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1 Introduction 

1.1 Scope of the document 

This Algorithm Theoretical Basis Document 2.24 describes the vicarious adjustment of the 
MERIS ocean colour radiometry, implemented for the first time in the Level 2 chain at the 
occasion of the 3rd data reprocessing. 

It presents the method, its validation against in situ data and provides the fifteen adjustment 
factors used in the 3rd reprocessing configuration and available in the nominal configuration 
of the ODESA processor. 

1.2 Acronyms 

The following table provides the definition of the acronyms used in this document. 

Acronym Definition 

ATBD Algorithm Theoretical Basis Document 

BPAC Bright Pixel Atmospheric Correction 

CCD Charged-Coupled Device 

ESA European Space Agency 

LUT Look-Up Table 

MEGS MERIS Ground Segment prototype 

MERIS MEdium Range Imaging Spectrometer 

MERMAID MERIS Matchup In Situ Database 

NIR Near Infra-Red 

OCL Offset Control Loop 

OCR Ocean Colour Radiometry 

ODESA Optical Data processor of ESA 

RR Reduced Resolution 

SeaWiFS Sea-viewing Wide Field-of-view Sensor 

SSA Single Scattering Approximation 

SIO South Indian Ocean 

SOS Successive Order of Scattering 

SPG South Pacific Gyre 

TOA Top Of Atmosphere 

VIS Visible part of the spectrum 
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1.3 Notations 

The following table provides the definition of the notations used in this document. 

Symbol Definition Units 

i Index for a target measurement (location and time) Dimensionless 

Ὣ‗ Individual adjustment factor for target i Dimensionless 

ὫӶ‗ Averaged adjustment factor over all targets Dimensionless 

ὒ ‗ Level 1 TOA radiance mW m
-2
 nm

-1
 sr

-1
 

ὒ ‗ Water radiance mW m
-2
 nm

-1
 sr

-1
 

N Number of matchups used to compute the gain Dimensionless 

ὸ ‗ Total (direct and diffuse) transmittance Dimensionless 

ὸ ‗ Total transmittance after NIR adjustment Dimensionless 

Ϙ Spectral depence of the aerosol reflectance in the single scattering 
approximation 

Dimensionless 

‗ Wavelength  nm 

‗  Reference wavelength for the NIR adjustment nm 

” ‗ Aerosol reflectance Dimensionless 

” ‗ TOA reflectance corrected for gaseous absorption, smile effect and glint Dimensionless 

” ‗ Targeted ”  reflectance Dimensionless 

” ‗ Vicarious adjusted ”  reflectance Dimensionless 

”ᶻ ‗ TOA reflectance corrected for gaseous absorption and smile effect Dimensionless 

” ‗ Atmospheric path reflectance Dimensionless 

” ‗ Atmospheric path reflectance after NIR adjustment Dimensionless 

” ‗ Rayleigh reflectance Dimensionless 

” ‗ TOA reflectance Dimensionless 

” ‗ Water reflectance Dimensionless 

”  ‗ In situ water reflectance Dimensionless 

” ‗ Water reflectance after vicarious adjustment Dimensionless 

ὸ”‗ Glint reflectance at TOA level Dimensionless 

ὸ”  TOA water reflectance retrieved by the Bright Pixel Atmospheric 
Correction at 709, 779, 865 and 885 nm 

Dimensionless 

ὸ” ‗ Pure seawater reflectance at TOA level Dimensionless 

— Sun zenith angle Degree 

— View zenith angle Degree 
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Ў• Relative azimuth angle Degree 
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2 Motivation to implement a vicarious adjustment 

2.1 Theoretical limitation of the instrumental calibration 

The primary aim of Ocean Colour Radiometry (OCR) space born sensors such as MERIS is to 
retrieve the water signal at sea level from a Top Of Atmosphere (TOA) optical measurement, 
over the Visible (VIS) and Near-InfraRed (NIR) spectral domain.  

