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What i1Is 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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Outline
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Developed and tested
at site and regional scales

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

Google Earth

* Relied on comprehensive data base of satellite
and Field Data T W ‘

llll
* Collected over two sites/regions: ....HII“ |
| e IHIIIIIIIIHII -
- SOdankyla, F|n|aﬂd ‘ ‘ i ‘ ‘ N41A5ﬂ

— Majadas de Tietar, Spain
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What does TCCAS offer?

* Open source community system
model :
. . > J. le—( parameter priors +
* Observation operators for optical as well as @
. . . . I
active and passive microwave observations motely senood
M FAPAR 3 FAPAR +
ncertainties
* Assimilation on the footprint ‘ |
DALEC + ectron Transport\__| , L2SM + . remotely sensed
101 PETHY _’ Gu;&g:;;rm @ ‘]“’ uncgllrai;ties
* Tangent and adjoint codes i
active
microwave  backscatter- . remo;e[:yesrinse
’ MOdU|ar Setup biomass and / O%;Egé\et‘g?n IHCIdirllgseangle N ”"clenpaj"“es
water pools + l ‘ ‘
. .. ater fluxes + :
* Computational efficiency passive o | remorety sense
O%;Egr\é\et‘g?n - uncertainties
* Tested on point to regional scales
- N surtace layer e | surf. Iaye_r SM+
* Experienced developer team ol mossture uncertainties
eteorl. drivers; AAARE
. soil pm?f?rlie_s, total misfit
* Documentation ¥eg typeffracti J
* User support and training 5
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A comprehensive land surface vegetation model for multi-stream
data assimilation, D&B v1.0
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Model and Observation
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Abstract. Advances in Earth Observation capabilities mean that there is now a multitude of spatially resolved data sets available

Sﬂ, — SSIFJn

that can support the gquantification of water and carbon pools and Quxes at the land surface. However, such quantification ideally

reguires cfficient synergistic exploitation of those data, which in turn requires carbon and water land-surface models with the

* Alternatlve Leaf |eve| source:. capability to simultaneously assimilate several of such data streams. The present article discusses the requirements for such
a model and presents one such model based on the combination of the existing DALEC land vegetation carbon cycle model

- Van der TOI et a-l . (2014) or with the BETHY land-surface and terrestrial vegetation scheme. The resulting D&B model, made available as a community

maodel. is presented together with a comprehensive evaluation for two selected study sites of widely varying climate. We then

- I_l et al . (20 19) demonstrate the concept of land surface modelling aided by data streams that are available from satellite remote sensing. Here

we present D&B with four observation operators that translate model-derived variables into measurements available from

] I I - [ .'_ I I — I I I I — such data streams. namely: fraction of photosynthetically active radiation (FAPAR), solar-induced chlorophyll fluorescence



Model and Observation

Operators

* Leaf level source: Gu et al. (2019)
* RT: L2SM, Tristan Quaife

* Spectral conversion: Oak or Pine spectra Electron Transport in Canopy Layer n
observed by Magney and Frankenberg

Leaf level SIF in Canopy Layer n

1— wPSIImaa:
Sﬂ, — SSIFJn

f qLYpPSIimaz(1+kDF)
/ "

Tunable Scaling Coefficient \

* Alternative leaf level source models: o _
Combination of Parameters in Gu model

— Van der Tol et al. (2014) or
— Lietal (2019)

where .J,, is the electron transport in canopy layer n (SI Equ. 16), ¥ psr1mas 18 the maximum photochemical quantum yield

of photosystem II, gy, is the fraction of open photosystem II reaction centres and kp g the ratio of the first order rate constants
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Figure 11. Average hourly diurnal cycle by month of SIF in the far-red (a) and red (b) for C3 grass (PFT 9) at Majadas de Tietar for months Figure 10. Average hourly diurnal cycle by month of SIF in the far-red () and red (b) for evergreen trees (PFT 3) at Majadas de Tietar
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Spatial Detail

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

D&B snmulated woody blomass (2017) D&B simulated sif743 (20180901)
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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 (20180901T12:42:25 -- 20180901T12:42:30) D&B simulated sif743 (20180901)
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Variational Data Assimilation

L2SM +

BETHY T>GuiLifv. d.Tol

Jsvoo
Josu

22XX X!

