022). Note that models such as RothC and DayCent are process-based models. Some only 

consider C (e.g., RothC); others consider C, N, P etc dynamics (e.g., DayCent) and these are termed ‘biochemical models’ here. 

Some process-based models have no plant/crop component (e.g., RothC), while others have (e.g., DayCent). All have 

biochemical pathways related to the cycling of incoming C using defined conceptual pools with varying decay rates.  

 

2.2.3.2 Process-based models 
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2.2.3.3 Data-driven models 

                                                                 

31 https://soilsrevealed.org/ 
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2.2.3.4 Hybrid models 

This section addresses building block M8 of Figure 4. 

                                                                 

32 
 https://climate.ec.europa.eu/news-your-voice/events/expert-group-carbon-removals-carbon-farming-workshop-2023-06-21_en 
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Field data – remote sensing – machine learning 

Field data – remote sensing – ecosystem models 
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2.2.3.5 Current operational tools and carbon farming schemes for MRV 

                                                                 

33 Note: The “IPCC 2019 refinement to the 2006 guidelines” introduced a Tier 2 Steady-State Method for Soil Carbon, based on 
DayCent. 

34 https://comet-farm.com/ 
35 http://www.agro-transfert-rt.org/ressources/simeos-amg-2/ 
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36 https://ec.europa.eu/commission/presscorner/detail/en/ip_22_7156 
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2.2.3.6 Towards operational hybrid approaches for different contexts of MRV 

applications 

 

 

                                                                 

37 
 https://ui.adsabs.harvard.edu/abs/2022EGUGA..2412764C/abstract 
38 https://www.fieldobservatory.org/ 
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39 
 https://www.cesbio.cnrs.fr/agricarboneo/agricarbon-eo/ 
40 
 https://www.cesbio.cnrs.fr/ 
41 
 https://www.circasa-project.eu/content/download/4158/40011/version/1/file/CIRCASA_D3.1%20SRA.pdf 
42 
 https://www.cesbio.cnrs.fr/la-recherche/activites/observatoires/l-observatoire-spatial-regional-osr/ 
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 The NIVA's43 Tier 1 to 3 approaches and tools44 developed for the User Case 1B ‘Agri-Environmental 

Indicators’ (see also  Bockstaller et al. (2021), in French), was developed to produce carbon budget 

indicators for the Common Agricultural Policy following the carbon budget component approach 

described in Ceschia et al. (2010). The three TIERs rely on the use of IACS data and high-resolution remote 

sensing data (Sentinel‘s constellation) similar to the ones used to verify the farmer’s declarations (crop 

mapping). The objective was to develop tools with various levels of complexity, but all allowing a 

systematic production of indicators at the pixel/plot level over entire regions/countries and on a yearly 

basis (to be compliant with the CAP subsidies calendar). The Tier 1 method is based on an empirical 

relationship between the duration of active vegetation observed by remote sensing and the net annual CO2 

fluxes between the crops and the atmosphere established by Ceschia et al. (2010) for a range of crops in 

Europe by using flux tower measurements. The Tier 1 output is therefore the net annual CO2 flux of a given 

parcel (or pixel of a parcel) for an entire cropping year which represents the sum of the annual 

photosynthesis and of the plant/soil respiration. The Tier 2 method combines the Tier 1 results with 

activity data provided by the farmers relative to organic amendments and yield to estimate the net annual 

change in SOC stocks (i.e., the annual C budget). The Tier 3 approach is based on the use of the SAFYE-

CO2/AgriCarbon-EO tools. The Tier 3 methods provide all the components of the net annual carbon 

budget, including SOC stock changes at the plot or pixel level. 