The signal at ocean surface can be either expressed in term of radiance (energy) ὒ ‗ or 
reflectance (ratio to downwelling Solar irradiance) ” ‗, where ‗ is the wavelength. 
Hereinafter, we shall only consider the water reflectance ”  notation, used in the MERIS 
data distribution context since 2002 (Rast and Bezy 1999) and used more recently for MODIS 
and SeaWiFS (see e.g. http://oceancolor.gsfc.nasa.gov/REPROCESSING/R2009).  

The expected accuracy on ” ‗ is mainly governed by further exploitation of the signal, for 
instance to assess marine constituents concentration or other bio-optical quantities (e.g. 
chlorophyll-a, suspended matter, diffuse attenuation coefficient, transparency, etc.) by 
spectral inversion. In this document we shall rely on the only few specifications derived in 
the past, essentially designed for quantifying chlorophyll-a in the open ocean. A typical order 
of relative accuracy is 5% in the blue-green spectral region (Gordon 1997). More recently, for 
the MERIS mission, the goal of discriminating ten classes of chlorophyll concentration within 
each of the three orders of magnitude between 0.03, 0.3, 3 and 30 mg/m3 lead to a 
requirement of about ±1-2.10-3 absolute accuracy at 443 nm and ±5.10-4 at 560 nm, using a 
band ratio algorithm (Antoine and Morel 1999). 

Actual accuracy of remotely-sensed ”  depends mainly on the quality of both TOA 
acquisition (i.e. quality of the absolute and interband sensor calibration) and the 
atmospheric correction (i.e. ability to estimate and remove the atmospheric path 
contribution, see e.g. Antoine and Morel 1998). This can be made explicit by the following 
schematic decomposition of the signal, in ideal conditions without sun specular reflection or 
white caps, and after correction of atmospheric gas absorption (see symbols definition in 
§ 1.3): 

” ‗ ” ‗ ὸ ‗Ȣ” ‗                              ρ 

The ”  quantity will be described more precisely latter in the MERIS context, and can be 

understood, at this stage, as the TOA reflectance ”  processed up to the atmospheric 
correction. 

Most of the current operational atmospheric correction algorithms consist in first, assessing 
the aerosol optical properties from the NIR bands; then, propagating the path reflectance 
” ‗ and total transmittance ὸ ‗ at any wavelength ‗ in the visible; and finally, 

deducing the marine signal by inversing equation (1) (see Antoine and Morel 1999 for MERIS 
and Gordon and Wang 1994 for SeaWiFS). Hence, whatever the accuracy of the path 

http://oceancolor.gsfc.nasa.gov/REPROCESSING/R2009
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ǊŜŦƭŜŎǘŀƴŎŜ ǊŜǘǊƛŜǾŀƭΣ ŀƴȅ ŜǊǊƻǊ ɲ”  ƻƴ ǘƘŜ ǘƻǘŀƭ ǎƛƎƴŀƭ ƛƳǇƭƛŜǎ ŀƴ ŜǊǊƻǊ ɲ”  on the marine 

reflectance of: 

ɝ” ‗

” ‗

ɝ” ‗

” ‗

ὸ ‗” ‗

” ‗
                               ς 

The denominator on the right-hand side represents the relative contribution of the marine 
reflectance at TOA level to the total signal and typically lies between 5% and 20%, depending 
on the wavelengths and clarity of the water (see figure below). This means that reaching a 
5% accuracy on ”  requires an absolute accuracy on ”  (hence on ” ) between 0.25% 

and 1%, which cannot be insured through purely instrumental calibration and 
characterisation (Gordon 1998). 

 

Figure 1: Example of relative contribution of the marine signal to the total signal, ὸ ‗” ‗Ⱦ” ‗, for 

MERIS acquisitions over different type of waters: AAOT (Adriatic Sea), MOBY (Pacific Ocean) and BOUSSOLE 
(Mediterranean Sea). 