total misfit
J

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

eteorl. drivers;
soil properties,
veg typeffractio

Chapter 4: The least-squares (£,~norm) criterion 233

* 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

Tarantola 1987
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| | remmely sensed
Example: Majadas de Tietar GO =
|
r:::s @ ‘ ‘ unceI ainties
< e [ (i
e , 1]
* Savannah site in Extremadura, Spain i @ o (oot
operator H H
* C3grass and temperate evergreen trees €It
eteorl. drivers; Wiviy
_ e
* Spin up 2015+2016
* Assimilation window 2017-2021 . : _
Tietar (39°56'29" N, 5°46'24" W), Extreﬂﬂra, Spain
* Joint assimilation of:
* FAPAR: JRC-TIP, twostream RT
* SIF: TROPOSIF, Gu model
* L-VOD: SMOS, empirical
* surface layer soil moisture: SMOS
Ecosystem: dehesa Mediterranean Hlm Oak ope woodland (Savanna)
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¥ scots pine spectra, new i

ST o] R BERRVETET TR R NI TS observation operator for L-VOD

Solar induced fluorescence at 743nm fractional water content in surface layer net ecosystem exchange flux
post/prior: RMSE 3.977E-01/6.392E-01 post/prior: RMSE 7.748E-02/8.617E-02 post/prior: RMSE 1 \T41E-05/2  184E-05
* e




Example: Las Majadas de Tietar

Assimilation with van der Tol (Ieft)_ ' |

conversion with Oak spectra

Solar induced fluorescence at 743nm Solar induced fluorescence at 743nm
post/prior: RMSE 3.961E-01/7.116E-01 post/prior: RMSE 3.937E-01/5.919E-01
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Example: Las Majadas de Tietar

o . @esa
Assimilation with van der Tol (left) and LI ) source terms

net ecosystem exchange flux

NEE

net ecosystem exchange flux
post/prior: RMSE 2.189E-05/2.184E-05 post/prior: RMSE 1.720E-05/2.184E-05
e post *  post
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Analysis of Information Content

mudetl 1, le—( parameter priors +
parameters uncertainties

A: posterior parameter uncertainty: O' e

i FAPAR +
ncertainties
|
DALEC+ |, Flectron Transpor)—Lscs,regn i 7ol i ke RS s i
A - ( M T R 1 M + B ) 1) 1 BETHY leaf T, APAR models uncertainties
miZ:.‘r::\\/ranve backscatter- remotely sensed
: i J - slope +
/' observation incidence angle A G L
biomass and operator slope
water pools + | ‘ |
ater fluxes + .
- ) passive /—\ Temotely sensed
B: prior parameter uncertaint i | I\ s
: y observation \ y uncertainties
operator

R: data uncertainty sutcoier Nl o oot
s0il maisture uncertainties
22X

M: linearised model FroLaer

veg typeffractio

Plots show unc. reduction:

(Gprior - Oposterior) / 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 (Ie
' and final (right) Carbon Pools
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Analysis of Information Content

Example
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Example Lapland

FLUXCOM V2: Martin Jung CCI: Santoro et al. 2019 NFI: Tomppo et aI. 2008
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Example: Lapland

Validation of posterior GPP

FLUXCOM V2: Martin Jung
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Current TCCAS team

Terrestrial Carbon Community Assimilation System Study

Project Partners Publications Internal Contact

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

The contact points for the individual partners are:

Contact Company/Organisation Country
Thomas Kaminski (coordinator) | The Inversion Lab Germany
Marko Scholze Lund University Sweden
Tea Thum Finnish Meteorological Institute Finland
Tristan Quaife University of Reading UK
Mathew Williams University of Edinburgh UK
Sonke Zaehle Max Planck Institute for Biogeochemistry | Germany
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Training event

* October 7 and 8
* Hybrid: ESRIN science hub and remote
* Hands-on (Polar TEP) and lectures
* Topics:
— Terrestrial Carbon Cycle
- Dé&B

— Data Assimilation Method

— Data Assimilation with TCCAS
* Registration will open shortly

* In parallel: Started to work with test users

27

N ol N 41 E NI = = 3 = 11 ZE 2 = B Em i (¥ > THE EUROPEAN SPACE AGENCY




Further Information

J le—( parameter priors +
uncertainties

b

model
* Hybrid user training event at ESRIN (Frascati, @
Italy) on October 7 and 8

remotely sensed

" FAPAR 3 “ FAPAR +
‘ uncertainties
* https://tccas-study.inversion-lab.com | "
L25M remotely sensed
DI;;%FI—?J | »( Electron Transport) L s /1'in, lITD| J, a— SIF +
. leaf T, APAR models uncertainties
* TCCAS@Inversion-Lab.com . I
active
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L | A moowme | e Yo (e
* Thomas.Kaminski@Inversion-Lab.com R~ observaton <iope uncertainties
water pools + l ‘ ‘
ater fluxes + -
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observation uncertainties
operator
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- soil moisture uncertainties
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veg type/fractio J
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