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‘Context opemicus @ eumersar - @oesa

i - -

* GBOV as a connection between field activities and remote sensing
CAL/VAL

* harmonization, upscaling, uncertainty, ...

* VVegetation products:

e Reference measurements: RM4-6-7
- Upscaled Land Products (ARD) LP-3 (LAI), LP-4 (FAPAR) and LP-5 (FCOVER)

* Contributing Networks and (DHP) sampling approach
* NEON
* ICOS (San Rossore IT-SR2) T remotesening orenironmens

¢ SZ'MSI (Or OI—I) Red and NIR bands (b4, b8a for MSI)’ ev Evaluation of global leaf area index and

fraction of absorbed photosynthetically

e U pPSCa Li ng based on Transfer Functions active radiation products over North
. .. ) America using Copernicus Ground Based
* using SL2P (over sparse veg) or SAVI as predicting variables Observations for Validation data

Braown® A B Courtney Mainr ® Hitrey Marra ™, )

phe Lerebourg *, Nodine 0
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Current approach

opermicus @ EUMETSAT == (éesa

* From GBOV ATBD

* “Ideally, calibration function specific to vegetation type might provide a better upscaling
function.”

 “However, as there were few matchups between RMs and SL2P’s retrievals for some sites,
itis not possible to process one calibration function per site”...

—>Three transfer functions based on SL2P’s outputs (re-calibrated) over ...

NEON Homogeneous:
cultivated crops,
grassland/herbaceous,
pasture/hay, shrub/scrub

NEON Heterogeneous:
deciduous forest, evergreen
forest, mixed forest and
woody wetlands

ICOS Heterogeneous sites

Overstories o
‘f Understories ‘f

But “SL2P cannot work on sparse veg as most pixels are classified as bare soil”...
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Transfer Functions based on SAVI (over sparse vég)

Cmoremieon . opermicus @ EUMETSAT

FAPAR sparsely Transfer Function
Number Matchups: 1199

- final one
ONAQ
D.4 -

-
+ NIWO
f(SAVI) =a+bSAVI  FAPAR, FCOVER T o 4
aa]l # M&ARB -e
f(SAVI) = a +ebsavi LAl S —

SAVI = 1.5 X (Nir-Red) / (Nir+Red+0.5)
Soil Adjusted Vegetation index

RM6 (meas.)
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Transfer function over dense canopies

-

Based on the Simplified Level 2 Prototype Processor (SL2P)

1.0 4
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RM6
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FAPAR heterogeneous Transfer Function
Number Matchups: 2474

-
= final one

GUAN

4+ *JERC
058S

LAJA

o+ HARV
oo ORNL
4 scBl
+ SERC
+ STEI
TALL
UNDE

+ LENO
PUUM

0.2 0.4 0.6 P i

FAPAR homogeneous Transfer Function
Number Matchups: 571
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opermicus @ EUMETSAT == (eesa

FAPAR no_understory Transfer Function
Number Matchups: 530

1.0+

0.8 -
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0.4 4
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FAPAR, LAI, ...
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‘3D RTM framework approach
-

* Using a 3D RTM framework allows us to
* Use realistic canopies (San Rossore TLS scene, RAMI, QA4ECV, JRC
IESdblib)
* against turbid medium used to caplibrate SL2P
* Work with known FAPAR(t), LAI(t)
e expand the (virtual) measurement dataset to better «calibrate» the TF’s

* artificially acting on spectral properties and physical LAI, tree distribution,
Leaf angle distribution (LAD), ...

e Simulations consist of

* Remote Sensing:
* Simulate reflectances at deca/hecto-metric resolution (TOC, TOA, ...)

* Apply SL2P and/or SAVI on decametric resolution Reflectances - define TF
against in-situ measurements

* Ground Measurements:
* Simulate DHP (sampling strategies: ICOS, NEON/TERN sampling at ESU level)
* Apply HemiPy to assess FIPAR, PAI, fCover

opermicus @ EUMETSAT == (éesa

»
<, @ NEONOHP
Y collection point

Fig. 3. Withan anch NNON plot, DI mages arv scquited ot rwsdve poiem ar
meged lu 3 Ccrots pamtecn

: wm @0
HemiPy: A Python module for automated estimation of forest
biophysical variables and uncertainties from digital
hemispherical photographs

As A DIown @ Py Ao Satvaio Aeliane Gahoole B Chintstian Lanssoeih. Medine Sodey

et Mducsigan Dash
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‘Actual scenarios examples | opermicus &

HESLARCH ARTICLE f in o % @

The Fifth Phase of the Radiation Transfer Model
Intercomparison Exercise (RAMI-V): Experiment

Description and Results on Actual Canopy
Scenarios

+12 suthors Auhors Info & Affsanoos

JOURNAL OF REMOTE SENIMNG

S 2 T v rmnmaenung D622

Article @ 4 December2024

Evaluation of In Situ FAPAR Measurement Protocols
Using 3D Radiative Transfer Simulations

Christian Lanconelli’, Fabrizio Cappucci?, Jennifer Susan Adams® and Nadine Gobron?”
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‘Actual scenarios examples | opermicus &

Figure 1 Overview of the location of the IT-SR2 station (a). The blue area denotes the target area (TA) which has an

extension of 37ha. (b) The IT-SR2 ecosystem tower and its surroundings give an idea of the vertical structure of the forest
and the understory.

