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ABSTRACT:

Monitoring of terrestrial vegetation from satellites at global and regional scades reguires acarate and frequent measurements of
surface refledance. In this context, the POLDER instrument leads a key improvement providing, at high temporal resolution,
measurements of the Bi-diredional Refledance Distribution Function correded for atmospheric &feds. In the frame of the ADEOS-
2/POLDER-2 projed, advanced Land Surface Level 3 agorithms have been developed to retrieve the spedra Diredional-
Hemisphericd Refledances (DHR), the Normalized Difference Vegetation Index (NDVI) correded for dirediona effeds, the Led
Arealndex (LAI) and the Fradion d Vegetation Cover (FVC). The retrieved parameters are validated following a procedure based
upon the analyze of the spatia and tempora variability, the comparison with available equivalent products derived from other
sensors by similar or different approaches, and finally the cmparison with up-scded in-situ measurements colleded over seleded
aress.

RESUME:

Le suivi de la végétation continentale al’échelle global et régionale demande des mesures fréquentes et prédses de la réfledance de
surface Dans ce @ntexte, I'instrument POLDER apparte une information inédite en fournissant des mesures journaiéres de la
Fonction ce Distribution ce la Réflectance Bi-diredionnelle (FDRB) corrigées des eff ets atmosphériques. Dans le calre du rojet
ADEOS-2/POLDER-2, des agorithmes améliorés de restitution des parametres biophysiques des surfaces continentales ont été
développés. Ils estiment les réfledances hémisphériques-diredionnelles, I'indice de végétation NDV I corrigé des effets diredionrels,
I'indice foliaire LAl et la fradion de muverture végétae FVC. Les paramétres ains restitués sont ensuite validés slon ure
procédure qui repase sur |’ analyse de leur variabilit € spatiale & temporelle, la @mparaison a des produits équivalents isaus d' autres
capteurs par des méthodes smilaires ou dfférentes, et enfin la cmparaison a des mesures terrains Patiali sées aaqquises sur des stes

séledionrés.

1. INTRODUCTION

The regular increase in greenhouse gases due to anthropagenic
emisgons in the @amosphere may have amajor impad on the
Earth' s climate in the forthcoming decales. In order to reduce
the uncertainties in forecasting climatic changes, it is necessary
to hetter understand the processs involved in interadions
between land surface aeosols, clouds, radiation and
atmospheric drculation.

The exchanges between the land surface &d the amosphere ae
largely controlled by the physiologicd charaderistics of the
surface which determine energy, water and momentum fluxes.
In climatic and weaher forecating models, surface processes
are represented by soil -vegetation-atmosphere transfer scheme,
which simulate the fluxes at the @mospheric boundry layer
(Sato et al., 1989 Calvet et a., 1998. This imposes grict
requirements in oder to implement globa and regional
description o soil and vegetation poperties which control
physicd, biologicd, and hydrologicd surface processes. Even
though climatic and meteorologicd models are based onlarge
grid cdls, a good knowledge of the subgrid landscgpe
variability is necessry to acarately acourt for surfacefluxes
of radiation, hea, moisture, and momentum (Henderson-sell ers
and Pitman, 1992 Noilhan et Lacarére, 1995. In this context,
spaceborne sensors play a key role by providing dobal, long

term observations of land surface & appropriate spatia and
temporal scde.

The avent of the POLDER sensor providing multiple spedra
images at high angular resolutions has leal to investigate the
improvement of land surface parameters retrieval using multi-
angular measurements. The POLDER radiometer has been
designed to measure the diredional and pdarized refledances
of the surfaceatmosphere system (Deschamps et al., 1994). The
instrument concept consists in a canera cmposed of a two-
dimensional CCD detedor array, wide field of view telecentric
optics and a rotating whed carying spedral and pdarized
filters. During a single satellite overpass a surface target is
scanned up to 14 times under different viewing angles. The
view illumination drediona configuration changes eat day as
the orbit shifts. Therefore, after a few days, asauming clea
atmospheric condtions, the measurements provide asample of
the Bi-diredional Refledance Distribution Function (BRDF)
within the sensor field of view.