For instance, the first results for the MERIS calibration and validation showed that the in situ 
estimations of TOA radiances lay within less than 6% of the MERIS measurement 
(Kneubühler, 2002). Regarding SeaWiFS, pre-launch calibration uncertainties are 
approximately 3% of the TOA radiance (Eplee et al., 2001). 

2.2 MERIS OCR quality assessement of the 2nd reprocessing 

Several independent validation exercises conducted in the last years have given evidence for 
a significant positive bias in the MERIS water reflectance. For instance, Antoine et al. 2008 
have quantified over the BOUSSOLE buoy a relative percentage difference of about 60% at 
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412 nm, 30% at 443 nm, 15% at 490 nm and 20% at 510 and 560 nm. Zibordi et al. 2006 also 
found values between 15% and 42% in the 443-560 nm spectral range at the AAOT site. 

  

  

 

Figure 2 Relative errors of MERIS 2
nd

 reprocessing 
rhow on the MERMAID dataset. Matchups are 

constructed on 5x5 RR pixels window with less than 
50% pixels flagged by Clou or Ice_haze or High_glint 

or Medium_glint or PCD_1_13 or PCD_19. 

More recently, the MERMAID matchup system has been set up in collaboration with in situ 
data providers in order to get a significant number of validation points with controlled 
quality. It constitutes a central tool in the present work, with more than 20 in situ datasets 
(fixed stations or cruises, including the NOMAD dataset described in Werdell and Bailey 
2005) associated to MERIS data extractions. Details on the optical measurements protocols 
and matchup facility are available on the website http://hermes.acri.fr/mermaid. The quality 
assessment of the MERIS 2nd reprocessing on the MERMAID matchups confirms globally a 
large overestimation in the water reflectance, of few tens of percent (see histograms below). 

http://hermes.acri.fr/mermaid
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It is especially true for clear or moderately turbid waters (MOBY, BOUSSOLE, AAOT), while 
ƳƻǊŜ ǘǳǊōƛŘ ǿŀǘŜǊǎ όǇŀǊǘ ƻŦ ǘƘŜ {La.!5! ŎǊǳƛǎŜΣ tƭǳƳŜǎ ϧ .ƭƻƻƳǎΧύ ǎƘƻǿ ƴŜƎŀǘƛǾŜ ōƛŀǎΦ 
This difference between both kinds of waters may come from the atmospheric correction 
over bright pixels in the NIR and will necessitate a distinction in the coming analysis. 

Matching the required 5% uncertainty on the water radiometry is thus not met with the 
standard MERIS processing, and, more generally, is agreed to be particularly difficult for any 
sensor (see e.g. Hooker et al 1992, Hooker and McClain 2000 for SeaWiFS). This has lead 
NASA to rely on vicarious calibration for SeaWiFS and MODIS, that is on a complementary 
calibration using ground-truth measurements (see Franz et al. 2001, Franz et al. 2007; Bailey 
et al. 2008 for recent methodologies and results). 

Following the recommendation of works cited above, the MERIS Quality Working has 
decided to consider a vicarious methodology for the 3rd MERIS reprocessing, detailed on the 
remainder of this document. 

2.3 Principle of the adjustment for MERIS 

In this document it is chosen to use the terminology of a vicarious adjustment, rather than 
calibration as in the seminal work on the NASA sensors (e.g. Gordon 1997, Franz et al. 2001), 
because our purpose is to adjust internally the Level 2 Ocean branch processing and not to 
modify the Level 1 TOA radiometric calibration. Hence it is worth noting that the Level 1 
products of the 3rd MERIS reprocessing are not vicariously adjusted. 

The primary idea of the vicarious adjustment is to consider that errors in water reflectance 
come from a systematic bias at TOA, which can be assessed by comparison to reference or 
targeted reflectance ”  on a trustworthy dataset of in situ observations. We recall here that 

”  is equivalent to ”  after some pre-corrections and outside the sun glint (or after 

correction for it). This problem might come either from an actual bias in the radiometric 
calibration of the sensor or from inaccuracy of the atmospheric correction based on a 
radiative transfer modelling. The vicarious adjustment aims at solving blindly the bias issue 
whatever its exact origin.  

