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Summary 

This is a short technical note about a satellite observatory for the Westerschelde. The entire 

level-1 top-of-atmosphere dataset of Sentinel-2 MSI for the Westerschelde area from July 

2015 - December 2023 was used to calculate and plot water-leaving radiances and true 

colour composites, chlorophyll concentration, suspended particulate matter, turbidity and 

vertical diffuse attenuation. It was created through computations in the cloud (cloud 

computing) for customisation of atmospheric correction and retrieval of optically active water 

quality parameters with multiple variants of algorithms that can handle the complexity of 

Westerschelde waters, and this generated over 12 TB of intermediate results. To reduce the 

final dataset whilst enabling selection of parameters that approximated in situ measurements, 

data were extracted at monitoring stations and for areas (aggregated mega-cells known as 

NIOZ-polygons). 

 

Next steps are the actual intercomparison with field data of water-leaving reflectances, 

chlorophyll and total suspended matter concentrations, turbidity, transparency and Secchi disk 

depth. Subsequently, a satellite-based primary production algorithm will be constructed based 

mainly on the validated parameters from our satellite observatory, and compared to 

measurements of primary production.  
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1 Introduction 

This short technical note aims to highlight the methodology of information extraction and 

describe what optical data from Sentinel-2 MSI has to offer for the Westerschelde.  

 

1.1 Sentinel-2 MSI 

Sentinel-2 MSI is a 13-band MultiSpectral Imager sensor, with a temporal resolution up to 5 

days, and spatial resolution 10 to 60 meters. There are currently two satellites active, 

Sentinel-2A (launched June 2015) and Sentinel-2B (launched 7 March 2017, whose 

characteristics are given in Table 1 below. See also 

https://sentinel.esa.int/documents/247904/4180891/Sentinel-2-infographic.pdf.  

 

Table 1 Spectral bands of the  Sentinel-2A and S2B MCI sensors (Source: 

https://sentinels.copernicus.eu/web/sentinel/technical-guides/sentinel-2-msi/msi-instrument) 

   S2A S2B  

Band 

Number 

 Central wavelength 

(nm) 

Bandwidth 

(nm) 

Central wavelength 

(nm) 

Bandwidth 

(nm) 

Spatial 

resolution (m) 

1  442.7 21 442.2 21 60 

2  492.4 66 492.1 66 10 

3  559.8 36 559.0 36 10 

4  664.6 31 664.9 31 10 

5  704.1 15 703.8 16 20 

6  740.5 15 739.1 15 20 

7  782.8 20 779.7 20 20 

8  832.8 106 832.9 106 10 

8a  864.7 21 864.0 22 20 

9  945.1 20 943.2 21 60 

10  1373.5 31 1376.9 30 60 

11  1613.7 91 1610.4 94 20 

12  2202.4 175 2185.7 185 20 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

https://sentinel.esa.int/documents/247904/4180891/Sentinel-2-infographic.pdf
https://sentinels.copernicus.eu/web/sentinel/technical-guides/sentinel-2-msi/msi-instrument
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2 Method 

Water quality, especially in the Westerschelde, is extremely variable in time and space. To 

study and intercompare with in situ measurements hundreds of satellite datasets need to be 

processed (Eleveld et al. 2014). Also, the high resolution that Sentinel-2 can offer (see Table 

1) and many parameters related to the light climate and water quality are of interest. 

Extracting such a large amount of information can only be done with access to cloud 

processing, otherwise it would simply take too much time. 

 

2.1 Cloud processing, atmospheric correction, and retrieval of 
optical water quality parameters 

We developed an Earth Observation monitoring system using Cloud technology supported by 

the European Space Agency through an ESA-NOR project. Cloud processing enabled 

customised atmospheric correction for retrieval of estuarine water quality parameters. EODC 

(https://eodc.eu/) has been hosting the Sentinel-2 Copernicus data and provided an Open 

Stack tenant with scalable 4 CPU 32 RAM and 512 GB storage, and temporary storage 

capacity of 15 TB (Figure 1). We installed Anaconda and the Acolite package (Van Hellemont, 

2023, python 20 Oct 2023 version as a Git clone https://github.com/acolite/acolite) on a Virtual 

machine with a Linux Ubuntu operating system. MobaXterm was used for remote computing. 

