
1. Introduction

Since the launch of the IKONOS-1 in 1999 and
several other following commercial satellites, High
Spatial Resolution (HSR) satellite images have been
widely used for topographic mapping, Digital Elevation
Model (DEM) data generation, and urban and land
cover classifications. On the other hand, it has been

relatively rare to find quantitative applications for
extracting biophysical parameters from HSR images.
Although there have been a few cases of using HSR
images to extract information regarding the physical
conditions of vegetation (Imukova et al., 2015; Pu and
Cheng, 2015; Tillack et al., 2014; Sprintsin et al., 2007)
and water quality (Choe et al., 2015; Chang et al.,
2009), the number and type of HSR applications in
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these purposes are still very limited.
To extract biophysical parameters on earth surface

from satellite imagery of optical sensors, the image data
should be processed to reduce the influences by
atmosphere, solar irradiance, and sensor viewing angles
(Richter, 1997). This processing step is often called as
atmospheric correction that converts raw Digital
Number (DN) value to surface reflectance. Atmospheric
correction has become very important in quantitative
remote sensing. For example, Leaf Area Index (LAI)
is a key environmental parameter to characterize
physical condition of vegetation canopy and is often
estimated by a model that uses surface reflectance after
removing atmospheric effects on multispectral images.
Atmospheric correction plays even more important

role in time series analysis of spectral data. To compare
and analyze any changes in surface parameters over
time, the atmospheric correction of multi-temporal
images is an essential part. Although there have been
several studies on atmospheric correction of HSR
satellite images (Karpouzle and Malthus, 2003;
Manakos et al., 2011), it is relatively rare to find any
consistent results of atmospheric correction on multi-
temporal HSR images. Wu et al. (2005) compared
canopy reflectance obtained by applying three
atmospheric correction methods to multi-temporal
Quickbird images. The Quickbird-derived reflectance
did not correspond with field-measured reflectance and
varied by spectral band. The difficulty of atmospheric
correction on multi-temporal HSR images was also
reported in a water quality study by Chang et al. (2009).
Nowadays, there are several commercial and public

satellites that can provide HSR images and the chances
of obtaining multi-temporal HSR images from different
sensor systems are increased. Because of relatively
narrow swath and low temporal revisit frequency of the
satellite HSR images, the use of several HSR satellite
sensors increases the opportunity to obtain multi-
temporal images for time series analysis (Steven et al.,
2003). In this study, we tried to investigate possible

problems in atmospheric correction of multi-temporal
HSR satellite images obtained from two different
satellite sensors. Three atmospheric correction methods
were applied to the HSR images obtained from
KOMPSAT-2 and IKONOS-2 multispectral sensors.
By analyzing the surface reflectance of various ground
targets, the effects of atmospheric correction were
explored.

2. Atmospheric Correction Methods

Atmospheric correction of optical imagery is mainly
to derive purely reflected portion of energy from the at-
sensor radiance (Lt) by removing the amount of
radiance influenced by atmospheric effects. The
radiance (Lt) received on-board sensor can be
expressed in a simple form of equation (Eq. 1) and
atmospheric correction is the process of extracting
surface reflectance (ρ) from Lt.

                              Lt = + Lp                                (1)

where ρ = surface reflectance,
E = solar and diffuse irradiance on surface,
T = transmittance of atmosphere, and
Lp = path radiance.

Atmospheric correction methods of optical imagery
can be divided into two major categories by means of
obtaining the unknown variables of T and Lp in (Eq. 1).
Absolute atmospheric correction is based on the
calculation of physical processes of radiative transfer
and, therefore, requires a lot of information regarding
atmospheric data, sun-surface-sensor geometry, and
sensor’s radiometric specifications to calculate T and
Lp. On the other hands, relative atmospheric correction
is relatively simple to apply and does not require
atmospheric data.

1) RT-based method
Absolute atmospheric correction essentially obtains

atmospheric transmittance (T) and path radiance (Lp)

ρET
π
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values by a radiative transfer (RT) code. The Eq. 1 can be
further extended to explain detailed terms of energy
transfer from sun to earth and from earth to sensor (Eq. 2).