For a given target in space and time, hereafter indexed by i, the comparison between the 
ground truth signal ”  and the measured reflectance ”  leads to a local adjustment factor 

defined by: 

Ὣ‗ȟὭ
” ‗ȟὭ

” ‗ȟὭ
                              σ 

Provided a statistically representative amount of targets, N, and homogeneous individual 
factors Ὣ‗ȟὭ, a reliable average gain can then be calculated by: 

ὫӶ‗
В Ὣ‗ȟὭ

ὔ
                               τ 
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Once determined, this gain is systematically applied in operation as a multiplicative factor to 
the measured TOA reflectance ” ‗, just before the atmospheric correction step.  

It is important to notice that a single set of spectral gains is applied throughout the entire 
mission and whatever the camera and CCD detector in the field of view. Hence homogeneity 
in the individual factors Ὣ‗ȟὭ should ensure a robust vicarious calibration. 

The targeted reflectance ”  required in the gain computation would ideally be built from 

concommitant ground measurements of water reflectance, atmospheric aerosol reflectance 

and atmospheric total transmittance. While reliable in situ water reflectances ”   are 
accessible, simultaneous measurements with aerosol properties are not widely available 
(Franz et al., 2001). To remedy this lack of in situ measurements, published procedures have 
proposed to use the atmospheric variables determined algorithmically by the atmospheric 
correction above the marine target, after insuring a proper calibration of the NIR bands 
(Franz et al. 2007, Bailey et al 2008). This implies a two-step procedure: 

1. First, the NIR bands used in the atmospheric correction, 779 and 865 nm, are 
independently adjusted, if necessary; 

2. Then, the atmospheric correction is applied, yielding to path reflectance and 
transmittance in the VIS bands considered as sufficiently accurate to build the targeted 
TOA reflectance:  

” ‗ȟὭ ” ‗ȟὭ ὸ ‗ȟὭ”  ‗ȟὭ                                υ 

where the exponent   stands for vicariously adjusted quantities. 

An advantage of this approach, pointed out in the first works of NASA, is to decouple the NIR 
and VIS gains computations and avoid a complex iterative procedure. 

Without further atmospheric in situ measurement, the first step needs assumptions on the 
aerosol signal in the NIR. This can be either by fixing an aerosol model already tabulated in 
the ground segment (e.g. Franz et al. 2007), or by making an assumption on the spectral 
shape as proposed hereafter. 

By construction, applying the individual gain Ὣ‗ȟὭ would locally make the atmospheric 

correction perfectly retrieve the desired in situ reflectance ”  ‗ȟὭ, whatever the NIR 
adjustment. This is not true in practice since only an averaged adjustment factor ὫӶ‗ is 
applied. Hopefully the near infrared adjustment may tend to improve accuracy of the 
atmospheric correction and consequently reduce dispersion in the visible gain factors. 

2.4 Domain of applicability  

The primary unknown in ” ‗ being the water reflectance and the aerosol reflectance (see 

e.g. equation 5), we have decided to limit ourselves to situations of stable and homogeneous 
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marine and aerosol properties, i.e. avoid coastal areas to minimize the influence of highly 
variable and complex waters and aerosol assemblages.  

In addition, and despite the importance of monitoring coastal regions, the objective of 
vicarious adjustment is to improve remote-sensing of the widest possible areas of the 
oceans: open ocean areas dominated by phytoplankton optical properties. For these 
reasons, the computation of the vicarious adjustment gains has been performed on clear 
oceanic waters. The application of those gains will obviously present some limitations in 
coastal waters, discussed hereafter.  
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3 Algorithm overview 

3.1 Reminder of the MERIS Level 2 chain 

For the sake of completeness, we give here an overview of the Level 2 processing chain and 
detail where the vicarious adjustment has been inserted. An overall sketch is provided in 
Figure 3. Depence on the geometrical angles —, — and Ў• is not made explicit. 

