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� Color of the ocean contains latent information on the 
water quality(CDOM, Turbidity) and the abundance of 
the marine microflora (phytoplankton)

Ocean Color: Spectral Visible 
Radiometry



CPA -Color Producing Agent

� CPA of natural water: phytoplankton, CDOM, SM, and 
pure water

Non-scattering:  CDOMScatterers:  water, algae, particles



Phytoplankton
� Predominantly single-celled and microscopic (0.5 to 

250μm) organism

� “Green plants” (chlorophyll pigments, photosynthesis)

� Mostly confined to the surface (illuminated) layer

� Ubiquitous and abundant 

� Control color of water (detectable from space)



CDOM

• Colored

Dissolved

Organic

Matter

• Plant Decomposition Material, 
yellow substance

• Terrestrial and Aquatic Sources
• Strongly absorbs short wavelength 

light ranging from blue to 
ultraviolet

Image Credit: Chris Halaxs



SM-Suspended Minerals
� Mineral Particulates drifting in the water

� From Sediments, inflows

� Made of inorganic materials



Ocean Color Remote Sensing

� Phytoplankton Biomass 
� Chlorophyll-a (CHL) as a 

quantifiable surrogate

� Inorganic Particulates 
minerals
� Suspended minerals (SM) as a 

quantifiable surrogate

� Dissolved organic carbon 
(DOC)
� CDOM (colored dissolved 

organic matter ) as a 
quantifiable surrogate

Ocean Color Remote Sensing of Lake 
Michigan on May 13, 2003 
(Pozdnyakov et al.  2005)

� Ocean-color remote sensing was conceived primarily as a 
method for producing synoptic inference of the co-extant 
concentrations from water color of :



Case 1 and case 2 water

� Case I waters are 
dominated by 
phytoplankton

� Case II waters have a 
significant portion of 
colored dissolved 
organic matter 
(CDOM) and 
suspended material

After Janet Trout



Inherent Optical Properties (IOP)

• Attenuation • Absorption • Scatterance
c= a b

� = Photons

After C. Mobley
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AOP-Apparent Optical Properties
� AOP depends both on the medium (the IOPs of the 

medium) and on the geometric (directional) structure 
of the radiance distribution.

Two optical processes, i.e., : absorption 
and scattering determine the fate of 
photons that penetrate into the ocean

CPA concentration and light direction and 
strength determines the water-leaving 
radiance) 

Atmosphere

Water



Energy Transmittance per 

Wavelength to Water Surface
With satellite bands



Retrieve algorithms
The numerical process that converts water color 
(radiometric measurements) recorded by satellites into 
geophysical values of water quality 

Top of 
Atmosphere 

DN

CHL

SM

CDOM



Analytical inverse modeling
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Ocean Color is determined by 
irradiance leaving the sea surface: 



Concentrations 
and IOP of 
CPAs

AOP of the 
water column

Sub-surface 
irradiance/ref

Water leaving irradiance 
or reflectance

Forward modeling

Top of atmosphere 
irradiance/reflectance

Inverse modeling

Assume you already know IOP of each CPA



Binding et al. (2012), MODIS-derived algal and 

mineral turbidity in Lake Erie

Stations for 
filed sampling

Algorithm: 
Invert 
modeling



Results of Binding et al (2012), the seasonal 
cycles of Chl. a and MSPM(Mineral suspended 
particulate matter)



MERIS

MODIS

LANDSAT

Empirical algorithms



Empirical algorithms
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Where

MODIS OC3M



In Situ 
validation 
with 
NOMAD 
dataset



Witter et al. (2009)



Sampling plots

Assessment results:
correlations were 
between 0.65 and 
0.73, however, the 
slope is biased

Witter et al. (2009)



Performance of ocean color 

algorithms:
� The absolute accuracy of Chl.a and SM retrieved from 

satellites signals is questioned

� The spatial and temporal patterns in Chl. a and SM 
concentrations derived from satellites are sometimes 
reliable due to good correlations between ground 
based measures and satellites-based measures

� Empirical algorithms works well for Case 1 water but 
problematic for Case 2 water

� Analytical inverse modeling potentially can give good 
results for Case 2 water, but difficulty to develop.



Thank you!

Questions?


