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Abstract

Probais a Belgian satellite designed for gl obal vegetatio
coverage of coast al waters, there are oppo¥Vtusi tuises to e
derive tushiadi twat@efr sco@® complete new processing chain wa
masking, at mospheric corTrheectpircomc easdrt wralsi duisteyd rteot rdieerviavle.
North Se-d201@&G. 2Vdl5i dattesnwa$§ fubsekgramdbicst ati ons (validatic
reflectance) and CEFAShtesumabritdh woyy)s. (lvnala dddaittoinonofa compari s
turbidity derived from the remdort meksed sgtang asmodel heew
MASCARET madel suite

Key wé&r d¥hmaemot e ,tsuernbssidnige iy Imiod e |

l.Introducti on

Satellite aoesenVvawbbes source of i nfTdvremaatrieoan cfoovrer ¢ @
information and historic dataata oflrnans nfgide Ifd camsdryv a
anadut commod e€Tkhee most wi del denisvead pfar amaentebhmetbd didrysi ng
(Tdnd SuspendedMPareéeircgBBM) concentSuafiacesxac et he e e
the uppertmpeteesratkaondépehs udépdindiyBogtfho tphaer anmaetteerr sc

can befdem whee sabheddise tmamge ons ha pclweath ttdlea wat e
collected by ther bsiadtietlyl,i ta®es smetséocdl r ¢ ©lp ¢ rhte g |watt eed
refl ezndmeerel atheoemesthd pélilsessed by changing particl
(Dogleitotatli.Bo t20 1ppada.dteneatdeértds onal ly derived from a set
with spatial -lrkens oal nudt i a nr eovfiEsOiatr2btl ie mite hi em ftM duddedraayt. e r e s o |
i maging spectr(Wanmeg eet (MORJ SPPahld2 ;McKielteh e 2M®di um Resol
Il magi ng SpMER))®@med elr 4t aR0O) 1da Ailtds, sGochcdewe verent i ne
each single aODCmMmecpaddmkbage handogpstovi des | imited in
TSM/dTg amiims near .sTtherefaread he OC community has alre
extent-OCosa@amsior a. sensors designed for ot her pur po:
moni t.orliteagiogytnh &tedt hei r pieg i @aNo mBaatyieoi 6 el gssSt han the C
but at Ieast for TSM/ T t heyExparnopvliedse ian cweuadl et hL aonfd snaetw
al ., 20114 Vanhellemont and Ruddi ck, 2014) , SEVI RI
al ., an dlE))rmosat (Miller et al., 2011).

Pr olbias a Bel ganadn gsoaotde | d X aOwp | seednestoirgn@ead nf or vegetati or

with daily c¢cawndar-dbgiel yatc dWls ppgkee abl UDien sensor onboal

sat elelciotreds data up to at |l eaAltt HADWg Kk mt hmewaye fg oM has
spectrahe bgodd, i mage qualitytuprbawliideyse vap p drnt ucno a siteas
Combinmimigprdodwycts - raomdhRpriodde@ ensor s all ows for bette
tur biididymearwi cshore areas and it increases the chanc

areas with rapid Thlrarmsgiudgy ali aonsd ¢ ocavdedrend n $\&ft mare e o f Pr
coast al turbhi dihtep emgmea fwary nde e X pllwir ¢ea dsbeanmsdoafs f or
the same purpose.

The objectiveéoodeuohkiepiaper Vi sm tperhatdidPsetoshbaa sof t war e w.
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avai fabpebeessi A/g ddafo aPrwalt & r as wrefdda ceas b disp rdoecvees soipregd

i ncl udathnmgosapnher i ¢ correction al gaarcicturmmcgndoft urhbei drie!t
prodiucstssessed tdhmewdgwivtahl ifdiaetlidonwat er refl.ectance and
Finall vy, as adne momltircaatei ohnow wehe derived turbidity

functioning of sedi ment transport model s.

Thmaitrest site is |l ocated within the Southern North
the Englil.sMit €Ghannde study area there are several
val i dat i onV opfr otdhuec tPsr o(bSam@C t ibnadiycsat AeériomefFi gure 1) .
ASmartbuoy
United Kingdom
ASmartbuoy
The Netherlands
ASmartbuoy Aeronet-0C
AAeronet-OC
Belgium
Figure 1: study area

3.ProWYaprocessing chain

Sever al processicdcgr iswe pas taureb inckietdyeVdpirtmaget fTlhensa irma
maski ngwafer npinxels and masking of pixels contaminat
water pi xel s ar e corrected for at mobBpyhanrimosphei if @
constituents to obtain awatreadiraetfiloenc tweerifdeae cpgneodd Earteo nit .f
carries information on iits constituents. This wate
generate a 2Dheudbffiletgnmapteps are el aborated bel ow

