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The land surface carbón constellation project

Objectives:
• Investigate the terrestrial biosphere’s net 

ecosystem exchange 
• Photosynthetic CO2 uptake minus respiratory 

CO2 release 
• Response to climatic drivers

Means :
• Process-based model
• Wide range of observations (in-situ and 

remotely sensed)

Led by Lund University (M. Scholze)
Follow-up to the SMOS+Vegetation project 

Sodankyla

Las Majadas

Reusel

This presentation concerns mainly
 the Earth observation data



High sensitivity of L-VOD to AGB

Liu et al. (2015)

Rodriguez-Fernandez et al. (2018)

Rodriguez-Fernandez et al. (2018, Biogeosciences)

SMOS+VegSMOS + Veg



L-VOD data assimilation

Average Annual Mean NPP 2010-2015

Scholze et al., GRL, 2019

European carbon sink of 0.303 ± 0.083 Gt C/yr for 2010–2015

SMOS+Veg Study Team, Scholze, M., & Kaminski, T. (2019). BETHY global Net Ecosystem Production (NEP) maps at 0.25 degree 
resolution for the period 2010-2015 (1.0) [Data set]. SMOS+Veg Study Team. https://doi.org/10.18160/YD1G-4TRQ

https://meta.icos-cp.eu/objects/D_v0gdeP4LUkkkBDf3L8GfaZ

SMOS+VegSMOS + Veg

BETHY, Knorr, 2000

https://meta.icos-cp.eu/objects/D_v0gdeP4LUkkkBDf3L8GfaZ


LCC: Community land surface model and data assimilation

DALEC + BETHYDALEC + BETHY Data assimilation strategyData assimilation strategy

Williams et al., 2005 Knorr, 2000



Present and future Earth Observation data

BiomassBiomass FLEXFLEX

SMOSSMOS ASCATASCAT Sentinel 5P (TROPOMI)Sentinel 5P (TROPOMI) Sentinel 3 (OLCI)Sentinel 3 (OLCI)

Soil Moisture and L-VOD  
(Vegetation optical depth)
Kerr et al., 2012

Slope of the backscattering 
versus the incidence angle
Vreugdenhil et al., 2017

Solar induced fluorescence
ESA TROPOSIF project
Guanter et al., 2021

FAPAR, LAI
Reyes-Muñoz et al., 2022

GCOM-W1 (AMSR2 )GCOM-W1 (AMSR2 )
C, X, K-band vegetation optical depth



FaPAR and SIF

Marrs et al. 2020, GRL

Green needles but no photosynthesis ?

Realistic FAPAR?

Lower decrease of FAPAR
Photosynthesis limited by water availability ?



Microwaves and vegetation water content

• Passive microwaves sensors measure the 
thermal emission from the Earth, which at these 
frequencies depends mainly of soil moisture 
and temperature 

• The radiation is affected by the vegetation water 
content and structure creating a vegetation 
optical depth (VOD)
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Kerr et al. (2012. TGARS)

The Vegetation Optical Depth (τ), is frequency dependent

X band
= 3 cm

L band
= 21 cm

P band
= 70 cm

VHF
>3 m

©Biomass, Thuy Le Toan
Land Carbon Constellation VOD meeting

Incidence angle dependency of backscatter

 Slope and curvature of  °-  relationship are sensitive to changes in 

vegetation. 

Retrieval of a using water-cloud model

𝜎° 𝜃 = 𝜎° 𝜃 + 𝜎° 𝜃 + 𝜎° 𝜃
𝝈°𝑽

𝝈°𝑺𝑽

𝝈°𝑰𝑵𝑻 𝝈°𝑽

Vreugdenhil et al. 2017 

• Active microwaves sensors measure the 
backscattering of the radiation emitted by a 
coherent source

• The radiation is affected by soil roughness, 
moisture and scattering by water molecules in 
the vegetation

• The slope of the backscattering versus 
incidence angle depends on the vegetation 
status
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Cross comparison : ASMR2-C1 vs SMOS VOD

Fig. 1. Mean SMOS L-VOD in the period 2011-2020 in the
three regionsof the Land Surface Carbon Constellation study.

Fig. 2. The upper three panels show the bias of ASCAT VOD
and SMOS L-VOD (mean of ASCAT VOD minus mean of
SMOS VOD) for the three studied regions. The lower three
panels show the Pearson correlation of SMOS and ASCAT
VOD.