The POLDER-1 sensor onbaard the Japanese satellit e platform
ADEOS-1 has measured the refledance of the entire land-
atmosphere terrestrial system from November, 1996 to June,
1997 Its succesor, POLDER-2, has been launched on the
ADEOS-2 patform in Decamber, 2002 It provided BRDF
measurements from April to October, 2003



2. “LAND SURFACE” LEVEL 3ALGORITHM

The first agorithms of the “Land Surface” processng line,
applied to the ADEOS-1/POLDER-1 data, took advantage of
the POLDER dirediondlity (Leroy et al., 1997). The Level 3
products are generated over a synthesis period o 30 days with a
diding window to get a tempora resolution d 10 days.
Advanced algorithms have been developed to be gplied to
ADEOS-2/POLDER-2 data. In addition to the Led Arealndex
(LAI) retrieval, the major improvements of the dgorithm are:

1) a multi-temporal filtering modue that eliminates the
observations contaminated by residual clouds and/or
agosols.

2) the gplication d tempora weighting favouring the
data mlleded in the midde of the synthesis period.
Thus, the smoathing of the temporal variations of the
biophysicd parameters due to the monthly synthesis
deaesses;

3) the cdculation o an error aswociated with ead
parameter. This value depends on the noise on the
inpu data (i.e. the measured hi-dirediona spedral
refledances) and onthe retrieval agorithm.

The “Land Surface”Level 3 adgorithm relies on 3major steps as
shown onFigure 1.
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Figure 1. Diagram of the "Land Surfacé' Level 3 algorithm

2.1 Thefiltering module

The bi-diredional spedral refledances are the inpus of the
“Land Surface” Level 3 processng line. Their quality controls
the relevance of biophysicd parameters. In order to complete
the Level 2 cloud masking and eliminate the disturbed data, a
multi-temporal filtering modue has been implemented. It
determines the type of surface (ground snow or mixed),

identifies the tempora inconstancies of the measured
refledtances over the synthesis period o 30 days, and filters the
ohservations contaminated by residua clouds and/or agosols.
This latter point is based onthe fitting of the diredional model
of Walthall et al., (1985 on the refledances acquired at 443rm
under angular configurations close to the perpendicular plane.

The alvanced agorithm has been tested on ADEOS-
1/POLDER-1 data(Lacaze €al., 2003. Theinconsistent spatial
variability over cloudy areas is clealy reduced, and the bio-
geophysicd parameters appear more homogeneous.

2.2 Thelinear inversion of a BRDF model

A new linea semi-empiricd BRDF model proposed by
Maignan et al. (2009 has been implemented in the Level 3
processng line to namadize the bi-dirediona POLDER-2
measurements. This model combines the redprocd geometric
kernel of “Li_sparse” (Lucht et a., 2000 with the volumic
kernel of “Ross thick” (Roujean et a., 1992. Theinnovationis
the merging of the “Ross thick” kernel with a hotspot modue
(Bréon et al., 2002 which alows to reproduce more acerrately
the hotspot phenomenon well described on the POLDER
BRDFs. A Gausdan tempora weighting is applied to measured
refledances to enhance the representation o the center of the
synthesis period. The resulting spedra diredional coefficients
are;

e anadir-zenith refledance kO

« aroughnessindicator, k1

 avolume scattering indicetor, k2.

However, becaise of the enhanced correlation between the
redprocd “Li-sparse” kernel and the new “Ross thick _hatspat”
kernel, the individual meaning of the diredional coefficients as
surfaceindicaors soud be caitious. Their optima useisasa
set of coefficients to acarately simulate the BRDF. So, they are
used for computing the spedral Dirediona Hemisphericd
Refledances (DHR) for the median sun angle of the synthesis
period. Then, the NDVI, correaed for the dirediona effeds, is
derived from DHRg7q,m and DHRggsm-

The quality of the inversion remains dependent on the angular
distribution o aqquisitions in the dirediona hemisphere. It is
estimated through the wefficient of determination R2 and the
root mean square eror (rmse) between the measured and
simulated refledances. R?2 and rmse ae provided in the Data
Quality Index (DQX).

