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Abstract : Surface albedo is an important parameter of the surface energy budget, and its accurate
quantification is of major interest to the global climate modeling community. Therefore, int this paper, we
consider the direct solution of kernel based bidirectional reflectance distribution function (BRDF) models for
retrieval of normalized reflectance of high resolution satellite. The BRD effects can be seen in satellite data
having a wide swath such as SPOT/VGT (VEGETATION) have sufficient angular sampling, but high
resolution satellites are impossible to obtain sufficient angular sampling over a pixel during short period
because of their narrow swath scanning when applying semi-empirical model. This gives a difficulty to run
BRDF model inferring the reflectance normalization of high resolution satellites. The principal purpose of
the study is to estimate normalized reflectance of high resolution satellite (RapidEye) through BRDF
components from SPOT/VGT. We use semi-empirical BRDF model to estimated BRDF components from
SPOT/VGT and reflectance nommalization of RapidEye. This study used SPOT/VGT satellite data acquired
in the S1 (daily) data, and within this study is the multispectral sensor RapidEye. Isotropic value such as the
normalized reflectance was closely related to the BRDF parameters and the kernels. Also, we show scatter
plot of the SPOT/VGT and RapidEye isotropic value relationship. The linear relationship between the two
linear regression analysis is performed by using the parameters of SPOT/VGT like as isotropic value,
geometric value and volumetric scattering value, and the kernel values of RapidEye like as geometric and
volumetric scattering kernel. Because BRDF parameters are difficult to directly calculate from high
resolution satellites, we use to BRDF parameter of SPOT/VGT. Also, we make a decision of weighting for
geometric value, volumetric scattering value and error through regression models. As a result, the weighting
through linear regression analysis produced good agreement. For all sites, the SPOT/VGT isotropic and
RapidEye isotropic values had the high correlation (RMSE, bias), and generally are very consistent.
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1. Introduction

As the one of the major energy sources, incoming
solar radiation plays a fundamental role in
determining weather or climate at the atmospheric
boundary layer by strong feedback effects
(Pokrovsky and Roujean, 2002). This global climate
change is undergoing and it is important to exactly
understand form and status of surface for monitoring
climate change. Consequently, knowledge of the
phenology of plant communities is relevant to
estimate biological productivity, understanding land-
atmosphere interactions and biome dynamics,
modeling vegetative inputs into biogeochemical
cycles, as well as for the management of vegetation
resources (Tarpley et al., 1984; Justice et al., 1985).
Also, land surface albedo is defined as the fraction of
incident solar irradiance reflected by Earth’s surface
over the whole solar spectrum (Dickinson, 1983).
Especially, wide-swath satellite such as AVHRR,
MODIS, and SPOT/VGT (VEGETATION) has
anisotropy effects that can cause serious error in
estimations of solar radiation parameters such as
reflectance, albedo and vegetation indices (Yeom et
al., 2005; Yeom et al., 2009). The anisotropic
behavior of surface reflectance is described by the
Bidirectional Reflectance Distribution Function
(BRDF). The BRDF can be used to model observed
reflectance to the normalized reflectance at nadir
(Kimes et al., 1985; Roujean et al., 1992). Therefore,
the BRDF is considered as one of the most important
factors when utilizing satellite data and deriving
biophysical information from the ground surface
(Chopping, 2000; Wanner and Strahler, 1995). Also,
this model has been optimized to base on the wide-
swath satellite which can acquire sufficient angular
sampling for a short time. There are several kinds of
BRDF models, mainly utilizing physical (Gao, 1993),

semi-empirical (Roujean et al., 1992) and empirical

(Walthall et al., 1985) methods to estimate standard
sun-target-sensor geometry. Various studies related to
BRDF have been conducted, including Bidirectional
Reflectance Factor (BRF) data measurement
(Chopping, 2000; Kimes et al., 1985), retrieval of
information from BRDF (Pinty and Verstraete, 1991;
Privette et al., 1997; Lucht et al., 2000; Han ef al.,
2003 ), and BRDF model development (Roujean et
al., 1992; Wanner and Strahler, 1995; Hu et al., 1997,
Lacaze and Roujean, 2001). In order to correct the
surface anisotropy effects, this paper used the semi-
empirical kernel-driven BRDF model based on of
Roujean et al. (1992). The wide swath satellites like
SPOT/VGT can observed reflectance with sufficient
angular sampling, but high resolution satellites such
KOMPSAT-2, SPOT-4, 5 and RapidEye are very
difficult to obtain sufficient angular sampling over a
pixel during short period because of their long term
revisit period, narrow swath scanning and VZA
(Viewing Zenith Angle) range within the range 0~5° .
Therefore, BRDF parameters are difficult to directly
calculate from high resolution satellites.