MERIS Level 1 products correspond to geolocated and calibrated TOA radiances , . The 
Level 2 chain starts by converting the Level 1 data into TOA reflectances ʍ . Then, several 
processings are sequentially applied, pixel by pixel: a pixel identification which allows to flag 
Cloud, Water and Land pixels; a correction of gaseous absorption for O3, O3 and H20; the 
smile effect correction in order to reduce the in-field of view variation of channels central 
wavelengths. At this stage the corrected reflectances, internally noted ”ᶻ , can be modelled 

for the water pixels by: 

 ”ᶻ ‗ Ô” ‗ ” ‗ ὸ ‗” ‗                              φ 

where Ô” is the glint reflectance at TOA. This latter is estimated at sea level by the Cox and 

Munck 1954 model with parametrization from Ebuchi and Kizu 2002 and propagated at TOA 
by a simplified transmittance (see MERIS ATBD 2.13). Note that there is currently no white-
caps modelling in the MERIS processing. The glint corrected reflectance, ” ‗, then enters 

the atmospheric correction step, whose goal is to decouple the marine and atmospheric 
signals: 

” ‗ ” ‗ ὸ ‗” ‗                              χ 

Once the spectrum ” ‗ retrieved, the further steps of the Level 2 chain deal with bio-
optical inversion to compute concentration of marine species; these downstream steps are 
out of scope of this document. 
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Figure 3: Flow diagram of MERIS level 2 processing (limited to ocean color radiometry) 
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3.2 The atmospheric correction 

In order to understand the vicarious adjustment process in detail, and in particular the 
distinction between NIR and VIS adjustment, it is necessary to review the components of the 
atmospheric correction. The algorithm is a two-step approach launched indistinctly on all 
water pixels. 

First, the Bright Pixel Atmospheric Correction (BPAC, Moore and Lavender 2011) identifies 
any residual marine signal in the NIR bands due to backscattering of sediments or coccoliths. 
An iterative procedure inverse a coupled bio-optical and atmospheric model at 709, 779, 865 
and 885 nm, parameterized by the absorption and backscattering coefficient of particles, as 
well as aerosol reflectance. The single scattering approximation is used to decouple the 
Rayleigh and aerosol reflectance. In practice, the BPAC retrieves a TOA marine signal 
ὸ” ‗ which searches to satisfy the following modeling in the four NIR bands: 

ὸ” ‗ ” ‗ ” ‗ ” ‗
‗

‗
                              ψ 

where ” ‗ is the Rayleigh reflectance, computed from tabulated radiative transfer 
simulations and ” ‗  and  ‐ are respectively the aerosol reflectance and spectral slope 
retrieved by the BPAC. 

In case of a failure in the inversion, the ὸ” ‗signal is simply set to the reflectance of 
pure sea water. This happens in particular for very clear waters, where too low values 
associated to instrinc noise of the measurement cannot allow convergence. 

Second, the Clear Water Atmospheric Correction (Antoine and Morel 1999, Antoine and 
Morel 2011) uses two bands in the NIR, namely 779 and 865 nm, to determine the two 
unknowns of the path reflectance: amount and type of aerosols. The path reflectance in the 
NIR is estimated by removing the turbid signal to the TOA signal, allowing to recover the 
black pixel assumption: 

” ‗ ” ‗  ὸ” ‗                            ω 

The method makes use of Look-up tables (LUT) relating theoretical ” Ⱦ” ratio to the 

aerosol optical thickness, for a set of aerosol models. These LUTs are generated by radiative 
transfer simulation taking into account multiple scattering between aerosol and molecules 
(Antoine and Morel 1999). Schematically, the algorithm identifies the aerosol optical 
thickness at 865 nm and the two models that best bracket the actual ” Ⱦ” ratio at 779 

and 865 nm; furthermore it computes a mixing ratio, which can be seen as the interpolation 
coefficient between the two tabulated models. Once these aerosol properties are retrieved 
in the NIR, the path reflectance can be computed at any wavelength, as well as the total 
transmittance ὸ ‗ (upward and downward) thanks again to LUTs generated by radiative 
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transfer simulation for the same set of aerosol models. The water reflectance can then be 
deduced by 

” ‗ ” ‗ ” ‗ Ⱦὸ ‗                             ρπ 

It is important to notice that the aerosol retrieval, although based on accurate ” Ⱦ” 

LUTs, strongly depends on the single scattering approximation in the NIR through equation 
(9) and (8). 

