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Abstract

Water anduspended sediméoikesare considereduring the period 2@@08in a region
includinghe full Amazon River from the confluence of the NegBaRaden the end part of the
Solimdes Rivandthe lowepart of the MadeiraeRi Three types of datauaesl water discharge
estimatedrom field measurements,saispendededimentbtained from field measurements and
derived from MODIS satellite data. A generalized least square method including a propagating te
developeth order to propagate the signal upward and downward the river. The approach is introduc
and tested. Seveeaperimen@re considered orderfirstto estimatd¢ ability to propagate the
signal frorstations located before the confluencesoohibitadeira Riverstadions located on
the Amazon Riysecond to investigate the possilitppagate the signal along the Amazon River
which dynamics is couplétfloodplaindynamicsandthirdto produce optimal soluta@@nsater
andsedmentfluxes For eaclexperimenthe influence of field and satellite dataparedrhe
approacts efficient in the upper part of the oégtudywhere the Soibes, the Negro and the
Madeira Rivers meet faild in the lowgart of theegiorwhere interactipetween Amazon River
andfloodplainglay anmportantle orthe | O X flyh&fiicsThe optimaixperimenncludes situ
and satellitedatafromall the stationsvailableandis used to analyse the recent evolution of
suspendesedinentflux along the Amazon River and its interactionangin ¢coepldtbodplains.

A highaccumulatiaiateis observeduringhe200020@ periogdfollowedby decreasing rates until
2005and byncreasing values2006 an2l007 Our results suggdsat floodplaiagtendinglong a
river reach 880kmlongbetween Itacoatiara @irdodrap about 15% of the suspesetdichent
flux passing @bidosThesimulatedeposition raiteof about 0.3 Min! yrl correspomagto an
accretion rateatfou7mmyrl.

Keywordssuspended sediments; remote sensing; sediment transport; Amazonian Basin; statisti
modelling

1. Introduction

Asintegratdvariablg dischargandsuspendegedimemluxesfthelarge Riversn the world
areimportant dicatas of the largscale climatic conditj¢ersd uses armimatic changésowever,
their dynamicee complex in time and sp&ieerddischargedepens not onlyon thespatial
distribution adinfallsbut als@n manyothemprocesseand charaeristics includimgtertransfer
fromwatershedo riverwhich dependdself on land cover, soils propertrespholggof the

" To whom correspondence should be sesyivain.mangiarotti@cesbio.cnes.fr



watercoursgslope, deptiindrugosity among otheamdon interactianbetween watercouasel
flooded aregdlertes etl. 1995)Similarlysuspendededimentiux releson thetopography and
lithologyof the drained surfaces, on the asidenaturef the eroded partickesd on the
hydrodynansiof the rivgilDunne et al. 1998; MatBmargoin et al. 2007; Bonndt 20@8)To
bettelunderstand thoyynamiof the water asdspendesedimerfluxesalong riveyan adequate
time and space sampling offltixes igequiredCalmant & Seyler 2006; Melack et al. 2004)
Unfortunatelyhydrological studlesve tdacethe challenge afdecreasing availabitifyn situ
gaugegFekete & Vorosmarty 200%)e world amdore particulantylarge remobasis such as
theAmazon Basin, tRever Plate Basin or the Congo. Basiimazon Bassrihe largest in the
world with an area of abaumillions of knfGoulding et.&003) Its monitoring particularly
difficultand large regions remairaugegdor poorly understood (Filizola et al. 20@9%mazon
Basirepresents about 15% of the global freshwater inputMolotdeaet(al. 19@5llede et al.
2010; see algtichey et al. 1986 for a previous estimate of 20%) with a meahageuai 2108C
000 rAs (Molinier et al. 1926)d plays an important role on global climate regulation (Nobre et al.
2009)The discharge of the Amazon River is directly driven by the regional climétitasoaditions.
monemodal regime resulting fthen integrated contributions of the various tributaries draining
contrasted regional climatic regions (MoliniE998)a#t dynamits also characterized by a large
variability in amplitude and phase from one year to anothlemkedhicthesiterannual variations
of the climatic control (Marengal®®8)It can be noted that the maximum discharge ever recorded
has recently been exceeded during the 2009 flood with a value of abéist (ZISEO6ylmam)
and that several drought events experienced in the last decades (2005, 20dinvitin
discharge of 60 008sor lesd-or practical reasdirect monitoringdi$chargandsuspended
sedimentoncentratiq®SCranbeachievednly at a reduced number of witeshare genally
located at the outlet of large integratoassodfORE Hybarttp://www.olg/bam.ojgDespite
suchdistribution alloestablishingater and sediment budgetiratelfMartinez et. 2009) itbut
should be reinforcedjtantifynore precigetheinnesprocesses responsiolehespatiotemporal
dynamicef the fluxeendto betteunderstand their responseadimate variability and athaanges
inthe basin.

The lack afheasurementswéter level and dischastihe large floodplacenectetb the
main coursef the Amazon Ripeevergfromestimatinthe part of the Amazon discharge tlsat flow
through the large associated floodplanfuxesxchangetietween mainstream and floaglplain
are still a subject of debates angjtine depends on the estimation methoololibggy space and
time scalasnder consideration, and on the geographic areas of study. Effectively, contrasted dynan
may be expected when consideringlihidual lakegater balances (e.g. Lesack & M&labk
Bonnet et al. 2008)e hydraulidynamigof a BOkm reach (Wilson et al. 2@B&¥lood wave
routing schemes along a 2000 km reach (Richey etoaltHEO@@avity anomalies derived from
satellitedatafor a portion of the central basido(Akt al. 201®owever,uehsulsystems are
interconnected when considering the whole basay andimportant role on flood and drought
dampingandalso on suspended matter tranBperto the interactions taking place between these
numerous bgystems, processes at work in the dynaedimenht fluxase especialdjfficulto
capture from only few gauges staBlosiendedarticlesdluxesare influenced by river inner
processegbank erosion, depositiongaioeandejs Exchangewith he floodplairsso play an
important role, follovargpmplex cycleaafumulation during the floodeigert of sedimefrtam
floodplain® the mainstreatfallingvater stageepositiom the lakes and channels durimggtine
water stag@eack 1994 Mertes et & 9%; Mauricd8ourgoin et al. 20089.a consequencignal
of suspended particles flypaily decorrelated from the water discharge and no simple relation is
found between them (Guyot et al. 2005).

