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VALIDATION AND EVOLUTION PMVOS 10years of SMOS

10 YEARS OF SMOS PASSIVE MICROWAVE VEGETATION OPACITY STUDY
TEAM

- CESBIO: Arnaud Mialon, Némésio Rodriguez, César Salazar, Simon Boitard, Alexandre Bouvet,
Philippe Richaume, Yann Kerr

« EMMAH (INRAE) : Marie Weiss, Hongliang Ma, Frederic Baret

- globEO : Stéphane Mermoz

« WSL : Yiwen Zhou and Mike Schwank

« Magellium : Beatrice Berthelot, Nuria Duran-Duran, Daria Malik

« ESA : Matthias Drusch
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LPVE23 - WORKSHOP ON LAND PRODUCT ESA OSMOSE @ cSa

VALIDATION AND EVOLUTION PMVOS 10years of SMOS

Context:
« Evaluate different index derived from satellite to monitor the vegetation

= Synergy between optical and microwave to characterize the vegetation
« 2-year project: June 2022 - May 2024

Objectives: create 20-year dataset of vegetation index

« Optical: LAI, FAPAR, FCOVER, NDVI, PAR

e Passive microwaves: AMSRE, AMSR2 and SMOS
https://osmose.magellium.com/

Scientific questions
« Optical
« derive a Leaf Water Content

 Microwave
« Improve radiative transfer model (VOD and w)
« Estimate Above Ground Biomass
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VALIDATION AND EVOLUTION PMVOS 10years of SMOS

CONTENT to give an overview of the whole project

|. Optical activities
l.a data processing
l.b leaf water content

ll. Microwaves
Il.a Tau/Omega
II.b Neural Network

lll. Next Step
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VALIDATION AND EVOLUTION PMVOS 10years of SMOS

|. OPTICAL

Current activities
« a. Optical datacube (Magellium)
« b. Create Leaf Water Content (INRAE: Marie Weiss, Hongliang Ma)

LAl AVHRR
station : AGUASCALIENTES

Ll (na units)

LAI AVHRR 30 years

1980 1985 1990 1995 2000 2005 2010 2015 2020
Time (decimal year)
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VALIDATION AND EVOLUTION PMVOS 10years of SMOS

l.a. OPTICAL: Datacube 1 content

Data processing, archive :

- : - ma ehium
Daria Malik, Beatrice Berthelot gell:

* MCD43C4 v6.1 - Daily BRDF/Albedo Nadir BRDF-adjusted Reflectance
* MCD18C2 v6.1 — Daily Photosynthetically Active Radiation (PAR)

MODIS (NASA) * MOD13C1 v6.1 - 16-Day Vegetation Indices

* MCD15A2H v6.1 — 8-Day LAI/FPAR

- 10-Day LAl
AVHRR (Theia) * 10-Day FAPAR
+ 10-Day FCOVER

« 10-Day LAl

* 10-Day FAPAR
SPOT / PROBA-V / $3-OLClI
(Copernicus) | = 10-Day FCOVER

* 10-Day NDVI
* 10-Day Top-of-Canopy Reflectance
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VALIDATION AND EVOLUTION PMVOS 10years of SMOS
l.a. OPTICAL: Datacube 1 content | | magehium
Sk e Z Eug A 'E - ‘
( —
- Geographic latitude/longitude projection I fomon FA
- Global map (-180°W — +180°E, -90°S — +90°N) —T——— wr— ;’“ﬁ
_ o . . at/lon projection, at/lon projection,
0.05° spatial resolution S .05 el

- Image size 3600 lines x 7200 columns

<
N 4

(Input database)
0.05°/1km/300m
10 days

*  Global

e

Spatial interpolation

» Example of merged and reprojected LAl MODIS tiles
(product MCD15A2H)
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ESA OSMOSE
PMVOS 10years of SMOS

LPVE23 - WORKSHOP ON LAND PRODUCT

VALIDATION AND EVOLUTION

|.b. OPTICAL: Leaf Water Content (INRAE Marie Weiss, Hongliang Ma)