 

 

2.3 Reporting 

 

 

2.3.1 Reporting SOC stock change in national GHG inventories 

                                                                 

43 https://www.niva4cap.eu/ 
 
44 https://gitlab.com/nivaeu/uc1b_indicators_tool 
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2.3.2 Reporting SOC stock change for C offset standards 



  

  

 

 
ORCaSa Deliverable D4.1 

41 
 
 

 

Baseline 

Monitoring report 
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Uncertainty in reporting 
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2.4 Verification 

 

 

2.4.1 Verification of SOC stock changes in GHG national inventories 

 

 

 

2.4.2 Verification of SOC stock and SOC management changes for C 

offset standards 
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However, at least, regarding forestry projects, recent articles in The Guardian45 and Science46 have revealed that 

the verification procedures were not sufficiently applied or too lax which jeopardises the credibility of carbon 

offsetting projects in general (for forestry and agriculture). In this context, those articles concluded that remote 

sensing is an interesting tool as it may provide an objective, cheap, reliable way of verifying the implementation (or 

not) of a C offsetting project (if trees were planted or not, if carbon farming practices were implemented or not), 

but also if the project was maintained long enough to be eligible to carbon credits, if it was successful or not (e.g., 

did the trees die a few years after they were planted?, or how did they develop?, or did cover crop grow as 

expected?). For instance, LiDAR techniques or the forthcoming BIOMASS47 satellite mission from ESA could be 

used to monitor forest biomass and quantify the success of the afforestation projects. Concerning cropland, 

Sentinel-1 and -2 data can be used for instance to verify if crop rotations have changed according to the C farming 

project, or if cover crops where grown to store carbon (Fendrich et al. 2023) and, in combination or not with models, 

how much C was stored in the ground thanks to cover crops (Al Bitar et al. 2022). 

 

 

2.5 Uncertainty assessment 

                                                                 

45 https://www.theguardian.com/environment/2023/jan/18/revealed-forest-carbon-offsets-biggest-provider-worthless-verra-aoe 
46 https://www.science.org/content/article/farmers-paid-millions-trap-carbon-soils-will-it-actually-help-planet 
47 https://www.esa.int/Applications/Observing_the_Earth/FutureEO/Biomass 
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2.5.1 Statistical modelling of uncertainty 

                                                                 

48 https://www.theguardian.com/environment/2023/jan/18/revealed-forest-carbon-offsets-biggest-provider-worthless-verra-aoe 
49 https://www.science.org/content/article/farmers-paid-millions-trap-carbon-soils-will-it-actually-help-planet 
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2.5.2 Sources of uncertainty 

1. Uncertainty in the model inputs 

2. Uncertainty in the model parameters 

3. Uncertainty in the model structure 
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2.5.3 Uncertainty propagation 
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2.5.4 Upscaling uncertainties 

Most variables of interest of MRVs, such as GHG emission and SOC, vary in space and time. Often, the interest is 

not in the value of these variables at points but in the average or total for an area (e.g., a field, region, entire country 

or the globe) and/or time period (e.g., a day, month, year or decade). Upscaling the predictions of these variables is 

easy if predictions are available for the whole area or time period, but quantifying the associated uncertainties is 

much more difficult. It can only be done if the spatial and temporal correlations of the prediction errors are known 

and accounted for, using autocorrelation functions and/or semi-variograms (Wadoux and Heuvelink 2023). In spite 

of its importance, this problem seems largely ignored by the scientific community (e.g.,Plaza et al. 2018; Harris et 

al. 2021). 

Spatial and temporal aggregation lead to a decrease of uncertainty. This is because errors partly cancel out: at 

some locations inside an area the predictions are bigger than the true value, while at other locations in that same 

area the predictions will be smaller than the true value. Averaging over the area will thus reduce the overall 

prediction error. The uncertainty decrease is largest if errors have a low spatial or temporal correlation. 

Time series modelling  (Box et al. 2008) and geostatistics (Webster and Oliver 2007) provide methodologies to 

quantify the spatio-temporal correlations of prediction errors. Szatmári et al. (2021) used a geostatistical approach 

(block kriging) to derive the uncertainty of the soil organic carbon stock change over time for Hungary at multiple 

spatial scales. The study confirmed that uncertainty decreases as the area over which is aggregated increases. At 

point scale, none of the estimated soil organic carbon changes between 1992 and 2010 were statistically 

significant, while at the county and country scale they were. 

