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Plan de travail

WP1 global
WP1.1 Simulations lagrangiennes a |'échelle globale 2D et 3D
WP1.2 Validation

WP1.3 Comparaison des approches lagrangiennes et eulériennes et complémentarité
(Ariane, Parcels, NEMOTOP)

+ Processus de dispersion/concentration au fond de I'océan (Jonathan Gula, Clément Vic)

WP2 régional

WP2.1 Océan Indien (Christophe Maes, Lisa Weiss)
WP2.2 Golfe de Gascogne (Gwénaele Jan)

+ Méditerranée (Lisa Weiss)

WP3 processus

WP3.1 Couplage océan-vagues et dérive de Stokes (Stéphane Law Chune, Nicolas Rascle)
WP3.2 Vitesses verticales (Camille Richon)

WP3.3 Mélange vertical

+ Interactions avec la biogéochimie (Camille Richon)



WP1.3 Comparaison des approches lagrangiennes et eulériennes : méthode

Question : influence du mélange sous-maille sur la dynamique, notamment verticale ?
(... est-ce qu'on peut faire du lagrangien en 3D sans prendre en compte le mélange vertical ?)

» Suivi de traceurs initialisés de maniere uniforme en surface par une méthode eulérienne
(NEMOTOP module traceur passif de NEMO) et lagrangienne (Ariane)

- mémes champs de vitesses (et mélange pour NEMOTOP) journaliers issus d'une
simulation NEMO-eORCA025 IMHOTEP au 1/4° pendant 10 ans

Ariane : initialisation de particules en surface au milieu de chague point de grille
NEMOTOP : initialisation d'un traceur passif a 1 dans la couche de surface, 0 ailleurs

Diagnostics > suivi de la profondeur moyenne des particules / distribution de traceurs et
de la variance de profondeur

> stage M2 d'Anne Gaymard en 2023 au LOPS : Comparison of advective and diffusive processes for the vertical dynamics of

microplastics. Encadrement : T. Huck, F. Sévellec, C. Talandier, B. Blanke, C. Richon. Financement ISblue. 3
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Profondeur moyenne des particules / distribution de traceurs
(a gauche) et variance de profondeur (a droite) en fonction du
temps pour

- Ariane (lagrangien) (en haut)

- NEMOTOP (eulérien) = advection + diffusion (au centre)

- NEMODIFF = NEMOTOP avec diffusion seulement (en bas)

> temps courts (jours) : approfondissement rapide en
eulérien dans la couche de mélange (inexistant en
lagrangien)

> temps longs (années) : comportement surprenamment
similaire, avec un approfondissement plus rapide et une
dispersion verticale légerement plus importante en
lagrangien ? a comprendre...

Attention aux échelles verticales différentes a droite :
2e5 en haut, 16e4 au milieu, 6e4 en bas. 5



WP2 Dispersion des M‘Pék\dan;yi’Océan Indien : méthode
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dev regional config. hydrodynamic model SYMPHONIE :

Telescopic grid (3000x2800) 1 to 23 km - GEBCO21 with i * SYMPHONIE Lagrangian module - RK2 scheme
manual verif. for river, islands, straits - 60 VQS verti. lev. : MP vertical rising velocities (0.1 to 100 mm s™) for 3D floating
Forcing atm ERAS5 - ini and obc GLORYS - tide FES2014 trajectories (from \Waldschlager & Schuttrumpf 2019)

- 414 daily river discharges > 100 m* s™ GloFASv4 - : « Vertical turbulent diffusion (from Guizien et al. 2012)
Sto.kes _dr'ﬂ WAVERYS _ . i+ MPriver source scenario (from \Weiss et al. 2021) with river
Validation SST, SSS, SLA, rivers with RAMA buoys, ; basins GIS (HydroSHEDS), population densities (CIESIN18),
OSTIA, CCI, ALTI, HydroSHEDS, D&T clim. daily discharges (GloFAS)

Run 5 years 2016-2020 (looped) « Daily MPinputs (2.4 million particles / yr) 6
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Thibault et al. (submitted to Marine Environmental
Research) seabirds as bioindicators of plastic pollution in
the tropical Western Indian Ocean: a multifaceted
approach 7

> Weiss et al. (in prep for Geoscientific Model Development) High resolution modeling o
the Indian Ocean circulation to study the Lagrangian dispersion of riverine plastic debris

Lisa Weiss, postdoc IRD LEGOS-LOPS, avec M. Hermann, P. Marsaleix, M.
Bompoil, T. Duhaut, C. Maes
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River input dispersion of floating neutral particles in the Bay of Biscay
How reliable is a regional ocean model?

