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The European carbon sink
has diminished by 60 TgC
in 2O22 

30% less compared to a 
normal « year »

NIRv: vegetation index
GPP: gross primary prod.
NEP: net ecosystem prod.
SIB4: model

The importance 
of soil water 
content



FR-Hes (French beech forest in NancyAll sites

SPEI: soil water index

The main difference
between the in situ 
measurement (EC) and the 
model (SIB) is the wrong
representation of soil water 
in the model

GPP: gross primary productivity
EC:  eddy covariance measurement
SIB4: vegetation model

The importance 
of soil water 
content
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Crop carbon balance using
remote sensing (SAFYE-CO2)

Crop model based on remotely 
sense green area index (GAI)

Parameterised crop phenology
is optimised to fit observed
GAI

GPP and Reco are modelled

Reco is less constrain than GPP

Validation against ICOS sites
show discrepancies

SAFY-CO2

https://doi.org/10.3390/rs12182967
https://doi.org/10.1016/j.geoderma.2020.114428


Crop carbon balance using
remote sensing (SAFYE-CO2)

Validation against ICOS sites show
discrepancies during 

• winter (respiration is not well 
modelled)

• End of summer (regrowth)
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Flux de CO2 annuels de grandes cultures

Most sites are carbon sources

RMSE of the order of 1 g C m-2 jour-1 if in-situ soil
information

RMSE much higher when using Global Soil Map
and Soil Grid

High demand for these appraoches for « carbon
farming » control

Map of net ecosystem carbon balance in close region near Toulouse
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CO2 flux quantification at 
high resolution

Remote data
surface model

footprint 
model

surface flux

𝑥𝑎 = 𝑥𝑏 + 𝐵𝐻𝑇 𝐻𝐵𝐻𝑇 + 𝑅 −1

𝑟𝑒𝑙𝑎𝑥𝑎𝑡𝑖𝑜𝑛

(𝑦 − 𝐻𝑥𝑏)
𝑖𝑛𝑛𝑜𝑣𝑎𝑡𝑖𝑜𝑛

Bayesian inversion

PhD Pedro Herig Coimbra, INRAE-LSCE, 2021-2024

y = CO2 flux
H = surface and footprint models
B and R Bayesian inversion matrixes
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The VPRM light-efficiency model EVI (vegetation index)

18/06/2019 23/07/2019

CO2 flux quantification at 
high resolution

Mahadevan (2008)

The modified VPRM model
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Loubet et al. (2011)

Spatial yield measured over wheatExample of CO2 flux at the FR-GRI ICOS site

FCO2 (June-Sept. 2019, corn FR-Gri)

FCO2

https://link.springer.com/article/10.1007/s11104-011-0751-9#auth-Benjamin-Loubet
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CO2 flux quantification at 
high resolution

 

A B 

Comparison with ICOS 
observation is relatively good

GPP underestimated during
some periods

No constraint on the overall
year but use of daily values

maize wheat rapeseed

Manuela Njiki, Master 2 report, 2023



Ammonia, ozone, NOx, 
and N2O fluxes are highly
dependent on surface 
temperature and humidity

Models combines heat and 
pollutants exchanges

Importance of coupling 
pollutant exchange with 

Ts es, Tsoil and esoil



Soil resistance for ozone 
better represented by 
surface relative humidity
than air relative humidity

Ozone fluxes



Oswald et al. Science 2013

Soil water content is key 
for N species emissions
partitioning



Crops emissions

Emissions are higher
- In N fertilisation area
- In well watered soils

Gabrielle et al. (2011)
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Regional variations in N2O fluxes in 

France

Modeling
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Fungal diseases 

Septoria and brown rust on wheat 

Spores grow in wet conditions 

Dispersal by rain and wind

Initial inoculum

Deposit on

leaves

Dispersal

Infectious
cycle

Fall Spring

Infectious cycle

Dispersal

From
Robert et al. (2008)

Robert et al. 2007, 2018, 
Garin 2012, 
Précigout et al. 2018, 2020

Example of disease growth 
on several wheat varieties



Conclusions

• To improve model and operational tools for surface fluxes of 
pollutants and greenhouse gases:

• A need for 
• high resolution leaf area and biomass

• High resolution soil water content 

• Leaf and soil temperatures

• Soil texture

• More links between satelite data providers and modelers

• Calibration sites are key for these developments