Upscaling to large spatial areas, such as the entire study area, can also be done using a design-based statistical 

approach (De Gruijter et al. 2006). This has the advantage that no model assumptions are needed, but a requirement 

is that the measurement locations are a probability sample from the area of interest, and that the sample size is 

sufficiently large for each upscaling area. Some relevant applications of this approach are Singh et al. (2013)  and 

(Karunaratne et al. {2014). See also Section 2.5.5 below, where design-based statistical inference is discussed in 

some more detail from a statistical validation perspective.  

 

2.5.5 Statistical validation 
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3. Inventory and classification of current MRVs 
 

3.1 General considerations 

                                                                 

50 The protocols considered by Oldfield et al (2021) include CAR Soil Enrichment Protocol (CAR SEP); Verra Methodology for 
Improved Agricultural Land (VM0042*); Verra Soil Carbon Quantification Methodology (VM0021); Verra Adoption of Sustainable 
Land Management (VM0017); Gold Standard Soil Organic Carbon Framework Methodology (GS-SOC); Australian Carbon Credits 
(Carbon Farming Initiative - Measurement of Soil Carbon Sequestration in Agricultural Systems) Methodology Determination 
(AUS-SM); Australian Carbon Credits (Carbon Farming Initiative-Estimating Sequestration of Carbon Using Default Values) 
Methodology Determination (AUS-DV); Food and Agriculture Organization GSOC MRV Protocol (FAO GSOC); Alberta 
Quantification Protocol for Conservation Cropping (Alberta CC); Regen Network Methodology for GHG and Co-Benefits in 
Grazing Systems and Carbon Soil Carbon Credit Systems. 
* VM0042 is a hybrid sampling-modelling approach that can be applied internationally; VM0017 is a model-only approach that is 
targeted more specifically for small-holder agriculture. 
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51 https://www.theguardian.com/environment/2023/jan/18/revealed-forest-carbon-offsets-biggest-provider-worthless-verra-aoe 
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3.2 Earmarked guidelines and approved methodologies 

                                                                 

52 https://ghgprotocol.org/ 
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Table 2. List of reviewed MRV guidelines and approved methodologies. 

Typology Abbreviation Name 

-  Guidelines   

 BC-SCM Carbon Soil Carbon Credit Systems 

https://static1.squarespace.com/static/611691387b74c566a67f385d/t/63

483a986a24ac421c4f4414/1665677979013/2022-10-13-BCarbon-Soil-

Carbon-Protocol-V2.pdf 

 CARSSE Climate Action Reserve Soil Enrichment Protocol v 1.0  

https://www.climateactionreserve.org/wp-content/uploads/2020/10/Soil-

Enrichment-Protocol-V1.0.pdf 

 GSOC-MRV FAO GSOC MRV Protocol 

https://www.fao.org/documents/card/en/c/cb0509en 

 IPCC IPCC guidelines for national greenhouse gas inventories 

https://www.ipcc.ch/site/assets/uploads/2019/12/19R_V0_01_Overview.p

df 

 QPCS Quantification Protocol for Conservation Cropping, v 1.0 

https://open.alberta.ca/publications/9780778596288 

 WBG-SOC Soil Organic Carbon (SOC) MRV Sourcebook for Agricultural Landscapes  

http://hdl.handle.net/10986/35923 

 US-SEP U.S. Soil Enrichment Protocol 

                                                                 

53 https://americancarbonregistry.org/how-it-works/registry-reports 
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Typology Abbreviation Name 

https://www.climateactionreserve.org/how/protocols/ncs/soil-enrichment/ 

 VCS Verra Verified Carbon Standard (2023). (There are several approved AFOLU 

methodologies, see Section 3.2.2 for details). 

