


(OBPG) 

Chl distribution of the global oceans 
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 [Chl] is actually an IOP product 
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Remote-sensing reflectance  (sr-1): 

The ultimate objective of RS: 
Retrieval useful/important 
environmental information 

How? 

algorithm! 



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) 



inputs outputs 

algorithm 

(Lw or Rrs) 

(IOPs or  
[Chl] etc) 
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Chl based on band ratio 





(Lee et al 1998) 

Empirical: 
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Remote-sensing reflectance  (sr-1): 

Physics-based algorithms (mechanistic) 

How is Rrs ǊŜƭŀǘŜŘ ǘƻ ǿŀǘŜǊΩǎ ƻǇǘƛŎŀƭ όōƛƻƎŜƻŎƘŜƳƛŎŀƭύ ǇǊƻǇŜǊǘƛŜǎΚ 



L: Radiance, W m-2 sr-1 

Photons  (P) 

L is a function of direction 

Wd

W
=

dA

P
L

Area (A) 

Basic radiometric quantity: 

Solid angle  (        ) 

Light ŀǘ ŀ άƴŀǊǊƻǿέ specific direction 



Radiance sensor 

(Kirk 1994) 

(Satlantic, inc.) 



E: Irradiance, W m-2 

Light ƻŦ ŀ άōǊƻŀŘέ ǊŀƴƎŜ ƻŦ ŘƛǊŜŎǘƛƻƴǎ 

 ̒



0 

z 

Downwelling light 

Ed: downwelling irradiance, W m-2 

Sky light 

 ̒



Irradiance sensor 

diffuser 

(Satlantic, inc.) 



Physics-based algorithms (mechanistic) 
How is Rrs ǊŜƭŀǘŜŘ ǘƻ ǿŀǘŜǊΩǎ ƻǇǘƛŎŀƭ όōƛƻƎŜƻŎƘŜƳƛŎŀƭύ ǇǊƻǇŜǊǘƛŜǎΚ 

Radiative Transfer Equation: 
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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: 
)0(

)',0(
)',( -

-W
=W

d

u
rs

E

L
r l

(Zaneveld 1995) 
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Gordon et al (1988): 
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Morel et al (1993, 1996, 2002): 
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Solve Rrs for IOPs or in-water constituents? 

rrs Ą Rrs  ? 



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(ɚ) = aw(ɚ) +    axi(ɚ) ä  bb(ɚ) = bbw(ɚ) +    bbxi(ɚ) ä

Build-up an Rrs spectrum block-by-block: 

)()()()( llll dgphw aaaa ++=

)()()()( 21 llll dgphw aMaMaa ++=

)()()()( 43 llll bobmbwb bMbMbb ++=



   
Bio-optical models  (forward model) 

One variable: 

Two variables: 


