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INTRODUCTION

In many coastal and inland waters environment tffeamper the correct retrieval of water quality
and aerosol parameters from remotely sensed imagemronment effects can be observed as a
blurring effect caused by scattering in the atmesplof the highly contrasting dark waters and
bright land, particularly if vegetated. As the aast is highest in the Near Infrared (NIR) the
blurring effect is most visible in these NIR waved¢hs. Several modeling studies have shown the
dependence of the adjacency effect on mainly tlmesaé optical thickness (AOT) and aerosol
vertical distribution (Santer and Schmechtig 2080nomuraet al. 2001).

Corrections have been proposed for these envirohm#ects using simulations and a LUT
approach. For MERIS imagery Santer al. (2009) proposed a method based on the single
scattering approximation. This correction proceduramed ICOL (Improving Contrast between
Ocean and Land) is integrated into the BEAM toolldox the correction of MERIS imagery.
According to Ruiz-Verd(et al. (2008) ICOL pre-processing has a neutral or pasiffect in the
estimation of water leaving reflectance, dependinghe lake type.

Recently a new environment correction has beengsegfor hyperspectral airborne datasets based
on the correspondence with the NIR similarity speuat (Sterckxet al., 2010). The NIR similarity
spectrum provided a basis to both detect and doajacency effects. Detection of the magnitude
of the environment effects is based on the dewatibom the NIR similarity spectrum. The
detection was tested on airborne hyperspectralsetgtafrom two different sites and flown at
different flight altitude. The adjacency correctiatgorithm estimates the contribution of the
background radiance based on the correspondenbethet NIR similarity spectrum. Again the
correction was tested on the same test imageryalihted using in-situ water-leaving reflectance
measurements. A key aspect of the method is thaissamptions have to be made on the NIR
albedo, such that the correction can be applied imege turbid waters, i.e up to the limit of valigi

of the similarity spectrum (0.3 to 200 mg/l accogito Ruddicket al., 2006).

In this paper the NIR similarity correction is astiegd for MERIS imagery and is referred to as
SIMEC (SIMilarity Environment Correction). Detailre provided on the adjusted method. The
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method is tested on a dataset of lake Trasimer®rdsults are compared with the ICOL adjacency
correction, which is implemented in BEAM.

NIR SIMILARITY SPECTRUM

The method is based on the invariant shape of titereaving reflectance of the NIR (700-900
nm). This invariant shape was defined by Ruddickl. (2006) by normalization at 780nm and
referred to as NIR similarity spectrum:

Rw(%)
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With RN()I) the water-leaving reflectance. This similarity sfpem is valid for almost any water

body with turbidity ranging from moderately turbfPM concentration 0.3 g #ito extremely
turbid (200 g ri7) and is tabulated by Ruddiekal. (2006).

MODTRAN ATMOSPHERIC CORRECTION PROCEDURE FOR MERIS

The atmospheric correction procedure is based odtfdin4 and the interrogation technique of De
haan and Kokke (1996). The complete atmospheriection procedure is detailed in Steratal.
(2010) and can be brought back to the followingregpion:
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Rapp Is the target apparent reflectanq;grget is the radiance received by the sensor Bjid,, is

the average radiance detected by the sensor fdratiground.. is the atmospheric path

atm- path

radiance,t ;. andt, are respectively the diffuse and direct groundeasor transmittancels

dif r
and ggare respectively the sun zenith and azimuth angleand ¢,, are respectively the viewing

zenith and azimuth angle; the spherical albedo of the atmosphere. The viea®ing reflectance
Rwcan be retrieved from,,, as follows:
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with  d =ar(6y)Leky (a)/Eq (@) 4)

Lsky(a) is the downwelling sky radiancéq(a) is the downwelling irradiance above the surface

and r is the Fresnel reflection coefficient. Tbgs parameters can be derived by running
MODTRAN4 for three different surface albedo’s: 05 @nd 1. An estimation of théy parameter

requires two MODTRAN4 runs with the sensor respedyilooking to the sky forLgy(a) and to
the surface fotey (a).

