Sediment dynamics in the Ucayali basin,
assessed by integrating field network, semi-
distributed modelling and remote sensing
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Strategy: 2 classes of sediments

Ex: SENTINEL mission
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Case study: the Ucayali basin (Peru)

 Ucayali River
* Longest branch of the Amazon River
* 350 000 km?, 2700 km
* 12100 m3s1, 311stkm3
e 305 10° tyr?
e ~ 27 —-30 % of the Amazon Qs

* Pachitea River
¢ 22 000 km?
e 2100 m3st 107 st km™
* 6010°tyr?
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Dataset building: a mix of remote-sensing with
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Dataset building: The calculation of water
discharge is not so easy in the Amazonian Rivers...

e Backwater effects

2.0 o * Velocity in the main channel is reduced
15 Modelled @ 940 . .
. ©® - Shear layer interface (composite
@ 0 @ Q Overbank bed) — momgntum exchange
é ® flows - Energy drop induced by water
S 05 OO flowing through floodplain
' channels or by diffusive incursion
0.0 into the floodplain
0 500 1000 1500 - Water Surface slope > mean
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Impact on the sediment transport (sands)

~Proxy of bedload Suspended sands

w
9
o
N
o

Overbank

w
o
flows

o®
Overbank

o

>

o

flows
[ )

N

&)
([
©
w1
=}

N
o
o
o
S
o
o
([

=
o
o
o
)
o

(6]
o
a
S

‘s

®9
.oo o ®

0 5000 10000 15000 20000 25000 0 5000 10000 15000 20000 25000

Q gauged (m3 s?) Q gauged (m3 s?)

o

u Moving Bed (cm s?)
Qs (sand) (10°t d?)
[ )



Additional resistance term (1d flow modeling)

* Main resistance sources for large
Amazonian rivers:

S Fluids Energy concept:
Mechanics (Re) / Impulse n n n
momentum viewpoint = Velocity 0 = z 0, - f = Efi > n?= zniz
and Concentration profiles — = =

* Meanders (Constant sinuosity
assumed)

* Bed macro-forms (Dunes...) -> bed
breathing according to u* cycle

* Floodplain drag!



Field network results: what we know
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Field network results: what we know
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Use of reflectance data for the fine SPM
concentration monitoring

Most part of the reflectance signal is
- coming from clays particles; silts &
' e fine sand particles signal are in the
Rt backscatter noise...

Contribution per um (%)

Mie theory

Particles diameter (um)

Pinet,PhD, 2017

Small particles: Coarser particles:
Large backscatter Small backscatter




Rrs(NIR)/Rrs(red)

Cal/val measurements (Feb 2017)
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Fine sediments

A single law for the entire Ucayali River (plain)
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Particle absorption (a): weight
of coarse particles?

Coarse silts are also

Reflectance (NIR) m;reases from upstream to Reflectance = f g [ e S p————
downstream while sediment flow and
concentration decrease
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To link the concentrations derived from
remote sensing data with the mean
concentration transported by the river

* Model +

Index
concentration

Légende
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exp(3 Py) (1-exp(=6 1))
6Py exp<0.93 Pg (d>(§)—d>(zx))>

Santini et al., Esurf, 2019
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Hydraulic parameters =2 Semi-distributed
modelling with SWAT

(b) (©)

+ Rainfall data: TRMM
+ ETP (Reanalisis)
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Widely used

Well documented

Water quality modules
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SWAT results — Water discharge

(Routing with the “SWAT” Muskingum method)

(2)

Water cycle simulation: ~Ok

But the flood is not attenuated

The model is not able to
simulate h and u

[m}

——  Qun Lit majeur inactif, RMSE = 3188 ;113:;5_1, RSR =0.49 , NSE = 0.76 , KGE = 0.88 , PBIAS = -3.7 % Measured Discharge
—— Qg Lit majeur actif, RMSE = 2678 m’s', RSR = 0.41 , NSE = 0.83 , KGE = 0.91 , PBIAS =-1.1 %
Qobs Observed data
Qjauges Run without floodplain
NSE = 0,76 P