Retrieve Leaf Water Content - CWC
e use radiative model PROSAIL

Prior Distributions:
N, Cab, Cw, Cm,Cbp

Prior Distributions:
LAL ALA, HOT

¥

¥

Observation Geometry:
Bs; 0v: @

Comparisons of Diverse Band
ion Strategies for CWC

e

\ I
\ \
\ \
‘ Prior Co-distributions with LA H—» g:‘l‘;;‘gs‘;’;‘;'ccv:‘:&‘l‘ /LH l } — }
e ‘ 7777777 r e R | Gnalysis for Inclusio;ls of NDWD Destracive Meih'ods
) V I a cw* LAI ‘ “7 77777777 - ‘ ‘ for CWC Retrievals ‘ ‘
- e iy henany /|| ' | }
} ‘] ‘ } } Comparisons for Diverse Machi ‘ ‘
— Learning Approaches ‘
t ] Sensitivities of ‘
‘ SR J ———————————— ‘ Satellite Bands ‘ ‘ ‘ ‘
‘ r Leaf Reflectance: p()) Reference Soil Optical i ‘} 444444444 ‘ ‘ ‘ ‘ ‘
| Leaf Transmittance:t(}) Properties: Ri(}) | ‘ l ‘ ‘ ‘
‘ | | Simulated Reflectance e
‘ | e G e I ‘ of Satellite Bands —IEk ‘
‘ | 0s; Ov; @ ‘ 1 ‘ ‘
| Trained Net for 4 / Satellite Physical
‘ fffffffffffffffff ‘ velent Sndence Realistic Noise. ‘ CWC Retrievals Observations ‘
M O de/ p a r a m e t e r S \ Radiation Transfer Model: PROSAIL Model \ WGenerﬁIijls:ﬁd Ngmsr;(Glj\N') : \ z ‘
_________________ o e g CRE OO CSORE, e
Variable Minimum |Maximum |[Mode Std Nb Class .
LAl 0.0 15.0 20 30 6 Improvements for leaf traits: Three key parameters
ALA () 30 80 60 30 3 .
Canopy  |Crown Covel 1.0 10 08 04 1 linked to leaf water content (Cw): Cab, Cdm and Cw_Rel,
HsD 0.1 05 02 05 1 : : *
. o L — — - considering the open plant traits database (e.g., TRY)
Cab (pg.cm?) 20 90 45 30 4
Leaf Cdm (g.cm-2)] 0.0030 0.0110 0.0050 0.0050 4 Il
Cw_Rel 0.60 0.85 0.75 0.08 4 Il
- L — - — — - | Imrovements for soil background: considering the
i ; i : i
P (mbar) 950 1080 1013 15 1 open soil reflectance database (c.g., OSSL)
Abnos hemlﬁﬁo 0.00 0.80 0.35 0.30 1
P H20 (cm) 1.00 6.50 383 1.50 1 . ) .
03 (dbs) 020 0.50 035 010 1 Cab: Ch/OI’0,0hy// concentration
Nb_Sim 41472 *Cdm: dry matter content 8
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VALIDATION AND EVOLUTION PMVOS 10years of SMOS

|.b. OPTICAL: Leaf Water Content

large SpatiaE Efs-matching

/ Expand the robust algorithm // / / / /
A

to MODIS

less spatial mis-matching D _ / // // / /
used for the validation used for the validation via
/ \Spatlal averaging / / /

1

In situ CWC data Sentinel-2/Landsat8 CWC (20/30 m): MODIS CWC (1 km & 5 km):
High resolution Moderate resolution

Strategy: Develop the CWC product from Sentinel-2/Landsat8 firstly and then implement it to MODIS
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LPVE23 - WORKSHOP ON LAND PRODUCT ESA OSMOSE @ cSa

VALIDATION AND EVOLUTION PMVOS 10years of SMOS

|.b. OPTICAL: Leaf Water Content

First analysis to improve Leaf Water Content retrievals
« Improve the inputs of PROSAIL model using the open databases of TRY and OSSL

* Include:
Green+Red+NIR+SWIR1+ SWIR2 +NDII+NDWI+Angles

NIRgso — SWIR 1240
NDWI1i540 =
N DWI1240 Al NIRggo + SWIR 240

« Consider NDWI and NDII for the improvement of SNAP (both for S2A and S2B)

