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What is the expected outcome? More Soil Organic Carbon for GHG mitigation
for soil health improvement
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Why a results-based MRV system ?

Because additional SOC storage of

a given measure depends on the
pedoclimatic conditions

Cover crops
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Dry aboveground biomass (T/ha)

Inter-crop spatial variability : In-situ cover crop biomass measurements
at 57 plots in South West France (OE. Cescia, INRAE)
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Why a ”hybrld” MRYV system ?

Direct soil sampling and SOC measurement ?

* Sensitivity :
 Small A over large stocks
* Slow changes => High costs!
e Spatial variability

Direct SOC measurement via remote sensing?

Map of SOC content Uncertainty map

i-* E 4Rl - % ° i
! 3‘ E Accuracy and uncertainty _> Not mature yet for SOC !
S * C contents not stocks
Castaldi et al., 2023
o ] Modelling?
e an e Detailed input parameters needed
o | * Soil texture, type

= High administrative burden!

* Initial SOC — Explore other info sources

* Details on management (e.g, rotation,
tillage, fertilisation, etc

2023-06-21-DG CLIMA experts group meeting 5
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Example of Soil C Monitoring, Reporting and Verification approach S ~ e

Funded by
rarm DATA @) (®) EsencHmark siTes @)

4l the European Union

SAMPLING =1
ALGORITHMS "o

SOIL SAMPLING & MAPPING

Q/I-IQCIRCASA

Adapted from
Smith et al. 2020, GCB
Ruyschaert et al. 2022
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1- Eligibility check
FARM DATA () (R)

- Field/farm/ IACS data
- Management data

REMOTE -
8 SENSING E®O®

* Management options envisioned ?
*Efficiency / SOC accrual
*Potential leakage
*Environmental & biodiversity potential effects
* Additionality

Biomass
Soil properties

DATASOURCES (W) (R)

a CROP-SOIL MODEI

APPLY ENROLL

’ EJ P Eligibility check  TO, BAU and Cseq potential
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2- Enroli
rarm DATA @) (®) EsencHmark siTes @)

- Field/farm/ IACS data

REMOTE (@ @ s
B SENSING IOL [t

4 1
Activity data (crop rotation,& SAMPLING Y

_ ation, & ... - i W ALGORITHMS ¢ |
harvest, tillage operations etc..) U< !

Biomass
Soil properties

DATASOURCES

SOIL SAMPLING & MAPPING

.. - Initial sampling

@ ®

B climate
I-El soil a CROP-SOIL MODELS  _____,

— - Soil models estimating SOC/GHG
- Vegetation models estimating C budget

{0 |
.

B land cover
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3- Quantify
rarm DATA @) (®) EsencHmark siTes @)

- Field/farm/ IACS data

REMOTE (@ @ s
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4 1
Activity data (crop rotation,& SAMPLING Y

_ ation, & ... - i W ALGORITHMS ¢ |
harvest, tillage operations etc..) U< !

Biomass
Soil properties

DATASOURCES

SOIL SAMPLING & MAPPING

.. - Initial sampling

@ ®

B climate
I-El soil a CROP-SOIL MODELS  _____,

— - Soil models estimating SOC/GHG
- Vegetation models estimating C budget

{0 |
.

B land cover
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5- Verify and Report
rarm DATA @) (®) EsencHmark siTes @)

- Field/farm/ IACS data

B REMOTE
SENSING

Activity data (crop rotation,‘/’_"_" . = Zﬁgg;:?ﬁms '::-"1":'

harvest, tillage operations etc..) Where, how many, when

Biomass
Soil properties and how to sample

DATASOURCES

SOIL SAMPLING & MAPPING

.. Initial sampling

- Ground-truthing for V

@ ®

B climate
I-El soil a CROP-SOIL MODELS  _____,

B land cover
— - Soil models estimating SOC/GHG
- Vegetation models estimating C budget