                     ρ =                       (2)

where Tv = transmittance from earth to sensor
Tz = transmittance from sun to target
Eo = Extraterrestrial solar irradiance
Ed = diffuse sky irradiance
θz = solar zenith angle

To calculate the physical process of energy transfer
from sun to earth and earth to sensor, absolute
atmospheric correction methods use radiative transfer
(RT) code. RT model simulates the radiative transfer
by calculating major interactions between atmosphere
particles and electromagnetic energy (Rayleigh and
aerosol scatterings and gas absorption). MODerate
resolution atmospheric TRANsmission (MODTRAN)
(Berk et al., 1998) and Second Simulation of a Satellite
Signal in the Solar Spectrum (6S) (Vermote et al.,
1997) codes have been widely used for the atmospheric
correction of optical imagery. To solve for surface
reflectance ρ in Eq. 2, RT-based method should be able
to calculate Lp, Tv, Tz, and Ed. Major input data
required to calculate these variables in RT-based
method include atmospheric data, sun and viewing
geometry, and sensor’s spectral response specifications.
Several atmospheric correction tools that are based on
RT model have been developed (Gao et al., 1992;
Richter and Schläpfer, 2015, Goetz et al., 2003).

2) Image-based method (DOC, COST)
Image-based atmospheric correction is a simple and

easy way to calculate surface reflectance without
atmospheric data at the time of image acquisition.
These relative atmospheric correction methods
indirectly obtain atmospheric Transmittance (T) and
Path radiance (Lp) from image or estimate by a simple
assumption. The Dark-Object Subtraction (DOS) is a
simple image-based method to obtain surface
reflectance. It assumes that the radiance of a dark object

within the image (ex. shadow) is the path radiance (Lp)
and ignores all other terms of atmospheric transmittance
and diffuse irradiance (Chavez, 1996; Moran et al.,
1992). Therefore, the Eq. 2 is simplified to the Eq. 3
for the DOS method.

ρ =                       (3)

Although the DOS method is simple and easy to
apply, it does not provide enough accuracy for high
reflectance surfaces and the selection of dark object can
be subjective by analyst. The Cosine Of the Sun zeniTh
angle (COST) method is an improved version of the
DOS method (Chavez, 1996). In the COST method,
the atmospheric transmittance (Tz) is approximated by
the cosine of sun zenith angle (cos θz). Since the
atmospheric transmittance was obtained empirically,
its performances have been varied by the data type and
atmospheric conditions. This method also does not
consider diffuse sky irradiance (Ed) and, therefore,
tends to show some errors associated with it (Wu et al.,
2005). For the COST method, Eq. 3 is slightly modified
to Eq. 4.

ρ =                       (4)

3. Experiment

To analyze the atmospheric correction problems
with multi-temporal HSR images, we used three
KOMPSAT and two IKONOS multispectral images
obtained in different environmental conditions. Three
atmospheric correction methods (RT-based, DOS,
COST) were used to obtain surface reflectance from
these five images, having different sun and viewing
geometry, atmospheric conditions, and seasonal
characteristics.

1) Study area and data used
For the study, we used a set of multi-temporal

images from KOMPSAT-2 and IKONOS-2 satellites.

π(Lt _ Lp)
Tv(Eo cos θz Tz) + Ed

π(Lt
_ Lp)

Eo cos θz

π(Lt
_ Lp)

Eo cos2 θz
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KOMPSAT-2 and IKONOS-2 multispectral images
share almost the same spatial resolution of 4m with four
spectral bands in visible and Near InfraRed (NIR)

wavelengths. Three KOMPSAT-2 and two IKONOS-2
images were acquired from January 2009 to September
2011 over the study area of Chilgok in southern part of
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Table 1.  Multi-temporal KOMPSAT-2 and IKONOS-2 dataset used in this study

Satellite/Sensor KOMPSAT-2 Multispectral IKONOS-2 Multispectral
Image Date Jan 13, 2009 Feb 07, 2010 May 30, 2011 Sep 16, 2011 Dec 26, 2009
Time (UTC) 01:34 01:07 00:49 02:25 02:12

Center Lat/Lon 36.00 128.45 36.06 128.45 36.00 128.43 36.42 128.43 36.46 128.39
Solar Zenith 64.1 62.8 36.4 36.2 62.4

