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Introduction 

The Italian Space Agency (ASI) is funding the design, development and deployment of the 
spaceborne PRISMA (Precursor Hyperspectral of the Applicative Mission) mission.  
The chief objective of PRISMA mission is to develop innovative applications aimed at monitoring 
the Earth surface environment based on high resolution hyper-spectral imagery. Indeed, the 
PRISMA image sensor is designed to cover the em spectrum from 400 nm to 2500 nm with an 
average spectral resolution of 10 nm and to image the Earth surface over a swath width of 30 km 
with a spatial resolution of 30 m × 30 m (5 m for the panchromatic band) (Galeazzi et al., 2009). 
Among the application fields, it is expected that PRISMA will have prominent capability to monitor 
the quality of inland and coastal zones with particular concern to the Mediterranean Sea. To 
accomplish the task, ASI is also funding the research project “Clam-Phym: Coasts and Lake 
Assessment and Monitoring by PRISMA HYperspectral Mission” with the objective to assess the 
best imaging performances and develop specific techniques that exploit hyperspectral data for 
coastal waters and lakes monitoring. 
In the present work HICO imagery has been exploited to develop a processing chain for the 
application of water quality indicators retrieval algorithms for hyperspectral images. A number of 
coastal test sites have been selected on the base of the expected water quality state, different 
typology (presence of river plumes, phytoplankton plumes, cyanobacteria blooms), availability of 



archive dataset, accessibility of the site in coastal zone of the Adriatic Sea. For the same reason an 
additional lacustrine test site has been selected. 
The HICO images collected during the oceanographic campaign carried out with the R/V Urania of 
the Italian National Research Council (CNR) from 3rd to 17th May in Adriatic Sea have used along 
with a dataset of available acquisitions for all the sites. 
 
 
Test site: Northern Adriatic Sea and Lagoon of Venice 

The Northern Adriatic (NA) Sea is the northernmost part of the Mediterranean Sea. It is 
characterized by shallow environment, with an average depth of 35 m, and regularly and gently 
slopes toward the south until the 120 m isobath. The hydrology and dynamics of the NA are 
primarily influenced by meteorological forcing, thermal variations and river runoff. The NA 
receives approximately 20% of the total Mediterranean river runoff, mainly from the Po River, with 
a pronounced seasonal variability, with peaks in spring and autumn. The NA is also considered one 
of the most productive regions of the generally oligotrophic Mediterranean Sea although recent 
studies point to a decrease of the productivity during last decades. In particular, the largest 
phytoplankton blooms occur in surface layers on late winter and summer in the western part of the 
region close to the Po River delta. 
The lagoon of Venice (LV) located in the NA Sea is one of the largest shallow coastal lagoon in the 
Mediterranean region (area: 550 km2). The average depth of the lagoon is approximately one meter, 
with the majority of the surface occupied by shallows, mud flats, and saltwater marshes. Channel 
depths range from 1 to 15 meters deep. Direct water exchange between the lagoon and the sea only 
occurs at three inlets that individually connect the lagoon’s northern, central, and southern sectors. 
The lagoon consists of a number of interrelated habitats. The terrestrial portion includes the 
lagoon’s interior islands, sandbars, and the surrounding coastal strip. These varying habitats host a 
number of organisms and diverse communities. Like many other coastal areas around the world, LV 
has been subject to transformations and intense anthropogenic pressure over the past few decades, 
which deeply modified the natural environment. An example of such modifications is represented 
by the distribution and abundance of benthic seagrasses (Cymodocea nodosa, Zostera marina, 
Zostera noltij), which are now limited to restricted areas (Curiel et al., 2004). The LV is presently 
affected by a notable and forceful modification of the three inlets due to the MOSE project 
(Experimental Electromechanical Module), intended to protect the city of Venice from flood caused 
by extremely high waters. Therefore, monitoring activities are necessary in order to control the 
ecosystem and to eventually reveal significant variations in water quality parameters. 
Several research activities were carried out in these test sites: concerning remote sensing, they 
started in the ‘80s, with the previous studies for the monitoring of Case-2 water quality, based on 
CZCS, Landsat MSS and TM, SeaWiFs, Hyperion satellite sensors and airborne sensors. Remote 
sensed data were associated with in situ measurements (bio-geo-physical, bio-optical and 
radiometric) in order to characterize, spatially and seasonally, the optical properties variability of 
water and bottom coverage. Moreover, numerous in situ activities were performed on the Acqua 
Alta Oceanographic Tower (AAOT), located in the NA (45.314° N and 12.508° E) approximately 8 
nm from the LV. Since 1995, the oceanographic platform, owned and operated by the Institute of 
Marine Sciences - Italian National Research Council (ISMAR-CNR), has been used to support 
ocean color validation activities through a comprehensive collection of bio-optical data within the 
framework of the several international programs (e.g. CoASTS program (Zibordi et al., 2002; 
Berthon et al., 2002), AERONET and AERONET –OC (Zibordi et al., 2009). 
In the framework of the research project “CLAM-PHYM: Coasts and Lake Assessment and 
Monitoring by PRISMA HYperspectral Mission”, funded by Italian Space Agency (ASI), an 
oceanographic cruise (3-18 May 2012) was carried out with the R/V Urania of the Italian National 
Research Council (CNR), along the coasts of Adriatic Sea. The cruise was scheduled to acquire 



