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EC Joint Research Center 
report for CEOS WGCV

J-L. Widlowski, N. Gobron, B. Pinty, G. Zibordi & colleagues



INRA, Avignon on 1st October 2008  – CEOS 29th WGCV meeting 2

Monthly Chla composite from SeaWiFS imagery (September 1998)

AAOT

G.Zibordi, J.F.Berthon, J.P.Doyle, S.Grossi, D. van der Linde, C.Targa, L.Alberotanza. Coastal Atmosphere and Sea Time Series 
(CoASTS), Part 1: A long-term measurement program.  NASA Tech. Memo. 2002-206892, v. 19, S.B.Hooker and E.R.Firestone, Eds., 
NASA Goddard Space Flight Center, Greenbelt, Maryland, 2002, 29 pp. 

Campaigns

MODIS (18/12/99)SeaWiFS (01/08/97)
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AERONET-OC is an integrated network supporting 
ocean color validation with highly consistent time-
series of standardized LWN(λ) measurements.

CE-318 (sea-viewing) CE-318 (sky-viewing)

Autonomous system

G.Zibordi et al. A Network for Standardized Ocean Color Validation Measurements. Eos Transactions,  87: 293, 297, 2006.

AERONET – Ocean Color
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Pinty et al., 2007

surface albedo product intercomparison
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The JRC-FAPAR algorithm is based on 
extensive radiative transfer simulations of a 

physically-based canopy reflectance model

N. Gobron et al. (1999, 2005) IJRS; N. Gobron et al. (2000) IEEE TGRS; N. Gobron et al. (2005, 2006) ASR; N. Gobron et al. (2006) 
JGR, N. Gobron et al. (2008) RSE; 
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Fraction of Absorbed Photosynthetically Active Radiation

JRC-FAPAR algorithm accounts for spectral band specifics 
to make JRC-FAPAR product independent of:

Instrument/sensor characteristics
Viewing and illumination conditions
Atmospheric conditions
Background brightness

JRC-FAPAR products:
instantaneous (q0,j0) direct only
‘green’ material only
error ≤0.1 absolute

JRC-FAPAR products exist at different spatial 
and temporal resolutions for various sensors: 

SeaWiFS (Sep 1997 – Jun 2005) 
MERIS (2002 – end of mission)
MODIS, MISR, GLI, MOS, VEGETATION (case by case)

fi http://fapar.jrc.it/

fi http://envisat.esa.int/
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• FAPAR dynamics Pearsoll
Peak, CA

fire event

rice crop

Pavia, IT

JRC-FAPAR products exist at different spatial 
and temporal resolutions for various sensors: 

SeaWiFS (Sep 1997 – Jun 2005) 
MERIS (2002 – end of mission)
MODIS, MISR, GLI, MOS, VEGETATION (case by case)

fi http://fapar.jrc.it/

fi http://envisat.esa.int/

N. Gobron et al. (1999, 2005) IJRS; N. Gobron et al. (2000) IEEE TGRS; N. Gobron et al. (2005, 2006) ASR; N. Gobron et al. (2006) 
JGR, N. Gobron et al. (2008) RSE; 

JRC-FAPAR validation
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• FAPAR magnitude

http://eosweb.larc.nasa.gov/

MODIS at 1 km
MOS at 500 m

SeaWiFS at 2.17 km

MISR at 275 m AGROJRC-FAPAR products:
instantaneous (q0,j0) direct only
‘green’ material only
error ≤0.1 absolute
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green FAPAR

total FAPAR is the fraction of incident radiation that a given     
canopy volume (excluding soil) absorbs in the PAR (0.4-0.7mm)
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Ground-based FAPAR estimation

Widlowski et al., (2006) 'Horizontal Radiation Transport in 3-D Forest Canopies at Multiple Spatial Resolutions: Simulated Impact on 
Canopy Absorption', Remote Sensing of Environment, 103, 379-397, doi:10.1016/j.rse.2006.03.014.