== |_eaflat
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Flowchart from in-situ TLS collection to simulations

opermicus @ EUMETSAT == (eesa

®
o O

‘e @ ©
® ® T

: O ree Simulations

O georef (BRF, Flux, DHP) LAI/FAPAR
QSM
e |d object e RayCloudTools e Raytran/Rayshade e Cankye
e PDAL e Treelools e Eradiate e HemiPy
e ~LeafGen e POV-Ray
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San Rossore ICOS SR-IT2 Ceremmeon - opermicus @ EUMETSAT

g8 93, Mesh manipulation, Tree segmentation

plots of

B

300m, 9

Tha (100x100m)

PDAL
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ga:l Rossore ICOS SR-IT2 | meemmeere Copermicus @ eumersar -~ @@ esa

ge 93, Mesh manipulation, Tree segmentation >
L - L

UL 2L 30 > 3B
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|z Copemicus @ eumersar - {2 esa

“Tree 93, Mesh manipulation, QSM, Shoots model
-

QSM 1-2cm ——
Treetools

16
14
12
10

Pov-ray

o N B O

Quantitative Structural Models Rayshade
(Volumes, Biomass, ...)
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POV-Ray QSM based foliage deployent

mesmsz | opermicus @ eumersar -~ @0 @sa

Jtreerender.sh-r0.5-d 0.1-D 0.03-f2-F

r<lcm —
1-3cm
3-5cm
5-10 cm
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POV-Ray orthographic rendering IT-SR2 Central Plot cgria @ ummnmr = Q0684

-—

Leaf Off Leaf On

Note: render of the 100 largest trees only (of ~1500 trees)
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POV-Ray orthographic rendering IT-SR2 Central Plot cgria @ ummnmr = Q0684

-—

Leaf Off Leaf On

Note: render of the 100 largest trees only (of ~1500 trees)

9t Sentinel-3 Validation Team Meeting | 30 March — 1 April 2026 | ESA-ESRIN | Frascati, Italy



e —

G\ (S XA f t.;(;‘m-ﬂ

o

Y e
- R %
T A ﬁ‘*

o O Y B o
b

Note: render of the 100 largest trees only (of ~1500 trees)
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Leaf Off

: \\i \";if\>|

Note: render of the 100 largest trees only (of ~1500 trees)
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Note: render of the 100 largest trees only (of ~1500 trees)

9t Sentinel-3 Validation Team Meeting | 30 March — 1 April 2026 | ESA-ESRIN | Frascati, Italy




“Generate DHP decimating foliage (CP_01)

i -
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APFLICATION

HemiPy: A Python module for automated estimation of
forest biophysical variables and uncertainties from digital
hemispherical photographs

Luke A. Brown'? Harry Martt' 70 | Sybasin Lebstne® Gatricle Bal®
Crristian Lancoredl® | Nadive Gabron” Courtney Meler' © | Jadunandan Dash’

Leaf off

HemiPy results (L. Brown et al., 2023)

Date Plot Direction PAle_Hinge

21/06/2024 leafon up
21/06/2024 leafon_div2 up
21/06/2024 leafon_div4 up
21/06/2024 leafon_div8 up
21/06/2024 leafoff up

1.01+/-0.06
0.73+/-0.04
0.498+/-0.028
0.366+/-0.022
0.271+/-0.019

PAI_Hinge Clumping_Hinge PAle_Miller PAI_Miller Clumping_Miller FIPAR FCOVER
1.26+/-0.07 0.80+/-0.07 1.009+/-0.035 1.26+/-0.04 0.80+/-0.04 0.473+/-0.028 0.22+/-0.05
0.88+/-0.05 0.83+/-0.07 0.704+/-0.024 0.840+/-0.030 0.84+/-0.04 0.356+/-0.024 0.13+/-0.04
0.59+/-0.04 0.84+/-0.08 0.471+/-0.017 0.558+/-0.025 0.84+/-0.05 0.254+/-0.020 0.074+/-0.023
0.44+/-0.04 0.83+/-0.08 0.346+/-0.014 0.419+/-0.023 0.83+/-0.06 0.192+/-0.018 0.045+/-0.016
0.34+/-0.04 0.80+/-0.10 0.251+/-0.013 0.318+/-0.022 0.79+/-0.07 0.139+/-0.018 0.029+/-0.013
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‘Generate DHP decimating foliage (CP_01)
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HemiPy resul