Solar Azimuth 148.7 137.7 102.2 155.9 160.5
Viewing Zenith 6.2 5.8 11.8 25.6 19.7

Viewing Azimuth 249.2 91.7 342.7 211.5 78.1

Fig. 1.  The Study area (a), located in Chilgok in southern part of the Korean Peninsula with the boundary of five multi-temporal images
including three KOMPSAT-2 images acquired on January 13, 2009 (b), February 7, 2010 (c), May 30, 2011 (d) and two
IKONOS-2 images acquired on December 26, 2009 (e), and September 16, 2011 (f).



the Korean peninsula (Fig. 1). There is a relatively large
river (Nakdong) passing the left side of the image. In
recent years, this area underwent a large scale
construction project to build dam blocking the river.
The area includes various land cover types of forest,
agriculture land, urban, and industrial complex.
Because of the construction project, the multi-temporal
images show a certain degree of land cover changes as
well as seasonal changes by vegetation growth. Table 1
shows basic information on the five HSR images of
KOMPSAT-2 and IKONOS-2. Like other high
resolution satellite images, both KOMPSAT-2 and
IKONOS-2 images have relatively narrow swath width
of 15km and 11km, respectively.

2) Atmospheric Correction
Atmospheric correction of digital imagery begins

with the conversion of pixel’s Digital Number (DN)
value to at-sensor radiance (Lt) by applying radiometric
calibration coefficients, as follows:
                            Lt = C1 × DN + C2                              (5)

Radiometric calibration coefficients of C1 and C2 are
initially determined by pre-launch calibration works
and continuously modified by post-launch calibrations.
Radiometric calibration coefficients are regularly
updated to compensate the sensor degradation through
vicarious calibration works, which utilize the ground
truth measurements on test sites along with the
coincident satellite image acquisition. Calibration
coefficients for the IKONOS-2 images were officially
provided (Dial et al., 2003; Pagnutti et al., 2003).
KOMPSAT-2 multispectral images do not come with
the official calibration coefficients. We used the
calibration coefficients obtained from the vicarious
calibration work by Chi (2008).
For the absolute atmospheric correction, we used the

FLAASH tool that was developed using MODTRAN
RT model. Radiance images after applying radiometric
calibration coefficients were used as initial input data.

To use FLAASH atmospheric correction tool, we need
to provide input data on sensor, image, sun-and-
viewing geometry, and atmosphere. Sensor data
includes sensor type, orbit altitude, center wavelength
and width of each spectral band, spectral response
function, and spatial resolution. Image data are
basically the location and acquisition time and the
terrain elevation of the image center. Sun and viewing
geometry data includes sensor and sun zenith and
azimuth angles, which can be found in the header file
of the image data. Atmospheric data at the time of
image acquisition are probably the most difficult to
obtain.
It would be ideal to use atmospheric data measured at

the place of the image. Considering the spatiotemporal
dynamics of atmospheric conditions, however, it would
be almost impossible to obtain such kind of
atmospheric data. In RT-based atmospheric correction,
several pre-defined atmosphere and aerosol models are
used, which define atmospheric constituents by region
and season (Vermote et al., 2006). Considering the
relatively narrow swath of HSR images, atmospheric
condition within the image is spatially homogeneous
enough to use a pre-defined model. We used US-
standard atmospheric model and rural aerosol model.
Only input variable regarding atmospheric condition is
aerosol optical depth, which is very important to
calculate aerosol scattering components. Precise
measurement of aerosol optical depth is rather difficult.
Instead, visibility is often used to calculate aerosol
optical depth. We used visibility data measured at the
nearest weather station in Gumi that is 15km north from
the image center.
As explained in previous chapter, both DOS and

COST methods are almost similar except for the use of
cosine of solar zenith angle (cos θz) in denominator. In
these relative atmospheric corrections, the HSR images
should also be converted to radiance by applying the
radiometric calibration coefficients. In addition, we
need to select dark object directly in the image to obtain
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path radiance Lp in Equations 3 and 4. In theory, the
dark object in the image should be a target having zero
reflectance, such as completely shadowed site. Among
the five HSR images used, three images were captured
with about 60˚ of solar zenith angle, which provide
several shadow sites for the selection of dark objects.
However, we could not find shadow sites in the two
images having relatively small solar zenith angles and
selected a deep-water site as dark object.

