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Different contexts of MRV for Soil Organic Carbon

« National inventories = Nationally Determined Contributions (NDCs) under the Paris agreement (COP21)

« Carbon offset programs (offsetting/Voluntary Carbon Market) mainly for forest up to now but
developing fast for cropland,

« Compensation of GHG emissions inside the supply chain (insetting) = e.g. agri-food
companies engaged in SBTI FLAG objectives (to report their environmental progress) =
credits used for scope 3 reporting cannot be sold as offset credits,

Carbon Offset Carbon Inset
RRRRRRRRRRRRRR ,
7 CUSTOMER 88
cargill &, F
( / ('A ; CUSTOMER
arson Via @ Cargill
OFFSET BUYER n
® Microsoft vy
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https://climatetechvc.substack.com/p/-the-importance-of-insets-where-mitigation

The components of a MRV scheme

Schematic representation of the components/building blocks and information flow for a generic MRV framework

:: ORCaSa

Because soil carbon matters

Monitoring Reporting Verification

rrﬂ Reporting rules (o Verification rules and procedures)
w and procedures
Data preparation Data analytics \l/ \l/
( @ Experiments Process-based — Reporting é(@ Verification )
N J L models /
Direct (soil) w
[® measurements (@ Data-driven models ) AN
(( i N —@ —Q
.................... Activity data Hybrid model )
! >K° ¢ <® ybridmodels Proof of adoption (Soil) data for
: of practice verification
:.u"-"...uu".u><® Spatia|data |aye|'5 -\
: A
Earth R R R R R R R R R R R R R RN R R NN RN RSN E NS SR E SRS RN RN E SRR AN RN E AN AR EN AN REENE NN NREERE NN NN ERRERREREE

observation
More about each component and building block at

https://www.isric.org/sites/default/files/ORCASA_D4-
Soil i - 1_FinalDeliverable_InReviewByEU_O.pdf
’ ¥ .
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Conceptual MRV frameworks for cropland

Paustianetal. (2019): NDC, VCM, supply chainin Smith et al. (2020)
the USA

7) Spatial soil re-sampling survey grid (M/V) 6) Remote sensing (M/R/V)
GLO BAL SOIL IN FO RMAT'ON SYSTEM Same sites — resampled each decade | t O year \' * Verify activity data
Used for ground-truthing SOC change [~t+10 years * Inputs to run models
Reglonial/ Nelisial Used for ground-truthing activity data t+20years, etc, AT * Soils and vegetation
Activity As'::sﬁs?::llﬂs | 'PO"C;?S' | 5) Activity data (M/R) Bt
nternationa \
Databases Commitmants ¢ Management data 1~ 2) Shorter-term experiments (M)

\Remoie e

l sensing / \-d. /

A

* Field / farm level

H * At long-term sites
« Self-reporting « Measure fluxes t 0 (days)

‘m .
8 4) Spatial data to drive models (M/R « Investigate processesf— (¥ (days)
? 2 @, ° Climate }‘ + Develop novel tools | t*¥(days) etc,
: * Soils * Calibrate models
1 i * Land cover, etc.

Soil Monitoring Spatia
Nelwerls Data lnpufs\
Model

Validation

1) Long-term experiments at

3) SOC / GHG models (M/R) | "
v g £ H benchmark sites (M) -

%@ HH I Pt i H : /]

SC“}S’bI? \ ( + Developed using short- and long-term data * On different land uses

Quantification -« o t0year
Ll * Calibrated using short- and long-term data Different treatments

Models

t+10 years
Platform Land Manager DSS - Field/Farm « Evaluated against long-term data SOC cha nge * Long term SOC measurement $+20years, etc.
Input Assessments supply Chains, « Applied to derive tier 2 EF P (decades) or chronosequence
Incentive Programs * Applied using spatial data as tier 3 methodology| over time

« Verified using survey data and remote sensing Key: W = long-term experimentO =farm
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Propositions of MRV methodological framework

4 R
¥ man ¢ Project web interface

pet ORCaSa e B e R Basedon Batjes et al. submitted

Name, project's boundaries,
scope/framework (duration,
reporting and verification
methodology, risk assessment, etc)

Because soil carbon matters

% Uploading and processing of spatial data layers
© Activity data (past/scenario), @ P 9 il g B i

