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Abstract: The Bidirectional Reflectance Distribution Function (BRDF) of land surfaces specifies the behavior of surface di-
rectional reflectance as a function of illumination and viewing angles. The bidirectional reflectance products of the Moderate
resolution Imaging Spectroradiometer (MODIS) and the Multiangle Imaging Spectroradiometer (MISR) and their BRDF model
parameters products have been available respectively. Since the BRDF model parameters are inverted from limited angular ob-
servations for a given pixel, it is necessary to evaluate whether they can effectively characterize the directional reflectance in
other viewing directions. In this study, we choose four kinds of land cover types to analyze the representation of MISR and
MODIS BRDF model parameters, by comparing the directional reflectance extrapolated using the BRDF model parameters with
the observed directional reflectance. The results show that: (1) both MODIS and MISR BRDF model parameters have better
representation on directional reflectance at some viewing directions. Especially MISR BRDF model parameters have preferable
representations at MODIS viewing directions; (2) the representative ability of both BRDF model parameters tends to weaken
when the viewing zenith angle increases; (3) from the analysis of the observed data set shown in this paper, it seems that the
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representative ability of MODIS BRDF models is better near cross-principal plane than that near principal plane.
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1 INTRODUCTION

The Bidirectional Reflectance Distribution Function (BRDF)
describes the directional reflectance properties of the land sur-
face as a function of illumination and viewing angles. BRDF
properties of land surfaces have been paid much more attention
in advanced remote sensing data analysis and applications
(Lucht et al., 2000; Wanner et al., 1997). The bidirectional re-
flectance observations and BRDF models can be used to re-
trieve the structural parameters of the land surface, such as
LAI(Feng & Zhao, 2007). The BRDF models can be used to
obtain the corrected nadir viewing reflectance from the obser-
vations with varying sun-view geometries(Leroy & Roujean,
1994; Lucht et al., 2000). Most importantly, the integrated
bidirectional reflectance observations allow specification of
land surface albedo more exactly. So, much attention should be
paid on the extrapolation ability of the existing multi-angle
remote sensing observations on the BRDF character at pixel
scale, and on the applicability of the BRDF model parameter
products in the relative studies.

At present, the Multi-angle Imaging Spectroradiometer
(MISR) and Moderate Resolution Imaging Spectroradiometer
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(MODIS)’s bidirectional reflectance products, the relative
BRDF model parameters and the albedo products have been
available. Their BRDF model parameters products are inverted
from the observations with limited viewing directions. The
applicability of a BRDF product can be analyzed partially with
respect to the calculation of albedo, and many validation work
on MODIS albedo products have been done(Jiao et al., 2005;
Liang et al., 2002). However, albedo may not include all of the
information of the bi-directional reflectance of land surface. For
example, the same albedos may correspond to different BRDF
model parameters. So, learning the extrapolation ability of
MISR and MODIS BRDF model parameters products at those
directions without observed data is an important method to
evaluate the applicability of BRDF model parameters.

To learn the extrapolation ability of MISR and MODIS
BRDF model parameters products at those directions without
observed data, we need many field measurements on the bidi-
rectional reflectance of many directions and different land
cover types. However, they can not be easily measured. Addi-
tionally, some bidirectional reflectances are measured in the
field or from airborne instruments, with limited sampling of
viewing directions and a poor spatial coverage(Bicheron &
Leroy, 2000). The similarity between MISR and MODIS prod-
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ucts can help us to solve this problem. In this paper, we make
use of the similarity between MISR and MODIS products to
analyze the extrapolation ability of MISR and MODIS BRDF
model parameter products. The spatial and spectral resolutions
of MISR reflectance products and MODIS BRDF products are
similar. Given the 9 MISR illumination and viewing angles, we
make use of the 3 MODIS BRDF model parameters to calculate
the reflectance at the corresponding 9 angles. From the com-
parison of the calculated 9 angles reflectances and the MISR
measured 9 angles reflectances provided in its products, the
extrapolation ability of MODIS BRDF parameters products can
be analyzed. Similarly, we can use the MODIS reflectance
products to analyze the extrapolation ability of MISR BRDF
model parameters products.