4. Land cdmdiads ki ng

he aWr oWWai mageas!| aveToepdf-Atassosphefleectianee reflectanc
orrected for any at mosphfeirfiegnddkh edaissk.i a@np litsleels e i |
asedi mpl e shft beh®REhATr t Wav eSWINH & molReendt e(r ed ar ound
66n5m | nSWIhReavel engt hOi03ImOn0gle trhmp treef | ec s avmeey di sti n
rdrmleamdd caledddcas anbe pur eomwait ®r v(eRbywydiripegeh ul t i ng i r
n extremely | owW Kwmateeprs redf éfdac.t,daBZin5)we can assume
efl ectance adamdm hehei meagee rwidverapwpataer neud mfr adcaersk h e

|l oud reflectance in the SW R is very high.

O~ *RrTO H
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5.Sun glint masking

Pi xiem st he/ Pmafgleect ed ,bytehseundigleicntt refl ection of the
fioivd eawr,e m&oked fl at seaspagdlacehd zepec wdamdec ef ¥ e
reflected 1ight can be cEOmpauneld lbawsa.ct | yWodr usai nrgo utgh
reflection is conditioned by tkbeoWwihtheaseatsearéfaacre
described onimtfauncttiicmal o @@aMii BHC osxp e;erdd MuTrhke, 1954) f
is commonly wused to-waalec Wdliostpeei bhue | whendl He pée s dweo mida
Gaus sil @dgpiestri bution (isotropic rddiurgehc ts wrnf)acteq ri engreq
oceanic whlessliopetr Ppiodbabwdve tyl dOp PD)Iisb udfitoenn Fwsnecd ii
remote sensing applicationg Wwhewnwondndtreoitfonmis n

6.White caps masking

White caps are geneflTaAeedeby sbhréakengnigavedbbesd argel

whitecaps especially for high wind spier@ndksi margecsas e
contatmed by suréasebehditsecaapgsd based/ shora wimdl spe
speeds |l ower than 10 m/s the whitecaps reflectance i

7.At mospheric correction

I n t he praerstehndcse aotfamo&fplheereeq @ ctete d ad i ftf heer tshsteshrr sgoert

reflectance. This is primarily because of the compl
at mospheric constituents while propagateismgnabong Tht
interaction generates two main atmospheric effects
scattering by aerosols and mol ecul es. I'n addition,

scattering compomsenrt sr addisamad: trheef laggdcti on by the sur
and radiance backscattered by the atmosphere that
Correction algorithm is applied tothesemeor taedi amde
whi ch iimseadirtno dienfioworemautsiedmulon tThhei swaitseerdaocmenshy tmedd
scattering and absorptiwiht padpativebdodadhckhaer azmd e p h
vi ewi nyg, aatgrheespheé hiec Apr estwilc psQ@aEhadhaeelr o s o | mo d el

21.Aerosol retrieval

The main challenging components of the atmobkpheric
type at t he Ttaikmer go fi riithea gsipege.i fti c-¥t i weascohs PROBAt wo m
1) based on spati al extension of LCeavraonst telra@ 7 ;0or mat i

Guanter Ppandal2), 2m0alsOed on extending tHhlesWr lbalcakc kpi x el
pixa@lpr oacét haasts utntee c owmatre rb ud o resetrige udi mt ¢ hies hi gh absor
pure waherSWrR.si gsaMl kRan thes be assumed taalme entir
therektmpéolhed f adrettelhrani aan o oml
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Théeinal A/ C a pap rfonaecrhg i cnggno hoe both methothasedg. f ol
approach is wused, whi lSeWlfRorap@frfosalcdirrd stphipxselfmargrded, . Nd R
results for the | and based approach are discussed.

22Radi ative transfer simulations

Once the AOT (and aerosol type) is known the actual
mu kptair amet er LUTT hiMotd e rR@dled tuitdam.n At mospheric Radianc
Mo d-B IMODTRANS50 et Bl &6) is used for theAr rlacdpkattalviee tr a
is caltoulspteedl up the correction procedure

8Turbidity retrieval

The -baed tahng odreiv eNeocpheadd beyti sals.el(e2c0t0e9d) t o derivVwe tur bi (
wat er r eTfHe calaghacrei.t hm ,r eilnptFeNsU t hbebwavi egr ¢@ffhect ance

4 2 @

whed eandd are wavelength dependent calibration coeffici
0 is calculated using standaade fifnihceireemtt wvoapkstiiockasl a ipnreodp
regresnsailyrsi s using in mitaithimeabulramedt Sonfevdeman 2.5
et al. TRoO099¢bafercieaptoisld 2i0n 1Do (¢ loind tyt if oget MODI S ba
an extendsidt s Heated .o h#DAOAT AOrkdDa mpolre ot B AV PRREDD d

NI R bands. (FToarbelgedraip) i(rNd R) t he tianb uNeactheadd veatl uals. (2
spectrally resampled and the retrieved value is adj

Dogliotti et alL (NROcHgd wett halr.es(pz&d@9)t ov alhwees.