The purpose of this study is to be an efficiency
assessment for reflectance normalization of RapidEye
employing BRDF components of wide-swath

satellite.

2. Data and study area

The VEGETATION (VGT) sensor on board the
SPOT-4 platform was launched in March 1998
(http://spot-vegetation.com). The instrument observes
a region of the earth 2250 km wide with daily
coverage. The satellite has an equatorial local
crossing time of 10:30 in the morning local solar
time. The across track resolution is approximately 1.1
km at the nadir. The data are projected and

interpolated to a constant pixel resolution of
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Table 1. Characteristics of SPOT/VGT and RapidEye.

Mission characteristic Information
' SPOT/VGT RapidEye
Orbit Altitude 820km in Sun-synchronous orbit 630 km in Sun-synchronous orbit
Spectral Bands Capable of capturing any of the following spectral bands:
Name Spectral Bands (nm} Spectral Bands (nm)
Blue 430~470 440 - 510
Green 520 590
Red 610~ 680 630 — 685
Red Edge 690 730
NIR 780890 760 - 850
SWIR 1580 - 1750
Pixel size 1km 5m

125 126 27

128 129 136

Fig. 1. The location of study area; left side: Rapideye, right side: SPOTNVGT

approximately one km?. Four spectral bands are
available: BO between 043 and 0.47 um (blue), B2
between 0.61 and 0.68 um (red), B3 between 0.78
and 0.89 um (near infrared) and SWIR between 1.58
—1.75 um (short wave infrared). Daily, surface
reflectance (S1) products were used for this study.

Also, it is optimized for vegetation observation to one

of the representative polar-orbiting satellites. Besides
the band, S1 product includes angle data of satellite/
sun, composite time, NDVI (Normalized Difference
Vegetation Index) and SM (Status Map) data. SM
data provides clear, shadow, uncertain and cloud
condition to each pixel. The study was only performed

when was clear,
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The high resolution satellite used within this study
is the RapidEye with multispectral sensor. The
RapidEye system consists of five satellites that carry
the identical sensor. The RapidEye sensors have five
bands in the spectral range between 0.4 and 0.9 um.
The features differentiating the RapidEye system from
other multi-spectral sensors are for one the additional
band in the red-edge region of the spectrum that
allows a better analysis of vegetation, but also the high
spatial resolution (Sm) and the high repetition rate of 1
to 3 days of the sensors due to a constellation of five
RapidEye satellites. Also, atmospheric calibration was
performed to use MODTRAN 4.0 by applying
standard atmospheric mid-latitude profile. Table.1
shows a summary of the characteristics of the two
satellites. For the analysis presented here, image of
each sensor was used. For SPOT/VGT, the images
were acquired on 1 January to 31 December 2009, for
RapidEye, the image was acquired on September 30th
2010. The study site is a section of Korea between
32.5° and 40.0°N and 124.5° and 130.0°E in
SPOT/VGT. The study area of RapidEye is shown in
Fig. 1. NDVI is the most widely used vegetation index
in order to uncover biological characteristics of
vegetation canopy (Jiang et al., 2006). NDVI is a
useful index to monitoring growth of the vegetation
cover. NDVI can calculate using the reflectance
difference of red channel (B2) and NIR(near infra-red)
channel (B3) which is maximum surface vegetation
chlorophyll. Therefore, this study was performed by
B2 and B3 band which are useful for monitoring in

growth of vegetation cover.

3. Methodology

1) BRDF modeling

The schematic diagram is shown in Fig. 2.

