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Abstract—Atmospheric correction (AC) is an essential
procedure to quantitatively analyze remote sensing data.
Atmospheric effect (AE) of satellite images can be corrected to
obtain surface reflectance from top-of-atmospheric signal. This
study is to introduce the atmospheric correction method of
SPOT satellite image. The results show that AC is important,
especially at visible bands. Neglecting AC can lead relative
errors of reflectance to 64% and 32% at green and red bands,
respectively. The physical mechanism of AE at visible, near-IR
and shortwave IR bands is also explained.

Index Terms—Atmospheric Correction, Remote Sensing,
SPOT Satellite, Surface Reflectance.

. INTRODUCTION

Quantitative analysis of remote sensing data is usually
hampered by atmospheric effect (AE) of satellite images
[1]-[3]. Top-of-Atmosphere reflectance derived from remote
sensing images is deviated from true surface reflectance due
to the scattering and absorption of both molecules and
aerosol. AE always brightens the dark targets and darkens the
bright targets; thus, reduces the contrast of satellite imagery
[1]. To correct AE and retrieve surface reflectance,
atmospheric correction AC of satellite image is necessary.

Most widely used AC algorithm for satellite images is
using dark target (DT) to retrieve surface reflectance [4]-[7].
Simple dark object subtraction is also based on DT [8]-[10].
Radiative transfer model can be used in AC of satellite image
to retrieve true surface reflectance [5]. Aerosol optical depths
(AODs) are derived from the Landsat TM scene itself using
DT [11]-[13]. DT approach is also used in MODIS AC,
accompanied with deep blue method [6], [14], [15]. Surface
reflectance obtained by AC can be further applied in
terrestrial monitoring using physical approaches, such as leaf
area index (LAI) and fraction of photosynthetically active
radiation (FPAR) absorbed by vegetation [16].

The objective of the paper is to introduce the atmospheric
correction algorithm of SPOT satellite image. The
atmospheric effect on the surface reflectance is analyzed. The
physical mechanism of AE at visible, near-IR (NIR) and
shortwave IR (SWIR) bands is explained.

Il. ATMOSPHERIC CORRECTION ALGORITHM

A. TOA Reflectance Modeling

If the surface is assumed to be uniform and Lambertian as
well as gas absorption is neglected, a satellite sensor received
TOA reflectance p'°* by a target reflectance p at sea level
altitude under solar and viewing zenith angles &, év and
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relative azimuthal angle ¢ within narrow spectral bands can
be written as [17]:

Y ¢):pa(ﬂs,yv,¢)+T(ys)T(ﬂv)ﬁ (1)

where p; is the atmospheric reflectance; w4 and 4, are cos6é,
and cosé,; T(us) and T(4,) are the downward and upward total
scattering transmittances, and S is the spherical albedo of the
atmosphere. Atmospheric functions, including p., T(w),
T(w,) and S, are all functions of AOD and aerosol models.
Hence, p"°* also vary with aerosol properties, i.e. AOD and
aerosol models, and p.

Simulations of p"°* through equation (1) rely on radiative
transfer simulations using the vector version of Second
Simulation of a Satellite Signal in the Solar Spectrum (6S),
6SV [17]. The accuracy of 6SV has been validated to be
within 1% [17].

B. Aerosol Optical Depth Retrieval

Before atmospheric correction of satellite remotely sensed
data, aerosol optical depth (AOD) needs to be retrieved from
image itself. Atmospheric effect is assumed to be uniform
and with cloudless. AOD is retrieved using 6SV with darkest
pixel (DP) at red band [18]. Feasible maritime aerosol model
is considered. Darkest pixel at red band is assumed of
reflectance of 0.01 as performed in previous study [18]. AOD
can be obtained based on the 6SV run.

C. Atmospheric Correction

Atmospheric correction of satellite image can retrieve
surface reflectance from TOA reflectance. Based on the
retrieved AOD, surface reflectance can be obtained from
lookup table (LUT). LUT is pre-computed by multiple runs of
6SV for surface reflectance ranging from 0 to 1 by step of
0.01 [18]. Then surface reflectance can be obtained from
TOA reflectance for every pixel.

IIl. RESULTS AND DISCUSSION

Fig. 1 shows raw image of SPOT satellite for Taoyuan test
site. This image covers Zhongli city, Taoyuan and taken on
2010/03/11. As one can see, whole area covers mainly with
vegetation and urban area covers on the right side of the
image as well as water ponds (dark) scattered around the area.

Histogram of TOA reflectance and surface reflectance at
green band is shown in Fig. 2. Since atmospheric scattering is
dominated at visible bands, such as green and red bands,
surface reflectance is greatly reduced when AC is performed.
Fig. 3 also shows that the error of TOA reflectance is positive
for the whole image. The error of TOA reflectance due to
neglection of AC be up to 0.052 an 0.027 in reflectance units,
at green and red bands, respectively (table 1). The errors are
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computed from the means errors of the whole image.
Corresponding relative errors are 64% and 32%, respectively.

The error at red band is reduced compared with green band
(Fig. 3), because scattering is reduced as wavelength is
increased (table 1). This is also shown in Fig. 4. Atmospheric
effect is mainly dominated by water absorption at NIR and
SWIR bands [3]. The reflectance errors, if AC is not
concerned, are -0.011 (-5%) and -0.003 (-2%), at NIR and
SWIR bands, respectively. These errors are much lower than
those at visible bands (table 1). Unlike errors at visible bands,
reflectance error due to AC neglection is different for various
targets at NIR (Fig. 5). The error is positive on water pond
targets, around zero for urban targets and negative for
vegetation. This is because of the atmospheric absorption due
to water vapor. The error is around zero at SWIR (Fig. 6),
because water vapor absorption is lower as compared to that
at NIR.

Raw

Fig. 1 SPOT satellite image over Taoyuan test site with false-color band
combinations: near infrared (red), red (green) and green (blue). Image is
taken on 2010/03/11.
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Fig. 2 Histogram of TOA reflectance and surface reflectance at green band
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Table 1. Mean reflectances of TOA and surface of the whole image as well
as error and relative error (%) at multiple bands.

Surfac Rel.
Bands TOA e Err. Err.(%)
Green 0.133 0.081 0.052 64
Red 0.113 0.085 0.027 32
NIR 0.220 0.232 -0.011 -5
SWIR 0.175 0.178 -0.003 -2

Refl. err. Band 1

-0.06 -0.04 -0.02 0 0.02 004 0.06

Fig. 3 Reflectance error due to AC at green band.

Refl. err. Band 2

-0.06 -0.04 -0.02 0 0.02 004 0.06

Fig. 4 Similar to Fig. 3, except at red band.
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Refl. err. Band 3

-0.06 -0.04 -0.02 0

0.04 0.06

0.02

Fig. 5 Similar to Fig. 3, except at NIR band.
Refl. err. Band 4

-0.06 -0.04 -0.02 0

0.02 004 0.06

Fig. 6 Similar to Fig. 3, except at SWIR band.

IV. CONCLUSION

In this study, the atmospheric correction algorithm of
SPOT satellite image is introduced. Analysis of AE and
physical mechanism of AE at different bands are performed.

The

results show that the importance of AC, especially at

visible bands. Relative errors of reflectance, if AC is not
concerned, are 64% and 32% at green and red bands,
respectively. Currently, the algorithm is confined to cloudless
images with uniform atmospheric effect. AC suitable for

non-uniform AE will be improved in future.
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