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NEW IACS VISION IN ACTION - User case UC1b

Common Agricultural Policy & agri-environmental 
indicators

CONTEXT
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● Currently, modernizing the Integrated Administration and 
Control System (IACS) and the payment of insurance 
premiums by the Common Agricultural Policy (CAP).

● Develop tools to map agri-environmental indicators:
○ biodiversity
○ leaching nitrates risks
○ carbon budget 

● To be integrated in the next CAP, supported by the 
GreenDeal initiative and EC Climate Action (Carbon 
Farming, 2021)



In this study: 

Carbon indicator TIER 1 (CT1) compute the annual Net Ecosystem Productivity (NEP)(tC/ha)
● computed at intra-field scale resolution (10m)
● aggregated over the fields
● operationally ready
● produced at national scale 

Carbon budget indicator, the Tier complexity approachCONTEXT
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Tier 1: simple crop productivity Tier 2: field carbon budget Tier 3: An integrated crop modeling 
and EO assimilation system 

example: 
AgriCarbon-EOAnnual CO2 Net Flux    + C(input) - C(export)   ⇔  Annual C budget     

complexity



Carbon indicator Tier1
OBJECTIVES
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● We present the methodology applied to obtain the Carbon tier1 indicator 
for crop fields with its associated uncertainty over metropolitan France 
for 2019.

● We present analysis of the spatial variability of the indicator in terms of 
vegetation cover duration with respect to:
○ the crop type
○ the cropping practices 
○ the legislative frame 

■ Nitrates directive → mandatory to have covercrops for 2 months 
minimum.

■ Clay exemption → removes the Nitrates directive when soil clay 
percentage is high (defined per region).



Net Ecosystem Exchange & Net Ecosystem Productivity 
METHODOLOGY
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Main components of 
carbon budget



NEP =          NEE

Net Ecosystem Exchange & Net Ecosystem Productivity 
METHODOLOGY

Eddy covariance 
method

Sonic anemometer and gas analyzer in 
open path. Source : T.Tallec

Net Ecosystem Exchange :

NEE = cov(w’,[CO2]’)

(NEE)

(Reco)

(C Export)

(C import)
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Main components of 
carbon budget
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Net Ecosystem Exchange & Net Ecosystem Productivity 
METHODOLOGY

NEP2019, Lonzée = - 6.65 tC of CO2 ha⁻¹

Lonzée crop, Belgium, 
for agricultural year 

2019 (Wheat)

Eddy covariance 
method

Sonic anemometer and gas analyzer in 
open path. Source : T.Tallec

Net Ecosystem Exchange :

NEE = cov(w’,[CO2]’)

 NDAV : Number of Days of 
Active Vegetation(NEE)

(Reco)

(C Export)

(C import)
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Main components of 
carbon budget



Mapping Cropland Annual CO2 Fluxes using S2 METHODOLOGY

> Eddy Covariance based fluxes. 
> 15 European sites (climate 
variability).
> Main crops (wheat, maize… ~ 
15 cultures but not rice).

NDAV [days] 

NDAV2NEP

Analytic derivation of the fitting uncertainty :

8

Relation between NDAV and NEP
(Ceschia et al.,2010)
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Hypothesis :
● Gaussian error model for the flux of CO2  & NDAV~ N(μNDAV = x, σNDAV)
● a and NDAV independants  & a ~ N( μa=a, σa) and b ~ N( μb=b, σb).



Mapping Cropland Annual CO2 Fluxes using S2 METHODOLOGY

> Eddy Covariance based fluxes. 
> 15 European sites (climate 
variability).
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NDAV [days] 
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iota2
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NEP per pixel

Field aggregator

Spatialized stats

Sentinel 2A&B : 
Optical satellites (13 bands)
High spatial resolution (10m) and 
temporal (5 days)

● MAJA : atcor for  Atmospheric 
correction and MACCS for cloud 
mask, 

● Distributed through THEIA

Analytic derivation of the fitting uncertainty :
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Relation between NDAV and NEP
(Ceschia et al.,2010)
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Mapping Cropland Annual CO2 Fluxes using S2 METHODOLOGY

> Eddy Covariance based fluxes. 
> 15 European sites (climate 
variability).
> Main crops (wheat, maize… ~ 
15 cultures but not rice).

