
1. Introduction

Many countries try to launch satellite to observe the
Earth surface. As important of surface remote sensing
is increased, the reflectance of surface is a core
parameter of the ground climate. So, determining
surface reflectance must have sufficient accuracy
(Roujean et al., 2002). But observing the reflectance of
surface by satellite have weakness such as temporal
resolution and being affected by view or solar angles.

The bidirectional effects of the surface reflectance
may make many noises to the time series (Taylor and
Stowe, 1984). These noises can lead to make errors

when determining surface reflectance. To correct
bidirectional error of surface reflectance, using
correction model for normalized the sensor data is
necessary (Roujean et al., 2002). And surface
reflectance is affected by angular data, solar zenith
angle is the most effect.

A Bidirectional Reflectance Distribution Function
(BRDF) is making accuracy higher method to correct
scattering (Isotropic scattering, Geometric scattering,
Volumetric scattering). To correct bidirectional error
of surface reflectance, BRDF was used in this study.
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2. Data and Method

1) Data
SPOT/VEGETATION is satellite which has polar

orbit. The VEGETATION sensor has 4 bands;
blue(b0), red(b2), Near Infra Red(NIR, b3) and MIR.
In this study we use 3 bands, blue, red and NIR.

The VEGETATION products has three parts: VGT-
P (Primary), VGT-S (Synthesis) and VGT-D (Directional).
VGT-S products are set to be used to straight
operational and scientific use. They are derived from
VGT-P products like Top Of the Atmosphere (TOA)
reflectance. They provide daily products (S1) and 10-
day Maximum Value Composite (MVC) products
(S10) which are atmospheric corrected. The correction
is based on Simple Method for the Atmospheric
Correction (SMAC) (Holben 1986). In order to
retrieve Background Surface Reflectance (BSR) which

was show reflectance by pixel, VGT-S1 products was
used to apply BRDF modeling in this study. And
temporal resolution is 1day and spatial resolution of
VGT-S1 are 1 km. (Table 1). VGT status map has four-
levels (clear, uncertain, cloudy, shadow) cloud mask
by multi-spectral thresholds (Kempeneers et al., 2000).
VGT status map product was used to sort cloud pixel
and clear pixel in this study.

Area of this study is the Northeast Asia include
Korea, China and Japan, cause this area has many land
types like croplands, forest, barren, urban and climatic
change effects stated in previous studies (Pi et al., 2009;
Kim et al., 2011; Park et al., 2012). And period of this
study is from Feb. 2009 to Dec. 2009. include 4 seasons
of the year.

2) Method
In order to retrieve BSR, BRDF modeling is used in

this study. BRDF is semi-empirical model which are
In BRDF equation (1), we can retrieve surface
reflectance with three Bidirectional Reflectance
Distribution (BRD) coefficients of K0 (Isotropic
scattering), K1 (Geometric scattering), K2 (Volumetric
scattering) values which derived from a physical model
(Wanner et al., 1995) and three of angular data, solar
zenith angle (θs), viewing zenith angle (θv), Φ (Relative
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Table 1.  Characteristic of SPOT/VGT S1data

Band Band Width Spatial resolution Temporal
resolution

B0 0.43 - 0.47 μm 1165 m × 1165 m 1 Day
B2 0.61 - 0.68 μm 1165 m × 1165 m 1 Day
B3 0.79 - 0.89 μm 1165 m × 1165 m 1 Day
MIR 1.58 - 1.75 μm 1165 m × 1165 m 1 Day

Fig. 1.  Overall flowchart of retrieving BGR and comparison with VGT-S1.



azimuth angle).