3.3 Vicarious adjustment implementation 

As already explained in the introduction and through equation (2), any error on ” ‗ 

directly impacts the water reflectance at the wavelength  ‗. The inherent approximations 
and algorithmic limitations of atmospheric correction itself, which uses ”  in the NIR to 

determine and propagate ”  along the full spectrum, also might produces error on ” . 

This justifies to adjust this precise quantity rather than the TOA Level 1 signal. 

In the Level 2 processor, the vicarious adjustment is thus simply implemented by multiplying 
” ‗ by the gain factors, just before the atmospheric correction (see also Figure 3): 

” ‗ ὫӶ‗” ‗       ÆÏÒ ÁÌÌ ʇ              ρρ 

This apparent simplicity hides the most difficult part of the exercise which consists in 
computing a reliable set of factors ὫӶ‗. This is the purpose of the remaining part of the 
document.  

There is no other algorithmic change in the Level2 chain, but the adjustment has two effects: 

× Firstly the adjustment in the NIR modifies the aerosol selection, yielding to new path 

reflectance ”  and transmittance ὸ ; 

× Secondly, the adjustment in the visible also impacts directly the marine reflectance by 

” ‗ ὫӶ‗” ‗ ” ‗ Ⱦὸ ‗                     ρς 

The question of applying the multiplicative gains before the glint correction has been 
considered. The relative difference at TOA level between both approaches would be equal to 

ὫӶ‗ ρ  which has been estimated, thanks to figures of ὫӶʇ presented 

hereafter and realistic Ôʍ values, of the order of less than 0.1%. The impact would thus be 

lower than the expected accuracy. Finally, applying the gain at the entry of the atmospheric 
correction allows a comprehensible study of the adjustment without other source of 
uncertainties in the modelling. 
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4 Algorithm description  

This section describes in detail the gain computation and validation of the vicarious 
adjustment on matchups and on global Level 3 analysis. 

4.1 Theoretical description 

Adjusting the NIR band is a prerequisite in order to get reliable path reflectance, to be used 
in the construction of the reference dataset for VIS gain computation (see equation 5). 
Adjustments in the two parts of the spectrum are thus described sequentially hereafter. 

4.1.1 Adjustment in the NIR 

4.1.1.1  Theoretical shape of the path reflectance  

There are several ways for considering the issue of NIR radiometric calibration and accuracy. 
Relying on in situ data is a difficult task because there are currently no available 
measurements of the path reflectance at MERIS overpass, but only optical thickness; 
furthermore atmospheric measurements, as provided for instance by the AERONET facilities 
(Holben et al 1998), are generally above coastal waters and thus would need a model to take 
into account the marine signal in the NIR. Associated uncertainties would be by far too big. 
Instead, previous works (e.g. Franz et al 2007) have proposed to rely only on the remote-
sensed data itself, over oligotrophic sites where the marine signal can be neglected or is 
properly known. This approach assumes that the NIR path reflectance follows a theoretical 
spectral shape and that at a reference channel is well calibrated for providing the absolute 
level of the signal. 