« satellite geometry (angles) [Marie Weiss: )
marie.weiss@inrae.fr
Hongliang Ma:
hongliang.ma@inrae.fr
1\ J
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VALIDATION AND EVOLUTION PMVOS 10years of SMOS

[l. MICROWAVE: Context

* Missions
« SMOS
- 14 years: 2010 - 2023
- 25 km output products
- L band: 1.4 GHz
- Provide complete coverage of the Earth surface in 3/4 days
- L-band sensitive to water content (Jackson and Schmugge 1991)

« AMSRE
-2002-2011
- bands: C (6.93 GHz), X (10.65 GHz), K (18.7 GHz)
- 0.25° grid Brightness Temperatures

« AMSR2
-2011-....
- bands: C(6.93/7.3 GHz), X (10.65 GHz), K (18.7 GHz)
- 0.25° grid Brightness Temperatures

e Used to estimate the Above Ground Biomass
a. Radiative transfer model

b. Neural network approach

11
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VALIDATION AND EVOLUTION PMVOS 10years of SMOS

II. MICROWAVE : Estimate the Above Ground Biomass

a. Use of a radiative transfer model

Fan et al. Nature plants 2019
Liu et al. Nature
Rodriguez et al., Biogeosciences 2018

12
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LPVE23 - WORKSHOP ON LAND PRODUCT ESA OSMOSE @ cSa

VALIDATION AND EVOLUTION PMVOS 10years of SMOS

Il.a. MICROWAVE : Estimate the Above Ground Biomass, Use of a radiative transfer model

standard approach : L-MEB model (Wigneron et al. 2007)

TB,tot(P,0) = esTsy + (1-w) (1-y)Tv+ (1-w) (1-y)Iv(1-€)y+ TgyY?(1-€)

1. soil 2. vegetation 3. vegetation-soil 4. sky
2. vegetation

3. vegetation-soil

e, soil emissivity; linked to soil moisture through dielectric constant s
T, physical temperature of soil N
T, physical temperature of vegetation o
W single scattering albedo of vegetation (omega) r -
Y canopy transmissivity = vegetation optical depth VOD, t Y = eeost :!
Teky sky brightness temperature h

P polarisation (H or V) i

6 incidence angle

13
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LPVE23 - WORKSHOP ON LAND PRODUCT

VALIDATION AND EVOLUTION

ESA OSMOSE
PMVOS 10years of SMOS

Il.a. MICROWAVE : Estimate the Above Ground Biomass, Use of a radiative transfer model

standard approach

AGB of reference: CCl biomass 2018

version 4, Santoro et al.

Y

CCl-2018-v4 (Mg/ha)

180° 120°wW 60°W 0° 60°E 120°E 180°

LVOD L2-V700 in 2018 Orbit AD

T T T
180° 120w 60w 60°E 120°E 180°

VOD yearly average

Logistic function fit all classes 2018 - Orbit AD

500

400 -

V3]
Qo
o

~N
Q
o

100 -

= 309.8722; b = 6 5154;
=0.80091; d = 1.8424

05 1
LVOD-L2-v700

Relationship VOD - AGB

Estimated AGB (t/ha) from VOD L2 v700 2018 Orbits A&D mixed
Reference used CCI-2018-v4

S
, = Q(a@sf R T %m
ey e A o
N\
& N \'v\/ ‘jﬁ /ﬂ%
e . () %
%kg {/ \@f@?i Sl
& E/ @ ‘:7 ”mif\\\ h
J ¢ (’ ~
w/ & ﬁxj 'y
w J/
150 200 250

Multi year AGB 2010-2022

SMOS yearly VOD + relationship For a year
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LPVE23 - WORKSHOP ON LAND PRODUCT ESA OSMOSE

VALIDATION AND EVOLUTION PMVOS 10years of SMOS
Il.a. MICROWAVE : Estimate the Above Ground Biomass Estimated AGB (t/ha) from VOD L2 v700 2018 Orbits A&D mixed
Use of a radiative transfer model Reference used CCI-2018-v4