In sittgaugenformatiocen beinterestinglyompletetlysatellite measgements whighovide a
highecovein spacavithregulasamplinghtime although the lengths of record obtainable from such
sources are, as yet, fairly .shatdllite altimetry is a powerful tooldsunng water heightarge



rives (Calmant & Seyler 200@&ppart et al. 20@&antoda Silvaet al 2019. Combined with a
simple static or dynamic midah provide complementary informatiodistitangé_eon et al.
20@®; Zakharova et al.0f) On the other hamndatercolor measurements can be used to assess
SSCat thewatersurfaceMODIS datéased on a multi frequency acquisition in the optarbands
be used to estimate the surface deftisgyarticle (Kilham & Rober$12 Espinoza et al. in pyess
and whercombined with sitidata canalsobe usedo derive the integrated particle content over the
depth (Martinez al.2009. Using field sampling data and MODIS satellite images, it has been shown
that rivef8&dment discharge can be retrieved with a fine accuracy (MartineZspaio28@9
al. 201p

To estimate the flows along the main streams, it is necessary to develop robaisketgpproaches
propagate the information in time and spagihthisintention that simple statistical method is
suggestebere The approachtroducenh this papéelongs to the inverse methods and is based on
a Generalized Least Sq&eS) mthod(Tarantola & Valette 198&)ich is now a classical
approachn geophysicend oceanograplfg.g. see Mangiarotti ZOfbr aotherexample of
applicationsingsatellitealtimetry dataBy gplying this methodology, the target is to estimate the
dischargend thesuspendededimentluxalong the mainstream of thezéimand the Madeira
Rivergogether with amror budgethe monitoring $8C along large rivers suchhesAmazon
River is an important thsk magllowa better understang othelocal scaldsehavioralong the
river and thus, to quantify ssdarchanges with other reservoirs antlathgiostall along the
riverwith more precision. To do so, the approach should first be developed arddested onto
networkcurrently availabléwo maimuestionsaare addressed in this papew farcan the
informatioof SSChe propagatédowstreamandwhat cabe the hydrological causes of information
loses The data used in this paper are describedh@xt sectiomadic statistics appliecextract
some characteristieecessary for the hoetoloigaldevelopmermtre presented in sectioihg
methodologis thengiven in sectioh Results are described diadussed in section and
conclusions are drawn in thedason

2. Data

2.1Study areand notations

The area of study is preskmt Figure 1 associated with its sirsphifethat includes five
measurement stations (see Tdbted&tai)slt corresponds to the confluernibesefofhe Amazon
River main tributaries: SoimbeRiver that drains most of the West @antraf the Amazon
basinthe Negro River that drains a significant part in the North béthisptaechmeand the
Madeira River that drains the Southern part of the calehsEreme alswludedivein situ
gauge statiomamelyManacapuyonthe Solimbes Riv8antarénthe most downstream station of
the Amazon Rivarfew kilometres downstrim®@bidosstationthe Itacoatiara station located on
the Amazon Riyvandthe Borba statitmtatesn the Madeira Ri@ve reaches derobby 1, 2, 3,
6 and 7 (se&ppendii.lfor notatigrare considered in the stiudiyng the period 2@XI08 Their
lengte D aregiven in Table 2. Distaradeng each reaahredenoted bgi and haverigin athe
downstream endpoltal distana@emputedromSantarérns denotelyd. Thelist of the variables

used in the textisogiven in Table 2
INSERT FIG 1 HERE
INSERT TAB 1 HERE
INSERT TAB 2 HERE

22 Dataused

(i)Discharge

Daily discharges were obtainedBfamitian National Water &AgdNA AgéncidNational de
Aguajat thregaugestations (Manacapakong th&olimdeRivey Borbalong the Madeira River,
and Obidoalong the Amazon RiTé¥ere are no gauge records available for the lower reach of the
Negro River (reachHQsibns along the reachesaiid = 70 km¢h = 160 km ardt = 92 km



respectivelgs presentedTiable 1)The time series are shown in Fifpnth&imeperiod 2000

2008 Following the precipitation geographic pattern, the flood first doen8sutbniMadeira

basin), from March to April, followed by the central part of the basin @alinedeRibe(May

to June), while the northern tributaries experience high water period from June to August. The Am
River that receives all thabatariehasa maximum flood from May to June and low water period

from Octa@rsto December.
INSERT FIG 2 HERE

(i) Surfac&SCfrom field measurements

In situsurfaceSSCwere downloaded from the ORE HYBAM databadeldnadapuru,
Borba and ObglstationsConcentratiodsave a 1day samplingiteand are determined after
filtration of water sam@®30 mixollectechear the surface tae middle of the rivadthon
cellulose acetate membranes (porosity of 0.45wmighpee and drieceifiltration at 115°C
during 6 hours.

(i) Surfac&SCfromsatellite data

Surfacé&sSCdata were computeidhesame positions Manacapuru, Borba, Obidogegau
andat onesatellitestation Itacoatiara. The retrieved su88€®s deduced from acsession of
image processing techniques (clustering classification, Monte Carlo sorting and spectral unmixing
which details are given in Martinez et al. (2009). Both Terra and AZh@nd@RI®IS8-day
resolutiorgomposites are considexbwving an uninterruptiege series from 2000 to 2008en
situsampling procedure does not pleemitestigadn okeventual heterogeneities in the River cross
section, satelltvased estimation does.

AverageSSCin the crossection can be assesseomsurfaceSSC as itwasshown in
Martinez et al. (2Qa8)ing relationships derived from sampling cabpeigngheses campaigns
SSCare determined at several depths and locations alongs#wiamnossabling to establish a
relatioshipwiththe surface concentration. For all the stations we found a lineahatg@sision
beused to transform surface concenfratgituor satellitbasedjn average concentratiame

series for the sittand satellfeased5SCareshown in Figei3
INSERT FIG 3 HERE

23 Datapreprocessing
(i) Discharge
Theclimatologic dischargje, t wasobtained by averaging each dschdvailable year of

datafrom the complete data set for the2Q@®5eriod. The climatologic disststimated at
Manacapuru, Borba &idosas well as their ird@nual variability are presenteigjime 4The
magnitude and the amplitude of theasgmalch higher at Obidsee{able3) than at upstream
stationsTheinitiadatadistributio isclearlynot Gaussiaanalmost unifordistributioat Obidoss
found whildistributions are cleadymmetriat Borba and ManacapAfter the averaged itra
annual year is removed, the residual distribution \isoatyel®ser to a Gaussidistribution
(Figure 4yhich is a prequisite condition fordpgplication of ti&l.S methotee Tarantola &

Valette 1982)
INSERT TAB 3 HERE

(iSuspendedefiimentoncentration
In a similar wate climatolog8SC Af,, t wasderivedat the3 satellitestationsocatedht

ManacapuriBorbaand Obidog(Figures). The inteannual variability ®8Cis also plottedhe
higherconcentratiand the larger amplitudes are observed at BorbsesfBaible3) because the
Madeiradsindrainghe Bolivian Andearnregion rieinin ercsivemateriallnitially, the distribution of
the data is visually clearly not Gaussian (non sgistniedtion) and becomes more Gaussian after

theintraannual yeamaluasremoved.
INSERT FIG4 HERE



INSERT FIG 5 HERE

3. Method

The methodology developed here aims at estimating the Misehanye thesuspended
sedimenflux / t,x along reachds= 1, 2, 3 and 6 by propagating the information along the

watercase. Threemain tributaries of the Amazon Riv&o(ittéeRiver, thdladeira River and
the Negro River) are considered in this study (see Fig&®Q)/t,x in gm3(or md?) along

reach can be estimated locatfme ard distanceby the following relation:

[ t,X
Mt, X

Ut, x @

where Mt,x denotethedischargén mst) and / t,x denotethesuspendesedimerflux(in
gs?) assuming that propagatimraged velbads identical for both watelsuspended sediments

