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— '*What IS*CIosure?* s ?ﬂ“*‘i s

‘ Closure refers to obtammg the same quantlty mat IeasLtwodﬁerentways

—— ———

If'the agreement is good (W|th|n the uncertalntles of the methods used) we say
that-closure has been achleved - - g

Performing closure in papers is a'Qre.at Way10 convince reviewers 1o accept =
your paper—i.e.,-that yourhave good data and-goeod-modeling.

Data-data.closure shows-agréement between-disparate datasets;e:g."using
two different-ihstruments and/or different calibration-methedologies, AOP-and
|OP; In-situ vs..remote:

Model-model closure indicates that model.assumptions (e.g: plane-parallel vs
3D; with and without inelastic scattering) do not introduce significant error.

Scale closure: are measurements made on small spatial scales (cm® water
samples; a mooring) consistent with large-scale measurements (K, R,.; a
satellite)

Model-data closure ties it all together
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Measurements Necessary for Mod@@ata @Iosure
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absorptlon coef a(z )\) (e g trom ac- 9 or spectrophotometer)

- scattering-coef b(z;h)(e.q., from ac-9)- , _
* scattering-phase function ,8(2 X;w)-(almost-never measured but may S
have backscatterfraction B-="b/b-from b.(e. 0;; HydroScat or ECOV'SF)

ahd b (ac-9)

« boundary conditions: sea state (wind speed); sun location.and:sky
conditions (usually-model), bottom reflectance (in Shallow water)

HydroLight outputs

* radiometric variables (radiances and irradiances, usually measure L (z,A)
and E4(z,A) at a minimum)

* apparent optical properties (K4, R, R, etc obtained from radiometric
measurements). The most common for remote sensing is remote sensing
reflectance R, (often measure E4(air) and L (z) and extrapolate upward
from underwater L , or estimate R,, using above-surface techniques)
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'\ Everyone wants comprehenswe data sets, but no one - =
~ wants-to pay for-them,and scientists dontwant o he—— ;
forcedtotake data they themselves aren’t going to use. -

See my-netes-on comprehensive data-sets in-the Papers
directory(ComprehensiveDataSets:pdf)-for an overview of
what'should"be.measured.in a field experiment,-but never
IS (cost, lack-of-interest, ignorance,; politics, ...)

When you go home and design your grand. field
experiment, at least look at these notes and do the best
you can with the available resources.
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The Hy€CODE Data Sel

Pata“set from ONR HyCODE {Hyperspectral Coastal Ocean Dynamics
Experiment) 2000-off the coast of New Jersey-(LEO-15:site)

measurements takemnear local neen on 24-July 2000 at
39° 24.91° Ny -74°,-11 .78 " W-{station-19); cloudy sky, wind-=-6-m/s

See Mobley.etal; 2002, Applied-Optics 41(6);-1035-1050for details

Table 4. Data Taken at the LEO-15 Site as Used to Model the In-Water Light Field”

Quantity Measured Instrument Nominal Wavelength {nm)

Total a(z, \), total c{z, A) Unfiltered ac-9 412, 440, 488, 532, 555, 650, 676, 715
Dissolved a(z, A\) Filtered ac-9 412, 440, 488, 532, bbb, 650, 676, 715
Backscatter b(z, A) derived from HydroScat-6 449, 488, 532, 555, 620
VSF at Jy = 140 deg
Backscatter b(z, A) derived from ECO-VSF 530
VSF at ¢ = 100, 125, and 150 deg
VSF ( = 0.6-179.6 deg) VSM 530
E, (z,\) and L,(z, ) OoCP 412, 443, 489, 533, 555, 591, 683
Sky E_,(\) Multichannel visible 412, 443, 489, 533, 555, 591, 683
detector system
Sky E (A\) and L,,(z = 0.6 m, \) Hyper-TSRB 123 wavelengths between 396 and 798

“Most instruments have a nominal 10-nm bandwidth centered on the listed wavelengths.
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cansgel B, from
measured by,,/b,

can then use B, to
define a Fournier-
Forand phase
function with the
same backscatter
fraction (Mobley,
2002. AO 41(6),
1035-1050)



HYyCODEData
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Also have VSF measurements (extremely rare) at 2 m depth at 530 nm
from a novel Ukrainian instrument (Lee and Lewis, 2003. J Atmos
Ocean Tech 20(4), 563-571)