Tablel. Resampled calibration coefficieﬁ&ﬁ and'A] used to retrieve T for the PROBARED and NIR bands

PROBW band|d(fesanm f(resan

REDv yox okl 237.8¢ 0.168
NI T owtgm) 2535 . 4 0.209

0,20
0,18
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0,12

Rw
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0,08
0,06
0,04

0,02

0,00
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Turbidity

Figure3. PROBAYV water leaving reflectance in RED and NIR bands asation of the turbidityfollowing the
Nechad et al. @9) algorithm

The reflectance in the R@DvutiGA¥dniediuem gn®eMsi tive
tur bwhiéttlge rel ationship. i &t athprglhfedpim®dp ) yhoweear t he
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relationship. tWhidlse ttoh e aNIuR ad me d ietsusr bs edsiatiyt i atei dw 9 @e
to occur dmidyu r &ti dBreeoyayu s e o fs e wlad aviivnigt yt d fulr ébd teld ragye
function ofh waveladnd gdWiwadvheisteghrgbtihg i tadyley@ad i tbhenesn h a s

proposed by vaHamuet aalt.h,orZ@I eDogshiemt it at . al . , 201
Al so ahesrvei t shipndptswedn Red and NIR spectral bands.
generally preferred for coastal wat ete WIRhsWwatghi m/
val ues iter biadi twhiiltégnv e Iss psevtifvecclme Red and NR wavel e

(
selected based on the saturation of the most sensi ti

For turbidity val BEEH hlee tRweRdera Oa nadn dNd IR@ BbGaen dwase fé £t | ma
accor ciguaatfi pme Red rmeaqrde svaessd agaanatl ddar iNtI lRmibca nrde g r
curwas modeled throshowhhgadbeaspobuntasiaa of the mos
starts hehst epkeke tangdaost eapw iY®&1t00b 1 which correspo
turbidity of 60 FNU.

y =0,0308In(x) + 0,223
R? = 0,9648

01 =-----

Proba-V RED band

0 0,02 0,04 0,06 0,08 01 0,12 0,14 0,16 0,18
Proba-V NIR band

Figure4. Relationship between PROBARED and NIR reflectance

To obtai nr asmmiottihons inmabes paocevs s &€digiggd wd entdwoese ni s
Mm YO& Oamv® YOO= O0.. ifMhesecwindewend to TFNWIlues of 46
I'n summary:
T Fom YO&X O.O0%Yeuseed on the basis of t
T Fom YOO 0. 1Heuseed on the basis of t
T ForOOOm YO® Opdrnform merging

T =w)X 1* T(REONIR) w * T
Where w changea YO@e&atrd yh fE@OGM0 011 at

RED band

he
he NIR band

9.Val i dati on
23 Fi el d datvaxlfioddat i on

Pr obaawvt er reifdvadt amecadt asiavai it aAdérosforlomRobotic Net
(AERONEJcean Col or-OCQAERIBDIREINEdGevel oped to sustain at mo
at various scales with measur ement sphfort @mme tWéhreb d wi d e
AERONET nheal»ee®emk ext ended to support marine iaspplicati
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cal ABEBRON-BT AEOQEpirovi des the additionaMateapdhbeialviitnyg
radi ance emesre@i ng from the

Aer oW tst atiieobnt adiantead f rto mvethidet tpee/r(oaneer on dws g ife®. nasa. g
used in the validation exercise:

Table T AERONET-OC stations used for validation

Station namdgcoordina
Thor ntpomnwecr [51A31657
02A57E6 19
Zeebr Mpyvd 5A21643606
03A07 &12 06

As can be seeRROBAPpegtreael 5bands are mu©8 bpeatdeal th
bands, which complicates the fAdirectodo comparison. I
wavelength and band widthapPpal specthmiilng shipetr didicoec:H
comparison.

