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ABSTRACT
This study assessed sunglint effects, also known as the specular refl ection from the water surface, in high-spatial and 
high-spectral resolution, airborne images acquired by the SpecTIR sensor under different view-illumination geometries 
over the Brazilian Ibitinga reservoir (Case II waters). These effects were corrected using the Goodman et al. (2008) 
and the Kutser et al. (2009) methods, and a Kutser et al. (2009) variant based on the continuum removal technique to 
calculate the oxygen absorption band depth. The performance of each method for reducing sunglint effects was evaluated 
by a quantitative analysis of pre- and post-sunglint correction refl ectance values (residual refl ectance images). Further-
more, the analysis was supported by inspection of the refl ectance differences along transects placed over homogeneous 
masses of waters and over specifi c portions of the scenes affected and non-affected by sunglint. Results showed that 
the algorithm of Goodman et al. (2008) produced better results than the other two methods, as it approached zero 
amplitude refl ectance values between homogenous water masses affected and non-affected by sunglint. The Kutser et 
al. (2009) method also presented good performance, except for the most contaminated sunglint portions of the scenes. 
When the continuum removal technique was incorporated to the Kutser et al. (2009) method, results varied with the 
scene and were more sensitive to atmospheric correction artifacts and instrument signal-to-noise ratio characteristics. 

Keywords: Hyperspectral Remote Sensing, Specular Refl ection, Water Optically Active Substances, SpecTIR Sensor.
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RESUMO
Este estudo avaliou os efeitos de sunglint, também conhecido como refl exão especular da água, em imagens hipe-
respectrais de alta resolução espacial adquiridas pelo sensor aerotransportado SpecTIR sob diferentes geometrias de 
iluminação e de visada no reservatório de Ibitinga, SP (águas do caso II ). Estes efeitos foram corrigidos usando os 
métodos de Goodman et al. (2008) e Kutser et al. (2009), além de uma adaptação deste último, a qual foi baseada na 
técnica de remoção do contínuo para calcular a profundidade da banda de absorção de oxigênio. O desempenho de 
cada método na remoção dos efeitos de sunglint foi avaliada por uma análise quantitativa dos valores de refl ectância 
pré e pós-correção (imagens de refl ectância residuais). A análise foi corroborada pela inspeção das diferenças na re-
fl ectância ao longo de transectos sobre massas homogêneas de águas ou sobre partes específi cas das cenas afetadas 
e não afetadas por sunglint. Os resultados mostraram que o algoritmo de Goodman et al. (2008) produziu resultados 
melhores do que os outros dois métodos, uma vez que a amplitude dos valores de refl ectância entre massas de água 
homogêneas livres e contaminadas por sunglint aproximaram-se de zero. O método de Kutser et al. (2009) também 
obteve bom desempenho, exceto para as partes mais contaminadas das cenas. Ao incorporar a técnica de remoção do 
contínuo ao método de Kutser et al. (2009), os resultados variaram de acordo com a cena e foram mais sensíveis aos 
artefatos de correção atmosférica e a relação sinal-ruído.

Palavras chaves: Sensoriamento Remoto Hiperspectral, Refl exão Especular, Constituintes Opticamente Ativos da 
água, Sensor SpecTIR. 

1. INTRODUCTION

Optical remote sensing plays an important 
role in improving our understanding on the 
dynamics of Earth’s inland waters due to the 
ability of many instruments to collect data over 
large areas at different times of the year. Actually, 
optical remote sensing includes a broad range of 
applications such as water quality assessment 
(KOPONEN et al., 2002; KEITH et al., 2012); 
determination of pigment content (GURLIN et 
al, 2011; MOSES et al., 2012); estimation of total 
suspended solids concentration (OLMANSON 
et al., 2013); classifi cation of benthic habitats 
(BERTELS et al., 2008; KUTSER et al., 2009; 
SILVA et al., 2008; CASAL et al., 2011); and 
bathymetry retrieval (GOODMAN et al., 2008). 