HYyCODEData
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Note that the measured B, is much less than for the commonly used
Petzold "average particle” phase function (0.0183), and B, varies with
depth and wavelength; value depends on type of particles:
predominately phytoplankton near surface vs resuspended sediments
near the bottom (18 m depth)



Hy€ODE Data:-HydroLightvs E-Measurements
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Hy€ODE Data:-HydroLightvs £t -Measurements
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Hy€ODE Data:_HydroLight vS-L /& Measurements

black:. meastrea-by
Hyper-TSRB
(Satlantic)

purple-dots:
measured by-OCP
(Ocean-Color
Profiler; SatlantiC)

green: H with
Petzold phase func.

red: H with FF pf
determined from
measured b, /b

blue: H with
measured pf



Hy€ ODE Data:-HydrolLight\/s-K, Measutements

Fig. 16. Comparison of measured and HYDROLIGHT-predicted dif-
fuse attenuation for upwelling radiance at 591 nm. Solid curve,
measured values; dotted curve, predicted values with the FF phase
function; dashed curve, predicted values with the measured phase
function; dashed—-dotted curve, predicted values with the Petzold
phase function.

The Mobley et
al. 2002 paper
showed that'the
exactshape-of
the-phase
fenction-makes
pAly=afew per
cent differencen
E j,-k Rig-8tc;
so-lofig asthe
backscatter
fraction B, =
Dy,/D, IS correct
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Measured-vs-HydroLightfor-Chesapeake-Bay

Can’t-use the-simple
ac-9 scattering
correctiop-that
assumes.a,(/15) =0

=
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Fig. 4. Particulate absorption (sum of absorption by phytoplankton and non-
algal particles) in the 290—750 nm wavelength region, measured spectropho-
tometrically for station PI, on 28 September 2001. The residual non-zero
particulate absorption at 715 nm is shown more clearly in the inset figure.




Measured-vs-HydroLightfor-Chesapeake-Bay

Improved-ac-9 scattering
correction(as(715)#0)
gives betterEzand-E;
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Measured-vs-HydroLightfor-Chesapeake-Bay

Improved ac-9-scattering correction and phase function-via
b./b-ahd fluoreseence gives better L,

—o— [ (fluor)
—— Ly (no fluor)
¢ L, (data)

% change in Lw

600
Wavelength (nm)

Table 2

Improvement of agreement between measured and model-estimated Ly, as in-
formation on the specific IOPs measured at station PI (28 September 2001) is
successively incorporated into the model. The final agreement between data
and model demonstrates the good optical closure obtained at this study site af-
ter applying the results from our detailed measurements to properly account in
the radiative transfer modeling for the observed optical charactenstics

Radiative transfer Absolute % difference
modeling between model and data

l. a,_(715) = 0, fluorescence for L (554): 50%
included, Petzold VSF
. FF VSF with by/b = 0.015 (otherwise 1) for L(554): 20%
3. FFF VSF with by/b(2.z) (otherwise 1) for L (554): 9%
. Qe (715) = acary(715) (otherwise 3) for L, (554): 0.6%
for L (685): 4%
5. Chl-a fluorescence not included for L (685): 40%
(otherwise 4)



Measurea VS _HydrelLightfer€hesapeake Bay
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Fig. 3. L,, spectra estimated using: (1) a Petzold “average particle” scattering
phase function (stars), (2) an FF scattering phase function with a constant
backscattering ratio, by/b =0.015 (filled circles); and (2) an FF scattering
phase function as determined by measured wavelength- and depth-dependent
by/b (filled squares). Measured L,, are shown as open diamonds. Percent dif-
ferences in L, between measurements and model estimations are shown in
the inset figure (percent differences estimated as (Lymodel) — Lwidat))/Lwidata))-

Phasefunction
effectsson L,



Meastred vsSHydrel-ight
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R /”{ : - L,-and E,-comparisons-for
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Table 3
£ - - -
@ Percent differences in measured and model-estimated L, and Ey (443, 554,
£ T L 670 nm) at | m depth. Comparisons are shown for measurements representa-
e ":"m e tive of the most turbid waters we observed in the Bay (22 May 2002). Percent
Lisa) differences were estimated as:
(b = T ) - \
L] ]L“[“'”‘“-' Luigsd 10 (and similarly for E4)
;[iu[m p + Ljasy)
4 - _
Station L, (wavelength in nm) Ey (wavelength in nm)
e 4
HE 443 554 670 443 554 670
A l | 1 A |
1 HE —4.1 1.6 56 B9 0.4 0.8
= 'E"_ ) ] Fl 17.4 T4 0.6 i3 6.4 35
E 4 i i IT =135 16.4 6.7 =29 kel 58
&l