Run with floodplain




Water routing: the extraordinary complexity of
the floodplain

Channelized flows and
diffuse processes

ﬁ Different residence times

Bande active

(lit moyen) \

Terrasse

Lit mineur

Thalweg

Terrasse



A simple approach: 1d flow simulation in the main
channel, and a reservoir for modeling the

floodplain storage
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Results — Water discharge

Requena

Qsim Muskingum SWAT, RMSE = 3062 m’s™', RSR = 0.48 , NSE = 0.77 , KGE = 0.88 , PBIAS =-3.8 %
=== Qsim Onde cinématique, RMSE = 1560 m’s™, RSR =0.24 , NSE =0.94 , KGE =0.96 , PBIAS =-2.2 %
Qs Onde diffusante, RMSE = 1689 m’s™', RSR = 0.26 , NSE = 0.93 , KGE = 0.94 , PBIAS =-2.2 %
= Qqm Onde diffusante, n variable, RMSE =
Qobs

Qjaugés

NSE = 0,94

1623 m’s™!, RSR =0.25 , NSE = 0.94 , KGE = 0.95 , PBIAS =-1.8 %
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Results
(basin outlet)

Cinematic wave
(no backwater effects)

Diffusive wave

Resistance coeficient n change
with the relative depth above
the bankfull depth
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Huge volumes of water
stored in the floodplain: ~50 km?

Marafion foredeep
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Qs sand (t d?)

Sedlment rOUtlng Max. of water discharge
( Nnew m Od U |E) Floodplain activated

Andean peak flow
& Max. of velocity

Floodplain recycling: empirical law
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Qs (td?)

Results: sediment load assessed by integrating field
network, semi-distributed modelling and remote
sensing

MODIS reflectance (Fine sediments load)
+

Hydrological modeling (sands load)

Observed data
(in situ monitoring)
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We used empiral laws
Extapolation to the

1d % Zd mOdenng? entire basin?

Data in the floodplain?

. . . 2d = other i
« Spillage sedimentation » OHNETISSHES

“During floods, coarser sediment deposition occurs preferentially on
developing spillage forms (e.g. levees of main channel and accessory
channels, crevasse splays) and diffuse overbank layers, while intervening
topographic depressions convey fine sediment-laden riverine water for
longer distance”

Lewin et al., ESPL, 2017

MS Mainstream sediments

m Levee m Bank-top splays

m Channel bars & islands

SL Secondary linear systems

Accessory channel Crevasse splays
SIE Crevasse with delta Internal drainages

PF Prior-form following
Cutoff & palaeochannel fills Ponded lake filling

Point bar swales & chutes Diffuse overbank spreads




Different floodplains, different processes...
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Complex water and sediments exchanges
between the main channel and the floodplain
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Some conclusions

* This is not the end of the field measurements!

» Key gauging station + cal/val measurements + Gauging stations into
the floodplain

* Robust floodplain data are crucial but not available
* 1d = 2d or pseudo-2d modeling of the floodplain?

* More insight into the SPM — reflectance concentration is required
(works in progress: Morin et al., Martinez et al.,...)



Sediment budget in the Ucayali River basin

Resuspension
Ag, Pi, Cu +40 Mt yrt

Pa +20 Mt yr? 305 Mt yr,_l

yr

SSY (tkm2yr?) SSL (Mt yrt)

+4 020 Resuspension
+2710 ——.- Andean domain
! T
- 280 limit (500m) Santini et al, 2014, AISH
14 400 o Gauging station

To Resume: ‘ High SSY in Pachitea River basin: ‘

’ | Hotspots + Tectonic activity + Vegetation decline —
‘ 525 Mt/yr exported from the Andes ‘ - —

‘ 'Resuspension is estimated at 13%

-

220 Mt/yr are deposited in the subsidence, mainly

along the Shira Mountain thrust system ‘ Ucayali River load represents 36% of Amazon River load ‘
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Thanks, Obrigado, GGracias, Grazie
Merci!

www.ore-hybam.org

Um observatério para compreender a dinamica da produgao e transferéncia de agua e materiais continentais, estudar
forcings tectonicas e climaticas biogeoquimico e avaliar os impactos da variabilidade hidro-climatica e antrépica sobre
grandes bacias tropicais.