[0, | ) . oe
¥
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Develop MRV methodologies MARVIC

g MRV for carbon farming
L_J

Funded by
the European Union

FARM DATA () (R) ™24

- Field/farm/ IACS data

[sencHmark siTes
- Test CF practices

- Measure fluxes
- Develop/refine models
7 SAMPLING 1~
...................... S YL < ALGORITHMS "7 1%

o : e Where, how many, when
and how to sample

B REMOTE
SENSING

/¢
Activity data (crop rotation, /

harvest, tillage operations etc..)
Biomass

Soil properties

DATASOURCES

@ ®

B climate
I—EI soil
CROP-SOIL MODELS
B land cover a

SOIL SAMPLING & MAPPING
.. - Initial sampling
- Ground-truthing for V
- Precision sampling M

—p

— - Soil models estimating SOC/GHG
- Vegetation models estimating C budget

o . | Model vaIidati(ig Adapted from
Develop Mry  Vlodel calibration sl ~>8 Smith et al. 2020, GCB
methodologies - , :;S [:]*[:]*# Ruyschaert et al. 2022
Apply MRV in C
CF schemes

12 3485
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Example of Soil C Monitoring, Reporting and Verification approach I3
FARM DATA () (R) ™24 =

- Field/farm/ IACS data

REMOTE @2\ @ 4
B SENSING @0 u gt

&
Activity data (crop rotation ¢

’

Funded by
the European Union

[sencHmark siTes
- Test CF practices

- Measure fluxes

- Develop/refine models

SAMPLING 51~

______________________ . 4 rconmws 4
< - >~ g Where, how many, when

and how to sample

harvest, tillage operations etc..)
Biomass

Soil properties

DATASOURCES

@ ®

B climate
I—EI soil
CROP-SOIL MODELS
B land cover a

SOIL SAMPLING & MAPPING
.. - Initial sampling
- Ground-truthing for V
- Precision sampling M

—p

— - Soil models estimating SOC/GHG
- Vegetation models estimating C budget

o . _ Model validaticig Adapted from
Develop Mry  Vlodel calibration o >8 Smith et al. 2020, GCB
methodologies . ;’;S [:]*[:]*# Ruyschaert et al. 2022
Apply MRV in SN

CF schemes tEaNs
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Building blocks

Hybrid, high resolution, dynamic MRV approach

* Smart assembly of building blocks (operational processing
chains)

 Automated inputs to models: as much as possible

* Remote sensing: crop types, carbon inputs, farm activities, soil
properties

* Link with already publicly available existing data: e.g. LPIS, GSAA,
LUCAS, national databases, research databases (country dependent)

* Work on data harmonisation/standardization and interoperability
(e.g. work EJP SOIL WP6, EUSO, Soil Mission, SoilWise etc)

e Link with already recorded farm data (e.g. lab data, harvest
machinery, farm management systems) & with regional data spaces,
eg farm data sharing platform https://www.djustconnect.be/en

(@ EspsolL

EU Soill ‘Observat(‘)ry (EUSO)

Research data § LUCAS soil survey
portals

National data soil data
portals from farms

Standardisation Standardised
methods soil data

JSON | About | Contact

EJPSoil catalogue

“These pages present a set of datesats colected In 8 5Cops of e £ Sall praect.

£ SOIL IS @ EWopean Jont I'rogramme Conind on Anzaiural 501 MSNSQsmEnt CoMmuing 1 kay sozatel ¢ @ watar s

Search the catalogue
o

Recent changes
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https://www.djustconnect.be/en

Remote sensing for accurate assessment biomass production and restitution

to the SOII 18/07/2012 06/09/2012  15/11/2012 29/12/2012  03/03/2013 12/04/2013

High intra plot spatial variability
cover crop development
(@E. Cescia, INRAE)

T

()

-c .

