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Uniqueness of Multiangular Measurements—Part Il
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Abstract—The Multi-angle Imaging SpectroRadiometer and is referred to as global mode. The MISR instrument thus
(MISR) instrument on board the Terra platform offers the  samples the earth’s reflectance field along two independent

capability of acquiring reflectance data on any earth target in , + complementary spectral and angular axes. The spectral
four spectral bands, from nine different directions, in at most '

seven minutes, at a spatial resolution adequate for the monitoring S@MPpling capitalizes on the heritage of previous multispectral,
of the status of terrestrial surfaces. This paper describes the single-angle sensors, while the angular sampling at medium
implementation of a physical and mathematical approach to spatial resolution offers new and unprecedented opportunities
design a simple two-dimensional algorithm dedicated to the , jocyment the state and evolution of land surfaces. Specif-
interpretation of data collected by this instrument. One dimension . . . . '

fully exploits the spectral information in the blue, red and near- ically, this observational strategy 1) improves the accuracy of
infrared bands while the other dimension capitalizes on the multi- products derived on the sole basis of the spectral sampling,
angular capability of MISR to assess the anisotropic behavior of e.g., Leaf Area Index (LAI) and Fraction of Absorbed Pho-
terrestrial surfaces with respect to solar radiation. The spectral tosynthetically Active Radiation (FAPAR) (see, for instance,

info:ma}tion s derived folrllowing r? " e'ulogcrjc_)ach Eropc;se_‘d folr single [2]-[4]), and 2) permits the extraction of geophysical products
angle Instruments, such as the um esolution maging P .

Spectrometer (MERIS), the Global Imager (GLI), the Sea-viewing that exploits the anisotropy of the coupled surface-atmosphere
Wide Field-of-view Sensor (SeaWIFS) and VEGETATION. The geophysical system (see [5], hereafter referred to as Part I).
access to simultaneous multiangular observations from MISR The VEGetation Activity and Structure (VEGAS) algorithm

allows extending this approach. This strategy delivers an estimate d ibed h imult IV retri fh t
of the Fraction of Absorbed Photosynthetically Active Radiation U€SCrbed nere simultaneously retrieves measures or the vegeta-

(FAPAR), which pertains to vegetation photosynthetic activity and ~ tion photosynthetic activity and the structure of plant canopies
is a measure of the presence and density of vegetation. As shownfrom MISR data.

in Part |, the angular shape of the reflectance is strongly related The spectral signature of land surfaces is exploited to derive

to the architecture of the vegetation and, under some favorable . . .
conditions, permits an assessment of surface heterogeneity. Themforrnatlon on FAPAR, along the lines of the methodology

proposed VEGetation Activity and Structure (VEGAS) algorithm ~ derived previously for a series of single-angle multispectral
for MISR therefore delivers two axes of information representing sensors such as MERIS [6], GLI, VEGETATION [7], and

?)_FAPIAR a”? b)_Veg?]tatilc(’j”_swcwrehat MISR SEbpine'dreso'f SeaWIFS [8]. This methodology recognizes the anisotropic
ution. Its app ication shou |mprovet e present nowiledge o . - .
vegetation characteristics at regional and global scales. behawor ,Of the BRF fields and |mplemer!ts a mean spectral
_ anisotropic pattern assumed to be appropriate for any geophys-
Index Terms—FAPAR, MISR, surface heterogeneity, VEGAS, ic4) sjtuation. However, use of MISR spectral data at multiple
vegetation index. . . .
view angles translates into more reliable and accurate FAPAR
products [1], [4].
|. INTRODUCTION The angular signature is additionally used to obtain in-
HE Multi-angle Imaging SpectroRadiometer (MISR) in_formatlon on the geomgtnc and phyS|caI'propert|es of the
strument on board NASA's Terra platform acquires re€nvironment. As shown in the accompanying paper (Part I),

flectance data from any earth target in four solar spectral banfft€ Structure of the environment, specifically subpixel scale
from nine different directions, in at most seven minutes, atfigtérogeneity, may be revealed under favorable conditions of

spatial resolution of 275 m in all bands of the nadir camefdmination. The algorithm also incorporates a practical ap-
and in the red band of the off-nadir cameras. and 1.1 km Rsoach to decontaminating the measured angular signatures
the remainder (see [1]). This configuration is used globalf°M atmospheric scattering effects.
This paper describes in detail how the spectral and angular
data from the MISR instrument are exploited to retrieve infor-
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Il. DESIGN OF THEMISR VEGETATION ACTIVITY AND TABLE |
STRUCTURE (VEGAS) ALGORITHM GEOPHYSICAL SCENARIOSUSED TO CONSTRUCT THETRAINING DATA SET

The VEGAS algorithm uses top of the atmosphere (TOA) ri
diances from MISR to estimate the amplitude factors of the bic
rectional reflectance factors (BRFs), at the top of the cano
(TOC), for the red and near-infrared bands. These amplitu
factors are in turn used to estimate FAPAR, and the anisotrc
shape factor, thé>E® parameter is used to provide the infor-
mation about heterogeneity discussed in Part I. The expressi
used for these estimates are in the form of polynomials whc
coefficients are obtained by optimal fitting to training data ger
erated by atmospheric and surface radiation transfer calct
tions [9]: the red and near-infrared amplitude factors atthe TOC
(called the rectified reflectances) are obtained from the TOA ra- TABLE I
diances measured in the blue, red, and near-infrared part of the ILLUMINATION AND OBSERVATION GEOMETRIES USED TO SIMULATE
solar spectrum. Because the blue band is most sensitive to at- THE MISR RADIANCE FIELDS
mospheric scattering, it is used to remove the effects of variable
atmospheric transmission factors from the MISR radiances. The

Medium Variable Values

Atmosphere model Aerosol optical thickness 0.05, 0.3 and 0.8

(Vermote et al., 1997)  for a continental model

Vegetation model Leaf Area Index 0,0.5,1,2,3,4,and 5
Height of Canopy 0.5 m and 2 m

(Gobron et al., 1997)  Equivalent @ of single leaf  0.01 m and 0.05 m
Leaf Angle Distribution Erectophile, Planophile

Soil data base Soil reflectance 5 soil spectra,
(Price, 1995) from dark to bright

FAPAR is in turn obtained from a polynomial in the estimates 28 Values

of TOC red and near-infrared BRF amplitude factors. Finally, So!F zenith angle 20° and 50° .
the TOC anisotropy shape factéf-C, is estimated from the ~ View zenith angle 0°, + 26°, & 45°, & 60°, % 70
krTefl)A parameter value and the BRF asymmetry ShWA, Sun-satellite relative azimuth ~ 0°, 90° and 180°

parameter value.

