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1 Purpose of the document 

This document provides information on how the look up tables for the spectral characterisation of OLCI 

on Sentinel 3 can and shall be used. The look up tables enable the calculation of the best estimate of 

centre wavelength and bandwidth for all bands and all pixels at a given orbit number. The differences 

between the values incorporating the temporal evolution and the ones provided via the L1B data can be 

up to 0.3 nm.  

A precise as possible characterisation is necessary for remote sensing objectives using features with large 

spectral gradients. It is indispensable for the OLCI bands 13, 14 and 15 at 760 nm, surrounding the O2-A 

absorption. It may also be important for the water vapour absorption bands 19 and 20, for the very blue 

Rayleigh bands 1 and 2 at 400 nm, for the chlorophyll fluorescence bands, the red-edge bands around 750 

nm and others.  

2 Nomenclature 

Within this document the following terms are used:  

Module / camera: OLCI uses 5 cameras in push broom mode, in a fan shape configuration. Module and 

camera are used likewise in technical documents of OLCI. Camera 1 is on the west side of the descending 

orbit, camera 5 on the east side.   

Pixel: Each camera embeds 740 pixels. The counting is from West to East (consistent to the camera 

sequence). The overlap between two consecutive cameras is 30 pixels.  

Detector index: The detector indices are the pixel numbers, stacked according to the camera sequence. 

This means that e.g. detector index 0 is pixel number 0 on the first camera. Detector index 740 is pixel 0 

on the second camera, detector index 1479 is pixel 739 on the second camera and so on.  

CCD-column: The spatial dimension on the CCD is called column. The 740 rows are equivalent to the 740 

pixel, but the numbering is reversed (pixel 739 is CCD-column 0). Their corresponding sampling distance 

at ground is approximately 300m  

CCD-row: The spectral dimension on the CCD is called row. During readout and later processing 

consecutive rows are binned to form the 21 bands of OLCI. For the spectral calibration campaigns (next 

section), single CCD-rows are used as bands, providing the highest possible spectral resolution of OLCI. 

Their spectral sampling distance is 1.25 nm and their bandwidth ranges from 1.6 to 2.2nm (fwhm) 

lines, rows and columns in the L1B products: The technical documents of OLCI also use the term line for 

a scan line. In the netCDF files the dimensions are called row for the scanline and column for the across 

track pixel number. Each level 1B product contains an instrument data file (instrument_data.nc) providing 

a mapping table from the across track pixel number to the detector index. 
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3 Background 

The five OLCI cameras are each equipped with a CCD that is composed of 740 columns in the spatial 

dimension across the camera field of view and 520 rows in the spectral dimension (S3-TN-ESA-OL-660). 

OLCI Spectral Response Functions (SRF) describe the instrument spectral model for all bands, cameras and 

740 CCD spatial columns and provide a relative response at each of the column’s 200 sampling 

wavelengths. One of the OLCI spectral features described by the SRFs is the smile effect, a spectral 

response drift of the CCD rows across the camera field of view (see Figure 3 plots on the left). This 

document describes additional temporal evolutions in OLCI-A and -B spectral responses of the CCD rows 

occurring in-flight and not captured by the SRF definitions.  

OLCI’s spectral characteristics are regularly monitored in-flight using spectral campaigns, which are 

shortly outlined in the following. A detailed description is given in S3-TN-ESA-OL-660. The procedures use 

the programming capability of OLCI to define 45 bands around stable spectral features, to characterize 

the spectral dispersion of each camera system with respect to the spectral and the spatial (across track) 

dimension. Simulations of OLCI measurements in the 45 bands are optimized for best agreement with the 

spectral features, as a function of assumed bandwidth and band center wavelength of an individual CCD 

element. Depending on the used spectral feature the achieved accuracy for the centre wavelength is in 

the order of 0.1-0.2 nm, the precision (repeatability) is better than 0.05 nm. Various different calibration 

sequences S0* have been performed in the commissioning phases. (Figure 1)  

 

Figure 1: Position of the used bands for the spectral campaigns. (Upper S07, second S02/S03, third: S08/S09.) 

