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What i1s TCCAS?

* 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
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What does TCCAS offer?

J. le—( parameter priors +
uncertainties

* Open source community system @
pafameters
[ ]

Observation operators for optical as well as

remotely sensed

active and passive microwave observations ‘ @ o (TR
* Assimilation on the footprint |
DALEC + L2SM + remotely sensed
1N BETHY _b_"Gu/Lh‘V, d.Tol J, — SIF_+_
* Tangent and adjoint codes : ' models 1 uncertainies
° active )
MOdUlar Se'[up / On;i:;?x;fn int;%[;k:;:t;ﬁgle N . remastleo:t;;?;nse
. .. biomass and operator slope uncertainties
* Computational efficiency watet pools + : ]
o d . . | | erfines ml??rsnsg:ve ] remotely sensed
S-VOD = L-VOD +
Tested on point to regional scales ot Lvop
* Can operate at high resolution
remotely sensed
. rface | Joew [ surf. layer SM +
* Experienced developer team @ -
: IZEEXY!
. eteorl. drivers;
* Documentation soil properties, total misfi
veq type/fractio ]

* User support and training
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Observation Operators for SIF

model . J le—( parameter priors +
parameters uncertainties

* Leaf level source: ‘ (" rapar P v
ncertainties

* Guetal. (2019): |
( ) DALEC + Electron Transport _—»GUL,E?.{:AJTO, > J, e remmglt;sfnse
Electron Transport BETHY leaf T, APAR i e s

“ |
° Va.n del’ TOI et a.l (2014) active Backscatter- remotely sensed
Omlgé?:;\;a;.;en incidence angle oo« slope +
Electron Transport, APAR Somass and < oy Slope IH uncertainties
water pools +

* Lietal. (2019) e oame R Wil
Electron Transport, APAR, Tiear " operator uncerainties

* RT: L2SM, Tristan Quaife (2025) @ P W e ivin
- soil moisture uncertainties

* Spectral conversion: Oak or Pine spectra ZXERE!
soil pmpenie_s. total misfit
observed by Magney and Frankenberg (2019) s ypeffracte ;
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: model all palameter prmrs sk
parameters uncertainties
remulely sensed
L2SM +
DALEC + Electron Transport :
b porty
BETHY leaf T, APAR G”Lﬁ;’;-;,‘f”'

FAPAR 3 FAPAR +
ncertainties

remmely sensed
I, SIF +

@o

uncertainties
active
microwave backscatter- remotely sensed
/ observation incidence angle J. [ slope +
i uncertainties
biomass and operator slope

water pools + | ‘ |
ater fluxes + .
passive

* Savannah site in Extremadura, Spain — @

operator

)

[
[4
g

remotely sensed
[ L-VOD +
uncertainties,

* C3grass and temperate evergreen trees San ) = e
eteorl. drivers; [ IIXZX"

soil properties, total misfit
veg typeffractio

Q

* Spin up 2015+2016

* Assimilation window 2017-2021

Tietar (39°56'29" N, 5°46'24" W), Extremadura, Spain
* Joint assimilation of: = S
* FAPAR: JRC-TIP, twostream RT
* SIF: TROPOSIF, Gu model
* L-VOD: SMOS, empirical

* surface layer soil moisture: SMOS

Ecosystem: dehesa Mediterranean Holm Oak open woodland (Savanna)
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Example: Las Majadas de Tietar

Assimilation (left/middle) and validation

vari

eSa
ables S |

fractional water content in surface layer
post/prior: RMSE 6.261E-02/6.615E-02

SM
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post/prior: RMSE 3.793E-01/5.811E-01

SIF

post post
prior prior
observed

observed

[MW/m2/sr/nm]

© O 0 S >N O™
Q Q 0% Q7.0 Q
"1,”’9'\/ P XA

Obs (green), prior (red), posterior (blue) FAPAR

Fraction of Absorbed Photosynthetically Active Radiation
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Example: Majadas de Tietar

Hypothetical Intervention

How much extra carbon can be stored through a
(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 for 25 year time horizon by subtracting the
counterfactual case from the intervention case.