) The firs_t ;tep of our methodology is thus.to simulate SENSQLLm the nine MISR cameras. However, the availability of ad-
like or training data sets of BRFs for a variety of geophysicafiional measurements at 275-m resolution in all bands of the

scenarios with detailed radiation transfer models. Second, dir camera offers an alternative option using only spectral

coefficients of twaad hoc_p_olynomlal formulae are optimized to measurements from this camera. This single-angle approach,
generate so-called rectified reflectances at the red and neargips .\ ic analogous to previous investigations conducted for a

frared wavelengths to minimize atmospheric and angular P&Eries of polar-orbiting satellites (see [7]), is summarized in

turbations. These two rectified reflectances are then combinR bendix | of this paper

together in a third step to produce the final FAPAR formulae 1) Mathematical ApproachThe mathematical approach
which optimally matches the values of the FAPAR simulated f?fses the following set of polynomial functions, noted:r, v)

the ensemble of geaphysical scenarios included in the train'\%ich are assumed to be appropriate to generate the rectified

data set . : . . red band reflectancés. = 1), the rectified near-infrared band
The geophysical scenarios we generated to optimally retrler eflectances{n = 2) and the final formulae representing the
a set of polynomial formulae are the same as those considere A AR axis(n = 0):

previous studies by [7]. These scenarios are replicated in Table |
for the convenience. They represent a wide range of vegeta-
tion, soil and atmosphere conditions and permit us to generate

two axes of information which are insensitive to a number G)\flherel(mn) are the coefficients of the polynomial functions
geophysical perturbations. The training BRF data sets were @@ - andy are two spectral variables, depending on the step
signed to mimic MISR observations both from a spectral anging implemented.

angular point of view (see Table Il). This simulated data set The final formula is generated on the basis of the rectified

serves as a basis for deriving the optimal formulae requiredg@ngd values, namelyz.eq and prni: for the red and near-in-
estimate values composing the FAPAR and the structure axggred bands, respectively:

gTL(xv y) = fn (J}, Y l(n,l)v vy l(n,rn)) (1)

respectively.
FAPAR = go(pRred, PRuir) (2)
A. The FAPAR Axis .
with
The retrieval of FAPAR follows an approach analogous to
the one adopted for the design of optimized indices suited for PRred =91 [Po(Ablu); Po(Ared)] )
a series of single-angle sensors. It exploits a set of formulae PRuir =92 [Po(Abiu); Po(Anir)] 4)

to estimate the FAPAR values on the basis of the spectral and

angular measurements collected at the top of the atmospheravgres,(A;) corresponds to the optimal value of the amplitude

the MISR instrument. parameter of the BRF field derived from the RPV model [Part |,
The mathematical approach presented in Sections II-Al aBd. (1)] at the spectral band The value of this parameter can

B is suited for use with 275-m and 1.1-km spatial resolution dalbee optimally retrieved using a fast inversion scheme of the RPV
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model fully described in [10] and summarized in Appendix Il of TABLE Il

this paper. This optimal retrieval also permits associating with ~ OPTMAL VALUES OF THE COEFFICIENTS FOR THEPOLYNOMIAL
po(\;) the parameterg( ;) and©(\;) that control the shape of
the angular field of BRF (this is assuming that the value of the

hot spot parametes.(A;) can be approximated by the();) ha b2 h.s ha his
value [11]. For a given user defined accuracy, this procedure 0.01753 ~ —0.02867 ~ —0.003229  0.06350 ~ —0.01359
delivers consistent sets g(\;), k(\;), and®()\;) values that

best fit the BRF fields in the blue, red, and near-infrared bands, lie 7 lig 10 l1.10
respectively. The inversion scheme can be applied to both the _ggo0176  2.5085  —0.017928  0.02268  0.006939

simulated and measured MISR spectral BRF fields at the top of
the atmosphere.

The generic polynomial formula used for parameterizing the
functionsg; andgs is given by

I1,11
0.0

Frl@, yilinays -5 lonm)) TABLE IV
2 2 OPTIMAL VALUES OF THE COEFFICIENTS FOR THEPOLYNOMIAL g2
b (@ +1n2)” + sy +14)* + sy

:ln,G(-T +h )+ lhsy+l9)?+lhozy + 111
(n =1,2) ()

l21 l2,2 las 24 las

. ) . —2.02800 0.09309 0.6653 0.3796 2.6731
and the polynomial formula adopted for the final functignis

. (1071 y— 1072 T — 1073) 26 2,7 l28 [7X:) 12,10
fo(x, y7 l(O,l)? Tt 71(0,771)) - (1074 _ $)2 + (1070 _ y)2 + 1076 . 0 0 0 0 0
(6)

The values of then coefficients,, ..,y of each polynomial la1
function g¢,, are estimated once and for all using an optimiza- 1.0
tion procedure which minimizes the following cost function for
polynomialsg; andgs:

TABLE V

OPTIMAL VALUES OF THE COEFFICIENTS FOR THEPOLYNOMIAL go

2 _ . TOA = /y \TOA

6, = E [gn (Po(Apra) "%, Bo(Xe) TO%)
¢a

- 2
_PO()\i)SFC] — 0 (”: 172) @) lon lo,2 lo,3 lo,4 lo,5 los

where(, represents the domain within the spectral space where 3932 04876 —0.02827 —0.1622 0.2459 0.1103
the optimization is sought. This cost function forces the polyno-
mial functionsg; andgs to deliver rectified values which are as
close as possible to the optimal value of the amplitude param-2) Results and EvaluationEquations (7) and (8) were
eter of the BRF derived from the RPV model, namgdy);), solved successively using an optimization procedure which
estimated at the top of the canopy (SFC) for every surface aaltbws us to derive numerical coefficients of the polynomial
atmospheric condition included in the training BRF data setsformulae. The values of the optimal coefficients fat g> and
The formula delivering the values of the FAPAR axis is thegy are given in Tables IlI-V, respectively.
derived from a combination of these rectified channel values asFig. 1 illustrates the performances of the two step procedure
expressed by (2). The coefficierdts ,.,) of the final polynomial we developed to retrieve FAPAR on the basis of spectral TOA
go are determined in an optimal manner using the following coBRF fields measured by MISR. The top panels show the scat-
function: terplots between the actual amplitude of the surface BRF de-
rived from the inversion of the RPV model, namgly \;)5FC,
82, =" [90(prwea: Pruix) — FAPAR]® — 0. (8) against the corresponding values delivered by the rectification
c procedure, in the red and near-infrared spectral bands, respec-
tively. According to (7), a perfect rectification would project all

