
Aerosol parameters 
• Required for 𝑇𝑇𝑎𝑎𝑎𝑎 𝜆𝜆  
  α Angström exponent: wavelength dependency 
  β Aerosol optical thickness at 550 nm 
• Derived by fitting 𝐿𝐿𝑠𝑠𝑠𝑠𝑠𝑠 𝜆𝜆 /𝐸𝐸𝑑𝑑 𝜆𝜆  using  

• set 𝜌𝜌𝐿𝐿 𝜃𝜃𝑣𝑣  = 1, 𝑔𝑔𝑑𝑑𝑑𝑑 = 0 
• fit 𝑔𝑔𝑑𝑑𝑠𝑠𝑠𝑠, 𝑔𝑔𝑑𝑑𝑠𝑠𝑎𝑎, α,  β 

 Model reproduces measurements very well (E) 
 Aerosol concentration low, small particles (F) 
 𝒈𝒈𝒅𝒅𝒔𝒔𝒔𝒔 ≈ 0.69 𝒈𝒈𝒅𝒅𝒔𝒔𝒔𝒔 (no plot) 
 
Glint coefficients 
• Derived by fitting 𝑅𝑅𝑟𝑟𝑟𝑟𝐵𝐵𝐵𝐵𝐵𝐵 𝜆𝜆  

• 𝑅𝑅𝑟𝑟𝑟𝑟 𝜆𝜆 : bio-optical model of Albert and Mobley (2003) 

• 𝑅𝑅𝑟𝑟𝑟𝑟
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝜆𝜆 : Eq.  

• Fit parameters:  
• C Chlorophyll-a concentration 
• X Total suspended matter concentration 
• Y CDOM absorption at 440 nm 
• 𝑔𝑔𝑑𝑑𝑑𝑑 Sun glint 
• 𝑔𝑔𝑑𝑑𝑠𝑠𝑠𝑠  Sky glint (set 𝑔𝑔𝑑𝑑𝑠𝑠𝑠𝑠 = 0.69 𝑔𝑔𝑑𝑑𝑠𝑠𝑟𝑟) 

 Model reproduces measurements well (G) 
 Only weak correlation between 𝒈𝒈𝒅𝒅𝒅𝒅 and 𝒈𝒈𝒅𝒅𝒔𝒔𝒔𝒔 (H) 
 
Remote sensing reflectance 
• Derived following steps 4 and 5 
 Resulting spectra 𝑹𝑹𝒓𝒓𝒓𝒓 𝝀𝝀  consistent with each other (I) 
 Resulting spectra 𝑹𝑹𝒓𝒓𝒓𝒓 𝝀𝝀  consistent with under water 

measurement (I) 
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Summary 
 Spectral model for simulating sun glint and sky glint 
 Procedure to correct surface reflections for individual measurements 
 Model and correction procedure are implemented in software WASI 

“Eye catcher” 
Sun glint image of Lake Starnberg 

derived from Sentinel-2 using 
WASI (Dörnhöfer et al. 2016)  

 
 

Results 

Motivation 

Reflections at the water surface  
• are of comparable intensity as water leaving radiance (A) 
 ... or even much higher (B) 
• are strongly wavelength dependent (A) 
 ... except at overcast sky (B) 

 
Existing correction algorithms 
• statistical models for pixel size > 100 m (Cox and Munk) 
• spectral models for pixel size < 100 m 
 ... not yet reliable at all conditions 
 B 

A 

Irradiance model 

Glint model 

𝑅𝑅𝑟𝑟𝑟𝑟
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝜆𝜆 = 𝜌𝜌𝐿𝐿 𝜃𝜃𝑣𝑣 ∙

𝐿𝐿𝑠𝑠𝑠𝑠𝑠𝑠 𝜆𝜆
𝐸𝐸𝑑𝑑 𝜆𝜆

= 

𝜌𝜌𝐿𝐿 𝜃𝜃𝑣𝑣 ∙
𝑔𝑔𝑑𝑑𝑑𝑑𝑇𝑇𝑟𝑟 𝜆𝜆 𝑇𝑇𝑎𝑎𝑎𝑎 𝜆𝜆 + 1

2𝑔𝑔𝑑𝑑𝑑𝑑𝑑𝑑 1 − 𝑇𝑇𝑟𝑟 𝜆𝜆 0.95 + 𝑔𝑔𝑑𝑑𝑑𝑑𝑑𝑑𝑇𝑇𝑟𝑟 𝜆𝜆 1.5 1 − 𝑇𝑇𝑎𝑎𝑎𝑎 𝜆𝜆 𝐹𝐹𝑎𝑎

𝑇𝑇𝑟𝑟 𝜆𝜆 𝑇𝑇𝑎𝑎𝑎𝑎 𝜆𝜆 + 1
2 1 − 𝑇𝑇𝑟𝑟 𝜆𝜆 0.95 + 𝑇𝑇𝑟𝑟 𝜆𝜆 1.5 1 − 𝑇𝑇𝑎𝑎𝑎𝑎 𝜆𝜆 𝐹𝐹𝑎𝑎

 

Upwelling radiance 𝐿𝐿𝑢𝑢 𝜆𝜆  is composed of water leaving radiance 𝐿𝐿𝑤𝑤 𝜆𝜆  and sky radiance 𝐿𝐿𝑠𝑠𝑠𝑠𝑠𝑠 𝜆𝜆  
reflected at the water surface: 

Model for sky radiance 𝐿𝐿𝑠𝑠𝑠𝑠𝑠𝑠 𝜆𝜆  is adopted to irradiance model: 
 
 

𝜌𝜌𝐿𝐿 𝜃𝜃𝑣𝑣  Fresnel reflection 
𝜃𝜃𝑣𝑣  Viewing zenith angle 
𝑇𝑇𝑟𝑟 𝜆𝜆   Atmospheric transmittance after Rayleigh scattering 
𝑇𝑇𝑎𝑎𝑎𝑎 𝜆𝜆   Atmospheric transmittance after aerosol scattering 

Correction algorithm 
Step 1: Determine the atmosphere properties 𝑇𝑇𝑟𝑟 𝜆𝜆 , 𝑇𝑇𝑎𝑎𝑎𝑎 𝜆𝜆  and 𝐹𝐹𝑎𝑎. 