3.1 Theeneraleastsquaremethod

The GLS methadns to estimate unknown pararbat&ena linear regression moalihg
into accoutiespatitemporal characteristithefdatanditsassociate@rror budgelis application
impliesa relative degree of correlatithe observed behavibthe GL&ethodequires to saha
priorimodel and to define a covariance function (including iterpzianet also requires
observedataas inputdn the present wohHe GLS3nethods used to estimate dischargand the
SSCin bothspace(along the riveaind timeA priorinformatiors requiredn suchapproachlhea

priorimodel //t,x waschosen as follaws

Mt,x 1 DOx.M, tmodPyear@ 't 2

for thedischargewhere A4, is the climatologic dischafgs computed in secti@®), 2, is the

along strearamplification coefficiehtthe flovaccoumng for the lateral fluxessilting from
floodplains and basin surf@ceggative value corresponds$oss, & positive valtee a gainand
wheret mod Pyear ' represents thearly repetitiveness of the climatologicAnotteta priori

model {J t,x is chosen as

Ot,x (., tmodbyear@ 't (3)

for theSSC where 4, istheclimatologi8SC(computeds explaingd section 3. As ara priori

modela climatologigearis preferredather than eonstanvalue firstly becaudbe a posteriori
model will approach the climatic cycle when no data isvelvaitaidemore realistic than a
constant secondly because the distribution of the data around the cliilatcigpdser to a
Gaussian distribution ($@gure 4and 5) which is mackgroundhypotheticonditiorfor the
applicabiligf the GL&ethod

The covariance error matiax important part of the @iBo@ndmust be defined cautiously.
Due to the poor information available about the distribetioforofation when the signal
propagatesa Gaussian distributtan reasonably Besumednd a propagation tdras been



included One covariancdunctionC &, & has beenchosenfor this purpos@he function
C &, & repesemndthe correlation / decorrelatithre gdfropagated sigaadlis defineds follows:

2
1 &2

C(& ®) Ve 27 g 2% €

where lis the chargaristic variance of the sigaand G are the time and space decorrelation
respectively® is the temporal distance @dhe spatial distan@ong the reachetweerhe

time when (respectively the locations whemjutaeed and observed vdhles plage is the
velocityvhich is assumed to be constarg A covariancerfctiorB &, & accounting fdine
uncorrelated nois@lso introduced. It is defazed

B( & Q) V.G with ¢ 1if & & 0 (5)
where } is the variance of thecorrelated noise (in time and spHoe)same shape of the

covariance functiand covariance eraoeused foall reache and for bottischargendSSC
estimates. Howewdifferentoefficientd, @, G and } arechoserfrom oneeachto anothefsee

section 3.5Yhea posteriori dischard@,x andSSC &t,x can thus be directly calculated from
the GLS method (ggmpendii.d.

3.2Relations at theach confluence

The total mass cenatiorfor the dischargas theconfluence between reaemd the
upstreameachegi and2i+1is expresseas follow

1(t,D) Li(t,0) 4 4(t,0) (©

whereD; is the length tife reach Similarly, theuspended sediméokcan be expresseithe
confluenceetweemneaches, 2i and2i+1 as:

Mt, D) M. 0 M. (t,0) @)

Arelation for tf8&SCconcentratiaranbe deduced from Ed 4nd7 andwritten as

4t,0.Mt,0 U, t,0.M,10
YD) o @

3.3Computation steps

As menti@uin section WKH 1HJURYV GLVFKDU BdlimbaRiWwWrKH FRQIC
not availabl&@hereforghefollowing steseapplied:a) thedischarges firsthestimateavith the
GLSmethodalongreachesl, 2 and ,@based on the information provideditysOBorba and
Manacapuru statipespectivelp) Using Eq. &he outflow ofact is deduced from the outflow of
reach2 together withe inflow @éachl; €) Thedischarges then estimated with the @&tod
alongreach3 based on the owtfl®SCof reach7 is assumed to be némégompared with the
concentration observed along the other (eatireds5SCof the Negro River is less than 2 mg.l
Sioli 1984 Therefore, the conservation relation givébecBmedgori = 3:



" @t,0 . &t,0
Qt,D;) 1. D, ©)

The propagation can thus always be applied following the streaocatideogidine following
steps (a) Th&SCisestimated with the GLS metlwdyeacts; (b) @t D, is deduced fraau.
9; (c) fromthis informatio8SCis estimated with the GLS medlatreach3; (d) SSCis then
estimated with the GLS me#hangreach2; (¢ Equation8) is usedvithi = 1 to calculate
Qt,Dl . (f) ThesSCis thusestimated with the Gh&hodhlong reach Usingsatelliteand/oiin
situstations (sevemtperimentre tested, see section. ®8¢e both thdischargand thesSC

have been estimated alhthereachesthesuspended sediméukcan be deduced locally from
Eq. ltagether witthe errobudget

34 Parametsr

FHveparameter§.e. V, i, 4, O andc) of the covariance func{eg.4) and covariance
error (Eq. Fave to be sdor each variabldigchargend SSG and for eackeach These
parameters are the following:

(1) Vrepresents thvariancefthe signald x,t and (Xt to be extracted and propagated.
The dispersion of the variaxbibiting seasonal behavigtivas chosen to take into account this
seasonalitgxplicitlyn the correlation functlodeed,V can vary in timéth aseasonal variability
assumed.Wt is estimated from the dispersion dflithatologigear (see figwd and5 for
dischargandSSC respectivelgnd can be expressasdolloss

Wt,x V¥ tmodPyear@  t (10
and:
Vt,x VmtmodPyear@ t (19

wherei is thereactmhumber
(2) 3 representthevariancefdheurcorrelatedoiselt isassumetb beconstant in time and

isestimatedmpiricaliy order to stabilize the matrix inversion
| NSERT TAB 4 HERE

(3) c is the propagatiorelocity Itis asumedo beconstanin time, uniform in spaocel
identical for both water argpended sedimeffitswever, it can vary from one reach to afother)
estimatethis velocitghe correlatiaof the signal afischargdetween Obidos and Manacaguru
estimated widtimedelay/ WWanging from 0 to 20 d@® same correlation analysis is applied to the
signal 08SC(see Table 4), and can also be applied between Borba and Obidos (see Table 5); for tl
latter case, the contribution of Manacapuru must be removed fromio®bldms titet
corresponding to the higher correlatioldead ta more realistic propagation time. When directly
applied to the original signam#tisodology may lead to erroneous edlinedti#ise geographical
phasingesulting frotheclimat control®r due to high frequency perturbations oindeise, to
estimate velocity with a good precision, high correlation values are expected to correspond to a ng
range of time deldy.satisfying trade off between correlation and preadisidredtainedA
filtering was thus applied tsigmabeforeestimatinthe correlatiothisfiltering waserformedty
transforming the signal into the frequency domainaHaastsHourier Transform (BFENdof
frequencyefined by a lewand aigherfrequencyas thus extracteohd an inverse Fas
applied to this batedcome back to the time domamds ofarioussizewerethus applie.g.
Figure 6)from which a time range (and celerity wangEducedtorresponding 86 of the



maximum correlatigee Tables 4 and Bje estimates resulting from the B8D daydand
filterindead t@more relevant resyttsrresponding to case 4 in Figuvghbpth ehigh correlation
leveland a narrower bandf celerity Betveen Obidos and Manacamwte that the higher
correlationsre obtainediththe signal afischargéperturbations by the Madeira lb&wegsmall).