Further is shown: the solar irradiance at the top of atmosphere (upper and second), the solar irradiance at 

bottom of atmosphere (third) in arbitrary units. S09 (without the oxygen absorption bands around  690nm) is 

used for the routine inflight characterisation 

The so-called S09 campaign is regularly performed on OLCI A/B approximately three times per year. In 

S09 the 45 bands are grouped around the atmospheric oxygen absorption band at 760 nm and around 

distinct solar Fraunhofer lines at 485nm, 656 nm and 854 nm. The same few hundred frames are acquired 

at the same orbit cycle (number 24), belonging to Libyan desert. (see Figure 2) 

https://sentinel.esa.int/web/sentinel/technical-guides/sentinel-3-olci/olci-instrument/spectral-response-function-data
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Figure 2: Left: RGB composite (750nm, 656nm and 485nm) of the used scene for spectral characterisation of OLCI 

B on 26/07/2021. The upper is stretched in along track direction, the lower is in un-deformed pixel drawing. The 

black lines are interfaces between the 5 cameras of OLCI (1-5 from left/west to right/east). The y- and x-axis are 

the scanline and detector index. Right: Blue marble Earth-view including the ground track position (blue dots) 

Since the end of the commissioning phase in June 2016, 15 S09 campaigns have been performed for OLCI-

A: 18/08/2016, 26/05/2017, 15/08/2017, 04/11/2017, 19/03/2018, 24/09/2018, 05/03/2019, 

21/06/2019, 07/10/2019, 23/01/2020, 05/10/2020, 26/08/2020, 12/12/2020, 30/03/2021 and 

16/07/2021. For OLCI-B 29 S09 campaigns (08/15/2018, 09/05/2018, 16/05/2018, 17/05/2018, 

18/05/2018, 11/06/2018, 12/06/2018, 13/06/2018, 18/06/2018, 20/06/2018, 22/06/2018, 23/06/2018, 

26/06/2018, 29/06/2018, 29/06/2018, 02/07/2018, 06/07/2018, 06/07/2018, 20/08/2018, 24/09/2018, 

15/03/2019, 01/07/2019, 17/10/2019, 02/02/2020, 20/05/2020, 05/09/2020, 12/12/2020, 04/09/2021, 

26/07/2021) have been performed and analysed since launch (April 2018).  

The spectral characterisation is applied to all CCD-columns (across track), for all spectral features and for 

all cameras. Eventually the field of view dependency of each camera is smoothed by a second order 

polynomial. This is necessary to mitigate the effect of the different radiative sensitivities and dark signals 

of each CCD element. The root mean squared distance between the polynomial fit and the individual 

retrievals is regarded as the precision of the inflight characterization of the individual bands. Figure 3 

shows an example for the result of such a characterisation.  

The regularity of the spectral campaigns allows a precise quantification of the temporal evolution of the 

spectral response for each individual CCD-element on each camera CCD, at least for the investigated 

spectral features. It emerges that all cameras show a tiny but distinct evolution. Both, the single CCD-row 

bandwidth and the across track variability (‘smile’) of the central wavelength remain almost constant for 

all cameras of OLCI A and B, but the central wavelengths of all pixels move almost homogenously with a 

decreasing rate. Since launch, four of the five cameras of OLCI A and B respectively, have drifted up to 0.3 

nm towards longer wavelengths. One camera (camera 5 for OLCI A and camera 3 for OLCI B) has drifted 

by 0.3 nm to shorter wavelengths. This is illustrated in Figure 4, showing the mean temporal evolution 

(mean = average of the four investigated spectral features and averaged over the cameras field of view) 

of OLCI A and B.  The findings of the spectral campaigns are summarized as follows: 

 The spectral bandwidth of a single CCD element and the across track variability of the centre 

wavelength (the ‘smile’) of all cameras of OLCI A and B have not measurably changed since the 

beginning of their operational phase. 