3) Comparison analysis on surface reflectance
To validate the atmospheric correction results of the

multi-temporal HSR images, it would have been ideal
to compare the atmospherically corrected band
reflectance to the field measurements of spectral
reflectance at the time of image capture. Instead, we
compared surface reflectance values extracted from
two invariant targets of known property. First invariant
target was the artificial turf on a small play ground at
the school within the scene. Second invariant target was
concrete pavement that is wide enough to extract 2x2
pixels to acquire reflectance. To exclude any possible
changes in reflectance by surface moisture condition,
we confirmed that there was no rainfall during three
days before the image capture time of the KOMPSAT-2
and IKONOS-2 images. Multi-temporal reflectance of
these invariant targets should be constant regardless of
image acquisition date. We also selected several ground
targets (coniferous and deciduous forests, rice paddy,
and bare soil) that would show distinct seasonal
patterns of surface reflectance by the phenological
changes of vegetation canopy from January to
December over the area.

4. Results and Discussions

By applying three atmospheric correction methods
(RT-based, DOS, COST) to the five multi-temporal
HSR images, we obtained surface reflectance values

on several cover types. Fig. 2 compares spectral
reflectance value of two invariant targets from January
to December. Reflectance of invariant targets should
have been constant if the atmospheric corrections were
accurate. As seen in Fig. 2, however, two invariant
targets show relatively high variation in their temporal
profiles. The high variations are common in all four
spectral bands. With such highly variable reflectance
in the invariant targets, these multi-temporal reflectance
data are not suitable enough to be used for monitoring
and analyzing any temporal changes on biophysical
parameters.
The differences in reflectance value can be explained

by sensor (KOMPSAT-2 and IKONOS-2) type and
atmospheric correction methods. In overall, spectral
reflectance of IKONOS-2 (September and December)
was higher than KOMPSAT-2 (January, February,
May) for both artificial turf and concrete pavement. The
difference between KOMPSAT-2 and IKONOS-2
might be due to the different sensor specifications, such
as wavelength region and spectral response function of
each spectral band and the radiometric calibration
coefficients. When we compared the radiometric
coefficients between KOMPSAT-2 and IKONOS-2,
the gain coefficients (C1 in Eq. 5) are very similar in
three spectral bands (blue, green, NIR) and are quite
different in band 3 (red). As mentioned earlier, there
are no official calibration coefficients for KOMPSAT-2
images. Even though several HSR satellite sensors are
providing multispectral images, some of them do not
support official calibration coefficients. This is mainly
due to the lack of calibration work after the launch of
the satellite. Up to now, main applications of HSR
images have been mostly related to the mapping and
surveillance purposes and, therefore, the accurate
radiometric calibration coefficient has not been a
foremost interest.
Among three atmospheric correction methods, RT-

based method showed the highest variation in two
invariant targets. Since the RT-based absolute
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atmospheric correction calculates every process of
physical interactions between light energy and
atmospheric particles, it would provide more accurate
and reliable results than the relative correction methods
like DOS and COST. In this study, however, the RT-
based method does not necessarily lead to an improve
correction results by showing highly variable among
five spectral reflectance from January to December.
Although it may be premature to advocate a certain
atmospheric correction method without comparing
with the ground truth measurements, two image-based
methods show more consistent reflectance for the two
invariant targets. Comparing the three methods, the
DOS method produced the lowest standard deviation
of spectral reflectance in multi-temporal data.
While most medium resolution imaging sensors,

such as Landsat ETM+, take images in nadir viewing
angle, the HSR imaging sensors uses off-nadir viewing
mode to increase the chances of capturing images over
the area of interest. As seen in Table 1, all five multi-
temporal HSR images used in this study were obtained
in off-nadir viewing angles. As reported by Simic and