2 DATA

2.1 Test sites of typical land cover types

MISR and MODIS BRDF model parameters products and
their bidirectional reflectance products of the year of 2001 of
the four land cover types like “Grasslands”, “Barren or sparsely
vegetated”, “Evergreen needleleaf forest” and “Croplands” are
used in this paper. Each land cover type includes four test sites
(as shown in Table 1). The MODIS BRDF model parameters
products and the bidirectional reflectance products are
downloaded from ORNL DAAC (Oak Ridge National Labora-
tory Distributed Active Archive Center). The MISR BRDF
model parameters products and the bidirectional reflectance
products are provided by Dr. Fang Hongliang of University of
Maryland.

Tablel Information of each test site
Land cover Site Name Longitude Latitude
types
Sevilleta BigFoot 106.70°W  34.36°N
Konza Prairie LTER 96.56°W 39.08°N
Grasslands Rannells Ranch (grazed) 96.53°W 39.14°N
Sevilleta Nat Refuge-Mackenzie 106.67°W 34.36°N
Flats
La Paz 110.44°W  24.13°N
Barren or Arabial 46.76°E 18.88°N
sparsely
vegetated lvanpah Playa Nevada/California 115.39°W 35.55°N
Railroad Valley Playa 2 115.70°W 38.50°N
Sask.-1994 Harv. Jack Pine 104.66°W 53.91°N
Evergreen  BOREAS NSA-OId Black Spruce 98.48°W 55.88°N
needleleaf
forest BOREAS NSA Young Jack Pine 98.29°W 55.90°N
Black Hills 103.65°W 44.16°N
Bondville 88.29°W 40.01°N
Pleasant Plains 89.88°W 39.5°N
Croplands \\oinut River Watershed 96.86°W  37.52°N
ARM Southern Great Plains site- 97 49°W 36.61°N

Lamont

2.2 Reflectance and BRDF model parameters prod-
ucts of MISR

The Multi-angle Imaging SpectroRadiometer (MISR) is one
of the instruments onboard the National Aeronautics and Space
Administration (NASA)’s Earth Observing System (EOS) Terra
satellite. MISR views the sunlit Earth simultaneously in four
spectral bands at nine widely spaced angles (0°, +26.1°, +45.6°,
+60.0° and +70.5°). The central wave length of the four bands
are 446, 558, 672 and 867 nm(Bull et al., 2005). The MISR
data used in this study is the radiometrically, geometrically and
atmospherically calibrated MISR Level 2 Land Surface Pa-
rameter Products. That are the MISR 9 angle reflectance prod-
ucts, and the BRDF model parameters products which are in-
verted from the 9 angle reflectance products. The spatial reso-
lutions of the two products are 1.1km (Diner et al., 1999; Wan
etal., 2007).

For MISR products, a modified form of the BRDF model of
Rahman et al. (1993) is used, and is described by the following
equation (Diner et al., 1999; Rahman et al., 1993):

k-1, k-1
Rimodel (—4 tg, #) =g X% X
(1 + uo)

exp[bp ()] x h(-u, 1y, )
In equation (1), ro, k, b are three free parameters. x and s, are
the cosine of the view zenith angle (6) and sun zenith angle (.9).
¢ is the relative azimuth angle. The function p(Q2) is assumed to
depended only on the scattering angle Q, and here it is defined
as the function of 6, 9and ¢:

P(Q) = cosQ =~ + (- )2 x (1 1) x cos g (2)

In equation (1), the function h is a factor to account for the
hot spot:
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From equation (1)—(4) we can see that, if the three parame-
ters (ro, k, b) of the Rahman model are known, we can use
equation (1) to calculate the reflectance of any angle (6, 9, ).
The MISR BRDF model parameter products are the three pa-
rameters of Rahman model with the spatial resolution of 1.1km.

2.3 Reflectance and BRDF model parameters prod-
ucts of MODIS

MODIS is also an instrument onboard Terra. The MODIS
data used in this study are the BRDF model parameters prod-
ucts (MOD43B1), with the spatial resolution of 1km, and the
reflectance products (MODO09A1), with the spatial resolution of
500m (Schaaf et al., 2002).

The operational MODIS BRDF algorithm makes use of a
kernel-driven, liner BRDF model, and can be described by the
following equation (Lucht et al., 2000; Roujean et al., 1992;
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Schaaf et al., 2002):
R(0.8.¢) = fiso + fgeOngo(9,3,¢) + fuoiKvor (6. 9,¢)  (5)

In equation (5), fis, is the isotropic-scattering parameter. Kge,
and K, are the geometric-optical and the volume-scattering
contributions, and they are the functions of view zenith angle
(6), sun zenith angle (9 and relative azimuth angle (¢). fge, and
fuo1 are their respective weights.