Earth observation data
© Soil analysis (optional), local Land cover Climatic Soil properties SUrthetle Abartira
) Optical Thermal infrared Y p Lidar Other
weather data (optional) maps data maps 4 J L Radar G I
© Data on local biomass | |
measurement 3
el Spectral signatures
Decision support tool s s
® PP ®) Radiative transfer models
\ J A priori parameters Optical Thermal IR Microwave Al, ML, etc.
~
] Biophysical products 4
éﬂ; Monitoring methods l
Tier3 g R SRR “\
ier o A 1
Tier 1 e e e e N s, ; EEvaluatlonand |
' = ., ' %54 improvement |
| o 1 !
5, ) ! © Long term experiments :
Tier 2 = =———0 e | F=> I
AM'\ "‘AM ! ; : © Flux tower networks :
= T oML . |
Soil model Soil model Plant ; ’l ,  © Others 1
> Soil I e n R e S e N e — ! ,'
Selection of sampling [ P
the appropriate method
(based on a decision tree) \ /
[]@ Verification
> Activity
Soil sampling Mobile application FMIS —
LY S J - /
: \ - J
Soil
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How to Monitor SOC stock changes ?

e Measurements of soil SOC content/bulk density =» representativity of spatial paterns ?

e Statistical models spatialising in situ soil data using related patterns (e.g. Szatmari et al. 2021) and digital
soil mapping (e.g; Vaudour et al. 2020; Heuvelink et al., 2020),

e Management measures (TIER 1 & 2): estimated standard values for Specific Land Management measures
(activity X leads to increase/decrease in SOC) =2 only for NDCs,

Soil . W
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e Measurements of soil SOC content/bulk density =» representativity of spatial paterns ? —-‘—1

e Statistical models spatialising in situ soil data using related patterns (e.g. Szatmari et al. 2021) and digital
soil mapping (e.g; Vaudour et al. 2020; Heuvelink et al., 2020),
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I 26 May 2017

e Monitoring ot SOTSt i eémote sensing ?

SOC g2
B Hgh: X

 —
—=

¥ ORCaSa oy MARVIC

SOC profile ?

‘ Depth

SOC stock ? 5

EJ,
N

>z

Depth
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How to Monitor SOC stock changes ?

e Measurements of soil SOC content/bulk density = representativity of spatial paterns ? -—-‘—-

sl el
e Statistical models spatialising in situ soil data using related patterns (e.g. Szatmari et al. 2021) and digital
soil mapping (e.g; Vaudour et al. 2020; Heuvelink et al., 2020),

e Management measures (TIER 1 & 2): estimated standard values for Specific Land Management measures
(activity X leads to increase/decrease in SOC) =2 only for NDCs,

* Process based models/operational processing chains (TIER 3) simulating plant/soil processes and their
interactions and assimilating remote sensing data (e.g. FION, AgriCarbon-EO, Remote-C, RETINA) or not (e.g.
STICS, DNDC, CENTURY, RothC),

e Combination of the above methodologies ?

Soil Partners’ Day | 03-05 June 2024 @

CLOBAL SOIL




How to Monitor SOC stock changes ?

e Measurements of soil SOC content/bulk density =» representativity of spatial paterns ? —-‘—-
b,

e Statistical models spatialising in situ soil data using related patterns (e.g. Szatmari et al. 2021) and digital
soil mapping (e.g; Vaudour et al. 2020; Heuvelink et al., 2020),

e Management measures (TIER 1 & 2): estimated standard values for Specific Land Management measures
(activity X leads to increase/decrease in SOC) =2 only for NDCs,

* Process based models/operational processing chains (TIER 3) simulating plant/soil processes and their
interactions and assimilating remote sensing data (e.g. FION, AgriCarbon-EO, Remote-C, RETINA) or not (e.g.
STICS, DNDC, CENTURY, RothC),

etCOszuxi
e Combination of the above methodologies ? The choice depends on the context ol
of application, the availability of input data, models adapted to the local context,

cost/benefits ratio...

Photosynthesis
t

CH,

Decomposition, mineralisation

Monitoring of SOC is an ecosystem issue !!! A MRV method for SOC shall address

otha&compartments than the soil (e.g. biomass) = C budget approach !!!

ol
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Propositions of MRV methodological framework

¥::ORCaSa

Because soil carbon matters

Soil

Partners’
Day

-

¢ Project web interface

~

© Description:
Name, project's boundaries,
scope/framework (duration,
reporting and verification
methodology, risk assessment, etc)
© Activity data (past/scenario),

© Soil analysis (optional), local —

weather data (optional)

/

© Data on local biomass
measurement

© Decision support tool

© Gridded and temporally aggregat

ing p

Basedon Batjes et al. submitted

@}@ Uploading and processing of spatial data layers

Selection of
the appropriate method
(based on a decision tree)

Earth observation data
Land cover Climatic Soil properties e . — Synthetic Aertiire " .
maps data maps ptica ermal infrare Badir e idar il er
L2
Spectral signatures
®) Radiative transfer models
A priori parameters Optical Thermal IR Microwave Al, ML, etc.
] Biophysical products ,
éﬂ; Monitoring methods l