WP2 Golfe de Gascogne

Gwenaéle Jan 1, Camille Lacroix?, Guillaume Charria3, Christophe Maes?, Silvére André?, Nicolas Grima®
1Shom, LOPS; Gwenaele.Jan@shom.fr 2 Cedre; Camille.Lacroix@cedre.fr 3Ifremer LOPS; Guillaume.Charria@ifremer.fr “IRD,
LOPS; Christophe.Maes@ird.fr 5Cnrs, LOPS; Nicolas.Grima@univ-brest.fr

FRAMEWORK

The riverine contribution of marine debris represents a part to be considered in the mass balance of plastic in the ocean. Numerical
modelling completes the observation that should has to be regular and dense. These 2 approaches constitute a key to understand the main

7 . . . . pathways followed by particles in the ocean. The numerical result has to be able to be confronted with the observation, which remain
> eXpenenceS Iagra nglen neS aVGC Arla ne avec pa rtlcu |eS sparse, as well as facing the defined hypothesis about the source of particles function, seeding the model. This study examines this issue by
. . . . . . questioning the correlation between model and observation and its observability. How to establish a robust comparison criterion that is the
|Ssues des 4 prInCIpa uX fleuves Selne I_O|re Glronde most adapted to these 2 types of data, statistically independent?
Adour

» courants issus de simulations numériques du Golfe de o —
Gascogne avec Mars3D sur la période 2001-2010 along the French coastiines (Fig.1) from January 2019 to

December 2021. Part of France national beach litter monitoring y
program, coordinated by Cedre and conducted in the context of { i

» confrontation aux comptages de macro déchets sur 46 e et Stvtcey ek DSt bSeojend. £

Materials and method
Observations Numerical model

Current fields are from Mars3D numerical experiments over
2001-2010 (Charria et al. 2017)
Lagrangian code is ARIANE (Blanke et al. (1997)

From Lagrangian and ocean dynamics model outputs, a particle

OSPAR Convention (Lacroix et al., 2022). ) e tracking model approach (PTM) allows tracking and the analysis

4 «  Data are collected using the OSPAR/MSFD monitoring protocol, = of the marine particles’ pathways, convergence, shear, outflow

plages coordonnés par le CEDRE (MSFD/OSPAR rsiting gl Salng 3t fis i, eacocs e - ones and straning coasal ress. The dierision scenario
harmonized counting method on these sites (Galgani et al., L O built considering the river flows from the 4 main sources

2013; OSPAR, 2020 ; Cedre and partners)

» la comparaison aux données d'échouage reste un
exercice difficile, d'autant plus qu'une partie des o e L
plastiques échoués sur nos cotes proviennent d'ailleurs ket gl s 5o aveston e s ere s whether e MRGE bl o be ot

(R.O.I). Areas AB,C (Fig. 2). Its normalization by the number of RCC = enough to be used as an indicator of major pathways of
measurements over the full time period and for all regions of the attraguonis neutral lagrangian particles like macro plastics?

domain is expressed as a Relative Comparison Criteria (RCC). IRCC is ‘
for in situ RCC whereas MRCC is for Model RCC

considered. 1 million particles are released over 5 years, every
he French week. Release function follows a barycentric distribution
around each river mouth,

rtic)

Result: RCC derived from in situ data vs. RCC from model for stranding concentration

3 regions represent 3 basins with distinct dynamics: ) the Channel (area A),
the Celtic Sea (area B) and the Bay of Biscay (area C) (Fig.2)

MRCC and IRCC, model versus observed stranding criterion, indicates

a relative correlation, considering the hypothesis and uncertainty

from both model and in situ data. In Celtic sea (area B), model and

observation provide a stranding concentration that differs from 3.3 %. . Model
In BoB (C) this difference is 15.0 %. This is not insignificant but given

the assumptions and the heterogeneity between the sampled Obs. estim
observations and the numerical concentrations, it is encouraging.