2.3 Theinversion of a vegetation model by a neural network

The Led Area Index (LAI) is defined as half the tota
intercepting geen foliage aea per unit ground surface aea
(Chen et Bladk, 1992. The ADEOS-2/POLDER-2 agorithm
computes the LAI using a neura network, which inverts the
rediative transfer model of Kuusk (1995 considering the
vegetation as a turbid medium of leaves with sphericd
orientation. This model simulates the simple scattering in the
canopy (in particular the hat spot phenomenon quantified by the
parameter I*, ratio of the led size to the canopy height)
following the Nilson and Kuusk (1989 approach, and the
multi ple scettering acording the SAIL model (Verhoef, 1984).
Furthermore, the led opticd properties are described by the
PROSPECT model (Jacquemoud et a., 1996 wheress the
spedral and angular properties of soil are reproduced by the
cougding of the functions of Price (1990 and the direcional
model of Walthall et a., (1985, respedively.



For the spedfic goplication to the POLDER data, parameters of
the PROSPECT model have been adjusted to acourt for the
chlorophyll concentration, Cab, the senescent pigments
concentration, Cs, the dry matter content, Cdm, the water
equivalent thickness Cw, and the dfedive number of layers
inside aled, N. More, only diredor fadors, al and a2, of the 2
first functions of Price [9], which have been optimized, are
considered; others are set to 0. The leaning base of the neural
network has been produced by sampling LAI [0 - 6.5], Cab [15-
80ug/cm?], N [1 - 4.5], Cs [0 - 2], al [0.1- 0.8], whereas other
parameters are fixed (Cw = 0.01g/cm?, Cdm = 0.015g/cm?, |* =
0.landa2 =1).

The network inpus are a single orbit of 11 drediond
refledances in 3 spedra bands (565m, 670mM, and 865mm)
and their angular configurations. The output is the LAI
estimated for eath POLDER tradk. Then, a simple merging
algorithm, with a Gaussan temporal weighting, averages these
retrieved LAl over 30 dhys to get a monthly value mainly
charaderistic of the central 10-day period. Then, the Fradion of
Vegetation Cover (FVC), defined as the fradion o ground
covered by vegetation, is derived foll owing the relationship:

FVC = exp (- 0.5 * LAI) 1)

3. VALIDATION OF THE BIOPHYSICAL
PARAMETERS
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Figure 2 : Spatial variations of visible axd NIR DHR, and
NDVI along 25°Est over Africafor 3 months
(April: blue, July: red, October: green)

The Level 3 biophysicd parameters represent the properties of
the ontinenta emsystems. They are dedicaed to various

environmental studies, whase results are partly controlled by the
relevance of the input biophysicd parameters. Then, they must
be vdidated, first to estimate their acaracy for the user
community, and aso to provide feedbadk so that retrieva
algorithm can beimproved.

The first step of the validation procedure @nsists in analyzing
the spatial variability of the parameters, i.e. the representation o
the gradients at the ontinental scde, and their tempora

evolution over the7 months of aayuisition. Figure 2 displays the
spatial variations of visble and NIR DHR, and NDVI over
Africa Maxima of DHR appea over the Sahara with DHR
670m equal to DHR 865m. We can nde the variety of surface
on this areg sand with large DHR and rocks with twice lesser
DHR. On the both sides of the equator, the season inversion is
well marked, espedally on the NDVI profile. The minima and
maxima values are similar on “Sahelian woodand’ on North
and “Equatorial Wooded Grasdand’ on South. These profil es
display locd ground charaderistics sich as the Kalahari arid
area aound 22 South, where the NDV1 is rather small in April

comparing to the surroundng regions. Over equatoria forest,

values are redistic with visible DHR lesser than 0.05 and PIR
DHR around 025, and NDVI closeto 0.8. The NDVI enhances
the seaona variations, espeddly over intermediate
vegetations, woodand, bushland, and grasdand.

