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Vegetation provides biological control of evapotranspiration

and carbon fluxes

– Complex processes

► Agricultural practices

► Transpiration vs. evaporation split

► Land cover and plant species

heterogeneity

► …

— Uncertainties propagate to the water, 

energy, carbon budgets

— Leaf Area Index is key:

► Seasonal / interannual variability

► Root-zone soil moisture
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Barthelemy et al. 2024



Vegetation provides biological control of evapotranspiration

and carbon fluxes
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https://doi.org/10.57932/5223fd82-10ce-490c-a4b0-1106b5511554

• Evapotranspiration, carbon storage and 
release

• Leaf Area Index

Spring growth followed by senescence

• Soil Wetness Index

drying caused by evapotranspiration

• CO2 flux (at noon)

marked CO2 pulses after rainfalls

ICOS FR-Tou site, Toulouse

Year 2022

https://doi.org/10.57932/5223fd82-10ce-490c-a4b0-1106b5511554


ECMWF Seminar 48 April 2025

Land surface models

● Continuous coverage 
(No gaps)

● Can be used to forecast 
variables

● Some processes are too 
complex to represent

Satellite observations

● Global coverage

● Unprecedented amount 
of observations

● Gaps in the observations

● Can only observe certain 
variables

In-situ observations

● Used as ground truth

● Essential for validation

● High temporal frequency

● Limited spatially

How to monitor terrestrial surfaces?
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Satellite observations

Data Assimilation 

System 

Analysed simulations

Adapted from Lahoz et al. 2014

models

Data assimilation



CARBON CYCLE

Delire et al. 2020

WATER CYCLE

Decharme et al. 2019
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ISBA land surface model, as part of SURFEX

ISBA

Soil Force restore (2 or 3 layers)

Diffusion (14 layers)

Vegetation Noilhan and Planton 1989 (~Jarvis)

A-gs (photosynthesis and CO2 fluxes)

A-gs and interactive LAI

Carbon storage (soil, wood and roots)

Hydrology No subgrid process

Subgrid surface runoff

Subgrid drainage

Flooding and coupling with CTRIP

Snow 1 layer

12 layers
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ISBA land surface model, as part of SURFEX
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ISBA land surface model, as part of SURFEX



LDAS - Kalman filter (24h assimilation window)
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Sequential data assimilation in SURFEX

xa
xa

xa

xb

xb xb

Time

Analysis background

Kalman
gain

Observation
Operator

Observation 
vector
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Integration of geographical information in SURFEX
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Integration of geographical information in SURFEX

– Straw cereal yields over France (Dewaele 2017)
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Impact of LAI assimilation on carbon fluxes
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Impact of LAI assimilation on carbon fluxes

Bonan et al. 2023
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Impact of LAI assimilation on carbon fluxes

Rojas-Munoz et al. 2025
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ML for the assimilation of new observations

SIF and microwave data
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ML for the assimilation of new observations

SIF and microwave data
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ML for the assimilation of new observations

SIF and microwave data
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ML for the assimilation of new observations

SIF and microwave data
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ML for the assimilation of new observations

Assimilation of ASCAT sigma0

Corchia et al. 2023
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ML for the assimilation of new observations

Assimilation of ASCAT sigma0

Corchia et al. 2023
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ML for the assimilation of new observations

Assimilation of ASCAT sigma0

Corchia et al. 2023
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ML for the assimilation of new observations

Assimilation of SIF

Vanderbecken et al. 2025
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ML for the assimilation of new observations

Assimilation of SIF
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ML for the assimilation of new observations

Vegetation fire danger assessment
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ML for the assimilation of new observations

Vegetation fire danger assessment

Baehr et al. 2025
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ML for the assimilation of new observations

Vegetation fire danger assessment

Baehr et al. 2025



CONCLUSIONS
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– LAI assimilation

► Leaf biomass and soil moisture profile analysis

► CLMS LAI can be used for NRT applications (RT1 vs. consolidated RT6)

► But only one observation every 10 days

► Assimilating new observations is needed

► Align other LAI products on CLMS (e.g. EUMETSAT LSASAF)

► Assimilate SIF and microwave data

— Potential applications of improved vegetation and drought monitoring

► Vegetation fire danger assessment

► Hydrology and water resources

► NWP?



Thank you for your attention
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