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Abstract -- MISR is scheduled for launch in 1998 on the EOS
AM 1 platform. The agorithms needed to analyze data from
this instrument are cumrently being tested, using both
simulated data and data currently available from the airborne
ASAS multi-angle instrument. The data processing can be
divided into three major, sequential segments. The first
segment retrieves the necessary atmospheric properties over
thescene. These results then are used in the second segment to
retrieve the surface spectral HDRFs on a pixel-by pixel basis
for the scene. Finally, the HDRFs are used with a lincarized
three parameter BREF model in the third algorithm segment to
retricve the corresponding spectral BRFs. Results of the
retricval algorithms are presented using simulated MISR data.

INTRODUCTION

The Multi-angle imaging SpectroRadiometer (MISR) is a
radiometrically calibrated instrument, scheduled for launch in
1998 on the EOS-AM 1 platform into a sun-synchronous polar
orbit. It has nine CCD array cameras, each with a fixed-view
angle at the surface, ranging between 70.5° forward and 70.5°
aftward, with each camera observing in four spectral bands
(443, 555, 670, and 865 run). The spatial sampling of the
imagery will be 1.1 km with a swath width of about 360 km,
MISR will provide information about aerosol and surface
directional reflectance properties on aglobal basis [1].

The agorithms which are to be used to routinely analyze
the multi-angle image data from MISR are currently being
tested on simulated MISR data and data from the airborne
Advanced Solid-State Array Spectroradiometer (ASAYS).
These algorithms can be separated into three major segments
which are used sequentially. The first segment retrieves the
aerosol spectral optical depth and information on the aerosol
type [2, 3], which arc needed to characterize the radiative
properties of the atmosphere over the se-me (for MISR the
scene size is a 17.6 km x 17.6 ki region). This information
then is used as input to the second segment, which retrieves
the surface spectral hemispherical-directional reflectance
factors (HDRVFs) and spectral bihemispherical reflectances
(BHIRs) [2,4] on apixel-by pixel basis for the scene, (For

MISR the pixel size is 1.1 km x 1.1 km). Finaly, the HDRFs
arc used in the third algorithm segment to retrieve the
corresponding spectral bidirectional reflectance factors
(BRFs) and the spectral directional-hemispherical reflectances
(DHRs) [4]. This conversion from HDRFto BRE i.e,
removing the effects of direct sunlight, needs to be facilitated
with the use of a BRI* model since the multi-angle data will
have a very limited range of solar zenith angles. The BRE
model used is a linearized, three parameter model which is
currently being tested on both field and simulated reflectance
measurcments.

This paper assumes that the atmospheric properties arc
known (i e, they have been retrieved from the multi-angle
image data using the first segment of the algorithm) and

places the emphasis on the surface reflectance retrieval
algorithm segments. Results arc presented for simulated
MISR data.

THEORY

The top-of-atmosphere (TOA) radiance L, at wavelength A
can be written as
atm
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where p and |1, are the cosines of the view and Sun zenith
angles and %o is the view azimuthal angle with respect to
the Sun position. The convention -p and p is used for
upwelling and downwelling radiation, respectively. On the
right-hnnd-side of Equation (1)L; s the radiance field
scattered by the atmosphere to space without interacting with
the surface (i.e., the )’)ﬂ[h radiance), T, isthe optical depth of
the atmosphere, L, is the surface-leaving radiance, and T3,
is the upward diffuse transmittance. Equation(1) describes the
relationship betweer thc TOA radiance Ly, and the surface-
leaving radiance L, .
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Aqqummg the atmospheric paramcters in Iquation (1) are
known, Ix can be easily detennined by mc.uw{ an
iteration procedure, as described below. Oncel, is
determined the | IDRE, ry, then can be expressed as
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where £, is the surface irradiance. From the radiant exitance
M x defined as
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the BHR, A, ", is given by the ratio
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where s is the b IRO}}OI“ -of-atmosphere bihemispherical
reflectance and  Fy is the black™ surface ircadiance
(independent of surface reflection properties). Itis relaled to
the actual surface irradiance 5 by the highly accurate
expression
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Au exccllent initial guess for L, m the iteration
procedure can be obtained from Equation (1) by removing
Su .
L, *J from the integral. Thus,
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An initid guess for the 11111{ from Fquation (4) implies a
guess for M, , which can be obtained from Equation (3). The
integral in Equation (3) IS est casily done by assuming that
the surface radiance Lk can be expressed as a two term
cosine series in ¢ %o,
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where, for any itcration (n) and using Equation (8)
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I lere, ¢, and ¢p are the two azimuth angles for each fore-aft
MISR camera pair.