Instead of a pixel wisewater-based’ aerosol retrieval this method propesisd based estimate
or, when availablegderivation of aerosol from sunphotometer readingise method currently
incorporated in the Central Data Processing Cg@ERPC) of VITO is based on the selection of
Dense Dark Vegetation (DDV) targets and some assangpon their Red and NIR albedo (Richter
et al., 2006). An alternative method is presented byrBerat al. (2010). As these ‘land methods’
provide an average value of the visibility or Aeb®ptical Thickness (AOT) for the entire scene,
they can fail in the case of inhomogeneous atmagphenditions. However, using these methods
we do not have to make any assumptions on the Mila of the water and these wavelengths can
therefore be used for quality control or adjacecwsrections. Additionally, according to Guanéer

al. (2010), the accuracy of this method for very ctaxpvater bodies may outperform that of
approaches based on the inversion of site-spegificoptical models which are not prepared to
cover a wide range of water conditions

For MERIS imagery in particular the Thuillier irnadce file was used instead of the Standard
Modtran irradiance file for airborne datasets dmelcomplete sensor and sun geometry is included
in the correction procedure.

DETECTION OF ADJACENCY EFFECTSIN MERISIMAGES

Environment effects are most pronounced when wai@ls are surrounded by vegetated land. In
the NIR the vegetation spectrum shows a sharp aserén reflectance (the red-edge). This high
reflectance in the NIR is in sharp contrast with tbw water reflectances in the NIR (Figure 1).
When the vegetation spectrum contributes refleedoncthe water spectrum through scattering in
the atmosphere it not only increases the refleetancthe NIR but it also alters the shape to
something different from the NIR similarity spectru A larger deviation from the NIR similarity
spectrum is an indication of increased adjaceni®ces.
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Figurel: Water and vegetation spectrain a MERIS image

To detect these adjacency effects in MERIS imagaryatmospheric correction based on the
Modtran interrogation technique is performed on ithagery neglecting adjacency effects. After
atmospheric correction the spectra are normalizt&@%a nm. From these normalized spectra one or
several suitable wavelengths need to be selettadcan be compared to the NIR similarity
spectrum. Stercket al. (2010) defined some basic rules for this wavdlergglection: (1) the
selected wavelengths cannot be influenced by waitgor or oxygen absorption, (2) they should not
be located before 690 nm because of the large atdrakviation of the NIR similarity spectrum
and (3) they are preferably located in the red-ed@g@n of the spectrum. Considering these rules,
the 709 nm band was found to be most suitable f&RM imagery. Having found a suitable
wavelength, the error due to adjacency effectsthan be calculated as follows (Ruddiekal.,
2005):

_ ﬁmo (709) R;/etriwed (775) B R;/etriwed (709)
4,779 = R, 4709 -1 (5)

with Ry, 780(Ai ) taken from the tabulated NIR similarity spectrumudick et al., 2006) and
Ru_retrieved the retrieved measured water leaving reflectance.

SIMEC CORRECTION

To correct for adjacency effects, the average rmdiadetected by the sensor for the background,
defined in (2)has to be calculated. This background radianceviighted average of the pixel
radiance values surrounding the target pixel:

rs _\EX T
Lbackgr - Zizo Vvi* Li (6)

whereL; is the mean radiance of the additional backgrouxelpat range iL, is the radiance of
the target pixel. X is the range of the adjacerftgce expressed in pixels.
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Figure 2: Example of background calculation for a pixel with a background range X = 3 pixels

The maximum range has been set to 30km which equEl® pixel range for a spatial resolution of
300m. With increasing distance from the targetptke weights decrease. The weights for each
pixel are calculated as follows:

)
F=(x)=1- (0.448 * exp (-0.27 * x*S) + 0.552 * expd-83 * X*S))

F7(x)=1 - (0.930 * exp (-0.08 * X*S) + 0.07 * exp (-11* x*S))

£2= 0.200202

t7=0.011312

A= (2*S*X +S)¥(2*S*X +S) - (2*S*(x-1)+S)*(2*S*(x-1)4S)

F™(x) and F%(x) correspond to the environment function for Rayleand aerosol scattering as
specified in 6S (Vermotet al., 1994).t% and:Z are the diffuse transmissions (from target to s§nso

for respectively Rayleigh and aerosols and are cakulilasing Modtran. S is the spatial resolution
expressed in km.