On the oppositwncethe Madeira Riveasa very higBSGC the higher correlations between Borba
ard Obidos are obtained with the si§@&Cdhe values ofused for each reach are given in Table

6.
INSERT TAB 5 HERE
INSERT FIG 6 HERE

(4)Thedecorrelation tinieis estimateérom the autocorrelation analysis of the timerseries
bothdischargandSSG andateach of the three statiOhedos, Borba and ManacggesaTable
7). The seasonal component of the signal tends to bias the estimation of the signal autocorrelation.
effect can be bypassed by applying a high p&sctlteiatiotime obtainedafter filtering the low

frequenciassing digh pass filter (<100 dases)yresented in Table
INSERT TAB 6 HERE
INSERT TAB 7 HERE

(5) Thealong streawecorrelatiodistancel} is assumetb be Gaussiamd iscomputeds
follows:

r P (12

Wheredij2 is the distance betwesentions andj andr; the correlation between the Sesiedj.
The same relation is used for disthargeand SSCsignals, withd; = 562 km between

Manacapuru a@bidosanddij =630 km betwed@orba and Obid&stimates of the correlation

distance are givenmable 4 and5. The parameters are considesst byreachas far as dataset
made their evaluation posdibke values of parametarand (4 used in the general least square
method arallgiven in Tabke

35 Experiments

All theexperimentare based on the sadischargestimatdollowing thstepsdefined in
section 3.3heSSCand thesuspended sedimbuaxare then estimatfthreenainexperimestre
considereg@experimental inpate resumed in Tabte 8)

(1) The firseries oéxperimenins at quantifingtheabilityof the methdd propagathe
signabfSSCand fluxeBomuppesstationgManacapuru and Brbalower statiorigcoatiara and
ObidosThree sub cases are considecedrding to the dattused as inputla)onlysatellite
estimateg1b)onlyin sittmeasurementend (1c) both satellite estimatds aitdneasurements.

(2) The secondxperimntaims at analysing the signal propagation alongbetaaend
ltacoatiara ar@bidoslt isthe same asub experimefita) butSSCand resultinguspended
sedimentluxes at the Itacoatiastellitestation aralsointroduceds an input the irgrsion.
ResultsimulatedtObidosire compared wittalobservations

(3)The lastouple aéxperimentmat estimating the ability of the satellite data to complete the
in situmeasureants anetprodumgan optimal reconstruatibtheSSCandsuspended sediment
fluxalong the stream. Therefor@@apnlysatellite data are uggabefficacy of the satellite data
compared at Manacapuru, Borba and Obidos where field data)avbereaitainié3b), all satellite

estimates amd situneasurements are usearder tobtainD Qptpmakolution
INSERT TAB 8 HERE

For each of thes&perimentsesults are testatithe ltacoatiarandObidosstationsThree
efficacy estimators are built baseldeodistancd between the model outpd thesatellite



(superscrif@) orin sitysuperscript mhen availablepservation¥heperformanag the approach
is estimated feachof theexperimentbrough thi®llowng estimator

SorF 1 '\|I g orF 2
Jstation N | Mi ’ Dstation /gation ti (13
il

The resulting estimatdfs, i Jo .. and J:

bidos opidoc A€ reported in Table 8.

4. Resultsand discussion

4.1Discharge

Outputgdischargand associated ermiihe GLS3nethodreshown ifrigure’ forreach?
(top pans] andsuccessereacles 6, 3 and tbgethetbottom pargglduringhe period 20@&0D08
Thecharacteristigropagatiotime between ManacapuruQindoss a few dayshe signal is
dominated by the irtrauasignalThe inteannual variability also clearlyasegipey.higher values
in 2006)rror bars are lowseldo théputstations and increasdten far from thefeehigh error
levelobtained ireach3 is due to théack oinformatioabout thelischargeftheNegro River. In
2007, the high leveeoor obtainedraacht arises from a lack of da@ modéhenconvergeto

the climate prionmodel and the errorsiia@comenaximum
INSERT FIG 7 HERE

4.2 SSCfor the threexperiments

The following question is firstly addrdssedheinformation from Manacapuru and Borba
reach ltacoatiara @biido3

Figure8 shows the agreement between the GLS model and the observations from the satelli
data at Itacoatiatap plgtand Obidobdttom plpstations. Table 8 summarizes the conspgarison
the retrieval performance of the diéfepenimentgainst the fied@rived or sateHiterived5SC
at Itacoatiara and Obidos stafibescomparison betwiea priormodel anthe esults obtained
at Itacoatiara froexperiment§l2) is shown inFigure8 (top plot) The comparison between
experimentda, 1b, Icand tha priormodeshowghatthe SSCestimatés clearlymproved by the
upstream signBlesults froexperimeri2) arealso plotteid Figure8 (top plotpr comparisemce
it representan optimasolutionlt is clearly observed that a part of the inféromatManacapuru
and Borbeeaclesltacoatiara&venf partof the signa lostThis might be explained by the relatively

low ratio between the maximal trameeea to the reach lengths
INSERT FIG 8 HERE

Results obtain@dexperimentda), (1b) and (1@reoveralsimilafTable8 andFigureB).
However,mne differensean be notedbetter resultare obtained with the satellite datp
(experimerdf)whiclcan be explained by a better coherency of the measoreneMisen both
satellite and situmeasurements are usmgetheran intermediate result is obtdihedntegration
of upstream information siingted but still significantawgments to the GLS performance. It
seems that the upstream information is not fully preserved deewesakbeauses may contribute
to explain the information loss: the lack of information about the discharge coming mainly from
Negro River or rfrosmaller tributaries, as well as the discharge transiting through the floodplain
Sedimentation and particlssispensioprocesseeccurring mainlytie large Amaztiaodplain
systemwhichare not taken into account locally but only statistiggtilyetcorrelatiofunctions of
the GLS method (see equation 4 which parameters are proG)detayaté® contribute to the
information loss.

At Obidosit is also observed that a part of the upstream infmmmiatfpom Manacapuru
and Borbe poorlytransfeed(seethecomparison betwesperimen(d) anc priormodeshown
in the bottom plot Bigure 8Moreoverinformatiomddedat Itacoatiaratationis also poorly



transferred tObidosResultsfromexperimen2) are thusonly maginalljimprove comparedo
experimentd) This may be explained bygdheplex behaviour ofdineamicbetween Itacoatiara
andObidos where ttischargandsuspended sediméuaxdynamicarecoupled with the dynamics
of thelargefloodplamassciated witthispart of the Amazon Rilretthis reaclthe ratiomf the
maximal inundation area to the reach lengths is significantly highe? (abbthat3dmce the
value estimatém Melack Hess (201®etween Manacapuru and ltacaatid between Borba
and Itacoatigrahll year longwater flles aretransitinghrougtthe floodplains with a propagation
velocity much weaker than in the main aodvg&h an alternatively positive or negative floodplain
water net balance durivgyhydrological cycle (Bonnet 20G8). Thanfluence dfoodplains on
suspendededimenfiuxes is even more complex. As shbaarindBourgoin et.g2007, these
vast flooded areas act alternately as a sink and a source ofsedspemiE®dhe main course
during the hydrological cyclexpottation flux from floodpkstsongly impacted byuspension
events Therefore, large part of the dynamoicsvater and suspended sediment danxast be
transferred through a simpler |prepagation maddbwever,ur target here is not to take into
account all these effects, but to itryestigate how a simple appzacie used to model our
knowledge of the system.

