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ABSTRACT  

The OLCI sensor has strong heritage from MERIS and 
some new bands, e.g. 400nm and 1020nm. The SLSTR 
spectral bands at 1.61µm and 2.25µm may also help 
improve the OLCI atmospheric correction. At 1020nm 
the water-leaving radiance is much lower than at shorter 
wavelengths and the spectral shapes of water and 
aerosol reflectance over the range 709-1020nm will be 
quite different, even in the most turbid waters. This 
band may therefore help improve the aerosol correction 
in extremely turbid waters. At 1.61µm and 2.25µm 
water-leaving radiance is negligible even for the most 
turbid waters. The advantage of these bands for 
atmospheric correction has been demonstrated 
previously for MODIS and Landsat-8. Exploiting these 
new bands will involve many challenges including: low 
signal:noise for the SWIR bands, SWIR contamination 
by objects at sea, straylight, calibration, OLCI/SLSTR 
colocation, etc. 
 
1. INTRODUCTION 

The OLCI sensor onboard Sentinel-3 has strong heritage 
from MERIS, but also some new bands, e.g. 400nm and 
1020nm. The OLCI spectral bands are shown in Tab. 1 
together with bands from SLSTR, MERIS, Sentinel-2 
and the ground-based SeaPRISM instrument. 
 
The SLSTR instrument also on S3 was designed as a 
follow-up to AATSR for highly accurate measurements 
of Sea Surface Temperature, but has spectral bands at 
1.61µm and 2.25µm that may also provide information 
for the OLCI atmospheric correction. 
 
The potential for using the OLCI 1020nm and SLSTR 
1.61µm and 2.25µm SWIR bands arises because pure 
water absorption (Fig 1) is much higher at these 
wavelengths than at the shorter wavelengths present on 
MERIS. Water reflectance is thus much lower at these 
wavelengths, effectively zero at 1.61µm and 2.25µm 
and measurable at 1020nm only for extremely turbid 
waters [1]. This gives significant potential for 
distinguishing different contributions to the top of 
atmosphere radiance (water, surface, atmosphere) and 
for removing spectral ambiguities that might arise when 
using only visible and near infrared wavelengths. 
 

 

Figure 1. Inverse of pure water absorption coefficient at 
MERIS bands and at the extra OLCI and SLSTR bands. 
Data from [2] for 400-700nm and [3] for 700-2200nm. 
 

In this paper the potential for these new bands as well as 
the expected challenges and difficulties will be outlined. 
 

2. OLCI 1020nm BAND 

The Remote Sensing Reflectance (Rrs), defined as 
water-leaving radiance divided by abovewater 
downwelling radiance, has been simulated by the 
HYDROLIGHT radiative transfer code for non-algal 
particles with Suspended Particulate Matter (SPM) 
concentration from 1.0 to 3160.0 gm-3 using the same 
model as [4] but extended to the OLCI bands. Results in 
Fig. 2 show an increase in Rrs with increasing SPM 
with a shift in spectral peak to longer wavelengths. 
These simulated water spectra are compared with 
typical power law aerosol reflectance spectra in Fig. 3. 
For the moderately turbid waters (SPM<100 gm-3) the 
water spectra have the same shape in the near infrared 
[4] and have a very different spectral shape from the 
aerosol reflectance spectra. For extremely turbid waters 
(SPM>100 gm-3) the water reflectance spectrum flattens 
in the near infrared [5] until it becomes similar to the 
shape of aerosol reflectance (Fig. 3). This flattening will 
cause severe problems for turbid water atmospheric 
correction algorithms that calculate aerosol properties in 
the near infrared because water and aerosol reflectance 
become indistinguishable.  
 

3 EXTRA 
SWIR BANDS 
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Figure 2. HYDROLIGHT simulations of (water) Remote 

Sensing Reflectance, Rrs for increasing SPM 
concentration (colour scale in g/m3).  

 

 
Figure 3. Simulated water (coloured lines) and typical 
aerosol (black lines) reflectance in near infrared 
normalised by magnitude at 865nm.  Legend gives SPM 
(g/m3) for water and Angstrom coefficient for aerosols. 
 
