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Valuable sentences

‘Wood(practicallyuseful)data do not collectthemselvesNeitherdo
they magicallyappearon 2 Yy SI€s& readyfor analysisand lending
Insightinto howto improveprocesseqVardemanrmndJobe2016

W adequatelysampled,carefullycalibrated,quality controlled,and
archiveddata for key elementsof the climate systemwill be useful
A Y RS T Mrdsche &l. 2003

W a measurementof any kind is incompleteunlessaccompanied
with an estimate of the uncertainty associated with that
measurementfPalmerand Grant,2010

W we should do the radiometry correctly, or not do it at | €
(RichardBeck,2022



Vaadanodogstrdllio mara 0Ordducs

Validation is the process of assessing,by e eroeEEE———
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Spceacitraiand

The spectral plane wradiance is a measureof the flux per unit surface area and
wavelength This quantity, commonly expressedn W nt? nmt, is measuredhrougha
horizontalcollectorexhibitingcosineangulamresponse
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The accuracyof the cosineresponseandits stability overtime, are fundamentaklementsof any
planeirradiancesensor

Irradiance collectorsare specificallydesignedor in-air or alternativelyfor in-waterapplications

A planeirradianceof relevancefor abovewater radiometryis the downwardspectralirradiance
O _ quantifiedabovethewatersurface



Spectral radiance
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Teentinmion C
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Multispectral and/Hyperspectral.radiometers

Multispectralradiometershavea few spectralbandstypically 10 nm wide commonlychosento match
thoseof satellitesensors
Hyperspectratadiometersexhibita numberof spectralbandstypicallyvaryingfrom tensto hundreds

Hyperspecotrah

Solar Absorplions AVIRIS Speciral Channels {224 from 370 w0 2500 nm §
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@ Multispectral vs/Hyperspectral. radiometers
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entativesspecifications for hyperspectral/ radiometel

Spectral Range: 380 to 900 nm (an extension in the ultraviolet is desirable)
Spectral Resolution: 3-10 nm (FWHM)

Spectral Sampling: 1-3 nm (or at least 1/2 the spectral resolution)

Wavelength Accuracy: 10 % FWHM resolution

Wavelength Stability: 5 % FWHM of resolution

Signalto-Noise Ratio: 1000:1 (at minimum)

Stray Light Rejection: 10> (of the maximum radiometric signal at each spectral band)
FOV Maximum (futangle):  5c(for abovewater)

Temperature Stability: Specified for @45cC

Linearity: Correctable to 0.1 %

Absoluteradiometric calibrationsand characterizationsconfirming radiometersperformance,require
accessto laboratory standardsof spectralirradiance, reflectanceplaques,spectralfilters, regulated
powersuppliesX .

The standardizationof radiometersthrough the adoption of a restricted numberof instrumentmodels
targeting applications, would definitively make the characterization process more focused and

conseguentheffectivefor the community

IOCCG Protocol Series (2019). Protocols for Satellite Ocean Colour Data Validation: In Situ Optical RadiometryVossoKli JG . Johnson, B. C. and Mueller, J. L. IOCCG Ocean Opti
and Biogeochemistry Protocols for Satellite Ocean Colour Sensor Validation, Volume 3.0, IOCCG, Dartmouth, NS, Canada.
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Historical dates

. . Advantages
1920s: First observations
1980s: Early documented method 1. Longterm deployments are insensitive to-bio
1990s: Methods assessment fouling
2000s: Comprehensive uncertainty analysis 5 |qansitive to coastal water optical stratifications

Drawbacks

1. Cannot produce profiles of radiometric quantitie:
2. Restricted to a few radiometric quantities.(L,)

3. Requires correction for sesaurface reflected
radiance contributions and nowadir view

4. Highly sensitive to wave perturbations




Abovewater radiometry
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Morel, A. (1980). lwater and remote measurements of oceaslor Boundarylayer meteorology18(2), 177201.
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Mobley, C. D. (1999). Estimation of the rems¢msing reflectance from abogairface measurementépplied optics38(36), 74427455.

Zibordi, G., Hooker, S. B., Berthon, J. F., & D'Alimonte, D. (2002). Autonomousatbovadiance measurements from an offsa@latform: a field assessment experimeidurnal of
Atmospheric and Oceanic Technoldd/(5), 808819.

Hooker, S. BLazin G., Zibordi, G., & McLean, S. (2002). An evaluation of @val/grwater methods for determining watdeaving radianceslounal of Atmospheric and Oceanic
Technologyl19(4), 486515.
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Viewing geometry

Assuming a Vi ewipasg
=40 the relati ywg
angle with respg/G:ts
i's i1l usc?20=2a@ed: TiC
and=135@ <N

Thi s suggest s
dependéxlc3eo no f
sea State expt.£e.s.S
functi on of wind

C.Mobley Estimation of remotsensing reflectance from above surface measurements. Applied Optics, 3843541099.