The second question addrebgetie conducteaperimentsoncans the ability of satellite
measurementsan satelliteformatiolbe used toomplete @oreplacen sittmeasuremerms

When abatellitestations are useskperimera), the efficiency of the methmdvaedn
Tabls 8. Theabilityofsatellitelatato replacen sittmeasurements does not apegelearlyn our
study Indeed, statistically, the requthsed with satellite aetly marginally improve the estimates
whercompared with th@rionmodel (Tab®. Howeveronsidering tmesults more carefully, it can
be noted that mas the higlialuesof SSCobtained from satellite measurements are improved
comparetbthea priormodel (FiguBb). In other words, this means that the invénsictealfite
data is mainly effitiforcompleting the higher valugssiumeasurements whereas low values do
not bring much information.

This result does not mean that sdtafi#d estimationS8Cis not usefulv&nif thein situ
data can bring direct information fadddrgalitytheirrepresentagmessmust be considered with
caution. Indeed, evédna preciseprotocolis applied for samplititge water, théactual
representativeness necessarily depends on the homogeneity of thefora@ECtaa highly
vary ingace and time. Contrasdyelliteneasurements have a space integrated jregdeasy in
surfacethat may smooth the representativeness vadiabditalibrationiorsituneasurements
achieved, sateHitased estimation is also the oglyomallow th@SCannual variation in some
regions of the Amazon basin or elsewhere in tfidanorér et &009)This resukhowshat
satellite will especially be useful in regions of the Amazon Basin where satellite measurement is the
wayto monitor the annual variati8®GfThereforen sittand satellite data can be considered as
complementary informatimimay beadvantageoustpmbined a joint analysis. It is what is done
in experimer{8o) whictefficacys shown in Figl#and Tabl8, leaithgto angptimagolutiorior

theSSC
INSERT FIG 9 HERE

4.3 Suspended sedimimk

Suspended sediméunies analysed in this last paragsdqased othedischargandSSC
obtained from theR S \&Xp &I @{8b) Suspended satenfluxand associated emoededuced
fromEqg.(1) andshownnFigure Q. The upstream/downstream delay caused by the propagation does
not visually appear in the pattern due to the large period coribeleliedtratid8 year$
compared todpropagatiaime delay of few dayisenorhomogeneoudrehaviour observed along
the streanmreachl can reasonalidgattributed to tiseispendegedimemutflow from the stream

to thefloodplaipresent along the main stream.
INSERT FIG 10 HERE
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It is found that much of the signal observed at ltdsdasiabefore reachidtpidosThis
does not preveus from analysing the difference estimated between these two statiorifs, especially
XVLQJ WKH pRSWLP D Qdint\araIpsei EifteQd SateRty daie GedositidhKate
expressed iwlt.kni.yr! obtained bgubtractinthe suspendestdimentiux passing at Itacoatiara
from the suspendsstiimerfiux passing &bidoss between 0.15 ahdl Figure 1, top panel).
Thisdeposition raiecreases from 2000 to 2001, decreases #ama200a minimunm2d05 and
increases again in 2006 and 0@Yone year deldys trendompareselatively well relateth®o
observed minimum discharge @twdocationHigue 2, bottom paneloweris the minimum
discharge highierthe deposition ratethe floodplaifhiscould behe result dhere-suspension
processes in floodplaomwhichhigheresuspension is expectdten the minimum discharge is
lower Thisobservatignvhichneeds however to be confirmed using a longernagitacoherent
with strongeresuspension everdbservedn floodplainduring drought years. As mentioned in
Mauricé8ourgoin et.§2007, deposition in the floodplain ocaluredy high water stage, but part of
the sediments aremmebilized during tfalingand low water periods under the effeet of re

suspension. During drought year, depth in floodplain is lowendaticheecession quicker.
INSERT FIG 11 HERE
INSERT TAB 9 HERE

About 15.4 % of the suspesddimerflux passing at the Obidos location (whichigr810
onaveragéor this period of studygstimated to eappedilonghe reacktacoatiar®bidos with
animportant year to year variabilgingairom 792009 to 20%42002. To make these estimates
comparable to previpymiblishedaluesit is necessarydonsidea quantitindependent from the
spatial scale. Three variatesusually consideteccharacterizediment depositid)already
mentionedhedeposition rate along the reaxksponding the mass of sediment accumulated per
kilometer and per y&jthe deposition rate in the floodplain conmegfmotice mass of sediment
accumulated per square kilonodtdtoodpla and per yeamand 3)the accumulatiomate
corresponding ttieheighof sedimeneaccumulateid the floodplgier yearSincea variablean
bepreferretb another in eastudy itis necessario apply conversdretween tise variableso
be alte tocompare the resulomparative valum® presented in Tablwd@ues taken from the
guoted referencasehighlighted in bold character, @hesalculated here for comp3aribothe
present study, the mean deposition rate along thecoedicaibidos is estimated to be 0.32
Mt.knt.yrl. This value is high when compared with the petviaidy Mauricd8ourgoin et.al
(2007), whickias obtaineat the local scale of the Gdila@dplain located at the right bank of the
Amazon Réy in front oObidosCuruafloodplaiis a 120 ki#ong floodplain segmentihas a
maximum flooded area ®@ kriwith a median value 800 krh(Bonnet et.#2008) Maurice
Bourgoin et al. (2083)nd that the sediment amount tragpaflaedplain was 0.07% of the flux
passing at th@bidos locatioMore precisetitiey found that about Hrtyr! was trapped in the
floodplainyhereashe suspendegdimeritux at Obidos was aboutMif4?, keading to a trapped
value pekilomeerof reactower thaf.01Mt.km.yrl. Comparatively, the ltacoatv@os reach
is 390 kdong, maximum and minimum flooded areas are estinit@@Qkr¥eand 2 600 Kn
respectiveliv@artinez & Le Toan J0N@nethelesspatial scale may arplaisuch aifferencan
magnitudelndeed,he sediment accumulation in the Curuai floodplain was also estimated at the
centennial time scale, based on isotopic measuréiiimi@oireirdurcq et al. 20déading to
accumulatioatesrangindpetween 4.2 and 13.4 mimAgsuming a sediment porosity of 75% and a
sediment density of 1.3 §.(khauricdourgoin et al. 200hgse accumulatioatescan be
converted int@® depositiomate along the reach ranging from 0.29 tdt@@lyrl. Although
estimated at different time and space scalmsgéhadiepositiorateisinverygoodcoherency with
arangdrom0.15 to 0.4Wt.kni.yrl found in the pressntdyOur results also compare well with the
estimates of sediment depostiespublished by Dunne et al. (1D8gdsition ratestimated by
these authomangefrom 0.12 to 0.22 Mtlkmi for reaches located between Manacapmliru
Obidos statignsorresponding @19Mt.kni.yr! for a reach quite similar tadhehltacoatiara
Obidosonsidered hefEhisagreement appears even cladren considering the deposition rate in
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the floodplain (&8LC t.knk.yrl compared to 881 t.knk.yrl herg and the accumulatiates
(24 mm.yrcompared to 27 mm).yFheg differencaa magnitudare very likely to arise from the
interannual variability of the dyn&uitslarger valuekdepositioratesalong the rea¢inoml.1
to 1.8 Mt.kiyrl) were reported by Mertes (1888don a 200 kiong reach of ti@olimdes
River. However, theatuesvere deduced from measurements performed on the bordering part of the
floodplaing/here depositioateis known to bligher When considering measurements performed
into the floodpla@t location distal®0 m frorthe mainstream, estimates become much smaller
(0.11 Mt.kAyrl talso provided in Mertes 19@&ding to a deposition rate in the floodplains of
41C t.kn?.yrl andanaccumulation rate of 12.3 minwyich islsoin goodcoherencwith the
presat estimate#\t the whole Amazon basin scale, a comparison besedhwatiomtesor
deposition rates in floodphagigappear more relevant than along the reaches siaveid thid
averaging effeatssulting from differentifiteatling aread larger spatial scélee ratio between
the maximal inundation area to the reach lengths is significantly higher alibacotimnmeach
Obidos)At the whole basin scale, accumutaéisasestimated in the range 5 to 6 #nffilzola
& Guyp 2009) whichqgsitdower thathe present estimaf@7mm.yt. This discrepancyikelyto
arise frorgeographically differentib&ddhviorsrfromscaledependent behaviors

