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Table S1: Water body characteristics. O = oligotrophic, M = mesotrophic, E = eutrophic, P = polytrophic. Waterbodies with an “x” in the column “S3” are large 
enough to be evaluated with Sentinel-3 OLCI. See main text for the derivation. In brief, a 5x5 contiguous macro pixel, i.e. 1500*1500 m², can fit into 
waterbodies with an “x” in this column.  
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(Table S1 continued) 

 



(Table S1 continued) 

 

 



 

Supplementary Information SI 1 – Projects for developing workflows 
on incorporating remote sensing in waterbody monitoring 

• WasMon-CT with the federal state of Baden-Württemberg (https://www.d-
copernicus.de/fileadmin/Content/pdf/Beispiele-aus-Deutschland/umwelt-
naturschutz/WasMon-CT_15.7.16.pdf, and 
https://geoportal.bafg.de/arcportal/apps/webappviewer/index.html?id=72fdfede0a034e3b9
f61b2f9aa75a609, accessed 20th of October 2023) 

• SAMOSEE-BW, also with the federal state of Baden-Württemberg (https://um.baden-
wuerttemberg.de/de/umwelt-natur/nachhaltigkeit/nachhaltige-
digitalisierung/projekte/samosee-bw/, and https://pudi.lubw.de/detailseite/-
/publication/10383, accessed 20th of October 2023) 

• CIWAWA with the state of Hamburg (https://www.d-
copernicus.de/fileadmin/Content/pdf/Beispiele-aus-Deutschland/Methoden-und-
Anwendungsentwicklung/CIWAWA_graphical_abstract.pdf, and 
https://www.bafg.de/DE/05_Wissen/02_Veranst/2021/2021_09_07_05.pdf?__blob=publica
tionFile, accessed 20th of October 2023) 

• WaCoDis with the North Rhine Westphalia association for protecting the drinking water use 
along the River Wupper (https://wacodis.fbg-hsbo.de/, accessed 20th of October 2023; [1] 

 

Supporting Information SI 2 – Authorities concerned with water 
quality who contributed in situ data 
 

HNLUG (Hessian State Agency for Nature Protection, Environment and Geology) 

LfU (State agency for Environment Rhineland-Palatinate) 

LLUR (State Agency Agriculture, Environment and Rural Areas, Schleswig Holstein) 

Ministry for Climate protection, Agriculture, Rural Areas and the Environment Mecklenburg 
Pomerania 

LHW (State agency for Flood protection and Water Resources Management Saxony Anhalt) 

State agency for the Environment Brandenburg 

NLWKN (Lower Saxony State Agency for Water Resources Management, Coast and Nature 
protection) 

LUBW (State agency for the Environment Baden Württemberg) 

LTV (State agency for Reservoirs Saxony) 

Agency for the management of the catchment of the River Wupper, North Rhine Westphalia 

HHU (State Agency for Environment, Climate, Energy and Agricultural Management Institute for 
Hygiene and the Environment Hamburg 

Thuringian Water Resources Provider 



LfU (Bavarian state agency for the Environment) 

 

Supporting Information SI 3 – Satellite specifications 
 

 

 

 
Figure S1. Overview over the two satellites used and their specifications, along with two example images from Lindau, Lake 
Constance, Germany. MSI = Multispectral Instrument; OLCI = Ocean and Land Color Imager.  

 

Supporting Information SI 4 – Secchi depth in situ measurements 

 
Figure S2. Boxplot of the Secchi depths in the in situ data. The upper whisker extends here from the upper line of the box to 
the largest value, with the whisker not being further than 1.5 times the inter-quartile range from the upper line of the box. 
The inter-quartile range is the distance between the first and third quartiles. The lower whisker extends to the smallest value 



which is maximum 1.5 times the inter-quartile range. Outliers are points outside of the inter-quartile range. They are plotted 
as separate points. 