seasonal oceanographic data on the Adriatic Sea along the Trieste and Venice gulfs, the Po Delta, 
Rimini, Senigallia, Tremiti and Manfredonia transects. CTD casts, water, plankton and particulate 
sampling, optical properties measurements, bottom sampling and geophysical investigations were 
performed. The aim of radiometric in situ measurements was to collect data for the calibration of 
bio-optical models and the validation of products derived from satellite images for the water quality 
analysis. In situ data have been collected aiming at (a) characterizing the optical properties of the 
study area by measuring apparent optical properties (AOPs) and (b) collecting data to validate 
atmospheric correction. During this survey, some HICO images were acquired: for this report, we 
are focusing on the HICO image (ID: 10248), acquired on May 12, 2012 (Figure 1). 
 

 

Figure 1. Georeferenced AAOT (ID: 10248), acquired on May 12, 2012, displayed in True Color. The red 
rectangle represents the area of in situ measurements collected on the 12th of May 2012. 

 

On the 12th of May 2012, 5 complete stations and 3 CTD cast stations were carried out (Figure 2). 
The 5 complete stations included the collection of Apparent (AOP) and Inherent Optical Properties 
(IOP), besides discrete water samples for absorption and concentration measurements. The 
radiometric measurements for AOPs were collected with different instruments: 

- WISP-3 (Water Insight), a new hand-held radiometer for monitoring water quality, which 
automatically performs measurements with three radiometers. These three sensors and the 
angles are chosen according to (Mobley 1999) guidance on above-water radiometric 
measurements. The optical range of the WISP-3 is 380-800 nm, with a spectral resolution of 
» 4 nm. 

- SPECTRASCAN PR-650 (Photo Research), a field portable hyperspectral radiometer 
operating between 380 and 780 nm with 4 nm resolution. 



- RAMSES ACC-ARC (TrioS), two stand-alone highly integrated hyperspectral radiometer 
for the VIS spectral range (350-900 nm). 

- Multispectral Profiler-II (Satlantic), multispectral radiometers at seven spectral channels in 
the range 400-700 nm. 

IOP data were collected and measured with : 
- HYDROSCAT-6 (Hobilabs), a backscatter meter at fixed wavelengths (442, 488, 510, 550, 

620, 676 nm). It also makes auxiliary measurements of fluorescence excited by 510 and 
emitted to 676 nm. 

- Cyclops- 7 (Turner Designs), a fluorimeter profiler with submersible probe (CDOM 
excitation 325/120 nm and emission 470/60 nm; Chl-a excitation 465/170 nm and emission 
696/44 nm, Phycocyanin excitation 590 nm and emission 630 nm and Phycoerythrin 
excitation 515-547 nm and emission 590 nm). 