MODIS scans across-track. By virtue of its wide scan,
MODIS obtains the multi-angle observations mostly from the
overlaps of different swaths. MODIS BRDF algorithm makes
use of the registered MODIS multi-angle observations to fit the
kernel-driven BRDF model and provides a global BRDF pa-
rameters products (fiso, fgeo, fuor) at 1-km resolution on a 16-day
cycle. Since Ky, and K, are functions of 6, 9 and ¢. From
equation (5) we can see that, if the 3 BRDF parameters (fiso, fgeo,
fuo) Of MODIS are known, we can use equation (5) to calculate
the reflectance of any angle (6, &, #). We call the process that
calculates reflectance of other directions from finite observa-
tions the extrapolation process. The MODIS BRDF model pa-
rameters products are the three parameters (fiso, fgeo, fvol) OF ker-
nel-driven model at 1-km spatial resolution.

3 METHODS AND RESULTS

3.1 Correspondence of MISR and MODIS data on
spatial, temporal and spectral resolution

Before analyzing MISR and MODIS data products, the cor-
respondence of these two products on spatial, temporal and
spectral resolution should be made.

ORNL DAAC provides the MODIS data products of the
pixel corresponding to the typical test sites, and the longitude
and latitude information of these sites. According to the longi-
tude and latitude of each site, we use GCTP (General Carto-
graphic Transformation Package Software) to find the MISR
pixel corresponding to the site. The spatial resolution is 1.1km
and 1km for MISR reflectance products and MODIS BRDF
model parameters products respectively. So, for one pixel, their
spatial resolution can be approximately taken as the same. The
spatial resolution of the MODIS reflectance products
(MODO09A1) used in this study is 500m (Schaaf et al., 2002),

while the resolution of MISR BRDF model parameters is 1.1km.

One MISR BRDF model parameters products pixel corresponds
to about 4 MODO09A1 pixels. Since the MODO09A1 product is
the best one of 8 days, the imaging time and the illumination
and viewing angles of the 4 MODO09A1 pixels may be different.
Supposing that the observing object is uniform at the MISR
pixel scale, and the reflectance of the pixel does not change
greatly, the reflectances of the 4 MODO09A1 pixels can be taken
as 4 reflectances of a MISR pixel from 4 different illumination
and viewing directions. In this way, we can construct the cor-
respondence between MISR BRDF model parameters products
and MODIS reflectance products.

MISR views the sunlit earth simultaneously at 9 angles, and
the MISR BRDF model parameters products are built from the

9 instantaneous observations. While the MODIS BRDF algo-
rithm makes use of a semi-empirical kernel-driven bidirectional
reflectance model (AMBRALS) and multi-date and multi-angle
observations to provide global BRDF products every 16 days.
MODIS provides reflectance product (MODO09AL) every 8 days.
So, in this study, we analyze the extrapolation ability of
MODIS BRDF products on every 16 days. For example, the
MISR reflectance with the DOY (day of year) between 1 and 16
is used to analyze the extrapolation ability of MODIS BRDF
model parameters products with the DOY of 16. Similarly, we
analyze the extrapolation ability of MISR BRDF model pa-
rameters products on every 8 days.

MISR and the first 4 bands of MODIS have similar spectral
wavelength range in the visible and near infrared bands (Jin et
al., 2002). As shown in Table 2, MISR bands 1, 2, 3, 4 corre-
spond to MODIS bands 3, 4, 1, 2 respectively.

Table 2 Correspondence between MISR and MODIS bands

MODIS MISR
Band name nﬁm}i r Wavelength/nm ns‘;r;)der Wavelength/nm
Blue 3 459—479 1 425—467
Green 4 545—565 2 543—572
Red 1 620—670 3 661—683
Near infrared 2 841—876 4 847—886