https://verra.org/wp-content/uploads/2022/12/VCS-Standard-v4.4-

FINAL.pdf 

- Approved 

methodologies 

  

 AU-CFIDV Carbon Farming Initiative— Estimating Sequestration of Carbon in Soil Using 

Default Values 

https://www.dcceew.gov.au/climate-change/emissions-

reduction/emissions-reduction-fund/methods/estimating-sequestration-of-

carbon-in-soil-using-default-values 

 AU-CFMM Carbon Farming Initiative — Estimating soil organic carbon sequestration 

using measurement and models method 

https://www.cleanenergyregulator.gov.au/ERF/Choosing-a-project-

type/Opportunities-for-the-land-sector/Agricultural-methods/estimating-

soil-organic-carbon-sequestration-using-measurement-and-models-method 

 DE-MOOR MoorFutures 

https://www.moorfutures.de/downloads/  

 FR-LBC Label Bas Carbone (There are six approved methodologies for SOC, see 

Section 3.2.2 for details). 

https://label-bas-carbone.ecologie.gouv.fr/quest-ce-que-le-label-bas-

carbone 

 Gold Standard  Soil Organic Carbon Framework Methodology 

https://globalgoals.goldstandard.org/ 

 NL-SNK Stichting Nationale Koolstofmarkt 

https://nationaleco2markt.nl/ ; https://nationaleco2markt.nl/methoden/ 

 Nori Nori Croplands Methodology, v 1.3 

https://nori.com/resources/croplands-methodology 
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Typology Abbreviation Name 

 Plan Vivo Plan Vivo standard methodology 

https://www.planvivo.org/standard-documents 

 Regen Regen Network Methodology for GHG and Co-Benefits in Grazing Systems 

https://library.regen.network/v/methodology-library/methodology-for-ghg-

and-co-benefits-in-grazing-systems 

 SOC-FM Soil Organic Carbon Framework Methodology v 1.0 

https://globalgoals.goldstandard.org/402-luf-agr-fm-soil-organic-carbon-

framework-methodolgy/ 

 UK-PC IUCN-UK Peatland Code 

https://www.iucn-uk-peatlandprogramme.org/peatland-code-0 

 UK-WCC UK Woodland Carbon Code 

https://woodlandcarboncode.org.uk/standard-and-guidance 

 US-ACR American Carbon Registry (There are four methodologies for SOC, see 

3.2.2) 

https://americancarbonregistry.org/carbon-accounting/standards-

methodologies 

 VM0006 Methodology for Carbon Accounting for Mosaic and Landscape-scale REDD 

Projects, v2.2 

https://verra.org/methodology/vm0006-methodology-for-carbon-

accounting-for-mosaic-and-landscape-scale-redd-projects-v2-2/ 

 

 

                                                                 

54 Please note that the short descriptions were largely “abstracted” from the corresponding websites or reports, as documented 
in the review. 
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3.2.1 Guidelines 

 

BC-SCM: Carbon Soil Carbon Credit Systems 

https://static1.squarespace.com/static/611691387b74c566a67f385d/t/63483a986a24ac421c4f4414/16656779

79013/2022-10-13-BCarbon-Soil-Carbon-Protocol-V2.pdf   

 

CARSSE: Climate Action Reserve Soil Enrichment Protocol v 1.0  

https://www.climateactionreserve.org/wp-content/uploads/2020/10/Soil-Enrichment-Protocol-V1.0.pdf 

GSOC-MRV:  FAO GSOC MRV Protocol 

https://www.fao.org/documents/card/en/c/cb0509en 
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IPCC: IPCC guidelines for national greenhouse gas inventories 

https://www.ipcc.ch/site/assets/uploads/2019/12/19R_V0_01_Overview.pdf 

 

QPCS: Quantification Protocol for Conservation Cropping, version 1.0 

https://open.alberta.ca/publications/9780778596288 

                                                                 