S 075 SPOT4/5 Red/pink = cover crop
£ o5

43 0.25

g o

> ]

uly September November December March April

» Classical agronomic models cannot predict spatio-temporal variability in biomass production (& in-situ
measurements too expensive) = huge uncertainties on SOC stock changes,

* Previous attempts to assimilate remote sensing data in agronomical models (e.g. STICS, EPIC) failed (too
many input data) =» not adapted to upscalling

=>» Assimilation of remote sensing data in crop models dedicated to upscaling (e.g. SAFYE-
CO2) = force the model to estimate accurate biomass production/spatial variability

HYBRID APPROACH NEEDED'!

LJF OUIL
Europ

ean Joint Programme



Developing MRV methodologies

Importance of benchmark sites! ‘,
| eiock 1 [

*Test management options

Information
content

*Develop and test models (calibration/ validation Type and naturo
* Plant C inputs models (remote sensing) SRR
* Soil carbon models

Level 11l

1COS site Process-level understanding,
indicator development and

Long-term experiments and

* Direct measurements — detailed monitoring and sampling {nesmrh, ConcepRiony ¥ed ko

intensive plots and p-survey > ’,SItes ". response modelling
§ Semnail
°
N . Long-term Intensive plots § 10'-10° Level Il Statistical relationships and
D |ffe re nt com p | emen t a ry N etWO r k S conceptually/formally tied nloks LTER model validation, data for
to large-scale p-survey Benchmark sites upscaling

* Level | regional/EU carbon monitoring network
Large-scale p-based Level | Ground truth data and
C meetnet diagnosis, quantitative

estimates, data for upscaling

e Level Il LTER benchmark sites survey connected with
e Level Il ICOS sites

forest inventory

Remote B LS R T T Seal Basic information on
sensing _-zz27C__________ 107107 pixels qmm | é eils’%_%_li‘_~_~_\ coarse indicators
ata

Nature and number of observation elements

Sleutel et al. 2020 adapted from Ferretti & Fisher 2013
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Example of Soil C Monitoring, Reporting and Verification approach 5 MAT "!P
rarm 0aTa @ ® g BsencHmark siTes (B \Na\‘

- Field/farm/ IACS data ! Test CF practic-
REMOTE . Management data — _______ - Measure ~ C\e“
B SENSING .®. - _ &\ s
SAMPLING ﬁg_.

............................... e @i 4 » L e ALGORITHMS ‘-, 1 -
harvest, tillage operations etc ) : —
Where, how many, when
Biomass

Soil properties and how to sample

. DATASOURCES

@ ®

@: gglrlnate a p—_— \\ ‘\\

B land cover
0 oo [
se((\

B soisampLiNG & maPPING

.. Initial sampling

- Ground-truthing for V
- Precision sampling M

.udels estlmatlng C budget

_ _ Model validati Adapted from
Develop MRV : P g >8 Smith et al. 2020, GCB
methodologies ' : .';‘;“-ts. *[:]*# Ruyschaert et al. 2022
Apply MRV i~ \\0“\‘ : R e
CF sck . 1234y
% APPLY ENROLL QUANTIFY VERIFY/REPORT
7 ® ® ® ®
cJ p Eligibility check  TO, BAU and Cseq potential  Transparent, robust outcomes Transparent, verifiable outcomes 16
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Example of operational processing chain for MRV of SOC stock changes

AgriCarbon-EO  [ACEO], an end-to-end pre- Net annual CO, fluxes for Wheat over 110x110 km at 10m resolution
operational processing chain dedicated to SOC MRV (in France) simulation takes 4 hours (downloading images takes 1 day)

SALT

Bayesian Normalised
Importance Sampling
using Look-out Table

& Bayesian Assimilation

Method T o e
h AFYE-CO2 + ==
AMG

Parsimonious Agronomic +
soil model

AgriCarbon-EO v1.0.1: Large Scale and High Resolution
Simulation of Carbon Fluxes by Assimilation of Sentinel-2 and , ME ¥ ;
Landsat-8 Reflectances using a Bayesian approach s TN SO R EER o Y5

