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What is
Optically 

Complex?
oceancolor.gsfc.nasa.gov

•Nearshore 
–Dissolved (CDM)
–Non-algal (NAP)
–SAAs

–Problem: Spectral 
variability in 
optical properties



Developing SAAs for Complex, 
Dynamic Systems

• Characterize:

– Inherent Optical Properties

– Light field

– Chl, TSM, etc.

•Are there distinct optical provinces within the region of 
interest?



For example...



158 Stations between 2004 - 2007

Aurin, et. al., JGR, in press

Aurin, et. al., JGR, in press





absorption a(λ)
attenuation c(λ)
backscattering bb(λ)
temperature
pressure
conductivity

Chlorophyll
HPLC
TSM
QFT anap(λ),aφ(λ)

Radiometry:
Upwelling/Downwelling 
radiance/irradiance, Rrs(λ)

Particle Size 
Distribution



LIS vs. the World (NOMAD)
NASA bio-Optical Marine Algorithm Data set: 3,400 predominantly coastal 
stations worldwide.

LIS significantly higher 
than NOMAD

Aurin, et. al., JGR, in press

LIS highly variable

~Order of mag. 
higher



Remote Sensing Reflectance

Phytoplankton 
dominated

Sediment 
dominated

Aurin, et. al., JGR, in press

Variability 
between/within 
sub-regions, 
seasons in Rrs



IOP Spectral shape 
characteristics are fairly uniform 
across the region

Aurin, et. al., JGR, in press

Variability between sub-regions



Non-metric Multi-Dimensional Scaling (NMDS) – Cluster Map

Stations clustered 
into 3 groups 
based on 
constituent 
absorption and 
scattering 
(magnitude):
ap(440)
aφ(676)
anap(440)
acdm(440)
bp(440)
bbt(650)

Aurin, et. al., JGR, in press



Non-metric Multi-Dimensional Scaling (NMDS) 
and Principal Component Analysis

Stations clustered based 
on IOP "quantity" 

ap(440)
aφ(676)

anap(440)
acdm(440)
bp(440)
bbt(650)

Stations did not cluster based on IOP 
"quality" 

Y
Scdm
Snap
Y
γ

Aurin, et. al., JGR, in press



Take Home
• Variability in spectral reflectance in 

LIS controlled by magnitudes of 
optical properties rather than by 
significant differences in spectral 
quality of optically significant 
constituents

• Minimizes necessity for sub-
regional "tuning" of SAAs



Algorithm Selection

Aurin, et. al., AO, in prep.



Aurin, et. al., AO, in prep..
.
.

•Tuned each of 7 empirical algorithm components 
(555 and 640) with data from LIS
•Some components required new models



640 nm



Aurin, et. al., AO, in prep.
λ = 412 – 650 nm











Biogeochemical Property 
Retrievals

IOPs depend on particulate and dissolved 
property characteristics
Isolate relationships between IOPs and 
biogeochemical properties

aφ (440, 676) --> Chl (ideally)
bb or Rrs(500-650) --> TSM



Biogeochemical Property 
Retrievals



Biogeochemical Property 
Retrievals





Biogeochemical Property 
Retrievals



Summary

Characterization of optical variability 
important to SAA development in complex 
waters
LIS highly complex and absorbs and scatters 
more strongly than most data in NOMAD
Sub-regional heterogeneity in IOPs & Rrs

IOP spectral shape parameters are generally 
homogeneous
Regionally optimized QAA succeeds in 
retrieving IOPs from Rrs



New England Floods of 2010



New England Floods of 2010
"Rhode Island experienced its worst 
flooding in more than 100 years." - AP
"...unprecendented in our state's history." –
Gov. Don Carcieri
"Stonington, CT...largely cut off as two of 
its three bridges went out." - AP
"...muddy earth beneath a Middletown [CT] 
apartment complex gave way, leaving two 
buildings teetering over the ravine," – AP
"...detours around I-95, the main link 
between New York and Boston." -AP



TSM  delivery to coastal waters

























New England Floods of 2010

mton/day8,6403,460Transport*
m^3/s25002500Vol.
mg/L4016TSM

Hudson R.CT R. 

*Assuming vertical homogeneity, no contribution to 
flow south of river guages, &tc. 2.5 X higher



New England Floods of 2010

*Assuming vertical homogeneity, no contribution to 
flow south of river guages, &tc.

NLDC Land Cover 2001



For more details...

Aurin, Dierssen, Twardowski, Roesler, 
Optical complexity in Long Island Sound 
and implications for ocean color remote 
sensing, JGR, 2010, in press.
Aurin, Dierssen, Optimizing semi-
analytical ocean color algorithms for 
the optically complex waters of Long 
Island Sound, AO, 2010, in prep.
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