
L-band observations from space: 

new observations linking the 

Water and Carbon cycles

N. Rodriguez-Fernandez1, A. Mialon1, E. Bousquet1,

P. Richaume1, J.C. Salazar-Neira1, G. Pique1, S. Boitard1,

A. Bouvet1, S. Mermoz3, T. Le Toan1, Y. Kerr1

ESA 4th Carbon from Space 2022

(1) CESBIO, Toulouse, France
(2) CEREMA, Toulouse
(3) Globeo, Toulouse, France

https://www.google.com/imgres?imgurl=https%3A%2F%2Flabo.obs-mip.fr%2Fwp-content-labo%2Fuploads%2Fsites%2F20%2F2016%2F03%2Flogo_cesbio.png&imgrefurl=https%3A%2F%2Fwww.cesbio.cnrs.fr%2F&tbnid=RsnacpOmKMwm0M&vet=12ahUKEwjRh5etzq3xAhUFhRoKHfapAswQMygCegUIARCbAQ..i&docid=bENbxSm8h2GYWM&w=128&h=79&q=cesbio&client=firefox-b-d&ved=2ahUKEwjRh5etzq3xAhUFhRoKHfapAswQMygCegUIARCbAQ


SMOS soil moisture and vegetation optical depth

• 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)

Kerr et al. (2012. TGARS)

The Vegetation Optical Depth (τ), is frequency dependent
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Pique et al. (in prep)
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L-VOD 

• LAI cycle shorter than Ku-

VOD and ASCAT-slope

• ASCAT-slope second peak 

at the end of the summer…

• Low amplitude cycle of L-

VOD. Could be more related 

to water availability than to 

crops cycles
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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
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VOD ratios versus tree height

Pique et al. (in prep)

• The ratio VOD-x / VOD-ku

almost constant: both X 

and Ku bands are sensitive 

to the most superficial layer 

of vegetation.

• The ratio VOD-L / VOD-ku is 

more dynamic with Three 

Height: measurements in L-

Band provide information 

of different vegetation 

layers (at least under TH < 

21 m)

• Trends confirmed by 

complex permittivity model. 

(Schwank et al. (in prep))
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Using a spatial correlation to infer the temporal behavior…

Brandt et al. , 2018, Nature Ecology Evolution

Net C changes (losses):
- drylands: −0.05  Pg /yr
- Humid areas −0.02 Pg /yr
Drylands showed a share of the total pool of African carbon 
stocks of 20% in L-VOD but only 6% in LPJ-GUESS and 8% in 
ORCHIDEE-MICT

The aboveground carbon changes estimated by VOD in the tropical region during 2010-
2016 indicate the tropical region acts as a net carbon source of 0.11 Pg/yr during 2010-
2016. The declines in tropical aboveground carbon were found mainly in eastern America, 
African drylands and Indonesia.

C losses 2010-2016,  Fan et al., 2019, Nature Plants

Brandt et al. 2018, Satellite‐Observed Major Greening and Biomass Increase in South China Karst During Recent Decade, Earth’s future. 
Brandt et al. 2018,  Satellite passive microwaves reveal recent climate-induced carbon losses in African drylands, Nature Ecology and Evolution
Bastos et al. 2018, Impact of the 2015/2016 El Niño on the terrestrial carbon cycle constrained by bottom-up and top-down approaches, Phil. Trans. of the Royal Society B
Fan et al. 2019, Satellite-observed pantropical carbon dynamics, Nature Plants
…
Wigneron et al., 2020, Tropical forests did not recover from the strong 2015–2016 El Niño event, Science Advances
Qin et al. 2021, Carbon loss from forest degradation exceeds that from deforestation in the Brazilian Amazon, Nature Climate Change
…
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VOD and AGB: Effect of inundated areas
SMOS+VegSMOS + Veg

Bousquet et al. (2021, RSE)
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VOD and AGB: uncertainties

• AGB maps used as reference have 

many uncertainties, including 

those using currently available 

SAR data, which saturates in 

dense forest

a) Avitabile.

b) Baccini.

c) Saatchi.

d) Bouvet-Mermoz.

• Which one to chose ?

• How to take into account the large 

dispersion ?

• What period should be used to 

compute the relationship ?
Rodriguez-Fernandez et al. (2018, Biogeosciences)
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SMOS+VegSMOS + VegComputing AGB from L-VOD

Rodriguez-Fernandez et al. (2018, Biogeosciences)

Significant dispersion for a single reference AGB

Even larger uncertainties if several reference AGB are taken into account

VOD and AGB: uncertainties

Rodriguez-Fernandez et al. (2018, Biogeosciences)

• AGB maps used as reference have 

many uncertainties, including those 

using currently available SAR data, 

which saturates in dense forest

• Which one to chose ?

