
Detecting floating macroplastics 
using high resolution optical 
satellite data.
Lauren Biermann, Dan Clewley, Ben O’Driscoll,
Aser Mata, Liz Atwood, Victor Martinez Vicente,
Tim vanEmmerik, Davida Streett, Yangrong Ling,
Ellen Ramirez, Juan Valesco, Mary Crowley and,
Nikolai Maximenko.



https://learn.tearfund.org/~/media/files/tilz/circular_economy/2020-
tearfund-the-burning-question-en.pdf?la=en



How Big Oil Misled The 
Public Into Believing 

Plastic Would Be 
Recycled



Satellite data are not yet widely used for the detection of 
macroplastics in the marine environment.

• S-2A & B launched in 2015 and 2017. 
• Developed for terrestrial services, but 

coverage includes coastal waters.
• Image every 2 to 5 days at 10 m.
• Limitations for detecting plastics incl. 

cloudiness & wavecaps; reliant on 
submesoscale features.
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Video from
@HFiskJohnson

Normalised Difference 
Vegetation Index (NDVI)

Floating Debris Index 
(FDI)



Processing and FDI sub-pixel detection
Atmospheric Correction: 
• ACOLITE processor (RBINS) for Sentinel-2 conserves NIR to 

SWIR wavelengths – Dark Spectrum Fitting.

Floating Debris Index:
• Based on a floating algae index Hu (2009), red edge (RE) bands 

were incorporated to develop the Floating Debris Index (FDI)
• Leverages difference between NIR, and baseline reflectance NIR.

Sub-pixel 
detection
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Spectral Signatures – Plastics & Natural Materials



- KwaZulu Natal 
experienced 
severe flooding in 
April 2019.

- Plastics choked 
Durban harbour 
and the beaches.

- We detected well 
over 50 pixels of 
‘validated’ ocean 
plastics.

Validated Plastics in the Marine Environment

Photos by Grant Blakeway (left) 
and Sifiso Mngoma (above) 



Identifying floating materials 
in the marine environment. 

Shown in 2-variable feature space of NDVI 
and FDI, clustering of materials is evident.



Naïve Bayes Classification of Plastics
• Using all these validated datasets of plastics and natural 

materials for training, we tested if it was possible to 
automate classification of detected materials using a Naïve 
Bayes (Bayesian) ML approach. 

• Requires only a small number of samples to train and 
assumes that predictors / features are independent.

• For FDI, NDVI and several MSI remote sensing bands, it 
computes the probability of a detected pixel belonging to 
each of the classes, and assigns it to the one with highest 
probability. 
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Study Site 1: East Coast of Scotland, UK
• Marine Conservation Society 

UK: across Scottish beaches, 
litter (mainly plastics & 
polystyrene) increased by 
14% since 2017.

• Extreme westward surface 
drift in the North Sea: Public 
reports of stranded drifters & 
Lagrangian tracking (Stanev
et al., 2019)

Dr Matt Carter (SMRU) kindly shared this photo 
of a seal pup hauled out with plastic litter inside 
the Firth of Forth, Scotland - @MattIDCarter



Sentinel-2 MSI 
Enhanced True Colour Imagery 

Sentinel-2 MSI 
Floating Debris Index



Results:
Across all sites, suspected plastics (manually selected) were classified as 
plastics by the Naïve Bayes model with an accuracy of 86% :

Canada 100% Polystyrenes

Ghana 87%

Scotland 83%

Vietnam 77% High Turbidity1= seawater
2= seaweed
3= driftwood
4= plastics
5= sea foam



What we’ve demonstrated:
• Plastic has a relatively distinct spectral signature & the

FDI helps to detect floating objects on subpixel scales.
• Possible to discriminate between floating objects using 

Naïve Bayes (Bayesian) ML classification approach. 
• Tricky! More work needed on atmospheric correction

(AC), adjacency effects, and the impacts of high 
turbidity including in river waters.

• We need more variable data from a range of marine 
environments for improved ML training algorithms and to 
serve as validation data.
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Plastic Plants: 
Saigon River

• Hyacinth is a pest / 
invasive species.

• Transports >70% of 
river plastics.

• Patches detectable 
by Sentinel-2. 

• ML classification 
library for rivers.



AIR-SOS: tidal & turbid coastal waters
• Seaplane flying 
Go-Pro, MAIA, 
Micasense RE.

• Elbe river mouth.
• Library of all 
floating materials 
plus water types.

• Commercial 
flights – future?

~ 451 tons per year (Schöneich-Argent et al., 2020)



Patchwise Normalisation for Feature Extraction 
and Detection – PaNFED
• Data-driven alternative to 

Atmospheric Correction.
• Still in early stages, testing 

by Ben O’Driscoll now being 
funded by NEODAAS.

• Automated processing chain 
for S2 floating debris 
detection, application of 
PaNFED, ML classification.



GIANT Ocean: Ghost nets in the GPGP



Thank you



Marine Atmospheric Correction (AC):
• Removes atmospheric components from ‘true’ ocean surface 

reflectance values.
• Marine ACs often rely on the black pixel assumption of near-

zero water-leaving radiances in the NIR.
• This will also remove any spectral signals from floating debris…
• Trialing with Sen2Cor and POLYMER.
• ACOLITE processor (RBINS) for Sentinel-2 conserves NIR to 

SWIR wavelengths – Dark Spectrum Fitting AC approach.