Simon Boitard, Némésio Rodriguez, Arnaud Mialon CESBIO

Based on
« SMOS level 2 VOD version 700
« Biomass of reference:
- CCl version 4
- Avitabile et al.
- Next : Saatchi et al., Tree Height (GEDI/Icesat?2)

| :
0 50 100 150 200 250 300

* Info and Technical Note:
https://www.catds.fr/Products/Available-products-from-CEC-SM/L4-Land-research-products/L4-Above-Ground-Biomass

« Data: https://data.catds.fr/cecsm/Land_products/L4 Above_Ground_Biomass/
« Boitard et al. 2023, in prep. for ESSD

15
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VALIDATION AND EVOLUTION PMVOS 10years of SMOS

Il.a. MICROWAVE : Estimate the Above Ground Biomass, Use of a radiative transfer model
Mike Schwank, Yiwen Zhou - WSL

Objectives:

Improve/validate/calibrate: T and w

Define dependency with frequency
= Applications to C, X, K bands: use of AMSRE, AMSR?2

Use of «Two Stream» radiative transfer model

Assess what is monitored by L, C, X - VOD

References

« Zhouetal, 2023, in preparation

* Yiwen Zhou et al., IGARSS 2023

MODELLING SCATTERING ALBEDO OF TREES FROM 1 TO 37 GHZ AND ITS APPLICATION TO VOD RETRIEVAL

16

LPVE23 - WORKSHOP ON LAND PRODUCT VALIDATION AND EVOLUTION | 12 - 14 June 2023 | Hosted at ESA-ESRIN, Frascati (Rome), Italy



LPVE23 - WORKSHOP ON LAND PRODUCT ESA OSMOSE @ cSa

VALIDATION AND EVOLUTION PMVOS 10years of SMOS

Il.a. MICROWAVE : Estimate the Above Ground Biomass, Use of a radiative transfer model

Improving T and w Mike Schwank, Yiwen Zhou (WSL)

Use a complex permittivity model
N. S. Chauhan et al. 1994 "Discrete scatter model for microwave radar and radiometer response to corn: comparison of theory and data" IEEE TGRS

Discrete Scatter Model % " .
T ! Scattering amplitude theorem and formula
Rac?;;\)rr\\.;l‘efa %,
= Extinction Coefficient Scattering Coefficient
=l oo e k. (freq) = [d2, Y Y p. ([£9 (6,,9,.8,, ¢, freq)]
. K, (freq) = N c:se ; P; Im{<f;[{’ (1 1 ,freq)>} P 4J; q;,v?;f i <‘ Pa ‘ >
‘ where : where Q- solid angle over the sphere
) N !
(R \ n—number of vegetation constituent types ‘f;;) (8,,9,.0,, (p‘;freq)| - scattering amplitude with (8,,¢,)
P; —density of jth type of vegetation constituents incident angle and (8,, ¢, ) scattering angle

Forward £ (;’,i’,freq)—forward scattering amplitude - E_/E, Albedo

scattering < >— average based on plant component orientation PDF  aX(freq) = K, (freq) /x, (freq)

Extinction coefficient: K., Scattering coefficient: K, w= Albedo: K, / K.,
17
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LPVE23 - WORKSHOP ON LAND PRODUCT ESA OSMOSE @ cSa

VALIDATION AND EVOLUTION PMVOS 10years of SMOS

II.LA. MICROWAVE : Estimate the Above Ground Biomass, Use of a radiative transfer model

Improving T and w Mike Schwank, Yiwen Zhou (WSL)

Discrete model to discribe the trees
- Components of trees : trunck, branches, small elements

- Multi-layers
- Radius of branches, Density of components per layers ...

