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1. Abstract
This report shows first results of pre‐processing products using HICO data from Venice (AAOT)
in Italy in combination with data from Aqua Alta Oceanographic Towers (AERONET‐OC). The
primary output of this report is a first evaluation of HICO data quality in comparison to different
processing algorithms, focusing primarily on atmospheric correction methods (Tafkaa 6s,
ATCOR, MIP). ATCOR atmospheric correction software was first compared to Tafkaa 6s
processing on water and on land using similar input parameters. Secondly ATCOR was
compared to subsurface reflectance of water processed by Modular Inversion Program (MIP).

2. Objective
The main objective of this study is to test and to evaluate the EnMAP (Environmental Mapping
and Analysis Program) pre‐processing chain using HICO hyperspectral data. A clear advantage in
using HICO for testing the processing chain is the unique opportunity to have real hyperspectral
satellite data with specifications comparable to the EnMAP VNIR sensor requirements. One of
the foreseen standard products of the EnMAP processing chain is atmospheric correction on
water and on land (Rossner et al. 2009; Storch at al. 2009). Three atmospheric correction
methods were employed in this investigation (Tafkaa 6s, ATCOR, MIP) and applied to two
different HICO scenes for comparison on land and on water. A brief overview of the three
different correction methods is given below:
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2.1

Tafkaa atmospheric software

Tafkaa is an atmospheric correction algorithm for remote sensing of ocean color that has been
developed at the Naval Research Laboratory (NRL), particularly it is an algorithm for
atmospheric correction of imaging spectrometry data. Tafkaa 6s is based on ATmospheric
REMoval (ATREM) 4.0, and uses Second Simulation of the Satellite Signal in the Solar Spectrum
(6S) for its scattering calculations. It cannot correct for the specular reflection of the air‐water
interface (Montes et al. 2004).
2.2

ATCOR atmospheric software

ATCOR (atmospheric correction) (Richter 1996; 1998, 2008, 2011) accounts for flat and rugged
terrain, and includes haze/cirrus detection and removal algorithms. Output products are the
ground reflectance cube, maps of the aerosol optical thickness at 550 nm, atmospheric water
vapor, and masks of land, water, haze, cloud, and snow. The reflectance retrieval for land and
water pixels is performed with the assumption of a Lambertian reflectance law. Contrary to the
MIP processing, the water reflectance is the above surface reflectance. The atmospheric
correction on land within the EnMAP pre‐processing chain will be performed with the ATCOR
atmospheric correction code.
2.3

Modular Inversion Program (MIP)

The Modular Inversion Program (MIP) (Heege et al. 2005) combines the finite element method
with the MODTRAN4 atmospheric model and the multi‐component water model. Output
products are the water reflectance cube, water constituents, the aerosol optical thickness map,
and updates of masks of land, water, haze and cloud. The MIP processing corrects the water to
sub‐surface reflectance. MIP will be used within the EnMAP pre‐processing chain for
atmospheric correction over water targets.
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3. Intercomparison of calibrated radiance data (Version 03 and 04)

Figure 1 Comparison of calibrated radiance data version 03 and version 04. The compared HICO
scenes are L1B.AAOT.v03.3622 and L1B.AAOT.v04.3622 from 8th August 2010 at AAOT in Venice.

Figure 1 shows a comparison of HICO calibrated radiance version 03 and 04 for HICO scenes
L1B.AAOT.v03.36221 and L1B.AAOT.v04.36222 from 8th August 2010 at AAOT in Venice by
plotting different spectral profiles in deep and shallow water as well as on land (left). The
spectral profile average window was set to 11 x 11 pixels for each spectral profile. L1B radiance
data of calibration version 04 was slightly higher in the blue and near infrared wavelength
region. The graph on the right shows the average difference between calibration version 03 and
version 04 in %. The observed differences were around 2.9 % at 445 nm and around 1 % at 860
nm. A wavelength shift of 0.9 nm was also found between the calibration versions 03 and 04.
The same exercise was performed on the HICO scene L1BM.AAOT.v03.73393 and
L1B.AAOT.v04.73394 from 22nd July 2011 at AAOT in Venice resulting in similar values.
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4. Intercomparison of atmospheric correction methods
4.1

ATCOR and Tafkaa 6s comparison

The HICO scene L1B.AAOT.v03.3622 from 8th August 2010 at AAOT in Venice was used for this
comparison. The Tafkaa model was only performed on the older calibration version 03, ATCOR
was run on both calibration version (03 and 04). Only the results from calibration version 03 are
shown for comparison (Figure 4).
Tafkaa 6s was run by Oregon State University (OSU) using a continental aerosol model and
aerosol visibility of 60 km. ATCOR was run at DLR using similar settings (rural atmosphere and a
visibility of 60 km).
4.1.1 Intercomparison EO Solar irradiance
The solar spectral irradiance used for the Tafkaa processing (Montes et al. 2004) was found to
be consistently lower than the Fontenla et al. 2011 irradiance used for the ATCOR processing as
shown in Figure 2. Thus, when the HICO radiance data are normalized to reflectance, this leads
to lower reflectance values in ATCOR than in Tafkaa.

Figure 2 Comparison of EO solar spectral irradiance files. Black line is adapted from Fontenla et al. 2011
as used in ATCOR, the red line is the solar irradiance file as described by Montes et al. 2004 in the Tafkaa
user’s guide.
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4.1.2 Aerosol optical thickness form AERONET‐OC

Figure 3 Specifying aerosol optical properties for ATCOR processing. Solid line marked with diamonds:
AERONET measurements of AOT. For comparison: Aerosol optical thickness (AOT) of a maritime (top)
and a rural (bottom) aerosol model calculated with 60, 80 and 120 km visibility using MODTRAN5.2
(red curves) and was compared to the Angstrom exponent (500‐870 nm)(from AERONET)(Zibordi et al.
2009).

