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Consider the light field in the ocean

e Forward approach

e Inverse approach




Direct or Forward Model

e \We know there

is a dragon
> ? 5

Tracks

e Thus, we can
predict the
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tracks it will
Bohren and Huffman 1983
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Inverse Model

n g 5 P We observe the
S ¥ by  Dragon  tracks
Tracks * From that

Bohren and Huffman 1983

observation, we can
determine what kind

This dragon

Or this one, it makes a difference



Inherent

Optical
Properties

Radiative
Transfer
Equation

Radiometric
Variables

Apparent
Optical
Properties

Optically
e Forward model

— We know (have measured) the
absorption and scattering properties of
the ocean (dragon)

Inversion
Models

— Can predict the oceanic light field
(imprint on light field)

— Radiative Transfer Equation

e |nverse model

— We observe (or measure) the light field
in the ocean (or apparent properties
derived from it)

— Can predict the absorption and
scattering properties that gave rise to it

— Various inversion models



Inverse Model

e Approximations to the Radiative Transfer
Equation to simplify relationship between
AOPs (e.g., reflectance) and I0Ps (e.g.,
absorption and backscattering)

e Model types
— Empirical (e.g., OC chl algorithms)
— Neural network (e.g., series of trained algorithms)

— Semi-analytic (e.g., analytic solutions with varying
degrees of empirical inputs)



HEE = L e
Cicdcnl Proparn
Lk, et o
APy, el Spriontary

S T TR

IO Krait §

vO6

Reports of the International
Ocean-Colour Coordinating Group

An Affiliated Program of the Scientific Committee on Oceanic Research (5COR)
An Associate Member of the Committes on Earth Observation Satellites (CEDS)

[OCCG Report Number 5, 2006

Remote Sensing of Inherent Optical Properties:
Fundamentals, Tests of Algorithms, and Applications

Editor:
ThongPing Lee (Maval Research Laboratory, Stennis Space Center, TISA)

Report of an [OCCG working group on ocean-colour algorithms, chaired by
ZhongPing Lee and based on contributions from (in alphabetical ordery;

Robert Arnone, Marcel Babin, Andrew H. Barnard, Emmanuel Boss,

Jennifer P. Cannizzaro, Kendall L. Carder, F. Robert Chen, Emmamuel Devred,
Roland Doerffer, KePing Du, Frank Hoge, Oleg V. Kopelevich,

ZhongPing Lee, Hubert Loisel, Paul E. Lyon, Stéphane Maritorena,

Trevor Platt, Antoine Poteaw, Collin Roesler, Shubha Satlvendranath,

Helmut Schiller, Dave Siegel, Akihiko Tanaka, ]. Ronald V. Zaneveld



[OCCG Report Number 5, 2006 Chapter 1

Remote Sensing of Inherent Optical Properties:
Fundamentals, Tests of Algorithms, and Applications

Why are Inherent Optical Properties Needed in
Ocean-Colour Remote Sensing?

Ronald Zaneveld, Andrew Barnard and ZhongPing Lee

ol " ] radiance Chlorophyll,
(R,443 > R,490 > R,510)/ R, 555 d] Strihut |_-|:|-[] p]_-ﬂctl_l'l:t ]-I:l-[]_
and spectrum particle concentration

Figure 1.1 Diagram of inverse radiative transfer elements using the “black
box" approach.

e Empirical estimation of chlorophyll from radiance (“black box”)
e But chlorophyll isn’t what is impacting radiances, the IOPs are

particle size, index of refraction, radiance
d;stributiﬂns* ﬂll_d properties of »| 10P p distribution
dissolved materials and spectrum

Figure 1.2 Diagram of forward radiative transfer elements.



[OCCG Report Number 5, 2006

Remote Sensing of Inherent Optical Properties:

Fundamentals, Tests of Algorithms, and Applications

particle size, index of refraction,
distributions, and properties of

dissolved materials

[OP

Chapter 1

Why are Inherent Optical Properties Needed in
Ocean-Colour Remote Sensing?