However, many inland water bodies often 
have spatial extents that are smaller than the 
resolving power of many satellite sensors. In 
this case, airborne imaging offers the advantage 
of increased control over the data collection 
process, making it more suitable for assessing 
the spatial and temporal dynamics of these 
smaller inland water environments. Furthermore, 
airborne imaging spectrometers can be utilized 
to acquire data with fi ner spectral resolution than 
that available in orbital sensors, allowing better 
detection, estimation and classifi cation of most 
water constituents, such as photosynthesizing 
pigments, which are a key component of Case 
II waters (MOSES et al., 2012; KUTSER et al., 
2006).

Case II waters are considered an optically 
complex type of water, characterized by high 
concentrations of suspended sediments and 
colored dissolved organic matter (CDOM), 
which mask phytoplankton scattering response. 
In Case I waters, phytoplankton organisms are 
primarily responsible for the variations in the 
water optical properties (MOREL & PRIEUR, 
1977). According to ODERMATT et al. (2012), 
spectral variation within case II waters is large, 
because concentrations as well as specific 
inherent optical properties of chlorophyll (CHL), 
total suspended matter (TSM) and colored 
dissolved organic matter (CDOM) are subject 
to potentially large and independent variability. 
Airborne imaging spectrometers therefore 
provide both spatial and spectral advantages that 
can be specifi cally adjusted on a per study basis 
to allow adequate coverage of a given study area 
and application objective (MOSES et al., 2012; 
BERTELS et al., 2008).  

Both orbital and airborne optical sensors 
can be heavily affected by the occurrence of 
sunglint, which occurs when the water surface 
orientation is such that sun light is directly 
refl ected towards the sensor (KAY et al., 2009). 
This reflected radiation adds a component 
to the registered signal that does not carry 
any information about the water volume and 
which can be much higher than the water 
leaving signal in all spectral bands. In many 
cases, the sunglint signal saturates pixel values 
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and completely obscures the information of 
chlorophyll concentration and other optically 
active substances (OAS), requiring higher 
radiometric sensitivities to properly register 
useful information (KAY et al., 2009). 

The occurrence and intensity of sunglint 
is a function of water surface roughness, sun 
position and viewing geometry (KAY et al., 
2009; KUTSER et al., 2013). In airborne 
campaigns, sunglint effects can be minimized 
by optimizing fl ight paths, such as having the 
sensor flown toward or away from the Sun 
(MUSTARD et al., 2001), and by keeping solar 
zenith angles between 30° and 60° (DEKKER 
et al., 2001). However, these directives cannot 
always be enforced due to the variable size 
and spatial confi guration of the water bodies. 
Sinuous and irregular meandering rivers and 
reservoirs can be particularly challenging when 
planning airborne image acquisition as different 
acquisition geometries are needed to cover 
the entire area. In these cases, sunglint effects 
may become a serious limitation for accurately 
determining water optical characteristics from 
remotely sensed data, requiring specifi c methods 
to reduce or compensate its effects on the images 
(MUSTARD et al., 2001; KAY et al., 2009).

Most sunglint removal algorithms 
developed for high spatial resolution images 
use the spectral response from near infrared 
(NIR) bands to estimate the amount of sunglint 
in each pixel (KAY et al., 2009; CASAL et al., 
2011). These algorithms assume that the water 
leaving signal is negligible in this spectral 
region, and that any remaining signal after 
atmospheric correction is caused by sunglint. 
Under this assumption, the spectrum from the 
deepest regions of the water body (i.e. highest 
absorption in the NIR range) is used to defi ne a 
linear relationship between NIR refl ectance and 
sunglint refl ectance in the visible (VIS) region 
(HOCHBERG et al., 2003; HEDLEY et al., 2005; 
LYZENGA et al., 2006). This relationship has 
its physical basis on the water refraction index, 
which is nearly the same for both VIS and NIR 
wavelengths (MOBLEY, 1994). It is possible 
to assume that changes in the intensity and 
anisotropy of the underwater light fi eld related 
to Sun´s position (VOSS & MOREL, 2005) can 
be neglected due to the overwhelming intensity 
of the specular component. However, it is not 

always possible to assume that NIR refl ectance 
is negligible, as it may be affected by bottom 
refl ectance, concentration of inorganic particles, 
and phytoplankton scattering. For example, the 
methods developed by HOCHBERG et al. (2003) 
and HEDLEY et al. (2005) overcorrect the 
sunglint signal in shallow and/or high turbidity 
waters (GOODMAN et al., 2008; KUTSER 
et al., 2009; KAY et al., 2009). Furthermore, 
these methods were developed for multispectral 
images, and are not necessarily adaptable 
to operational use with hyperspectral data 
(MILLER, 2012). 