18
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VALIDATION AND EVOLUTION PMVOS 10years of SMOS

Il.a. MICROWAVE : Estimate the Above Ground Biomass, Use of a radiative transfer model

fOptimized \

«real» Permittivity from
all components of a tree Fen L gen | o D) « Omega
p\ dependence) ° Tau
Discrete Scatter Model 42 \/ = £
‘ — For SMOS/AMSRE
- f - retrieval
2 . Simulated \ /

-,;12’ ©Gwf) & > ML-2S-MEM > TML'p(HRM,f)
@b (0,f) B

2 Osf) & (0, f)
W (0 ) oo |7

/\—/\/\ £a(SM
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VALIDATION AND EVOLUTION PMVOS 10years of SMOS

Il.a. MICROWAVE : Estimate the Above Ground Biomass, Use of a radiative transfer model

Improving T and w, Mike Schwank, Yiwen Zhou

effective VOD _ effective Albedo

First Results: T rand wqe

* Multi-frequency
« for different tree height H

035

—H =25m

' ' 0.05 ' ' ;
0 10 20 30 40 0 10 20 30 40

f (GHz) f (GHz)

Zhou et al., 2023, in preparation 0
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VALIDATION AND EVOLUTION PMVOS 10years of SMOS

Il.a. MICROWAVE : Estimate the Above Ground Biomass, Use of a radiative transfer model

Improving T and w, Mike Schwank, Yiwen Zhou

Comparison with regular L band VOD « First analysis
Vegetation Optical Thickness at Nadir Z - VOD |S lOweI' that «common» VO DL—MEB
| 3 - How to validate this VOD
= | =5 = A -‘-—1-‘—1,4-—-—L_1_w__1 E
~ Wow ERE N EE I SRR R o] L
Rl B P %ﬁ\( WM Tu e « current activities
_ uy- o 11 - ! . R
N - }“’L 12\\\\ \5_;:_ _- o228 - -process longer time series VOD
‘L§ \wﬁ ﬁ \7 W‘(“@"f e ~ -evaluation with Above Ground Biomass (CCl
B NI pS % Biomass, Tree Height)
IPANE L Y
4 el |7
¥
=T TT I [T ] E=

VOD_TO - VOD 25

< >

-0,150 -0,090 -0,030 0,030 0,090 0,150
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VALIDATION AND EVOLUTION PMVOS 10years of SMOS

Il.b. MICROWAVE : Estimate the Above Ground Biomass, Use of a neural network approach

« César Salazar, Ph. D. (supervisors N. Rodriguez-Fernandez and A. Mialon)
julio-cesar.salazar-neira@univ-tlse3.fr

« October 2021 - September 2024

« Collaboration with the BIOMASS team (Thuy LeToan, Alexandre Bouvet et Stéphane Mermoz)

22
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VALIDATION AND EVOLUTION PMVOS 10years of SMOS

Il.b. MICROWAVE : Estimate the Above Ground Biomass, Use of a neural network approach
Ph. D. Cézar Salazar, Nemesio Rodriguez

SMOS brightness temperatures

it AD
=00 22; b = 6.5154;
L3TB ascending product 400 SMOS AGB
Brightness temperature over Australia (lat=+29.5%lon=1375°) =
W — <
o B =300 . . .
g‘ i " < Estimated AGB (t/ha) from VOD L2 v700 2018 Orbits A&D mixed
. 1] T
r . '\ = 200 Reference used CCI-2018-v4
Eml® o & 0 Y o Y
4 . (5] _ s
;*:U e & e 100 . . {/ 2e57 L%?ﬁ
E . ?tf«if/”‘}\{ir | T e PTG
g;l . ; 6/2 v}i.‘g’ ,. » '.‘-‘:Lﬁ o
5" " 1 os LVOD-L2-v700 ! s é&’/&f iy -MNLJ : ‘ié}% Ci
N TGRS i
A s oat | )
oy 2%
ADare
Neural Network - A € fy
\ \S‘% 52 M
Input Hidden Output " L ) el b .
Blomass layer layer layer \ 3 ¢ - ( > N
v
exple : CCI biomass version 4, Santoro et al. : _ . A
_ Above Ground Biomass c1 2018 v4 (thha) 400 gkt L \ ’ = . \“\\ :
B o B Input #2 ' s \‘_‘?_\“_ ! I
[ 2 ~@— Output 0 50 100 150 200 250 300
300 e
Input #3 — o, G
250 :. il
200 Input #4 .':"\:'5' E
1150 .