According to the mathematical approach presented in this spoints of these two panels on the one-to-one line. It can be seen
tion, the formula representing the FAPAR axis is constraingdat the rectification procedure is quite successful in limiting
to deliver values which are close to those FAPAR values assoty large dispersion or biases induced by the coupled surface-at-
ciated with the ensemble of canopy types implemented in theosphere effects on the ensemble of TOA BRFs considered in
training data sets. In the present application, the slight sentsie training data set. The overall ability of both the rectification
tivity of the FAPAR with respect to the sun zenith angle hasrocedure applied to the red and near-infrared BRFs and the
been neglected and the optimization was performed using saptimal combination used to derive the final formula, namely
zenith angle values of 20and 50 together. go, to provide an estimate of FAPAR is shown on the bottom
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Fig. 1. Results of the rectification procedure of the red (top left panel) and near-infrared (top right panel) bands of the MISR sensor. The Hathowptre
scatterplot between the FAPAR values derived from the FAPAR formula against actual values corresponding to the various geophysical scenaritediinple
the training data set. The color code indicates simulations achieved for the different FAPAR values. RMS and SNR stand for root mean squarsamzisggnal-
ratio, respectively.

panel of Fig. 1. The relationship between FAPAR values detized to generate the estimated FAPAR axis. A perfect insen-
rived from the formula and those associated with the geophystivity of the FAPAR estimation with respect to atmospheric
ical scenarios exhibits a root mean square error (RMS) of 0.88ects would thus translate into the production of quite sim-
with a signal-to-noise ratio (SNR) (see [12]) value close to 1ilar FAPAR maps over the Konza prairie from these two very
The robustness of our approach with respect to changes in tliferent data sets. This quality check was performed on those
atmospheric type and aerosol load, as well as to three-dimeixels for which the spectral BRF data strings satisfied a series
sional (3-D) structures that were not included into the trainingf screening tests indicated in Table VI. These tests are applied
data set, was extensively examined and discussed in [7] fosequentially to identify vegetated pixels, and only those pixels
series of single-angle sensors, and similar conclusions applyffan which the FAPAR value is larger than zero are considered
the present study. further. The results of these procedures are displayed in Fig. 2.

The AiIrMISR data set collected over the Konza prairie sit& visual comparison of results derived from the surface (top
which has already been used in Section IV of Part | offers opanel) and the TOA (bottom panel) BRF data sets overall re-
more opportunity to test the robustness of our approach with keals a very good agreement between these two estimates. In-
spect to atmospheric effects. A surface BRF data set was deed, Fig. 3 shows that there is no systematic bias between these
rived on the basis of the measured TOA BRF spectral fieltlso estimates and the RMS value, which is close to 0.06, indi-
using the atmospheric correction procedure described in Partdtes a limited scatter of the distributions. This experiment il-
Therefore, both BRF data sets, at TOA and surface levels, coludtrates and confirms that the FAPAR axis is almost insensitive
be used as inputs to the series of polynomial functions we otd; at least, clear sky atmospheric conditions.
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DATA SCREENING TESTS A

Spectral ¢ and angular b tests Associated categories ] .2 0.4 (6 .8 1.0
0 < poiue <03 FAPAR mbp froen sorfnes BRFs
and 0 < peq < 0.5
and 0 < ppir < 0.7 vegetated surface ,:l‘_.:_‘l_”,._ GRS BEVIT AN

and 0 < ppiye < Prir
and Pnir 2 1.25 Pred

Polue <0
Or Pred < 0 bad pixels i
e
or ppir <0 : - =
¥ 3
-
Poiue > 0.3
Or Preq > 0.5 cloud, snow and ice
OF ppir > 0.7
0 < ppiue < 0.3
and 0 < preq < 0.5 water body, deep shadow -
and 0 < ppir < 0.7 and miscellaneous -i o
cl 7
and pyrue > Prir P F
"
Pl AW -:IE'SJF.' "W GE=Nr24~W
0 < ppiye < 0.3
and 0 < ppeq < 0.5
and 0 < ppir < 0.7 bright surface
2k T g ranri s ad T T
and 0 < ppive < Prir FAPAR map from rectified TOA BRF
and 1.25 Pred > Pnir
Qe LE &I -;E':TEE--‘-‘-' EEFRI AT
PRred < 0 0r pRoir <0 undefined ] |
epir > 10%° poor fit of RPV over all cameras
: ;
a Spectral tests applied to the Af, Aa, and An Cameras. 1 &
b Angular test applied to all cameras all spectral bands. b 2

¢ Defined in (15) (Appendix II).

B. The Structure Axis

MISR offers the ability to document the anisotropic behavic
of the BRF fields and, thus, to characterize different surfac
types based upon their angular signature only. Moreover, as ¢ #
cussed in Part |, the value of the paramétgy, estimated from =
the inversion of the RPV model against the BRF field acquire =
at the red wavelength, can further be used to expose surface | BEIAM0W WEFIRET AL
erogeneity at the subpixel scale. This interpretation is supporiggl 2. FAPAR maps derived with surface (top panel) and TOA (bottom panel)
by the analysis of BRF data strings collected by the AirMISRRF data collected in the blue, red and near-infrared bands of the AiIrMISR

instrument and processed in order to reduce as much as possJjgment over Konza prairie on July 13, 1999. The color code goes from
yellow tones for very low vegetation cover/activity to red tones for dense green

the eﬁeCtS. of gfcmospheric contamination. The latter process@etaﬁon. The grey color identifies screened pixels according to the tests given
step was justified since the presence of any scattering turfidable Vi.

media above the surface would bias the BRF anisotropy pat-

tern toward a bowl-shape and thus would decrease the value dbirectional atmospheric effects are documented in Fig. 4,
thekSEC parameter. Indeed, as explained in Section I1-B of Parthich shows graphical examples of the progressive changes in
I, turbid media such as the atmosphere tend to hide the surféwe BRF anisotropy shapes generated for various aerosol optical
heterogeneity associated wifi'~ values larger than unity.  thickness values. The top (bottom) panel corresponds to BRF

(R S
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ka’;U > 1.05 — Exposed surface heterogeneity condition
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kSEC = 0.95 — Concealed surface heterogeneity condition
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0.0 0.2 0.4 0.6 0.8 1.0 o
FAPAR values estimated from surface BRFg 1 0.15 T =0.3 2

[ /’ i

[0} . i’
Fig.3. Comparison between the FAPAR values derived from TOA and surfar £ 7 =08
BRFs. The data sets are the same as in Fig. 2. RMS stands for the root m £ !
square of the relationship between the two FAPAR distributions. 2 010 o,

© . ,

o e ,
fields simulated in the red band in the principal plane for surfac £ . /
conditions where the heterogeneity is exposed (concealed) % 0.05 1 . 1
discussed in Part . The atmospheric conditions used to gener =