• How to take into account the large 

dispersion ?

• What period should be used to 

compute the relationship ?
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VOD and AGB: uncertainties

Rodriguez-Fernandez et al. (2018, Biogeosciences)

• AGB maps used as reference have 

many uncertainties, including those 

using currently available SAR data, 

which saturates in dense forest

• Which one to chose ?

• How to take into account the large 

dispersion ?

• What period should be used to 

compute the relationship ?

1. Introduction

Passive microwave observations of brightness temperature are sensitive to vegetation optical depth (VOD), 

which has yielded a large variety of carbon cycle insights in the last decade. The VOD is a measure of how 

much the vegetation attenuates electromagnetic waves. This attenuation has been shown both observation-

ally (Jackson & Schmugge, 1991) and theoretically (Attema & Ulaby, 1978; Ulaby & Long, 2014) to vary with 

the mass of water contained in the vegetation. Because the amount of water in vegetation scales with its 

total mass, VOD is therefore also sensitive to the aboveground biomass of vegetation (Rodríguez-Fernández 

et al., 2018; Tian, Brandt, Liu, Verger, et al., 2016).

Liu et al. (2015) compared global maps of averaged VOD derived from combined K-band, X-band, and 

C-band observations to a static map of biomass based on radar and lidar (Saatchi et al., 2011), and showed 

that VOD and aboveground biomass could be approximately linearly related across the globe. More recently, 

Brandt, Wigneron, et al. (2018) demonstrated that a similar relationship also holds at L-band. Because of 

their relatively longer wavelength, the L-band observations are more sensitive to deeper canopy compo-

nents. As a result, the L-band VOD does not saturate as quickly in dense vegetation and is more closely 

related to biomass in densely forested regions (Brandt, Wigneron, et al., 2018) than higher frequency VOD 

observations are. If the VOD-biomass spatial relationship is assumed to hold in time (i.e., if a space-time 

tradeoff  holds), VOD timeseries can be used to study spatio-temporal changes in biomass across the world. 

A number of recent studies have used this principle to make significant contributions to the carbon cycle 

science literature. Interannual variations in VOD have been used to study overgrazing in Mongolia (Y. Y. Liu 

et al., 2013), diagnose greening due to reforestation and conservation (Brandt, Yue, et al., 2018), diagnose 

Abstract  Microwave radiometry can be used to measure vegetation water content through vegetation 

optical depth (VOD). VOD can vary due to changes in water stress alone, but also scales with aboveground 

biomass. Several studies have therefore interpreted VOD temporal anomalies as linearly pr oportional to 

biomass anomalies, neglecting the influence of  water stress. Here, we explicitly test this assumption using 

a new annual-resolution data set of  biomass derived from optical, radar, and lidar remote sensing. Both 

L-band and X-band VOD datasets are tested. Although VOD and biomass variations are highly correlated 

in space, their temporal anomalies are almost uncorrelated. At regional scale, it is as common for VOD 

anomalies to be more correlated to root-zone soil moisture anomalies (a proxy for water stress) than to 

biomass anomalies as for the opposit e to occur. Care should therefore be taken when deriving biomass 

anomalies from VOD, especially in the absence of  any large-scale biomass disturbances.

Plain Language Summary Satellite measurements known as vegetation optical depth (VOD) 

measure how much water is in plants. Because plants with mor e mass can hold more water, changes in 

VOD are used to determine biomass changes, ignoring the fact that changes in how dry the plants are 

also affect VOD. We use an alternative data set for biomass to test this approach. At a given location, VOD 

and biomass do not vary in the same pattern from year to year and for many types of  plants, VOD seems 

to follow soil moisture (which should co-vary with the fraction of  water in plants) better than it follows 

biomass itself. These results help clarify when VOD can and can't provide information about biomass.

KONINGS ET AL.

© 2021. American Geophysical Union. 
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Key Points:

•   We test the common lit erature 

assumption that biomass 

interannual variability (IAV) follows 

vegetation optical depth (VOD) IAV

•   VOD-biomass relationship is driven 

almost entirely by spatial correlation, 

rather than temporal similarity

•   Regional-scale VOD IAV is often 

more sensitive to soil moistur e than 

biomass, due to influence of  plant 

water stress on VOD
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VOD and AGB: uncertainties

• Yearly AGB maps from VOD maps 

with respect different recent AGB 

data sets will be freely distributed 

by

Based on 

SMOS level 2 VOD version 700

Biomass of reference: 

- CCI version 4

- Avitabile et al.