3.2 Comparison of MISR and MODIS BRDF model
parameters products

For the pixel of each test site, extract the MISR and MODIS
BRDF model parameters products, the multi-angle reflectance
products, and the corresponding sun-view geometry (sun zenith
angle, view zenith angle, relative azimuth angle). Given the 9
MISR illumination and viewing angles, we use the 3 MODIS
kernel-driven BRDF model parameters to calculate the reflec-
tance at the corresponding 9 angles. Then, compare the calcu-
lated 9 angle reflectance and MISR 9 angle reflectance products,
using the R-square (R?) and Residual standard error (RSE) to
characterize the extrapolation ability of MODIS BRDF model
parameters products at the 9 MISR view geometries. In the
same way, given the 4 MODIS reflectance products
(MODO09A1) and the illumination and viewing angles, we use
the 3 MISR BRDF model parameters to calculate the reflec-
tance at the corresponding 4 angles. From the comparison of
the calculated reflectance and the MODIS reflectance products,
the extrapolation ability of MISR BRDF model parameters
products at the 4 MODIS view geometries can be analyzed.
3.2.1 Variability of the extrapolation ability of MISR and

MODIS BRDF model parameters products with view-
ing zenith angles

In order to analyze the extrapolation ability of MISR and
MODIS BRDF model parameters products and their variability
with viewing zenith angles, we divide the MISR and MODIS
reflectance products into two groups according to the viewing
zenith angles: @ viewing zenith angle =30°; @ viewing ze-

nith angle >30°.
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Fig. 1 and Fig. 2 are the comparison of the extrapolation
ability of the two BRDF model parameters products. The red
points represent the viewing zenith angle =30°; the black

points represent the viewing zenith angle >30°.

In order to analyze the variability of the extrapolation ability
of the two BRDF model parameters products with viewing
zenith angles quantitatively, we calculate the R? and RSE for
the large and small view zenith angles separately (shown in
Table 3 and Table 4). For “Grasslands” and “Croplands”, the
view zenith angles of MODIS reflectance product are all less
than 30°, so we did not do the comparison for them in Table 4.

From Fig. 1 we can see that the bidirectional reflectance
calculated using MODIS BRDF model parameters products fit
the MISR bidirectional reflectance better when the viewing
zenith angle =30° (red points ) than that when the viewing
zenith angle >30° (black points ). From Table 3 we can also see
that when the view zenith angles are smaller, the R? increase
and the RSE decrease.

MISR can obtain the observing reflectance of the same tar-
get from 9 angles. Comparing with the observation mode of
MODIS, MISR gains the advantage over MODIS on obtaining

more directional observations, especially on the observations at
large view zenith angles. So, from Fig. 2 and Table 4 we can
see that: the bidirectional reflectance calculated using MISR
BRDF model parameters products fit the MODIS bidirectional
reflectance more preferably. Although the fitting becomes dis-
perse when the view zenith angle increase, the MISR BRDF
model parameters products show preferable extrapolation ability.
3.2.2 Variability of the extrapolation ability of MODIS BRDF
model parameters products with relative azimuth angles

In order to analyze the extrapolation ability of MISR and
MODIS BRDF model parameters products and their variability
with relative azimuth angles, we divided the MISR and MODIS
reflectance products into 4 groups according to the relative
azimuth angles: @ relative azimuth angle € (0°, 30°); @ rela-
tive azimuth angle € (150°, 180°); @ relative azimuth an-
gle €(60°, 120°); @ the other angles.

Fig. 3 is the comparison result of the extrapolated directional
reflectance calculated using the MODIS BRDF model pa-
rameters products and the MISR 9 angle reflectance products.
The black points represent group @, the blue points represent
group @, the green points represent group @), and the red