- LISST-100X (Sequoia), a laser scattering meter for measuring the volume scattering 
function and deriving size distribution of suspended sediments from 1.25 to 500 � m. 

 

 

Figure 2. Map of the stations collected on the 12th of May 2012. TS04, TS05, TS06, TS07, TS08 are the complete 
stations. TS04 has been used for validation 

 

Test site: Southern Adriatic Sea 

In the southern part of the Adriatic Sea two sites of interest were selected: Tremiti Islands and Gulf 
of Manfredonia. In the recent years both sites were frequently monitored in the framework of the 
research project IMCA (Integrated Monitoring of Coastal Areas) with the aim to develop a 
monitoring system of coastal areas through the integrated use of remote sensing data, in situ data 
and numerical simulations. 
Each site was chosen for its peculiar characteristics: 
- Tremiti Islands: this marine area includes a marine NATURA 2000 region characterized by 
extreme transparent waters and the presence of prairies of oceanic posidonia. The degradation of 
this site is related mainly to the use of water for tourism, the intense traffic of motorboats, with 



accidental spills of hydrocarbons and, above all, the effects of degradation of posidonia due to the 
unregulated anchors. The average depth of the area is about 50 m. 
- Gulf of Manfredonia: this coastal area is placed in the western part of Southern Adriatic Sea.  To 
the North it is delimited by the Gargano Peninsula which morphologically marks the northern 
border of this part of the Southern Adriatic. It is characterized by a limited circulation and by the 
presence of three rivers (Candelaro, Cervaro and Carapelle) with the result of significant content of 
sediments. The average depth of the area is about 12 m. 
 
The two sites have been monitored in the period from 4th to 5th May 2012 of the oceanographic 
campaign, with measurements of Apparent (AOP), Inherent Optical Properties (IOP) discrete water 
samples for absorption and concentration measurements. Details on the instrumentation adopted 
have been previously reported. Unfortunately no HICO images in correspondence of these targets 
were acquired during the period of the campaign. 
 
 
Test site: Garda Lake 

Garda is the biggest Italian Lake, with 368 km2 of surface and mean depth of about 130m. It is an 
oligotrophic lake, with very clear, cold and oxygenated waters, with low nutrient content and low 
algal production, supporting many fish species. It is an essential renewable resource for the entire, 
highly industrialized and most densely populated region of Italy, due to the multiple uses of its 
waters: human consumption, recreational purposes, economic activities, transportation, and 
agricultural purposes. 
Starting from the second half of 90’s, Garda Lake is the topic of numerous remote sensing studies, 
under the umbrella of both European Commission (e.g. 1996-99: SALMON  (EC-FP4); 2003-2012: 
MELINOS - (ESA-AO ID553); 2010-2013: EULAKES  (EU Central Europe Programme)) and 
Italian institutions (e.g. 2011-2014: CLAM-PHYM  (ASI); 2005-2007: RIZOMA  (Cariplo 
Fondation) as well. The investigations have concerned the study of water quality and aquatic 
vegetation whose results have been published on international journals (e.g. Giardino et al., 2001; 
Giardino et al., 2007a; Giardino et al., 2007b; Bresciani et al., 2011a; Bresciani et al., 2011b; 
Bresciani et al., 2012). The main output of such activities is the parameterization of a robust bio-
optical model, BOMBER (Giardino et al., 2011), which is applicable to hyperspectral images 
gathered by different satellite and airborne sensors. 
 