. . m
these plots follow from those described in Table | when prc [ )
ducing the training data set. The variations in the values of tt B [
parametek..q associated with changes in aerosol load clearl 50 T, B
confirm the expected contribution due to the addition of turbir Principal Plane
layers above the surfaces. In the worst case scenario considered
here, a continental aerosol atmosphere wiffynm = 0.8, Fig. 4 Example of the changes in the BRF anisotropy patterns and the

the TOA BRF shapes fuIIy mask the specific surface anisotro?gsociatewmd values due to the presence of various atmospheric conditions
atured by three aerosol optical thickness values (at 550 nm) set at 0.05, 0.3,

pattern of the BRF and the two surface types become U”dis%a 0.8. These simulations are extracted from the large ensemble generated for
guishable on the basis of their anisotropic patterns only. designing the training data set (see Table I). The top (bottom) panel corresponds

An additional illustration of the bias induced by the atmodo low (large) leaf area index conditions favoring the exposure (concealment)

. . . . . of the surface heterogeneity.

phere on thek,..a parameter values is given in Fig. 5 which
shows, on the top (bottom) panel, the map of the paramgter
derived from the TOA (surface) BRF data set. The results diadopted in Section II-A to derive the FAPAR axis formula. In
played on these two panels illustrate the magnitude of the bthe context of the estimation of the surface anisotropy pattern,
induced by atmospheric effects, under low aerosol load care., thek,.q parameter values, a series of tests was conducted in
ditions, on the values of the>!~ parameter. The reddish hueorder to identify the most appropriate information which could
of the map derived from TOA BRFs (top panel) illustrates thigield a reliable and computationally efficient rectification of the
bias which clearly opposes the potential exposure of surface et values. This information must satisfy a number of condi-
erogeneity detected from the analysis of surface BRFs (bottdions including an ability to change significantly and system-
panel). atically with the atmospheric conditions. Over land vegetation,

From these series of examples, it appears that the proper cliae-paramete®XQ* derived from the inversion the RPV model
acterization of the intrinsic surface anisotropic behavior, withgainst the TOA BRF measured in the red band of MISR was
respect to a given solar illumination condition, requires the résund appropriate to conduct the rectification task of the values
moval of the perturbing atmospheric effects. For all practicaf the k.., parameter. Indeed, almost independent of surface
purposes, we are then left with the requirement to design a cotype, the increase in the atmospheric aerosol load enhances the
putationally efficient technique to approximate #© param- scattering of radiation in the forward direction at the top of the
eter values from the corresponding valué$;* estimated on atmosphere. Consequently, this feature translates into a system-
the basis of the BRF fields measured in the red band. The atie bias of the RPV model parame®ES* toward large posi-
sessment of the>E© values on the basis of TOA measurementsve values although some dependency with respect to the scat-
technically follows from an approach analogous to the one wering plane is anticipated.
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+— Bowl-shape Bell-shape — TABLE VI
OPTIMAL VALUES OF THE COEFFICIENTS FOR THEPOLYNOMIAL g3
1 l
0.5 1. 1.5 l3.1 I3, 33 3,4

—1.0885 0.74143 3.2805 —1.7135

b, . map from TOA BREs

1) Mathematical Approach:The mathematical implemen-
tation of the rectification procedure assumes that, as was done in
Section 1I-B, a simple polynomial functiom, (kL9*, ©I94)
is appropriate for this task. It was also assumed that the MISR
training data set presented in Tables | and Il permits us to op-
timize the polynomial formula and its numerical coefficients.
This optimization step requires imposing a cost function in order
to force the polynomial functiops to deliver rectified values of
the k19" parameter which are as close as possible to the asso-
ciated values ofSEC at the surface level. This cost function can
be expressed as follows:

62, =" o8 (KEQY, O29%) —kEF]" =0 (9)
Crea

LR LT ] DI BE"S A

L PR

Mt Talfl

where(..q represents the angular domain covered in the training
data set where the optimization is applied.

[ 2) Results and Evaluationln order to derive an acceptable

| I - - .ql... - solution for (9), the following formula was adopted g, y):

W LAY

A T

137337

10
Y+is4 (10)

fa(z. i la ) lamy) =lay” — lzp2” —

BTG A0V CEEhE SETUT AW wherez andy represent the values of paramet€i9+ and
©TI94 respectively. The values of the optimal coefficients
l(3,m) €ntering the polynomial formula are given in Table VII.

Fig. 6 illustrates the various steps of the rectification pro-
cedure that best estimates the values of the parameter at the
surface level x3E, from the values derived using TOA BRF
data. The top left (right) panel shows the scatterplots between
these two quantities before (after) applying the rectification pro-
cedure. It can be seen that this procedure reduces bias of the
original distributions and tends to regroup the points around
the one-to-one line. It is however noticeable that this procedure
is less successful for geophysical conditions yielding values of
E2EC which are larger than unity.

The series of isolines, which are associated to the polyno-
mial g3 in the (k,eq, Orea) Space for a variety of atmospheric
conditions, are shown in the bottom panel of Fig. 6. This panel
also illustrates the variations of the values of the parameter
O.,.q With the aerosol optical thickness A “perfect” set of
isolines would ensure that all symbols of the same color are
uniquely linked together so that each isoline value would cor-
respond exactly to the values of the paraméfgi© estimated
Fig. 5. [lllustration of the bias induced by the atmosphere on the values i5]f the absence of atmospheric contamination. The rectification
the parametek.... These values are obtained from an inversion of the RPgrocedure, based on polynomigd, approximates this ideal

model against the BRF data sets collected in the red band of the AirMISRise. |t establishes the series of isolines which link together
instrument over Konza prairie on July 13, 1999. The top panel shows the

of the parametek,., derived from the TOA BRF data set. The bottom pan?:FPe values of thék;cq parar_neter for e.aCh surface type (dif-
shows the map of the parametgr, derived from the surface BRF data set. ferent color tones are assigned to different Leaf Area Index

MaFF el

e D B
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Fig. 6. Results of the rectification procedure (before (after) on the top left (right) panels) éfthealues on the basis of the parametrestimated by
the inversion of the RPV model against TOA BRFs simulated in the red band. The bottom panel represents the isolines delivered by the polyntiraial
(Ekred, ©rea) Space. Each color (symbol) indicates the various surface (aerosol) conditions imposed in the training data set (see Table I).

conditions) under various atmospheric conditions (featured bgady shown in Fig. 5 (bottom panel) indicates that the main

the different symbols). The performance of the proposed recdurface features already described in Part I, notably the tran-
fication could be further improved and generalized at the cosiisions from bowl to bell-shaped anisotropy patterns, are rea-
of implementing a more complex polynomial formula ingestingonably well recovered. Moreover, the scatterplot between these
the nadir measurements in the blue and red bands, as was d@figsets of values (bottom panel of Fig. 7) confirms that no sys-

Section II-A. tematic bias is induced by the rectification procedure.