o Blue band Green band Red band NIR band
£ 020 0.3 0.4 . 05
% B=0.036 R’TE].OSJ . B=0.046
?-l 0.15 . RS.E:()_OEQ 02 _..ESE=U.U§4 0.3 i.?SE—O.U?I - 0.4 . ".:
5 0.10{" “a . 0.2 o
b . e, 0.1 i 0.2 >
£ 0.05 m e . 0.1 2-().005
2 000 0.0 4 ; ; 0T . 0.0+ . R"‘E 0.104
S 000 0 05 0.0 0.15 020 0.0 0.1 0.2 0.3 0.0 01 02 03 04 0.0 0.2 0.4 0.6
(a) Grasslands
51
E 03], 0.4 .
g R*=0378 R=0461 ‘% 061 o626 « . 06 "
5 o2 RSE=0.035 0.3 1 RSE=0.060 *\.‘ . RSE=0.076 taa . ¥z .* ’ o A -
Eilt B B - !Q
3 - o 021 ... .. o - 04 _‘%
g 0.1 7 o1 J%' . Z ; S " . ~
| r . ; ] . > - =0.296
2 1‘." ik 02 "t Rsi-0.089
S 007 T 1 00T T T T 1 0.0+ T T 1 T T T T
s 00 0 1 0.2 0.3 00 01 02 03 04 0.0 0.2 0.4 0.6 0.2 0.4 0.6
(b) Barren or sparsely vegetated
3 0.6 - 09 7]
g 0.6 0.6 = - )
2 B 0.4 4 .. ‘ - A
S 0.4 A 0.4 ik e . .
—: . '|" ﬁ' ".. - .-\- "' I'} 3 .
2 02 . .A& 02 "._i\t' 021 :#‘r’ i 03 g o
E R R=0.741 TR=0.617 w . R=0.642 " R=0.153
g 0.0 { @ RSE=0.056 0.0 “ = RSE=0.066 0.0 4 * " RSE=0.059 0.0 ¥ RSE=0.108
T T T T T T T T 1 . T T 1
g 0.0 02 04 06 00 02 04 06 0.0 02 04 06 0.0 0.3 0.6 0.9
(c) Evergreen needleleaf forest
o
2 0.20 0.25 0.6
',E 0 3 -
S 0.15 0.20 " : S P |
g 3 - 4 ) o 0.4 e ‘g "
F0104 28t oo 0151 & . R=0.164 03 .y T=0.004 b 'f:.zk
E 7., RSE=0.029 0.101 23gR%a L RSE=0.045 Bl % 8 RSE=0.058 5] '?: ¢
e 037 P il i :':'. e % : o & R=0.030
— 0512 s ® = L. "
S 0.00 e A 0.0 f————r ——aRSE=0.10]
= 000 005 0. |0 015 020 0.05 0.10 0.15 0.20 0.25 0.0 01 02 03 0.2 04 0.6
MISR reflectance MISR reflectance MISR reflectance MISR reflectance
(d) Croplands

Fig. 1 Fittings of the MODIS BRDF model parameters products with the MISR 9 angle reflectance products. The red points represent the view
zenith angle==30°; the black points represent the view zenith angle >30°. The X coordinate is the MISR reflectance products and the Y coordinate
is the reflectance calculated using the MODIS BRDF model parameters products.
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Fig. 2 Fittings of the MISR BRDF model parameters products with the MODIS reflectance products. The red points represent the view zenith
angle =30°; the black points represent the view zenith angle >30°. The X coordinate is the MODIS reflectance product (MODO09A1) and the

Y coordinate is the reflectance calculated using the MISR BRDF model parameters products.

Table 3 Variability of the extrapolation ability of MODIS BRDF model parameters products with viewing zenith angles

Blue band Green band Red band NIR band
Land cover types View zenith angle

R? RSE R? RSE R? RSE R? RSE
=30° 0.455 0.017 0.236 0.028 0.495 0.038 0.112 0.061

Grasslands
30° 0.002 0.037 0.129 0.062 0.002 0.083 0.000 0.120
Barren or sparsely =30° 0.676 0.023 0.800 0.035 0.855 0.048 0.660 0.063
vegetated 30° 0.295 0.040 0.366 0.069 0.557 0.087 0.213 0.100
Evergreen needleleaf =30° 0.938 0.031 0.911 0.034 0.908 0.032 0.639 0.053
forest 30° 0.682 0.065 0.510 0.077 0.545 0.068 0.056 0.127
=30° 0.155 0.014 0.020 0.022 0.286 0.029 0.368 0.057

Croplands
30° 0.031 0.034 0.268 0.053 0.001 0.068 0.000 0.117

Table 4 Variability of the extrapolation ability of MISR BRDF model parameters products with viewing zenith angles

Blue band Green band Red band NIR band
Land cover types View zenith angle
R? RSE R? RSE R? RSE R? RSE
Barren or sparsely =30° 0.688 0.026 0.861 0.033 0.909 0.041 0.820 0.043
vegetated 30° 0.409 0.040 0.443 0.057 0.425 0.064 0.238 0.065
Evergreen needleleatf =30° 0.757 0.033 0.768 0.030 0.707 0.031 0.724 0.039
forest 30° 0.065 0.105 0.061 0.096 0.004 0.114 0.231 0.089

(C)1994-2021 China Academic
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Fig. 3 Fittings of the MODIS BRDF model parameters products with the MISR reflectance product. The black points represent the relative
azimuth angle (0°, 30°); the blue points represent the relative azimuth angle (150°, 180°); the green points represent the relative azimuth

angle (60°, 120°); and the red points represent the other angles. The X coordinate is the MISR reflectance product and the Y coordinate is
the reflectance calculated using the MODIS BRDF model parameters products.