1100

- Rodriguez-Fernandez et al. (2019, IGARSS)
- Salazar et al. 2023, accepted JSTAR

150
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VALIDATION AND EVOLUTION PMVOS 10years of SMOS

Salazar et al. 2023, accepted Journal of Selected Topics in Applied earth observations and Remote sensing

490

455

e CCI Biomass 2018: reference

420

AGB from reference

Lat

385

350

Mg/ha

Lon

315

e from VOD function

280 10k

AGB from VOD func

Lat
-

-2 20 | o P e 1 I I
-120-110-100 -90 -80 -70 -60 -50 -40 -30 -20 -10 O

Lon

wo Foo - from TB and Neural Network
- -10F

20k 5 ‘f I I |’ I !‘\" | n .
» -120-110-100 -90 -80 -70 -60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60

T an
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VALIDATION AND EVOLUTION PMVOS 10years of SMOS

Validation

Different wavelenghts:
« Penetration depth depends on the wavelength
« L, Cvery sensitive to vegetation water content
« X, Kbands ~ optical

L attenuated
® . signal

e leaf WC
P,

N -

branch WC

N el lunkwe

o

longer
wavelengths

figure ©Konings et al. 2021 Frappart et al., 2020, Remote Sensing
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VALIDATION AND EVOLUTION PMVOS 10years of SMOS

Validation : challenging tasks

« We can estimate the uncertainties of satellite sensor through the model

« How to validate the VOD, which is modeling/radiative parameter?

at25km ... 2'5% (Mg ha!) of estimated AGB wrt to reference per bin of 10 Mg ha?
350 - - ‘ iR '~', .
« Use different AGB (Radar) for evaluation 3061 | |
. . . < ;
that have their own uncertainties = I 14 |
:>;200 e §g ]
« Use field compaigns: tropirad (french Guyana) b EEAN
very local 2 150 1
O 100 1
50 - -

0 .” : ] \ \ \
0 50 100 150 200 250 300
Estimated AGB from LVOD-L2-V700 2018 - Orbit AD and CCI-2018-v4 fit
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VALIDATION AND EVOLUTION PMVOS 10years of SMOS

Validation
Strategy: use of different Above Ground Biomass estimates

Référence Coverage Spatial resol. Temporal resol. Remarks
Santoro 2021 Global 100m 2010-2017-2018- 2019 And 2020 almost ready
Xu 2021 Global 10km 2000 to 2019 E
Avitabile 2016 Global 1km 2010 -
Saatchi 2020 Global 100m 2019-2020-2021 No yet available
Ometto 2014 Brazil 100m 2016 -
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VALIDATION AND EVOLUTION PMVOS 10years of SMOS

Way forward

. OPTICAL
« Optical datacube
« Validation for Leaf Water Content

. MICROWAVE
« Improve the T and w (scattering in the vegetation layer):
- Consider various species (geometry)
- holes in the Forest

« Above Ground Biomass estimates from passive microwaves
- Use of Tree height as the reference
- Estimates from Neural Network: combine AMSRE+SMOS
- Dataset available www.catds.fr

« nextyear Synergies between Optical/Microwave : time series analyses
« Define aset up for validation: future campaign/site
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Thanks For your attention

arnaud.mialon@univ-tlse3.fr

https://osmose.magellium.com/
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Salazar et al. 2023, accepted Journal of Selected Topics in Applied earth observations and Remote sensing

490

455

e CCI Biomass 2018: reference

420
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VALIDATION AND EVOLUTION PMVOS 10years of SMOS

*Cab: chlorophyll concentration

I.b. O PTI CAL: Leaf Wa ter COﬂ tent *Cdm: dry matter content
Variable Minimum [Maximum |Mode Std Nb Class .
mm 03-0 1 gl-]ﬂ 253 ?é-ﬂ g Improvements for leaf traits: Three key parameters
0 0 .
Canopy  |Crown Coved 1.0 10 08 04 1 linked to leaf water content (Cw): Cab, Cdm and Cw_Rel,
HsD 01 05 02 05 1 + Jart .
- — = = o : considering the open plant traits database (c.g., TRY)
Cab (ug.cm?) 20 90 45 30 4
Leaf Cdm (g.cm2)| 00030 | 00110 | 00050 | 00050 2|
Cw_Rel 0.60 0.85 0.75 0.08 2|
Cbp 0.00 2.00 0.00 0.30 3| : . T
< = = — - o : Imro.vements for soil background: considering the
P (mbar) 950 1080 1013 15 1 open soil reflectance database (e.g., OSSL)
Amos hemtﬁﬁo 0.00 0.80 0.35 0.30 1
PREreH20 (cm) 1.00 6.50 3.83 1.50 1
03 (dbs) 0.20 0.50 0.35 0.10 1
Nb_Sim 41472