 

 

 
Figure 1 Cloud computing services.  

 

We started from Sentinel-2 Level 1C top-of-atmosphere reflectances (L1C, Collection 1 since 

2022, Collection 0 for older images), selected locally clear sky (free of real clouds) imagery 

and ran Acolite with ancillary data (ozone, water vapour, pressure and wind speed) and 

DEM=True on the EODC VM (Figure 2, Table 1Table 2). Core results were subsequently 

copied to the Deltares storage. 

 

 

 

 

 

 

 

 

 

https://eodc.eu/
https://github.com/acolite/acolite
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Figure 2 Acolite processing (maps contain modified Copernicus Sentinel data, 2024). 

 

Table 2 Acolite settings (user access to ancillary was hardcoded) 

 

Cloud computing enabled to calculate water-leaving radiances and plot true colour 

composites, chlorophyll concentration (CHL), suspended particulate matter (SPM) and vertical 

diffuse attenuation with multiple variants of water quality retrieval algorithms that can handle 

the complexity of Westerschelde. These are all versions of optics-based semi-analytical 

algorithms (by Gons, 2002 for CHL, Nechad, 2009 and 2010 for TUR and SPM, and Lee, 

2002 for QAA-Kd) with some calibration (on optical properties) to enable functioning for 

complex water types. Extracted datasets selected from this intemediate12 TB dataset (Figure 

3) ī as detailed in the next paragraph ī are subsequently made available. 

 

## 

inputfile="/home/eodc/ac_in/S2A_MSIL1C_20230823T104631_N0509_R051_T31UET_20230823T

143001.SAFE, 

## 

/home/eodc/ac_in/S2A_MSIL1C_20230823T104631_N0509_R051_T31UES_20230823T143001.S

AFE" 

output=/eodc/private/deltares/EO/WS_PRODUCTION/OUTPUT/ 

limit=51.2,3.1,51.55,4.4 

l2w_parameters=rhow_*,chl_re_gons,chl_re_gons740,qaa5,qaa6,p3qaa,spm_nechad2010_*,spm_

nechad2016_red,spm_nechad2016_nir,spm_nechad_2010ave_red,tur_nechad2009_red,tur_necha

d2009_nir,tur_nechad2016_red,tur_nechad2016_nir,tur_nechad2009ave_* 

## ancillary_type=GMAO_MERRA2_MET 

## ancillary_type=GMAO_FP_MET 

dem_pressure=True 

nechad_range=600,900 

rgb_rhot=True 

rgb_rhos=True 

map_l2w=True 

## output resolution (S2 only 10, 20, or 60 m) 

s2_target_res=10 

## output L2W to GeoTIFF 

## l2w_export_geotiff=True 

region_name=WS_PRODUCTION 

merge_tiles=True 

extend_region=True 
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Figure 3 Using the Cloud for computations and storage of intermediate results.  

 

2.2 Window and area extractions 

Multiple station and towed Scanfish datasets are being collected for comparison. To enable 

inter-comparison, windows extractions were made for station data and area extractions for the 

NIOZ polygons, Figure 4 maps stations and NIOZ-polygons.  

 

We extracted values in a 3 x 3 window (counting 1-9 left to right, bottom to top) for 12 stations 

(Table 3) to enable comparison of window_extraction output with in situ data from i.a. 

Scheldemonitor https://www.scheldemonitor.org/nl. At stations (points), windows statistics 

(average, std) around the central pixel where the station is located provide more information 

on representativity of the central pixel (e.g. whether it is neighbouring of optically shallow 

waters or dry land at low tide. 