The performance of the proposed rectification ofthg pa- The simple and low cost procedure presented in this section
rameter can be assessed on the basis of the data set collectetisy permits us to approximat&L® parameter over land veg-
the AirMISR instrument over the Konza prairie and further destated regions. As explained in Part |, this parameter is directly
contaminated from atmospheric perturbations (see Sectionlliked to the surface structure and, given the highest spatial reso-
in Part I). Fig. 7 (top panel) displays the map of the rectifielition of the MISR instrument available, i.e., 275 m, most of this
values of thek,.q parameter obtained from the procedure deénformation should be related to vegetation structure. It was also
scribed above. The comparison of these results with those sthown in Part | that, under favorable conditions, this parameter
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— Bowl-shape Bell-shape — IIl. A PPLICATIONS
o _ A. Outline of VEGAS
]
‘ig The VEGetation Activity and Structure (VEGAS) algorithm
0.5 L. 1.5 establishes the state of the vegetation canopy using two indepen-

dent axes of information: one related to FAPAR (derived from
the spectral signature of the surface) and one related to the struc-
ture of the geophysical medium (derived from the directional
signature of the surface). The complementarity of these two in-
dependent approaches is shown graphically in Fig. 8. The math-
ematics developed in these sections provides the rationale for a
simple implementation of the VEGAS algorithm on the basis of
the following steps.

Riectified & .y map deduced from TOA BRFs

1 ._"-_._..1 o PTLENr o |

 For the Structure axis at 275-m spatial resolution:

1) inversion of the RPV model against MISR BRF
values (using the fast inversion scheme described in
Appendix II) in the red band to estimate the values
of kX34, the structure parameter, a9+, the
asymmetry parameter;

2) generation of the rectified,.q parameter values
[using the polynomial formula in (10)] that best rep-
resent the desirek! [~ values.

» For the FAPAR axis at 1.1-km spatial resolution:

1) inversion of the RPV model against BRF values in
the blue, red and near-infrared bands to estimate the
values of thepg(;) corresponding to the optimal
value of the amplitude parameter of the BRF field;

2) generation of the rectified band values (using the

1= ' ' et aad] polynomial formulae in (5), nameWr,eq aNdp ryix

N | for the red and near-infrared bands, respectively;
M 3) computation of the FAPAR axis values using..q

andp gy as input to the polynomial formula in (6).

: | LT LTRSS » For the FAPAR axis at 275-m spatial resolution:
E.' A e el 1) generation of the rectified band values (using the
T e bty [ polynomial formulae in (11) and (12) given in
g e ke i 1):
k L et Appendix I);
L g =i I 2) computation of the nadir-only FAPAR axis values
] ettt ot ool it ' using the rectified red and near-infrared band values
Bl Il ' as input to the polynomial formula in (13) given in
e’ <ttt Appendix I.
[Vl enanans: It is worthwhile recalling that the series of spectral and an-
ifreesnaans. gular coherency tests proposed in Table VI should be performed
Jaraeis prior any application of the sequence of computations summa-
D ) o8 o ' 12 rized in this section. In order to avoid rejecting too many cloud

ko walomn dardegd dra= sueliie BET

contaminated pixels, the angular coherency test procedure we
implemented for data collected in the red band follows from the

Fig. 7. Top panel shows the map of the, parameter obtained after applying ; ;

the rectification procedure on the values estimated, in the red band, from ngproaCh SqueSted In [13]' As such, thls_procedure Chec_ks the

BRFs. The original BRF data set was collected by the AirMISR instrument ov@ngular coherency of the measured BRF fields by attempting to

the Konza prairie on July 13, 1999. The bottom panel exhibits the histogramfifthe MISR BRF strings with the RPV model, as explained in
occurrence of couples of values (rectified, versus surface derived...). The

latter results from the inversion of RPV against the corresponding surface Bﬁ!ppendlx II. When the conditiong is less than the p.rescn.bed
AirMISR data set (see bottom panel of Fig. 5). accuracCyyish, €.9., 10% of the average BRF value, is fulfilled,

the process exits the procedure and the BRF series is then inter-
is an indicator of structural subpixel heterogeneity induced Ipyeted by the sequence of computation proposed previously, as
the presence of vertical vegetation stands. appropriate. Otherwise, the observed BRF value exhibiting the
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Fig. 8. Conceptual representation of the VEGAS algorithm products. The horizontal axis relates to the photosynthetic activity of the vegrtglticemthr
estimate of the FAPAR exploiting the multispectral MISR capabilities. The vertical axis represents the angular shape of the BRF measured iSEhéaed .Ml
The domains where subpixel heterogeneity is either exposed or concealed are also indicated together with a sample of panels visualizing sarfecgypical
conditions.

largest absolute departure with respect to the RPV model predicFigs. 9 and 10 illustrate, at a spatial resolution of about 300 m,
tion is eliminated and the series of MISR BRF values is screentd spatial variations shown by FAPAR and, over a subregion,
again. This iteration procedure is pursued until an acceptabletfie associated RPV-derived parameter values, nakigfyand

is obtained or the number of BRF data points remaining in ti@&>9*, respectively. The quality of the fit of the MISR BRF
series is less than five. This angular coherency procedure guEBA measurements;; is also indicated in Fig. 10. In practice,
antees the selection of MISR BRF fields which can be intethe products were derived using VEGAS for every Terra orbit
preted at a prescribed quality level given by the value oéthg available in this particular geographical window and selected
parameter. It should be underscored that the procedure providesod of time; they were then remapped onto a geographical
information concerning 1) the identification of clouds and pogyrid at about 300-m spatial resolution using a cylindrical pro-
sibly cloud shadows and 2) the detection of inaccuracies in tjeetion. Finally, in order to obtain good spatial coverage, we

orthorectification procedure of the original MISR data. adopted the simple temporal composite procedure described in
[8] and [13]. This procedure delivers FAPAR maps on the basis
B. Preliminary Application Using MISR Data of a time-average composite technique, but it selects the ac-

The VEGAS algorithm described in Section Il has been a al, or most representative, day in the time series for which the
plied to data collected by MISR over various parts of the glod@*\PAR value is the closest to the average. The same time-av-
and this section discusses a sample of the products that h&@9¢€ technique is applied over thigf,~ time series values to
been generated. The main goal of this application is to veriptablish composited maps of the paraméfgf~ and the as-
the behavior of the algorithm with respect to the spatial cofociated paramete® 341 . This procedure ensures that these
sistency of the retrieved surface products and, if possible,%%'ec'[ed product values are able to represent, at the associated
achieve an intercomparison with independent data sources. Tfigtive accuracys;, radiation fields consistent with the mul-
series of spectral tests indicated in Table VI was first used #§Pectral and multiangular BRF samples measured by MISR
identify those pixels that are significantly contaminated by tH&!ring the compositing period.
occurence of clouds and/or classified as water bodies. The alFig. 9 reveals the different levels of vegetation activity over
gorithm was then applied following the procedure explainetﬂe variety of surface type and conditions prevailing over the se-
in Section I1I-A on several regions including a few selectetgcted region. Specifically, agricultural fields dominate in Den-
areas in Northern Europe (the series of Terra orbits availapngrk whereas forests, including coniferous forest, constitute
during the month of September, 2000 over paths 196 to 208)Major land cover type over Sweden. It can be readily seen
Central Africa (Terra orbit 3684 acquired on August 27, 200t the estimatedZ/ values exhibit a spatial pattern which
over path 172) and Eastern Australia (Terra orbit 3679 acquir@@ly partly follows that related to vegetation activity. In partic-
on August 26, 2000 over path 92). All MISR data sets (“betd@’, the largest FAPAR values are correlated vt~ values