Alternative methods for hyperspectral 
images have been suggested by GOODMAN 
et al. (2008) and KUTSER et al. (2009). The 
method by GOODMAN et al. (2008) is based 
on the radiative transfer model from LEE et 
al. (1999). In this method, NIR radiance is 
subtracted from the radiance at each wavelength, 
and a constant offset is added as a function of 
the magnitude of refl ectance at 640 nm. This 
method is advantageous because it allows 
sunglint correction under cross-scene variation, 
as each pixel is corrected independently (KAY 
et al., 2009). In contrast, the KUTSER et al. 
(2009) algorithm is based on the 763 nm oxygen 
absorption band. If atmosphere correction is 
effective, refl ectance in this wavelength should 
be zero in the deepest portions of the water 
bodies. Any remaining signal can be then 
attributed to sunglint effects.

The objective of this study was to assess the 
performance of three sunglint removal methods 
applied to hyperspectral imagery acquired by the 
airborne SpecTIR sensor under different view-
illumination geometries. The following methods 
were tested: GOODMAN et al. (2008), KUTSER 
et al. (2009) and a variant of the KUTSER et 
al. (2009) method that included the continuum 
removal approach (CLARK & ROUSH, 1984) 
to calculate the oxygen absorption band depth.  

2. METHODS

The approach was based on the use of 
seven hyperspectral images acquired using 
the SpecTIR airborne sensor. Three different 
algorithms were utilized to minimize sunglint 
effects in these images, which each contained 
varying sunglint intensities. This section 
describes image acquisition and pre-processing, 
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the algorithms used to remove sunglint effects, 
and the methodology used to evaluate algorithm 
performance. 

2.1 Study area

 The Ibitinga reservoir is located in the 
state of São Paulo (Southeastern Brazil) as part of 
the Tietê River basin (Fig. 1). Ibitinga has an area 
of 114 km2, a perimeter of 450 km (CESP, 1998) 
and approximate major axis of 70 km along the 
Tietê River, while also extending 25 km along 
the Jacaré-Guaçu River and 25 km along the 
Jacaré-Pepira River. The average water volume 
is approximately 56 x 106 m3, with an average 
depth of 9 m and a water residence time of 22 
days (CESP, 1998).

2.2 Hyperspectral image acquisition and 
processing

Seven images were acquired over Ibitinga 
reservoir on October 24, 2011, using the SpecTIR 
hyperspectral airborne sensor (SpecTIR, LLC), 
operated by the FotoTerra company (http://www.
fototerra.com.br). This imaging spectrometer 
obtains images in 357 bands positioned in 
the VIS, NIR and shortwave infrared (SWIR) 
(398-2455 nm), with a bandwidth of 5 nm. 
SpecTIR has a 24° fi eld-of-view (FOV) and a 
0.075° instantaneous fi eld-of-view (IFOV). The 
radiometric resolution is 16 bits and the SNR 
is 500:1 (VIS-NIR), making this sensor well 
suited for the assessment of optically complex 
and highly dynamic inland water bodies. In the 
present study, only the noise-free SpecTIR bands 
located between 430 nm and 1000 nm were used. 
Images were acquired at nadir viewing and the 
spatial resolution was 3 meters. 

Ibitinga reservoir has a meandering shape, 
which demanded constant changes in data 
acquisition geometry to achieve adequate areal 
coverage. View-illumination parameters for each 
one of the seven fl ight lines are shown in Table 1.

Atmospheric correction and the conversion 
from radiance data into surface refl ectance images 
were performed using the Fast Line-of-Sight 
Atmospheric Analysis of Spectral Hypercubes 
(FLAASH) algorithm, a MODTRAN4-based 
approach to remove atmospheric scattering and 
absorption effects (FELDE et al., 2003; ITT, 
2005). A tropical atmosphere model and rural 
particle model for aerosol type were selected. 