 

HICO processing chain 

1) Geometric correction and geolocation 

Among the different processing phases (i.e., atmospheric correction, removal of adjancency effects, 
retrieval of water quality products, etc.), the image georeferencing and registration are the most 
consolidated and sometimes not strictly necessary for several applications. In our experience on 
working with HICO data, a good geolocation was mainly required for matching up satellite vs. in 
situ data and for validation activities. 
The geolocation tutorial, available at http://hico.coas.oregonstate.edu, was followed step by step 
using ENVITM software (version 4.8). The output of the "least accurate stage" was an image, 
affected by geometric deformations, which were evident if compared with a geolocated image from 
another source (i.e. GoogleEarth). The roto-translation required in the "most accurate stage" was not 
sufficient for the correction of such deformations. Moreover, the georeferenced image showed more 
marked distortions than the original HICO scene, affected by ISS viewing geometry and orbit 



After a thoroughout investigation, it became clear that there was a problem within the “Build GLT” 
step, selecting Geographic Lat/Lon from the input list, and Geographic Lat/Lon from the output list 
at the step 5. After other options have been tested, the best performance was obtained by choosing 
UTM from the output list. The output of the least accurate stage (with UTM) returned a good 
image, which needed just a roto-translation operation to achieve satisfactory result (Figure 1 b). 
The most accurate stage was applied to the output of the least accurate stage (with UTM) and the 
output is compared with the GoogleMap image (Figure 2 a-b): the most performing resampling 
method results to be the cubic convolution. The RMS error of GCP selection is about 1 pixel. 
The “revisited” geolocation tutorial has been tested and applied to AAOT (ID: 10248) and 
ITA_GardaLake (ID: 10688) HICO images, with adequate products. 
 

a)  b)  

Figure 3. AAOT (ID: 10248), displayed in True Color: detail of a) georeferenced image after the least accurate 
stage, with lat/lon output, b) georeferenced image after the least accurate stage, with UTM output. 

a)  b)  

Figure 4. AAOT (ID: 10248), displayed in True Color: detail of a) georeferenced image after the most accurate 
stage, with UTM output; b) Google Map image. 



2) Algorithm for atmospheric correction 

The algorithm has been developed looking for the hyperspectral AAOT (ID: 10248) HICO image, 
acquired on May 12, 2012. The proposed algorithm updates the simulation of the radiative field on 
the Earth-Atmosphere coupled system for the specific image by fixing the spectral characteristics of 
the channels (central wavelength and FWHM) available from the header file of the image. Besides, 
the algorithm updates viewing and illumination angles of each pixel by using the geometric 
characteristics given in the files associated to the HICO image. 
The algorithm is based on the equation of the radiance acquired by the HICO sensor (Vermote et 
al., 1997; Bassani et al., 2010) where Z is the altitude of the sensor: 
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The equation is the sensor reflectance, � ������ � $ % ������ � 	 & ' , where %������  is the sensor 
radiance, &  is the solar flux at the Top Of Atmosphere (TOA). The physical quantities on the right 
part of the equation are the surface reflectance � �  �  and the physical quantities describing the 
radiative field on the Earth-Atmosphere coupled system. These quantities with the sensor radiance 
depend on the propagation line of the radiation expressed in terms of the relative azimuth, � , and of 
the cosine, � � 	
� � � ()* + � 	
� � , for solar � +	 �  and view � +� �  zenith angles. 
The radiative quantities of the equation are the atmospheric reflectance of the aerosol and gaseous 
layer, � ���  called 'path radiance'; spherical albedo, , ; and all the transmittance components. The 
atmospheric transmittance is composed by the gaseous transmittance, � ��� � � 	 
 � � 
 �
 
 � , and the 
aerosol transmittance on the sun-target (downwelling), � � � - �. � � � � �' � / 0 � � 	 � , and target-sensor 
(upwelling), � � � - �. � � � � �' � / 0 � � � � , directions. Both the aerosol are composed by the direct, 
� � � - �. � � � � �
�' , and diffuse, � � � / 0 1� 	
� 2, components. Finally, 3� 
 �  is the total optical depth of 
the atmospheric layer from the target to the sensor altitude. 
Insight the developed algorithm, all the mentioned radiative quantities (RQ) are simulated by using 
the 6SV radiative transfer code within the spectral domain 350-1000 nm sampled at 2.5 nm. The 
values of the RQ are convolved to the spectral characteristics of the HICO channels (central 
wavelength and FWHM) assuming Gaussian-shaped response functions. Regarding the geometrical 
conditions, latitude and longitude of the site and the zenith and azimuth angles for illumination and 
viewing directions have been extracted from the '***_rad_geom.bil' file. 
In order to remove the adjacency effect, the following empirical equation reported in (Vermote et 
al., 1997; Bassani et al., 2010) has been used: 
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 7         Eq. 2 
 