Primary parameters using for PROSAIL

NDWI, 50 — NIRsg0 — %W [R1240 ’ Inclusions of optical indices: to investigate the
NIRseo + SWIR1240 enhancements of these indices for CWC retrievals
B NIRgso — SWIR 1640
NDWlg40 = . . -
NIRsgo + SWIR1640 — Compare different band combinations for CWC
NIRgs0 — SWIR2130

—— retrievals
2130 NIRggo + SWIR5;30
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Extinction Coefficient Scattering Coefficient
. 2
4T N K, (freq) = de Z Zp <‘f(J) (esa(Psaeia(pi;freq)‘ >
K_ (freq) = p. Im{<f“) i",17,freq >} b e .
P k, cos® ; ! PP ( )
where : where Q_- solid angle over the sphere
n —number of vegetation constituent types ‘f D (8,,0,,0,,0; freq)‘ scattering amplitude with (6., ,)

p; —density of jth type of vegetation constituents incident angle and (0_, . ) scattering angle

£ (i—,i‘,freq)— forward scattering amplitude - E /E, Albedo

< >— average based on plant component orientation PDF  (freq) = K (freq) / K,, (freq)

Yiwen Zhou et al., IGARSS 2023

MODELLING SCATTERING ALBEDO OF TREES FROM 1 TO 37 GHZ AND ITS APPLICATION TO VOD RETRIEVAL
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Tree Structure Model @
Py, hy) 1

3 p
—! ‘l'pr (0i9f) > tl}g (0i’f) \ Teff (f)r weff(f)
v wy (05, 1) Ty (05) (no pol- & ang-
Discrete Scatter Model dependence)
N Tree constituent : % / : Cost function
(e 6 (Tetr, Wetts )
! =) % A
N v
! Simulated
. E Tp (0 f) tp (0 f) > ML-2S-MEM " MLp
Tree constituent o)) 2ok > 2 b Ty " (Orws f)
P : @b (0, f) | 5 (0,f) 5
Tree constituent | | Ag (ry, 14,65, f) f
typei=1 D RE (L, 05, ) /
e\ W ‘ % —
- =4 N
; e | B )
S @ enn ™ 0:f)
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e Australia: dry Vegeation

EVI, VOD : same trend

@)y,

0.1

e Amazonia:wet Forest

Post feux : negative anomalies SMOS VOD

(c)

0.2
0.1

0

EVI

-0.1

-0.2

A-VOD

X-VOD

0.2

0.1

0

0.1

0.2

Bousquet et al. 2022

SGuth-Eﬁ;st Fire

Australia

South-East Australia (13 pixels)

2010

0
-0.1
| | I | | 1 | | | | 0.7
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
ﬁ RSantarem
Santaréem (2 pixels) G

I 1 V.

| | |

2010

i |
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

L-vOD

ESA OSMOSE
PMVOS 10years of SMOS

L-VOD

Eesa
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MICROWAVE : Estimate the Above Ground Biomass

1. Use of a radiative transfer model

VOD : Vegetation Optical Depth au nadir, t

—T

y:ec s@

. =
* Not a geophysical parameter
Difficult to validate and to measure in-situ

Xband Lband P band VHF

= = = >

3cm 21 cm 70cm 3 m

Vegetation «seen» at various frequencies

©Biomass, T. Le Toan, A. Beaudoin .
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Forest-hole correction

__area of "forest holes"
"forested area"

a0 i;:;{’liflft ok REL N # b) mixed SMOS pixel
Boate 0 Withim'a,'
ot TS ted aren™

*
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