A theoretical analysis of a simple two band turbid water 
atmospheric correction algorithm (equation A8 of [6]) 
shows that error increases with water reflectance at the 
longest wavelength, and increases as aerosol and water 
reflectance spectral ratios become similar. Similar 
conclusions are expected for more complex atmospheric 
correction algorithms if spectral bands with quite 
distinct water and aerosol properties are not used. 
 
The OLCI 1020nm band, not currently used for the 
standard OLCI atmospheric correction, has a quite 
different spectral variation for water and aerosol 
reflectance (Fig. 3) and therefore has considerable 
potential for improving pixel-by-pixel turbid water 
atmospheric correction algorithms, which are notorious 
for failing in extremely turbid waters. 
 
The potential use of this band for the estimation of 
Suspended Particulate Matter (SPM) in extremely turbid 
waters has also been identified [1]. 
 
 

3. SLSTR 1.61µm AND 2.25µm BANDS 

The use of the MODIS SWIR bands has been 
demonstrated for improving atmospheric correction in 
extremely turbid waters [7], although these bands on 
both MODIS-TERRA and MODIS-AQUA are both 
very noisy and are contaminated with sensor artefacts. 
Much better performance has been found [8] for the 
Landsat-8 SWIR bands because of the significantly 
improved signal:noise. The SLSTR SWIR bands have 
similar wavelength to the Landsat-8 bands and the latter 
is therefore taken here as a precursor. 
 
Fig. 4 shows Rayeleigh-corrected reflectances for a 
Landsat-8 image in Belgian waters. Turbid waters are 
clearly visible at 865nm because of the non-negligable 
water reflectance. However, at 1.6µm and 2.2µm no 
turbid water effects can be seen, indicating that the 
water reflectance can be neglected there. At these 
wavelengths spatial variability is found from 
atmospheric effects (aerosols) as well as sea surface 
effects (foam, wave-breaking, fronts) and solid objects 
(ships, offshore constructions) [9].  
 
The SLSTR bands should, therefore, provide much 
better separation between aerosol and water reflectances  
than the OLCI NIR bands and thus improve atmospheric 
correction in turbid waters. 
 
The SLSTR data is available both for nadir and rear-
views. Viewing of a target through different 
atmospheric paths may theoretically allow to better 
calculate atmospheric reflectance, although in this case 
the rear view will be strongly affected by “Fresnel” sky 
reflection at the sea surface because of the high zenith 
angle (55°). 
 
4. CONCLUSIONS 

OLCI is based strongly on MERIS heritage but has a 
few extra spectral bands plus the two additional SLSTR 
SWIR bands, which may significantly enhance the 
performance of atmospheric correction algorithms in 
extremely turbid waters. 
 
4.1. Potential for the new OLCI and SLSTR bands 
The OLCI 1020nm band will be useful for atmospheric 
correction (Fig. 2-3) in extremely turbid waters because 
pure water absorption is much higher at 1020nm, giving 
better discrimination between water and aerosols. 
 
The SLSTR 1.61µm and 2.25µm bands will give even 
better discrimination between water and aerosols 
because water reflectance is effectively zero even in the 
most turbid waters. From Landsat experience (Fig 4) 
only atmospheric and sea surface effects will be visible 
in these SWIR bands. 
 

 Submitted for the proceedings of the Sentinel-3 for Science Workshop held in Venice-Lido, Italy, 2-5 June 2015, ESA Special Publication SP-734



 

4.2. Remaining challenges and questions 
There is little experience using these new bands for 
ocean colour and we can expect surprises, perhaps both 
good and bad. For example, the high quality of the 
Landsat-8 SWIR bands provides significantly enhanced 
possibilities for atmospheric correction in extremely 
turbid waters compared to the MODIS SWIR bands. 
However, with the reduced noise level (and higher 
spatial resolution) new problems have been revealed 
such as contamination of pixels by ships and offshore 
structures and their wakes [9].  
 
Challenges specific to the OLCI 1020nm band will 
include possible difficulties with the low signal:noise 
and  straylight expected at this band as well as the lack 
of validation data for atmospheric correction algorithms. 
 
Challenges specific to the SLSTR SWIR bands include 
the low signal:noise and possible impact on a SWIR-
based atmospheric correction by ships, objects at sea 
and other surface effects [9]. 
 