Ronald Zaneveld, Andrew Barnard and ZhongPing Lee

radiance

distribution
and spectrum

Figure 1.2 Diagram of forward radiative transfer elements.

e The IOPs are determined by constituent properties

e Soinverting radiance provides information on all of these
constituents

dizsolved
matter

inOTEanic

g

radiance
distribution
and spectmim

—™
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particulates /,_

Figure 1.3 Diagram of inverse radiative transfer elements. Many further
parameters are derived from these constituents, such as DOC, POC and

productivity.
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Philosophical problem of
empirical vs analytic modeling

e Empirical (regressive, machine learning, neural network)
— Do you need an answer?
— Do you require a forecast based upon historical knowledge?
— Will historical knowledge help estimation?
e Analytic
— Do you want to know how the ocean works?
— Do you want to be able to resolve change in the ocean?

— Will model based upon historical knowledge impede ability to
predict future?



Really nice review
summary of current limitations

Progress in Oceanography 160 (2018) 186212
Contents lists available at ScienceDirect R

Progress in Oceanography

journal homepage: www.elsevier.com/locate/pocean

Review
An overview of approaches and challenges for retrieving marine inherent )
optical properties from ocean color remote sensing e

P. Jeremy Werdell™", Lachlan I.W. McKinna®", Emmanuel Boss®, Steven G. Ackleson®,
Susanne E. Craig™“', Watson W. Gregg', Zhongping Lee®, Stéphane Maritorena”,
Collin S. Roesler’, Cécile S. Rousseaux™"~, Dariusz Stramski, James M. Sullivan®,
Michael S. Twardowski®, Maria Tzortziou"™, Xiaodong Zhang"



Deriving Component IOPs from Inversion

o at the satellite

— |N
L TOA

e above surface

Ly,(A _
- Rps(1) = 228 (gr1y

Eg(A)
e below surface
_ E,D)
R(A) = Eq(A)
_ _ Ly 1
7"‘I'S(A) - Ed(ﬂ) (ST' )
Rys(A)

© 0.52+1.7XRyg(1)

n‘ a8

TOP-OF-THE-

ATMOSPHERE 1. Top-of-atmosphere radiance

ATMOSHPHERE

2. Remote Sensing

Reflectance
— et
SEA SURFACE
3. Non-water IOPs
WATER COLUMN - v

4. Component IOPs

v

Werdell et al. 2017
note this is their terminology/symbols



Deriving Component IOPs from Inversion
e measured IOPs (steps 3 & 4)

— Derive components from 10P, ., ater e
e Remote sensing reflectance (2,3,4) jeroeme L. Top-okstmosphere racence

— Derive diotal-water I:)btotal-water 2-3-4

— Derive component IOPs directly 2-4
e TOA radiance (steps 1-4) ATMOSHPHERE

— TOA to Rrs to IOP, ;. |.ater tO COMpPONE = afatane |

IOPS (1_2_3_4) SEA SURFACE /
— TOA 10 |OP i, ater 1O 10PS (1-3-4) 3. Non-water IOPs
— TOA to component IOPs (1-4) WATER COLUMN =

4. Component IOPs

v

Werdell et al. 2017



Heuristic approach to Reflectance inversion

e Consider an ocean comprised solely of absorbing
material (think a CDOM ocean)

— How does R depend on a

e Consider an ocean comprised solely of scattering
material (think of coccolithophore blooms)
— How does R depend on b,?

e The real ocean is comprised of some combination
of absorbing and scattering materials

— So now how does R depend on a and b,?

— Source of upward radiance/loss of radiance



Some history on RTE approximations
and semi-analytic inversions

e “Howard Gordon” Ocean
— Homogeneous water
— Plane parallel geometry

— Level surface

— Point sun in black sky

— No internal sources (e.g., fluorescence, Raman)



Solve RTE for Reflectance,

cosO d L(0.¢) =-a L(z,0,¢)-b L(z.0,4) + ., P(2.0.0:0".0")L(0",4")5C
dz

()

cos(6) d Lc(zi'(p) : depth-dependent loss in radiance along path /AZ N L(z1,6, )

defined by angle 8 from vertical

—a X L(z,0,9) : loss in radiance due to absorption along path

—b X L(z,0,¢) : loss in radiance due to scattering out of path \ /

+L(z,0,9;0",0") X L(6',¢") : gainin radiance due to AN \ AN
scattering of radiance along other paths defined by directional
angles 8', @' into path defined by 6, @

