Details on the early inversion
models (for your information)



Roesler and Perry 1995 JGR

Eigenvectors

— absorption
. a¢(k) = chl a¢*(l) average from in situ data base

* Apnaprcdom (M) = Ay (440) exp(-0.0145 (A-2,))
— backscattering

* Bypiargelt) = by (440) (1/400)°

* bbpsmall(;k) = bypeman(440) (A/400)*
Reflectance equation (hyperspectral)
— Irradiance Reflectance

R(A) =0.33 b, (A)/a(A)

non-linear regression: Levenberg-Marghardt

model testing

— measured irradiance reflectance

— 34,3, total particle cross-section

— residual analysis to obtain 3, spectral variations

bplarge



Lee et al. 1996 Applied Optics

Basis vectors
— absorption
. a¢(k) = a¢(440) exp|[ -F In{iﬂj] A=400 to 570 nm
100
* a_,(A)=2a,,(440) exp(-S (A-A,)) S=0.012to00.016
— backscattering
e b,,(A) = b, (400) (400/A)1 M =0to3
Reflectance equation (hyperspectral)
— Radiance Reflectance
Rgs = 0.0949( b, /(b +a)) + 0.0794 (b,/(b,+a))?
plus terms for sunglint and Fresnel reflectance

Constrained non-linear regression

model testing

— measured radiance reflectance

— afrom Ky, measured a,

— not independent data (data used to derive empirical values, used to test)



¢

normalized a

Lee: Basis Vectors
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Lee: Measured R(A) =L (A)/E4(A)
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Fig. 3. Meazured ".I'Trh of the stations.

Chl = 0.09 to 21 pg/|
a,(440) = 0.01 t0 0.83 m'!



Lee: IOP model test
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37.9% error



QAA Products SeaWiFS MODIS

Z. Lee, K. L. Carder, and R. A. Arnone, "Deriving Inherent Optical Properties from Water Color: a Multiband Quasi-Analytical
Algorithm for Optically Deep Waters," Appl. Opt. 41, 5755-5772 (2002)
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QAA: Inversion Steps

Table 2. Steps of the QAA to Derive Absorption and Backscattering Coefficients from Remote-Sensing Reflectance with 555 nm as the

Reference Wavelength
Order of
Step Property Math Formula Importance Approach
0 i =R, /(0.52 + 1.TR ) 1st Semianalytical
1 (k) _ &t [(go)® + 4gira(d)]* 1st Semianalytical
D
2 a(555) =0.0596 + 0.2[a(440);, — 0.01], a(440), = exp(—2.0 2nd Empirical
— 14p + 0.2p%), p = In[r_(440)/r_(555)]
3 byp(555) _ u(555)a(555) . sk 1st Analytical
1 O
+ t{oEa
4 Y _ 9 2{ A 29}11}{ e ':'4‘%?:'} 2nd Empirical
EaE) r (aaaj_
b by (M) = by, (555) I\ (555 | 1=t Semianalytical
6 ali) _ [1— e )Ibwlr) + by(M)] 1st Analytical

w(h)




QAA: Inversion Steps and testing

Table 3. Steps to Decompose the Total Absorption to Phytoplankton and Gelbstoff Components, with Bands at 440 and 440 nm

Order of

Step Property Math Formula Importance Approach
7 { = a,(410)/a,(440) S 0.06 2nd Empirieal
0.8 + r,(440) /r.(555)
5 £ = a,(410)/a(440) = exp[S(440—-410}] 2nd Semianalytical
9 a,(440) _ [2(410) — {a(440)] [a.(410) — {a.(440)] 1st Analytical
£-C €E—-¢(
10 a,(440) = a(440) — a, (440) — a,(440) 1st Analytical
o == . . .
—u e Tested against simulated data
0.3 s 440y
. g(4n0) % Set

total absorption coefficient (m™)

 Simulated data plus noise

* Tested against n<20 obs made
«| Wwith an ac9 off Baja California

0.03 0.05 041 0.3 0.5
ACY total absorption coefficient (m™)




Hoge and Lyon 1996 JGR

Basis vectors

— absorption
* a,(A) = a,(440) exp[(A—440)%/2g?)] for A=400to 570 nm
* a_,(A) =a,,(440) exp(-0.014 (A-A,))

— backscattering
* b, (A) = b, (440) (A/440)33

Reflectance equation (410, 490 555)
— Radiance Reflectance

Rgs = 0.0949( b, /(b,+a)) + 0.0794 (b, /(b +a))?
Linear regression: singular value decomposition

model testing
— synthetic data using basis vector parameterization
— Ayacms bppat 3A

— sensitivity analysis to radiance (IOP uncertainties by
bootstrap)



Hoge: Basis Vectors

0 ' ! I
400 450 500 550 600 b, (A)= (OW/A)33
Wavelength (nm) bp( ) ( 0)

acm(h) = agy(410) exp[-0.014 (1.-410)]



Hoge: Synthetic Reflectance Spectra

Used basis vector formulations in Rrs equation
with magnitudes varied such that 5*10° of each
TIOP were generated

a,(410) =0100.74 m!
a.,(410) = 0.01 t0 0.5 m!
byp(410) = 0.0005 t0 0.05 m-!