Water vapor content was estimated on a per-
pixel basis using the 1135-nm spectral feature. 
The visibility was set up to 70 km for all scenes.

Geometric correction was also performed 
for each refl ectance image using the Map Tools 
package in the Environment for Visualizing 
Images (ENVI 4.8) (ITT, 2005). The Geometry 
Look-up Table (GLT) data for each fl ight line, 
which are used for performing the geometric 
correction, were provided by the FotoTerra 
company.

A water surface mask was produced to 
exclude all non-water pixels from the images. 
The masks were drawn manually using ENVI 
4.8. All land, macrophyte stands, boats, clouds 
and cloud shadows were removed, leaving only 
strictly open-water pixels.

2.3 Sunglint removal procedures

There are several methods available 
for sunglint removal from high resolution 
satellite images. Most methods exploit the 
high absorption of water at NIR wavelengths, 
assuming that reflectance in these bands is 
negligible. However, for Case II waters, NIR 
refl ectance cannot be neglected due to TSM, 
and in shallow waters, NIR cannot be neglected 
due to bottom refl ectance. We have applied three 
sunglint correction algorithms that allow for 
non-zero NIR water-leaving radiance, suitable 
for correcting images acquired over Case II 
and/or optically shallow waters. The use of NIR 
signals to quantify sunglint over the visible range 
is based on Fresnel refl ectance in water bodies, 
which is only slightly wavelength dependent, 
meaning that sunglint corrections in the NIR 
can be similarly applied to visible wavelengths. 
The algorithms used in this study are described 
below.

2.3.1 Goodman et al. (2008) algorithm

 This algorithm takes above water remote 
sensing reflectance, as input, which was 
approximated by dividing the surface refl ectance 
values by π (MOBLEY, 1994; GOODMAN et 
al., 2008). The sunglint correction factor was 
then calculated for each pixel as a constant offset 
across all wavelengths, based on the difference 
between Rrs at 640 nm and 750 nm (Eq. 1 and 
2):

       (1)                    



1441Revista Brasileira de Cartografi a, Rio de Janeiro, N0 66/7 - International Issue, p. 1437-1449, Dez/2014

Sunglint Correction In Airborne Hyperspectral 

   (2)

where  is the deglinted remote sensing 
reflectance at each wavelength;  is the raw 
above water remote sensing refl ectance at each 
wavelength;  is the raw above water remote 
sensing refl ectance at 750 nm;  is the raw above 
water remote sensing refl ectance at 640 nm, 
and  is the offset added to each wavelength. The 
constants 0.000019 and 0.1 are given by Lee et al. 
(1999). According to them, these values can be 
applied to images obtained by any hyperspectral 
sensor that has bands located at 750 nm and 640 

nm.
After sunglint correction, the resulting 

images (deglinted images) were converted back 
to surface refl ectance to facilitate interpretation 
of the results.

2.3.2 Kutser et al. (2009) algorithm

This method uses information from the 
oxygen absorption band located around 760 
nm, assuming that the amount of sunglint 
is proportional to the depth of the oxygen 
absorption feature (OD). In the present study, 
because the sensor does not include a band at 
760 nm, we selected the band centered at 753 

Fig. 1 - Location of Ibitinga reservoir in the state of São Paulo (Southeastern Brazil). The seven 
SpecTIR fl ight lines for the hyperspectral images are indicated by letters (A to G). 

Table 1: Location and view-illumination attributes of the seven SpecTIR fl ight lines over Ibitinga 
Reservoir (São Paulo, Brazil)

Flight

Line

Starting latitude and longi-
tude 

Ending latitude and longi-
tude 

Sun Zenith 
angle (º)

Sun Azimuth 
angle (º)