Assumes no internal sources are adding radiance to the path
due to transition from one wavelength to another, such as
fluorescence, Raman scattering



Solve RTE for Reflectance

cosO d L(0.¢) =-a L(z,0,¢)-b L(z.0,4) + ., P(2.0.0:0".0")L(0",4")5C
dz

e Successive order scattering, SOS

— Separate radiance into unscattered (L,), single scattered (L,),
doubly scattered (L,),...(L,) contributions

e Single scattering approximation, SSA

— Consider only the unscattered and singly scattered radiance
terms, L, and L,

e Quasi-single scattering approximation, QSSA

— Note volume scattering function are highly peaked in
forward direction

— Forward scattered is like no scattering all
— Thus, replace b with b,



QSSA

'bzbf‘l‘bb—) bb
ec=a+b - a+b,

o — b b
o /C ~ b/a+bb

e Solve the SSA for the upward/downward
radiant fields (see optics web book)

* R~ bb/a+bb



Deriving Component IOPs from Inversion

L), _
° TTS (A) — Ed ( A) (Sr 1) ;chn;gsl:s;:l?:;s 1. Top-of-atmosphere radiance ﬂ‘
- =X 6@
— — bb (A) ATMOSHPHERE
~ a@)+bp(D)
2. Remote Sensing
— Gl — 00949 (S'r—l) .. Reflectance |
— G, = 0.0794, term often ignored v 4
bb ( /1) 2 N 3. Non-water IOPs R
00794 X (a(ﬂ)+bb(ﬂ)) _ 4.Component I0Ps
o R(A) — Ey(A) — 0.33 X bp(A) Werdell et al. 2017

Eg(A) a(A)



Questions?

e What happens to R if there is
— Increase in CDOM
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Questions?

e What happens to R if there is
— Increase in CDOM
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Questions?

e What happens to R if there is

— Increase in heterotrophic bacteria
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Questions?

e What happens to R if there is

— Increase in heterotrophic bacteria
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Questions?

e What happens to R if there is

— Increase in phytoplankton

.
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Questions?

e What happens to R if there is

— Increase in phytoplankton
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Questions?

e Now we will look at the early forward
problem, IOPs = R, to understand the basis
of the inverse problem R—=2>10Ps



You have heard how to estimate chl from spectral
reflectance ratios, but back in 1977 Morel and Prieur
were already investigating the IOP<—> R relationship

Analysis of variations in ocean color'

André Morel and Louis Prieur

Laboratoire de Physique et Chimie Marines, Station Marine de Villcfranclw-su1-Mer, 393"
06230 Villefranche-sur-Mer, Irance 6“\\\5 ° S
?\ea o ‘\«\
Abstract “\3
Spectral measurements of downwelling and upwelling daylight werc made in waters

different with respect to turbidity and pigment content and from these data the spectral val-
ues of the reflectance ratio just below the sea surface, R()\), were calculated. The experi-
mental results are interpreted by comparison with the theoretical R(\) values computed from
the absorption and back-scattering coefficients. The importance of molecular scattering in
the light back-scattering process is emphasized. The R(\) values observed for blue waters
are in full agreement with computed valucs in which new and realistic values of the absorp-
tion coefficicnt for pure water are used and presented. For the various grecen waters, the
chlorophyll concentrations and the scattering coefficients, as measured, are used in compu-
tations which account for the observed R(X) values. The inverse process, ie. lo infer the
content of the water from R(A) measurements at sclected wavelengths, is discussed in
view of remote sensing applications.

LIMNOLOGY AND OCEANOGRAPHY 709 JULY 1977, V. 22(4)



Measurements of R = “*/_
QSSA* leads to: R = 0.33°%/,,,,

Goals of paper

3

e Explain variationsin R
with respect to by, a

e Model the IOPs to
predict R(—>forward
model)

) e These results are the
Fig. 1. Reflectance matio R(\A), expressed in

percent, plotted with logarithmic scale vs. wave- baS|S fOF Seml-ana|ytIC
length A in nm, for 81 experiments in various . .

waters. Same units and scales also used in Figs. |nvers|ons

4,5, 6, 7, and 11.

