
  

  

 

 
ORCaSa Deliverable D4.1 

1 
 
 

 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 

 

 

 

Clrptm5 

 

 

 

 

 

 

 

 

 

 

  

D4.1 INTERNATIONAL REVIEW OF 

CURRENT MRV INITIATIVES FOR 

SOIL CARBON STOCK CHANGE 

ASSESSMENT AND ASSOCIATED 

METHODOLOGIES 

Ref. Ares(2023)5988740 - 04/09/2023



  

  

 

 
ORCaSa Deliverable D4.1 

2 
 
 

 

 

Document Information 

Grant agreement n° 101059863 

Project title Operationalising the International Research Cooperation on Soil Carbon 

Project acronym ORCaSa 

Project duration 36 months (01/09/2022 – 31/08/2025) 

Coordinator Suzanne Reynders - INRAE  

Related work package(s) WP 4 

Related task(s) T 4.1 

Lead organisation ISRIC  

Contributing partner(s) INRAE, CNRS, CIRAD, regional nodes CSU & CSIRO 

Due date 31/08/2023 

Submission date 31/08/2023  

Dissemination level PU 

 

History 

Date Version Submitted by Reviewed by 

31/08/2023 N°1 ISRIC  

 N°2   

 N°3                    

     

 

 

    



  

  

 

 
ORCaSa Deliverable D4.1 

3 
 
 

 

 

 

INTERNATIONAL REVIEW OF CURRENT MRV INITIATIVES FOR SOIL 

CARBON STOCK CHANGE ASSESSMENT AND ASSOCIATED 

METHODOLOGIES 

 

Niels H. Batjes, Eric Ceschia, Gerard B.M. Heuvelink, Julien Demenois, Guérric le Maire, Rémi Cardinael, Cristina 

Arias Navarro, and Fenny van Egmond  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER: This deliverable is under review and subject to changes if deemed necessary. As such, the European Commission and 

European Research Executive Agency are not responsible of the content of the document. Any subsequent updates will be shared and 

flagged as such. 

 





  

  

 

 
ORCaSa Deliverable D4.1 

5 
 
 

 

Contents 
 

List of Figures .................................................................................................................................................................. 7 

List of Tables ................................................................................................................................................................... 7 

1. Introduction .................................................................................................................................................................. 8 

1.1 Background ............................................................................................................................................................ 8 

1.2 Aims of review ...................................................................................................................................................... 12 

2. Description of main MRV components ..................................................................................................................... 15 

2.1 Context ................................................................................................................................................................. 15 

2.2. Monitoring ........................................................................................................................................................... 17 

2.2.2 Data Preparation.......................................................................................................................................... 17 

2.2.2.1 General considerations........................................................................................................................ 17 

2.2.2.2 Earth observation ................................................................................................................................. 18 

2.2.2.3 Experiments and flux measurements ................................................................................................. 19 

2.2.2.4 Direct (soil) measurements ................................................................................................................. 22 

2.2.2.5 Activity data ......................................................................................................................................... 24 

2.2.2.6 Spatial data layers ............................................................................................................................... 26 

2.2.3 Data analytics .............................................................................................................................................. 28 

2.2.3.1 General considerations........................................................................................................................ 28 

2.2.3.2 Process-based models ........................................................................................................................ 29 

2.2.3.3 Data-driven models .............................................................................................................................. 31 

2.2.3.4 Hybrid models ...................................................................................................................................... 32 

2.2.3.5 Current operational tools and carbon farming schemes for MRV .................................................... 34 

2.2.3.6 Towards operational hybrid approaches for different contexts of MRV applications ..................... 37 

2.3 Reporting .............................................................................................................................................................. 39 

2.3.1 Reporting SOC stock change in national GHG inventories ........................................................................ 39 

2.3.2 Reporting SOC stock change for C offset standards ................................................................................. 40 

2.4 Verification ........................................................................................................................................................... 43 

2.4.1 Verification of SOC stock changes in GHG national inventories ............................................................... 43 

2.4.2 Verification of SOC stock and SOC management changes for C offset standards ................................. 43 

2.5 Uncertainty assessment ...................................................................................................................................... 44 



  

  

 

 
ORCaSa Deliverable D4.1 

6 
 
 

 

2.5.1 Statistical modelling of uncertainty ............................................................................................................ 45 

2.5.2 Sources of uncertainty ................................................................................................................................ 46 

2.5.3 Uncertainty propagation .............................................................................................................................. 47 

2.5.4 Upscaling uncertainties ............................................................................................................................... 48 

2.5.5 Statistical validation .................................................................................................................................... 48 

3. Inventory and classification of current MRVs .......................................................................................................... 50 

3.1 General considerations ........................................................................................................................................ 50 

3.2 Earmarked guidelines and approved methodologies ......................................................................................... 52 

3.2.1 Guidelines .................................................................................................................................................... 56 

3.2.2 Approved methodologies ............................................................................................................................ 60 

3.3 Classification characteristics .............................................................................................................................. 66 

3.4 Characterisation of reviewed MRV systems and methodologies ...................................................................... 69 

4. Towards an integrative and multi ecosystem MRV framework for SOC stock changes ....................................... 73 

4.1 Motivations toward a more unified but adaptative MRV framework for SOC stocks assessments ................ 73 

4.2.1 Monitoring.................................................................................................................................................... 75 

4.2.2 Reporting and verification ........................................................................................................................... 78 

5. Conclusions ............................................................................................................................................................... 81 

ACKNOWLEDGEMENTS ................................................................................................................................................ 85 

APPENDIX - Example of a support MRV protocol ........................................................................................................ 87 

GLOSSARY ..................................................................................................................................................................... 89 

REFERENCES ................................................................................................................................................................. 97 

 

 

  



  

  

 

 
ORCaSa Deliverable D4.1 

7 
 
 

 

List of Figures 
Figure 1. Effects of soil type, climate and management factors on the retention of SOM in soils (Ingram and 

Fernandes 2001). ........................................................................................................................................................... 11 
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). .......................................... 15 
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)). ............................. 16 
Figure 4. Schematic representation of components, building blocks, and information flow for a generic, scalable 

MRV system. .................................................................................................................................................................. 17 
Figure 5. Example of decision tree for identification of appropriate calculation approach based on data availability 

(Gold Standard, 2020). ................................................................................................................................................... 62 
Figure 6. Example of an acceptable sampling timeline for Regen protocols. ............................................................ 64 
Figure 7. Position of considered MRVs in a two-dimensional space after application of multidimensional scaling to 

MRV characteristics as scored in Table 4. ................................................................................................................... 71 
Figure 8 Example of support MRV protocol (Credit: FAO-GSP 2020). ......................................................................... 88 
 

List of Tables 
Table 1. Specifications for different model categories................................................................................................ 29 
Table 2. List of reviewed MRV guidelines and approved methodologies. .................................................................. 53 
Table 3. List of characteristics for classification of guidelines and approved methodologies. ................................ 67 
Table 4. Scoring of MRV guidelines and approved methodologies considered in Table 3 (excerpt of first columns 

only see g). ..................................................................................................................................................................... 69 
 

 



  

  

 

 
ORCaSa Deliverable D4.1 

8 
 
 

 

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). 
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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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