S W S W
A 21°45’40.92” 48°59’49.13” 21°45’43.09” 48°57’1.61” 52.7 88.3
B 21°50’5.32” 48°59’59.04” 21°45’32.39” 48°56’50.44” 50.4 87.2
C 21°49’54.67” 48°59’52.39” 21°52’19.84” 48°53’16.24” 37.9 80.7
D 21°49’45.31” 48°55’47.96” 21°58’22.09” 48°51’28.89” 35.6 79.4
E 21°55’56.98” 48°55’13.14” 21°51’8.04” 48°50’38.77” 39.9 82.0
F 21°55’10.78” 48°55’38.73” 21°57’10.09” 48°51’20.91” 33.7 77.9
G 22°1’32.00” 48°53’44.36” 21°56’31.70” 48°50’54.29” 31.7 76.3
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nm for the calculations (Eq. 3):

      (3)

where OD is the oxygen absorption depth, 
and ,  and  are the raw refl ectance values at each 
of these wavelengths. 

Since the bands at 738 nm and 860 nm 
comprise the shoulders of the oxygen absorption 
band, the average of their refl ectance values 
gives an estimate of the expected refl ectance in 
the absence of oxygen. When OD is zero, the 
pixel can be assumed to have no sunglint. For 
each pixel, OD is normalized by dividing it by 
the maximum OD observed for a deep water 
region, i.e. the maximum sunglint value ODmax 
(Eq. 4): 

                            (4)

The spectral variation of sunglint G(λ) is 
then calculated by subtracting the spectrum at the 
darkest (i.e., lowest OD) NIR deep-water pixel 
from the brightest (Eq. 5):g ( q )

      (5)

The product of G(λ) and the normalized 
depth (ODnorm) gives the amount of sunglint for 
each band at each pixel. This amount can then 
be subtracted from the uncorrected refl ectance 
to give the corrected water-leaving refl ectance 
Rdeglint (Eq. 6):

 
(6)

2.3.3 Modifi ed Kutser et al. (2009) 
algorithm

A variant of the KUTSER et al. (2009) 
method was also tested in our analysis, where 
instead of using Equation 3, we calculated the 
depth of the oxygen absorption band using the 
continuum removal technique described by 
CLARK & ROUSH (1984). The continuum is a 
straight line fi tted over the top of a spectrum that 
connect local spectral maxima and represents 
the ‘‘background absorption’’ onto which other 
absorption features are superimposed (CLARK, 
1999). The continuum is removed by dividing 
the reflectance value for each point in the 
absorption feature by the refl ectance level of the 

continuum line at the corresponding wavelength. 
Therefore, the main difference between the two 
methods (KUTSER et al., 2009 and its variant) 
was a function only of how the OD values were 
obtained.

In order to defi ne the straight line, we 
selected the same wavelengths of Equation 3 
(738 nm and 860 nm) as the starting and ending 
points and then removed the continuum (Eq. 7):

            (7)

where is the normalized refl ectance after 
the continuum removal;  is the surface refl ectance 
at a given wavelength; and  is the surface 
refl ectance projected onto the straight line at the 
same wavelength.

The resulting continuum removal image  
was then used to calculate the oxygen absorption 
band depth (ODpb) (Eq. 8):p ( pb) ( q )

          (8)
The remaining procedures were the same 

as those described for the original Kutser et al. 
(2009) method to obtain the fi nal  image.

2.4 Relative assessment of the sunglint 
methods in the study area 

From the total set of seven SpecTIR 
images, we selected two highly sunglint affected 
scenes (D and G in Fig. 1) to evaluate the 
relative performance of the GOODMAN et al. 
(2008), KUTSER et al. (2009) and the modifi ed 
KUTSER et al. (2009) methods. 

Two different approaches were used for this 
purpose. First, the difference between refl ectance 
values in sunglint contaminated and deglinted 
images was calculated for each method, resulting 
in residual refl ectance images. Residual values 
were then grouped into categorical intervals, 
which accounted for different classes of sunglint 
intensities. The best method for sunglint removal 
was assumed to be the one consistently with the 
largest residual refl ectance values. 