The theoretical shape chosen in the NASA approach corresponds to the tabulated path 
reflectance used in the atmospheric correction, for a given aerosol model. The weakness of 
this method is thus to fix an aerosol model once for all in the vicarious gain computation. 
Instead, the method implemented here is based on the single scattering approximation (SSA) 
in the NIR, which decouples the Rayleigh from the aerosol reflectance, the latter being 
analyticaly modelled with a supplementary degree of freedom, ‐, for its spectral 
dependence: 

” ‗ ” ‗ ” ‗
‗

‗
                        ρτ 

Another reason to choose such a formulation for MERIS is that it is perfectly consistent with 
the BPAC (see equation 8), whose final effect is to fit the path reflectance in the NIR on the 
SSA (equation 9). A direct drawback, however, is that we need a second reference channel in 
order to compute the ‐ exponent. 
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To summarise, the theoretical shape to be used in our NIR vicarious adjustment is based on 
the following assumptions:  

× The marine reflectance can be modelled by tabulated value of pure seawater 

reflectance ” ‗ ; 

× Observation conditions allow to trust the SSA, i.e. limited to NIR bands; 

× Two NIR channels do not need to be adjusted. 

The theoretical (or targeted) TOA reflectance is thus modelled by: 

” ‗ ” ‗ ” ‗
‗

‗
ὸ” ‗                        ρυ 

where ” ‗  and ‐ are two degrees of freedom of the adjustment. The pure seawater 

reflectance is approximated at TOA (ὸ” ) by a pure Rayleigh transmittance. 

4.1.1.2 Dataset for analysis 

Since the adjustment of NIR and VIS bands can be handled separately, their respective 
datasets do not need to coincide. We here rely on the choice of Franz et al 2007, which 
focuses on two sites in the Southern Hemisphere suitable for NIR vicarious adjustment: the 
South Indian Ocean (SIO, centered at 20.0° South, 80.0° East) and South Pacific Gyre (SPG, 
centered at 27.0° South, 134° West ).  

 

Figure 4: MERIS averaged Chlorophyll-a in 2005 and SPG (left square) and SIO (right square) approximated 
position. 
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These two sites have been selected for the following reasons: 

× These areas are far away from land and/or active volcanic Islands. The aerosol 
composition is therefore purely maritime (i.e. influenced by sea salt and water 
vapour).  

× They are among the clearest water on Earth with very low level of chlorophyll and 
sediment concentration which is a condition of validity for the assumption of pure 
seawater reflectance (equation 15).  

We gathered all MERIS tracks overpassing a 10x10 degree box centred on these coordinates 
from 2003 to 2009, which made a total of 2370 and 2229 images for SIO and SPG 
respectively, that we processed at Level 1 and Level 2. 

We then extracted MERIS data on the best possible area fulfilling our assumptions, taking 
benefit of some spatial flexibility since no in situ location is required at this stage. We 
employed a nested box approach, by successively searching among the 10x10 degree 
window the interlocked 64x128 and 15x15 pixels boxes with the less possible Cloud, 
PCD_1_13, High_glint, Medium_glint and Ice_haze flags, keeping eventually the 5x5 central 
pixels. This procedure has been visually checked and has proven to provide a large and 
reliable time series of MERIS clear regions over the two oligotrophic sites. Through this 
procedure, 2193 and 1842 areas have been gathered for SIO and SPG respectively, which 
represents a remarkably low rejection of less than 20%. After few trials, the final selection 
for NIR adjustment inspection consisted in keeping the 5x5 pixels whose embedding 15x15 
box do not present any of the Cloud, High_glint, Medium_glint or Ice_haze flags. 

4.1.1.3 Need for a MERIS NIR adjustment 

From the dataset described above, we have inspected the alignment of the actual MERIS 
TOA reflectance ”  on the theoretical shape of (Eq-15), in the red and NIR spectrum range. 

To this aim we have computed the degree of freedom ʍ ʇ  and ʀ between the fifteen 
combinations of {ʇ ȟʇ among the 665, 681, 709, 753, 779 and 865 nm walengths. 
Intercomparison of the fifteen ʀʇȟʇ  constitutes an indicator of the proper alignement of 
the bands. We have inspected the 105 possible intercomparisons between all ʀʇȟʇ   and 
report in the figure below some of them to illustrate our findings. Although the plots are 
generally very scattered and not perfectly aligned on the 1:1 line, it is noticeable that a 
major discrepancy occurs when then 865 nm band is considered. This is a general conclusion 
when looking in details all 105 comparisons. 

