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Quality Control and Validation of 
MERIS Coastal Radiometric Products

Introduction and Project context
Coastal waters are of high environmental, recreational, commercial and industrial importance but present challenges for satellite sensors such as
MERIS because the ocean colour is influenced by a complex mixture of substances dissolved and suspended within it.

ARGANS, UK, and Bio-Optika, UK, are working with ESA, the MERIS Quality Working Group (QWG) and MERIS Validation Team (MVT), to improve 
accuracy and radiometric product quality in these high dynamic coastal regions. 

MERIS: The MEdium Resolution Imaging Spectrometer instrument, onboard the ESA/ENVISAT platform, has provided global coverage of ocean
colour since 2002. The primary mission of MERIS is the identification of water constituents indicating phytoplankton biomass and productivity
from concentration estimates of algal pigments, coloured dissolved organic matters (CDOM) and suspended particulate matters (SPM).

MERIS Coastal Project: This ESA ‘MERIS Coastal’ project falls within the framework of MERIS calibration and validation activities, the forthcoming
third MERIS reprocessing, and to provide a continuation of research through to the Sentinel-3 Ocean and Land Colour Instrument (OLCI). Within
the project, and in collaboration with scientific institutions and other ESA MERIS calibration and validation contracts are a number of activities such
as: laboratory experiments, in-situ data collection, algorithm research and validation, data mining and literature and code reviews.

Four specific aspects of the MERIS Coastal project are displayed here:   1) Improvement of the MERIS BPAC; 2) Laboratory measurements;  
3) In-situ radiometric measurements and data collection; 4) Description of in-situ measurement protocols and  the MERMAID database.

Improved Bright Pixel Atmospheric Correction (BPAC)
Over bright coastal waters, the ‘black pixel’ assumption used in open ocean atmospheric 
correction does not apply because of the backscattering signal in the NIR from suspended 
material. This leads to overestimation of the intrinsic atmospheric contribution, and a 
‘bright pixel’ atmospheric correction (BPAC) is then required. 

Moore and Lavender (2010) have developed further the original MERIS BPAC (Moore et al.,
1999), validated it with in-situ data from the Baltic Sea and on numerous MERIS scenes 
(e.g. Amazon, Baltic, Severn Estuary), and compared the current MERIS processor (MEGS 
7.5) with the proposed processor for the 3rd reprocessing (MEGS 8.0) .

New algorithm: 

Advantages: 
• Accounts for temperature effects in NIR and smile effects in future MERIS reprocessings;  
• Estimates sediment for MERIS & OLCI wavelengths; 
• To develop ŦΩκvrelationships for the normalisation of in-situ reflectances;  
• IOP retrieval: Derivation of chlorophyll, SPM and CDOM concentrations. 

BPAC in the
Amazon Plume:

MERIS visible 
band 5 (560nm)
(MEGS 7.5 v 8.0) 
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• An an easy-to-use 
centralised database of 
merged in-situ optical (ɟw(ɚ)) 
and atmospheric (Ű; Ŭ)  
measurements with 
concurrent MERIS  acquisitions  
(Barker et al., 2009). 

• ARGANS: Collaboration 
with MVT PIs for data 
acquisition, data QC,  
format processing; 
normalisation for 
comparison with MERIS. 

• ACRI-ST: MERIS matchups 
and MERIS normalisation; 
website hosting.

• 15 matchup datasets 
presently – including a 
number of coastal sites. 

• Essential validation tool.
• User-defined options.
• Data policy for matchups 
& password protected
extraction site.

MERMAID : MERis Matchup In-situ Database

WEB: http://hermes.acri-fr/mermaid;  Enquiries: mermaid@esa.int

Sites include:
NOMAD; SIMBADA; MOBY; 
BOUSSOLE; AERONET-OC: Gustav-
Dahlen Tower, Helsinki Lighthouse 
(far right), and Pålgrunden (Lake 
Vänern, right) (Zibordi et al., 2009).
Irish Sea (D. McKee, University of 
Strathclyde); NW Baltic Sea (S. 
Kratzer, Stockholm University, 
bottom right); Algarve (J. Icely). 