q.u_a“ty ) of each processed orbit were analyzed with the CON-1t and when only two values are available for the composite period, the most
dition eyisn < 10%. representative day is chosen so that it corresponds to the lepesalue.
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Fig. 9. FAPAR map constructed after 30-day accumulation period using MISR global mode data in September 2000 over Scandinavia. All Terraabibits avail
over paths 196 to 200 have been considered. The color bar shows the various classes of FAPAR retrieved. The light blue color identifies pixsl/itzgged a
body and deep shadow” according to spectral criteria defined in Table VI. The black color identifies pixels for which no solution was deliverdgdsittihe a

The yellow color identifies pixels flagged as “poor fit of RPV”.

which are less than one, indicating the presence of bowl-shaj@3 2000. Indeed, the large north—south gradient observed in
anisotropy conditions. According to the analysis proposed the®194 values (bottom panel) is consistent with an increased
Part |, these various features should express different surfaseosol load due to strong fire activities over the northern part
cover types and structures. The! [~ values are, as expectedof the selected region. Additional work is currently underway to
from the implemented rectification procedure, systematicalbarry out a comparison between the spatio—temporal variations
lower than the: 29 values. Itis interesting to note that the spaef ©19* and the aerosol amount and type delivered by both the
tial field of the paramete®I9 is pretty smooth over this large MISR (see [2]) and the MODIS (see [14]) aerosol retrieval al-
region and the average value probably corresponds to ratgerithm as well as the data acquired by the AErosol RObotic
clear atmospheric conditions. Indeed, this parameter describ#sTwork (AERONET) [15]. Over this region, which shows
the overall asymmetry of the BRF shape which itself depentimited vegetation activity at this time of the year, the associ-
on the aerosol load, as discussed in Section 1I-B1. Therefoated vegetation structure information (middle panel) appears to
the values of the parameté&L 9+ can be associated with atmo-be quite variable. Some heterogeneous vegetation pixels, fea-
spheric turbidity or, more generally, to the density of airborntered by light blue tones, are also exposed in the sense dis-
particulates: the most positi¥e: S values being related to the cussed in Part I. Unlike the case for thE?* parameter values,
highest atmospheric turbidity conditions. the north—south gradient observed in HEY* values does not
This latter aspect is better illustrated in Fig. 11 which was dé&ranslate into a similar geographical bias for #g "~ param-
rived from an application of VEGAS to MISR measurementster. Therefore, although the RPV model does not guarantee or-
acquired over Central Africa during Terra orbit 3684 on Augushogonality between the functions it implements, it seems that
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14

Fig. 10. Maps of the VEGAS products constructed after 30-day accumulation period using MISR global mode data in September 2000 over Scandinavia. All
Terra orbits available over paths 196 to 200 have been considered. The top panels are for the FAPAR Kgff) 4right) parameters. The bottom panels are for
the®@T94 (left) parameter and the relative accuracy of thedit (right). The light blue color identifies pixels flagged as “water body and deep shadow” according

to spectral criteria defined in Table VI. The black color identifies pixels for which no solution was delivered by the algorithm. The yellow ctfiesigerels

flagged as “poor fit of RPV”.

the decoupling between thg.q and 9,4 parameter is quite gion covered by medium height (10—-30 m) trees with more than
effective. 70% foliage cover at the tallest stratum. Also, little spots fea-
Figs. 12 and 13 display a series of maps derived from tharing very intense but localized photosynthetic activity in the
analysis of MISR data acquired over Queensland (Australisyuthern central part of the region are associated with agricul-
on August 26, 2000 during Terra orbit 3679. The FAPAR matpral areas. Fig. 13 illustrates the complexity of the relationships
(Fig. 12) exhibits strong spatial variability corresponding to between the vegetation structufg,,, and photosynthetic ac-
wide diversity of vegetation type and structure. A number divity, FAPAR, parameters. Indeed, while FAPAR values show
these features are related to the vegetation growth form and &vrupt changes, thi,..q stays almost constant and its overall
liage reported by [16]; for instance, the intense photosynthetipatial field remains quite smooth. TIELS* parameter map
activity in the northwestern part of this map is identified as a rexhibits very interesting and complementary features: 1) on top
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Fig. 11. Maps of the VEGAS products using MISR global mode data on August 27, 2000 over Central Africa (Terra orbit 3684, path 172). The panels are for

(top) FAPAR, (middle) thé*F“, and (bottom®IS4 parameters. The light blue color identifies pixels flagged as “water body and deep shadow” according to

spectral criteria defined in Table VI. The black color identifies pixels for which no solution was delivered by the algorithm. The yellow cofeesdqeréls
flagged as “poor fit of RPV".

of a spatially smooth background suggesting very low atmo-This preliminary application illustrates the potential of the
spheric turbidity conditions, we can easily locate, in the soutMISR instrument and the proposed VEGAS algorithm to pro-
western part of this region, a sudden increase indicative olvige simultaneously two complementary axes of information,
dense aerosol event most probably linked to a local fire atitht is the spectral and the angular domains, to better charac-
2) the other increase appearing along the coast fits the locationefze land surfaces at high spatial resolution. The interpretation
a littoral complex system, i.e., a mosaic of mangroves or shrula$the © 19+ parameter needs to be further examined. However,
identified by [16]. It is noticeable that these spatial variations dm the basis of straightforward physical considerations and a
not significantly contaminate the FAPAR retrieved values, cofew examples shown in this section, the analysis of this param-
firming the robustness of our simple FAPAR algorithm with reeter appears promising for the quantification of atmospheric tur-
spect to aerosol effects. bidity and the detection of wetland systems. Basic attributes of
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FAPAR

Fig. 12. FAPAR map derived from MISR global mode data on August 26, 2000 over Queensland (Australia) (Terra orbit 3679, path 92). The color bar shows

the various classes of FAPAR retrieved. The light blue color identifies pixels flagged as “water body and deep shadow” according to spectiaficeteiia
Table VI. The black color identifies pixels for which no solution was delivered by the algorithm. The yellow color identifies pixels flagged ais &H&IRY".