The 6SV code is able to decouple the direct, - �. � �' , and diffuse, /0 � � � � , components of the total 
transmittance simulated along the viewing angle. The � ����

  is the mean reflectance of adjacent 
pixels calculated in function of an amount of pixels depending on the spatial resolution of the 
image. This part of the algorithm is under discussion. 
 
 
 
Validation of atmospheric corrected HICO image 
The impact of the methodologies used for atmospheric correction on the retrieval of Rrs data from 
HICO image can then be evaluated based on the AAOT (ID: 10248) image, acquired on May 12, 
2012. The atmospheric correction with the 6SV radiative transfer code has been performed using 
different aerosol models (CONTINENTAL and MARITIME and with data of CIMEL). Then the 
qualities of atmospheric correction procedures are assessed by performing matchup comparisons 



between the satellites retrieved atmospheric data and in situ spectra, measured with the WISP 
spectroradiometer. Although we collected a wide number of spectra during the oceanographic 
survey, only one was enough synchronous with HICO acquisition for atmospheric correction 
validation. In figure 5, we show the results of the three aerosol models compared with the in situ 
spectrum. The value of AOT, used for the atmospheric correction with different models, is the 
same. 
 

�

Figure 5. Comparison of the in situ reflectance, measured with the WISP spectroradiometer, and the reflectances 
obtained from atmospheric correction, using the three aerosol models.  

�

Figure 5 shows the following features: the continental model has produced too high values 
compared to other models and in situ reflectance, especially in the blue and green regions. Using the 
CIMEL data e MARITIME model, the obtained results were similar to field data, even if still 
slightly higher in the red region. 
In Figure 5, the reflectances are still affected by adjacency effect. In the Figure 6, adjacency effect 
has been removed, determining a decrease of the signal mainly in the red region. 
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�

Figure 6. Example of spectral signatures (CIMEL correction) with and without adjacency effects. 

�

�

Figure 7. Comparison of the in situ reflectance and the reflectances obtained from atmospheric correction, using 
the three aerosol models and without adjacency effects.  
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Results show the CONTINENTAL model maintains too high values compared to other models and 
in situ reflectance, especially in the blue and green regions. The CIMEL e MARITIME have values 
more similar to field data: CIMEL reflectance is slightly higher in the blue and green regions, but in 
the red and NIR regions the values have a better match-up with the removal of adjancency effects. 
In such regions, the MARITIME model gives negative values. 
A preliminary statistical analysis between in situ reflectance, resampled on HICO spectral bands, 
and HICO data, corrected with different aerosol models and for adjacency effects, are reported in 
Table 1. The analysis confirms CIMEL e MARITIME models give more accurate results than 
CONTINENTAL model. MARITIME model is the best performing and reliable, but it is important 
to highlight that in the statistical analysis we have not considered negative reflectance values. 
 
 

Table 1. Statistical analysis  (MAE=Mean Absolute Error, EF=modelling EFficiency, rRMSE= root Mean 
Square Error Signif.= statistical significance). 

Parameter MAE rRMSE EF Signif. 
Average 
In situ 

Average 
Models 

CIMEL 0.009 143 -1.51 5.23E-16 0.009 0.015 

CONTINENTAL  0.031 415 -20.08 8.40E-28 0.009 0.039 

MARITIME 0.006 101 -0.25 1.16E-16 0.009 0.011 

�

The comparison between HICO derived atmospheric corrected spectra and in situ irradiance has 
shown the impact of atmospheric gas absorption (in particular, O2, water vapour and ozone) on the 
reflectance spectra. In Figure 8, the spectral regions affected by atmospheric gas absorption are 
highlighted (red bars): 
 