(10b)

Once L3 ; (o) computed, the surface radiance Ly, " can
be updated via the iteration scheme, using Fquation (1),
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The upward diftuse transmittance 75 in 1 iquation (11) is

expressed as a two term cosine series in ¢ $o- such that
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Once I”rf is Updyred, it then is used to compute anew
em

Mk and a now A, The iteration procceds until
CORVErgence ISgc(lchLd This is normally evaluated by noting

the change in A
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The BRI, Ry, is related to the 1 1DRE ry, through the
expression
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wlhere L')‘" isthe radiance’ incident on the surface. Separating
mnc ., . - N .

1, imo direct and diffuse components, Equation (13) can be

rewrilicn as
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wl ere L, is the diffuse radiance incident on the surface and
K, isthedirect irradiance. They can be expressed as
dir
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Where [, isthe cxo-atmospheric irradiance and 7., 5 and
7, 5" describe the downward diffuse transmittance m terms
of atwo term cosine series in ¢ $o- Note that the Iast term in
Equation (16) represents approximately the downwelling
radiance duc to multiple reflections between blly; atmosphere
and the surface. Inserting this €Xpression for 5~ in Liquation
(14) and rearranging tcrms,,
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Fquation (17) is written as an iterative scheme to determine
K. Note that R, within the integralsis aso described by atwo
term cosine series in ¢ with coefficients as defined in
Equation (12a, b). These cocfﬁcicnmm subscqucn(lym are
replaced by equivalent functions, R. and K, , ,
generated from a BRY model, because of the lack™ of
micasurements concerning the variation of R, with p’.

The BRIY model used is that of Rahman et al. [S], modified
to alow a nearly lincarizable least squares fitting analysis.
‘Ibis model has been shown to work sufficicntly well for this
purpose [6], and is described by,
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withthree free parameters (rg 5, ky, by). Thefunctionh; isa
factor to account for the hot spot,
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and Q2 isthe scattering angle defined by
cos 2 = --p fi,+ A1- ;12,/1 - uécos (¢- Q)O) (21)

To determine the cocfficients RJ’;'_ 5 and R'l't 2 for uscin
Equation (17), (1IC model Ry uinl{?rlSml(lS) first is fitted (o
the current iteration of e BRISR,™ ™ to obtain (he current
iteration of the three model paramctcrs.'l‘hismﬁuing i“(lﬂmsl
casily done by comparing thelogarithms of Ry and Ry " in
a least sqguares sense. Once the three parameters arc
deterinined, the BRY modcl then canmbc cvﬂlumcy:d at all
necessary angles in order to compute R. ;yand’ls'll.;‘.

The initial guess for Ry, is set equal to the HDRE, ry. Once
convergence is achicved for Ry, via Equation (17), the PR
then is evaluated from the expression,

dir
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where N is the last iteration countand Ifo.x is computed
using the formula displayed in 1 iquation (1 0a).




EXAMPLES

Application of the retrieval agorithms described in the
previous section was accomplished using simulated MISR
data. The 1'OA radiances were computed using a multiple
scattering, discrete ordinate, radiative wransfer code [7] and
included both Rayleigh and aerosol scattering. The
computations were performed for the MISR red wavelength at
0.670 nm and the nine MISR viewing zenith angles (0°,
5..26.10, #45.6°,%60.0°, and + 70.50), symmectricall y placed
about the nadir in a single nadir-azimuth angle plane. The
solar zenith angle was 55° and the azimuth angle difference
between the Sun position and the forward-looking views were
set at three values: 30°, 60°and 90° (i.€. perpendicular to the
principa plane). The aerosol was specified to be a sulfate/
nitrate type (accumulation mode) with phase function
asymmetry parameter g = 0.628, single scattering albedo tit =
1.0., and optical depths 1, of 0.4 and 0.5.