In the second approach, homogeneous 
water masses partially affected by sunglint were 
manually delineated using field information 
(acquired simultaneous to image acquisition) and 
visual inspection of true color composites (Fig. 
2a) to verify the consistency of results from the 
fi rst approach. Assuming similar concentrations 
of OAS in these water masses, any substantial 
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changes in pixel refl ectance spectra observed 
in these areas could be attributed mainly to 
sunglint effects. After defi ning homogeneous 
water masses, spatial transects were traced across 
each region from the non-affected areas to the 
portions of the scene under the largest sunglint 
infl uence (Fig. 2b). Refl ectance profi les were 
extracted from each transect for three bands 
in the VIS (460, 548, 638 nm) and two bands 
in the NIR (782 nm and 860 nm). For each 
profi le, refl ectance values before and after the 
application of each method were compared. 

To ensure confi dence in the analysis and 
to take into account possible variations caused 
by factors such as SNR, we also calculated 
average refl ectance differences for regions of 
interest (ROIs) with size of 30 x 30 pixels within 
the non-affected and affected sunglint areas of 
each water mass (Fig. 2c). Five pairs of samples 
(ROIs) were used in this analysis: two on scene 
G (G1 and G2) and three on scene D (D1, D2 and 
D3). The method that had the lowest amplitude 
of refl ectance values between homogenous water 
masses affected and non-affected by sunglint 
was considered the best correction methodology.

3. RESULTS AND DISCUSSION 

Overall, results indicated that the 
algorithms tested had variable efficiency in 
removing sunglint effects from high resolution 
hyperspectral imagery. The results also provided 
a better understanding of sunglint patterns and 
magnitudes across each image. We present the 
results of the comparative evaluation below, and 
discuss the relative performance and limitations 
of each method.

3.1 Sunglint effects on SpecTIR images

Sunglint occurred predominantly in the 
eastern edges of the fi ve scenes (B, D to G) 
acquired with a fl ight direction of less than 270° 
(Fig. 3), and on the northern edges of two scenes 
(A and C) obtained with fl ight directions of 296° 
and 300°, respectively. The Sun was positioned 
east from the sensor in every acquired scene. This 
pattern of increasing brightness towards the image 
edges is characteristic of cross-track sunglint, 
and has been similarly observed in Airborne 
Visible InfraRed Imaging Spectroradiometer 
(AVIRIS) images (MUSTARD et al., 2001; 
GOODMAN et al., 2008), as well as in SpecTIR 

images (MILLER, 2012; BURT, 2012). 
Cross-track glint occurs when the sun 

angle is such that sunglint manifests itself 
perpendicular to the motion of the sensor 
(MILLER, 2012). It results in higher brightness 
values for half the image, from nadir towards one 
edge of the scene, while the remaining half has 
little or no sunglint effects. When scanning along 
the FOV, changes in aircraft attitude (position) 
result in different instantaneous viewing zenith 
angles relative to the surface, which can enhance 
reflectivity of non-Lambertian targets when 
illumination angles approach the viewing angles. 
This is particularly important when assessing 
the spatial distribution of the sunglint, as edge 
pixels tend to saturate and prevent the acquisition 
of water radiometric information in these areas. 

Although SpecTIR sensor has a relatively 
narrow FOV (24°), the effects of cross-track 
sunglint were still apparent (Fig. 3). In the 
images acquired over Ibitinga reservoir, an 
increase of up to 3% in the refl ectance values 
were caused by sunglint effects. These results 
were in agreement with values reported by KAY 
et al. (2009) and PARK et al. (2010) in which 
sunglint increased refl ectance values by a factor 
of up to 2.

3.2 Evaluation of sunglint removal methods

The analysis of residual refl ectance images 
showed that the GOODMAN et al. (2008) 
algorithm removed larger amounts of sunglint 
when compared with the other two methods (Fig. 
4a). The KUTSER et al. (2009) and the modifi ed 
KUTSER et al. (2009) methods had similar 
performances but resulted in lower residual 
refl ectance values than the GOODMAN et al. 
(2008) algorithm (Figs. 4b and 4c). 

Both the original and the modifi ed versions 
of the KUTSER et al. (2009) method required 
a laborious refinement of the land mask to 
eliminate all possible fl oating macrophyte stands 
in the images. Macrophytes have a much stronger 
radiance signal than open water, which in turn 
severely bias the calculation of Dnorm and results 
in compression of the remaining refl ectance 
values within the radiometric scale. Given its 
formulation, the GOODMAN et al. (2008) 
method was signifi cantly more resilient to this 
type of signal contamination. 