�

Figure 8. Comparison between HICO derived atmospheric corrected spectra and in situ irradiance: the spectral 
regions affected by atmospheric gas absorption are highlight (red bars): 
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�

The last observation suggests that a few number of HICO bands is highly noisy. In particular the 
bands 4-9-17-30-38-43 evidence small reflectance peaks, which are not due to atmosphere or water 
contributions. The removal of spectral bands, impacted by atmospheric absorption and conditioned 
by high noise, improves the statistical analysis outputs (MAE = 0.005, RMSE = 75, EF = -0.10, r2 = 
0.95). 
A further simulation is performing with CIMEL data: we tested different values of AOT, in order to 
assess the impact of different aerosol thickness on HICO derived atmospheric corrected reflectance.  
 

3) Sunglint Reflectance modeling 

Modeling the contribution of sunglint to the reflectance on HICO images is one relevant step of 
whole processing chain. Specular reflection of solar radiation on non-flat water surfaces is a serious 
confounding factor for VNIR remote sensing of marine areas. When sky is clear and the water 
surface is not flat, specular reflection of the incident radiation hampers the water column visibility 
and the bottom component of the up-welling radiation. Unfortunately, the problem of sun glint is 
particularly acute under clear skies conditions at which remote sensing might otherwise be most 
effective. 
Although in glint areas the signal appears mostly composed by the water surface specular 
reflectance contribution, the component associated with water leaving reflectance may be 
recoverable, provided that the sensor signal remains spectrally unsaturated. 
Sunglint is the direct specular reflection of the solar radiation over the ocean waves. Typically, a 
portion of image affected by sunglint is brighter than the surrounding region. The physical 
description of sunglint reflectance of the sea surface can be carried out on a statistical basis. Cox 
and Munk (1954, 1956) showed that the sea surface can be represented as a collection of small, 
mirror-like planar facets each with a characteristic slope. 
For all scales of roughness of a clean sea surface, the probability density of slopes is well 
approximated by a skewed Gaussian distribution with principal axes in the up and cross-wind 
directions, thus indicating that capillary and short gravity waves are the main contributors to 
sunglint. The sunglint reflectance can be expressed as follow (Cox and Munk, 1954): 
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where F  is the specular reflection angle; G is the angle formed by the normal of the facet with the 
upward vertical axis perpendicular to the wind reference system. H� F
 9�  is the Fresnel reflection 
coefficient at radiation wavelength 9 and C� 
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 E�  is the probability density distribution of surface 
wave slopes that can be modelled as a Gram-Charlier series according to the following expression 
(Cox and Munk, 1954): 
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The meaning of the terms in (4) is the following:  � 
 D
 
 E�  are the components of the facet’s slope 
along the cross-wind and up-wind direction, respectively; � dD
 dE�  are the corresponding root mean 
square (rms) slope parameters; e f  is the ith Hermite polynomial and gfh are coefficients that 
determine the skewness and peakedness of the distribution as a function of the wind speed (Table 



2). Among the developed slope statistics of the sea surface (Ebuchi and Kizu, 2002, Breon and 
Henriot, 2006), the Cox and Munk model had the best performance in reproducing VNIR and short 
wave infrared (SWIR) measurements of glint patterns over the open ocean (Zhang, and Wang, 
2010). For this reason, we will consistently adopt the CM model as given by (4) and related 
parameters to describe the sun glint reflectance from sea surfaces. 
 

Table 2. Dependence of the parameters in (4) on the wind speed (W) measured at 12.5 m. 