55 https://www.alberta.ca/agricultural-carbon-offsets-all-protocols-update.aspx#jumplinks-1 
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WBG-SOC: Soil Organic Carbon (SOC) MRV Sourcebook for Agricultural Landscapes 

http://hdl.handle.net/10986/35923 

 

 R 

https://verra.org/wp-content/uploads/2022/12/VCS-Standard-v4.4-FINAL.pdf 
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3.2.2 Approved methodologies  

 

AU-CFIDV:  Carbon Farming Initiative56 — Estimating Sequestration of carbon in soil using default values. 

https://www.dcceew.gov.au/climate-change/emissions-reduction/emissions-reduction-

fund/methods/estimating-sequestration-of-carbon-in-soil-using-default-values 

 

                                                                 

56 https://www.legislation.gov.au/Search/carbon%20credits 
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a) Afforestation: https://label-bas-carbone.ecologie.gouv.fr/la-methode-boisement 

b) Forest rehabilitation: https://label-bas-carbone.ecologie.gouv.fr/la-methode-reconstitution-de-
peuplements-forestiers-degrades 

c) Hedgerow rehabilitation: https://label-bas-carbone.ecologie.gouv.fr/la-methode-haies 

d) Planting of orchards: https://label-bas-carbone.ecologie.gouv.fr/la-methode-plantation-de-vergers 

e) Cattle breeding/Field crops :https://label-bas-carbone.ecologie.gouv.fr/la-methode-carbonagri 

f) ‘Field crops’ : https://label-bas-carbone.ecologie.gouv.fr/la-methode-grandes-cultures.  

 

The ‘field crops’ methodology will be evaluated in Section 3.4, as an example. 

 

Gold Standard: Soil Organic Carbon Framework Methodology 

https://globalgoals.goldstandard.org/standards/402_V1.0_LUF_AGR_FM_Soil-Organic-Carbon-Framework-

Methodolgy.pdf ; https://globalgoals.goldstandard.org/ 
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Figure 5. Example of decision tree for identification of appropriate calculation approach based on data availability (Gold 
Standard, 2020). 

  

 

NL-SNK: Stichting Nationale Koolstofmarkt 

https://nationaleco2markt.nl/ 

template: https://nationaleco2markt.nl/wp-content/uploads/2019/11/Stramien-methode-document.pdf 
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Nori: Nori Croplands Methodology, v 1.3 

Plan Vivo: Plan Vivo standard methodology 

https://www.planvivo.org/standard-documents 

 

Regen:  Regen Network Methodology for GHG and Co-Benefits in Grazing Systems 

https://library.regen.network/v/methodology-library/methodology-for-ghg-and-co-benefits-in-grazing-systems 
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Figure 6. Example of an acceptable sampling timeline for Regen protocols. 
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a)  Afforestation and Reforestation of Degraded Lands: This methodology is applicable to projects in non-REDD+ 

countries that are conducting afforestation and reforestation (A/R) on lands that are expected to remain 

degraded or continue to degrade in the absence of the project. For further details see here and approved version. 

b) Avoided Conversion of Grasslands and Shrublands to Crop Production:  The methodology was updated to make 

it simpler to use, reduce project development costs without sacrificing accuracy in accounting, better align with 

conservation programs, and reflect the latest trends in conversion. An Errata and Clarification document for 

v2.0 has also been posted and must applied in conjunction with the methodology. For further details see here 

and approved version. 

c) Restoration of California Deltaic and Coastal Wetlands: This carbon offset methodology aims to quantify GHG 

emission reductions from the restoration of California deltaic and coastal wetlands. The methodology builds 

upon ACR’s approved methodology, Restoration of Degraded Deltaic Wetlands of the Mississippi Delta, by 

integrating California data and region-specific restoration techniques to create a rigorous framework for 

quantifying baseline and project emissions that are unique to wetlands in California. For further details see here 

and approved version. 

d) Restoration of Pocosin Wetlands: The ACR methodology for Restoration of Pocosin Wetlands establishes 

standardised procedures to monitor and account the greenhouse gas benefits associated with restoring drained 

pocosin habitat. Pocosins are unique freshwater wetlands, often shrub-dominated, on organic soils in the 