Difference on stranding in the Channel (region A) is partly due to the

fact that this tidal region is located near the North model boundary so

that particles carried out of the domain, are not re-circulating by

some inflow.

A

Fig.2: Histogram of percentage of stranded particles from system ocean numerical model + lagrangian code (MRCC) face to

Gwenaele Jan (SHOM > eOdyn), Guillaume Charria, Christophe

Additional points: A total of 55.72% of the particles drift before
. . . . . \ 7
beaching, 43.08% leave the domain, and 0.37% remain offshore and do
Maes, Nicolas Grima (LOPS), Camille Lacroix, Silvére André (CEDRE) e oun o th oot D245 e+ s s e X
the coast and 1-km from the coast and not moving particles represent from GCM resuits. J. Phys. Oceanogr. 27, 1038-1053,
0.59% of the total number of particles, meaning immediately stranded. + Charrio, G, Theetten, S.; Vandermeirsch, F; Yelekg, . Audiffren, N., 2017. Ocean Sci, vol. 13, pp.777-797




WP2 Dispersion des MPs en Méditerranée

- LAGRANGIAN DISPERSION FROM RIVERS TO THE SEA

Seabed

Bacchiglione _— Weiss et al. (under review in ESPR) From source to sink: Part 1.
Brenta 1orre Modeled floating stock 5.4t | | . . . . . . . . .
YT, sonzo Observed floating stock 112 t | Charact.erlzatlon and L.agranglan tracking of riverine microplastics in
0 o ot : - the Mediterranean Basin
0 ) a ere vlgrin Modeled in-depth stock 6.4 t
g'ﬂbe % * Ocean modeling & Lagrangian tracking with SYMPHONIE
< box \d v « Source scenario 80 t yr' / 682 10° MPs (Weiss et al. 2021)
\ 3 b3 » model MP inputs for 9988 rivers outflows at global scale and
e 4 < 549 at the MED scale are provided in geospatial vector data
. o . 0/ il .
= r—— L 65% fl_oat_lng and 35% sinking particles
/ DN A » 10 main rivers account for 52% sources
T52 tyr 90 % mgP;lr%)es )
Fletiaieelll 0 < Y » Observed vs Modeled floating stocks
R 28tyr Eiﬁg;?g?ggm « Stranding and shelf retention statistics
>10,000
s R h.o.n.e.;i.v er ................... ot
ATITR R Weiss et al. (under review in ESPR) From source to sink: Part
B2t Qa3 (s \ = % 2. Seasonal dispersion of microplastics discharged in the NW
Balearic Ocsr'm soraiiize TN Mediterranean Sea by the Rhone River in southern France
/*:,:‘ coasts ‘ : Balearic R

O summer scenario

L..Q winter scenaio

Southern coasts
L.Q 0.8t O 2.7t

Floatlng

Lisa Weiss, en collaboration avec CEFREM et LEGOS: C. Estournel, P. Marsalelx W. Ludwig, JF Ghiglione, M. Constant, G. Mlkolajczak
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* Mesoscale and sub-mesoscale drive the MP
dispersion, with strong seasonal variability, from the
A Gulf of Lion to the frontal zone

High retention of sinking MPs (up to 50%) in the Gulf
of Lion near the mouth, accentuated in winter

occurrence probability (%)



WP3.2 Influence of MP morphology on vertical velocity

* Lab measurement of MP vertical velocity

* Good agreement with theoretical velocities (zhiyao et al., 2008)
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Measurements with industrial pellets (@ ~3mm)

(Richon et al., in prep)
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PS (E=4.5%)
PVC (E=23.6%)

10



e
- . «
B -
'ﬁ- b

90
1400 -
80
13007 70 § x Lab measurement of MP vertical velocity
= =
£ E . . -
ﬁ 1200 - 60 ; * Good agreement with theoretical velocities (zhiyao et
T 503 al., 2008)
2 1100 - y o _ _
. 40 > x Description of the theoretical morphological space
1000 - - 30% of neutral MP
900 4 [ 20 * —> Small MP and/or MP with density close to
- 10 seawater
800 .