Parameter Sea surface 

OP
M 

bi bbj
� bi bbRkMl  

OQ
M bi bbjRml  

PMR bi bR 6 bi bbnml  

Pbj  bi bo 6 bi bjjbl  

Pob  bi ob 

PMM bi RM 

Pbo  bi Mj  

 
The implementation of the sunglint reflectance computing has been made in IDL. Geometric 
information about illumination and acquisition conditions are available in the '***_rad_geom.bil’ 
file (assuming the correctness of the reported information). Finally, ECMWF winds available every 
6 hours and with a lat/lon spatial resolution of 0.25°́ 0.25° were considered to estimate the sun 
glint. Wind data were subsequently temporally interpolated to the time of acquisition. Moreover a 
spatial interpolation of the meteorological data  the lat/lon position of every image pixel has been 
carried out. 
In Fig. 9 the HICO image acquired on 1st May 2012 on Gulf of Manfredonia and displayed in true 
colors (a) and the simulated sunglint reflectance for band 73 (b) are shown. In this last one, it can be 
recognized a zone characterized by high reflectance values which gradually decreases moving away 
from the area with greater probability to have facets acquired in specular conditions. 
Although the image does not present the conditions (� NIR>0.02) resulting in an automatic flagging 
of the area, the values of the reflectance of sunglint do require removal of sunglint contribution. 
In fact, considering the portion of the image (Band 73) shown in Fig. 9c, typical features due to 
surface contribution to the reflectance such as the dark linear region (presumably an oil spill) and 
the ship's wake. 
 



                                            

(a)                                                                               (b) 

  

 

                           (c) 

 

 

Figure 9. (a) HICO image acquired on 1st 
May 2012 on the Gulf of Manfredonia, 
displayed in true colors; (b) Modeled 
Sunglint image for the band 73 (0.8165 
mmmmm); (c) Portion of the band 73 where 
linear surface features are visible. 



4) A Bio-Optical Model Based tool for Estimated water quality and bottom properties 
from Remote sensing images  
 

BOMBER, (Bio-Optical Model Based tool for Estimated water quality and bottom properties from 
Remote sensing images), is a software package completely programmed in IDL code, running as an 
add-on tool of the ENVI software. Based on a bio-optical model, it is able to derive water 
parameters and bottom properties starting from atmospherically corrected remotely sensed 
reflectances. As highlighted in the sketch a bio-optical model describes what’s happening in the 
water, that means the interaction and the influence of water constituents and bottom characteristics 
on the light propagation and transmission inside the water. BOMBER can work in two different 
modes: “Deep waters” and “Shallow waters”. For both the first step is the conversion of reflectance 
in the air to water interface passage, accomplished with the shown equation 5.  
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In this work we used “deep waters mode” (Eq. 6),  the electromagnetic radiation is exclusively 
depending on the Inherent Optical Properties of absorption and backscattering of water constituents, 
where a is described as the sum of absorption contributions by water, phytoplankton, suspended 
solids and organic matter, while Bb is given by water, phytoplankton and solids contributions only. 
This mode is used to derive water constituents concentration maps. 
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The bio-optical model implemented in BOMBER has been applied to the HICO image (ID: 10688), 
acquired on June 29, 2012 (Figure 10). 
 

 

Figure 30. Detail of ITA_GardaLake (ID: 10688), acquired on June 29, 2012, displayed in True Color. 

As required by BOMBER, the image has been atmospherically corrected with 6S code (Vermote et 
al., 1997) considering a continental model and a Midlatitude Summer standard atmosphere�profile. 



We have used a value of AOT= 0.15, obtained from the nearest AERONET sites (we considered 
Venice and Ispra sites). 
Since no in situ radiance or irradiance data were available for validation on 29 June, we have 
compared the atmospherically corrected HICO image with a MODIS image, acquired in the same 
day and atmospherically corrected with identical parameters. 
In the Figure 11, we show the water reflectance spectra, obtained from HICO and MODIS images 
in the middle of the Garda lake: the comparison has pointed out that the results of atmospheric 
correction, both in magnitude and in shape, are similar. Moreover, we considered also a typical in-
situ reflectance spectrum (blue line), acquired by a FieldSpec ASD-FR radiometer, in the same 
period during the 2011 (27th of June, 2011), with similar ecological conditions. The comparison of 
satellite and field spectra highlights a good accordance in the shape.  
 

 

Figure 11. Comparison of Remote sensing reflectance spectra obtained from atmospherically corrected HICO 
and MODIS images and measured on field survey, during the last year. 