Procedure for correction the anisotropy effects of

surface reflectance is required to BRDF for
normalization. In addition, it is essential to estimate
normalized reflectance through BRDF model to
eliminate anisotropy effects. In particular, kernel-
driven based semi-empirical models considered as
solution about complicate relationship between
surface and atmosphere radiation scattering
characteristics to be in estimating BRDF. We used
BRDF model developed by Roujean et al. (1992),
considered to be the basic form for semi-empirical
BRDF models, to simulate the BRDF parameters:

6,00 0)= Ko+ K600 0) + Ko+ K000 9) (1)
/165,00, 0)= 5[ ~P) cosp + sin

an9stan9v—%[tan9s+tan9v+ 2

Jtan® 6, + tan? 6, + 2tan O, tan 6, cos @]

4 1
f5,6,,¢) = 3 cos O, + cos B,
6)
X (%—é‘)cos§+sin§—%
cos & = cos 6;cos B, + sin Gy sin 6, cos ¢ €]

where p denotes the reflectance in a given spectral
channel. The f; and f, are two angular kemels that
depend on the solar zenith angle &, the viewing
satellite zenith angle 8y, and the relative azimuth
angle ¢ between the sun and view directions. The
term Ky (isotropic value) stands for the Lambertian
reflectance of the model isotropic component. The
two other terms K (geometric value) and K (volume
scattering value) are coefficients indicative of the
relative contributions of f; and f;, which represent,
respectively, the geometric and the volume scattering
effects. The three coefficients are retrieved for each
channel on a pixel-per-pixel basis adjusting the model
of Eq. (1) by using SPOT/VGT S1 data measurements
in a less square sense. We consider sets of

observations comprised within a 30-day period to
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Fig. 2. Flowchart for the overall data processing of the study.

retrieve the model coefficients. The simulated
reflectances are assigned to the date centred on the
30-day period. The process is repeated with sliding
periods of 10 days delineating the composite frame in
order to enhance the temporal sampling (Fig. 3). The
method was proven to be efficient with time series of
AVHRR data (Csiszar et al.,2001; Leroy and Roujean,

1994), which provides a similar distribution to
SPOT/VGT (Duchemin and Maisongrande, 2002).

2) Match up database of SPOT/VGT and
RapidEye

To resolve the pixel difference of SPOT/VGT and
Rapid Eye, we resampled pixel size of RapidEye to
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Fig. 3. The schema of method for the retrieval of normalized reflectance by using determined time window with synthetic use
SPOTNGT.

SPOT/VGT spatial resolution. Fig. 4 shows
RapidEye image corresponding to pixel of
SPOT/VGT. To solve the inconsistency between
temporal and spatial patterns, RapidEye has been an
average of reflectance values which is 200 x 200
pixels for fitting SPOT/VGT one pixel. Also,
relatively large values to standard deviation were
excluded. Because of relatively much more one pixel
of RapidEye than one pixel of SPOT/VGT, research
was intended for broaden forest area than various

land surface. Add to that, forest structure is an

important factor in the estimation of energy and
carbon fluxes between land and atmosphere and is
required by modelers regional and global scales
(Zhuosen Wang er al., 2011). Also, R® considering
correlation diagram through distribution of NDVI
values corresponding to RapidEye area is 0.62. R?
seems to be fair on value when compared temporal
and spatial differences between the two satellites (Fig.
5). The wide swath satellites like SPOT/VGT permit
sufficient angular sampling, but high resolution
satellites such as IKONOS, Quickbird, and
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KOMPSAT-2 are impossible to obtain sufficient
angular sampling over a pixel during short period
because of their narrow swath scanning and VZA
(Viewing Zenith Angle) range within the range from
0° to 5° degree. Consequently, in case of semi-
empirical BRDF model, it is difficult to parameterize

kernel parameters by using high resolution satellites.

Kore = pre — Kivor fire — Kavor fore &)
Kover - pre =— Kyvor fire — Kovor foarE (6)

Kore = pre— a1K1ver fire — @Kovorfore + a0 (1)

Kore 1s normalized reflectance at RapidEye for
specific angle condition, Koyvgr is normalized
reflectance at SPOT/VGT for specific angle
condition.

