Bio-optical Diversity and Ocean Color
Algorithm Optimization in a Complex,
Urbanized Estuary.
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Complex? =

*Nearshore
—Dissolved (CDM)
—Non-algal (NAP)
—SAAs

—Problem: Spectral]
variability in
optical properties




Developing SAAs for Complex,
Dynamic Systems

e Characterize:

— Inherent Optical Properties

~ Light field

— Chl, TSM, etc.

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




For example...
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Table 2. Field cruises. Sub-regions are 1) Eastern LIS, 2) Cenitral
LIS, 3) Western LIS,4) CT River 5) NY Bight.
Cruise Date Stations Sub-regions

112]13]4]65

1) OGCO04 4-May 23
2) LISICOS0305 5-Mar
3) OGCOO05 5-May
4) LISICOS0705 5-Jul
5) LIS0106 6-Jan
6) LISICOS0306 6-Mar
7) LISICOS0406 6-Apr
8) OCGO06 6-TJul
0) LISICOS0806 6-Aug
10) LIS0507 7-Jun
11) LIS0707 7-Jul
12) LIS1207 7-Dec
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158 Stations between 2004 - 2007 Aurin, et. al., JGR, in press
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absorption a(4)
attenuation c(4)
backscattering b,(4)
temperature
pressure
conductivity

Radiometry:
Upwelling/Downwelling
radiance/irradiance, R, (1)

Chlorophyll
HPLC
TSM

QFT anap(}“)’ aq)(}")

Particle Size
Distribution




LIS vs. the World (NOMAD)

NASA bio-Optical Marine Algorithm Data set: 3,400 predominantly coastal
stations worldwide.
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Conclusion LIS NOM LIS NOM LIS NOM LIS NOM LIS NOM
Aurin, et. al., JGR, in press

LIS highly variable

LIS significantly higher
than NOMAD




Remote Sensing Retlectance
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Particles

IOP Spectral shape
characteristics are fairly uniform YIS
across the region
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Non-metric Multi-Dimensional Scaling (NMDS) — Cluster Map

Optics

B
Selection
Optimization

Validation

Conclusion

A 5*

e ; xAC - =~-_.'fﬂh:_f ~"-_¢-__.- e

4 s
_Z \*\{
e
"
i [ ]

5
0 9 18 27 36 45 Kilometers
e

A

* outlier

1
2
3

Euclidean Distance

Class 1

Aurin, et. al., JGR, in press

Stations clustered
into 3 groups
based on
constituent
absorption and
scattering
(magnitude):
a,(440)
a,(676)
a,,,(440)

a,, (440)
b,(440)

by, (650)
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Non-metric Multi-Dimensional Scaling (NMDS)
and Principal Component Analysis

Aurin, et. al., JGR, in press
PCA; IOP Magnitude

PCA; OC Parameters NMDS; OC Parameters
; A 5 : : .

P : : 2 : :
-1 05 0 05 1 525 0 25 5
PCA 1

Stations clustered based

on IOP "quantity"
a,(440)
a,(676)
a,,,(440)
a., (440)
b,(440)
b,,(650)

Stations did not cluster based on IOP
"quality"




Take Home

Variability in spectral reflectance in
LIS controlled by magnitudes of
optical properties rather than ”
significant differences in spec

quality of optically significant
constituents

Minimizes necessity for sub-
regional "tuning" of SAAs




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



Table 1. Empincal calibration of the QAALIS. Dots are LIS data, solid lines are ined models
(this study), dotted lines are models with oniginal coefficients from Lee et al. [2004]. Stars mndicate
new models used i this study.
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*Tuned each of 7 empirical algorithm components
(555 and 640) with data from LIS
*Some components required new models




™ " Sdg
a840>" 0

an Y B
440 e
one3091 o ) ” 412 Noned09! ?’a‘aﬁ\

Optimization
- A

I
Q
c
]
L
[
£
(s}
=




O P tics

Selection

Optimization

Validation
A

Conclusion

b, () modeled

a ¢5( A) modeled

N:182 +%:0.9 PD:11.8 RMSE:0.01 Bias:0 N:170 +*:0.94 PD:13.3 RMSE:0.08 Bias:-0.04
-1 . . . .
10

a_ (A) modeled
PE

g g _ IOP data
Regression

95% conf.
N:125 1%0.37 PD4.4 RMSE:0.03 Bias:0 N:70 1%:0.89 PD:4.9 RMSE:0.04 Bias:0.01 —_——