Atlantic coastal plain of the south-eastern United States (Virginia to northern Florida) that are seasonally 

saturated primarily through precipitation, and easily degraded. For further details see here an approved version. 
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VM006: Methodology for Carbon Accounting for Mosaic and Landscape-scale REDD Projects, v2.2 

https://verra.org/methodology/vm0006-methodology-for-carbon-accounting-for-mosaic-and-landscape-scale-

redd-projects-v2-2/ 

VM0042: Verra VM0042 Methodology for Improved Agricultural Land Management v 2.0  (IALM methodology; 

updated June 2023) 

https://verra.org/methodologies/vm0042-methodology-for-improved-agricultural-land-management-v2-0/ 

3.3 Classification characteristics 
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Table 3. List of characteristics for classification of guidelines and approved methodologies. 
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Classification 
characteristics 

Answer 1 Answer 2 Answer 3 Answer 4 Answer 5 Answer 6 Answer 7 

Purpose of MRV Compliance 
market (National 
inventories, 
CAP) 

Corporate 
Supply Chain 
(insetting) 

Voluntary 
carbon market 

  
   

Ecosystem(s) 
covered  

Croplands Grasslands Forest lands Woodland/ 
Shrubland 

Wetlands/ 
peatlands 

Urban land Multiple 

Geographic scale Farm Region National Continental  Global 
 

 

Geographic scope Specific country 
or countries 

Specific 
continent(s) 

Whole world        

Aggregation 
(bundling) of farms 

Allowed Not allowed          

Tier level 1 2 3  All      

Scope of monitoring SOC stock 
change 

GHG 
accounting 

All 
 

     

GHGs targeted CO2 CH4 N2O All      

Baseline setting Soil 
measurements 

Historic land 
management 
data 

Modelled Hybrid      

Dependence on 
Earth Observation 
data 

No Partly Fully 
 

     

Requires ground 
truth SOC 
observations in 
reporting phase 

No Yes, at start 
date 

Yes, at final date Yes, at start 
and final date 

High 
frequency 

   

Probability-based 
(soil) sampling 

No Yes          

Target depth interval Topsoil Topsoil and 
subsoil 

  
 

     

Method of soil 
analysis 

Wet/dry 
chemistry 

Proximal-
sensing 
derived 

NA        

Quality assurance 
during successive 
stages of 
measurement / 
monitoring 

No Yes 
 

       

Modelling in 
reporting stage 

Not applied Data-driven 
models 

Process-based 
models 

Hybrid models 
 

   

Reporting periods Pre-
implementation 

During 
monitoring 
round 

Final reporting  All      

Frequency of 
reporting 

< 5 years 5 - 10 year 10-15 year > 15 years      

Verification 
approach 

Action-based: 
proof of 
adoption of 
practice 

Result-based: 
convenience 
sampling 

Result-based: 
probability 
sampling  

 
     

Uncertainty 
quantified in 
reporting stage 

No Yes          

Defines acceptable 
level of uncertainty 
in verification stage 

No Yes          

Transparency and 
reproducibility 
requirements 

Low Moderate High        

Leakage 
requirement 

No Yes          

Additionality 
requirement 

No Yes          
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Permanence 
requirement 

No Yes          

Reversal 
requirement 

No Yes          

Data retention/ 
sharing policy 

No Yes          

 

 

3.4 Characterisation of reviewed MRV systems and 

methodologies  

 

Table 4. Scoring of MRV guidelines and approved methodologies considered in Table 3 (excerpt of first columns only see g). 

