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Motivation

ESA Invitation to tender dated 18/02/2020:

“At the same time, a number of satellite missions from ESA and other Space Agencies are 
being developed, each of them addressing one or more geophysical parameters related to the

carbon and water cycles. In a few years from now, the FLEX and BIOMASS missions will
provide new data related to photosynthetic efficiency and gross primary productivity and

above ground biomass, respectively. These measurements will complement information that
is already available from low frequency passive microwave measurements (soil moisture,
vegetation optical depth) (e.g. Mecklenburg et al. 2012, Rodriguez-Fernandesz et al. 2018),

active microwave measurements (vegetation water content and roughness), and optical
measurements yielding information on vegetation greenness and structure, e.g. phenology,
chlorophyll content, and leaf area index (e.g. Maisongrande, Duchemin and Dedieu 2004).

While there is an obvious complementarity in the different data provided by each one of such
missions, so far there are no specific plans to combine the data together. This is primarily
because these measurements a) exhibit different sensitivities to the various geophysical
parameters, b) address geophysical parameters characterised by different spatial and

temporal variabilities, and c) sample a range of spatial and temporal scales.”



Motivation

● Combined team of experts in Modelling, DA, field observations, satellite observations
● Work on regional and site scales
● Collect data base
● Select/Develop suitable model + observation operators and assimilation system
● Assimilation of optical, passive and active microwave observations on the swath 
● Landsurface Carbon Constellation (LCC) Project started in October 2020 
● https://lcc.inversion-lab.com/



Community land surface model: D&B model

New implementation



Observation operators and data assimilation 
(on the swath)

One long assimilation window



Simulation on the footprint
PFT map provides spatial detail



Simulation on the footprint
PFT map provides spatial detail



Simulation on the footprint
PFT map provides spatial detail



Control Space (Unknowns): 
Parameters + Initial Conditions

Example for site in Spain



Variational data assimilation 

Figure : Tarantola (1987)

● Uses gradient of cost function in iterative seach 
of the control space

● Gradient information efficiently provided by so-
called adjoint code of J(x)



ES-LM1 with SIF, LVOD, SM

Site-scale assimilation at Majadas de Tietar,
Extremadura, Spain :
Simulation : 2015 - 2021
Assimilation window : 2017-2021
Data Streams : SIF, LVOD, surface layer SM

Tropomi SIF



SMOS VOD



SMOS surface layer soil moisture



Valiation Data Set : JRC-TIP FAPAR



Valiation Data Set : Fluxnet NEE



Valiation Data Set : Fluxnet GPP



Example of posterior validation
2 AGB products over Lapland

Regional-scale assimilation
Simulation : 2015 - 2021
Assim. window : 2017-2021
Data Streams : 
SIF
LVOD
surface layer SM



Take home 

DALEC & BETHY model (D&B) + 
Terrestrial Carbon Community Assimilation System (TCCAS):
• developed for simulation and assimilation of EO and field data
• to provide an integrated perspective on terrestrial carbon and water cycles
• flexible implementation of observation operators, to allow assimilation “on the swath”
• field data essential for model development and validation
• includes tangent and adjoint codes for efficient data assimilation (system needs to be 

applicable at high spatial resolution)
• to be released to public domain as community tool for use by larger group 

beyond the LCC team
• ESA funded followup project to promote TCCAS as community tool: 

https://tccas.inversion-lab.com/
• Work with experts on field and satellite observations, if you can! It is challenging but 

much more fun than working isolated within the respective communities
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