Arctlc Tundra
— o3

= ﬁ. % i i p‘ QEW

s i E

= [ 04 04 4

an; ml B U‘\m i

]
JFMAMJIJITESG N D JFHAWMI JASEND

Pralrie nd

nJF.AHJJISDHb
Temperate Fallow Pralrle

-
e - 0a ~ o8

:f M \“ os % 08 "_d-.‘ ]
LE 10 - w *‘%a 04 ]
a2 Mo

op oe
a1
(4] o2 og
TFWIWM]JTEEG N O JEFNI W] JEEEN O JFWEN] TR EDND
Medlterranean Crops Temperate Crops Subpolar Crops
1] 14 0B
]
aE} e § B ”‘. Y f —
o8
uw ;B Fo ey 04 Mfﬁ b
cef ‘-ﬁv 4 . LT
»«?‘ Y] »,
co [} ] og
JFMAMIIJABRDND J FMAWMI JARDND JFMANJJAIDND
Dec duows Forest Deckduwous Forest Beclduous Forest

B} . i oa v. o8 1
139 "m 1 of L % 08 '.\ b
o4l 1 oa oy 04 ﬁw

JEFMAMJIJABROND
Landes Forest

o
JFMANJJAREND
Primary Raln Forest

w“’\w :_:W ~ 1A

bl
JFMAWJIJAZDOND
Sezin bdec id sous Raln Ponest

el

L]
JFMAMJIJIAEREOND

JFMAWMJIJAZIDND

o
JFMANJJAZIOND

Evergreen Broadleat Forest Open Savanna Woody Savanna
e od a4

o8l 1 o8 .&\* - LE "-\
L Mr‘&g(& by ?‘;p" = :

es} 1 oof ¥ W

o

JFWAWJIKNEDNTD

[}
JFWAWJIJATEDN

o
ITFHMENJJREBOND

Figure 3 : Tempora variations of NDVI from POLDER-1
(green) and POLDER-2 (magenta)

A semond step consists in comparing the POLDER-1 and
POLDER-2 parameters. This exercise dlow to chedk the
consistency of the products over stable e@systems and aso to
display the dhangesin the vegetation dstribution die to climatic
variations or anthropogenic adions. Figure 3 shows sasond
variations of NDVI over 18 sites charaderizing the main



continental biomes. For amost al emsystems, the POLDER-1
and the POLDER-2 NDVI present a full relevant vegetation
cycle. During the northern springtime, when POLDER-1 and
POLDER-2 synthesis are available, we can nae the differences
between the 2 yeas: in 2003 (POLDER-2) the vegetation
growth started some weeks ealier than in 1997 (POLDER-1).
This is due to the fad that spring 2003was warm before avery
hot summer. These profiles are regular and smooth what
trandate agood tempora consistency. Note that NDVI value
equa to 0 onsub-polar crop site is due to a single observation
contaminated by a doud On figure 4, the FVC maps over
Africafrom POLDER-1 and POLDER-2 measurements display
similar spatial fedures. The main dfferences appea on the
South-West of Africa In Zambia and Eastern Angola, the FVC
is around 05 in 1997 and around 02 in 2003 The low
vegetation development is a @nsequence of the drought that
occurred in this part of Africain 2003

0 FvVC 1
Figure 4: Fradion o Vegetation Cover over Africaretrieved in

April 1997from POLDER-1 (at left) andin April
2003from POLDER-2 (at right).

The third step of the validation dan consists in comparing
POLDER-2 parameters with concomitant products derived from
other sensors using similar or different approaches. Then, we
performed a @mparison between the POLDER-2 DHR and LAl
and the MODI S bladk-sky albedo and LALI.

