
1. Introduction

Airborne hyperspectral image has strong advantages
that it is in high spatial/spectral resolutions and therefore,
it is often used to monitor shore sides with great
potential in terms of analyzing underwater features and

to make estimations of bathymetry (Hamilton et al.,
1993; Lee et al., 1999; Sandidge et al., 1998). However
the specular reflections of sky radiations on the sea
surface, or so called sun glint provide severely distorted
and occluded spectral information. It leaded as much as
30% of errors in estimating water depth (Goodman et
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al., 2008; Kutser et al., 2009). After the correction of
sun glint, more than three times of estimation of
bathymetry was possible (Kutser et al., 2003) and the
accuracy of classification of underwater was increased
as well (Hochberg et al., 2003). 

Sun glint correction models based on statistics of sea
surface have been derived for ocean color satellite data
by Cox and Munk, 1954a; 1954b; 1956. However, the
assumption about mono-directionality of wave is not
valid in coastal region and these algorithms are not
effective to high resolution data because the algorithms
are developed for low resolution of ocean color satellite
data (Heege and Fischer, 2000; Hochberg et al., 2003).
Some sun glint correction methods for high resolution
images of shallow water have been developed and used
so far (Hochberg et al., 2003; Hedley et al., 2005;
Lyzenga et al., 2006; Goodman et al., 2008; Kutser et
al., 2008). Hedley et al. (2005) developed the algorithm
based on the assumptions that the reflectance in NIR
wavelength after atmospheric correction was derived
from the sea surface and the amount of sun glint in NIR
wavelength is proportional to the amount of sun glint
in visible wavelength. For sun glint correction, the
reflectance in visible wavelength is decreased
proportionally to the amounts of sun glint in NIR
wavelength which was derived using regression line
between the visible band and NIR band from sample
area. The other similar method is developed by
Lyzenga et al. (2006). The images are corrected based
on the assumption that there is no upwelling radiance
in deep waters. The constant value of each bands are
derived by using covariance between visible band and
NIR band from sample area. Then the constant values
of each band are removed. Above two methods are very
similar but the usage of statistic values of NIR signal is
different. However these algorithms showed over-
corrected results because these algorithms tend to be
sensitive to outlier pixels and selection of sample areas
(Kutser et al., 2009). The other correction method
developed for shallow water by Kutser et al. (2009)

does not make over-corrections and well keeps the
spectral shape even after the correction. However the
correction results are not satisfying due to its remaining
noises and sun glint effects (Jeon et al., 2014; Kay et
al., 2009). The correction method developed by
Goodman et al. (2008) uses a wavelength independent
offset but the values using in the paper is optimized for
AVIRIS sensor image so it is often not effective for
images of other sensors. Over or under correction
results of these algorithms caused by the assumptions
related on NIR wavelength are not valid in shallow and
coastal waters (Siegel et al., 2000; Lavender et al.,
2005). 

To solve the limitations, it is necessary to select the
optimal NIR bands that are less sensitive to turbidity
and water depth (Heege and Fischer, 2000). Before the
selection, the analyses of spectral characteristics of NIR
wavelengths are required. In this paper, we analyzed
the effect of the spectral properties of sun glint in five
NIR bands in different conditions of bottom types and
water depth using CASI-1500 data from the coastal
waters in Jeju Island.

2. Study area and Data set

To analyze NIR spectral properties, we used the
airborne hyperspectral CASI-1500 data which were
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Table 1.  Specifications of CASI-1500 data used in this study

Items Specifications
Sensor CASI-1500

Obtaining Date
(LT 11:03~11:30) October 12, 2013

Altitude 2 km
Spatial resolution 1 m
Spectral bands 48 bands (370-1,045 nm)
Swath width 1,500 m
Scan angle 40°