NDAV [days] 

Analytic derivation of the fitting uncertainty :

      iota2
A framework for landcover 
production based on Orfeo 
toolbox.

It generates intermediate 
product for daily smoothed 
reflectances.

https://framagit.org/iota2-project/iota2/
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Relation between NDAV and NEP
(Ceschia et al.,2010)
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Mapping Cropland Annual CO2 Fluxes using S2 METHODOLOGY

> Eddy Covariance based fluxes. 
> 15 European sites (climate 
variability).
> Main crops (wheat, maize… ~ 
15 cultures but not rice).

NDAV [days] 

Analytic derivation of the fitting uncertainty :
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vegetation 

period

Lonzée parcel, Belgium, for agricultural year 2018 
(Mustard + potatoes)

Time [days]

NDAV Estimation
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Relation between NDAV and NEP
(Ceschia et al.,2010)
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Parallel 
computation

Field aggregation

*LPIS : Land Parcel 
Identification System

STRIP

➢ Crop boundary

➢ NEP (14 billion pixel rasters)

WINDOW
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Relation between NDAV and NEP
(Ceschia et al.,2010)

N
EP

 [g
 C

 m
⁻²

 y
ea

r⁻¹
]

NDAV

Daily NDVI

S2 TOA

MAJA (THEIA)

NDVI threshold

iota2

NDAV2NEP

NEP per pixel

Field aggregator

Spatialized stats
Hypothesis :

● Gaussian error model for the flux of CO2  & NDAV~ N(μNDAV = x, σNDAV)
● a and NDAV independants  & a ~ N( μa=a, σa) and b ~ N( μb=b, σb).



Mapping Cropland Annual CO2 Fluxes using S2 METHODOLOGY

> Eddy Covariance based fluxes. 
> 15 European sites (climate 
variability).
> Main crops (wheat, maize… ~ 
15 cultures but not rice).

Relation between NDAV and NEP
(Ceschia et al.,2010)
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Analytic derivation of the fitting uncertainty :
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Crop type from LPIS : Land 
Parcel Identification System

Soil Clay percentage from 
Soilgrids (International Soil 
Reference and Information 

Centre)

Vulnerable Nitrate Zones from 
Nitrate Directive

Spatialized data
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Daily NDVI

S2 TOA

MAJA (THEIA)

NDVI threshold

iota2

NDAV2NEP

NEP per pixel

Field aggregator

Spatialized stats
Hypothesis :

● Gaussian error model for the flux of CO2  & NDAV~ N(μNDAV = x, σNDAV)
● a and NDAV independants  & a ~ N( μa=a, σa) and b ~ N( μb=b, σb).









Focus on Maize
Agricultural practices in BretagneANALYSES
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Maize repartition from land 
cover information (LPIS)

Farming zone

Rainy area

Bretagne

+ Biomasse

Longer 
vegetation cycle

Water 
availability

Nitrate 
fertilization

Cover crop





Practices or Reglementation influence ?ANALYSES
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Practices or Reglementation influence ?ANALYSES
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Conclusion 
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● A Simple model for  Net Annual Flux of CO2 estimation over the entire metropolitan France, for 
the major cultures, thanks to Earth Observation.
→ Analytical estimation of the fitting uncertainty.

● An operationally ready approach for estimating an indicator linked to the C budget of major crops 
with a view to paying environmental premiums (Ecoschemes) for the CAP.

● Regional multi-crop spatial analysis show that agricultural practices and not restrictions 
(reglementation) is the main factor influencing the CO2 flux.
Which may present an advantage in the context of incentives strategie for carbon ?

To go further : 

● Improve uncertainty estimation with NDAV uncertainty

● Estimate the total C budget at parcel scale with the Tier 2 approach by adding the agricultural 
data on yield and fertilization ⇒ To be preferred in the context of financing farmers according the 
amount of carbon they store.



Thank you for your attention !
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Questions ?

e-mail : ainhoa.ihasusta@univ-tlse3.frAinhoa IHASUSTA
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