The methoddogy applied to retrieve dbedos from MODIS
observations is smilar to the POLDER-2 approad, i.e. based
upon the inversion o a kernd-driven, linea BRDF modd.
Thus, the operationad MODIS BRDF/abedo agorithm mekes
use of the RossThickLiSparse-Redprocd kernel combination to
normaize MODIS data and to cdculate the bladk-sky and
white-sky albedos (Lutch et a., 2000. The black-sky albedois
computed for the locd noonsolar zenith angle for ead location.
These parameters are provided at the global scde for ea 16
day period. We use global blad-sky albedo provided in a CGM
grid at 0.05° resolution.

More than the differences in the sensors gedra charaderistics,
the period o synthesis (16 days for MODIS, 30 days for
POLDER-2) will i mply variations on the parameters, espedaly
when the surface ondtions vary quickly, for instance becaise
of snow melting or snow fall. In order to reduce these dfeds,
we relate the POLDER-2 DHR at 565m, 670rm and 865m

with MODIS black-sky albedo for bands b4 (545565m), bl
(620-670m), and b2 (841-876rm), respedively, over stable
desert sites. The profiles are very close with some asolute low
differences, around 26 at 865m and lessthan 3% in the visible
bands. That proves the good consistency of MODIS and
POLDER-2 measurements.

The MODIS LAI retrieval algorithm relies onamain procedure
which takes advantage of the spedral and angular of the sensor.
If this agorithm fails, a badk-up pocedure is applied to
estimate the LAl from vegetation indices (Myneni et a., 1997).
The main algorithm is based upona 3D radiative transfer model
which depends on the vegetation structural properties. The
measured and simulated bi-diredionral refledances are
compared using alook-up table (Knyazkhin et al., 1998. Here,
we use the monthly MODIS LAl available on the Boston
University ftp site (www1).
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Figure 5: Time profil es of LAl from POLDER (magenta) and
MODIS (green) (8km resolution) over some sites
charaderizing the main continental biomes. Blad
symbals represent groundmeasurements coll ected
during previous yeas.

For most of the sites, the POLDER-2 and MODIS LAI display
similar profiles, with dfference in magnitude (Figure 5).
POLDER-2 shows greaer LAl over tdlgrass prairie,
mediterranean crops, grea plain crops, and dedduous forest.
Over arctic tundra, it is obvioudy too large. Over woodand,
and temperate fallow, MODIS LAI exhibits much higher values
than POLDER-2 and aso than ground measurements. In
general, POLDER-2 and MODIS LAI profiles aiit the time
evolution d in-situ data, except for grasdand and grea plains
crops. Thisisthe amnsequence of the time shift between the yea
of ground measurement colledion and 2003The profile of the
Landes forest of satellite product is clealy controlled by the
underwood growth. The ladk of POLDER-2 data over open



savannais a aonsequenceof astrict cloud detedion. Based upon
these cmparisons, it is difficult to say which product is the best
over sites where large diff erences are observed.

The last step of the POLDER-2 vdidation will be the
comparison d LAl and FVC to the reference products
generated from the ground measurements colleded by the
VALERI (VAlidation o Land European Remote Sensing
Instrument) projed (www2). From April to October 2003 6
sites were instrumented around the world. The data ae still
uncer processng.

4. CONCLUSION

The Level 3 agorithms developed to process the POLDER-2
data ae based uponthe inversion d alinea refledance model
to estimate dirediona-hemisphericd refledances and NDVI,
and upon a neura network inverting a radiative transfer model
to cdculate LAI and FVC. Before these inversions, a filtering
modue scans the bi-diredional BRDF and removes the
contaminated observations.

Dirediona coefficients, DHR, NDVI, LAl and FVC are
generated from Arpil to October 2003 They are validated using
temporal and spatia criteria of consistency, comparison with
POLDER-1 products, comparison with concomitant MODIS
products and, finaly comparison with ground measurements.
Considering the first three steps, the POLDER-2 hiophysicd
parameters are relevant to charaderize the land surface The
spatial distribution and temporal evolution d ecsystems are
well reproduwced, and the vaues are redistic. Some
discrepancies appeas with MODIS products. Fina comparisons
with concomitant ground measurements from VALERI
reference products will be soon performed.
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