Each term means following description:

Pre - denotes the reflectance of RapidEye in a given
spectral channel

fire, forE - two angular kemels of BRDF model (in
RapidEye) (depend on the solar zenith angle &, the
viewing satellite zenith angle 6, and the relative
azimuth angle ¢ between the sun and view directions)
Kivor, Koygr - coefficients indicative of the relative
contributions of kernel (geometric and volumetric
scattering effects of SPOT/VGT)

Therefore, Kogg is estimated by using the Eq. (5).
We compared the Koygr and the estimated Kygg by
Eq. (5). SPOT/VGT kernels segregated proper kernel

to be division and RapidEye kernels computed. We
set Kovor — PrE. — Kivor fire and — Kpyer fare terms
corresponding to each channel (Red, NIR band)
through Eq. (6) ; Kgvgr ~ Pre term as a dependent
variable and —~ Kjyer fige term, — Kaver fore term as the
independent variables. Linear regression analysis was
performed by using the parameters of SPOT/VGT like
as isotropic value (Kp), geometric value (K) and
volumetric scattering value (K3), and the kernel values
of RapidEye which is geometric characteristic from
observation angles, by using geometric kernel (f;) and
volumetric scattering kernel (f;). Also it made a
decision of weighting for K;, K and error through
regression models. Expression applied weight in each
of the channels is shown in Eq. (7).

4. Comparison results

1) Preliminary comparison of SPOT/VGT
and RapidEye

Two RapidEye images with clear sky condition
were collected over forest of SPOT/VGT (path24/
row24, September 30, 2010). We used Eq. (2) and
Eq. (3) to calculate each of kernels which specitied to
RapidEye observation geometry. Input data for
applying BRDF model appear Table 2. We used Eq.
(5) which is modified in Eq. (1), because BRDF
parameters like as Ky, K7 and K are difficult to

directly calculate from high resolution satellites. Fig.

Table 2. Geometric and volumetric scattering Kernels for training and test scene of RapidEye.

RapidEye Training scene Test scene
(2010.09.30) (2010.09.30)

SZA (solar zenith angle) 384367° 38.22049°
VZA (viewing zenith angle) 0.1747° 0.1747°

SAA (solar azimuth angle) 178.10° 178.1215°
VAA (viewing azimuth angle) 279.77° 279.75°

{1 (geometric kernel) 050614 -0.50224

f2 (volumetric scattering kernel) 0.01770 -0.01761
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Fig. 6. Preliminary comparison of SPOT/VGT K; and
RapidEye Kp in the training scene; (a) Red band; (b)
NIR band

6 shown preliminary comparison which is the
SPOT/VGT Ky and RapidEye Kj in the training

scene. As previously mentioned, Ky as the normalized

reflectance is closely related to the BRDF parameters
(isotropic value; Ky, geometric value; K, volumetric
scattering value; K») and the kernels (geometric
kernel; f, volumetric scattering kernel; f,). Fig. 6
shows scatter plot of the SPOT/VGT and RapidEye
relationship, and shows the linear relationship
between the two. The R” value was 0.87 in Red band
and 0.79 in NIR band.

Kover=Koge+€ ®)

RapidEye Kj generally tended under-estimate, but we
confirmed the linear relationship of the SPOT/VGT Kj
and RapidEye Ky. Eq. (8) shows the SPOT/VGT and
RapidEye Kj simplified relationship. This means that
the RapidEye K, can be estimated from BRDF
parameters of SPOT/VGT. Therefore, we performed
error term analysis for directly estimating RapidEye K.

2) Comparison BRDF Kj - adjusted weighting

Eq. (6) shows the Kover - Pre, — Kovor fore and
terms corresponding to each channels (Kovgr — Pr
term; a dependent variable, — Kyygr fire and — Kaygr
f2re term; the independent variables). Linear
regression analysis was performed by using the
parameters of SPOT/VGT like as isotropic value
(Kp), geometric value (K;) and volumetric scattering
value (K5), and the kemel values of RapidEye like as
geometric kernel (f1) and volumetric scattering kernel
(f»). Also it made a decision of weighting for Ky, K»

and error through regression models.

Kore = PRE+ 1.506K, VGTfl rE—3046Kov6r fore + 0018 (9)

K()RE =[Re+ 1 ~249K1VGTf1RE_ 0~983K2VGTf2RE +0.106 (10)

We estimated RapidEye Ky about Red band using Eq.
(9) and NIR band using the Eq. (10). The results of a
correlation analysis between the SPOT/VGT Kj and
the applying weighted RapidEye Kj, shown in Fig. 7.
Fig. 7 shows that correlation existed (RMSE=
0.001929, bias=0.00008032 in Red band, and
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Fig. 7. Comparison of SPOT/VGT Kp and RapidEye Kj -
adjusted weighting K in the training scene; (a) Red
band; (b) NiR band
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Fig. 8. Comparison of SPOT/VGT K and RapidEye KO-
adjusted weighting K in the test scene; (a) Red band;
(b} NIR band