' model ]
: parameters "

le—( parameter priors +
uncertainties
remotely senset

L2SM +
—T*GuiLiv. d.Tol
models

remotely sensed
J, SIF +
uncertainties

DALEC +
BETHY

active
microwave
/ observation
biomass and operator

water pools + | ‘ |
ater fluxes +

backscatter-
incidence angle
slope

passive

y remotely sensed
microwave

[ L-VOD +
uncertainties,

remotely sensed
| surf. layer SM +
uncertainties

Jsvon
surface layer Az
soil moisture

‘/—\’
observation \0
operator

[I2ZXZX"

total misfit

eteorl. drivers;
soil properties,
veg typeffractio

Ecosystem: dehesa Mediterranean Holm Oak open woodland (Savanna)
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Baby trees

D&B simulation (pft=TmS: .
fraction of plant available soil moisture
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Difference in pool size changes over 25 years (intervention-bj

uncertainty in long-term pool size change (difference intervention-baseline)
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Simulation on the footprint/target area

Example: SMOS
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100m Landcover: Copernicus Land, Buchhorn et al. (2019)

Figure 3: 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 LM1 site indicated
by a cross.
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Simulation on the footprint/target area

Example: TROPOMI

TROPOMI footprint (ifootp=233, 92.7[km2])

TROPOMI footprint (ifootp=27, 26.1[km2])
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Spatial Detall

Examples: TROPOMI (left) and simulated

TROPOMI observations (20180901T7T12:42:25 -- 20180901T12:42:30) D&B simulated sif743 (20180901)
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Posterior simulation over a region in Spain at 100 m resolutig|

SIF (left), Woody biomass (middle), NEE (right)

D&B simulated sif743 (20180901) D&B simulated woody_biomass (20180901) D&B simulated nee (20180901)
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Documentation R T N - Qesa

S} @ New Chrome available 3

0

&« c 23 teccas.inversion-lab.com/documentation. html W

Terrestrial Carbon Community Assimilation System

HOME BACKGROUND DOCUMENTATION and TRAINING PUBLICATIONS CODE DATA BASE CONTACT

Documentation and Training

Documentation of D&B and TCCAS is provided in the following forms:

+ User Manual with Examples
* FAQs
* Licence

« Publications

Upcoming TCCAS training events:

Copyright © 2026 The Inversion Lab - all rights reserved. Privacy Policy. Imprint.
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User Training

model
parameters

o . > J. l— parameter_pr!ors+
Training/Teaching events: | Lceremres
. . J remotely sensed
* Edinburgh, May 2024 ‘ FAPAR L uncertainties
|
: + tely d
+ Online, June 2024 4_4 @ L
+ ESRIN, October 2024 .
microwave  backscatter- . Y
"1 observation |nC|desr||é:§eangle . unilez[:tFJa?n:ies
. . i t
* Bonn: Seminar, Winter 2024/2025 wotet poos + e n
ater fluxes * passive remotely sensed
o . microwave Jovon | L-VOD +
* Living Planet Symposion, June 2025 observation uncertainties
operator
* Nanjing, August 2025 @ hoo ._
soll moisture uncertainties
, I 22XXE!
* Hamburg, September 2025 e _
voy ypeffract io‘ totaIJmlsﬁt
15
ol N L E=E =] == B = Il ZE = — » THE EUROPEAN SPACE AGENCY

 Em v



Summary and further information

Summary
* TCCAS provides an integrated perspective on carbon, water and energy cycles
* Combines information from multiple missions (synergy) with D&B process understanding
* Can monitor relevant variables — including gross and net carbon fluxes - in space and time
* Tested with TROPOMI in preparation for FLEX

* Documented and Open Source

Further information
* https://tccas.inversion-lab.com
* TCCAS@Inversion-Lab.com

* Thomas.Kaminski@Inversion-Lab.com
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