Some differences between the two Rrs spectra are evident: probably they are due to different spatial 
resolution and radiometric characteristics of the two satellite sensors. Despite that the reflectance 
value of MODIS compared with the one of HICO, resampled to MODIS spectral resolution, have a 
good correlation, as represented in Figure 12. 
 

 
Figure 12 Correlation between the reflectance value of MODIS and HICO, resampled to MODIS spectral 

resolution. 
�

Before running BOMBER, we need to mask the pixels which are not “water”: so for this reason, 
HICO image has been georeferenced with an accurately geolocated MIVIS image (MIVIS is a 
hyperspectral airborne sensor with 5m spatial resolution). Then the mask has been built starting 
from a specific shape file. 
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Some HICO bands have been removed: the ones affected by atmospherically absorption of ozone, 
water vapour and oxygen (e.g. 5-15-34-56-64 bands), and the ones which resulted too noisy. 
Finally, the image has been processed with BOMBER tool for mapping the concentration of 
Chlorophyll-a, Total Suspended Matter and CDOM. 
In figure 13 we show the map of Chl-a concentration, obtained from HICO image, acquired on June 
29, 2012. Unfortunately, in situ samples, synchronous to HICO acquisition, are not available, so we 
cannot validate the results. The most synchronous measurement was performed by APPA Trento on 
the 16th of July and it was relative to Chl-a concentration. The Chl-a concentration was 3.7 mg/m3 
and 2.5 mg/m3, respectively from the in situ measurement and from the Chl-a concentration map, 
obtained by the HICO image processed with the BOMBER tool. The value of 2.5 mg/m3 represents 
the average of a 3x3 pixel region with a high variability (2.2 – 3.9 mg/m3). An adequate validation 
is not possible due to the temporal gap, but the order of magnitude is similar between the in situ and 
remote sensed values. 
 

 

Figure 13. Map of Chlorophyll-a concentration. 

The preliminary results are encouraging and HICO data could be very useful for the monitoring of 
water quality status in the Garda Lake. A larger dataset is required for testing the water quality 
variability; besides a detailed acquisition plan for study area is necessary for programming 
synchronous field surveys, in order to perform the validation of radiometric measurements and of 
water quality parameters. 
Currently, we are studying the adjacency effects on the HICO image: as reported in Figure 5, for the 
Band 66 (776 nm), the water pixels proximal to the coast (about 5 pixel for each side) have higher 
reflectance values than the ones in the central lake. The c-WOMBAT-c code will be used for this 
purpose. The adjacency effects will be correct using a background radiance image generated by 
convolution (with a predefined kernel) of the original radiance image with a spatial weighted 
function (Brando 2008; Haan and Kokke, 1996). 



 
 
Figure 14. Horizontal profile of band 66 reflectance in the central zone of Garda Lake. The reflectance values of 

the pixels proximal to the coast are higher than the ones in the central lake: this could be related to a higher 
quantity of suspended matter and to adjacency effects. 

�

Expected activities concerning archived and new HICO data 

According to the proposal, the next step is the retrieval of water quality products applying the 
BOMBER tool to HICO images. Now, consistent efforts are devoted to regional or basin-specific 
parameterization of BOMBER, starting from the field dataset collected during the oceanographic 
cruise. A preliminary analysis of the entire in situ AOPs and IOPs dataset has highlighted a discrete 
variability, due to different bio-geo-physical conditions (i.e., algal bloom, river plume, sediment 
resuspension). Unfortunately, the in situ and satellite data, acquired on the 12th of May 2012, does 
not shown a wide spatial variability, so the investigation on uncertainties induced by atmospheric 
correction and adjacency effect is very important for the further retrieval of accurate water quality 
products. 
Finally, we should emphasize the importance of HICO archived dataset and the expected future 
acquisitions: currently, the HICO catalogue, especially for the AAOT scene, provides a large 
number of different hydrological conditions and it could be a good chance for analysing and 
monitoring such processes. For the next acquisitions, it is certainly useful to have the possibility of 
planning synchronous field measurements in order to test algorithms and validate the results. 
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