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Simulating virtual particles with computer models (Lagrangian Ocean Analysis)

Particle trajectory in global 3° climate model

Drijfhout, Maier-Reimer & Mikolajewicz (1996) Journal of Geophysical Research 8



Simulating surface transport on a global scale

Particles in 1/12° NEMO surface fields at time 2000-01-03

Wichmann, Delandmeter & Van Sebille (2019) Journal of Geophysical Research




Observational evidence for the garbage patches
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The ‘plastic soup’

Photo: Lindsey Hoshaw

Moore (2008) Environmental Research 8



Combining 11,000 trawl data points
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Estimating the amount of small floating plastic
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The case of our 99% missing plastic
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Simulating the pathways of plastic
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The physical oceanography of the transport of floating marine debris

C\ PHYSICAL PROCESSES
A Large-scale open ocean processes
. B Submesoscale open ocean processes
“b“ G Open ocean Stokes drift
o D Internal tides
E Direct wind transport (windage)
F Langmuir circulation
G Vertical mixing
H lce formation, melting and drift
I River plumes and coastal fronts
J Coastal currents, surface waves and beaching
K Extreme events
L Transport by biology

Van Sebille, Aliani, Law, Maximenko, Alsina, Bagaev, Bergmann, Chapron, Chubarenko, Cézar, Delandmeter, Egger, Fox-Kemper, Garaba, Goddijn-Murphy,
Hardesty, Hoffman, Isobe, Jongedijk, Kaandorp, Khatmullina, Koelmans, Kukulka, Lautkodtter, Lebreton, Lobelle, Maes, Martinez-Vicente, Morales Magueda,
Poulain-Zarcos, Rodriguez, Ryan, Shank, Shim, Suaria, Thiel, van den Bremer and Wichmann (2020) Environmental Research Letters &




More plastic in anticyclonic eddies than in cyclonic
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Lagrangian oceanography - An undergrad textbook w/ Bob Marsh (U Southampton)

(Planktonic)

Scott et al (2014)

(2017)

I Marsh et al
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Interocean exchanges with virtual particles

» Using virtual particles to map 3

» Conditional pathways: Northern Hemisphere |
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Particles as plankton

Temperature of particles on 01-Jan-1990 [degC]

color = temperature | size = age
| | | | |
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Van Sebille, Scussolini, Peeters, Durgadoo, Biastoch, Weijer, Turney, Paris & Zahn (2015) Nature Communications &




Going global
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The effect of drift on temperature proxies
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Virtual Microbes: Intergenerational temperature exposure
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Towards particles that behave like fish

Reaching reef without swimming
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The Parcels framework for Lagrangian Ocean Analysis

——

Parcels: “Probably A Really Computationally Efficient Lagrangian Simulator”™?

A set of python classes and methods for building Lagrangian particle models

. . y " . . OceanParcels.org
Kernel-driven computation: a “kernel” encodes a particular action

Pre-built kernels: advection, diffusion

Customised: Encode anything you need

Sinking, swimming, fragmenting, ...

L1 OceanParcels / parcels

Concatenate kernels to create particle behaviour

@ Usedby~ 3 ® Unwatch~v 21 W Unstar 98 ¥ Fork 57

Sep 27, 2015 o Jan 16' 2020 Contributions: Commits v

Contributions to master, excluding merge commits
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"' Thanks to Joakim Kjellsson for the backronym!



The Big Ocean Data challenge

Total storage of 3D flow
1e8 for 50-year simulation &100 vertical levels
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A community effort towards processing
big data in the Geosciences.

How do we make sure our tools and infrastructure are ready for the petascale age”’

ow do we make sure our codes are sharable and results are reproducible”



Towards a radically open science

Planning our research through co-creation | Conducting our research transparently and inclusively

Communicating with peers and the public | Getting recognised and rewarded in an unbiased way

adding alternative evaluation 0O0@
communicating via social media ¥
sharing posters and presentations .
using open licenses

publishing open access

using Open peer review

sharing preprints

using actionable formats

open XML-drafting

sharing protocols and workflow
sharing notebooks

sharing code

sharing data

pre-registering

commenting openly

using shared reference libraries
sharing (grant) proposals

Bosman & Kramer (2017) https://doi.org/10.6084/m9.figshare.5065534.v1 @



But we need to keep sane and healthy in academia

Achieving balance
between individuals
and the collective

We assess academics based
on both their individual and
their team performance.

Room for everyone's talent

towards a new balance in recognising and rewarding academics

> Diversifying and vitalising
career paths

for academics.

Foc:usmg
W, " on quality

D “’J | In our assessments of

academic performance,

p—
Stimulating academic leadership

We stimulate good academic leadership
at all levels.
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-~ . on quality, content
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e ‘and creativity.
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Conclusions

f small-scale eddies, which have
nd plastic.

he ocean is no bathtub; it is iIn constant motion and ful
a crucial role in the transport of heat, nutrients, planktor

O

Q

Most of the plastic in the ocean is ‘'missing’. Mapping this plastic is an exciting
challenge for oceanographers. Plastic Is a unigue tracer.

Lagrangian Ocean Analysis provides interpretation of oceanic tflow through
conditional pathways and connectivity, for both passive and active virtual particles.
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Thanks to the topios.org and oceanparcels.org teams
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used in TOPIOS to simulate
plastic transport.
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PhD student @ IFISC
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@ Utrecht University
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PhD student
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