Deposition andaumulation ratestimated in the present studyoherent in magnitude with
most of the previous studiescrepancieme quite small when comparing similar areas of study.
Larger idferencesbserved when comparing other mrsbiédblyesult from the time periodshend
spatiabcalesThese disepancieseflecthe difference of behaviors occurring along tharstream
illustratehe necessity totensifythe network order tdettercapturethe spatiallydifferentiated
dynamigsandto quantify the suspended sedimerdt flaere local scale also reflects the
usefulnesef applying methodologyoherenin spaceall along the reach&ch intensified
monitoringrouldcertainly permititoprove our knowledginefprocessactingalong the river and
in the floodplaifitemlocato rgjionascales.

5. Conclusios

Ageneralized least squasthods developenh ordeto propagatbesignabfwatedischarge
and Suspendedsedimentlux along the riveerThe approach is applied reach by iredlch
AmazoniaRivebasinjn a regiomtatedetween Manacapuru Sadtaém, taking into accotime
contributiorf the Negro atfteMadeira Riv&lny applying a conservation law at rivers canfluence
Severagxperimentsave been tested in order to evaluate the efficiency of thednistefitacy
to propagate the signal from upper stations to lowdt ssiiows that the sigeah besfficiently
propagateftom thetations locaté@fore the confluence of Negro, MadeBaliamikRiverdo
thefirststatiorlocated afteteseconfluenseHowever, the propagatemotbe applied efficiently
fartherin the lower part of the Amazon Riverdifficultyis likely to be due thecomplex
connections betwete AmazoRiverand itdarge floodplainadeed, annectianto floodplains
giverise to a complex dynamidscérmaot be modelled usirggmple signal propagatproach
This result suggests thatdensity of theeasuremensitesshould be absolutglgreasedlong
the river tallow a bettemderstaridg of the interactidvetween river afidodplains araf the
contributioof smaller tributaries.

Among the varioesgperimentestedin situand satellite dateereusedtogether and separately
as input of the generalized least square shethioghat letter results are obtained when coherent
sources are used as input and vajdita.In factin practicehesewodatasources present very
different advantagasd are very complementahydeed, Despite figlgeasurementsbviously
provide airect estimate of tA8C its spatial representativenessain lowContrarily, although
indirect and mostly accounting f@S@Genly athe X S S H U surladglhtefitédata provide
spatially distributed informatitina density in space amé that cannot bbtained froneldi
measurementSuchcomplementarity strongly prertietedevelopmesntd usagefjoint analysis
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approachem order to obtain optimal solutions able to appropratsifuand satellite data in
association widn error budgdt also promotes the development of metdockted to fully
satellitdhasedestimates dbSCin order to densify the measurements network and to dispose
information in retired areas with good time space sampling

An estimate of tBapendededimernftux isalsodriven by applyisgcha joint analysistbé
full data setn(situand satellite datamingto get an optimal viewhafSuspende&ediment
dynamicdHowever, thesenulations could not allow for a detailed arthly$isalf behaviours due
to the lack of dateell spatially distribute@ context @fwspatiatorrelationf theSSC signaha
situation for whittepresent approaishnot able tmmpensatéligher density coagebysatellite
datawould imprevsignificantly the resattd would allow understgyttie behaviours occurring
along the reachesaahorter space scal@sir resulislso suggest that the present approach may be
an efficient tool for propagating themigna large range ofaisequp t0100450 km) when
interaction with floodplains ienowghTherefore, such an approach may also be a useful tool for
modellers whepplied forecasting is attemfuiedvhicldata assimilatiomay require an efficient
time spaceterpolat.

Although short scales behaviours cannot be considered at this step, the overall effect of -
floodplains contributing between ltacoati@hbidoslould be analysbdsed on optimal solution
combinin@n sittand satellite datass&loodplain ihe ltacoatiag@bidos reach traps about 15% of
the annual suspeddsedimentlux passing &bidos corresponding to a deposition rate of 0.32
Mt.knd.yrl (or8.81C t.knR.yrl when compared to the surface of floo@zaed.on the are
floodplain siaceandonthe sediment characteristics (density and ptressggliment accretion
rate is estimatat7mm.yt.
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6. Appendix

A.1 Notations

The following notation has beenltaidws forrmorambiguous description of esattof
the river when the riflewdoes not separate in sevaratirrent flowand when two tributaries
maximum contribute together to the resultingOstepeach has to result framo tributariethe
firstone (the right contribution when following theictefergd a&i, the secondne (the left
contrition)sreferred a& + 1. Convertinthesenumbestobinary directly gives the path from the
reference departurethe present case the binary constisigtiGated asonthe reach including
Santa#m (Obidosind Itacoatiasdso see Figrel), giving rise to binary notdtfb(reach 2) on the
Madeira Riveandto 11 (reach 3) between the confluence of the Negro and the Madeira Rivers; ther
to110 (reach 6) corresponding t&ttiendeRiver (that includes the Manacapuru statibm);
(reach 7) corresponding to the Negro River.

A.2 GL$nethod
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The outpul x,t of the GL$nethodrepresentingi,t or Uxt , isobtained from the
following equation:

16t 19xt L lexxtt . st a1t (14

[

wherel ° xt is the modalpriofiC is the covariance matrix resulting from the covariance function
(see eq. 4 and &), denotes the data series and v@ieie as follows:

¢ ¢, BE, & cé & (19

with C,, “ the diagonal matrix of the data Efrassociated with}.
Thea postaoricovariance ermeads

QA xa,tc Cx xettc : :Cx,x",t,t" st ex, xa'tc (16
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7. Tablecaption

TABLE 1Satellit¢S) and Field (Bationgoordinag positiofd in km) alongach (see Figure 1),
periodgoveredandtimesampling

TABLE 2:ist of thparametenssedn thepaper description, notationjeslor range of values and
unis of measurements

TABLE: Basicstatisticen thedischargandSSCseries at Obidddanacapuru and Borba stations,
before and after th#aannual yedsremoved

TABLE 4: Maximum correlatintagned falischargand fo6SCbetween Manacapuru deldyed
Obidos statiorier various filtering baradsociated tinags and time lag ran@gesday),
propagatiorelocities and associated ra(g@sst), decorrelatiafistances , (in km).

