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In brief: what is the QAA-RGB?

 It is not a yet-another-algorithm
 It is an adaptation of a well-known and validated algorithm for 

high-resolution sensors (Landsat, Sentinel 2, WorldWiew, 
etc…)
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Motivation: there is high entropy in water quality 
modeling for coastal and inland waters

Doña et al. (2017)

Zhang et al. (2021)
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Research questions

 Can we retrieve IOPs (and Kd, Secchi…) from high-resolution 
sensors such as Landsat and Sentinel 2?

 Can we overcome the limitation caused by the low number of 
bands?

 Can we do it despite the coarse spectral resolution?
 Can we obtain an unbiased algorithms across with different 

band configurations?
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Let’s find an algorithm of broad applicability

The QAA (Lee et al. (2002))
Semianalytical
Most tested and validated algorithm
Easy and modular

Rrs QAA IOPs Kd model Secchi disk 
modelKd

Secchi disk
(zSD)

Perfect!!
….but we lack the required bands
This is why this approach did not exist before
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How does the QAA-RGB work?

𝜒𝜒 = log10
2𝐵𝐵

𝐺𝐺 + 5𝑅𝑅2
𝐵𝐵

= log10 2 − log10
𝐺𝐺
𝐵𝐵 + 5

𝑅𝑅
𝐵𝐵

2

log10 𝑎𝑎𝑛𝑛𝑤𝑤 555 = �
𝑘𝑘=0

𝑁𝑁
𝑝𝑝𝑘𝑘𝜒𝜒𝑘𝑘

Original QAA: two blue, one 
green and one red band to 
estimate absorption from 
reflectance

In high resolution sensors, we 
only have one blue (B), one 
green (G) and one red (R) 
band in this range

𝜒𝜒 = log10
)𝑟𝑟𝑟𝑟𝑟𝑟 443 + 𝑟𝑟𝑟𝑟𝑟𝑟(490

𝑟𝑟𝑟𝑟𝑟𝑟(555) + 5𝑟𝑟𝑟𝑟𝑟𝑟 670 2

)𝑟𝑟𝑟𝑟𝑟𝑟(490

…essentially, a balance between 
a G/B and a R/B ratio
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Need in situ anw(555) & hyperspectral Rrs to calibrate

Thanks to: 
• PACE team
• ZP Lee
• Valente et al.
• C. Giardino & M. Bresciani
• My CNR-ISMAR colleagues
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Calibration of absorption from Rrs
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• We can do it!
• We can estimate anw(555) from 

high resolution Rrs satellites 
with a deviation σ~ 50 %

• Once this is done, everything else is 
a sequence of analytical steps
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One example: replace QAA’s 443-to-555 ratio

Needed for:
 the bb spectral slope (η)
 an estimate of Raman scattering
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In summary:
 Tracking and compensating 
every bias that is caused by 
different sensor response 
functions
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Validation (1): QAA-RGB vs. QAA
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Validation (2): QAA-RGB vs. in-situ data
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The QAA-RGB is available, ready-to-use!

• Incorporated in the ACOLITE 
multi-sensor processor

https://github.com/acolite

• Stand-alone MATLAB code

https://doi.org/10.5281/zenodo.5761818

https://github.com/acolite
https://doi.org/10.5281/zenodo.5761818
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Exhaustive sensor list

Landsat 4 PlanetScope 0c
Landsat 5 PlanetScope 0d05
Landsat 7 PlanetScope 0d06
Landsat 8 PlanetScope 0e
Landsat 9 PlanetScope 0f
Sentinel 2A PlanetScope 22
Sentinel 2B RapidEye
Pléiades 1A Worldview2
Pléiades 1B WorldViev3

VENµS_VSSC
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ACOLITE Landsat 9 image over Matsalu N.P. (Estonia)
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ACOLITE PlanetScope/SD8 image over De Biesbosch
N.P. (Netherlands)
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Conclusions & future lines

 QAA-RGB: three band (B,G,R) retrieval of a, bb, Kd, zSD at high and 
very high spatial resolution

 Built on the reliable medium-resolution sensor QAA
 Careful calibration using the RSRs: negligible biases across 

sensors
 Applicability to very long multi-sensor series

 Wide and tested applicability limit (anw(555)<2 m-1)
 Implemented in ACOLITE: user-friendly software including AC
 Future upgrade: use a NIR band: likely increasing upper limit an 

order of magnitude
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