*Quasi-single scattering approximation (approx. to RTE)



b(A) = by, (1) + b, (A)

Proxy for

bb380_ fbb7oo

Parameterize the Spectral Backscattering
(remember there were no measurements)

spectral slope

—4
I

®

o

L5

éﬁ 0.2 04 mp, 06 0.8

b,,, :by,

fraction of bb can be accounted for by water

bw

and bb (/1) = bbw(ﬂ') + bbp (/1)

= bbw (Ap)A%3 + bbp (Ap)A"P

n, = power function slope,not refractive index

when water dominates

the spectral slope is
dominated by that of water,
power slope ~ 4.3, ratio 14

but as particles dominate,
the spectral slope is very
reduced and dependent
upon the slope of the power
function (n,) - size proxy



Part 1: Blue Waters
bp,, (1) + by, (1)

Only bbp (4) varies, > n,,
Ay, (1)

R(1) = 0.33

. | modeled " | Measured R
=0 — E2 D3 295 ke 83
oL P 10.0 ? P 1 ed2 bk A2

i il 1.9 hrs Ty

0% 172 Wte Bo

1.0} |
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T A \ o Crater Lake
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T3 0,30 0.0023 O0.0605 2,95 bTLE O T, @-—"" Y
Th  0.60 o.0032 G.18 LTS WPRb 76 1 !
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T1 to T5 increasing [particles] Compared modeled T3, T4
n, = 1 (dotted), n, = 0 (solid) With measured spectra (solid)



l Part 2: Green Waters

e Case l:

— “chlorophyll concentration is high relative to the scattering
coefficient”

— Nice description of how R changes as chlorophyll increases
(think phytoplankton absorption)

— V-type
e Case 2:

— “relatively higher inorganic particles than phytoplankton”

— Nice description of how R changes as turbidity increases
(think CDOM and NAP 10Ps)

— U-type



N\

Part 2: Green Waters

by, (1) + by,

case 1: V-type Chl-dominated
R0

R(1) = 0.33 appyrand bbp~[Chl]
Ay (/1) + Aphyt (/1)
. I Stn e rl. o B
Z mg L
o.of [CRU=10.2—3 =0 e s
co2 9.0 E'.I?' LIPR [i | | 51T 23

Measured

1 18.1

W.h 1.5 .59




\ Part 2: Green Waters
case 2: U-type Sediment-dominated

R(D) = 033w + b5, (D) Gpnye~[CL]
T a, (D) + Aphyt (A1) + a,(4) ap and by, # [Chi]
7 Increasing particles
Measured T T

I”

t-a Increasing “ch
Also NAP and CDOM

gta C o4p b I .I_ﬂ P
% Ta@ D DB .81 LUBE 50
0.1 C5T 1.0 1.9 2.8 2065 KT o9
] .6 2.1 1.6 ho91  bRE At
o 1.5 1.7 2.4 S0 kel pp
=11 1.5 1.8 2.7 T.0B 40 49
1 Fl i i
&0 Sinlw ={nln] rsls:

LaMana ] M



Generalized semi-analytic model
a(d) = ay, (1) + [Chl + Pheo] X ayp, (1) + |b| X a,(4)

by,

by(1) = bp,, (1) + (b = by,) X ——
w bp

(know by, b}, , measure b)

Assume a backscattering ratio
for particles is spectrally flat,
adjust b,to match R(500nm)

B C+F B
16 %0 180 3.7 e 2

Q.1 i ch .80 6D 3.0 1.5

€37 300 30 1.h a.7 i Tntermediate
nia 0,22 0.331 0.2 1.5 [

o8 £80 T.T0 1.3 0.5 1

i 1 A . )
400 L=nlw] =00 7aa
LAMBODA MM



The results

Order of magnitude variations exist between reflectance
ratios and pigment due to combined spectral variations of
absorption and backscattering