Table 5 Variability of the extrapolation ability of MODIS BRDF model parameters products with relative azimuth angles
* i i Blue band Green band Red band NIR band
Land cover types Relative Iammuth

angle R? RSE R? RSE R? RSE R? RSE
CP 0.673 0.012 0.503 0.019 0.722 0.024 0.569 0.043

Grasslands
PP 0.002 0.039 0.108 0.069 0.001 0.093 0.084 0.151
Barren or sparsely CcP 0.730 0.021 0.869 0.027 0.901 0.039 0.818 0.052
vegetated PP 0.248 0.049 0.241 0.089 0.366 0.116 0.000 0.127
Evergreen nee- cP 0.964 0.026 0.955 0.026 0.948 0.026 0.929 0.024
dleleaf forest PP 0.753 0.069 0.649 0.073 0.683 0.063 0.125 0.124
CP 0.195 0.014 0.118 0.013 0.759 0.016 0.838 0.024

Croplands
PP 0.000 0.033 0.084 0.050 0.001 0.066 0.041 0.127

* CP represents near cross principal plane, that is the relative azimuth angle € (60°, 120°), while PP represents near principal plane, that is the relative azimuth an-

gle € (0°, 30°) or relative azimuth angle € (150°, 180°)

points represent group @.

The relative azimuth angles of MODIS reflectance products are
few in group @, group® and group®), or just belong to one group.
So, we did not compare the variability of the extrapolation ability
of MISR BRDF model parameters products in the 4 groups.

Similarly, we did the comparison between the extrapolation
abilities of MISR BRDF model parameters products on near

principal plane and near cross principal plane (Table 5).

From Fig. 3 we can see that MODIS BRDF model parame-
ters products fit the MISR reflectance product preferably on
near cross principal plane (green points), but sparsely on near
principal plane (black points and blue points). From Table 5 we
can also see that: comparing with the near principal plane, the
R? increase and the RSE decrease near cross principal plane.



CHEN Yong-mei et al.: Comparison of MISR and MODIS Bidirectional Reflectance Products 807

4 RESULTS AND DISCUSSIONS

In this study, we choose MISR and MODIS BRDF model
parameters products on the four land cover types which are
“Grasslands”, “Barren or sparsely vegetated”, “Evergreen nee-
dleleaf forest” and “Croplands” to analyze the extrapolation
ability of MISR and MODIS BRDF model parameters products
at those directions without viewing data. The research results
can provide reference for using MISR and MODIS BRDF
model parameters products. For example, when we use the
MISR and MODIS BRDF model parameters products to calcu-
late the albedo, we should consider the uncertainty of the re-
flectance at big view zenith angles that extrapolated by the
BRDF model parameters, and possible calculation error.

The results show that: (1) both MODIS and MISR BRDF
model parameters products have better extrapolation ability at
some viewing directions without measurements. Especially
MISR BRDF model parameters products have preferable ex-
trapolation ability at MODIS viewing directions; (2) the extrapo-
lation abilities of both BRDF model parameters products tend to
weaken when the viewing zenith angle increases; (3) the ex-
trapolation ability of MODIS BRDF model parameters products
is better near cross-principal plane than that near principal plane.

The data used in this study is the MISR and MODIS BRDF
model parameters products and reflectance products. It is nec-
essary to know that there is difference between the spatial reso-
lutions of MISR observations at different view zenith angles,
while we did not cope with this difference. For the different
spatial resolutions of MISR and MODIS, we suppose that the
land surface is uniform for large pixel scale. Additionally, there
are limitations in obtaining data. For example, the reflectance
products of MISR and MODIS used here are not enough to
analyze the extrapolation ability of the BRDF model parameters
products at all viewing angles. The conclusions in this study are
based on finite land cover types. The limitation of the data of
different land cover types should be considered if the conclu-
sions are used for other land cover types. After all, the analysis
method and the conclusions in this paper are helpful in evalu-
ating the existing BRDF model parameters products and reflec-
tance products at global scale.
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