 

Somewhat similarly Scanfish data along transects (lines) can be averaged per intersected 

NIOZ-polygons and compared with statistics for the NIOZ-polygons.  

 

 
 

Figure 4 Stations and areas from NIOZ-polygons (on OpenStreetMap background, © OpenStreetMap 

contributors. Available under the Open Database Licence from: openstreetmap.org).  

https://www.scheldemonitor.org/nl


 

Date 

12 December 2024 

  Page 

7 of 33 

 

 

 

 

  

 

Table 3 Stations 

stationID station lon lat x_coord y_coord 

0 Vlissingen boei SSVH 3.56579 51.4129 539347.7 5695894 

1 Walcheren 2 km uit de kust 3.4095 51.5481 528394.5 5710858 

2 Walcheren 2 km uit de kust_P 3.410833 51.54889 528486.5 5710946 

3 Hansweert geul 4.01439 51.437 570507.8 5698911 

4 Terneuzen boei 20 3.8257 51.3474 557504.9 5688782 

5 Schaar van Ouden Doel 4.250933 51.35118 587111.6 5689622 

6 Hansweert boei OHMG 3.990907 51.44094 568869.7 5699326 

7 Vlissingen boei SSVH 3.565793 51.41289 539348 5695893 

8 Hooge Platen 3.63428 51.3969 544126.2 5694154 

9 Hoedekenskerke boei 4 3.92081 51.426 564018.8 5697602 

10 Vlakte van de Raan 3.30904 51.46421 521468.1 5701494 

11 Zeebrugge 3.12 51.362 508354.7 5690089 

 

Vlissingen Boei and Hooge Platen are located in NIOZ-polygon 1, and Terneuzen boei 20 is 

located in area3. Hoedekenskerke boei 4 and Hansweert boei OHMG are in NIOZ-polygon 4, 

Hansweert geul is exactly at the boundary between area 4 and 5, and Schaar van Ouden 

Doel is in area 9. 
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3 Results 

3.1 Maps of several selected parameters for one moment in time 

Maps showing a true colour composite of top-of-atmosphere data (ɟt), water leaving 

reflectance (ɟs), suspended particulate matter concentration (10log SPM), light absorption (a) 

at 665 nm, chlorophyll concentration (10log CHL) at 12 March 2016 are presented below 

(Figure 5). Grey areas indicate that the satellite measurements could not be used in the 

optical modelling for retrieval of water quality parameters. Colour bars per parameter where 

kept generic for all images. All maps contain modified Copernicus Sentinel data, 2024. 

 

 
 

 
(maps contain modified Copernicus Sentinel data, 2024) 
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Figure 5 Maps of several parameters for one moment in time: a true colour composite of top-of-atmosphere 

data (ɟt), water leaving reflectance (ɟs), suspended particulate matter concentration (10log 

SPM), light absorption (a) at 665 nm, chlorophyll concentration (10log CHL) at 12 March 2016 

(maps contain modified Copernicus Sentinel data, 2024). 
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3.2 Selected maps of chlorophyll concentration over time 

A timeseries of selected chlorophyll maps is presented in the Appendix. These maps could be 

produced because cloud processing was very efficient compared to our previous way of 

working that started with downloading Sentinel-2 level-1 data. All maps contain modified 

Copernicus Sentinel data, 2024.  

 

3.3 Extracted window and area parameters 

 

Extraction of the parameters for windows around stations and areas of NIOZ-polygon 

extracted parameters resulted in 101 window_extraction_table_*.xlxs and 101 

area_extraction_table_*.xlxs files. They can be grouped in chlorophyll, suspended particulate 

matter, turbidity, quasi-analytical algorithm results and underlying water leaving reflectances 

and flags, and further reduced to .zip files.  

 

For the window extraction the results are mostly self-explanatory (Figure 6), but the area 

extractions require careful interpretation. A low pixel count in area averages indicates that the 

statistics (averages, standard deviations) may be less reliable, because they likely result from 

an area for which the in-water retrieval algorithms failed, e.g. because of sun-glint, detection 

of the sea bed, surfacing tidal flats, or (thin) clouds.  

