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Evyaplotieg

Euxaplotw Bepud tov kKUplo TomouEAN yla TNV EUKALpla VO CUMPETEXW EVEPYA OTNV UAOTtoinon tou PLP
2019 kal Tov oXeSLAOUO TWV EMOPEVWV TTELPAUATWY, KABWE KoL TNV cuvexn kaBodrynon Kat euniotoouvn
Tou. Tautdxpova, euxaplotw Beppud 0Aoug e 66ou¢ SoUAEPape pall tnv avolén tou 2019 yia TNV oAU
opopon ouvepyaoia, kal eAnilw va cuvePyaoToUE Kal TTAAL oTo enopevo Plastic Litter Project.

PLP 2020: requirements and design of a marine debris remote sensing calibration/validation campaing — oeA. 5



Anuntpnc Namnayswpyiou, 2019 Mavemnotuo Awyaiou, Tuiua EMotnuwy tng OaAacoog

oel. 6, PLP 2020: requirements and design of a marine debris remote sensing calibration/validation campaign.



Anuntpnc Namnayswpyiou, 2019 Mavemnotuo Awyaiou, Tuiua EMotnuwy tng OaAacoog

Mepianym

Ta Baldoola mAaotika anoppipata (OMA) amotedolv €va cUyXpovo TEPLBOAAOVTLIKO Kal OLKOVOULKO TpOBANUa
TaykoopLag onpaoiag, n kKAipako tou onoiou HOALG mpdadata £xel apxioel va ektiudtal. H moapakoAolOnon twv
TIAYKOOULWY CUYKEVIPWOEWV ETMUMAEOVTIWY BAAGOCLWY OMOPPLUATWY €lval avaykaio yla TNV OVILLETWTON Tou
npoPBARUaTog Kat n Sopudoplkr TNAETILOKOMNGN £lval aUTA TN OTLyUN MBavotata n Mo utocXoUevn HEBodoG yla
OUOTNUOTIKEG TTOPATNPNOELG TayKOoUag KAlpakag. H mapovoa peAétn meplypadel TG mpodiaypadég Kal to
oXeSLAOUO TWV TIEPAHUATIKWY Sladtkactwy yia tn AnPn TNAETOKOTIKWY S€SOUEVWV ETILIMAEOVTWY TEXVNTWY OTOXWV
pe Bahdoola TTAOOTIKA amoppipata UTtd PeOALOTIKEG cuvOnkeg (PLP2020), pe okomod tn dnuloupyla pLOG avoLyThG
Baong 6&edopévwv daopatikwy umoypadwv OMNA, n omola Ba xpnowpomolnBel yia tnv avamtuén evog

OoAoKANPWUEVOU cUOTAUATOC TtapakoAoUBnong BaAACCLWY ATOPPLUATWY.

Abstract

Anthropogenic marine debris is a contemporary environmental and economic issue of global importance, the scale
of which has only recently begun to be evaluated. The systematic observation of global concentrations of floating
marine debris is required for effective mitigation, and satellite remote sensing appears to date the most applicable
method for robust systematic monitoring of global scale. The present study details the requirements and design of a
floating marine debris remote sensing data acquisition campaign in realistic conditions (PLP2020), for calibration and
validation purposes of marine debris detection algorithms and the compilation of a shareable spectral library of
characteristic floating marine debris, to be used towards the development of an integrated marine debris observing

system (IMDOS).
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1. Introduction
The term plastic encompasses a variety of synthetic and semisynthetic organic materials, almost exclusively polymers
with high molecular weight (Tokiwa et al, 2009). Bakelite, the first fully synthetic plastic was manufactured in 1907
(Baekeland, 1909), but widespread production did not occur before the Second World War. Plastic is now produced
at an increasing rate, with production reaching 64.4 million tonnes (Mt) in Europe and 348 globally for 2017, with the
largest market sector being packaging (PlasticsEurope, 2018), making it one of the most used materials. Lightweight,
cheap, durable and with a variety of other desirable properties, plastics are found in countless applications. It is
plastics’ abundance and durability however, combined with lack of appropriate end-of-life management that
presents a great issue concerning the natural environment and especially marine ecosystems, along with billions in
cleanup costs, damage to sea vessels and loss of revenue from tourism and fisheries (Gold et al, 2013). As of 2015,
only 9% out of the total of 6300 metric tons of plastic waste generated was recycled, 12% incinerated and 79%

disposed of in land-fills or accumulated in the natural environment (Geyer, Jambeck & Law, 2017).