100k 20
440
> 10t b 5%0
I W
440
[ ] CIF X R _!.‘.....W“..
R . 3 “BY
Q
R £ 520
v o o00¢ R W
o * ° "37580
3 = ¥
o 5
o
9 -104
o4 J
0.01 0.1 1.0 3 10,0
Chl @'+ Pheo 2 (mg m ~)
-20 } + t 4
-20 -10 00 10 20

Log Upwelled Radionce Ratios {Liy/Ly)

Figure 7.12 Ratios R of upwelling radiance just above the sea surface between pairs of light

Variations in ocean color are
. . o baqu, as a function of the chlorophyll and phaeopigment concentration at the surface. The super-
eX p I a I n e d by m O re th a n Va rl at I O n S script on L refers to the wavelength in nanometers (from Gordon and Clark, 1980}.
In pigment concentrations



Questions?

e |f the water is green, the OC algorithms will
provide a chl value. What else could cause
green water?

e Now we will talk about inversion approaches
R =2 IOPs



1990s Invert R to obtain IOPs

R =110 s

Starting in 1995 there was an explosion of papers
(well, OK, less than 5) focused on semi-analytical
inversion models to obtain IOPs from reflectance

Here is how it works...
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1990s Invert R to obtain IOPs

R(L) = /Q —2e)

a(A)+bb(N)

Step 1. The IOPs are additive, separate into

absorbing and backscattering components
a(A) =a,(A) +ap,(A) + ayap(A) + acpomlA)

by(1) = by, (1) + by (A)

1.25
— water

——phytoplankton 1

CDOM .
—_— = 0.75

NAP \E,
o 05
0.25
e — 0

400 500 600 700

Wavelength (nm)

Wavelength (nm)

small particles
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Y

0.0075 <

by, (M

0.005

0.0025



1990s Invert R to obtain IOPs

R(V) = f/Q a@gbfgg@

Step 2. Beer’s Law indicates component |OPs are
proportional to component concentration, define
concentration-specific spectral shapes. For example
chlorophyll-specific phytoplankton absorption

aphyt()\) = [chl] a;hyt (A)

Component IOP = concentration x concentration-specific IOP
= scalar x vector
= magnitude x spectral shape

= eigenvalue x eigenvector



In the hyperspectral satellite world, each
component could be further deconstructed
into multiple constituents if the IOPs differ

bp(A)
a(A)+bp(4)

e a(d) =ay,(A) + appy(A) + acpou (1) + ayap(1)

e 7.5(1) = 0.0949 X

N * N l
- aphyt(/l) = Zl plhyt phyt (/D X Aphyt or Zl plg plg (/1) X [Plg]
- acpom) = Z?,:Cf “acpom j(/l) X Acpom

- ayap(A) = ZI;ZNfP anap k(/l) X Anap
o bp(A) = by, (1) + byp(4)

N ES
- by =X ", by, (A1) X Bp,



1990s Invert R to obtain IOPs

Ry < LoD

Q a(A) + by(4)

Step 3. Put it all together

R(A) =£><

Q

bbw(l) + Abbp X b;;p (A)

aw(}-) + Aphyt X a;;hyt (/1) + Anap X a;lap (/1) + ACDOM X aZ‘DOM (’1) + bbw(/l) + Abbp X pr (’1)

water IOPs known and constant



1990s Invert R to obtain IOPs

Ry < LoD

Q a(A) + by(4)

Step 3. Put it all together

R(A) =£><

Q

bpw (A1) + Appp X bpy(A)
Ay (A1) + Apnyt X Ay (1) + Anap X Anap(A) + Acpom X acpoy (D) + bpw () + Appp X by, (1)

water IOPs known and constant
eigenvectors are spectra, representative shapes, i.e., “known”



1990s Invert R to obtain IOPs

Ry < LoD

Q a(A) + by(4)

Step 3. Put it all together

R(A) =£><

Q

bpw (A1) + Appp X bpy(A)
aw(/l) + A'phyt X a;hyt(/l) + Ana'p X a;flap (/1) + ACDOM X aZDOM (/1) + bbw(/l) + Abbp X b;p (/1)

water IOPs know and constant
eigenvectors are spectra, representative shapes, i.e., “known”
eigenvalues are scalars to be estimated



