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Blum et al. 2012, Advances in Space Research 

Satellite instruments measure the 
spectral radiant flux leaving the top 
of Earth’s atmosphere

This includes contributions from 
everything directly in or directed 
into its instantaneous field of view

Ideally, forward models representing 
the combined ocean-atmosphere 
system (COAS) could be repeatedly 
run to find the combination that 
best reproduces the measured 
top-of-atmosphere radiance

Historically, this has been (and in many ways 
still is) too computationally expensive 
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IOP(λ)[chl, whatever] ➞ forward model ➞ Rrs(λ)

Rrs(λ) ➞ inverse model ➞ IOP(λ), chl, whatever
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inverse (adjective):  opposite or contrary in 
position, direction, order, or effect
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The RTE describes how the light field varies with a and b using very sophisticated math.  
The QSSA has historically provided a useful simplification for use in, e.g., ocean color remote sensing.
Here’s a gross oversimplification of how it works …
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The RTE describes how the light field varies with a and b using very sophisticated math.  
The QSSA has historically provided a useful simplification for use in, e.g., remote sensing.
Here’s a gross oversimplification of how it works …

* note: this only holds for the surface
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measurements of           … led to 
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1. relate Rrs to a and bb 2. IOPs are additive. Define a and bb.

3. IOPs are proportional to component concentrations, 
so redefine as a function of concentration and spectral 
shapes
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in a hyperspectral world, there’s potential for multiply deconstructing each component if the IOPs differ …
… but some IOPs do not significantly differ, and we’ve lived in a multispectral world 

3. IOPs are proportional to component concentrations, 
so redefine as a function of concentration and spectral 
shapes

3A. Define a reduced number of concentration spectral shapes
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4.  Put it all together 

B

B
u(λ) =

B

water values are known and “constant”
spectral shapes (eigenvectors) are “known” and defined
magnitudes (eigenvalues) are unknown and to be retrieved

5.  Input the “known” spectral shapes (eigenvectors) and perform a regression (spectral matching 
technique) against the reference (input) Rrs spectrum to estimate best-fit magnitudes (eigenvalues)



Additional components or nuances for consideration:

1. the cost or merit function used in least-squares regression

2. quality control of the output eigenvectors and their IOP products

3. uncertainties calculations (more later)

4. performance assessments (more later)
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for future exploration:
• only considers absolute 

differences
• could be spectrally 

weighted (e.g., by SNRs)
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∝

what combination of these 
…

… can reconstruct this?

one sentence summary of this inversion paradigm:  How much of 
each absorbing and backscattering component is needed (in a least 
squares sense) to reconstruct the measured reflectance spectrum?
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Explosion of papers in the mid-1990’s to mid-2000’s on ocean color inversion modeling:

• Roesler and Perry 1995 – two component backscattering; thoughtful re: fluorescence
• Lee et al. 1996         Lee et al. 2002 = QAA
• Hoge and Lyon 1996
• Garver and Siegel 1997        Maritorena et al. 2002 = GSM
• Roesler and Boss 2003 – shift focus from bb to beam-c and its spectral slope
• Roelser et al. 2004 – use component aph to infer phytoplankton community structure 
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In the broadest sense, these approaches built on each other or experienced 
convergent evolution, such that they differed in common and key places …
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you live in a consumer’s market!

 

 

 

Werdell et al. 2018, Prog. Oceanography
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you live in a consumer’s market!

 

 

 

Werdell et al. 2018, 
Prog. Oceanography

Remember thisfrom 
the empirical 
algorithms lecture?

“Dirty secret:
• embedded into 

nearly 100% of all 
ocean color”
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you live in a consumer’s market!

 

 

 

Werdell et al. 2018, Prog. Oceanography

Werdell et al. 2013, Applied Optics
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a tool like GIOP (its goals anyway):

• supports and consolidates critical understanding of how inversion algorithms operate
• democratizes inversion algorithm development & refinement
• simplifies sensitivity analyses
• simplifies (NASA’s) code maintenance (and anyone’s ability to update it)
• simplifies uncertainties calculations
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some recent advances and enhancements:

• expanded solution space (e.g., ag and ad) – Brando et al. 2012, Zheng et al. 2013, 2015, others

• temperature and salinity dependence of bbw – Werdell et al. 2013

• Raman adjustment of Rrs – McKinna et al. 2016 (from Lee et al. 2013, Westberry et al. 2013)

• Bayesian / Optimal Estimation retrievals – Erickson et al. 2020, Erickson et al. 2023

• seeding the inversion with an externally collected IOP – Bission et al. in review

• application to optically shallow waters – Lee et al. 1999, McKinna et al. 2015, Barnes et al. in prep, others

• application to PCC –  Werdell et al. 2014, Chase et al. 2019, Kramer et al. 2022, others

• still little work exploiting the fluorescence signal
• expansion of parameterization across optical water types (Moore et al. 2014)
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still missing components in the uncertainty budgets 
(e.g., in situ uncertainties used in empirical models, 
and fit parameters, correlations, etc.)
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the Rrs wavelength suite input into the inversion will influence the 
values of the output IOP retrievals (Werdell and McKinna 2019)
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performance assessment of ocean color inversion models requires care:

• independent datasets

• variation in performance across spectral regions (good in blue vs. poor in red?)

• performance of one product (e.g., aph) relative to the another (e.g., bbp)

• uncertainties should consider both model and “truth” (McKinna et al. 2019)

• large of wavelengths to consider

• meaningful plots and results reporting 
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quick wrap-up:

• ocean color inversion algorithms are powerful tools
• the devil is in the details

o eigenvector definitions
o solution methods
o over- vs. under-constrained solutions
o choice of wavelength
o correlations

• no-one escapes empiricism
• used properly, these methods can be made portable and predictive