 The centre wavelength of all cameras underwent a small (~0.2-0.3nm) drift since launch.  
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 The centre wavelength shift is approximately the same for the full CCD. 

 The drift is towards longer wavelengths for 4 of the 5 cameras and towards shorter wavelengths 

for one of the 5 cameras, respectively. 

 The shift is continuous, with a decreasing rate. Most camera-evolutions are almost solidified, 

some still move.  If the time axis is logarithmic, the changes are almost linear. This indicates, that 

the reason for the temporal evolution is related to a physical process with an exponential decay.  

Based on these observations and under the assumption that they hold for the full spectral range of each 

camera, the characteristics of all OLCI bands can be recalculated for each date of inflight spectral 

characterization. The methodology used is exactly the same as it has been used to establish the band 

characteristics of OLCI-A at the end of the commissioning phase and of OLCI-B at preflight (see S3-TN-ESA-

OL-660); the only difference is the spectral position of the CCD elements according to the inflight spectral 

characterization. Eventually, the resulting band characteristics of all S09 campaigns form a temporal 

model with the orbit-numbers as the sampling points (see figure on the title page as an example). 

 

Figure 3: Results for the spectral characterisation for the oxygen absorption at 750nm (upper) and solar 

Fraunhofer line at 656nm (lower), exemplary for the spectral campaign at 04/11/2017 for OLCI A. The blue line 

(mostly covered by the orange line) is the mean over all scan lines, the orange is the median. The left two plots 

are the central wavelengths of CCD row 275 (upper) and CCD row 358 (lower). The right two plots display the 

estimated bandwidths (fwhm) of the corresponding CCD row detectors. The x-axis is the across track pixel 

number (from West to East) the y-axis is in units of nm. The across track variability and the discontinuity at the 

camera interfaces of the central wavelength are clearly visible. 
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Figure 4: Comparison of OLCI-A’s (left) and OLCI-B’s (right) mean (see text) central wavelength of each camera as 

a function of orbit number. The x-axis for OLCI-B has been stretched to the extent of OLCI-A. The y-axis is the 

change [nm] since the first considered spectral campaign (at the beginning of each operational phase)  

4 Look up tables 

The provided look up tables files contain two times three data fields: the band centre wavelength cwvl, 

the bands full-width-at-half-maximum fwhm and the in-band averaged solar spectral irradiance at 1 AU 

ira. The solar irradiance is part of the spectral characterisation for the sake of completeness (see 5.1 for 

more details). The quantities are given for orbit, camera, band and CCD-column. Orbit is the orbitNumber 

(as given in the data manifest of L1B and L2 data) of the considered spectral campaigns. camera, band 

and column are zero based indices. Furthermore, the same quantities are provided in form of polynomial 

constants, again for each camera, band and column. The advantage of the use of the polynomial constants 

is that they allow a temporal extrapolation to orbits after the last calibration campaign. 

The units are the same as in the instrument_data.nc file of the standard L1b product:  nm for cwvl and 

fwhm, and   mW nm-1 m-2 for ira. The respective L1B names of the data fields are lambda_0, FWHM and 

solar_flux. 

5  Usage 

5.1 Note of advice 

Although the provided spectral radiance in the L1B data files of OLCI suggests that OLCI works like a 

radiometer and measures radiances, OLCI in fact measures the directional spectral reflectance at the top 

of the atmosphere, using an on-board white diffuser as a reference. Thus, the solar_flux data provided 

within L1B too, are the correct quantities to transform the provided radiances back to reflectances. It is 

wrong to use solar irradiances based on different auxiliary data, including the one from the herein 

described look up table. The ira data can be used to convert a reflectance back to a radiance, if in addition 

the modification due to the solar earth distance variation is considered.  
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5.2 Applicability of the look up tables 

The look up tables are organized such that the latest revisions are always valid for the full operational 

period of OLCI A and B resp. The polynomial constants could also be used for a moderate (few months) 

extrapolation to orbits after the latest spectral campaign.  