Transect analysis over homogenous water 
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Fig.2 - True color composites using SpecTIR bands at 638 nm (red), 548 nm (green) and 460 nm 
(blue) showing: (a) a homogeneous water mass partially affected by sunglint; (b) a transect from 
which refl ectance profi les were extracted; and (c) an example pair of ROIs (30 x 30 pixels) for 
extraction of refl ectance values of non-affected (black square) and affected (red one) sunglint areas. 

Fig. 3 - Examples of sunglint occurrence in SpecTIR hyperspectral images acquired over Ibitinga 
reservoir (São Paulo, Brazil). In (a) and (b), subsets of homogeneous waters masses affected by 
sunglint on the eastern side of the scenes are shown] for scenes G and D, respectively. Variations in 
refl ectance of selected SpecTIR bands for transects (red lines) indicated in the images are shown at 
the right portion of the fi gures. The bands used in the true color composites are the same as in Fig. 2.
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masses showed that images corrected by the 
GOODMAN et al. (2008) method presented 
the best results (Fig. 5a), resulting in deglint 
reflectance profiles with greater similarity 
along the transects. Images corrected using the 
original and the modifi ed KUTSER et al. (2009) 
algorithms had residual sunglint, especially in the 
most affected portions of the scenes (Figs. 5b and 
5c), as indicated by increasing refl ectance values 
from the left to the right side of the transects. 
These results agreed with those obtained by 
MILLER (2012), who also observed residual 
sunglint effects after using the KUTSER et al. 
(2009) method in a SpecTIR image of a coastal 
zone. 

Although the modifi ed KUTSER et al. 
(2009) method had a similar performance when 
compared to its original version for scene G, 
the method was too sensitive to noisy data for 
other scenes. This most likely occurred due 
to either variation in instrumental SNR or to 
artifacts generated from atmospheric correction 
that introduced variability in the calculation 
of the oxygen absorption band depth using the 
continuum removal approach. 

The quantitative comparison between non-
affected (sunglint-free) and sunglint-affected 
ROI samples corroborated the results from 
the transect analysis. The best performance 
was obtained by the GOODMAN et al. (2008) 
algorithm, which was capable of reducing 
the differences between averages refl ectance 
to values very close to zero (Table 2). Both 

the original and the modifi ed versions of the 
KUTSER et al. (2009) method resulted in larger 
differences between the means of the ROIs, with 
variable results among specifi c wavelengths. 
Furthermore, the original KUTSER et al. (2009) 
method overcorrected sunglint effects on sample 
G1, as highlighted by the negative differences 
(Table 2).

4. CONCLUSIONS

Sunglint affected the radiometric quality 
of the high-spatial and high-spectral resolution 
SpecTIR images, increasing refl ectance values 
up to 3% when compared to portions of the 
scenes where it was not observed. The cross-
track type of sunglint was dominant in the images 
acquired over Ibitinga reservoir, especially 
towards the image edges positioned at the same 
side as the Sun.

The sunglint correction algorithm proposed 
by GOODMAN et al. (2008) presented the 
best results when compared to the two other 
tested methods, showing the lowest refl ectance 
differences between sunglint-free and sunglint-
affected areas for homogenous masses of waters. 
The KUTSER et al. (2009) method was also 
capable of reducing the sunglint effects, but a 
signifi cant amount of residual sunglint signal 
remained in the most heavily affected areas of the 
evaluated scenes. The proposed modifi cation of 
the KUTSER et al. (2009) method, based on the 
application of the continuum removal technique 
to calculate the oxygen absorption band depth, 

Fig. 4 - Density slice of the residual SpecTIR refl ectance images over the Ibitinga reservoir after 
sunglint correction using the methods by: (a) GOODMAN et al. (2008); (b) KUTSER et al. (2009); 
and (c) modifi ed KUTSER et al. (2009). 
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also had good results. However, its performance 
was strongly scene dependent due to artifacts 
generated from atmospheric correction around 
this feature and to instrumental SNR. 
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true color composites are the same as in Fig. 2.  
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