Flight direction North East
Radiometric bits 14 bits



acquired on October 12, 2013 from 11:03 to 11:30 in
local time. The flight was carried out in the south east
part of the Jeju Island near Sin-Cheon. The specific
details of the image data is described in Table 1. The
demonstrated data is a small area of 260 m (rows) ×
265 m (columns) around Sin-Cheon in Jeju Island (see
Fig. 1). During the flying time, the wind direction was
North West with approximate speed of 4 - 7 m/s and
the significant wave height was approximately 0.65 m
which were observed from the sites indicated in Fig. 1.
To analyze at the same effect of the water depths and
the bottom type, the same region and size of LiDAR
based bathymetry data and the in-situ data of the
underwater images which was obtained by the divers
of the study area were used. By using the LiDAR based
bathymetry data (shown in Fig. 1), we were able to
extract the radiance and the reflectance at the location
of the pixels of specific water depth. In this paper, we
specified the rocks as the barren rocks because the
coastal regions of the study area are well known for
undergoing of the whitening events which were
confirmed through the investigation of the in-situ data
(Although not shown in this paper). The CASI-1500,
LiDAR bathymetry, and in-situ data were provided
from Korea Hydrographic and Oceanographic
Administration (KHOA), Korea Fisheries Resources

Agency (FIRA) and GEOSTORY Inc.

3. Methods

Both radiance and reflectance images were used to
analyze the NIR spectral properties of sun glint in this
study. For atmospheric correction of the CASI-1500
data, the Airborne Atmospheric and Topographic
Correction Model (ATCOR) version 4 was applied.
ATCOR 4 was developed for the atmospheric
correction of airborne hyperspectral data which
includes the atmospheric database and sensors based
on MODTRAN-4 radiative transfer model (Gao et al.,
2009). The information of flight, solar geometry and
sensor are inputted then the aerosol type of maritime
and the atmospheric model of middle latitude are
selected. Estimated visibility and water vapor data from
CASI-1500 spectral information were used for more
accurate atmospheric correction. To analyze the NIR
spectral properties, the visual interpretation of the five
NIR bands (744 nm, 756 nm, 772 nm, 787 nm, 801 nm)
was attempted because the radiance or reflectance of
sea surface is increased as twice as big due to the sun
glint effects. With the statistics including histogram of
NIR spectral bands, the areas having various water
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Fig. 1.  Location of the study area with LiDAR based bathymetry data of 260 m (rows) × 265 m (columns). Land areas are covered in
orange color. Blue and red symbol indicates the weather condition observation site (Blue-wind, Red-wave).



depths and bottom types with influence of sun glint
were analyzed using spatial and spectral profiles. The
types of bottom were figured out using the in-situ data.
However the in-situ data is only covering the partial of
the study area, we selected and used the samples that
were better identifiable of the bottom types through the
understandings of the image visually and subjectively
with the in-situ data.

For quantitative analysis of sun glint effects, we
analyzed the basic statistic of NIR radiance and
reflectance values such as minimum, maximum, mean,

standard deviations and histograms of the five NIR
bands. The analysis was processed after masking the
land area to derive more accurate analysis.

4. Results and Discussions

The five NIR images could be divided into three
areas by the degrees of sun glint as seen in Fig. 2. Also
it was clearly seen that the glints are distributed with
the diagonal line patterns through the whole images,
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Fig. 2.  Visual inspection of the single land-masked NIR bands in radiance and reflectance images on the first and third column
respectively. The histograms of each wavelength images are on the right side of each image. The basic statistics of each band
is written on the right top of each histogram.



especially on the right side of the image. On the images,
the brightest area is the area where it is affected by
wave-induced sun glint. The areas of less and more sun
glint effects are showed as two peaks from the all
histograms of NIR radiance and reflectance images.
Visual inspection of the five different wavelength NIR
radiance and reflectance showed that there are less
effects of bottom types and water depth but higher
effects of sun glint.

The statistics of NIR radiance and reflectance images
are written on the right top of the histogram. Among
the mean values of the radiance images, the highest was
at 744 nm and the lowest was at 758 nm. However the
mean values of the reflectance were increased as the

wavelengths are increasing. In the radiance image, the
standard deviation was the highest at 744 nm and the
lowest at 758 nm. However in the reflectance images,
the standard deviation was the highest at 801 nm and
lowest 744 nm which is the same relation with the
mean values. The standard deviation is also related with
the degrees of sun glint which is an important factor to
analyze.