the VEGAS algorithm are its simplicity and low computer dethese BRFs in the visible/near-infrared domain. The angular sig-
mand regarding implementation and operation. It exploits tmature of interest is expressed simply through a single parameter
multiangular and multispectral MISR capabilities and also prealue entering the RPV BRF parametric model while the spec-
vides a simple access to advanced surface products from tfa signature translates into an estimate of FAPAR.
TOA BRFs acquired by MISR at 275-m and 1.1-km spatial res- The angular parameter value is controlled by surface het-
olution. Many more applications have to be conducted on a sysogeneity at subpixel resolution and, under some favorable
tematic basis with this algorithm to better identify its strenghgeophysical and measurement conditions, permits detecting
and weaknesses and to assess its complementarity to the MtB&presence of vertical vegetation structures. Based on simple
level 2 derived products available at the NASA Langley Atm@hysical reasoning and an ensemble of radiative transfer model
spheric Sciences Data Center. simulations, the potential to detect surface heterogeneity at the
subpixel scale was confirmed by the analysis of AirMISR data
collected during the Konza prairie campaign conducted in June
1999. This new finding demonstrates the unique capability
The angular signature of the BRFs emerging from land sw#f simultaneous multiangular measurements to document
faces and measured from remote sensing techniques in thegedace structure and architecture [17]. The complementary
spectral region has been coupled with the spectral signatureantlysis of spectral variations in the blue, red and near-infrared

IV. GENERAL CONCLUSION
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Fig. 13. Maps of the VEGAS products using MISR global mode data on August 26, 2000 over Queensland (Australia) (Terra orbit 3679, path 92). The panels ar
for (top) FAPAR, (middle) th&®T94 | and (bottom): "9 parameters. The light blue color identifies pixels flagged as “water body and deep shadow” according

to spectral criteria defined in Table VI. The black color identifies pixels for which no solution was delivered by the algorithm. The yellow ctfiesigerels

flagged as “poor fit of RPV”.

regions has been conducted following a well-defined strategglues delivered by this approach can be used in various
already in place for the design of optimal spectral indices tmntexts including qualitative applications usually conducted
estimate FAPAR for various sensors. The most reliable amdth classical vegetation indices.

accurate VEGAS FAPAR algorithm takes advantage of the The mapping of surface information must be based on the
joint multiangular and multispectral sampling of the instrumertccumulation of enough data to avoid undesirable atmospheric
at 1.1-km and 275-m spatial resolution. An alternate FAPABonditions such as high aerosol load and cloud occurrence.
algorithm ingests the near nadir multispectral sampling onlyhese undesirable conditions can be detected on the basis
to approximate FAPAR at 275-m spatial resolution. Thes# a series of multispectral tests, as suggested in Table VI
two algorithms proved to be statistically equivalent in thas well as from multiangular tests. The use of appropriate
sense that no systematic bias is discernible between the vali@esporal compositing procedures permits us to derive rather
they deliver, both from model simulations and a sample geographically complete maps of the VEGAS products over a
actual MISR data over various parts of the globe. These twwonthly period. Our preliminary applications indicate that the
algorithms should yield, on average, products equivalent ttetrieved vegetation parameters, namely FAPAR and structure,
those accessible from single-angle sensors, but the availabititg indeed strongly related to the growth form and foliage cover
of multiangular data is instrumental in increasing the accuraend, more generally, to the vegetation type. In addition to the
of the FAPAR estimates. It must be emphasized that the FAPARO vegetation parameters, this algorithm delivers additional
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information about the atmospheric turbidity and the presence TABLE VIII
of wetland systems. PARAMETER VALUES OF THERPV FUNCTION §;(; p.., ©, k)

Extensive intercomparison studies have to be conducted in
order to better assess the quality and reliability of the VEGAS

products. They should include intercomparison of similar Band k © pe
products, such as FAPAR, retrieved from other sensors e.g., Blue 0.47  —0.036 0.36
MODIS and SeaWiFS, as well as from different algorithms Red 0.82  0.033 027
including those implemented in the MISR operational ground Near-Infrared 0.88 -0.015 0.72

segment. Similarly, the potential to assess simply, even on an

ad hocmanner, the atmospheric turbidity has to be thoroughly TABLE X

investigated and compared against other independent SOUICeS o vaL VALUES OF THE COEFFIGIENTS FOR THEPOLYNOMIAL hy
of information.

APPENDIX | q1,1 q1,2 q1,3 q1,4 q1,5
A NADIR-ONLY FAPAR AXIS 0.5958 4.4888 —20.9020 0.7536 95.9440

The following mathematical development describes the
approach promoted for the assessment of the presence of ae ar a8 q1.e qi,10
vegetation on the basis of the MISR nadir-only measurements  _goss2  14.3190 191.8100 —0.4599  1081.6000
available at a resolution of 275 m. It follows from previous
investigations made in the cases of a series of single-angle
multispectral sensors such as the MERIS [6], the GLI, the
VEGETATION [7], and the SeaWiFS [8] instruments. It there-
fore implements a series of optimizations which permit us to
establish the set of polynomial formulae enabling the estimates TABLE X
the red and near-infrared rectified bands as well as the final OpTIMAL VALUES OF THECOEFFICIENTS FOR THEPOLYNOMIAL fi;
formula delivering the FAPAR values.

In the absence of documentation of the full angular informa-

q1,11
0.0

tion in the blue and near-infrared spectral bands, the design of 92,1 92.2 92,3 92,4 42,5

the nadir-only FAPAR algorithm requires assuming the shape 11.7240 —0.11900 0.7426 0.1656  4.6009
of the anisotropy function which enters the optimization pro-

cedure. The latter is based on the training data set presented in 0.6 P P8 @e  g210
Table | of this paper and therefore includes a large variety of 0 0 0 0 0

surface conditions. The geometries of illumination and obser-
vation used to simulate the MISR radiance fields are analogous
to those already used in Table Il, except that the view angles are
limited to the nadir, Aa, and Af cameras. The latter two cam-
eras are considered in this exercise, since, in actual applications

using terrain-projected radiance fields, the actual view anglev%erepi(g) denotes the simulated (top of atmosphere) BRF in

the nadir camera may be slightly off the exatt@cation. band: available from the training data set at the geometry of

The generic polynomial formula selected for achieving th|ﬁumination and observation noted. The application of this

:lzcrﬂf;clzalt:o(n st)egngfht?e r??s air:/dennsar—lnfrared band Valuepsr‘ocedure requirea priori knowledge on the set of spectral
yiulz.y 2A%,Y) 159 y values to be used in the anisotropic reflectance function, namely

pe, ©, andk. The latter values are thus derived, once for all,

g2,11
1.0

fn, y) =Fn®: 4 Q)2 Unm) from the inversion of the RPV model against the ensemble of
i@t @) + st )+ Ty BRF values generated in the training data set.

n6(Z 4 @n,7)? + @ 8(¥ + @n9)? + @102y +qn,11 The values of the RPV model parameters controlling the