Date Plot
21/06/2024 leafon
21/06/2024 leafon_div2
21/06/2024 leafon_div4
21/06/2024 leafon_div8
21/06/2024 leafoff

Directi

0.5

0.1

CP_01 (9 cameras - replica)

PROGRAMME OF THE
EURGPFEAN UNION

|_PAI

] |
PAle —@—
.-_.B.---

I | | I I

LAI=1.16 A
| | | | ! vl I -l(r)li_‘l —
0 02 04 06 0.8 1 1.2 14 1.6 p-0.04

PAI (m?2/m?2)

operricus @ EUMETSAT

- Qoesa

[CENTEETETY

HemiPy: A Python module for automated estimation of
forest biophysical variables and uncertainties from digital
hemispherical photographs

Gatricle Bal®
| Jadunandan Dash’

| Hary Morth' 70 | Syboasin Labibne”
Courtney Meler*

Leaf off

Luke A Brown' s
Christian Lancoredl & | Nadibe Gebron”

FIPAR

FCOVER
0.473+/-0.028 0.22+/-0.05
0.356+/-0.024 0.13+/-0.04
0.254+/-0.020 0.074+/-0.023
0.192+/-0.018 0.045+/-0.016
0.139+/-0.018 0.029+/-0.013
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Reflectances at 20m resolution combined to VI’s

-»

Site: SR_00 Date: 20240217

SAVI| 0.32+0.17 NDVI 0.73+0.10
0.4
4 0.35 4
3 0.3 3
s 025 &
(o)} (@)
£ 2 0.2 £ 2
£ 5
S 015 o
= Z 3
0.1
0 0.05 0
0
0 1 2 3 4 0 1 2 3 4
Easting (px) Easting (px)
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The predicting variables (SAVI, NDVI) | memmmere Copemicus @ eumersar -~ @ @sa

. Wination Viewing geometries

Site: SR_00 Date: 20240111
Selected geometries

SAVI 0.31+0.21 NDVI 0.85x0.08 i I e R S S92 MSI SZA —— T
0.4 70 VZA ==w=-
S3 OLCI SZA
4 0.35 4 VZA
; 0.3 5 o ‘
3 025 & 278 | '
o o < ‘ B
£ 2 02 £ 2 £
= C \
S 015 5 @ 5 g
< 1 = 1 .
G-l 20 + \ 3 : - : \ \ A—
0 0.05 0 |
X A T X AR A A A A
0 %’ I I "
D 1 2 3 4 D 1 2 3 4 0..I..I..I..I..I..I..I..I‘.I..I..I..
Jan Feb Mar Apr May Jun Jul Aug Sep  Oct Nov  Dec Jan
Easting (px) Easting (px) Date
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The predicting variables (SAVI, NDVI)

mesmsz | opermicus @ eumersar -~ @0 @sa

Site: SR_00 Date: 20240616

SAVI 0.30+0.08 NDVI 0.58+0.13 e
4 0 : 3 5 4 zczwsy |obud 2ceues (yvhod zoswes” jgbed 2csues | ybod zosuey gphud
0.3 *"
= 3 = 3 v
é 0 ; 2 5 é zcswey” |3bud 2ceues jybod zcs0e3” 12'bud
()] (=)}
:CE 2 0.2 E 2
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The predicting variables (SAVI, NDVI) ~ pects € EIRES &

'

Site: SR_00 Date: 20240616

+ +
SAVI 0.30+0.08 NDVI 0.58+0.13 PAI DHP Median(IQR) = 1.13(0.28)
0.4
4 0.35 A 4
3 0.3 3
= - 3
g 025 o <
o () =
£ 2 0.2 £ 2 s
- E :
o 015 o =
z 4 < 1 1
0.1
0 0,95 0 0
0
0 1 2 3 4 0 1 2 3 4 9 1 ; 3 ®
‘ : Easting (px)
Easting (px) Easting (px)
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The predicting variables (SAVI, NDVI) . T Loeor € EMETSAT
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Site: SR_00 Date: 20240616

Date: 2024-06-16

SAVI 0.30+0.08 2 : : : : . - YHP Median(IQR) = 1.13(0.28)

1.8 k- - N

1.6 | : : i

Northing (px)
N

PAI (DHF)

0 1 2 3

Easting (px)
Easting (px) e

0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45
SAVI
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‘Summary opermicus @ eumersar - {2 esa
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* 3D modelling can support CAL/VAL activities relying on controlled virtual
laboratory conditions

* structural and optical spectral parameters
* In-situ and remote sensing observations can be simulated

* Whole CAL/VAL process can be replicated with sensitivity and uncertainty
assessment

* Trusted RTMs (Radiative Trasfer Model Intercomparison RAMI role)

* Having 3D replica of existing reference scene (ICOS) may be a value
added

* SL2P-like approach on Actual Canopies?

» Collaboration with DTE-S2GOS (Rayference) = support DestinE RT
scheme over land
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