Tier 3 A "\
ier o) g 1
P . 4 ; E Evaluation and |
' %54 improvement |
1 ]
! © Long term experiments |
Tier 2 —_— —— —=> i
AM’\ R 1 © Flux tower networks :
Soil model Plant mode Soil model Plant mode : © Others :
> Soil e S | "

-

[]@ Verification

> Activity
Soil sampling Mobile application FMIS —
J = /
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Examples of modeling approaches for SOC monitoring

LABEL BAS

Soil Centered approach eCARB%NE

Regional stat.
n situ sampling
Remote sensing

lLAllometric relationship

Cover crop
biomass

—)

Activity & soil |
data

Yield (farmer)

Allometric relationshidl

Crop
biomass

L

AMG soil model (Clivot et al 2019)

Soil ‘A
Partners’

\ accuracy

Most crops & carbon farming practices

Cropping systems of the farm (not plot
level)

Cost (mostly acivity data collection)

Uncertainty assessment

Scalability

Accuracv

18/07/2012  06/09/2012 15/11/2012  29/12/2012
Data
SPOT4/5
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Examples of modeling approaches for SOC monitoring

Hybrid approach (combining modeling, remote sensing for biomass, in-situ data)=» AgriCarb:
dedicated to upsaclling the C budget components and their uncertainties

See Wijmer et al. 2024 (V1)
https://gmd.copernicus.org/articles/17/997/2024/

AgriCarbon-EO v2 processing chain G

Straw cereals aboveground biomass in France in 2019

Data Ingestion

Relative Liketyhood

Dry above ground biomass at
harvest for winter wheat fields
in 2019

10m resolution
0.6 billion pixels
Daily estimates

.: pos.mof WVE{OZ px.)ms

»
Inless than 1 day onthe gnes supercomputer

Rea|isation:"A?-;Al»ﬁitan,V. Antonenko, L. Arnaud
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https://gmd.copernicus.org/articles/17/997/2024/

Examples of modeling approaches for SOC monitoring

Hybrid approach (combining modeling, remote sensing for biomass, in-situ data)=» AgriCarb:
dedicated to upsaclling the C budget components and their uncertainties

See Wijmer et al. 2024 (V1)

, , Straw cereals aboveground biomass in France in 2019
https://gmd.copernicus.org/articles/17/997/2024/

ga\les.‘an ASSimi’atio
-

@\,

Dry above ground biomass at
harvest for winter wheat fields
in 2019

10m resolution
0.6 billion pixels
Daily estimates

Inless than 1 day onthe gnes supercomputer S e :
Realisation. A*Al-Bitar, V. Antonenko, L. Arnaud

SOlBn | https://www.cesbio.cnrs.fr/agricarboneo/ ) g
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https://www.cesbio.cnrs.fr/agricarboneo/
https://gmd.copernicus.org/articles/17/997/2024/

Examples of modeling approaches for SOC monitoring

Hybrid approach (combining modeling, remote sensing for biomass, in-situ data)=» AgriCarb
dedicated to upsaclling the C budget components and their uncertainties

See Wijmer et al. 2024 (V1)
https://gmd.copernicus.org/articles/17/997/2024/

Main crops & not all C farming practices

Plot level (even pixel = best for
validation)

Cost (mostly acivity data collection)
Scalability

Uncertainty assessment

Accuracy (depends on access or not to
local soil and activity data)

SOl https://www.cesbio.cnrs.fr/agricarboneo/
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Many other MRV tools based on modeling

Remote-Q UCSC SOC MIQg approach © UCSC Australia (N DC)
DATA INPUT ‘8‘5 . .
Smlproxlmalsensmg Remote sensing nght use effICIenCy
3 approach for Variant of RothC
MODELLING .« SAFve- appr _
Jetum oo flemes estimating biomass e DPM é
) input to the RothC - Plant o,
5 - Pt soil model Lo A 0o
Farmer “ of Me@eo
MODELLNG "Zii:5g @E COMET-Farm: C market = WTe s | HUM
VERIFICATION 9% Ty COMET — E—
oyl i i 0} tomesmneee o | ORER. Lo G R Fire
& oo H ™ s Farm = i MR ..

REPORTING 4 W

What s COMET-Farm?

oFmi  Field observatory network RETINA Project (UK): C market

Reference sites

testing and development.