To determine the spetf ihgipestspict o amedspteicad a acquire
from the Schel dt, La Pl ata and Gi r onKdnea eepsst ueatr yali.n, t2
andspectra from theoNesrttdhaltDesae tf r(oNne cthhaed et al . |, 2015)
Theseittm datasets are spectrd layndr & shemPLERI@NEOE rbaolt h
bands. Next, a regression anal”diag ai & op e rtfher nteodr r kees
bands to determine the bédspeptiad sbithe cealf idaita
bandstBpectr al cwirlrlecd o mi dfeurncOCe® bawds AEBONBT oOr por e
edges o0o0BAY hkel PROband.

M TN |
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o
=
—

o
ES

Spectral response
o o
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Figure 5:Comparison of spectral response of AERONEC (in grey) and PROBA spectral bands.

Probatr bidity is validated Tleawt otnftoemoQEF Ay s$ manst Baur oe)
automat @&,y amel £©ir r e cuosreddi ntgo pc aaltifeooctmsmar i ne envi r on me

are typically collected every 30 minutes at 1m wat
purposes. I'n the North Sea study area thpepr &amape t hi
(TH1) NMMP in the turbid waters of the Thames; 2) We
One moroeutbsuiodye t hse dtleidye rap eal Bay Coast al Observat ol

Table 2:Smartbuoystations used for validation

St atn aame coordina
Warp (TH1)|51.5263
1.02816
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West Gabba|51.9803
2.08283
Dowsi ng 53.5313
1. 056 A€H
Liverpool 53.5345
3.36183

24.Val i dpartacoendur e

Test dacemaesented condirBROBYd atf a qllelteai @2 02®@1 % nd referen

dat a AEROMET CIl MEL ainmst rSumaentbsioys

For eachvY PORRGBAass (over the testansdi tteuprfbtibdeinoyamt anl |
pi xel contai ni nfgi etlhde d aotcaa tsnebensaudrtieentielineh r evahol d for the
of fset between t-WMeovt e mga sl diedda tRAROBR&ANet waas N1 hour .
10. Resul ts

In Fbguhe spectral shoft A®BohaettBeaSWaRattied ys ven.
Each r(elga ofl at a, Gighaowre,i 5cé e dldhte) ¢coseet | d mleours. s howr
r e otrhPeROBVW BLUE and RED band a single, site indeper

can be f olbred twirt.it HeoNR R .hB&nmuea r i abi loi teyx issderbsettween si

o
=

Blue band Blue Band

¥=1.073x+ 0.00;
R -0.923
>

o
I~

e

4

g

*

y=1.071x+ 0.0028

AERONET 0,441 pm
s o o
&

2

y =0.8301x- 0.0012
R?=0.9703

/f

=0.8798x-0.0042
R?=0.9938

R?=0.9921

AERCNET 0,488 pm
e o o
&

?

y=1.1118x+ 0.0009
R?=0.9932

o

0.04

y=0.9147x-0.0049
R? = 0979

0.06 0.08
PROBA-V 0,469 um

0.1

0.04

006 008
PROBA-V 0,469 um

0.1

Red Band NiR Band

0.25

y=0.9491x+ 0.006

y = 1.5295x13628
& R?=0.9921

AERONET 0,668 pm
AERONET 0,869 um

y = 0.9252x - 0.0006
R =0.9409_

y=5.1196x + 0.3708x+ 0.0012

& 0.04
0.05 -
y=0.8332x+0.0085
R =0.9911

L :

R?=0.9497
0 0.05 0.1 0.15 02 0.25 03 0
PROBA-V 0,692 pm

suhsiifntg ftuhnec tS ¢o&EWE RLaatPa ae @,
is th®nendine

002 004 006 008 01 012 014 016 018
PROBA-V NiR 0,780 pm

Figaspectr al gr eenRedclhiendat ,

Fi gushreows t loen v élsioddtsihe Thornt on -G ds tZhebeiboenusB geb &der o1
V water ceefhedRlesenn d| iN& jRdh e PW orbeaf | ectamecerst ead eusi ng
coefficient€ofremaFigunsef6r theéeiswb.®.reu%)n bvaintdls arsma

bahd t.a%s2)a bhitgha

sl ope differ enhcee -onniet hl irnees.p eTcht e tRe dt

smablilas i sFobséeheedNl R band there was no correlation
reflectanceV awadt t BEITRe BABUg.gest-\6 NIhRtbarhde ddCamreat be
derive turbidity in I ow to moderately turbid waters
waters.
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Figur eRelgr es stihoen wpaltoetrs roeff | ect ance from Vnfeoirtwhaee Watérer
wavelengths (left: 441 nm, bnotdtdd)ehET8®DGumme aade ri@ghudlt 66Ff
Throt on A®QC osnteatttihen tri amglnme & her & eredbs wlGige stiM@Wi der.on et