MERIS In-situ Optical Measurement Protocols
Under this contract, and with the assistance  and coorporation of the MERIS 
QWG and MVT, ARGANS has collated and reported the MERIS In-situ Optical 
Measurement Protocols. This consists of:
1) A description of the methodologies used for the in-situ radiometric 

measurements in MERMAID.
2) Coverage of a large variety of different instruments such as profilers, fixed 

buoys and above water radiometric sensors. 

Experimental determination of NIR water properties
MERIS Coastal aims to experimentally determine water properties in the NIR 
region (>700nm), for validation activities, through:
• Review of published literature (e.g. Bale et al. 1994, Pope and Fry, 1997); 
• Portable TriOS radiometer calibration prototyping (below, left);
• A series of precise tank measurements (below, mid & right) of water 

radiances aiming to determine NIR water properties of water with respect to 
changes in salinity, temperature and total suspended matter (SPM). 

Results will allow validation of the current MERIS water reflectance ( ẃ( )˂) 
model in coastal waters with very variable sediment type & concentration and   
salinity. However, temperature variations are expected to have greatest effect.

Left: Portable calibration unit prototype; Mid: the specially-designed black butyl-
lined measurement tank with UV filters, heating/cooling unit and water pump 

visible; Right: tank design schematic. 
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Improved methodology for in-situ 
radiometric measurements

In-situ data collection of the radiometric properties of water are important for satellite 
optical sensor validation and the algorithms used to derive geophysical parameters. 

• Tilt effects on buoy measurements:
Protocol and data examination has 
recently highlighted the significant 
extent to which tilt can affect  
measurements of surface irradiance 
(Es) which propagates the error  
through to ɟw(ɚ)(ɟw(ɚ) = Lw(ɚ)/Es(ɚ)).  

•Advances in small-scale in-situ buoy measuring: 
Bio-Optika and ARGANS have developed and built a floatation 
rig designed to deploy a RAMSES TriOS radiometer, but without 
incurring the effects of tilt. The rig is designed to counteract the 
motion of waves and ensure the sensors remain vertical.  The 
floatation rig is currently undergoing sea trials in Sagres, Portugal.

•v/ ŀǇǇǊƻŀŎƘΥ Ψa9wL{-like Es and MERIS-like ɟw( )˂ in MERMAID:

Es from MERIS LUTs (exact computations).
Ą in-situ ɟwn(ɚ)compatible with MERIS, but 
defined for the in-situ matchup by using the PI’s 
θs(λ) (i.e. at the time of the in-situ measurement). 

Modelled Es = Theoretical Es from MERIS extractions
Sagres (Algarve) in-situ data  suffering tilt-effects. 

θ = ~6o

E.g. ɲEs/Es ~4%  
at s̒ = 30Á

• New feature, ŦΩ: based on inherent optical properties (IOPs)
BPAC now uses backscatter, bb, rather than SPM as bb proxy. 

• Two  bands sets ({709, 775, 865} {775, 865, 885}) for  
high & low turbidity Ą sediment absorption is identified 
and accounted for by avoiding saturation in the NIR.

• f'/Q factors modelled using Hydrolight, covering a wide 
range of water types (~10,000 runs per band).  

OPTIONS
INCLUDE:

•15 sites
•2002-
Present

•Physical 
screening

•Flagging
•Statistics

Courtesy ESA- Denman productions

ESA MERIS 
unprocessed 

(level 1) image 
(Feb. 2008) of the 
UK and Northern 

France...

...processed to 
ΨƭŜǾŜƭ нΩ ǘƻ 

remove the 
atmospheric 

effects on water 
reflectance.

False colour 
processed image: 

suspended 
sediment 

concentration

(Images: ESA)

MERIS band 5 
Old BPAC

AC failure Ą no 
reflectance retrieval

MERIS band 5 
New BPAC
AC success Ą

reflectance retrieval
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SATURATION REACHED at 709nm

Initial rig testing