Eleven different surfacet ypes, listed in Table 1, were used
intbc MISR TOA radiance calculations. The BRYs for these
surfaces were derived from field measurements [8-10] which

, covered a wide range of both viewing angle and solar zenith
angle. These BRY's then were incorporated into the radiative
transfer code to simulate a realistic, coupled surface-
atmosphere system.

‘1'able 1. .Sur face lype ( hal 'l(l(‘l mllcs

Case Surﬁce Type ]llll( (670nm)
1 . ) - g(;ll A O.ISGf i
2 - ”(‘.a{{hnd* 7 0318
I N Sleppc (-ra« o (1?.1!
o | HadWheat oo
s | wigaed Wheat 0063
6 o Hardwood For;;l 003;
7 - Pine Forest 0.038
8 S Lawn Grass 0.058
9 Comn- B 0,082
T ) Soybean 0.034
11 7 Orchard Grass . 0.077

Example 1: The 11IDRY was retricved for each surface type
from the simulated multi-angle 1' OA radiances with 1, =0.4,
assuming that the atmospheric propertics are ideally known
(i.e., no crror). Figure 1 shows Lhe retrieval deviation for the
cleven surface types and for the three different view-suu
azimuth angles. The deviation Sis defined as
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Figure 1, Retrieved 1 11)ORT with correct atmosphere.

where r"and 7’ arc the retricved and true BRI, respectively,
at the MISR view angles L, ¢, The absolute accuracy Which
can be expected from using the retrieval agorithm on MISR
data under ideal atmospheric conditionsistypically about 2%
of the BHR of the surface (note that the BHR for the first four
surface types listed in “1'able 1 arc considerably higher that
those of the latter seven types), is not strongly dependent on
the view azimuth angle, and depends roughly proportionally
on the aerosol optical depth.

Example 2: Using the smnc simulated MISR datasct, the
111)R¥s were again retricved, but assuming an acrosol optical
depth of 0.35 instead of the true value of 0.4. The results arc
shown in Figure 2.

0.015
oo
(leo>
Ioo I
0.01
€
o
T
;
w
13
O
X
: | lll |I | |
o
5 8 ? 10 1

Coos Numbaer

Figure 2. Retrieved 11 RI with incorrect aerosol amount.

This difference of 0.05 is the expected error in retricved
aerosol optical depth using MISR observations. As such, the
1 11RY deviations shown in Figure 2 arc thc errors expected
from the MISR experiment. No(c that the accuracy for e
darker surface t ypcs (case number 5 through 11) decreased by
about an order of magnitude whereas the brighter surfaces
Were somewhat ICSS affected.



Example 3: Using the simulated MISR dataset wi(h 1., = 0.5
and a Sun-view azimuth angle difference of 30°, Figure 3
shows both HIDRY and BRY retrieval results,
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Figure 3. Comparison of HORY and BRI retrievals.

Yor cach of the eleven surface types, an HDRYF retrieval was
performed using the corsect at mosphere and also onc in which
the aerosol optical depth was in error by 0.05. Starting from
theretricved 1 11 )RFs, obtained using the correct atmosphere, a
BRI retrieval was then performed for each case. Figure 3
shows that the expccted HDRI emars are generally
comparable to or larger than the actual difference between the
HDRY and BRE

SUMMARY

The algorithins to be used by MISR 10 retricve the surface
HIDRE and BRF from radiometricall y calibrated multi -angle
imagery arc currentl y being tested on simulated M ISR data
and airborne ASAS data. The results from the simulated
MISR data show that the intrinsic accuracy of the HDRE
retricval algorithm is limited mainly by the accuracy of the
information on the atmospheric optical propertics and not by
the limited viewing geometry of the observations. Also, the
expected atmospheric properly uncertaintics will generally
tend to mask any differences in the | 1DRE and the BRY,
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