- e

S "
. . . . . . L : - 4% r an 5 § . Image Landsat / Copernicus
Taeken Wijmer">", Ahmad Al Bitar"", Ludovic Amaud’, Remy Fieuzal', and Eric Ceschia' 2 75 “ry. ) A A T R
e = > o 1

LJ EJP SOIL
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How can such a system comply to the Regulation on Carbon Removals

Certification QU.A.L.ITY criteria?
[ +

QUANTIFICATION ADDITIONALITY
Carbon removal activities are Carbon removal activities go
measured against a baseline beyond standard market

and are net of supply-chain practices and what is legally
emissions required to the operator

v

* Time 0 measurements/ soil data
* Modelling of the business as usual
(standard practice)
—C sequestration in soil
* GHG emission estimates (emission factor,
modelling)
—>Negative emissions, climate change
mitigation

g EJP SOIL

European Joint Programme
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LONG-TERM STORAGE

Cetrtificates clearly account for
the duration of carbon storage
and distinguish permanent
storage from temporary
storage

&y

SUSTAINABILITY

Carbon removal activities do
not harm the environment or
even benefit other
environmental objectives such
as biodiversity

18



How can such a system comply to the Regulation on Carbon Removals
Certification QU.A.L.ITY criteria?

[] + Oy

QUANTIFICATION ADDITIONALITY LONG-TERM STORAGE susTAINABILITY
Carbon removal activities are Carbon removal activities go Cetrtificates clearly account for Carbon removal activities do
measured against a baseline beyond standard market the duration of carbon storage not harm the environment or

and are net of supply-chain practices and what is legally and distinguish permanent even benefit other
emissions required to the operator storage from temporary environmental objectives such
storage as biodiversity

v v

* Farm data
* Remote sensing
* Eligibility of the practice
= “additional” management option

Accounting for the
pionners ?

2023-06-21-DG CLIMA experts group meeting 19

Q’ EJP SOIL

European Joint Programme




QU.A.L.ITY

How can such a system comply to the Regulation on Carbon Removals
Certification QU.A.L.ITY criteria?

] + &y

QUANTIFICATION ADDITIONALITY LONG-TERM STORAGE SUSTAINABILITY
Carbon removal activities are Carbon removal activities go Cetrtificates clearly account for Carbon removal activities do
measured against a baseline beyond standard market the duration of carbon storage not harm the environment or

and are net of supply-chain practices and what is legally and distinguish permanent even benefit other
emissions required to the operator storage from temporary environmental objectives such

\/ \/ storage as biodiversity

‘b’ EJ P S O | L - 2023-06-21-DG CLIMA experts group meeting 20
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How can such a system comply to the Regulation on Carbon Removals
Certification QU.A.L.ITY criteria?

] + &y

QUANTIFICATION ADDITIONALITY LONG-TERM STORAGE SUSTAINABILITY
Carbon removal activities are Carbon removal activities go Cetrtificates clearly account for Carbon removal activities do
measured against a baseline beyond standard market the duration of carbon storage not harm the environment or

and are net of supply-chain practices and what is legally and distinguish permanent even benefit other

emissions required to the operator storage from temporary environmental objectives such

SV 68 storage as biodiversity
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Design of a high-resolution and dynamic soil organic carbon
monitoring system for agricultural land

*Store more C in soils for ecosystem services and GHG mitigation
*Mixed carbon farming systems: practice-based & results-based MRV

*Adapted to different context of application
* National inventories, CAP, agri-food sector (insetting), voluntary markets

*Hybrid MRV systems to predict & validate SOC changes and C budget: measurements &
modelling & realistic biomass estimates through remote sensing in crop models

* Automated, modular, large scale but high resolution, uncertainty analysis and low cost

*|ssues:
* The references: time 0, BAU simulation, regional standard baseline, specific baselines ® MARVIC
* Soil data: spatial resolution, harmonization @R e

* Data assimilation & assemblage

2023-06-21-DG CLIMA experts group meeting
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