Step 2: Determine the reflection factor 𝜌𝜌𝐿𝐿 𝜃𝜃𝑣𝑣  using Fresnel equation.  

Step 3: Determine glint intensities 𝑔𝑔𝑑𝑑𝑑𝑑, 𝑔𝑔𝑑𝑑𝑠𝑠𝑠𝑠 and 𝑔𝑔𝑑𝑑𝑠𝑠𝑠𝑠 by inverse modeling of 𝑅𝑅𝑟𝑟𝑟𝑟𝐵𝐵𝐵𝐵𝐵𝐵 𝜆𝜆 . 

Step 4: Calculate the surface reflections 𝑅𝑅𝑟𝑟𝑟𝑟
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝜆𝜆  using  

Step 5: Subtract 𝑅𝑅𝑟𝑟𝑟𝑟
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝜆𝜆  from 𝑅𝑅𝑟𝑟𝑟𝑟𝐵𝐵𝐵𝐵𝐵𝐵 𝜆𝜆  to obtain 𝑅𝑅𝑟𝑟𝑟𝑟 𝜆𝜆 .  

Software implementation 
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Data 

𝑬𝑬𝒅𝒅 𝝀𝝀 = 𝑬𝑬𝒅𝒅𝒅𝒅 𝝀𝝀 + 𝑬𝑬𝒅𝒅𝒅𝒅𝒅𝒅 𝝀𝝀 + 𝑬𝑬𝒅𝒅𝒅𝒅𝒅𝒅 𝝀𝝀  

𝑳𝑳𝒖𝒖 𝝀𝝀
𝑬𝑬𝒅𝒅 𝝀𝝀

= 𝑹𝑹𝒓𝒓𝒓𝒓𝑩𝑩𝑩𝑩𝑩𝑩 𝝀𝝀 = 𝑹𝑹𝒓𝒓𝒓𝒓 𝝀𝝀 + 𝑹𝑹𝒓𝒓𝒓𝒓
𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 𝝀𝝀  

 

𝐸𝐸𝑑𝑑𝑑𝑑 𝜆𝜆   Direct component (from sun disc) 
𝐸𝐸𝑑𝑑𝑠𝑠𝑠𝑠 𝜆𝜆   Diffuse Rayleigh component (from sky) 
𝐸𝐸𝑑𝑑𝑑𝑑𝑎𝑎 𝜆𝜆   Diffuse aerosol component (from sky) 
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Analytic model of Gregg and Carder (1990): 

𝑳𝑳𝒔𝒔𝒔𝒔𝒔𝒔 𝝀𝝀 = 𝒈𝒈𝒅𝒅𝒅𝒅 ∙ 𝑬𝑬𝒅𝒅𝒅𝒅 𝝀𝝀 + 𝒈𝒈𝒅𝒅𝒅𝒅𝒅𝒅 ∙ 𝑬𝑬𝒅𝒅𝒅𝒅𝒅𝒅 𝝀𝝀 + 𝒈𝒈𝒅𝒅𝒅𝒅𝒅𝒅 ∙ 𝑬𝑬𝒅𝒅𝒅𝒅𝒅𝒅 𝝀𝝀  𝑔𝑔𝑖𝑖 Relative contribution of 
 irradiance component i 

𝑅𝑅𝑟𝑟𝑟𝑟 𝜆𝜆 = 𝐿𝐿𝑤𝑤 𝜆𝜆
𝐸𝐸𝑑𝑑 𝜆𝜆

  Remote sensing reflectance 

𝑅𝑅𝑟𝑟𝑟𝑟
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝜆𝜆 =

𝐿𝐿𝑠𝑠𝑠𝑠𝑠𝑠 𝜆𝜆
𝐸𝐸𝑑𝑑 𝜆𝜆  Surface reflectance 

Three component glint model: 
 
 

𝐸𝐸𝑑𝑑𝑠𝑠𝑠𝑠 𝜆𝜆  can be calculated easily from sun zenith 
angle and air pressure 
𝐸𝐸𝑑𝑑𝑑𝑑𝑎𝑎 𝜆𝜆  requires knowledge about aerosols 

• Baltic Sea 
• Rflex system (Simis and Olsson, 2013)  
• TriOS Ramses sensors: 1x ACC-VIS, 2x ARC-VIS 
• Continuos recording of 𝐿𝐿𝑠𝑠𝑠𝑠𝑠𝑠 𝜆𝜆 , 𝐿𝐿𝑢𝑢 𝜆𝜆  and 𝐸𝐸𝑑𝑑 𝜆𝜆  
• Mobley geometry: 𝜃𝜃𝑣𝑣=40°, azimuth angle 90°-135° 
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H 

Correction procedure implemented in WASI (Gege 2016) 

http://www.ioccg.org/data/software.html
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