We compared the color composite images of visible
and NIR bands as shown in Fig.3. The wavelength of
657 nm, 557 nm, 456 nm images were used to make
true color composite image using visible wavelength.
To make color composite image using five NIR
wavelengths, we selected band with the most
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Fig. 3.  Visible color composite image (left) of 657 nm (R), 557 nm (G), 456 nm (B) and NIR color composite image (right) of 758 nm
(R), 744 nm (G), 801 nm (B) from CASI-1500 radiance (top) and reflectance (bottom) showing the location of in-situ data used
in this study. The yellow and blue boxes are the site 1 and 2 with mean water depth 4.37 m and 6.48 m respectively used in
Fig. 7, red boxes are used in Fig. 4. Three spatial lines used in Fig. 6 is indicated as green, yellow and black lines with bottom
types of benthos, sand and barren rocks of mean water depth of 3.77 m, 4.50 m and 3.62 m respectively.



differences in mean values. However the image does
not show the color clearly. It is because of the data
ranges in NIR wavelengths are relatively big compared
to the visible wavelengths. For radiance image, the
highest mean value is 744 nm and the lowest mean
value is 758 nm. And for reflectance image, the highest
mean value is 801 nm and the lowest mean value is 744
nm. Therefore, 744 nm, 758 nm, 801 nm wavelength
images were used to make NIR color composite image.

Fig. 3 displays that the bottom types are identifiable in
visible composite images but not in NIR composite
images. This derives to the fact that the NIR images are
less affected by the water depths and the bottom types
than the visible band images. The effects of sun glint
in NIR images showed some differences by the path of
flight and it also showed wave-induced sun-glinted
areas.

To maintain the same conditions, we compared the
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Fig. 4.  Radiance (left) and reflectance (right) spectra of the five sites of the bottom type of benthos with similar water depth of 3 to 4
m which was extracted from the red boxes indicated in Fig. 3. The detailed images of the sites are displayed in Fig. 5. The
differences of the spectra are caused by the sun glint effects.

Fig. 5.  744 nm single NIR band of the radiance (left) and the reflectance (right) enlarged image shows the location of the five sites
used in Fig.4 with bottom types of benthos and water depth of 3 - 4 m. The in-situ data of each site are displayed as above the
enlarged images.



each site in different types of bottom. Using the in-situ
data, the bottom types are classified into three types and
drew the spatial profiles of each site. However due to
the sun glint effect, the results did not clearly indicate
the types of the bottom. For instance, we extracted the
radiance and reflectance from five sites with the bottom
types of benthos of water depth of 3 - 4 m, as displayed
in Fig. 4 and Fig. 5. The location of the five sites with
the in-situ data is displayed roughly in Fig. 3 and

closely in Fig. 5. Fig. 4 indicates that even with the
same types of bottom, there are big differences of
radiance or reflectance between the sites not only in
visible wavelength but also in NIR wavelengths which
means that the spectral information are severely
distorted and occluded due to the sun glint effect. The
spectrum pattern of radiance and reflectance is different
as shown in Fig. 4. It is because radiance does not only
contain the detected solar radiation reflected or
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Fig. 6.  Spatial variations of radiance and reflectance values of the five NIR wavelengths on three lines as indicated in Fig. 3 from
CASI-1500 radiance (left - a, c, e) and reflectance (right - b, d, f) data.



scattered from the sea surface but also the atmospheric
effects which include the sun glint effects. On the other
hand, the reflectance image is acquired through the
process of atmospheric correction and therefore it does
not contain atmospheric effects. The radiance is having
higher values when the wavelengths is shorter within
the range of visible (400 nm to 700 nm). The
reflectance is having higher values when the
wavelength is longer since 700 nm wavelength. The
NIR color composite images do not show the
differences as shown in in Fig. 3 compared to the values
shown in Fig. 4. It is because the scale range of NIR
wavelength is relatively big compared to the scale range
of the visible wavelength. In another words, the
radiance or reflectance differences in NIR wavelength
between the sites are not as big as the difference in

visible wavelength compared to the scale range of
visible and NIR wavelength ranged.

To analyze the spatial profiles of sun glint area
induced by waves, total of three lines were selected
with different bottom types as seen in Fig. 3. The three
lines are selected each at bottom types of benthos, sand
and barren rocks with the similar water depth ranging
from 3.6 to 4.5 m. Three lines are drawn
perpendicularly along the directions of the wave
propagation for effective analysis of sun glint induced
by wave. Then two sites are additionally selected for
analysis of spatial and spectral differences between less
and more sun-glinted area. Each site includes the two
adjacent areas of less and more sun-glinted areas.

