Whose plastic is that?

Using Bayesian Inference to attribute
macroplastic sources and sinks
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Simulating virtual particles at the surtace of the ocean

Particles in 1/12° NEMO surface fields at time 2000-01-03
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Variability below the gyre scale



The physical oceanography of the transport of tloating marine debris

Littoral Continental Shelf Offshore PHYSICAL PROCESSES
Large-scale open ocean processes
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Submesoscale open ocean processes

Open ocean Stokes drift

Direct wind transport (windage)
Langmuir circulation

Vertical mixing

Ice formation, melting and drift
River plumes and coastal fronts

Coastal currents, surface waves and beaching

Extreme events
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Virtual particles: Lagrangian analysis in an ocean model

» Lagrangian Ocean Analysis: Tracking virtual particles in 3D
» Parcels: “Probably A Really Computationally Efficient Lagrangian Simulator” @

» Aset of python classes and methods to build Lagrangian models

* Incorporate ‘behaviour’ l @/

OceanParcels o

Currents

* ' Ph lank
Wave eﬂ:eCtS Land input ytoplankton
» Biofouling & Y ‘.

Biofouling

+  Sinking e

+  Fragmentation
» Beaching B

»  Ingestion? —

« Parameterise with |lab- and field studies
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The plastic budget in the Mediterranean using Bayesian parameter estimation
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The plastic budget in the Mediterranean using Bayesian parameter estimation
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Most plastic that beaches is local?

40°N

20°N

0° 40°E S80°E 120°E

1 10 10° 10° 10 10° 10°
Particle density [# per grid cell]

40°N

20°N

00 ‘_.'.

20°S |-

40°S

Sources

(b) Beaching probability p = 0.50

...................................

India (BoB)

Bangladesh
| Indonesia
| Pakistan

Myanmar
India (AS)

Malaysia
| Sri Lanka
| Thailand
- | Somalia
| Maldives
| Madagascar
| Mozambique

(! | ‘ ............ ............................ é Bangladesh \ u-..

| Myanmar (SE21] | | | | | [ | | |
B —— Malaysia L RAL LIS L L L L]
q - o a India(AS)[ | | L& | g | [ | | |

Institute for

\/
%ﬂé Utrecht Marine and Atmospheric Freudenthal Institute
AN

University research Utrecht

India (BoB) [o@84] BAZ] | | | | | |
Indonesia [1| /@228 |1| | | | |
Pakistan | | | [ | | A [ | | | |

Sri Lanka [ZUAOBMUZIIRS | | | |
Thailand [SESO | BN | [7] | | | |
Somalia [Z|S[S[1[4]1] |S] g | |
Maldives [4 ERAMUINT | ZISIS] | | |
Madagascar | EUREU /| By | | | | |
Mozambique (8] B | PY 8] | | | |

(f) Connectivity matrix p = 0.50

SHUIS

van der Mheen, van Sebille & Pattiaratchi (2020) Ocean Science &




Most plastic that starts nearshore stays nearshore?
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Does consumer plastic stay near-shore?

Material types

. Artificial polymers (plastic)
. Glass and ceramics

Origin
._ Take-out Consumer
~ Ocean & Waterway

. Metal ‘ Industrial & Household
@ Paper and cardboard ‘ Medical & Hygiene
@ Cloth and textiles Smoking*
@ others Plastic types
Rubber

Processed wood

Environments ‘
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So coastal processes are key!
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But whose plastic is that?

It you find plastic at location x, then what is the probability that it came from source s?

+ Rephrase this question as p(s | x) and use Bayes' theorem p(s | x) - p(x) = p(x|s) - p(s)
px|s) - p(s)

p(x)
+ p(x]s)->likelihood: probability that plastic from source s arrives at location x

+  Rewritte as p(s|x) =

+ (Can be computed from Lagrangian particle simulations from source s

»  p(s) -> prior: probability that plastic comes from source s
» (Can be obtained from datasets like Meijer et al (2021 3)

»  p(x) ->'normalising term’: probability that any plastic is found at location x

. Difficult to compute for ‘open’ system; assume p(x) = Z [p(x | 5) -p(s)]
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Using a Bayesian framework to distinguish South Atlantic riverine sources
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Bayesian Inference for source attribution

Source probabilities for particles beaching near marker on 2015-01-07
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A Machine Learning approach to predict beaching on Dutch coastlines
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A Machine Learning approach to predict beaching on Dutch coastlines
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Using numerical models to optimise beach clean-ups
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The goal: an app to predict when and where plastic beaches
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Plastics as artefacts: identifying sources in LitterID workshops
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The Blue-Cloud hackathon: predicting aquaculture exposure to pollution
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We should work together and learn from each other
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The plastic littering our ocean is an atrocity.
G Society should be ashamed.

But at the same time, the plastic is a unique opportunity
to better understand how the ocean works.
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Conclusions

The oceanisr

O bat

a crucial role |

Accurate numerical models could be used to optimise clean-up strategies,
and to ‘play the blame game’ through Bayesian Inference. 3
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in the numerical models.
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