Chen (2008), the absolute atmospheric correction
method may not be effective with the off-nadir viewing
images because of the difficulty to derive reliable and
stable atmospheric data. The highly variable reflectance
with the RT-based method may be explained by the
different viewing and sun angles among the five HSR
images.
Atmospheric correction results were further evaluated

by analyzing the temporal patterns of surface reflectance
of several vegetative covers, such as coniferous forest,
deciduous forest, and rice paddy. Green vegetation has
high reflectance in NIR wavelength and relatively low
reflectance in red wavelength. The five multi-temporal
HSR images were obtained in both growing and non-
growing seasons, which should have shown the distinct
seasonal changes of canopy growth if the atmospheric
corrections were relevant.
Fig. 3 shows the temporal profile of NDVI calculated

by the spectral reflectance obtained from the three
atmospheric correction methods. The NDVI values
calculated by reflectance obtained from the COST and
DOS methods were the same because of the difference
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Fig. 2.  Surface reflectance profile of two invariant targets of artificial turf (a) and concrete pavement (b), which were derived from multi-
temporal images of KOMPSAT-2 and IKONOS-2 after applying three atmospheric correction methods (RT-based, DOS,
COST).
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in denominator in Eq. 3 and 4 was cancelled out during
the calculation of NDVI. In overall, the magnitude of
NDVI was very high in all cover types. The magnitude
and temporal profile of NDVI in Fig. 3 did not match
with the ordinary pattern of normal green vegetation.
Theoretically, the highest NDVI should be seen in
September when the leaf biomass reaches the
maximum in forests and agriculture lands. The
maximum NDVI was found in May on coniferous and
deciduous forests. Although the rice paddy shows the
maximum NDVI in September, it is not much higher
than May when the leaf mass were very minimal at the
season of rice plantation. Although NDVI values of
non-vegetative features should be low in leaf-off
months (January, February, December), they are
reasonably high ranging from 0.4 to 0.8. Bare soil
should have been very similar to invariant target. Even
though it might have minimal herbaceous plants during
the growing season, the temporal profile of NDVI did
not match with the surface condition.
It is interesting to see the profile of NDVI calculated

using raw DN values of KOMPSAT-2 and IKONOS-
2 images without atmospheric correction. Surprisingly,
the temporal profile and magnitude of the DN-
calculated NDVI of four cover types are almost
following the ordinary pattern. NDVI profile of bare
soil is almost stable with near zero. Other NDVI
profiles of forests and rice paddy also well represent
the phenological changes of green vegetation.
Considering that NDVI itself has been known to
normalize the radiometric differences by atmospheric
effects and sun angles, the NDVI calculated by using
raw DN value was more effective to represent surface
condition than the one obtained by using atmospheric
corrected reflectance value.

5. Conculsions

In this study we tried to analyze the problems of
atmospheric correction on multi-temporal HSR images
from two different sensor systems. The unstable
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Fig. 3.  Temporal profile of NDVI derived from multi-temporal KOMPSAT-2 and IKONOS-2 data on selected vegetation cover types.



atmospheric correction results were found from the
evaluation of surface reflectance on invariant targets
and vegetation covers. Surface reflectance obtained
from KOMPSAT-2 and IKONOS-2 was not consistent
enough to compare and analyze temporal pattern.
When we use different HSR sensor data together for
time-series analysis of biophysical parameters, we
should be cautious to ensure that the atmospheric
correction results are comparable each other.
Atmospheric correction of HSR images from

different sensors can be a problem with the radiometric
calibration coefficients. The quality of reliable
radiometric calibration coefficients should be an
important element of HSR images for atmospheric
correction. Most HSR images were obtained with wide
range of sun and viewing angles. Consistent surface
reflectance may be difficult to obtain from HSR images
that show highly directional reflectance pattern by off-
nadir viewing. Angular effects of surface reflectance
should be further investigated to derive a normalized
surface reflectance value.
With increasing number of HSR satellite sensors, the

use of multi-temporal HSR images will be increased.
Although the main applications of HSR satellite images
are currently limited to the mapping and surveillances,
they will be expanded to more quantitative applications
like extraction of LAI, monitoring of crop growth, and
analysis of in-land water quality. To obtain consistent
and reliable surface reflectance from multi-temporal
and multi-sensor HSR images, we need further works
on the atmospheric correction problems on HSR
images.
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