(n=1,2). (11) anisotropic function and those intervening in the two polyno-

mialsh; andhs are given in Tables VIII-X.
The variablesz and y entering polynomiali; (h2) are The final polynomial formula adopted for the nadir-only
the normalized BRFs measured in the blue band and thds&PAR formulahg(zx, ) is
measured in the red (near-infrared) band, respectively. The

spectral BRFs are normalized with the appropriate anisotropic ho(x,y) =fo(z,¥;q(0,1): - - -1 A0,m))

reflectance function, namely;(2; p., ©, k) derived from the B (901 Y — qo22 — qo,3) 13

RPV model (Eq. (1) in Part I}, that is “woi— (s —02 taws B
pi() (12) and the associated values of the coefficients:), - - - , (0,m)

Pi = 5:(S 9 O, k) are provided in Table XI.
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TABLE XI
OPTIMAL VALUES OF THE COEFFICIENTS FOR THEPOLYNOMIAL hg

40,1 q0,2 40,3 40,4 40,5 q0,6

0.3373 0.3253 0.0064192 —0.1867 0.2835 0.07883

Oivtt 165718, Pals 203, Pk 52
Oriil 3884, Pals 172, Binck 58
Chrbsl 3684, Paih 172, Bk 8]0

APPENDIX Il
A FAST INVERSION SCHEME FOR THERPV MODEL

The following mathematical development reports on a fast in-
version scheme of the original nonlinear form of the RPV model
[11]. This effort is motivated by the requirement to invert, op-
erationally, this model which has proven to provide better fits
over a large variety of geophysical systems than is feasible with
a unique linear model but, with the major inconvenience that
classical inversion techniques using quasi-Newton or simplex
methods present a computing cost which prevents their imple-
mentation in operational data processing (see [18]). The aim of
the proposed scheme is to control the inversion accuracy by de-
termining the ensemble of solutions or, more realistically, the

: Cirtidl 3675, Path 53 Back 112 range of values for the retrieved RPV model parameters. Our
g scheme therefore usesy@ approach proposed and tested by
[19] (see also [20] and [21]) to acknowledge for the uncertain-
ties associated to the input BRF data strings.
! For any wavelength location and width, the RPviodel pa-
£ rameters can be estimated with the constraint ffét) < 1
£, where
: iy :
£ e = () = PV (i k, O, po)?
B j=1
. X (o) = — (14)
] 12
8 > [0(5)]
E Jj=1
; with
Y . data/ - 15
O—(J) = €wishp (1) ( )
J r s e e _ In (14) and (15), identifies the individual measurement out
Fapar valetd sslmobid uling Malfgpht Samers of a total onN andey;s, the desired accuracy. The inversion
constraint can be rewritten as follows:
Fig. 14. Comparison between the FAPAR values estimated at a spatiaj=N j=N
resolution of 1.1 km from the formulae using the measurements made datay :\ W . 2 12
simultaneously by the nine MISR cameras and those obtained from the< [p (J) ro p(J’QO - Q,pc,@,k)] < Z [U(J)]
nadir-only FAPAR approach. The color code identifies the measurements used=1 J=1
to perform the comparison: block 52 (green tone, orbit 1618 on April 7, 2000), (16)

corresponds to the region of Brittany in France, block 98 (blue tone, orbit 3684, in a more compact form:

on August 27, 2000) is located just south of lake Mweru on the border between

Democratic Republic of Congo and Zambia, block 3684 (red tone, orbit 3684 Apg +Bpp+C<0 a7
on August 27, 2000) is located in central Zambia and, block 112 (magenta

tone, orbit 3679 on August 26, 2000) is located in Queensland, Australia. \yjth

.

Il
Z

J

A= 5(5, Q0 — 5 pe, 0, k)]
The performance of this approach suited to the nadir-only [0 20 = Sip )

FAPAR information can be examined by comparing its output J=N

aga|r_15t those del|\_/_ered by the se_t of formulae de5|gn_ed in B=_9 Z P42 54, Qo — Q; pe, O, k)
Section 11-Al exploiting the full multiangular MISR capability. =

The results of this comparison are illustrated in Fig. 14 for a ;
total of three MISR blocks corresponding to two different paths o [pdata(,~)]
and for two different orbits. It can readily be seen that, for a
large diversity of atmospheric, surface and relative geometries . )
of illumination and observation, the two FAPAR formulae Theroots of (17), namelfpor, po2], can thus be estimated in
deliver, on the average, analogous values. The scatter of @§ger to satisfyx();, o) < 1 for a set of precomputed values
two FAPAR distribution values which is depicted in Fig. 1£fthe (s, 2o — € pc, ©, k) RPV shape function obtained by
remains within the limits of accuracy inherent to the approad@rying thek and© parameters between predefined limits with
and its corresponding uncertainties, i.e., typicali9.1. This gi\{en i.ncremental steps. For mos_t applications, a discretization
scatterplot also reflects the error associated with the assumpt#$ind incremental steps of 0.05 in the rarjge5, 1.80] and

of a ﬁxed (i.e., non-biome dependent) shape of the aniotrOpi(‘ZThe notations and meaning of the variables are both similar to those already
function. used in Part | [Section II-A, (1)—(7)].

.
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[-0.5, 0.5] for k and© parameters, respectively, should be ap- [2]
propriate. Clearly, any incremental steps can be adopted de-
pending on the computer resources that can be assigned to this

inversion task. [3]
It is therefore possible to search for the coulplg , poz] for

any prescribed value of(j). An alternative also consists in

iterating on the values(j) until at least one couple of roots

[po1, poz] is found. Starting with a first guess value ppone 4]

or two iterations can be performed to forpg ~ py as origi-

nally proposed in [11]. A successful output consists in one or
more sets ofyy, @, andk values which all permit to fit the input
data set within the uncertainty level specified by the parameterls]
o(y), i.e., all these sets are statistically equivalent.

For practical purposes it is however generally appropriate to
selectasingle tripletdo, &, ©), within this ensemble [13]. If and el
when such a requirement exists, then the most representative set
of the N, solutions can be selected as the one minimizing thel7]
following expression:

§ = [(po(s)) — po(s)

where{po(s)) represents the mean value estimated as follows:

(19) @

N,
(o) =2 - ol) .
s=1 [10]
po(s) =3 [poi(s) + poz(s)]-
[11]

Once the most representative solutionfgiis identified, the
associated values 6f and’ are extracted. This selection gives
explicitly more weight to the control of the most representativel12]
solution by the value of the amplitude factor of the BRF field.

The main advantage of the RPV model lies in its ability [13]
to provide good fits of various geophysical systems on the
basis of three parameters only. Its mathematical formula is
also appropriate for solving inverse atmospheric problems gs4]
shown by [20] and [21]. The inversion procedure described
here to retrieve the three RPV parameters is fully compatible
with the limited computing costs always associated with arnis]
operational environment.
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