Rodriguez-Fernandez et al. [5] showed that passive L-band
(1.4 GHz) VOD (L-VOD) is even more sensitive to AGB,
without significant signs of saturation for high AGB values
(300 –400 Mg/h). Active and passive MW observations also
give access to the hydrological state of the vegetation because
VOD is directly related to the vegetation water content.

2. DATA

The data sets discussed in the current study are the following:

• Passive microwaves VOD obtained from different fre-
quency bands: SMOS L-band VOD [6], AMSR-2 C1,
C2 and X bands VOD [7]

• Active microwave VOD obtained with C-Band obser-
vations: ASCAT VOD [8]

• Sentinel 3 FAPAR [9]

• Sentinel 5P TROPOMI SIF [10]

Fig. 3. The upper three panels show the bias of ASMR-2 C1-
band VOD and SMOS L-VOD (mean of AMSR-2 C1 VOD
minus mean of SMOS VOD) for the three studied regions.
Thelower three panelsshow the Pearson correlation of SMOS
and AMSR-2 C1-VOD.

• MODIS Enhanced Vegetation Index (EVI) and Nor-
malized Difference Vegetation Index (NDVI)

The period of the present analysis is from 2010 to 2020, al-
though some data sets do not span the full period.

3. RESULTS AND DISCUSSION

Figure 2 and Figure 3 show the bias and the Pearson corre-
lation of SMOS L-VOD with respect to ASCAT C-VOD and
AMSR-2 C1-VOD, respectively. The bias was computed as
the mean of AMSR2 or ASCAT VOD minus the mean of
SMOS VOD in the period 2011-2020. Equivalent figures
were computed for comparing SMOS L-VOD with AMSR-
2 C2 and X-bands VOD and they are very similar to those
shown in Fig. 3.

ASCAT VOD shows an anticorrelation with respect to
passive MW VOD (SMOS, shown in Fig. 2 but also with re-
spect to AMSR2 VOD) in the Iberian peninsula. Correlations
of ASCAT and SMOS VOD are also negative but with a low
absolute value in many areas of the Finish region. Correla-
tion maps show a low but positive correlation in Reusel (Fig.
2). The bias showscontrasted values in the three regionswith
areas showing positive values and areas with negative values
in the three regions. Regarding AMSR2 and SMOS, the bias
(AMSR2 - SMOS) is mainly positive in Las Majadas except
in the north-western part of the region and also in Reusel. In
contrast, it is negative in Sodankylä. Pearson correlations of
ASMR-2 and SMOS VOD also show negative values in the
north-west of Las Majadas, in the south-east of Sodankylä
and in some regions of Reusel. The spatial distribution of the
bias and the correlation maps were compared to land cover
maps but no clear relationship has been found.

Figure 4 shows time series of AMSR2, SMOS and AS-
CAT VOD in addition to SMOS soil moisture (SM), MODIS
EVI and NDVI for the instrumented sites in the three regions.



Active microwaves and SIF correlation wrt L-VOD

Correlation: ASCAT slope vs L-VODCorrelation: ASCAT slope vs L-VOD

Correlation: SIF vs L-VODCorrelation: SIF vs L-VOD



Microwave data versus ESA CCI Above Ground Biomass

AGB vs SMOS L-VODAGB vs SMOS L-VOD

AGB vs ASCAT slopeAGB vs ASCAT slope

AGB vs AMSR2 C1-VODAGB vs AMSR2 C1-VOD

SpainSpain FinlandFinland NetherlandsNetherlands



Summary

• The ESA LCC project goal is to constrain the terrestrial biosphere’s net 
ecosystem exchange by data assimilation into a new model 
(DALEC+BETHY) using in situ measurements (not discussed here) and 
remote sensing data

• The observational data study is on-going. The first results confirm the 
complementarity of :

• Passive microwave data vegetation optical depth giving information on vegetation water content (and 
biomass in the case of SMOS L-VOD)

• FAPAR and SIF related to photosynthesis 
• Active microwave (ASCAT backscattering slope) seems to be more related to optical indices 

(backscattering from the leaves)

@NemesioRFLCC EO leader: Nemesio.rodriguez@cesbio.cnes.fr

LCC PI: marko.scholze@nateko.lu.se
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