+ HA = 1 - T + αT - RPAR PAR PAR PAR(      ) PAR

DFAPAR d 0.1

impact of H depends on:
canopy structure
canopy height, Dz
spatial resolution, S
spectral properties, w, a
illumination conditions, q0
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Categorization of land validation sites 

Horizontal and vertical 
variability in leaf density 
controls domain-averaged 
values

Close enough to being 
homogeneous only locally 
such that local scale average 
flux values are meaningful 

Statistically homogeneous 
(Poisson-like)

Internal variability of extinction 
coefficient (leaf densities)

Tall and clustered but not 
dense

same at local scale
–Various types of vegetation 
+ Fraction cover

Short vegetation and tall but 
rather dense canopy layers

One type of vegetation 
covers the whole domain

Types of vegetation at the 
resolution of the investigation

“Resonant” variability

3-D RT theory

“Slow” variability

1-D RT theory locally

Independent Pixel 
Approximation (IPA) on full 
domain 

“Fast” variability

1-D RT theory on full domain

Radiation transfer regime after 
Davis & Marshak (2004) JQSRT

S = domain of interest (pixel)
IFOV of field instrument

S

Hº0 

H∫0

H=0 
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JRC-FAPAR Validation: “1D” RT theory

Gobron N. et. al. (2007), RSE

June September
November

desert grassland

semi-arid grass savannah GPP= ¶ * PAR * FAPAR

Hº0 



INRA, Avignon on 1st October 2008  – CEOS 29th WGCV meeting 10

Hº0 

JRC-FAPAR Validation: “IPA” (local 1D)

1km

3km

AGRO

● JRC-FAPAR 
MODIS at 1.0 km

● JRC FAPAR 
MOS at 500 m

● JRC-FAPAR 
SeaWiFS at 2.17 km

● JRC-FAPAR 
MISR at 275 m

Gobron N. et. al. (2006) ‘Evaluation of FAPAR Products for Different Canopy Radiation Transfer 
Regimes: Methodology and Results using JRC Products Derived from SeaWiFS and Ground-based 
Estimations’, JGR, 111, D13110, DOI 10.1029/2005JD006511

□ ground-based FAPAR 
(Turner et al. 2005)
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1km

JRC-FAPAR Validation: “3D” RT theory

Metolius

Ground measured FAPAR ≈ 1.-exp(-0.5<LAI>)
where <LAI> comes from PCA_LICOR sensor
Advanced procedure for spatio-temporal change of <LAI>

(Turner et al. 2005)

Metolius

dry needle-leaf forest

H∫0

Gobron N. et. al. (2007), RSE
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Use 3D RT models to understand possible issues 
with ground-based FAPAR validation @ Metolius
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total FAPAR is the fraction of incident radiation that a given     
canopy volume (excluding soil) absorbs in the PAR (0.4-0.7mm)
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Ground-based FAPAR estimation caveats

+ HA = 1 - T + αT - RPAR PAR PAR PAR(      ) PAR

↕

Most likely value H* is -0.3 to -0.6

i.e., local absorption estimates that 
overestimate the true absorption

A↕ (S) > FAPAR(S)

Inappropriate sampling may lead to 

PAR

4 flux estimate:

Widlowski et al., (2006) RSE
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Beware of linking LAItrue back to Tdir without knowledge of structure
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FIPAR* FIPAR
Pinty et. al. (2008), RSE

1D homogeneous system

k = LAItrue* G(m0) k = LAIeff(m0)*G(m0)

3D heterogeneous system

Ground-based FAPAR estimation caveats

A = FIPAR*PAR

Ø

A  = FIPAR = 1 – Tdir
PAR PAR

Ø0

Tdir = exp[-k / m0]

LAIeff(m0) = LAItrue *  x(m0)
wood / foliage area ratio
clumping (of shoots, branches, 
crowns, trees within FOV)

Commonly used instruments, 
like LICOR’s PCA, do not yield
Tdir but Leaf Area index (LAI)
by assuming leaves are black

2 flux estimate:

A = 1 - T + αT - R + HØ
PAR PAR PAR PAR(      ) PAR

Pinty et. al. (2006), JGR

total FAPAR is the fraction of incident radiation that a given     
canopy volume (excluding soil) absorbs in the PAR (0.4-0.7mm)

LAItrue=2.0 LAItrue=2.0

LAItrue = 2.0;   q0 =30±;  G(m0)=0.5Example:

( ) 596.0LAIT true
dir
3D =

( ) 312.0
 2

LAIexpLAIT
0

true
true
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true FAPAR(3D) < 1 - T1D(LAItrue)
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Use a different RT model, a different set of remote 
sensing data and generate the same FAPAR product
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JRC-TIP: Two-stream Inversion Package