 

Supporting Information SI 5 – Results 
 

Secchi depth 
 

 

 

                      (a)                                                      (b)                                                     (c) 
Figure S3. Regression between in situ (x axis) and Sentinel-2 MSI remote sensing Secchi depth values (y axis) from the whole 
water body, values from the same day, on a logarithmic scale. a), eoapp AQUA processing chain, b) CyanoAlert processing 
chain, c) combined approach. R² = Determination measure, Slope = regression line slope, MAE = Mean average error, all 
three based on log transformed data, RMSE = root mean square error, Bias =mean bias from the untransformed data, N = 
number of measurements. For the results for Sentinel-3, refer to Figure 3 of the main paper.  

 

 

Chlorophyll-a 
 

 

 

                      (a)                                                      (b)                                                     (c) 
 



Figure S4. Regression between in situ (x axis) and Sentinel-2 remote sensing chlorophyll-a values (y axis) from the whole 
water body, values from the same day, on a logarithmic scale. a) eoapp AQUA processing chain, b) CyanoAlert processing 
chain, c) combined approach. R² = Determination measure, Slope = regression line slope, MAE = Mean average error, all 
three based on log transformed data, RMSE = root mean square error, Bias =mean bias from the untransformed data, N = 
number of measurements. For the results for Sentinel-3, refer to Figure 4 of the main paper.  

Turbidity 
 

 

                      (a)                                                      (b)                                                     (c) 
 

Figure S5. Regression between in situ (x axis) and Sentinel-2 remote sensing turbidity values (y axis) from the whole water 
body, values from the same day, on a logarithmic scale. a) eoapp AQUA processing chain, b) CyanoAlert processing chain, c) 
combined approach. R² = Determination measure, Slope = regression line slope, MAE = Mean average error, all three based 
on log transformed data, RMSE = root mean square error, Bias =mean bias from the untransformed data, N = number of 
measurements. For the results for Sentinel-3, refer to Figure 5 of the main paper.  

 

 

Sentinel-2 versus Sentinel-3 
 

 

                      (a)                                                      (b)                                                     (c) 
Figure S6: Regression between remote sensing Secchi depth values from the waterbody-scale Sentinel-2 (x axis) and Sentinel-
3 (y axis), values from the same day, on a logarithmic scale. a) eoapp AQUA processing chain, b) CyanoAlert processing 
chain, c) combined approach. R² = Determination measure, Slope = regression line slope, MAE = Mean average error, Bias = 
mean bias; all four based on log transformed data, RMSE = root mean square error, N = number of measurements.  

 

 



 

 

 

 

 

 

 

                      (a)                                                      (b)                                                     (c) 
Figure S7. Regression between remote sensing chlorophyll-a values from the waterbody-scale Sentinel-2 (x axis) and 
Sentinel-3 (y axis), values from the same day, on a logarithmic scale. a) eoapp AQUA processing chain, b) CyanoAlert 
processing chain, c) combined approach. R² = Determination measure, Slope = regression line slope, MAE = Mean average 
error, Bias = mean bias; all four based on log transformed data, RMSE = root mean square error, N = number of 
measurements.  

 

 

                      (a)                                                      (b)                                                     (c) 
Figure S8. Regression between remote sensing turbidity values from the waterbody-scale Sentinel-2 (x axis) and Sentinel-3 (y 
axis), values from the same day, on a logarithmic scale. a) eoapp AQUA processing chain, b) CyanoAlert processing chain, c) 
combined approach. R² = Determination measure, Slope = regression line slope, MAE = Mean average error, Bias = mean 
bias; all four based on log transformed data, RMSE = root mean square error, N = number of measurements.  

 

 

 

References 



1.  Kirstein, V.; Bitterich, L.; Drost, S.; Vogt, A.; Pakzad, K. Copernicus Dienste Für Die  
Wasserwirtschaft  –  Ergebnisse Aus Dem Projekt WaCoDiS. kw Korrespondenz Wasserwirtschaft 
2021, 14, 486–486. 

 