The unknown in these expressions is X, the rangbeofdjacency effect expressed in pixels. This
range can be estimated iteratively using the NiRlarity spectrum.

For each pixel the procedure starts with a rangmletp 0, which corresponds with no adjacency
effect. The range is then subsequently expendekthmmtfollowing formulation is true:
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In addition the range will stop expanding in oneediion when it reaches the borders of the
imagery.

TEST DATASET

The methodology is tested for lake Trasimeno intregritaly (Figure 3).Lake Trasimeno is a
shallow (average depth of 4 m) and meso-eutroke, |characterized by turbid waters (average
Secchi disk depth 1 mjA MERIS image from the lake was acquired on May 2009. Somevater
reflectance data are available from May 12, 2008yTwere derived by underwater downwelling
irradiance and upwelling radiance ASD-FR measurgéspesubsequently corrected for the
immersion factarVisibility is derived from sunphotometer readings

Italy '

0 4080 160 240 320
I — —Kilometers

Figure 3: lake Trasimeno

Figure 4 shows the results of the adjacency deteaising the NIR similarity spectrum. The
highest errors are observed close to the bord#éteobke and the errors decrease gradually towards
the centre. The southeast part of the lake (daakea in Figure 4a) is further excluded from the
analysis as the reflectance spectra give evidehseroe irregularities that could be due to bottom
effects.
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Figure 4: Adjacency detection for lake Trasmeno [Figure 4aisatrue color composite of the lake
and Figure 4b isthe error map]

VALIDATION AND INTERCOM PARISON

The atmospheric and adjacency correction based odtrigh are compared with correction
procedures available in the BEAM toolbox. Usings ttoolbox atmospherically corrected surface
reflectance is obtained by running the BEAM Regi®@ase 2 Water (C2R) processor (version 1.4)
which applies an atmospheric correction based meusal network approach (Doerffer and Schiller,
2008). The neural network takes the influence obs@s, thin cirrus clouds, sun and sky glint and
the water leaving radiance into account. The fodvaodel is a Monte Carlo photon tracing model,
which describes the radiative transfer within tloean-atmosphere system. The water part was not
used and the water leaving radiance was computéd aviforward NN, trained with spectra
computed with Hydrolight. Adjacency correctionBiEAM is performed using ICOL (Improved
Contrast between Ocean and Land, version 1.0.4efSetnal., 2007). ICOL performs adjacency
effect corrections for a two layer model using eklaup-table simulated with the primary scattering
approximation (Santer & Schmechtig, 2000). The l@mg&ayleigh correction is applied for all
pixels (land, clouds and water), while the resthefprocedure is only applied to water pixels wthi
30 km from the shore. The aerosol vertical scalghtds set to 3km, the aerosol type and optical
thickness (AOT) are derived from the image usingdsal2 and 13. All bands are converted back
into at-sensor radiances (L1C).

A workflow is followed as detailed in Figure 5. gtithe TOA L1B data are processed with C2R
and Modtran without ICOL correction. This resultsremote sensing reflectance Rrs (processed
with C2R) or water-leaving reflectance Rw (procdssgh Modtran). Then the same procedure is
followed but using ICOL as a preprocessing stepaliyi the SIMEC correction was applied to the
TOA L1B data resulting in a water-leaving reflectardata corrected for adjacency effects. To be
consistent with the ICOL correction this datasetasiverted back to TOA radiance neglecting
adjacency effects. Again the C2R and Modtran atimexsp corrections are applied to retrieve
remote sensing or water-leaving reflectance data.
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Figure 5: Validation workflow

RESULTS

Using the workflow detailed in Figure 5 two comamn exercises can be made: a comparison at
TOA radiance level (Figure 6) and a comparisonvatRRs level (Figure 7).