The NIR radiance and reflectance profiles at each
line are extracted as shown in Fig. 3. The spatial
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Fig. 7.  Spectral profiles of CASI-1500 radiance (a, c) and reflectance (b, d) at site 1 (mean water depth: 4.37 m) and site 2 (mean
water depth: 6.48 m) with areas of more and less sun glint as indicated in Fig. 3.



profiles of water depths at each line are also shown in
Fig. 6 with the least variations of water depth at each
line. With the same water depth, the radiance and
reflectance are displaying the variations of spectral
signals in NIR images which prove that the irrelevance
of the water depth but mainly affected by the sun glint
effects as seen in Fig. 6. The spatial profiles of radiance
and reflectance are displaying wave patterns relatively
similarly. There are different characteristics of spatial
variations between the radiance and reflectance.
Among the radiance images, radiance values at 744 nm
band are the highest and the values at 758 nm band are
the lowest. However, among the reflectance images, it
displays with two distinct groups of three shorter NIR
wavelengths (744, 758, 772 nm) and two longer NIR
wavelengths (787 and 801 nm) as seen in Fig. 6. While
the both radiance and reflectance showed the common
characteristics that the spatial profile at 744 nm is lower
spatial variations, radiance and reflectance of 772 nm
shows higher variations. The variation compared here
is not just the whole profile but the variation right
beside the each peak.

As mentioned above, the standard deviation is
considered as an important factor in terms of judging
the degree of sun glint. It is hard to define which area is
affected by sun glint and which are is not affected.
Therefore in order to analyze the spectral variation of
more and less sun glint effect area in parallel conditions
of the bottom type and water depth, we firstly used the
in-situ data to keep the samples in the same types of
bottom and then visually and subjectively select the
adjacent areas with more and less glints along the wave
patterns so that the water depth is similar. The detailed
location of the data used in this analysis is indicated in
Fig. 3. The bottom type of the two sites is both barren
rocks and the water depth of each areas are 4.37 m and
6.48 m. The sun glint effects increase the radiance and
reflectance value but at the same time, it preserve the
NIR spectral properties as seen in Fig. 7. Although there
are some differences between the five NIR bands, the

radiance at more sun-glinted area is increased almost
1.5 times compared to the less sun-glinted area. The
growth of the reflectance is higher than the radiance
image. We compared the standard deviation of both less
and more glinted areas. The standard deviation values
and mean values are also increased by three times
compared to the less glinted areas which showed lower
variations of NIR radiance and reflectance. The sun glint
effects in site 1 are relatively less compared to the site
2. Among the five NIR bands, the variation of the
radiance and reflectance at 772 nm band is the highest
with the most sun glint effects from the both spatial and
spectral profiles.

5. Conclusion

Before developing new sun glint correction
algorithms of airborne hyperspectral image, this study
analyzed the spectral characteristics of the CASI-1500
five NIR wavelengths in coastal waters affected by sun
glint. The CASI-1500 data in coastal area of Jeju Island
showed that the sun-glinted areas are induced by waves
and the different effects of sun glint with the direction
of waves. Comparing with the visible wavelength, the
radiance and reflectance in NIR wavelength are more
affected by the sun glint and waves than the water depth
or bottom types. However the radiance or reflectance
in NIR wavelength is not zero in shallow and coastal
waters due to the severe sun glint effects. It is necessary
to correct the assumption that signal of NIR bands are
zeros in sun glint correction algorithms that has been
already suggested. The sun glint effects were affected
differently with the wave direction and therefore in
CASI-1500 data of the study area are able to divide into
three regions of different degrees of sun glint effects.
The sun glint cause the radiance and the reflectance to
be increased approximately 1.5 times and the standard
deviations of sun-glinted area were almost tripled
compared to the less sun-glinted area. Using the
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patterns of wave propagation and diffraction of the
study area, further studies and adoption of sun glint
correction method in coastal water will be placed.

Acknowledgements

The dataset used in this study are provided by The
Korea Fisheries Resources Agency (FIRA), Korea
Hydrographic and Oceanographic Administration
(KHOA) and GEOSTORY Inc. This research was a
part of the project titled “Base Research for Building
Wide Integrated Surveillance System of Marine
Territory”, “Estimation Algorithm Development of
Detail Vertical Diffuse Attenuation Coefficient at
Coastal Region of Korea”, “Construction of Ocean
Research Stations and their Application Studies”
funded by the Ministry of Oceans and Fisheries, Korea
and the Basic Research Project (PG48220) of ADD.

References

Cox, C. and W. Munk, 1954a. Measurement of the
roughness of the sea surface from photographs
of the suns glitter, Journal of the Optical
Society of America, 44 (11): 838-850.

