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A Monitoring, Reporting and Verification framework combining remote sensing, ICOS data and
crop modelling for estimating the components of the carbon budgets for croplands at plot
scale over large areas
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Context/Societal challenges

Questioning of the durability of the conventional agriculture (climate change & other environmental impacts)
=» Greendeal, Low Carbon Label in Agriculture to foster the agroecological transition

Agro-ecological practices

No till
Cover crops

Agroforestery

lllustrations: Arbre et Paysage 32 C stora ge

- 4p1000

Lack of large scale diagnostic modelling tools allowing at plot level to:
v" Quantify the impact of some management on the components of the C budgets
v Analyse cropland ecosystem services = Biomass, Yield, ETR, CO, fluxes & C storage
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O Biomass & yield data (2011)

= SAFRAN grid
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The Spatlal Reglonal Observatory (SRO)

R

Started in 2002

Part of JECAM & ICOS (FR-Aur &
FR-Lam sites) network

Continuous CO, & H,O0 flux
aquisition since 2005
Regular intensive measurement

campaigns (Biomass, LAI,
soil moisture, land use)

yield,
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Carbon budgets components: principle

» Are calculated for each cropping year (at 10m/plot level), but can be summed over

several years (crop rotation),

» 3 TIERS:

—TIER 1 (CO, fluxes) and TIER 2 (C budget) are based on empirical approaches
NIVA  and can be applied to most crops species except rice,
— TIER 3 is based on the SAFYE-CO2 crop model assimilating LAl derived from
Sentinel 2 data =» allows other indicators to be calculated (biomass, yield, CO,
fluxes, evap/transp...) but only for 4 crops species (wheat, sunflower, maize and

rapeseed) + cover crops at this stage.

» A similar conceptual approach:

Net CO, flux

Photosynthesis |

Ecosystem

respiration CH,

Harvest

Biomass

Organic
fertilisation

el /

sanpisay

‘ Soil orga. C

TIERs |C budget =|Net CO, flux — + Organic amendments}
28&3 v

TIER 1 Farmer’s data (FMIS)
OFHICAR

G
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Tier 1 approach: principle

* Objective: estimate empirically the net annual CO, flux at parcel/pixel level

— The net annual CO, flux is related to number of days of vegetation (Ceschia et al., 2010)
— Method valid only on arable land for 13 family crops (not rice)

10m resolution map of

reclgazse Based on Ceschia et al. (2010) updated in 2020 — RN
A v o v=-2,206x+127.46 @ Updated data e e
5 400 “’-U.-“J‘”-"
N 8 NE o ’
T
SO -2 HID a
£ 0 e,
c Q0 . NDVI (index
"g 8o 500 . . . ) vegetation) Araya etal. (201 7)
value
‘ 1000 £ i = £
COZ ! * Nllltr}tl:ber of D{.:h_\?s with _-\(z‘rlll'e \'ezenzn;lﬂon e =
fixation NDVI
Simple relation between number of days with activ threshold
vegetation and CO, flux : validated on T T T TT T T TS T;
additional/recent data date https://gitlab.com/nivaeu
MNumber of days with vegetation cover /UC].b_i ndicato rS_tOOl
Apply threshold on NDVI profile to get
c‘-‘QCAR number of days with active vegetation T — R E N O
G\ —
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results

Net annual CO, fluxes of croplands in Netherlands (2018)

Tier 1 approach

NIVA

NEW IACS VISION IN ACTION
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Tier 2 approach : principle

» Empirical approaches: plot level/annual

C budget =|Net CO, flux|+ — Org. fertil.
TIER 2 ‘ . '
TIER 1 ]
Farmer’s data (FMIS) * What do we need to know from the
farmers ?
Tier 1
Net Annual co2 flux .
e
ﬁ‘ “‘ 7 4 Tier 2
. e = h i Annual C Budget
= §‘~‘ l"= Frier 2 - Calculatoﬁ s e :f‘
(vector & raster) T2- Annual Carbon Budget = ==
T oo I R » Are organic amendments applied ? If
- Organic Amendments = 2 a es:
- > —— v
F Sl - type of amendment,
- amount (t/ha).
(Véétor)
DY C AR —
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TIER 3 approach: modelling with SAFYE-CO,,

Radiative transfer model, SVM...

— Optimized GAl SIM
——Intermediate GAI SIM
* GAI SAT

w oo
T

Spot, Landsat,
Sentinel 2

»
T

GAI [m?/m?]

o W N W

/ﬁ\ ’
A S

01-0ct-2009 01-Jan-2010 01-Apr-2010 01-jul-2010 01-Oct-2010

Calibration of phenological parameters & light-use
efficiency parameter

Crop maps
(LPIS)

Crop param

E-CO, t
> Leaf Area Index

TURC+FAO56

(Pique et al. 2020 a, b, c, d)

(s:x::n: ;il:‘:'dEa;Z-(e.g. ! ' Vali.da.tion- with .farmer's da.ita

INTERIM) Biomass, (yield/irrigation), field campaigns...
' Y|e|d, <

sl mpstes rrigtion

CO, & water fluxes

:

C & water budgets

t

Farmer’s data (FMIS)

International flux stations
networks

o TC/ha
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Mcszo Limits of the approach

Diagnostic approach : but some scenarii can be tested

Optical RS data will be combined with radar data (Sentinel 1) in cloudy
areas & for strong crop development (optical RS saturates for high LAl
values); ongoing research

Coupling with a soil organic C module (e.g. AMG) on the way

Only parametrised for a few crops species (straw cereals, sunflower,
maize and soon rapeseed) + cover crops

In areas with animal farming : impossible to quantify organic
fertilization from RS and very difficult to locate fields where straw is
exported = main causes of uncertainties on the C budget

* Integrated Administration & Control System

CRITICALZO
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Level of readyness

Carbon indicators G s e

i Meteo. dat Soil
{_PIS Sentinel 2 ’ eteo. data oil map ; Tested in France

- Under development

— T
S AgriCarbon-EO — 0@
processor FMIS

(harvest, orga.

(Jacquemoud et al. d
2009) amendments)
(Pique et al. e ——

- TIERL 2020 ab)

calculator

API

Pixel scale C budget (gC.m)

TIER2 m , ; — gy
I - 20000000
Calculator < 0,0000

AMG (Clivot et al. o B 20,0000

T I A0, 0000
2
019) h

+ associatec

CO, fixation/emission uncertainties
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* Principle of AgriCarbon-EO(bayesian, LUT) = supercomputer
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Input data

Modelling
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Compliant with the CIRCASA initiative

Validation of the C budget (long term)

26 ) 7) Spatial soil re-sampling survey grid (M/V)

* Same sites — resampled each decade tOyr
\ * Used for ground-truthing SOC change [—t+10 yr

. * Used for ground-truthing activity data| t+20Tetc.

Automatic calibration

6) Remote sensing (M/R/V)

‘ * Verify activity data

' * Inputs to run models
ey Soils and vegetation

-\

5) Activity data (Vv

o

* Management data

y ) Shorter-term experiments (M)

* Field / farm level

e At long-term sites

* Self-reporting

» Measure fluxes t 0 (days)

\ . t+x (days)

4) Spatial data to drive models (M/R

Investigate processes
t+y (days) etc.

* Climate

* Develop novel tools

i

e o
'@' * Soils

Calibrate models

Validation CO es

@)
* Land cover etc. |~

3)soc/ Gq models (M/R)
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* Developed using short- and long-term data

~l .

1) Long-term experiments a
benchmark sites (M) -

* On different land uses tOyr

» Calibrated using short- and long-term data

* Evaluated against long-term data -}

*» Applied to derive tier 2 EF
* Applied using spatial data as tier 3 methodol

OC change
over time

» Different treatments t+10 yr
* Long term SOC measurement t+20 yr etc.
(decades) or chronosequence

* Verified using survey data and remote se

15t OZCAR/TERENO Conference, 05/10/2021

Key: B = Jong term experiment O = farm

SMITH, SOUSSANA, et al, Global Change Biology (2019)
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Conclusions

* This MRV framework was developed in the perspective of generalizing it by using
Sentinel data/products (for model input) and the JECAM & ICOS networks (for validation);
with some limits... and some challenges (huge amount of RS data...=» DIAS*),

* |t can be used for:

— Calculation of carbon indicators for the CAP (H2020 NIVA)/Greendeal
— Emerging Carbon market in agriculture/French Low Carbon Label

b

* Data Integrated & Analysis System

La=la T=RENO
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Conclusions

* This approach was developed in the perspective of generalizing it by using Sentinel
data/products (for model input) and the JECAM & ICOS networks (for validation); with
some limits... and some challenges (huge amount of RS data...=» DIAS*),

 Well suited for assessing the effects of straw management and cover crops on cropland
C budgets=>» can be applied to pixel/plot scale

 The transposability of this modelling approach has been verified (Morocco, Mexico,
India...) for the SAFY-WB** version, next is to test SAFY-CO, over other areas (e.g. NIVA...
& ICOS crop sites),

* The model is parametrised for wheat, sunflower, maize crops and cover crops in order
to simulate crop rotations (soon rapeseed),

 Research tool that benefited from recent improvements to be applied in operational
mode for mapping cropland C budgets.

* Data Integrated & Analysis System
** SAFYE = SAFY-WB (Claverie et al., 2012)
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Why is it possible now ?

" w A . i
& Sentinel 1 Revolution !!! §§ - Sentinel 2
(10 m, Gjl Radar) (free all over gg 10 | Sentinel i (10 m, 5], Optical)
g High Resolut -
the globe) & R
‘ e B ‘
Clear or cloudy sky conditions Monitored Clear sky conditions

Rugosity & surface water content parameters Reflectances (13 bands)

40%

Dynamic mapping
Soil water Biomass SoiI work Land cover LAI/ Albedo
content phenology
How to use those RS derived products to answer scientific and societal challenges related to agriculture ?
OPICAR T=RENO
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