TABLE 5Maximum correlations obtained for discharge S8@bfetween Borba and delayed
Obidos stations for various filtering bands; associated time lags and time lag ranges (in d:
profagation velocities and associated ranges)(idewosrelation distances(in km)To perform

WKHVH DQDO\WVHV ODQDFDSXUXTV GLVFKDUJH GHOD\HG RI L

TABLE 6: Paramétation used inet GLS method for estimating the disdatgend theSSC
k.t at each reach.

TABLE?: Autalecorelation timeén day) for botlischargandSSCseries at Obidos, Manacapuru
and Borba statiolfie propagatiimesalebeingclose taveeklyseasonal variability should be
filtered. Wo filters anesed(< 100 days and > 100 days respecheaelglearly illustrate this
timescale behaviour

TABLE &Experimentiescription and results of the three estidiatars,, I3, 40 AN I, 4oc
TABLE 9: Synthetic presentation of previously published desadisionfates, quantity of
suspended sediments trapped and accumaitsdidmained for various agadiffeant space
andtime scale¥alues in bold type are directly taken from the references, others are deduced fc
comparison.
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8. Tables

Table 1:
Station Lat Long reach d Water Flux SSC(MODIS)
(°N (°W) (km) sampling  Period Type sampling  Period

Obidos f 11 f 1 1 100 lday 19952007 F 8-day 20062007
- - - 10day 20062004

Itacoatiara 1 490 - - - 8day 20002007

Manacapur f 119 f 1 6 92 1-day 19952007 F 8day 20002007
- - - 10day 200203

Borba f 1 1 f 1 2 160 1lday 19952007 F 8-day 20062007

10day 20062004
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Table 2:

Parameter Notation Value or Range Unit
Fluviateach i [1;2;3;6;7] no unit

binary [1;10; 11; 110 111] -
Amplificaticoefficient of Flow D, 210 kmt
Decorrelation time (<100 days) a 5 day
Decorrelation distance (<100 days) 4 500 km

1f Variable me.st
Decorrelation time (>100day) a 5 day
Decorrelation distance (>100day) a 500 km

1 Lim(t) me.st
Time step it 5 day
Space step Ir 20 km
Distance alomgach d Variable km
Total distance to Sadrtar d Variable km
ReacHength D [570; 300, 135 200, 100] km
Borba alongactposition Osorba d2= 160 km
Itacoatirata aloreactposition Gitacoatiara di=490 km
Obidos alonmgactposition dovidos ch=100 km
Manacapuru alomgchposition Omanacapuru ds= 92 km
Santagm alongeachposition Osantarem =0 km
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Table 3

Station Discharg@res?) period 199508 SSC(g.n?) period 2062007
Average Std Average Std
Cllmatology_ No Yes No Yes No Yes No Yes
removed:
Obidos 171810 O 53220 1630 149 0 95 49
Manacapurt 102340 O 30340 11530 209 0 76 40
Borba 26880 0 18250 4880 369 0 342 189
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Tablet:

Filter band  Maximum Time Timdag Velocity  Velocity G
correlation lag range range
Dischargdelay analysis between Manacapuru and dbERS Km)
day* n.u. day day m.st m.st km
[1 450] 0.2851 6.4 [3 10.5] 1.02 [0.6£.2] 352
[1 #2109 0.5372 9.5 [5.5+13.5] 0.68 [0.5+1.2] 506
[50 #¥100] 0.6372 10.6 [6.5+14.5] 0.61 [0.4+1.0] 595
[50 2150] 0.7172 10.8 [6 215] 0.60 [0.421.1] 693
[1004+200]  0.8029 9.8 [4.5#15] 0.66 [0.4+1.4] 841
[1004+400]  0.7592 6.4 [0 #14] 1.@ >0.5 759
[100+2000] 0.7949 6.5 [0 #20] 1.00 >0.3 818
SSCdelay analysis between Manacapuru and d3biks Km)
[50 #100] 0.0721 13.7 [0 £27] 0.47 >0.2 244
[50 #150] 0.0776 7.9 [0 £24] 0.82 >0.3 250
[100+200]  0.2857 3.1 [0 £21] 2.10 >0.3 357
[100+400] 0.4371 11.8 [0 £35] 0.55 >0.2 439
[1004+2000] 0.5099 8.6 [0 £30] 0.76 >0.2 484

Values in bold type correspond to the values used for the analyses.
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Table 5

Filter band  Maximum Time lag Timdag Vebcity  Velocity G
correlation range range
Dischargedelay analysis between Borba and @iidgR0(km)
day* n.u. Day day m.st m.st km
[1 450] 0.0512 20 [4 £25] 0.33 [0.3#1.8] 257
[1 +100] 0.1058 20.6 [13 +28] 0.32 [0.3#0.6] 300
[50 #¥100] 0.1494 218 [14 +30] 0.30 [0.2#0.5] 323
[50 #¥150] 0.2028 219 [13 +28] 0.30 [0.3#0.6] 351
[1004200] 0.2692 43.3 [28 458] 0.15 [0.140.3] 389
SSCdelay analysis between Borba and @sicgR0(km)

[1 +100] 0.0860 15.3 [3 £27] 0.43 [0.3£2.4] 287
[50 ¥100] 0.3182 13.2 [4 £22] 0.49 [0.3£1.8] 417
[50 2150] 0.3410 13.7 [4 223] 0.47 [0.321.8] 429
[100+4200] 0.5494 8.1 [0 #19] 0.80 >0.4 576
[100+400] 0.6788 8.6 [0 £20] 0.76 >04 717
[100+2000] 0.6489 6.0 [0 #19] 1.08 >04 679

Values in bold type correspond to the values used for the analyses.
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Table 6

Discharge inversion

Parameter Reach
1 2 3 6
c(ms) 0.6 0.5 0.6 0.6
4 (day) 8 6 8 7
4 (km) 690 350 690 690
1(n#s?) Lin(t) Lin(t) Lin(t) Lin(t)
b (n#s? 5000 4500 6000 7000
Suspended sedimiodv inversion
Parameter Reach
1 2 3 6
c(ms) 0.6 0.5 0.6 0.6
4 (day) 3 4 3 3
G (km) 430 430 250 250
1(n#s?) Lin(t) Lin(t) Lin(t) Lin(t)
b(nPs? 50 50 30 50

“In order to limit the inigitéds, G has been reduced to 300 lexpierimerf2) and to 200knekperimen{8a) and (3b} has
been increased to 66xperimen{?), (3a) and (3b).
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Table 7:

Station Decorrelation time (day)

Discharge SSC
Climatology  No Yes Yes Yes No Yes Yes Yes
removed
Filter No No <100 >100 No No <100 >100
Obidos 44 70 8 71 35 4 3 31
Manacapuru 41 45 7 45 30 11 3 32
Borba 44 62 6 169 30 6 4 23

Values in bold type correspond to the values used for the analyses.
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Table 8

Experimen Déda used in the inversion Cost (mdt)
Manacapuru Borba Itacoatiara Obidos JSitacoatiara JSobidos  JFobidos

a priori - - - - 95. 58. 53.
la Sat Sat - - 61 50 43
1b Field Field - - 68 53. 43
lc Sat + Field Sat+ Field - - 63 50. 43
2 Sat Sat Sat - 32 52 50
3a Sat Sat Sat Sat 28 16. 52.
3b Sat + Field  Sat + Field Sat Sat + Field 28 22. 31.
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Table 9:

Source Area of study Estimates
Zone Surface Reach lengtr  Time Reference Quantity  Deposition Accumulation

(max) window flux trapped rates ratex

kn? km yr Mtyrd Mt. y# t.kmRyrt Mt.knt.yrt in % mm.yt
Mertes (1994) SolimdeRiver (a) A 516 200 3. 700 22 410 0.11A 3 12.3

(b) A .- .- - .- 220360 4.47.210 1.11.8A 3151 135221

Dunne etla(1998) S&o Jose de Abidos 12160 503 1016 1239 95 7.810 0.19 7.7 24.0
Filizola & Guyot (2009) Whole Amazon River 9 16 2010 >30 1100¢ 100** >16 0.05 9 56
Moreirdurcq et al. (2004)  Curuafloodplain 2500 120 ~100 1200 35110 1.44.410 0.290.91 39 4.213.4
Mauricourgoiret al. (2007) Curuafloodplain 2500 120 3 964 1.3 517 <1® 0.07 16
this work Itacoatiar®bidos 14230 390 8 810 125 8.81C¢ 0.32 15.4 271
Values in bold type are directly taken fc encestleers are deduced for comparison.

*When non availablstimates aiccumulatiaratesarederived usingcensity of 1.3 gdrand a porosity of 78%auric@ourgoin et al. 200The same density and porosity are used to deduce,
reversely, thipiantity trapped afepositiorates frorthe accumulatioates published Mpreird urcq et al. (2004).

- Theseestimates are based on measurements of three individual floods and not a complete cycle.

ATwo cases are presented here. The fitajisrmsed on the lower valudemssitiorates (0.3 t.dayn?) provided in Mertes (1994) corresponding to measurements made 100m in the floodplains
appear more relevant for the present comparison. The secisrishsed On the larger ondg.(Bt.m?) correspoimy to measurements made on the bordering part of floodplains.

vValues ardeduced frosediment deposition presentBdinne et al. (1998) (see Figure 4) based on theafstepasisorates of 0.16 and 0.22 Mtyrperformed between statfts Jose

de Amatari, Paur®gidos.

* This value account for the Andean contribution (30pid/ yower contribution (108)Mitom thehieldareas (Filizola & Guyot 2009).

**Value estimatedtiveen Manacapuru @bitios
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9. Figure Caption

FIGURE 1Mapand Schematicepresentation of tHemain considered ia $tudy: between
Manacapuru and Obidos alorgniagoRiver from Borba tbe junction with #e@mazon River
along théMadeiraRiver and thgunctiorof the NegroRiverwith theAmazon RiveData are
available at Manacapuru, Borba, Itacoatiara and ObiéosisSasedras a reference point for
the distance alorggachl. The notation used fordheles is explained in appendix A.1.

FIGURE Dischargéin mM.s?) time sezs (dark line) estimated at Borba (top panel), Manacapuru
(central panel) and Obidos (bottom panel), between 2000 and 2008. The associated errol
representday the dashed ke

FIGURE 3: SuspendgetimenConcentratiofn mgi) time series estigthtfrom satellite data
(dark line) or measured on field §td@&tsjba (top panel), Manacapdpa(l), ltacoatiar# (3
panel) and Obidos (bottom panel) between 2000 d&mcb2B8Rciated with satellite Hata
representday the dashed kne

FIGURE: IntraannuaDischargeéme serie@op panel#) ni.stas a function of Day Of Year (DOY)
at Obidos (first column), Manacapuru (second column) and Borba (third column). The cloud
circles correspond to diadyindividuaineasuremen(betveen 1995 and 2008), the plain line
denotes thatraannual averaggear and the dashed lines denote thegore dispersion
(standard deviation) fthenaverage lineidillepanelsshowthe distribution of the data during
19952008. The bottom pasalmw the distribution afterovetheintraannual averaggdar.

FIGURES: intraannual time series of $uspende&edimenConcentratiqiop panels) in mig.|
(estimated from satellite dagap function of Day Of Year (DOY) at Obidos (first colum
Manacapuru (second column) and Borba (third d@emeigsTrepresent thdad individual
measurements (between 2000 and 2008), the plain line deredesdbéverageéyear and
the dashed lines denote the one digpaaisiofrom the @vage line. Middle panels show the
distribution of the data duringZIi&) The bottom panels show the distributioniaftar the
annual averaggdar has been removed.

FIGUR: Correlation betwekesignal ofischargeeasuredt Obidos and tsignal of discharge
delayedf time lag \Weasuredt Manacapurand expressexs a function of \(h day)The
circlesdenotehecomputed correlafitre plaifine is a polynomial fitting usedforeaprecise
estimate of the delay associatethavitimaximum correlatidashed lines denote the associated
error. Seven casesafge of passing filenes considered (see Table 450], [1+100], [5Gt
100], [50£150], [10G:200], [103:400] and [1062000] (in daghd noted 1 to réspetively
Maximum correlasoand corresponding time lags, time lag ranges, propagation velocity and
associated rangesresponding to these various filteringitgago®en in Taldle

FIGURE/: Output g posteriomodel) of the generalized leasteseguethoestimated fdhe
dischargalongreach2 (top panel) and aloegcles 6, 3 and 1 successively (bottom panel)
duringthe perio@0042008 The verticalxis providethe distance to Saétalin km)the
horizontal axis refersintee (date iregr) The left panalspreserthedischargén m.s?), the
right panelprovide the associated ebashed lines indicate the spatial location of stations
Obidos, Itacoatiara, Manacapuru and Borba.
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FIGURBB: Scatter plots of tB&C(in mg]) estmated from the generalized least square method
versus th&SCestimated from MODIS daigacoatiara (top panel) and Obidos (bottom panel)
Severagxperimentre presented correspondititeto priormodel andxperimeni{da), (1b),

(1c) and (2).

FIGURED: Scatter plots of t88C(in mgJ) estimated from the generalized least square method
versus th&SCestimated at Obidos from MODIS(lefitpanel) and versus the field data
observed at Obidoght panelBeveraéxperimentre presentedrresponding to #heriori
modehndexperimentd.c), (2), (3a) and (3b).

FIGUREQ Suspendefedimentiuxestimated alongach? (top panel) and aloegclkes 6, 3 and
1 successively (bottom panel) during 2000 and 2008. The computaticns Bgddcehd
is based othedischargeV KRZQ LQ ILJXUH BT abtamhed Wothéel GUR SWLPD
method irexperiment3b). The verticaxis denotethe distance to Saémar(in km) the
horizontal axis refergitiee datein year) The left pelsgivethe suspended sediméok(in
kgs?), heright panels provide déissociated err@ashed lines indicate the spatial location of
stations Obidos, Itacoatiara, Manacapuru and Borba.

FIGURE 1t Deposition rafen t.kmt.yrl) estimated beter Itacoatiara and Obiglisspanel)
Suspended sediméiok estimated @bidog(in t.y¥) plotted togetheiith thepercentage of
floodplain storagecompared tihe suspende@dimentiux passing at the Obgtasion(2d

panél
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10.Figures
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Figure 2:
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Figure 3:
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Figuret:
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Figure 6
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Figures:
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Figureo:
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