Those results suggest that bands 665, 681, 709, 753 and 779 nm are pretty well adjusted, at 
least in a relative sense, while 865 nm clearly departs from them. The same trend occurs for 
the 885 nm (not shown here), a band not explicitly used in the Clear water atmospheric 
correction, but which plays a role in the upstream BPAC. 
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Reason for a misalignement of the 865 nm could come from Level 1 processing, in particular 
the straylight correction. However this aspect has not been inspected in the MERIS 3rd 
reprocessing. It is thus decided to correct the 865 and 885 nm bands and fix the gain factors 
to the unity for the 709 and 779 nm bands used in atmospheric correction.  

 

ʀχπωȟχυσ vs ʀφφυȟχυσ 

 

ʀχπωȟχχω vs ʀφφυȟχυσ 

 

ʀχυσȟψφυ vs ʀφφυȟχυσ 

 

ʀχχωȟψφυ vs ʀφφυȟχυσ 

Figure 5: Comparison of the aerosol reflectance spectral dependence, ‐‗ȟ‗ ȟ against ‐φφυȟχυσ for four 

{‗ ȟ‗ couples, including (bottom) or not (top) the 865 nm band. Computation is done on the SIO and SPG 

extraction dataset. 

4.1.1.4 NIR gain time serie and averaged value 

Among all possibilities, bands 709 and 779 nm are used as reference to compute ʀ and 
” χχω, by a linear resolution on ÌÏÇ” χχω and ʀ in equation 15. This choice ensures 
a clear distinction with the bands considered in the VIS adjustment, while 753 nm is never 
involved in the MERIS Ocean processing and not further considered here. Computation is 
done pixel per pixel. Then, the targeted signal at 865 nm deduces by  
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” ψφυ ” ψφυ” χχω
ψφυ

χχω
ὸ” ψφυ                        ρφ      

This yields, for a given pixel i, to the vicarious gain at 865 nm: 

ὫψφυȟὭ
” ψφυȟὭ

” ψφυȟὭ
                         ρχ        

A single gain per scene is finally computed taking the median over the 5x5 box, rejecting 
pixels with wind speed higher than 9 m/s, chlorophyll-a concentration greated than 0.2 
mg/m3 and aerosol models out of the maritime sets. This latter test, although resulting from 
the atmospheric correction before the adjustment, is a good criterion to remove undetected 
atmospheric artifact όƘŀȊŜΣ ŎƭƻǳŘ ǎƘŀŘƻǿǎΧύ. 

 

 

Figure 6: Time series of Ὣψφυ at SIO (blue) and SPG (green). The distinctive OCL OFF period (red lines) is 
rejected to compute average gain. 

OCL OFF  



 

MERIS ATBD 2.24 

Vicarious adjustment of the MERIS Ocean 
Colour Radiometry 

Ref.:  MERIS ATBD 2.24 

Issue: 1.0 

Date:  29/09/2011 

Page:  26 

 

   
 

  

  

  
Figure 7: Variation of Ὣψφυ at SIO (blue) and SPG (green) from top to bottom and left to right with detector 
index (vertical lines delimit camera 1 to 5), view zenith angle, sun zenith angle, scattering angle, water vapour 

and wind modulus 

The time serie of Ὣψφυ over SPG and SIO is provided in figures above, as well as 
dependence with respect of detector index, geometry, water vapour and wind speed 
modulus. These results can be interpreted as follows: 

× First, a positive aspect is the very good consistency between both oligotrophic sites, 
allowing to merge the two datasets in view of a unique averaged gain.  

× Second, there is no detectable temporal trend in the gains over the mission life, 
except, interestingly, a distinctive period from end 2004 to fall 2006. This corresponds 




























