\ ' Constraining existing
' Field Observatory

én o tedobas UGG crop/grassland models (e.g. o e —
gt STICS) with satellite observations a8 ﬁ
= |

Soil data Applications
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Decision tree to choose the Monitoring approach tailored
to the local context

?ﬁ% I ORCaSa it

p \
l
| NDC ‘ CAP ' VCM (offsetting) | insetting |
LN y D C Commun Agricultural Practices Volontory Carbon Marquet scope3 GHG J
ALy eulesabes 4 { /: Z J
_[_
S = - —
| 550Cun | Model adapted to ASOCeioex ( 7
Available and J pedoclimate/practices at Measurements ASOC g0k <5ans
_QM"\&LVG plot level /reqqe_ggnyatrva 4 | Measurements |
\ resentative
Yos No :eé \No\ /v" \No ivgs No\
R T _ i [ [
Z\| 1 TIER2 TIER 3 L= 7 7
w TIER3 | Activity data Available for | Cost < Benefit —No-> ‘ 7y ) | TER3
. BSOCiock /| Model acapted to | avanlabl\e pedoclimatic y, % [Model a:ﬂ:,:::: l:; f ‘[cm <Benefit —No _,LModd adapteato]
8 J text ¥ L i i
| "and IPCC compliant " ygs/ \ e \ Yes / | @2 =7
\ A / Yes
/ . Use regional e T Mo Y'I” pa— N No/ vl
( Plot level egs X 4 B g
Yoo statistics ASOCgiocx i } ASOC, "/ v
Yos  TIER1 Measurements | EO | b | f 3
,\ = \ / - e compatible L Measuramems; ) | EO 1
{ | EO % / < | \oompabbla‘,
i | No N
[Detailed crop map| Av;ll‘i: 02“” | compeible e -~ Y”) \No co NST RU CTI o N
pedocllmam: oumaxt TIER2 podes s s erdion l s Pl Ja. NS
ala ava \ \
2@5 assimilation | | Models with ‘B:omass in situ |

X

(‘EO l Yes No / \ —”No‘— \ Lassnrsn?ahon ’ dala avallable
{compatibie | YBS '10 j \ e o NG

[ Pianl model | Plant model | / X
(TIER 3, ML, | Ecosystem | Yos | (TIER 3, ML, | \ — \

No
\ Process based | aliometric) | model, § | allometric) [ Piant model | [ Ecosystem ) [ Prant mode;k No

Yos Xo l TIER2 ( i TIER1 ecosystem Process based i — 52 7L > (TIER 3, ML, ‘ e : | Yes| (TIER 3, ML,

i v, model \:’m EO ecosystem model l | Process based | l allmlnc) l % p2rty allometric) [
assimilation g g ¥ { | < ) o —
l \ Soil | Soil acosysiem ¢ 7 (o based |

~ » e model model \ 7% 7] - A y200s8
C= L) J ) ( . = ecosystem
Process based ROTHEBR, Soil ? Soil moda
| ecosystem model ecasysiom model } model ‘\ 2 '
with EO e P mEEae
\ assimiation | oo A

*EO compatidble = good
coverage, big size plot, no
slope, no cloud

*Ecosystem model = contains

W i acll) First version made available by ORCASA at the end of the ye:

o
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Key message

One of the main challenge for promoting SOC storage and to assess the impacts of management practices
on the agricultural soils concerns Monitoring (MRV) =» need for scalable, multi-context (NDC, C market...),
automatized, cheep, reliable, transparent methods for monitoring the effect of management on SOC stock
changes in agricultural soils,

Following as much as possible CIRCASA’s recommendations :

- Modular & transparent approach with uncertainty assessmenton SOC stocks,

- Several soilmodels instead of one = allowing ensemble modeling approach,

- Assessment of the different components of the C budget in the development/verification process,

- Relying on strong data infrastructures following the FAIR principles: e.g. Copernicus, Fluxnet sites...

- Highresolution, relying on remote sensing (e.g. Sentinel 2) to quantify biomass production & restitution to the
soil,

Soil N : o
Pa Soil Partners’ Day | 03-05 June 2024 w



Key message

One of the main challenge for promoting SOC storage and to assess the impacts of management practices
on the agricultural soils concerns Monitoring (MRV) =» need for scalable, multi-context (NDC, C market...),
automatized, cheep, reliable, transparent methods for monitoring the effect of management on SOC stock
changes in agricultural soils,

Following as much as possible CIRCASA’s recommendations :

- Modular & transparent approach with uncertainty assessmenton SOC stocks,

- Several soilmodels instead of one = allowing ensemble modeling approach,

- Assessment of the different components of the C budget in the development/verification process,

- Relying on strong data infrastructures following the FAIR principles: e.g. Copernicus, Fluxnet sites...

- Highresolution, relying on remote sensing (e.g. Sentinel 2) to quantify biomass production & restitution to the

soil,

will provide guidelines, recommendations, methodological
¥ _ORCaSa MaOVLOM frameworks and tools for using/developpingmulti-ecosystem and
multi context MRV tools

Soil ©H . -
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https://irc-orcasa.eu/join-the-soil-carbon-irc/
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Examples

BASALT - Spatial

Relative Likelyhood
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BASALT - temporal
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Aggregated budgets.
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Reference sntes

testing and development
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