5.3 Calculation of temporal evolved characteristics using the polynomial 

constants  

The calculation of cwvl, fwhm and ira is based on a polynomial of the natural logarithm of the 

orbitNumber (as provided in the data manifest of L1B and L2 data). The formula is: 

𝑙𝑜𝑏 = ln(𝑜𝑟𝑏𝑖𝑡𝑁𝑢𝑚𝑏𝑒𝑟) 

𝑣𝑎𝑙(𝑐𝑎𝑚𝑒𝑟𝑎, 𝑏𝑎𝑛𝑑, 𝑐𝑜𝑙𝑢𝑚𝑛) =  ∑ 𝑙𝑜𝑏𝑖 ⋅ 𝑐𝑜𝑒𝑓𝑣𝑎𝑙(𝑖, 𝑐𝑎𝑚𝑒𝑟𝑎, 𝑏𝑎𝑛𝑑, 𝑐𝑜𝑙𝑢𝑚𝑛)

𝑛−1

𝑖=0

 

Here val can be cwvl, fwhm or ira, and coefval are the corresponding polynomial constants. In Figure 5 a 

screen capture of a corresponding python code for a second order polynomial is given. Note, that between 

the characterisation orbits, a linear interpolation (in  ln(𝑜𝑟𝑏𝑖𝑡𝑁𝑢𝑚𝑏𝑒𝑟)) could be performed likewise. 

 

Figure 5: Code snippet for the transformation of the polynomial constants to a value for a specific orbit.  Note, 

that python uses a C-like row-mayor zero based indexing, in contrast to e.g. IDL, which uses a Fortran like 

column –mayor one based indexing. 

5.4 Transforming the data from camera and column index to pixel index 

Eventually, to make the data as usable as the other instrumental data (lambda_0, FWHM and solar_flux), 

it must be re-ordered. The last line of the code snippet in Figure 5 performs the ordering. It incorporates 

that the pixel index is reversed to the column index of the stacked cameras 1 to 5.   

5.5 Alignment of OLCI's relative spectral response functions    

Special applications (e.g. cloud top pressure retrievals using OLCI’s O2A bands) require the consideration 

of the actual spectral response function of each OLCI pixel for a given orbit. Centre wavelength and fwhm 
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can be used to provide a good guess of the SRF by a simple shift and scale of the original spectral 

responses. Here, original is meant as the SRF from the spectral characterisations at the beginning of the 

respective mission of OLCI A and B: 

Δλ = λorbit
c − 𝜆𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙

𝑐  

𝑠𝑐 =
𝑓𝑤ℎ𝑚𝑜𝑟𝑏𝑖𝑡

𝑓𝑤ℎ𝑚𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙
 

𝑠𝑟𝑓𝑜𝑟𝑏𝑖𝑡 
𝜆 = ((𝑠𝑟𝑓𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 

𝜆 + Δ𝜆) − λorbit
c ) ⋅ 𝑠𝑐 + λorbit

c  

λorbit
c ,  𝜆𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙

𝑐  , 𝑓𝑤ℎ𝑚𝑜𝑟𝑏𝑖𝑡  and 𝑓𝑤ℎ𝑚𝑜𝑟𝑔𝑖𝑛𝑎𝑙  are centre wavelengths and fwhm for a specific orbit and 

at mission start.  𝑠𝑟𝑓 
𝜆 is the tuple of wavelength sampling points that describe the spectral response. The 

original SRF can be found here (A) and here (B). 

 

Figure 6: Code snippet for the modification of wavelength sampling point of the SRF to align central wavelength 

and full width at half maximum with the temporal evolution model. 

 

6 Credits 

Any usage of the described LUTs shall acknowledge their authorship and funding source by citing the 

following: 

 
‘LUTs Prepared by: Rene Preusker - Spectral Earth, as part of the S3MPC under contract to ESA and 
funded by EC Copernicus budget’ 

 

 

https://sentinels.copernicus.eu/documents/247904/2700530/S3A_OL_SRF_20160713.nc4
https://sentinels.copernicus.eu/documents/247904/3347167/S3B_OL_SRF_0_20180109.nc4
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