Thr ee tmarpksi dairtey s h ofwonr i Ap (Filg,u2@D58a.n dOmlly Atphre Iesul t s
centraVY ®camdraa whiep isoheoividne elsitghspat i al rCd sosaildwst iwoenr e( 10
presant he i mages, 'fbdr tAipaidll a/ I eocersteHver 1wbas abl e t o d
t hese clwealdlb.e fxpilrsl wyovered with c¢clouds meeabtahacas
are preddamnmtsti n malpee wher e pixels at the boundary of
turbvalidaegs than f{{The ssemamo bredidruges.t o adjacency effect
scattering in the atmosphbéighedfhrefhdfharoaoeyvalFltest
and hence higher turbi ddameg oadtureasi.l sOnp r2dd uvacnedd 2bly Aspirr
the i mages and not masked.

The obtserlviedlianyd vpmdtuteesr ns are realtéoeicewithl | paest o
Sea andurhbiigdi t ooduced rbiyv érh ei anhdameehséVe Sitnh etl hdet Ha svte r
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25 0. 25 "800 “75:% 100 km | gy 0
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Figure 8mafgsrbi dihopr ohae: Ndoph Be&aAp20I ARrli5l, MOHBVEIaend bott
April 201

e vali dati o untbewdfit oem the CBFAS sdimavmt. b ulohyEsi herse 9
sults are obtained for stations Liverpool bay and
t a slope differenceneahi be bDbsgregnd onftshehtée hce¥dano pb
serTvheed .o fifgshat ebr® dhe at mosphfefrset caolrmeadiRwabger vec
|l idati opbutn tFhiegusrleopre di fference might havE&obther
ation DoWnevegePtbmates the turbildityw Thirdbidanmnybt
i 8 oatd max FNUneaaswrfed i n 4 tSINNR milgeht Prbeebai nsuf fici
ality estimatoebi diorytahesas| ow
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11. Comparison with <calculated concentration from F
model I i ng

A model for the North Sea ar evA SHCAARENWe enmo dedt swp tes icrof
of a hydrodynamic wadel mod TEEEMACMAWAC) and a sedi me
(http:// www. openfTaleemad.i oneqqt modul e can estimate sed
compared tounkhiedibtPyM est i-imaagaels.fromh&Smodel is based
easily allowmesh Borzebl exighbHheneampuhat choeasotw. see fi gt

Figurlefio: -PRiOB&Age cropped to t hehemondeeslhl ianngd droonuag hnn,e sosf nmahpi
Toorman, 2015) is shown on the right.

model can be run in 2d torpo3B.i bTkee t®D aapriseadhhe
centration over t heupvserwiilclal be Déi§ éehpoot amcsaeebf & ¢
culation formulations (Bi et al ., 2016) in the
btS®iMdiediwwbit i t he moIRM/ tcwail keiud mttyealn easy task. Thi
ustedetergamnsi §gal . A first approach is an
to a predefined subdomain and for a partic
e similarity expressed édlyopgédck Bt rWaxngret Salm
i minates some of the drawbacks of the point\
ng into account the underlying signal struct |
rteececogni ti on approathtbasedfobhworssgnal s which
ot her. Further details are discussed in Qil on
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12. Di scussi on

mote sensi |
hy takgamuirt
e attribut

When comparing turbidity products from re
turbidity is measured and howifher éncés di
bet ween the smar-VYbuowybpadmtiudthec m opar tl y b
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met er sTheseSdmart buoys are equipped with a Seapoint t
880 nm and recording |light scattered byd suz@@nded

algorithm is developed based on measurements with

wavelength atc®60@i nm ande scattering at 90A. Despit
with standard For nraezs men ssal sipre nibd toudrsd If evheet{ e R emil gr &
because of the intrinsic &ilfofper ednicfef eirenme as warse noebnste 1
mi ght be attributed to these differences in measuren

Next to W hgr dddeuvdetil sbipfterdo mh éPreebba pr &®Mct cancare beri veod

derived wuveghghrad!| aStPdve n & htiogp ecdonvedit y healtwedito corre

SPMconcentrations. The best wayasta erptombliitsur bsdct hy

me as nts @aesftowmMmaiddiutsy nmeter as wused by Dogl i ot
)

Future wor k i ncl uudseisnega ocQyC bsbtaalt ivoanlsi doaytti tiotmfe otr hpeo r satt u coyn
othe SWIR AOT retrieval t o f uratnhde rf iinnapl rl oyv ea nt hien tgeuracl oin
MODI S turbidity products
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