The OLCI 400nm band (not studied here) may also have 
potential for improving atmospheric correction. At 
400nm top of atmosphere radiance will be dominated by 
atmospheric path radiance, potentially providing a fixed 
point [10] for atmospheric correction. Use of data at 
400nm, 412nm and 443nm might improve the 
estimation of Rayleigh reflectance, multiple scattering 
and/or the identification of absorbing aerosols. 
 
Combination of OLCI and SLSTR data will require 
good co-location, intercalibration and appropriate 
software for efficient work. 
 
4.3. Recommendations to ESA 
Synergistic use of OLCI and SLSTR data for coastal 
and inland water applications requires good co-location 
and intercalibration of data from these instruments. It is 
recommended that data and/or software tools be 
provided to facilitate the synergistic use of co-located, 
radiometrically calibrated top of atmosphere OLCI and 
SLSTR data over coastal and inland waters. 
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Table 1. Central wavelength and width of OLCI spectral channels. OLCI bands marked in grey are not available as 
level 2 radiometric products. Spectral bands with central wavelength different from OLCI by more than 5nm are given 
in italics. MERIS bands given as “Y” are supposed equivalent to the corresponding OLCI band. Following definitions 
are used to group spectral ranges: visible (VIS: 400-700nm), near infrared (700-1000nm), short wave infrared (SWIR: 
1-3µm), thermal infrared (TIR: 3µm-14µm). The “new” bands present on Sentinel-3 thought to have potential for 
enhanced ocean colour products are highlighted in red, bold face. Sentinel-2 (S2) wavelengths are given, although it is 
noted that these have much lower signal:noise. Wavelengths of the SEAPRISM ground-based instrument used for the 
AERONET-OC validation network [11] are also given to indicate the potential for validation of the various OLCI 
wavelengths. Sources consulted on 11.5.2015:  
https://sentinel.esa.int/web/sentinel/user-guides/sentinel-3-olci/resolutions/radiometric 
https://sentinel.esa.int/web/sentinel/user-guides/sentinel-3-slstr/resolutions/radiometric 
https://sentinel.esa.int/web/sentinel/user-guides/sentinel-2-msi/resolutions/radiometric 
 
 
 OLCI 

band  
OLCI 
centre 
(nm) 

OLCI 
width 
(nm) 

SLSTR 
centre/ 
width (nm) 

MERIS 
centre/w
idth 
(nm) 

S2 
centre/ 
width 
(nm) 

SeaPRISM 
centre/ 
width 
(nm) 

VIS Oa1 400 15 - - - - 
Oa2 412.5 10 - Y - 412 
Oa3 442.5 10 - Y 443/20 443 
Oa4 490 10 - Y 490/65 488 
Oa5 510 10 - Y - - 
Oa6 560 10 555 / 20 Y 560/35 551 
Oa7 620 10 - Y - - 
Oa8 665 10 659 / 20 Y 665/30 667 
Oa9 673.75 7.5 - - - - 
Oa10 681.25 7.5 - Y - - 

NIR Oa11 708.75 10 - Y 705/15 - 
Oa12 753.75 7.5 - Y 740/15 - 
Oa13 761.25 2.5 - Y - - 
Oa14 764.375 3.75 - - - - 
Oa15 767.5 2.5 - - - - 
Oa16 778.75 15 - Y 783/20 - 
Oa17 865 20 865 / 20 Y 865/20 870 
Oa18 885 10 - Y - - 
Oa19 900 10 - Y - - 
Oa20 940 20 - - 945/20 (940) 

SWIR Oa21 1 020 40 - - - 1020 
   1 375 / 15 - 1 375/30 - 
   1 610 / 60 - 1 610/90 - 
   2 250 / 50 - 2 190/180 - 

TIR/Other    + 5*TIR - + 842/115 +531 
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Figure 4. Landsat-8/OLI scene of Belgian coastal waters on 2014-03-16. Rayleigh corrected (a) RGB, bands 4-3-2, 

reflectance at (b) 865 nm, and (c) 1609nm and (d) 2201nm. ACOLITE processing [8]. 
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