JRC-TIP minimises difference between 
2-stream simulations and observations
accounting for measurement errors and 

a priori knowledge of state variables  

a priori knowledgemeasurements

2-stream
RT model

q0, j0

rL/tL

rL+tL

abkd

LAI

direct mode inverse mode

JRC-TIP

A≤D

LAI ≤D
abkd≤D
(rL+tL)≤D
(rL/tL)≤D

T≤D

R≤D

A

T

R

rL/tL

rL+tL

abkd

LAI

≤D

R≤D(     )VIS,NIR

TERRA white 
sky albedo

(rL/tL)≤D

(rL+tL)≤D(         )VIS,NIR

(        )VIS,NIR

green leaves

rL+tL

rL/tL

(   )VIS,NIR

(    )VIS,NIR

(     )VIS,NIR

abkd

LAI

AVIS≤D

rL+tL

rL/tL

(   )VIS

(    )VIS

(     )VIS

abkd

LAI

Pinty etal., (2006): JGR, doi:10.1029/2005JD005952 Pinty etal., (2007): JGR, doi:10.129/2006JD008105

JRC-FAPAR validation using JRC-TIP
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METL  R1R2 VIS (MODIS, MISR)MODIS Snow indicator (MOD10A2)

JRC-TIP application over METOLIUS

Ground measured FAPAR ≈ 1.-exp(-0.5<LAI>)
where <LAI> comes from PCA_LICOR sensor
Advanced procedure for spatio-temporal change of <LAI>

Metolius

dry needle-leaf forest

JRC-TIP 
uses a priori
green leaves

1kmMetolius

JRC-TIP
applied to 
MISR or 
MODIS 
RVIS + RNIR 
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0 100 200  DOY: 
METL  R1R2 VIS (MODIS, MISR)MODIS Snow indicator (MOD10A2)

MODIS
TERRA 
FAPAR

MISR TERRA FAPAR

JRC-FAPAR from SeaWiFS

JRC-TIP
applied to 
MISR or 
MODIS 
RVIS + RNIR 

Pinty etal., (2007): JGR, doi:10.129/2006JD008105
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JRC-FAPAR
MERIS

MISR FAPAR

MODIS 
FAPAR

JRC-FAPAR validation using JRC-TIP

MODIS Snow indicator (MOD10A2)

Yakutsk forest: deciduous needle-leaf

Courtesy of Dr. R. Suzuki

BOREAS NSOBS: needle-leaf forest

MODIS Snow indicator (MOD10A2)

JRC-FAPAR
SeaWiFS

JRC-TIP using
MISR or MODIS 
RVIS + RNIR data

Pinty et al., (2008): Journal of Geophysical Research, doi:10.129/2007/JD009096

JRC-TIP 
uses a priori
green leaves
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How reliable are these three RT models?



models evaluated in direct mode

Purpose of RAMI:
to act as common platform

for intercomparison efforts of 
canopy reflectance models,

to document uncertainties 
and errors among models,

to establish protocols for 
the evaluation of RT models,

to foster scientific debate.

RAdiative transfer Model Intercomparison

http://rami-benchmark.jrc.ec.europa.eu/

RAMI-1 (1999) RAMI-3 (2005)RAMI-2 (2002)

RAMI Online Model Checker

web-based RT model 
benchmarking facility

Generation of reference data
set from simulations of six 3-D 
MC models that agree within 1%
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calibration

ref. standard

benchmarking

3-D RT model

field validation

JRC-FAPAR VALIDATION OVERVIEW

1-D’ RT model algorithm TOA BRF data space sensors

JRC-FAPAR

2-stream model JRC-TIP albedo data

field sensorflux datadomain FAPAR

theory / algolocal FAPAR sampling

upscaling

?

theory / algosampling

upscaling
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calibration

ref. standard

benchmarking

3-D RT model

field validation

JRC-FAPAR VALIDATION OVERVIEW

1-D’ RT model algorithm TOA BRF data space sensors

JRC-FAPAR

2-stream model JRC-TIP albedo data

TOC BRF data

field sensorflux datadomain FAPAR

theory / algolocal FAPAR sampling

upscaling

?

theory / algosampling

upscaling

virtual validation

flux datadomain FAPAR

local FAPAR theory / algosampling

upscaling

?
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Thank you!