Measurea VS _HydrelLightfer€hesapeake Bay

Comparison-of-alEL; and E ;measurements
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Fig. & Comparison between model-estimated and in-situ measured (a) Eglz) (in pW nm em T}nmi (b) L=} values (in pW nm ! cm 2gr Uy at depths 0—6 m, for
all cruises-stations that comparisons with the radiative transfer model were performed. Comparisons within the first 3 m are shown as dark circles (B° = 0.99 for E,,
RE*=0.95 for L,), while comparisons for depths below 3 m are shown as open circles (R* =095 for E;, R* =092 for L) (the 1:1 line is also shown for
OO il 501 ).




Measured vs-HydroEight-for-Chesapeake-Bay

L ~and HydrolLight comparisons-at various stations
Note: errors bars are-std-dev from 3 measurments
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Measured vs-HydroEight-for-Chesapeake-Bay

L ~and HydrolLight comparisons-at various stations

Table 4
Percent differences in estimated L, values (412—685 nm) using in-situ measurements and model simulations. Percent differences were estimated as:

Lw[mnde];l - Lw[d:.'h.;l

T 10K}
;I:Lw (model) + Loe{etata) )

Station/date Wavelengths (in nm)

412 443 400 532 554 670 [
P1, 9/26/11 -217 —19.4 —-223 —-13.1 —14.3 —03 —158
HB, 9/26/01 -27 —55 -1 2.1 —-28 74 5
TI, 9/26/01 1249 8.5 6.6 5.1 5.1 —6 15
JT. W26/01 1.8 —6 7.3 12 15.2 2.1 11.3
P1, 972801 0.8 1.a 6.4 -2 0.6 =77 43
HB, 9/28/01 0.6 249 103 5.5 7 -3 11.7
TI, 92801 —4.7 1.1 la.6 14 12.8 8 203
P1, 10430401 —149.7 =21 72 —4.6 1.2 —34 144
HB, 1030401 0.6 1.5 10.2 2.8 9.5 1.4 17
HB, 5/4/02 —10 1.7 14.1 15.3 10 18.2 216
TL. 5/6/)2 —14 7.5 95 4.8 23 31 16.3
TI, 5/1502 -9 159 227 I8 —18.6 224 —4.72
IT, 5/15/02 —28 1.9 -1 —5.1 —6.1 -7 549
P1, 5/2202 —23 116 18.7 1.1 27 —0.5 15.5
HB, 5/22/02 —11.5 —11 37 12.1 — L8 —hh u.1
JT, 522/02 —13.6 —8.5 12.1 11.8 13.7 11.5 199
Avg. absolute % diff T.ED(T.1) 6.35 (5.7) 1049 (6.9} 776 (4.6) TI3(5.8) b.86 (6.1) 12.96 (5.7)

(standard deviation)

What else could be added to this study?




Measured vs Hydotight forCICORE-Statien-ER0L
CICORE data-and analysis by Heidi-Dierssen, Univ: Connused-
measuredac-9-asand-b;-best-guess-Fournier-Forand-phase function, etc:]

3 instruments & 2 HydroLight

— ASD
HyperTSRB
HL #1

— HL #2

//]/,///;% — s
7 N

550 600 650 700
wavelength [nm]

Note that the 3 instruments disagree by about the same amount as
the two H simulations (using different guesses for the phase function)
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: iYou do- the best you can W|th the data you have—;/Some’tlmes Very - _
good, sometlmesnot so good sometlmes completely useless That S -
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If you didn’t measure the VSF _can-you get the backsoatter fraction from e
b,/b?1f not, treat by/brasa “fitting parameter and-tweak-to.get the best
fit forR o forexample.

Even.ifyou can’t get agreement between-measuredand modeled-E
and L, for example;can you-get agreementwith L /E; orwith K ?

Compare as many things@s possible, e.gsthe measured-E, from the
HyperPro and from the ship deck cell and with H’s default sky irrad
model.

The disagreements are often where you learn the most.

Play around with HydroLight. Have fun!
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