For the comparison at TOA level, average backgrapsattra are extracted from the image. These
spectra are not the ones used in the correctionedwoe but they are presented here to better
interpret the effect of the surroundings and toggidn the quality of the adjacency corrections.
They are presented in Figure 6 for a box of 20 @yS® by 50 and 100 by 100 pixels. The shape of
these spectra clearly indicates the presence @taBgn in the surroundings of the lake. The higher
radiance values for the 100 by 100 average ardalthee higher percentage of land and the smaller
percentage of water within the bounding box. Bb#huncorrected spectra and the corrected spectra
using SIMEC and ICOL are shown. The results obthw@&h the SIMEC correction agree quite
well with the ICOL corrected spectrum. Both adjanenorrections lower the spectrum in the NIR
although the effect of SIMEC is stronger. Betwe&2 dnd 560 nm the ICOL corrected spectrum is
higher than SIMEC and the uncorrected spectrumidbens between ICOL and SIMEC can partly
be attributed to the Fresnel land mask (reductisudace reflection over adjacency land), which is
only taken into account by ICOL.
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Figure 6: Comparison at TOA level

For the comparison at Rw/ Rrs level, the waterilgaand remote sensing reflectance spectra are
additionally compared with in-situ spectra. The avdeaving reflectance spectra at the left are
processed with Modtran. Here, the shape of thetaiga is recognizable in the uncorrected
spectra. In the remote sensing reflectance spguwaessed with C2R, this particular shape is not
visible. Even for spectra with pronounced adjaceaffgcts C2R will result in a spectrum that
‘looks’ like water since it is trained with watepectra. However this water spectrum might not
reflect the real optical properties and constitaeot the water or it may result in erroneous
estimates of the atmospheric parameters. For BEAR-GIMEC and ICOL are very much the
same over the entire wavelength range. For Modtiff@&rences are more apparent. In general there
is a decrease in the water-leaving reflectancéenNIR after both correction procedures giving a
better closure with the in-situ spectra. For SIMBE significant variation from the uncorrected
spectrum can be observed in the blue. LookingeBIEAM-C2R results the adjacency corrections
increase the reflectance between 400 and 750 nnioarchse b) and c) better match the in- situ
spectra. For case a) the optical closure betwesriurand image spectra improves in the red and
NIR but there is still a large offset in the blde.case b) the corrected MERIS spectra are still
largely overestimated with respect to the in-stitad Differences between in-situ and image spectra
can partly be attributed to match up problems (gpagriation within one pixel, timing of both
measurements,..).

CDPC — Modtran BEAM — C2R
a)
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Figure 7: Comparison at Rw/Rrslevel. a), b) and c) represent different locationsin the lake.

s No adjacency correction

NIRsim correction

ICOL correction

® oo in-situ spectrum




Submitted for the Proceedings of the Ocean Optics XX conference held in Anchorage, USA, 27th September - 1st October 2010

CONCLUSIONS

The new SIMEC correction using the NIR similaripestrum is shown here to be promising for the
correction of MERIS data. The results presented.fike Trasimeno give quite similar performance
to the ICOL adjacency correction implemented in BEATo further evaluate performance more
MERIS images with coincident in-situ datasets ageded for validation. In addition, as soon as the
ICOL version 2.5 will be available as a public BEAdNugin new comparison excercises will be
made. As a new version of Modtran (version 5) isvravailable with the possibility to include
AOT instead of visibility a more precise intercompan can be made.

The main future improvements will be focused on theing of the environment functions by
regionalisation of aerosol IOPs and by incorporatd information on the aerosol vertical scale
height. We will also focus on the further operasilisation of the algorithm by incorporation of
SIMEC in a complete processing chain and linkingith automatic modules to derive AOT from
land targets.
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