@Which i-enliriactiole v e

Mobley (1999 suggestea viewing angle ¢ = 40~ and a relative azimuth# = 135~ asthe most
appropriatéo minimize sunglint perturbationsn abovewaterradiometry

This recommendations fully supportedby the lower and more stablevaluesof modelled -
factorsdeterminedor diversesunzenithsandseastateswith £ =135 .

However,whenusing £ = 135", the L; radiometerwould generallylook at the seacloseto the
deploymenstructureor at its shadowBecausef this, the selectionof the relativeazimuthangle
needdo tradeoff betweema measuremergeometryminimizing glint effectsandthatminimizing
structureperturbations/ = 90 is considered viable solution

A relevant element, often overlooked in abovewater radiometry, is the need to correct
0, (¢h2-hh) for the non-nadir view of the L; sensordueto the nonvisotropicdistributionof the
In-waterradiance This correctionimplies assumption®n the bidirectionalreflectanceoroperties
of thewaterandtheapplicationof consistentmodellingsolutions

This needshoulddiscouragethe adoptionof diversevaluesof / for operationalmeasurements
In fact, correctionfactorsdeterminedor diversemeasuremengeometriesvould be very likely
affectedby different uncertaintieswhich would naturally lead to potential intraameasurement
Inconsistencies
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Indweact redrancadandbliriann (
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The/inwater radiance-distributionsiscnoncisotropic !

Tyler, J. E. (1960). Radiance distribution as a function of depth in an underwater enviroBoier&crippslinst. Oceanogy, 7, 363412.

Antoine, D., Morel, A., Leymarie, EHpuyoy A.,Gentili, B., Victori, S., ... & Henry, P. (2013). Underwater radiance distributions measured with miniaturized multispectraleradianc
cameras. Journal of Atmospheric and Oceanic TechnoRiif{,), 7495.
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Morel, A., Antoine, D., &entili, B. (2002). Bidirectional reflectance of oceanic waters: accounting for Raman emission and varying particle scatterinmgiase
Applied Optics41(30), 62896306.
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Assessiment of instruments performance via-raerparisons

Comparigydatafitirdmnaedc aandn al

AERONEGQJ I nstruments for equival ur e
condi ti.ons —ee
N'="84" " 9 Ap,0,) [MW m ™2 nm™" sr]
4_III||IIII|IIIIIIIII|IIII|IIII||IIII|||)_
— Q_
— 9’ E
© Y =0.98914X +0.00385 .o -
—~ - o _
5 3F n<5min o 0 .
~ - ogy & -
c E p";: E
- 2 —
00) — ]
o " 412 nm | 7
L] - 443 nm -
O 1F 490 nm | =
- 555 nm -
- 670 nm 3
0I||IIII|III|IIIII|IIII|IIII||IIIIIIII:
0 1 2 3 4
CE-318 (9 Ch) | 1k
Zi bordi, G., Hol bédalhi, m&8nt &, ,DTal 8het sMer, , R10.2,1 Qidlvea:m,c eBCoildoo,mihé& n Owrealoif n t hMd. AG.r o(s O

( AEROWMEPournal of Atmospheri3é® aabd68ceanic Technol ogy,



@_ater measurement approaches

Thgenanmedllod c hesedorelsaeppl i cal pDhraadtiecdade 1§ ® fwe m
absodpdamteraaslur e indteadtsald i fam & maseesau r fLdgfed)whi ab | uc
contr ifbrugygnass)kgy | | & hadug !l iamta)i hsekLygNf, & ).,s kryadi ance

Thedownwiar dadk(a)nicsedesi rqaumlnd ott ymi ni mi afxthiaome s
I | l umdonameags ur amdond mptulree meeagiedd eR,f/ance

Al t ermat hvweald h orseel yvimnlga q(uCGasr adregt ewlhad gpbrpol ar i
(Fougenale99®&rcehal | eymgiedd ale mgl e me (itt ddea sofisa qaireds |
by haeppl iTeaado mpne reamds aw @ mneofdegritshcea s @ ol ar wh emasy) |,
af ftehaet cuqudret i épcadwmdhesr t ai Nnt 1 es

Al sad t erdatpawe essi npirom® gteldlei t e rmeotsucrlegn t e ntelde
opt i mioztahsekgylnir mtmo(veat hnei ni miaz@nnyeosni dkuyaald i ahtect
L &) eetll 99Goueée @2 00RUddatclR O 081 ningdl s20dkK3ut sl
201&@r oeeslRiD Iawnesth owlineed If e c toimvaetneelsise ¢ t @ la & &K ry