   ρ(θs, θυ, Φ) = K0 + K1f1(θs, θυ, Φ) +K2f2(θs, θυ, Φ)     (1)

On the contrary, we can retrieve BRD coefficients
with angular data and observed surface reflectance. The
First step to make BSR is retrieving BRD coefficients
using BRDF equation in the opposite direction. For
retrieving BRD coefficients, We need VGT-S1
reflectance pixel which was observed more than 3
times because BRD coefficients we need to calculate
are 3. So we use pixel which observed more than 3
times in 30 composite days. The second step is that
applying BRDF modeling again with retrieved BRD

coefficients and angular data.
After retrieving BSR, we validated BSR data with

VGT-S1 data which are clear pixels. In order to
distinguish clear pixels, we used VGT status map data
that is generally used in VGT data.

3. Results

We retrieve BSR by band with BRD coefficients
from 30day composition. Fig. 2 shows reflectance of
BSR and VGT-S1 (clear sky) by band in 2009.02.01.
We can find most reflectance of BSR pixels are
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Fig. 2.  results of BSR and VGT-S1 in clear sky (2009.02.01.) (a) BSR blue band, (b) BSR red band, (c) BSR NIR band, (d) VGT-S1
blue band (clear sky), (e) VGT-S1 red band (clear sky), (f) VGT-S1 NIR band (clear sky), (g) Difference BSR and VGT-S1 blue
band, (h) Difference BSR and VGT-S1 red band, (i) Difference BSR and VGT-S1 NIR band.

(g) BSR-Observed (Blue)

(d) VGT-S1 B0 (Blue)

(a) BRS (Blue)

(i) BSR-Observed (NIR)

(f) VGT-S1 B3 (NIR)

(c) BRS (NIR)

(h) BSR-Observed (Red)

(e) VGT-S1 B2 (Red)

(b) BRS (Red)



reasonable. But they also have missing pixels which
are observed under 4 times in 30 compositing days.
And Some pixels include cloud were excluded by VGT
status map. As you see, BSR have more colored pixels
than VGT-S1 because BSR retrieve reflectance by
pixel where BRD coefficients are made from 30 days
composition. (g),(h),(i) are difference of BSR and
VGT-S1. We calculate difference with pixel which has
reflectance between both datum.

Fig. 3 shows comparisons of VGT-S1 surface
reflectance and BSR surface reflectance at 02.01.2009.
For comparison, we tried 2 steps. The first step is that
we exclude cloud pixels with VGT status map. And
then We choose pixels are included in VGT-S1 and
BSR at the same time. As a result, in red band and NIR
band, scatters are generally matched one to one line.
This means BSR is similar with VGT-S1 reflectance.

To examine accuracy of this study, we retrieve bias
and Root Mean Square Error (RMSE). And Table 2.
shows bias and RMSE of this study. In the result, the
blue band shows higher bias and RMSE than other 2
bands. Bias are shown 0.0158486 in blue band,
0.116233 in red band, 0.0145135 in NIR band

respectively. RMSE are 0.0545083 in blue band,
0.0459527 in red band, 010483898 in NIR band.

4. Summary

As results of this study, the scatter plots are
reasonable and bias and rmse are also reasonable. The
results of comparisons supports the accuracy of BSR.
It means that BSR can be use to retrieve other surface
products instead of observed data. In previous study
(Roujean et al., 2002) accuracy of NIR band is higher
than other bands , but this study shows accuracy of red
band is the highest. For figuring out this result, we need
to study more in the future. And weakness of this study
is missing pixel in BGR which are observed less than
4 times in 30 composite day. If missing pixels are filled,
BGR is better to retrieve surface products with more
accuracy. So we will study to fine a way to fill missing
pixels in future study.

After filling the missing pixel and being more
accurate, it can be useful data to retrieve surface product
which made by suface reflectance like cloud masking
and retrieving aerosol.
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Fig. 3.  Comparisons of VGT-S1 reflectance and BSR reflectance in clear pixels Feb.1st.2009. (Blue, Red, NIR bands).

Table 2.  Comparisons of VGT S1 and Background Surface
Reflectance in study period
Band RMSE Bias

Band0 (Blue) 0.0545083 0.0158486
Band2 (Red) 0.0459527 0.0116233
Band3 (NIR) 0.0483898 0.0145135
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