And in the hyperspectral satellite world, can be
further deconstructed into multiple constituents

( ) Nbbp
T = 0.0949 X% b E bp; bbp;

bpw (A1) + Appp X bpy(A) | \
aw(/l) + A'phyt X a;hyt(/l) + Ana'p X a;flap (/1) + ACDOM X aZDOM (/1) + bbw(/l) + Abbp X b;p (/1)

S l—Y—} Y
N hyt Nnap Ncpom
k k k
aphyti()l) X Aphyti Z anapi(l) X Anapi aCDOMi(/D X ACDOMi
i=1 =1 =1

water IOPs know and constant
eigenvectors are spectra, representative shapes, i.e., “known”
eigenvalues are scalars to be estimated by regression



1990s Invert R to obtain IOPs

R(V) = f/Q a@gbfgg@

Step 4. input known eigenvectors (component IOP
spectra), perform regression against measured
reflectance spectrum to estimate eigenvalues
(magnitudes, As)

(1) + A1 iy 01
+ Aphyt aphye (M) + Anap ayap (M) + Acpom agpom (M) +bw (L) + Apbp by, (1)

R(A) =f/Q )

How much of each absorbing and backscattering
component is needed (in a least squares sense) to
reconstruct the measured reflectance spectrum?



1990s Invert R to obtain IOPs
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1990s Invert R to obtain IOPs

-

Starting in 1995 there was an explosion of papers
(well, OK, ~4) inversion models utilizing this
approach. The differences between them lies in:

1) Definition of eigenvectors (spectral shapes)



e.g., phytoplankton absorption eigenvector
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1990s Invert R to obtain IOPs

_ b,(A)
R(k) - f/Q a(?»)+bb(7»)
Starting in 1995 there was an explosion of papers
(well, OK, ~4) inversion models utilizing this
approach. The differences between them lies in:

2) Inversion method
* non-linear least squares
 Optimized non-linear least squares
* linear matrix inversion
 “byeye”



1990s Invert R to obtain IOPs

/)= 10,2550

Starting in 1995 there was an explosion of papers
(well, OK, ~4) inversion models utilizing this
approach. The differences between them lies in:

3) Validation and error analysis varied tremendously

Model validated with independent data
Tested over broad optical range
Sensitivity analyses

Uncertainty determinations



Take Home messages

Semi-analytic reflectance inversion models are powerful tools
for estimating spectral IOPs from ocean color

The devil is in the details

— Eigenvector definitions (are they regionally tuned or globally relevant)
— Over constrained (hyperspectral vs multispectral)

Solution method
— Non-linear
— “optimized” non-linear
— linear
Important considerations
— Tested against independent data (not the same as data subset)
— Sensitivity analysis
— Uncertainty calculations
— Validation by other research teams



Let’s give it a try

e Open the excel spreadsheet sent to you

e Data from Roesler and Perry 1995
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Worksheet 1 = OC4 chl algorithm

e Equation and coefficients to calculate the
chlorophyll concentration from reflectance ratios
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e Defined spectra for eigenvectors (combination of

Worksheet 2 = eigenvectors

analytic and those based on measurements)

tuneabl@slopes

wavelenf

40
40

404
406
408
410
412
414
416
418
420
422
424
426
428
430
432
434
436
438
440
443
444
446
448
450