Cox, C. and W. Munk, 1954b. Statistics of the sea
surface derived from sun glitter, Journal of
Marine Research, 13(2): 198-227.

Cox, C. and W. Munk, 1956. Slopes of the sea surface
deduced from photographs of sun glitter,
Scripps Institute of Oceanography Bulletin,
6(9): 401-488.

Gao, B.C., M.J. Montes, C.O. Davis, and A.F.H. Goetz,
2009. Atmospheric correction algorithms for
hyperspectral remote sensing data of land and
ocean, Remote Sensing of Environment, 113:
S17-S24.

Goodman, J.A., Z. Lee, and S.L. Ustin, 2008. Influence

of Atmospheric and Sea-Surface Corrections
on Retrieval of Bottom Depth and Reflectance
Using a Semi-Analytical Model: A Case Study
in Kaneohe Bay, Hawaii, Applied Optics, 47:
F1-F11.

Hamilton M.K., C.O. Davis, W.J. Rhea, S.H. Pilorz,
and K.L. Carder, 1993. Estimating chlorophyll
content and bathymetry of Lake Tahoe using
AVIRIS data, Remote Sensing Environment,
44: 217-230.

Hedley, J., A. Harborne, and P. Mumby, 2005. Simple
and Robust Removal of Sun Glint for Mapping
Shallow-Water Benthos, International Journal
of Remote Sensing, 26: 2107-2112.

Heege, T. and J. Fischer, 2000. Sun glitter correction in
remote sensing imaging spectrometry, Proc. of
2000 SPIE Ocean Optics XV Conference,
Monaco, Oct. 16-20.

Hochberg, E.J., M.J. Atkinson, and S. Andrefouet,
2003. Spectral reflectance of coral reef bottom-
types worldwide and implications for coral reef
remote sensing, Remote Sensing Environment,
85: 159-173.

Jeon, J.Y., S.H. Kim, and C.S. Yang, 2014. Comparison
of Sun Glint Correction Methods for CASI-
1500 Data in Shallow Waters, Proc. of 12th
Biennial Conference of Pan Ocean Remote
Sensing Conference(PORSEC 2014), Bali,
Indonesia, Nov. 4-7, 1: 1-7.

Kay, S., J.D. Hedley, and L. Samantha, 2009. Sun Glint
Correction of High and Low Spatial Resolution
Images of Aquatic Scenes: a Review of
Methods for Visible and Near-Infrared
Wavelengths, Remote Sensing, 1: 697-730.

Kutser, T., A.G. Dekker, and W. Skirving, 2003.
Modeling spectral discrimination of Great
Barrier Reef benthic communities by remote
sensing instruments, Limnology and
Oceanography, 48(1): 497-510.

Kutser, T., E. Vahtmäe, and J.A. Praks, 2009. Sun Glint

Korean Journal of Remote Sensing, Vol.31, No.4, 2015

–290–



Correction Method for Hyperspectral Imagery
Containing Areas with Non-Negligible Water
Leaving NIR Signal, Remote Sensing
Environment, 113: 2267-2274.

Lavender, S., M. Pinkerton, G. Moore, J. Aiken, and D.
Blondeau-Patissier, 2005. Modication to the
atmospheric correction of SeaWiFS ocean
colour images over turbid waters, Continental
Shelf Research, 25(4): 539-555.

Lee, Z., K. Carder, C. Mobley, R. Steward, and J. Patch,
1999. Hyperspectral Remote Sensing for
Shallow Waters: 2. Deriving Bottom Depths
and Water Properties by Optimization, Applied
Optics, 38: 3831-3843.

Lyzenga, D., N. Malinas, and F. Tanis, 2006.
Multispectral Bathymetry Using a Simple
Physically Based Algorithm, IEEE
Transactions on Geoscience Remote Sensing,
44: 2251-2259.

Sandidge, J.C. and R.J. Holyer, 1998. Coastal
bathymetry from hyperspectral observations of
water radiance, Remote Sensing of
Environment, 65(3): 341-352.

Siegel, D.A., M. Wang, S. Maritorena, and W.
Robinson, 2000. Atmospheric correction of
satellite ocean color imagery: The black pixel
assumption, Applied Optics, 39(21): 3582-
3591.

Near-Infrared Spectral Characteristics in Presence of Sun Glint Using CASI-1500 Data in Shallow Waters

–291–