Table 3. Result (Bias and RMSE) of correlation analysis between SPOTNVGT K; and RapidEye Ky about each of the channels

RapiflEye Ko RapidEye Ky Total
(Training scene) (Test scene)
Red band NIR band Red band NIR band Red band NIR band
Bias 0.000080 (.000025 0.003703 -0.0061527 0.0018915 -0.0030638
RMSE 0001929 0.005940 0.0890 0.1478 0.0454645 007687

RMSE=0.000594, bias=0.00002479 in NIR band).
To assess the accuracy of the weighting, we
performed Eq. (9) and Eq. (10) over the test scene.
Fig. 8 shows the result which is RMSE=0.0890,
bias=0.003703 in Red band, and RMSE=0.1478,
bias=-0.0061527 in NIR band. As a result, the
weighting through linear regression analysis
produced good agreement. For all sites, the
SPOT/VGT Kg and RapidEye K; had the high
correlation (RMSE, bias), and generally were very

consistent. We also compared with two area
estimated to be using the weighting. Table 3 provided
the detailed information about the estimated
RapidEye Ky accuracies. The final estimated
RapidEye K, was batter than that in preliminary
comparison result, as supported by statistical results.
Through weighted RapidEye Ky by error term
analysis, we estimated the RapidEye Kj directly using
the SPOT/VGT. However, errors in the estimated the
RapidEye Ky directly using the SPOT/VGT were
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Fig.9. Ky image applied weighting, ¥z image applied weighting and estimated K; image over the training scene: (@) Red band of
geometric value; (b) Red band of volumetric scattering value; {c) Red band of estimated isotropic value; {d) NiR band of
geometric value; (€) NIR band of volumetric scattering value; (f) NIR band of estimated isotropic value.

observed without improved processing, and it was
focused on some parts of the area. We also compared
our results to those of other method (Fig. 9). Fig. 9
shown K image applied weighting, K image applied
weighting and estimated K image over the training
scene. Two values of K; and K, are in inverse
proportion to each other. K is in direct proportion to
the estimated Ky, and K; is in inverse proportion to
the Ky. Ky seem to affects more K; values than K;
values in the forest. In the future, we will apply
weighting to various land cover about RapidEye
reflectance.

5. Concluding remarks

We tested the performance of the SPOT/VGT
BRDF components when estimated RapidEye Kp.
Typically, the wide swath satellites like SPOT/VGT
permit sufficient angular sampling, but high
resolution satellites are impossible to obtain sufficient
angular sampling over a pixel during short period
because of their narrow swath scanning and VZA
(Viewing Zenith Angle) range within the range 0~5°.
Consequently, BRDF parameters are difficult to
directly calculate from high resolution satellites. To
solve this problem, we performed linear regression
analysis by using the parameters of SPOT/VGT like
as isotropic value (Kp), geometric value (K1) and

volumetric scattering value (K3), and the kernel
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values of RapidEye like as geometric kernel (f;) and
volumetric scattering kernel (f,). Also it made a
decision of weighting for Ky, K, and error through
regression models. We compared the SPOT/VGT Kj
estimates with comparison RapidEye Kj to assess
their accuracy. Correlation existed (RMSE=
0.001929, Bias=0.00008032 in Red band, and
RMSE=0.000594, Bias=0.00002479 in NIR band).
To assess the accuracy of the weighting, test scene
shows the result which is RMSE=0.089, Bias=
0.003703 in Red band, and RMSE=0.1478, Bias=
-0.0061527 in NIR band. As a result, the weighting
through linear regression analysis produced good
agreement. For all sites, the SPOT/VGT K; and
RapidEye Kjg had the high correlation (RMSE, Bias),
and generally were very consistent. As a result, the
weighting through linear regression analysis
produced good agreement. For all sites, the
SPOT/VGT and RapidEye had the high correlation
(RMSE, Bias), and generally were very consistent.
We also compared with two scene estimated to be
using the weighting. However, this study has several
limitations in simple comparison about reflectance of
RapidEye and SPOT/VGT, and in efficiency
assessment test. In the future, this researcher will be
utilized as basic data for estimating normalized
reflectance of high resolution satellite and we will
apply weighting to various land cover about

RapidEye reflectance.
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