100 200 300 400 500

Pellet ESD (um)

(Richon et al., in prep)

Projet LEFE ‘VERTIGO’ (Pl Camille Richon) @ M2 internship Alix Delalande 1



WP3+ Distribution and pote cts of MP on ocean biogeochemistry

2ISblue

* Experimental evidence of MP impacts on zooplankton grazing rates (-25 to -75 %, Yu et al., 2020)

* Modeling MP impacts on grazing If [M P] . With o = 0.5*
[food,]
Constant MP inputs (rivers) for 100 years Tot.Grazing = (Z grazing; x 0.5)
J
a) Initial [MP] (mg/m3) b) [MP] change after 10 years c) [MP] change after 100 years
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Camille Richon, ISblue postdoc Fellowship, LOPS * Sensitivity tests on o were performed 12



C export (100m)

b) C export (gC/m2/day)

Primary production

a) Integrated primary production (gC/m3/day)

© =N WHE OO N ®©O® O

CTL

90°E ° 150°W  90°W
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e) Primary production change (gC/m3/day) f) C export change (mgC/m2/day)
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(Long term)
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MP impacts on surface PP and C export (0-100m)
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(-3.7%)

MP impacts on C cycling:

« Limited to most contaminated regions on ST (mostly

oligotrophic)

« Spread to ~ mid latitudes on LT

« Slightincrease in C fluxes in the high latitudes (f-ratio)

13



Ocean plastics: From modelling to decision making

Case study for Digital Twin of the Ocean

1. Lagrangian transport of plastics in the ocean 2. Monitoring plastic abundance, ... and quantifying exposure

Particle ivity Sri Lanka: (tim le 0-2 years)

8 8
source [% particle
z

@ River discharges (Lebreton 2019)
® C(Coastal discharges (Meijers 2021)

Model: 6h-Ocean real time surface currents + . _
Stokes drift from wave model (2010-19) 3. Enable users to assess What if scenarios:

Plastic particles: passive buoyant particles Evaluate impact of plaSt'F removal action plans
e.g. focus on coastal vs riverine?

P@® EDITOModelLab



Perspectives

* Improve understanding and representation of ocean processes (from global to very local) on
plastic drift, and impact of interactions with atmosphere and waves

* Better representation of plastic input through rivers (flux, seasonality, ...)
» Extend understanding to all types of plastics (beyond simply buoyant).

LEFE-GMMC PLASTOCS contributes to improving understanding of plastic dynamics in the
ocean and provide the tools necessary for better monitoring of ocean plastics

15



. modified surface stress

Source : Ruhs et al.
2024 EGUsphere

WP3.1 Couplage avec les vagues

> uti
cou

lisation de simulations océaniques et
plées océan-vague globales au %°

réalisées par Stéphane Law-Chune a

Me

rcator sur plusieurs années

: Ly » comparaison aux résultats obtenus
~* 4 cé les simulati
\ précédemment avec les simulations de
.%,:\. Xavier Couvelard
. Stokes drift & Stokes forces @ enhanced vertical mixing

Table 2: Performed types of Lagrangian surface dispersal simulations. For each simulation type we employed a different

combination of velocity fields from the non-coupled (superscript nc) and coupled (superscript ¢) model experiments, which

represents a different combination of the theoretical non-wave-driven and wave-driven velocity components.

Lagrangian simulation type

Lagrangian velocity components

theoretical components employed modelled velocity fields

old standard
basic approximation

best guess

sensitivity simulation

Up= Upnw
U= Uppy T Us

Up=Ugyy + Uy, +

uL: uE
w=upt + us

— C C
Ug u;=ug + us »

_ _..cC
U= Uppw + Upy U= Uug
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