Abbreviation Purpose of MRV Ecosystem(s) covered  Geographic 
scale 

Geographic scope 

AU-CFIDV Compliance market (National 
inventories, CAP) 

Multiple Region Specific 
continent(s) 

AU-CFMM Compliance market (National 
inventories, CAP) 

 Multiple Region Specific 
continent(s) 

BC-SCM Voluntary carbon market Urban land National Specific country or 
countries 

CARSSE Compliance market (National 
inventories, CAP) 

Multiple Region Specific country or 
countries 

DE-MOOR Voluntary carbon market Wetlands/peatlands Region Specific country or 
countries 

FR-LBC Voluntary carbon market Croplands National Specific country or 
countries 

Gold Standard Voluntary carbon market Croplands Farm Whole world 

GSOC-MRV Voluntary carbon market Multiple Region Whole world 

Footnotes: 

a) NL-SNK, considers several methodologies. This assessment is for 'Methode voor vaststelling van CO2-vastlegging in 

de bodem',  https://nationaleco2markt.nl/wp-content/uploads/2023/06/Methodedocument-

koolstofcertificatenakkerbouw-vastgesteld-020623.pdf 

b) DE-MOOR, considers this methodology. 

c) FR-LBC, considers several methodologies for forest, grasslands, vineyard, etc. However, this 

assessment concerns only the croplands, i.e. the  ‘Grandes Cultures’, see here. 

d) Plan Vivo, ratings relate to  ‘Small-holder Agriculture Mitigation Benefit Assessment’ SHAMBA). 
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e) US-ACR, ‘Restoration of California Deltaic and Coastal Wetlands, see here. 

f) VCS, ratings relate to ‘Avoided Planned Conversion of Grasslands and Shrublands to Crop Production’, 

see here. 

g) Full ratings are given in a separate Excel dataset.  
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Figure 7. Position of considered MRVs in a two-dimensional space after application of multidimensional scaling to MRV 
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characteristics as scored in Table 4. 
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4. Towards an integrative and multi ecosystem MRV 

framework for SOC stock changes 
 

4.1 Motivations toward a more unified but adaptative MRV 

framework for SOC stocks assessments 

                                                                 

57 Note that GGP Scope 3 reporting can be at project level which means that soil C changes associated with commodity can be 
reported from an entire region, i.e., regional baseline versus regional change. Hence, what is needed are  tools and approaches to 
support different forms of MRV - and not to assume that it all comes from the monitoring the same fields T0 to Tx. Hence, the soil 
sampling needs to reflect the different approaches e.g., be sufficient to model and sufficient to validate change at different scales. 
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58 https://www.niva4cap.eu/wp-content/uploads/2022/12/NIVA-Policy-Brief-nr.-5-Agro-environmental-indicator-carbon-D1.0.pdf 
59 https://www.circasa-project.eu/content/download/4158/40011/version/1/file/CIRCASA_D3.1%20SRA.pdf 
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4.2 Need for a new modular and integrative multi-ecosystem 

MRV methodology for SOC stock changes 

 

 

4.2.1 Monitoring 
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 A Tiered approach with for Tier 3, verifying systematically SOC change estimates from soil surveys and 

long-term fields sites, as well as eddy flux covariance. 

 A high spatial resolution (ca. 10 m to include small fields and small owners) based on remote sensing. 

 A high accuracy target even if a low initial accuracy is expected, but investment needs to attain high 

accuracy will be estimated each year. 

 A three pillar structure: i) SOC pillar (involving soil science community, soil maps and digital soil mapping 

and remote sensing of surface soil), ii) Vegetation pillar (remote sensing of vegetation, phenology and 

biomass of cropland/grassland), and iii) Activity pillar (agricultural activities based on statistics or on self-

reporting). 

 A modular structure, each pillar derives products that are coupled with other pillars products to derive 

gridded ΔSOC estimates with their associated uncertainties, specifying the activity that caused the 

changes.  

 Ensembles of calibrated models rather than single models should be used when possible, and synergies 

with other model consortia (e.g., climate change modellers) should be explored. 

 A strong data infrastructure providing seamless access by multiple users and using the FAIR principles. It 

would include options for self-reporting especially for activities currently not reported (e.g., organic 

fertilisers, and crop residues).  