 

As an example, satellited derive chlorophyll concentrations from standard Gons (Gons et al., 

2002) showed maximum chlorophyll values are frequently much higher than 100 mg/m3, 

which implies that the chlorophyll results should have been capped before area statistics were 

calculated. Therefore thresholding at pixel level and reprocessing is recommended before 

further use is made of this dataset. In the current form, zonal mean of 10 to 11 mg/m3 and 

median chlorophyll concentrations of 9 to 10 mg/m3 for areas (aggregated NIOZ-polygons) 1, 

4 ang 9 are similar (Figure 7).  

 

Similarly, mean and median for all windows-cells are around 10 mg/m3 and 8-9 mg/m3, 

respectively, but the maxima vary from 47 to 287 (with 67 for the central station pixel).  

 

Satellited derived Gons chlorophyll seems higher than reported chlorophyll from situ station 

data (Stolte and Rienstra et al., 2024) and this calls for further investigation. 
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Figure 6 Chlorophyll concentration (mg/m3) at the central station pixel (5) and surrounding pixels (1-4 and 6-9) 

for Vlissingen boei SSVH and Hoge Platen ` 

 

 
Figure 7 Selected zonal statistics for chlorophyll (in mg/m3) in areas 1,4 and 9 (for pixel count > 1% of max 

pixel count). 

 

When (subsequently) examining the quality flags (level-2 flag values), keep in mind that these 

are nominal data, represented in binary (so each bit can represent a different flag) and 

carefully assess the information of averages and standard deviations. The l2_flags are 

computed according to the following exponents: flag_exponent_swir=0, 

flag_exponent_cirrus=1, flag_exponent_toa=2, flag_exponent_negative=3, 

flag_exponent_outofscene=4. A 0 value indicates good quality, and occurs when no flags are 

set, but a 1 means the SWIR threshold is reached (20), a 2 means that the cirrus threshold is 

reached (21), and a 3 occurs when both SWIR and cirrus thresholds are reached (20+21) etc. 
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4 Outlook 

Next steps will be to carefully intercompare statistics extracted from the Sentinel data with 

validation station and in situ cruise data for stations and Scanfish. For these intercomparisons, 

the Scanfish likely samples somewhat deeper than the satellite data, which gets most signal 

just below the water surface. The NIOZ-polygons contain channels and intertidal flats, and the 

percentages of each will be different for different polygons making their comparison in space 

complex. Also there is a tidal bias in satellite data acquisition (Eleveld et al., 2014) and when 

trends are computed from the satellite data, the impact of adding an additional satellite 

(Sentinel-2B in 2017) should be investigated. 

 

Subsequently, primary production (PP) models will be constructed by combining several light 

and water quality parameters. Most of the parameters will be from our processing, but some, 

such as photosynthetically active radiation (PAR) not. There are many PP models for clear 

(ocean) waters. We aim to construct an optics-based algorithm that is optimized for the 

Westerschelde, verified with in situ datasets from NIOZ and Rijkswaterstaat.  
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Appendix A 

 

A timeseries of selected chlorophyll maps is presented below. These maps could be produced 

because cloud processing was very efficient compared to our previous way of working that 

started with downloading Sentinel-2 level-1 data. All maps contain modified Copernicus 

Sentinel data, 2024.  
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(maps contain modified Copernicus Sentinel data, 2024) 
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(maps contain modified Copernicus Sentinel data, 2024) 
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(maps contain modified Copernicus Sentinel data, 2024) 
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(maps contain modified Copernicus Sentinel data, 2024) 
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(maps contain modified Copernicus Sentinel data, 2024) 
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(maps contain modified Copernicus Sentinel data, 2024) 
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(maps contain modified Copernicus Sentinel data, 2024) 
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(maps contain modified Copernicus Sentinel data, 2024) 

 


