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Data was collected in buoy mode with a Satlantic HyperPro floating far from the vessel 
(~100m) measuring tilt and upwelled radiance (𝐿𝑢) at about 0.17m below the surface. A 
reference radiometer (𝐸𝑑 (𝜆, 0+)) was installed on the buoy. 
 
Sensors: Ed – HyperOCR370. Lu – HyperOCR302.  
 
Using the manufacturer software (SatCon, http://www.seabird.com/software/satcon) 
we converted raw files into readable text using factory calibration files dating from 
2024-10-29. 
 
We used the ‘apply immersion coefficients’ in the SatCon settings for the upwelled 
radiance radiometer (𝐿𝑢). 
 
We processed the resulting .dat files using MATLAB scripts 
 
There are several steps to processing the data.  
We used a 5 degrees threshold on both pitch and roll for Es and Lu data. 
 
The basic processing steps completed by the code are: 
-> Subtract time-interpolated 𝐸𝑑  dark data from 𝐸𝑑  light data; repeat for 𝐿𝑢 dark and 
light. 
-> Remove 𝐸𝑑  and 𝐿𝑢 spectra that have tilt values above a user-defined or default 
threshold (default is 5 degrees) 
-> Remove 𝐸𝑑 , and 𝐿𝑢 spectra that are outside the middle 50th percentile of Ed data 
(this removes any outliers in 𝐸𝑑 , e.g. from small clouds passing over – data are between 
the 25th and 75th percentliles) 
 
-> Calculate Rrs: 
 𝑅𝑟𝑠 (remote-sensing reflectance) is defined as the water-leaving radiance 
(𝐿𝑤(𝜆), i.e. the radiance just above the sea surface) normalized by the downwelling 
irradiance (𝐸𝑑 ): 

     𝑅𝑟𝑠(𝜆) =  
𝐿𝑤(𝜆,0+)

𝐸𝑑 (𝜆,0+)
 

 
In order to compute 𝐿𝑤(𝜆, 0+) we need to extrapolate from the depth of the sensor (z) 
and cross the air-water interface: 

𝐿𝑤(𝜆, 0+) =  𝐿𝑢(𝜆, 𝑧)exp (𝑧 ∙ 𝐾𝐿𝑢(𝜆))
𝑡

𝑛𝑠𝑤
 

Where 𝑡 = 0.98 is a transmission coefficient and 𝑛𝑠𝑤the index of refraction of seawater 
that we get from Quan and Fry (1995). 
The attenuation is computed from IOPs as follows: 

http://www.seabird.com/software/satcon


 

𝐾𝐿𝑢(𝜆) =  
𝑎𝑠𝑤(𝜆) + 𝑎𝑔(𝜆) + 𝑎𝑝(𝜆) + 𝑏𝑏,𝑠𝑤(𝜆) + 𝑏𝑏,𝑝(𝜆)

0.5
 

 
See chase et al., 2017 for more details. 
 The equation to extrapolate 𝐿𝑢 to just below the sea surface requires 
information on the absorption properties of the surface water.  
𝑎𝑝 is computed AC-s measurements of the inline system. For 𝑏𝑏,𝑝 we used a relationship 

between turbidity and 𝑏𝑏,𝑝 (700) from Boss et al., 2009, and the spectrum based on Boss 

et al., 2013: 

       𝑏𝑏,𝑝(𝜆) = 0.0163 ∗ 𝑇𝑢𝑟𝑏 ∗ (
𝜆

700
)

−0.73
  m-1 

 

For CDOM we used a linear relationship established with data from Tara Europa 
between FDOM and CDOM at every wavelength. 
 
The absorption by saltwater (𝑎𝑠𝑤(𝜆)) is also used and is taken from the recent IOCCG 
(2018) report augmented with temperature and salinity effects based on Sullivan et al., 
2006.  For sea water backscattering (𝑏𝑏,𝑠𝑤(𝜆)) as a function of salinity (𝑆) we used Lee 

et al., 1996, expression: 

𝑏𝑏,𝑠𝑤(𝜆) = 0.0038 ∗ (
𝜆

400
)

−4.32
(1 + 0.0081𝑆). 

 
We provide our measurements of 𝐿𝑢(𝜆, 𝑧),  𝐸𝑑(𝜆, 0−) and their uncertainties based on 
the standard error of the mean. I also provide 𝐿𝑤(𝜆, 0+) and 𝑅𝑟𝑠(𝜆) for which we 
propagate the uncertainties using standard propagation rules. 
 
 

 
Figure 1. Irradiance (top), radiance at 0.17m (middle) and derived reflectance obtained 

on Perseverance in its Southern Ocean cruise in 2026. Multiple curve denote 
different5min averaging. 



All raw data and calibration files are in the compressed folder 
HyperPro_Perseverance_2026. 
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