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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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empirical (adjective):  based on, concerned 
with, or verifiable by observation or 
experience rather than theory or pure logic



“ocean color”





Coastal Zone Color Scanner
1978-1986 metric CZCS SeaWiFS MODIS SGLI OLCI

primary ocean 
bands (nm)

443, 520, 550, 
670

412, 443, 490, 
510, 555, 670, 
765, 865

412, 443, 488, 
531, 547, 667, 
678, 748, 869, 
plus SWIR 

380, 412, 443, 
490, 529, 566, 
672(P), 763, 
867(P), 1055, 
SWIR (IRS)

400, 412, 443, 
490, 510, 560, 
620, 665, 674, 
682, 709, …, 
765, …, 866, 
1013

nadir res. 825 m 1100 m 1000 m 250 m full
1000 m red.

300 m full
1200 m red.

nadir swath 1636 km

discontinuous 
operation

1500 km GAC 
(2-day global)

2875 km LAC

2230 km
(2-day global)

1150 km
(3+day global)

1270 km
(3+day global)

tilt none none none

det. per band 1 4 (TDI) 10 pushbroom pushbroom

digitization 8 bits 10 bits GAC
12 bits LAC

12 bits

o chl-a + phaeopigments
o diffuse attenuation at 490 nm
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since the CZCS-era, 3 general flavors* of 
empirical Chl algorithms have emerged:

1. Rrs band ratios
2. Rrs line heights
3. neural networks 

4.  blended band 
ratios & line 
heights

* this, of course, is a grand oversimplification of progress and algorithm 
development, as many other approaches exists and many have been 
trained to retrieve IOPs, Kd, water depth, and other aquatic parameters
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Rrs maximum band ratio

X = log
10

[ Rrs(443 > 490 > 510) / Rrs(555) ]
log

10
(chl) = a

0
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4
X4

O’Reilly & Werdell 2019, Rem. Sens. Environ. [after O’Reilly et al. 1998, J. 

Geophys. Res.; O’Reilly et al. 2002, NASA TM, Werdell 2005, NASA OceanColor Web, others]

developed using a “global” dataset of in situ Rrs(λ) and chl 

Valente et al. 2022, Earth Syst. Sci. Data
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Rrs line height (baseline subtraction)
Chlorophyll Index (CI) from Hu et al. 2012, J. Geophys. Res. and Hu et al. 2019, J. Geophys. Res.
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Chl
OC3

                             Chl
OCI

blended band ratio & line height
OCI from Hu et al. 2012, J. Geophys. Res. 
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cannot emphasize enough 
how many empirical 
(statistical) approaches exist 
and for how many varied 
aquatic retreivals (IOPs, Kd, 
water depth, others …)

some are even nested (e.g., 
Kd, bb = f[Chl = f(Rrs)]
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SeaBASS holdings by year: 2006-2009
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Advantages:
• fast (computationally inexpensive)
• easily portable & reconfigurable
• often immune to some atmospheric correction issues
• sometimes insensitive to Rrs uncertainties
• easily expanded to consider other info (PCs, SST; e.g., Lange et al. 2020, Optics Express)
• often simply good enough

Disadvantages:
• non-unique (pervasive in inverse modeling)
• geographically biased (when using global products)
• Chl approaches considered “too Case-1”
• sometimes highly sensitive to Rrs uncertainties
• can easily prohibit insightful, conscientious interpretation of results 
• not predictive

Dirty secret:
• embedded into nearly 100% of all ocean color

Your opinions 
and thoughts?
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While errors in the 
same direction for 
both Rrs(blue) and 
Rrs(green) can 
cancel out …

… opposite 
direction errors in 
Rrs(blue) and 
Rrs(green) amplify 
errors in many 
retrievals
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The spectra in panel B were all generated from Chl profiles with 
optically weighted values between 0.95 and 1.05 mg m-3

Werdell et al. 2014, Applied Optics
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Szeto et al. 2011, J. Geophys. Res.
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analytical methods to calculate 
uncertainties exist …

… but they don’t encompass all 
sources (yet), such as those 
assigned to the in situ 
measurements and fit parameters
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