 A gradual implementation, combining proxies at global scale in the first year (e.g., changes in annual 

duration of vegetation cover in arable systems could be used as a proxy of OC input to soil) and advanced 

implementation in pilot areas. 

 Provision of resources for ground truthing and for calibration data (e.g., calibration of NPP at eddy flux 

covariance sites, direct measurements of crop residues etc.). 
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 A pre-processing module for ‘Data ingestion’ allowing the updating of existing data sets through 

automated downloading of e.g., satellite images, weather forcing, activity data and land use maps. Optical 

Bottom Of Atmosphere (BOA) reflectance of high-resolution optical satellites would be downloaded, 

uncompressed and relevant spectral bands would be stacked. The weather data would be stored in time 

series with the associated correspondence matrix to the high-resolution grid defined by the user (to match 

with remote sensing data). This would be done for the zone defined by the input land cover. 

 Then biophysical variables (e.g., LAI) would be retrieved from the satellite reflectance images by inverting 

a radiative transfer model (e.g., PROSAIL). LAI estimates would be associated to an uncertainty estimate 

(e.g., following the BASALT approach described in Wijmer et al. 2023). 

 Then some of the vegetation’s model parameters would be inverted by assimilating LAI time series using 

again a Bayesian approach allowing to assess uncertainty on the output variables. Other parameters 

would be defined based on the land use maps (e.g., different parameters depending on the crop type). In 

the next step, the quantity of crop residues estimated through the modelled outputs (simulated plant 

biomass) and the activity data (e.g., are straw exported or not) and data on organic amendments would 

be used as input in a soil model simulating the dynamics of the SOC pools and the CO2 emissions. 

Depending on the context of MRV, information on soil properties and SOC (content, stability etc.) to run 

the soil model/module may be obtained through soil products (e.g., SoilGrids) or in-situ data. 

 Finally, a post-processing module would allow the construction of the output products based on the 

posterior crop model parameter distribution and the soil model. Geo-referenced maps of the variables of 

interest in each model (i.e., radiative transfer, vegetation and soil model) would be constructed as well as 

cumulative variables (e.g., net annual CO2 fluxes over one cropping year). 
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4.2.2 Reporting and verification 

                                                                 

60 See also: https://www.ucd.ie/auger/t4media/AUGER_ FinalReport_ June 2021.pdf 
 



  

  

 

 
ORCaSa Deliverable D4.1 

79 
 
 

 

 





  

  

 

 
ORCaSa Deliverable D4.1 

81 
 
 

 

5. Conclusions 

 



  

  

 

 
ORCaSa Deliverable D4.1 

82 
 
 

 

 

 

 

 

 

 

 

. 

 

 



  

  

 

 
ORCaSa Deliverable D4.1 

83 
 
 

 

 





  

  

 

 
ORCaSa Deliverable D4.1 

85 
 
 

 

ACKNOWLEDGEMENTS 
 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

  

 

 
ORCaSa Deliverable D4.1 

86 
 
 

 

 



  

  

 

 
ORCaSa Deliverable D4.1 

87 
 
 

 

APPENDIX - Example of a support MRV protocol  
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Figure 8 Example of support MRV protocol (Credit: FAO-GSP 2020).  
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GLOSSARY 
Source: This list of terms has been derived from various sources61. 

 

Additionality: A demonstration that 

                                                                 

61   This glossary is provided for ‘general information.’ It is not necessarily authoritative on all terms listed. For example, recent 

EU-Projects such as MARVIC are specifically focussing on developing a standard “glossary of definitions for the EU MRV 

Framework for carbon farming.”  The main sources consulted here are: https://irc-orcasa.eu/ (in consultation with the EU 

MARVIC’s evolving ‘Glossary of definitions’); https://carboncredits.com/carbon-credits-glossary/ ; 

https://ahdb.org.uk/knowledge-library/carbon-a-glossary-of-terms; and, https://apps.ipcc.ch/glossary/. 
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