With current recycling rates for plastic being about 14-18% out of 302 Mt per year waste produced at the
global level, much lower than those of other widely used materials like industrial metals and paper, and incineration
at 24%, about 58-62% of all plastic waste produced is disposed of in landfill or the natural environment (Geyer,
Jambeck & Law, 2017). Plastic recycling rates differ significantly within the globe, different waste streams and
polymers, with some polymer types being more widely recycled than others- polyethylene terephthalate (PET) and
high-density polyethylene (HDPE) commonly exceeding 10%, while polystyrene (PS) and polypropylene (PP) are
closer to zero (OECD, 2018).

Most megacities are located in the coastal zone (Brown et al, 2013), with around 40% of the world’s
population living in areas no more than 100 km away from sea (UN, 2017). In Europe, more than 40% live in areas 50
km or less from the ocean and the trend is rising (EUROSTAT, 2017). High population density in coastal areas
translates to high plastic waste generation. It is estimated that between 4.8 and 12.7 Mt entered the ocean in 2010,
about 8.3 Mt per year, which is projected to double by 2025 (Jambeck et al, 2015). Mismanaged waste, that is waste
that is littered or inadequately disposed uncontained in dumps or open, uncontrolled landfills, can enter the ocean
through river or wastewater outflows and transport by wind, tides and currents (Jambeck et al, 2015). Among the
average of 8 Mt of the total plastic waste entering the ocean in 2010, the plastic input due to river transport, is
evaluated between 1.15 and 2.41 Mt of plastics every year, corresponding to 9-50% of total plastic transport
to the ocean (Lebreton et al., 2017). Once in the ocean, plastics can float on or just below the surface or sink to
the bottom, depending on the specific polymer’s molecular weight. PET or polyvinyl chloride (PVC) for example with
densities above that of seawater will eventually sink, while PS or HDPE will generally float. Biofouling, the formation
of an organic biofilm due to life processes on the surface of both macro and microplastics, can cause plastic debris
that would otherwise float on the surface to sink to the bottom, or oscillate vertically (Kooi et al, 2017). About 60%

of plastic produced floats, as it is less dense than seawater (Andrady, 2011). Marine debris that floats, either of
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natural or anthropogenic origin, tends to be trapped in subtropical gyres — large systems of circular ocean currents
(Goldstein and Goodwin, 2013), or is recaptured by coastlines (Kako et al, 2014). The Great Pacific Garbage Patch
(GPGP) is one of such accumulation zones for buoyant plastic that has been identified in the North Pacific Subtropical
Gyre (Wong, Green & Cretney, 1974). A recent study (Lebreton et al, 2018) showed that the GPGP is increasing
exponentially in size and at a faster rate than the surrounding waters, while over 75% of its mass is attributed to
debris larger than 5mm and more than 46% is thought to be comprised of fishing nets. The Mediterranean along with
the Black Sea, harboring large coastal populations, have inevitably also been found to contain large concentrations
of floating marine plastics, with accumulations comparable to those of the great ocean gyres (Van Sebille et al, 2015;
Suaria & Aliani, 2014; Suaria & Aliani, 2015; Cozar et al, 2015; Suaria et al, 2016). Suaria and Aliani (2014) found that
in the Mediterranean basin, 78% of all sighted objects were of anthropogenic origin-95.6% of which was plastic, with
highest concentrations in the Adriatic Sea and Algerian Basin and lowest in the Central Tyrrhenian and Sicilian Sea,
while calculating that more than 63 million macroplastic items are currently floating on the surface of the

Mediterranean basin.

Plastics do not readily biodegrade, persist in the environment and are of great concern due to their effects
on the marine environment, wildlife and potentially humans (Thompson, 2009). Whether floating on the surface,
suspended in the water column or sunk to the bottom of the ocean floor, marine plastics pose great environmental,
ecological, economic and possibly health implications, a fact illustrated by the increasing amount of peer reviewed
publications being published yearly (Thevenon et al, 2014). Effects of plastic debris on marine life are well
documented throughout the scientific literature. More than 267 marine species are known to have been affected by
marine plastics, either by ingestion — which affects mostly marine birds, or entanglement — which affects mostly
marine mammals (Hammer, Kraak & Parsons, 2012). Lost or discarded fishing nets — ghost nets, are also very
problematic as marine species continue to be trapped for many years — ghost fishing (Matsuoka et al, 2005). Studies
have also shown that various fish species around the world are ingesting microplastics in a regular basis (Lusher,
McHugh & Thompson, 2013; Neves et al, 2015). A meta-analysis of controlled experimental studies showed possible
negative effects of plastic ingestion on zooplankton and fish species, including reduced consumption of natural prey,
along with negative effects on growth, reproduction and survival (Foley et al, 2018). Besides posing a risk due to
mechanical implications in the digestive tracks of marine animals, plastics readily absorb or adsorb other potentially
harmful organic compounds and metals present in seawater (Lee et al, 2014; Homes et al, 2012), acting as vectors
for bioaccumulation for these substances (Ziccardi et al, 2016). In addition, plastics have also been found to leach out
additives which act as endocrine disruptors to marine life (Chen et al, 2019). There has been increased concern on
the implications for human health, although research on potential adverse effects from consumption of seafood
affected by marine plastics or direct human ingestion of microplastic particles is currently lacking (Lusher et al, 2017).
Although the lack of data, potential mechanisms for microplastics to impact human health have been identified