Figure 3 contains a comparison of the AERONET AOT (Zibordi et al. 2009) measurements (solid
line with diamonds) and MODTRAN calculations for different visibilities and two aerosol types
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(maritime and rural). It demonstrates that the rural aerosol with a visibility of 80 km
approximates the spectral AOT course better than the maritime aerosol. A possible reason is
that the wind at that time was blowing from the land to the coastal water area. The
corresponding dashed curve presents the AOT behavior based on the AERONET Angstrom
exponent using channels form 500 to 870 nm. The Angstrom approach yields a reasonable
agreement with the measured curve, except for the blue spectral region.
4.1.3 Atmospherically corrected reflectance (ATCOR and Tafkaa 6s)

Figure 4a Comparison of ATCOR and Tafkaa 6s processing. The graphs show examples of reflectance
spectra from two water pixels of atmospherically corrected HICO Scene L1B.AAOT.v03.3622 from 8th
August 2010 at AAOT in Venice. Black lines shows ATCOR atmospheric correction model, red dashed
lines shows results of Tafkaa 6s atmospheric correction model. The collected reflectance spectra are
deep water spectra (left), and water spectra within the lagoon (right). The spectral profile average
window was set to 11 x 11 pixels for each spectral profile.
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Figure 4b Comparison of ATCOR and Tafkaa 6s processing. The graphs show examples of reflectance
spectra from two land pixels of atmospherically corrected HICO Scene L1B.AAOT.v03.3622 from 8th
August 2010 at AAOT in Venice. Black lines shows ATCOR atmospheric correction model, red dashed
lines shows results of Tafkaa 6s atmospheric correction model. The collected reflectance spectra are
vegetated and urban land spectra from the same scene. The spectral profile average window was set to
11 x 11 pixels for each spectral profile.

Tafkaa 6s and ATCOR correspond well, although Tafkaa 6s shows continuously higher
reflectance spectra than the ATCOR model. This effect is probably due to the lower Tafkaa solar
irradiance spectrum (see Figure 2).
4.2

ATCOR and MIP comparison

The HICO scene L1BM.AAOT.v03.73395 from 22nd July 2011 at AAOT in Venice was used for this
comparison.
The MIP processing was only performed on the older calibration version 03, ATCOR was also
run on both calibration version (03 and 04). Only the results from calibration version 03 are
shown for comparison (Figure 5).
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Figure 5 Comparison of MIP and ATCOR processing. HICO Scene L1BM.AAOT.v03.7339 from 22nd July
2011 at AAOT in Venice. The graph on the left shows a deep water spectrum and the graph on the right
shows a water spectrum within the lagoon. The spectral profile average window was set to 11 x 11
pixels for each spectral profile.

The high peak at 760 nm in the MIP spectra (red dashed line) is due to oxygen absorption,
whereas in ATCOR this peak was smoothed. The greatest difference is visible in the blue
wavelength region, where the ATCOR reflectance is significantly higher than the MIP
reflectance. This difference could be explained by the influence of different aerosol settings or
due to calibration problems below 450 nm. Further processing is required to investigate this
effect in more detail.
Both spectra show an increase in the NIR beyond 750 nm, which is also visible in the ATCOR‐
Tafkaa 6s comparison in Figure 4. The NIR reflectance behavior indicates that there is a
processing or radiometric calibration problem in this region, because such an increase cannot
be explained by water properties. The adjacency effect is probably not the cause since similar
behavior is observed for all water pixels, irrespective of the distance to land. The consistent
reflectance spectra from all three software indicate a radiometric calibration problem in the
NIR region.

5.

Water quality products using MIP

Fig. 6a and 6b shows first results of water quality products using MIP in‐water processing
algorithms. Both chlorophyll and suspended matter concentrations are higher near shore. A
high correlation between them suggests that suspended matter is mainly of organic origin.
Chlorophyll measurements at the Aqua Alta Oceanographic Tower in Venice (AAOT) (Lat
45.31°, Lon 12.50°) within 2 hours of the data take were 0.49 µg/l (from AERONET‐OC).
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Figure 6a Water quality products using MIP. HICO Scene L1BM.AAOT.v03.7339 from 22nd July 2011 at
AAOT in Venice. The scene was atmospherically and in‐water processed using MIP software. The yellow
dot shows the approximate location of the Aqua Alta Oceanograpic Tower (Lat 45.31°, Lon 12.50°) in
Venice, located 18 km off the Venice Lagoon.

Figure 6b Water quality products using MIP. HICO Scene L1BM.AAOT.v03.7339 from 22nd July 2011 at
AAOT in Venice. The scene was atmospherically and in‐water processed using MIP software. It shows
the distribution of chlorophyll in µg/l (left) and of suspended matter concentration in mg/l (right).

6.

Conclusion

In this study two software comparisons were carried out using (1.) ATCOR and Tafkaa 6s and
(2.) ATCOR and MIP. The two comparisons were done on different HICO scenes, so that a direct
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comparison of all three processing methods was not possible. It is anticipated to do further
processing on HICO data to provide more detailed analysis.
A first experiment shows that HICO measurements are promising for monitoring of water
quality in the near‐shore regions. The relatively high spatial resolution (for a water color
instrument) and the large number of channels allow a detailed specification of water
constituents.
HICO data generally deliver useful spectral information for land and water applications.
However, there seems to be a radiometric calibration problem for channels beyond 750 nm,
because the three atmospheric correction methods employed in this investigation (Tafkaa 6s,
ATCOR, and MIP) consistently show a significant increase of clear water reflectance from 750 to
900 nm. This effect should be further investigated and probably requires another HICO data
reprocessing.
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