B C D E E H
absorption w backscattering
S_CDOM S_NAP avg CDM
0.018 0.01 0.0145
water phytoplankton CDOM NAP CDOM+NAP water
0.0146 1 1 1 1 0.003947
0.0132 1.007087961 0.964640293 0.980198673 0.9?1416?\9 0.0038632
0.011 1.04339679 0.897627596 0.941764534 0.916677096 0.0037022
0.0101 1.06194498 0.865887748 0.923116346 0.890475223 0.0036248
0.0092 1.079406892 0.835270211 0.904837418 0.865022293 0.0035494
0.0085 1.021600358 0.805735302 0.886920437 0.840296898 0.0034759
0.0079 1.102626076 0.777244738 0.869358235 0.816278241 0.0034042
0.0073 1.103467941 0.749761592 0.852143789 0.792946123 0.0033344
0.0069 1.113977677 0.723250242 0.835270211 0.77028092 0.0032664
0.0065 1.123346821 0.697676326 0.818730753 0.748263568 0.0032
0.0063 1.116584743 0.673006696 0.802518798 0.72687554 0.0031353
0.0059 1.121798876 0.649209377 0.786627861 0.0030722
0.0056 1.130163213 0.626253524 0.771051586 0.0030107
0.0053 1.140537164 0.604109383 0.755783741 0.0029506
0.0052 1.155826521 0.582748252 0.740818221 264667 0.0028921
0.005 1.168780382 0.562142445 0.726149037 28763554 0.0028349
0.0049 1.181381202 0.542265253 0.7117703234/0.610791269 0.0027792
0.005 1.188713576 0.523090913 0.6976763 0.593332695 0.0027248
0.0052 1.191212014 0.504594572 0.68386409 0.576373149 0.0026717
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0.0065 1.137875784 0.436922258 #0.631283646 0.513246009 0.0024716
0.0071 1.122885153 0.4214728 0.618783392 0.498575622 0.0024245
0.0078 1.111777965 0.40656 0.60653066 0.484324569 0.0023785
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Worksheet 3 = Blue water example

(NE Pacific gyre off Oregon coast)

4andR
Place to add your estimated eigenvalues (scalars)

r=

rms=

91442
0.03104

bb large Rmeas-Rn (Rmeas-Rmod)2

-0.009
-0.017
-0.024
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-0.038
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-0.070

o
{
{
. .
e Resulting estimates of IOPs
A B C D E F G H
0C4 chl
R443/R555 7.407 log10{Rmax 0.870
R490/R555 5.461 log10{chl)  -1.323
R510/R555 2.882
QC4 chl = chl{mg/m"3 0.05
Semi-Analytic Inversion chl_est 0.00,
AgeEnvalle a U.
I0Ps at 400 nm  {m#-1) | | |
Navelength R_meas R_mod aphi acdom  anap bb smal
400 0.080 0.089 0.000 0.000 0.000 0.001 0.000
402 0.080 0.097 0.000 0.000 0.000 0.001 0.000
404 0.080 0.104 0.000 0.000 0.000 0.00) 0.000
SO0 TCY o ToT oooT v orouo 0.000
408 0.081 0.118 0.000 0.000 0.000 0.000 0.000
410 0.081 0.127 0.000 0.000 0.000 0.000 0.000
412 0.081 0.135 0.000 0.000 0.000 0.000 0.000
414 0.081 0.142 0.000 0.000 0.000 0.000 0.000
416 0.082 0.151 0.000 0.000 0.000 0.000 0.000
418 0.082 0.156 0.000 0.000 0.000 0.000 0.000
420 0.082 0.162 0.000 0.000 0.000 0.000 0.000
422 0.082 0.164 0.000 0.000 0.000 0.000 0.000
424 0.082 0.172 0.000 0.000 0.000 0.000 0.00
426 0.082 0.177 0.000 0.000 0.000 0.000
428 0.082 0.184 0.000 0.000 0.000 0.000
430 0.082 0.184 0.000 0.000 0.000 0.000
432 0.081 0.187 0.000 0.000 0.000 0.000
434 0.081 0.187 0.000 0.000 0.000 0.000
436 0.080 0.180 0.000 0.000 0.000 . 0.000
438 0.079 0.170 0.000 0.000 0.000 0.000 0.000
440 0.078 0.160 0.000 0.000 0.0 0.000 0.000
442 0.076 0.146 0.000 0.000 0 0.000 0.0Cy
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Use this worksheet to test other IOP models

e Example: diffuse attenuation
— Make a copy one of the example worksheets

— Paste measured wavelength and K spectrum into
columns A and B, rows 10 through whatever your
wavelength range is

— Define the K to IOP algorithm in column C

e K, = % (Gershun’s equation), let a(1) = Y11 a; (1)

e K, = ;Tlo‘/(“z + G(u,) X a X by) (Kirk 1991)

— Use the eigenvectors that are appropriate for
your scenario and then modify their magnitudes



See who can get the lowest rms

e Have fun
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