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What is 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
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with the D&B model to yield a consistent |
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Developed and tested
at site and regional scales

Within the Landsurface Carbon Constellation
Study: https://Icc.inversion-lab.com/

* Relied on comprehensive data base of satellite
and Field Data

* Collected over two sites/regions
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What does TCCAS offer?

Open source community system

Observation operators for optical as well as
active and passive microwave observations

Assimilation on the footprint
Tangent and adjoint codes
Modular setup

Computational efficiency

Tested on point to regional scales
Experienced developer team
Documentation

User support and training
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Spatial Detail

Examples: Woody biomass (left) and SIF (right) around

D&B simulated sif743 (20180901)
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Simulation on the footprint/target area

Example: SMOS
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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 Detalil

Examples: TROPOMI (left) and simulated

TROPOMI observations (20180901T12:42:25 -- 20180901T12:42:30)

D&B simulated sif743 (20180901)

[ = . :ﬁg'- P fw;; e ¥ - =
ol St e o R —§h
o SR e o e e ol
Vs T : e B
. ) ""-l-& l;” E i, T PR
0 _&d‘h'l % == 1| . L W, - e N i1
X il pe - -
R - e | v a3
= - f!‘:— = _{I i T
2t | ., PRl et
= o | : L ol ﬂl .
L . = | gl ol .
0 10° 105 ; g et Y 1) > = I = : f_.-..’_'_‘ = ) pe:-‘.',-"‘"‘ *‘:ﬁ. A
— - u f‘d " = | ‘r"‘ = =" - }‘—i
=“"- 3 . W - - _-" 'H_ __.I . --;_'- . - ™ -i .
C R =L - [ 5 -
&4‘- ; r - 3% 1 l_
- B 2 (=
20,05~y | N c o<, = =g.0se [ - b XA n - " -
== - k- - L] I -
A - AT g 3
4 | . -
h.h_ - |
e r— :
P - - _‘_j‘h"ﬂ-.,_.
Ly ) u-‘ ==
- - " il
B i =
W ok | 5
Sty = i i
O.IG O,IB 1?0 i i 0.0 0.1 0.2 o.ls U.’:.
[mW/m~™2/sr/nm] [mW/m2/srfnm]
8
— N — =2 | —

i o mm BN bhe B0 ZE E= —

—l "- Iinl + THE EUROPEAN SPACE AGENCY



Variational Data Assimilation

* Assimilating all data in one long assimilation window (need
to constrain slow processes)

* Minimisation of a cost function J(x) of a set of process
parameters (in core model and observation operators) and
Initial pool sizes

* Minimisation algorithm uses gradient of J(x) with respect to x

* Gradient efficiently provided by adjoint of D&B
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Example: Majadas de Tietarg
< FAPAR V. FAPAR +
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|
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Savannah site in Extremadura, Spain Sl ey e
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* (C3grass and temperate evergreen trees S
surfacevlaym Joam te—{  surf, Iaygr SM +
soil moisture uncertainties,

eteorl. drivers; [TIXXX!

* Spinup 2015+2016 ol properie. e

* Assimilation window 2017-2021

el Tietar (39°56'29" N, 5°46'24" W), Extremadura, Spain

e A by L 3 ‘. ) -

* Joint assimilation of:
* FAPAR: JRC-TIP, twostream RT

* SIF: TROPOSIF, Gu model — Tristan’s
presentation!

* L-VOD: SMOS, empirical

* surface layer soil moisture: SMOS

Ecosystem: dehesa Mediterranean Holm Oak open woodland (Savanna)
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Analysis of Information Content

A posterior parameter uncertainty:

A= (MTR!M + B1)?

B: prior parameter uncertainty

R: data uncertainty

[22XX X}

total misfit
J

eteorl. drivers;
soil properties,
veg typeffractio

M: linearised model

Plots show unc. reduction:

(Gprior - Gposterior) / Oprior

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

Example Sodankyla; Uncertainty Reductlon Fluxes (le
' and final (right) Carbon Pools
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Example: Lapland

Spin up 2015+2016

Assimilation window 2017-2021

Joint assimilation of:

* FAPAR: JRC-TIP, twostream RT
* SIF: TROPSIF, Gu model — Tristan’s presentation!
* L-VOD: SMOS, empirical
* surface layer soil moisture: SMOS
= Il = T + 11 = D111l D i = == E b= Il 25 22
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Lapland, FLUXCOM GPP, years 2017-2021
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Outlook

* Implement one alternative observation

model
parameters

operator for SIF: L i oo g
|
— functionality from Li et al. (2022) Q ; femotely sensed
FAPAR L FAPAR +
ncertainties
- Explicit thermal dissipation term |
DALCY b Electron Transport —-el2SM G I — remntg:y":iense
: EREIHY L uncertainties
- 2 X NPQ formulations : i
active
] backscatter- remotely sensed
- Based on the van der Tol (2014) 1 osanvaton [ incidencoangie }¥ 3. [=( sove+
f | t biomass and operator slope | ‘ | s
ormuilation water pools +
ater fluxes + -
passive remotely sensed
) microwa_ve e Jovon = EtV%DJ,
* Documentation i uncertainties
* Work with test users from early 2024 @ e F
"\_ soil moisture uncertainties
R eteorl. drivers LEAEEE
* User Training event around autumn 2024 soll properties, otal misi
veg typelfractio 3
* https://tccas.inversion-lab.com/
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