


Empirical 
(explicit or implicit) 

Semi-analytical 
(algebraic or optimization) 

Yes: Bio-optical models 

No need: Bio-optical models 

Bottom Up Strategy (BUS) 
 
 
Top Down Strategy (TDS) 
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Remote-sensing reflectance  (sr-1): 

The ultimate objective: 
Retrieval useful/important 
environmental information 

How? 

algorithm! 



inputs outputs 

algorithm 



(O’Reilly et al 1998) 

Chl based on band ratio 





(Lee et al 1998) 

Empirical: 
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‘Accurate’ Rrs model  
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Basics of physics-based algorithms 
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Albert and Mobley (2003) : 
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Lee et al (2004) 
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Park and Ruddick (2005) 
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Van Der Woerd and Pasterkamp  (2008) 

Exact solution: 
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Accurate Rrs model  

Solve Rrs for IOPs or in-water constituents? 



Two basic strategies: 

1. Bottom-up strategy (BUS):  
 Assume we know the spectral shapes of the optically 
active components  
 
2. Top-down strategy (TDS): 
 Only need the spectral shape information when it is 
necessary 
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# of unknowns > # of equations! 

Have to increase # of equations or decrease # of unknowns! 

What are we facing in RS algorithms?   

An ill formulated math problem! 



1. Bottom-up strategy (BUS):   
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 a(λ) = aw(λ) +    axi(λ)  bb(λ) = bbw(λ) +    bbxi(λ) 

Build-up an Rrs spectrum block-by-block: 
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Bio-optical models  (forward model) 

)()( phph aPa

)()()( 2211 phphph aPaPa

One variable: 

Two variables: 
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Absorption components: ag spectrum shapes 
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g ea S: 0.01 – 0.02 nm-1 

(Bricaud et al 1981) 
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3-variables model to describe an Rrs spectrum 
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M1-4 (or M1-3) are wavelength independent variables! 
Then they could be derived by comparing the modeled 
Rrs spectrum with the measured Rrs spectrum. 

The blue-green domain: e.g., Hoge and Lyon (1996), Carder et al (1999) 
The red-infrared domain: e.g., Binding et al (2012) 
The entire spectrum (spectral optimization):  e.g., Bukata et al (1995), 
Lee et al (1994,1996,1999), Maritorena et al (2002), Boss and Roesler 
(2006), Brando et al (2012) 

Spectral ranges used for solutions (e.g. examples of BUS): 

Look-Up-Tables  (LUT):  e.g., Carder et al (1991); Mobley et al (2005) 



Matching between measured and modeled Rrs 
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Quantitative measure of the closure (error function): 

Spectral Optimization 



Algorithms using information in the red-infrared bands 
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(Gitelson et al 2007) 

Two bands Three bands 



Two-, three-, four-band ratios in the red-infrared domain: 
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Proper contrast of Rrs at λ1 and λ2 then leads to M1. 
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2. Top-down strategy (TDS): 
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Remote sensing measures the total effect: 

Water clarity (or turbidity) is also a measure of total effect. 

Rrs  bb&a  ax 

Clarity (Secchi depth, light depth, TSM/SPM, etc) 

Examples of TDS: 

Loisel & Stramski (2000), QAA (Lee et al, 2002); Smyth et al (2006); 
Doran et al (2007). 



The Quasi-Analytical Algorithm (QAA) 

(a,bb,etc) Rrs 

Forward modeling: 

QAA: 

(a,bb) Rrs 
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The data flow of QAA: 
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(Lee et al 2002) 
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For a reference wavelength, λ0, variation of a(λ0) is limited. 

λ0 

λ0 

Known a(λ0), enables calculation of bb(λ0) from Rrs(λ0); propagate bb(λ0) to 
bb(λ), then enables calculation of a(λ) from Rrs(λ). 

No need of spectral model of ax(λ) in this process! 

Logic behind QAA: 
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aw(550) = 0.0565 

Empirical! 

When 550 nm as the reference wavelength  (λ0) 
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rrs(λ) = Rrs(λ)/(0.52  + 1.7 Rrs(λ)) 
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Invert Rrs: 
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Empirical: 
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Empirical! 



Key Points: 

1. Various inversion algorithms for IOPs have been 
developed; but more/better ones are also expected. 

2. BUS derives every component first, then 
(simultaneously) derives the total optical property. 

Assume the spectral shapes of the optically active 
components are well characterized!  

BUS relies more on forward bio-optical model 

TDS relies more on Rrs measurement 

3. TDS derives total first, then decompose to separate 
components. 