- Next : Saatchi et al., Tree Height (GEDI/Icesat2)

https://www.google.com/imgres?imgurl=https%3A%2F%2Flabo.obs-mip.fr%2Fwp-content-labo%2Fuploads%2Fsites%2F20%2F2016%2F03%2Flogo_cesbio.png&imgrefurl=https%3A%2F%2Fwww.cesbio.cnrs.fr%2F&tbnid=RsnacpOmKMwm0M&vet=12ahUKEwjRh5etzq3xAhUFhRoKHfapAswQMygCegUIARCbAQ..i&docid=bENbxSm8h2GYWM&w=128&h=79&q=cesbio&client=firefox-b-d&ved=2ahUKEwjRh5etzq3xAhUFhRoKHfapAswQMygCegUIARCbAQ
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.cen.uni-hamburg.de%2Fen%2Ficdc%2Fdata%2Fland%2Fdocs-land%2Fatbd-l3-rev2-draft.pdf&psig=AOvVaw1IrAsmtsjS1B4DrRsSAieZ&ust=1666714723954000&source=images&cd=vfe&ved=0CA0QjRxqFwoTCODkltGi-foCFQAAAAAdAAAAABAD


SMOS AGB without VOD

PMVOS

10 YEARS OF SMOS – PASSIVE MICROWAVE
VEGETATION OPACITY STUDY (PM-VO-S)
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Using several years of AGB for the 

training simultaneously

• ESA CCI Biomass

What next?

Rodriguez-Fernandez et al. (2019, IGARSS)
Salazar-Neira et al. (2022, IGARSS)
Salazar-Neira et al. (2023, JSTARS) - accepted

• Using different reference maps.
• Multi-frequency approach (a first sensitivity 

analysis on this subject by Prigent et al 2021)

• Application – carbon stock 
evolution.

https://www.google.com/imgres?imgurl=https%3A%2F%2Flabo.obs-mip.fr%2Fwp-content-labo%2Fuploads%2Fsites%2F20%2F2016%2F03%2Flogo_cesbio.png&imgrefurl=https%3A%2F%2Fwww.cesbio.cnrs.fr%2F&tbnid=RsnacpOmKMwm0M&vet=12ahUKEwjRh5etzq3xAhUFhRoKHfapAswQMygCegUIARCbAQ..i&docid=bENbxSm8h2GYWM&w=128&h=79&q=cesbio&client=firefox-b-d&ved=2ahUKEwjRh5etzq3xAhUFhRoKHfapAswQMygCegUIARCbAQ
https://commons.wikimedia.org/wiki/File:ESA_logo.png?uselang=fr
https://www.google.com/imgres?imgurl=https%3A%2F%2Fwww.agreenium.fr%2Fsites%2Fdefault%2Ffiles%2FLogo-INRAE_Quadri-web.jpg&imgrefurl=https%3A%2F%2Fwww.agreenium.fr%2Fpage%2Finra&tbnid=KC__Z1-0y7FCTM&vet=12ahUKEwivla3Pp_n6AhWtRKQEHZL-AHgQMygBegUIARCmAQ..i&docid=XjnOvsTFbUY4BM&w=1181&h=311&q=inrae&client=firefox-b-d&ved=2ahUKEwivla3Pp_n6AhWtRKQEHZL-AHgQMygBegUIARCmAQ
https://www.google.com/imgres?imgurl=https%3A%2F%2Fupload.wikimedia.org%2Fwikipedia%2Fcommons%2Fthumb%2F3%2F3d%2FNeural_network.svg%2F2560px-Neural_network.svg.png&imgrefurl=https%3A%2F%2Ffr.m.wikipedia.org%2Fwiki%2FFichier%3ANeural_network.svg&tbnid=aBTZ7U9NevCFRM&vet=12ahUKEwiVx-Ldqfn6AhVqmycCHR19DH0QMygEegUIARDEAQ..i&docid=uhZg7vz3yyHsLM&w=2560&h=1707&q=neural%20network&client=firefox-b-d&ved=2ahUKEwiVx-Ldqfn6AhVqmycCHR19DH0QMygEegUIARDEAQ


Summary

@NemesioRF
@SMOS_satellite

Nemesio.rodriguez@cesbio.cnes.fr
SMOS

SMOS-HR

• L-band observations allow to link components of both the water and carbon 

cycles

• L-VOD provides complementary information to radar, lidar and optical 

observations and VOD measured at other wavelengths  

• Useful for a wide range of applications but … should be used with care ! 

• Future ? 

- Biomass P-band SAR (Le Toan et al. (2011, RSE) 

- Multi-incidenc angles L-band measurements with increased resolution: 

SMOS-HR (Rodriguez-Fernandez et al. 2022, IGARSS) 

Biomass
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Summary

@NemesioRF
@SMOS_satellite

Nemesio.rodriguez@cesbio.cnes.fr
SMOS

SMOS-HR

Thanks!

Biomass
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