
A new terrestrial community carbon assimilation 
system (TCCAS) for combining satellite and in-situ 

observations into a consistent view of the terrestrial 
carbon cycle

7th training course
New Advances in Land Carbon Cycle Modeling 
Cornell and online, 7 June 2024

Marko Scholze, Thomas Kaminski, Wolfgang Knorr, Michael Voßbeck, Mathew Williams, Timothy 
Green, Luke Smallman, Tristan Quaife, Tea Thum, Sönke Zaehle, Peter Rayner, Susan Steele-
Dunne, Mariette Vreugdenhil, Tuula Aalto, Mika Aurela, Alexandre Bouvet, Emanuel Bueechi, 
Wouter Dorigo, Tarek S. El-Madany, Tiana Hammer, Marika Honkanen, Derek Houtz, Francois 
Jonard, Yann H. Kerr, Anna Kontu, Juha Lemmetyinen, Hannakaisa Lindqvist, Arnaud Mialon, 
Amanda Ojasalo, Gaetan Pique, Shaun Quegan, Pablo Reyez Muñoz, Nemesio Rodriguez-
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Background: Atmospheric CO2 growth rate is offset 
by ocean and land sinks 

CO2 emissions from human 
activities and partitioning 
between ocean, land, and 
atmosphere (Global Carbon 
Project 2021) 



Components of the global carbon budget

(Global Carbon Project 2021)



Objective

Investigate the terrestrial biosphere’s net ecosystem exchange – 
photosynthetic CO2 uptake minus respiratory CO2 release – response 
to climatic drivers by means of combining a process-based model with 
a wide range of observations (in-situ and remotely sensed) on local 
and regional scale around two (three) sites (Sodankyla, Majadas, 
Reusel).

For this we:

• Generated a community land surface model for its application in a 
data assimilation framework

• Acquired and analysed EO and campaign data sets



Motivation: Space Agencies point of view

‘… 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), active microwave measurements 
(vegetation water content and roughness), and optical measurements …. 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.’



Modelling at local and 
regional scales

• Demonstration of synergistic use of 
observations at local and regional scale

• Regional scale: 500 km x 500 km area around 
the sites at 0.25 deg resolution (Sodankyla & 
Majadas)

• Broad range of activities:

• EO data 

• Field activities 

• Model and observation operators

• Data assimilation 



Community land surface model: D&B model

Based on a coupling of DALEC and BETHY

New Implementation



Observation operators and data assimilation 
(on the swath)

One long assimilation window



Simulation on the satellite footprint

Example SMOS: PFT map provides spatial detail 

SMOS footprint (ellipse) along with the primary (left) and secondary (right) PFT over the grid defined by the meteorological 
driving data, with the location of the Majadas site indicated by a cross. 



Simulation on the satellite footprint

Example TROPOMI: Two different images 



Spatial Detail
Examples: TROPOMI (left) and simulated (right) SIF



Control Space (unknowns): Model parameters & 
initial condition (example for site in Spain)



Variational 
data assimilation 

• Uses gradient of cost function in 
iterative search of the control space 

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

J(x)

Space of x (control parameters)

Figure: Tarantola (1987)



Assimilation 
results

TROPOMI SIF

Site-scale assimilation 
at Majadas, Spain:

• Simulation : 2015 – 
2021

• Assimilation window : 
2017-2021 

• Data Streams : SIF, 
LVOD, surface layer 
SM, FAPAR 



Assimilation 
results

SMOS VOD



Assimilation 
results

SMOS surface layer 
soil moisture



Validation

JRC-TIP FAPAR



Validation

Fluxnet NEE



Validation

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 



Analysis of
Information Content

A: posterior parameter uncertainty:

A = (MT R-1 M + B-1)-1 

B: prior parameter uncertainty 

R: data uncertainty

M: linearised model 

Plots show unc. reduction:

(σprior - σposterior) / σprior

5 Experiments at Sodankylä (Everg. Conifer and understorey):
 First, joint assimilation of all 4 data streams
 Then, leaving one data stream out (in turn)



Uncertainty 
reduction

Red: sif, lvod, sm, fapar
Blue: lvod, sm, fapar



Uncertainty 
reduction

Red: sif, lvod, sm, fapar
Blue: sif, lvod, fapar



Uncertainty 
reduction

Red: sif, lvod, sm, fapar
Blue: sif, lvod, sm



Uncertainty 
reduction

Red: sif, lvod, sm, fapar
Blue: sif, sm, fapar



Uncertainty reduction: Fluxes (left), 
initial (middle) and final (right) Carbon Pools 



Take home messages I

D&B model and 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) 

• modular set-up

• computational efficient code



Community system TCCAS
D&B model and Terrestrial Carbon Community Assimilation System (TCCAS): 

• model development paper submitted to GMD

• open-source community system 

• Documentation

• User support / training

• to be released to public domain as community tool soon

https://tccas-study.inversion-lab.com/ 

Planned training event (online and in person at ESRIN, Frascati, Italy) for TCCAS: 

7/8 October 2024

If you are interested in participating, please contact me:

marko.scholze@nateko.lu.se

https://tccas.inversion-lab.com/


Thank you!
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