Hoge: Sensitivity Analysis

Examined IOP error in response to: g, Qo by .
5% uncertainties in ..(555) 55% 10% 28%
5% uncertainties in L(490)

5% uncertainties in L(410)

uncertainties in all three L(1)

10% in width of a, peak 9% 5% 9%
100% uncertainty in S, 20% 20% 20%
100% uncertainty in n >20% >20% >20%




Garver and Siegel 1997 JGR

Basis vectors

— absorption
. a¢(k) = a((440) a¢*(k) 3 models
* a,(A) =2, (440) exp(-S (A-A,))
— backscattering
e by,(A) = b,,(440) (A/400)" n=0, 1,2
Reflectance equation (8 As)
— Radiance Reflectance
Rgs = 0.0949( b, /(b,+a)) + 0.0794 (b, /(b +a))?

non-linear regression (but see Maritorena et al. 2002
for improved optimization method)

model testing
— measured radiance reflectance, 2-yr BATS data

— sensitivity analysis to af models, S, n
— comparison with biogeochemical observations (no validation)



Garver: Basis Vectors
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Garver: IOP model sensitivity analysis

.04 rafriaved aphd41) i
— LhE]
oo cerees PASHY
aphyT m O d e I ; :'- .oz i "‘x\ﬂ__..-f\\ - _‘!_“f".d“: 1) 3 . _——_—- g:: |

001 . .-'J‘-\""'H.._H_\_\__.-"' g \. L
| b i o e
| N, - o P a— T - — e —i
0g + - . B e
a0 1§
| prm— R
a0 = retriaved aph{d41) : -
)
0.03 | e iz
b,,exponent--=1 . .
bp oo :_ - - w n.: - —_— = = g -‘L_ e —
60 i \\‘_ Y _‘-\_"--l“——"'. e .L..;'":_ .4--"‘--41_—‘—-—-—,‘,_";,.1._..--—" 3
B
— -
004 retrieved aph{d41)
J _ 0,008
0.0z A | e 5= -0.014
i | ==- Sa.000
S A e aw(dd1] ; |__* |
e M, a ol
Cm 0.01 1 i b b .-"’:-' T -u'- § x:"‘L L
B S J A .
b \ .-_.‘___J_'_._.---":"'_.._r_,_ - s 5 AR “-*-.,'--"'_,.-'-."—:-F"'_‘r'__ﬂ'__ — T
0.01 4 \‘—/\/{/

iR e MR ol s A BT ST I W CF S ol MRS A s F N D

1992 15493

a, retrieval most sensitive to S,



Garver: IOP model sensitivity analysis
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Garver: IOP model sensitivity analysis

Ayt Model

by,exponent "=

b

bp

Q0030 1 - —

DOGES 4

]

N \/\ "*\L

00010 4

F'.!.S

refreved bbp{441)
0.0025 brwe(441)

DO015 1 W\

QUOOI0 4

0.0030

1882 19453

retrieval most sensitive to S, and n

\ ralrieved Licp-: 41)
00025 A ; “RJ L"--'
£ ] /
=0,0020 4 /h“* \/ }I |
IRE f\\
5]
O.0ME % — 5§ =000
-2 S =-0014
0.0010 e
JoF MoA M O3 b oA 85 Q- N D O F OMOoA M O J J A S 8 M D



Garver, Siegel, Maritorena 2002
GSM SeaWiFS MODIS product

Simulated Annealing Technique

e “Compared with other steepest descent minimization techniques that
look for the quick and nearby solution, simulated annealing is an
iterative heuristic method that permits the search of solutions in the
uphill i.e., lower performance direction. This allows the system to
ultimately find a global minimum.”

e “This feature also reduces the importance of the first guesses used to
initiate the process that is often a critical aspect of minimization
techniques based on the steepest descent methods.”

e “Simulated annealing includes three basic elements:

— 1 a cost function that, given a set of parameters, evaluates the performance of the
model;

— 2 acandidate generator that randomly proposes new values for the eigenvector, and

— 3 a decreasing temperature that introduces some randomness in the process and
controls its overall progress.”
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Fig. 3. Comparizon of the optimized ay,*(h) spectrum with the
mean spectrum of Morel? and a spectrum generated with the maodel
of Bricaud ef al.® for a Chl concentration of 0,35 mg m™=%



