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1 Question

 The Paris agreement allows the use of terrestrial carbon sinks as a climate mitigation
mechanism.

e Carbon Credit Schemes pay for the extra carbon uptake through an intervention in the
landscape (e.g. https://cer.gov.au/schemes/australian-carbon-credit-unit-scheme)

« This requires to quantify the carbon uptake with Intervention compared to a
counterfactual, i.e. the carbon uptake without this intervention. Without such a calculation
we cannot guarantee so-called additionality, i.e. that the extra carbon is a result of the
Intervention and not some other process.

* An efficient market requires these uptakes be quantified reliably and transparently.

o |ldeally this quantification combines process understanding incorporated in a terrestrial
biosphere model with a range of observations that constrain the model simulation.

* What role can satellite observations play in this context?

2 Approach

* We employ the Terrestrial Carbon Community Assimilation System (TCCAS) (Kaminski et
al., 2025) built around the terrestrial biosphere model D&B (Knorr et al., 2025) over the
Majadas de Tietar site in Spain, which is covered by grass (80%) and trees (20%).

 We demonstrate that constraining the model with satellite measurements also improves
the fit to independent data i.e. produces a better model.

 We use the improved model to analyse the effect on carbon uptake of a hypothetical
Intervention, which consists in replacing the grass by additional trees.

3 TCCAS

e The Terrestrial Carbon Community Assimilation System (TCCAS) is built around the
newly developed D&B terrestrial biosphere model.

* The focus of TCCAS is the combination of a diverse array of observational data streams
with the D&B model to yield a consistent picture of the terrestrial carbon, water and energy
cycles.

 D&B has been equipped with a set of observation operators that map the model’s state
variables on equivalents of observations of optical and microwave observations.
 Assimilating all data in one long assimilation window is needed to constrain slow

processes
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4 Simulated Carbon Uptake

 Joint Assimilation of SIF, L-VOD, SM, FAPAR at Majadas de Tietar
e Simulation starting on Jan 1, 2015

» Assimilation of observations from Jan 1, 2017 (after spinup)
« Assimilation adjusts initial carbon pool sizes and process parameters for both grass and

tree PFTs

* The data assimilation procedure improves the fit to all assimilated data streams

e The data assimilation procedure improves the fit to independent data sets provided by
Eddy Covariance measurements.
* The data assimilation procedure reduces the uncertainty in simulated carbon pools, pri-
marily for living carbon pools, because dead carbon pools do not affect the simulated

equivalents of the EO data streams.
Assimilation Data

Solar induced fluorescence at 743nm
post/prior: RMSE 3.793E-01/5.811E-01
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fractional water content in surface layer
post/prior: RMSE 6.261E-02/6.615E-02
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Fraction of Absorbed Photosynthetically Active Radiation
post/prior: RMSE 1.537E-01/2.135E-01
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Validation Data

gross primary production
post/prior: RMSE 1.912E-05/2.473E-05
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6 Conclusions and Outlook

« The combination of satellite observation and data assimilation schemes provides a

powerful
Instrument for assessment of carbon credits.
e The quality of the model matters, improvement of the model results in better constraint

of carbon update through observations.

* The hypothetical intervention is used for demonstration, the setup can be adapted to
further types of intervention and land cover.

« TCCAS can also be applied to assess the effect of planned observational data streams,

e.g.
from new space missions, on the accuracy of simulated carbon uptake.

Code and Data Availability

Code, data and training material (and events) are made available through an ESA funded
follow-up project on TCCAS as a community tool: https://tccas.inversion-lab.com/
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5 Extra Carbon Uptake Through Intervention

* Hypothetical Intervention: We convert a fraction of the area from grass to trees by replacing

the grass with small trees.

« We perform simulations for the intervention case based on the posterior parameter set and
Initial pools sizes. For the converted fraction, the initial size of dead pools is taken from

the grass and for the living pools have 1% of the sizes of the adult trees.

* We compute the effect of intervention on carbon uptake by subtracting the counterfactual

case from the intervention case.
* We repeat the above computation under the assumption that there is no model error.

default no model error
uncertainty in long-term pool size change (difference intervention-baseline) uncertainty in long-term pool size change (difference intervention-baseline)
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