10
b 5 f( A) measured @ (A) measured

(E .._.j:’-"
I t:| }]J

mﬁjm,l& r

a dg( A) modeled

10~ ! 10'2 10" 10"

a ¢5( A) measured a dg( A) measured

Aurin, et. al., AO, in prep.
A=412— 650 nm



o modeled

0
0.5 0.5 0.5

a_  measured a_ medsured a  measured
BE FE rg

n:26 1*:0.91 PD:11.8 RMSE:0.06 n:26 1*:0.94 PD:12.8 RMSE:0.05 n:26 r*:0.93 PD:14.9 RMSE:0.04

1 ~ 05 _
7532 | o 1:555 | <

-

<
wn

2:510 J__,_,__f;;j_

0.5 A

0 0.5 0.5 0 0.5

a_  measured a_ medsured a  measured
b4 24 Eg

24

b
3
b
D
8
]

o modeled

<
<

n:26 1%0.77 PD:1.2 RMSE:0.02
0.2

d_ modeled

0.1 0.2

a_ medsured
4




i
o

a, modeled
44

o
N
a, modele
44
o
—

0 0
0.5 0 02 04 0 01 02

a ., medsured a . measured a . medsured
ag dg ag

n:10 r%:0.23 PD:12.2 RMSE0.03 n:10 1%0.21 PD:5.4 RMSE0.02 n:10 1%:0.17 PD:1.9 RMSE:0.02
0.1

0.1 A

) 2:95

)
T

S
_,.,—"'-‘
/

0.05

<
o
;

-
-

e e
pal b

0 0
0.1 0 005 01 0 0.05 041

a ., medsured a . measured a . medsured
ag dg ag

n:10 r*:0.04 PD:42 RMSE:0.02

-

a, modeled
44

a, modeled
&

a, modeled
44

L)

0

a., medsured
dg




P p modeled
P p modeled

0 0.1

a  medsured a  medsured a , medsured

¢ ¢ ¢
n:17 r%:0.66 PD:3.2 RMSE:0.02 n:18 %:0.63 PD:17.1 RMSE:0.02 n:18 *:0.44 PD:27.2 RMSE:0.02

. 0.1 ~ .
0.1 ] o :u' % . 5 /

0.05

]
3
"=
&
=
3.
3

P p modeled
o
o
h

0 0.05 01 0 0.05 01 0 0.05
a | medsured a , medsured a , medsured

¢ ¢ ¢
n:18 1%0.37 PD:5.7 RMSE:0.02

o ¢ modeled

a  medsured

¢




<
—

o
o @
(_)1_\.
o
o @
th @ —

b bt meodeled

b bt modeled

b bt meodeled

0 0 0
0 005 0.1 0 0.05 01 0 005 01

b bt medsured b bt medsured b bt medsured

n:26 r:0.94 PD:11.8 RMSE:0.01 n:26 r*:0.94 PD:11.6 RMSE:0.01 n:26 r%:0.94 PD:11.3 RMSE:0.01

o
o @2
(_;n_\.
o
o @
tn —

]
3
]
S
=
=
=

b bt modeled
b bt meodeled

0 0 0
0 005 0.1 0 0.05 0.1 0 0.05 01

b bt medsured b bt medsured b bt medsured

n:26 r*:0.94 PD:10.3 RMSE:0.01

<

o ©

n —
&
o))
Qn
O
4

b bt modeled

0
0 005 0.1

b ” measured




Biogeochemical Property
Retrievals

Site
Optics

Selection » 10Ps depend on particulate and dissolved

property characteristics
Optimization

» Isolate relationships between IOPs and
Validation biogeochemical properties
Y ,
> a, (440, 676) --> Chl (ideally)
» b, orR (500-650) --> TSM

Conclusion




e

Biogeochemical Property
Retrievals

r2: 0.61262 0. r2: 0.65923

. 0.5 0.5
8,4(510) 854(532) 8(555)

r2: 0.61411 r2: 0.65579

0.5 0.5
8,4(650) 8,4(676)
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Biogeochemical Property
Retrievals

TSM from b, ,(660), r?=0.91

TSM from R (645), r*=0.81

TSM modeled

6
TSM measured
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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 & R,

IOP spectral shape parameters are generally
homogeneous

Regionally optimized QAA succeeds 1n
retrieving [OPs from R,




Site New England Floods of 2010
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_:T;_'!- Streets in Providence, Rhode Island, are still
WSS under water. Local schools including the
®= Rhode Island School of Design have bean

==& closed for several days as a result of the
e flooding.
—




Site New England Floods of 2010

Optics » "Rhode Island experienced its worst
flooding 1n more than 100 years." - AP

Selection
» "..unprecendented in our state's history." —

Optimization Gov. Don Carcieri

"Stonington, CT...largely cut off as two of

Application — jtg three bridges went out." - AP

Co :
s, » "..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

2010 Day: 043
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New England Floods of 2010

NLDC Land Cover 2001



For more details...

» Aurin, Dierssen, Twardowski, Roesler,
Selection Optical complexity in Long Island Sound
and implications for ocean color remote
sensing, JGR, 2010, 1n press.

P e, NN ELCRUE | PR
Optimization

Validation

» Aurin, Dierssen, Optimizing semi-
Conclusion analytical ocean color algorithms for

| the optically complex waters of Long
Island Sound, AO, 2010, 1n prep.
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