(Wright and Kelly, 2017). Coupled with potential health implications for humans, concentrations of microplastics
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detected in seafood can seriously endanger the food security of many areas and translate into great economic losses
(Gallo et al, 2018). Fish and other seafood play a determining role in the diet of millions of people, especially in
developing coastal areas, with billions in annual revenues (FAO, 2016). High macroplastic debris concentrations have
been reported to greatly impact subsistence fishermen in Indonesia as early as 1992 (Nash, 1992). Including effects
to tourism and recreation, global marine plastic contamination has been estimated to account for an annual loss of
$0.5 to $2.5 trillion in the value of benefits derived from marine ecosystem services (Beaumont et al, 2019).The cost
to the environment and marine life, potential cost to human health, along with the implicated economic costs, all

serve as an urgent call to action in order to curb the severe issue of marine plastics.

Anthropogenic marine debris has been identified as a major quality descriptor by the MSFD and significant
efforts are being targeted towards the establishment of general guidelines for the monitoring of marine litter (MSFD,
2013; GESAMP, 2019). Efforts in the detection of marine plastic while still on the ocean surface have mostly targeted
at predicting concentration zones and transport patterns using modelling approaches of physical parameters and
data from drifters, as well as in situ observations (Critchel and Lambrechts, 2016; Mansui et al, 2015; Lebreton et al,
2012; Maximenko et al, 2011; Law et al, 2010), however present ocean circulation models are not yet able to
accurately simulate debris drift (Maximenko et al, 2019). Detection of marine plastics through remote sensing
applications is an emerging field and so far no integrated method exists to effectively detect marine plastic debris on
the ocean surface using publicly available satellite imagery. A recent White Paper publication (Maximenko et al, 2019)
presented the concept of an Integrated Marine Debris Observing System (IMDQOS). The IMDQOS, based largely on the
GOQOS program, will combine remote sensing (various platforms and sensor types) and in situ data to provide global
coverage and accuracy, for the monitoring of marine debris, understanding of distribution dynamics and evaluation
of mitigation efforts; in addition providing accurate estimates of variables required for the SDG 14.1 indicators under
development by UNEP (GESAMP, 2019). In order to provide data for calibration and validation processes of satellite
sensors and detection methodologies, series of repeated ground-thruthed in situ observations are needed. These in
situ observations will assists in answering vital questions such as: what is the minimum detectable subpixel
abundance of plastic debris, is it possible to distinguish between different polymer types in floating marine plastic,
what are the best atmospheric and sunglint correction methodologies for marine debris detection, what is the
relationship between the degree of submersion and the reflectance properties of plastics, among others. However,
in order to become useful, the in situ observations need to be compiled as spectral measurements in large spectral
libraries of different types of debris (Maximenko et al, 2019). The Plastic Litter Project (PLP) 2020, building on the
experience gained from PLP 2018 and 2019, will primarily aim to contribute towards the creation of a shareable,
multi-sensor and multi-instrument spectral library of floating marine debris signatures in near-real environmental
conditions, to be used towards the development of marine litter detection methodologies and an integrated marine

debris observing system. The present study details the project requirements, design and expected outcomes for the
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Plastic Litter Project 2020, which will be conducted by the Marine Remote Sensing Group at the University of the

Aegean in Lesvos.

2. Remote sensing of marine plastic debris
In the past years, an increasing amount of studies have focused on the remote detection of floating marine plastic
debris using airborne sensors; most focus on hyperspectral imaging. The spectral properties of hydrocarbons (plastics
are essentially hydrocarbons), mainly their characteristic absorption features, have long been examined for remote
sensing applications (Cloutis, 1989). During the 1990’s at least two studies focused on the use of multispectral Landsat
Thematic Mapper (TM) and Daedalus data to detect hydrocarbons (Bannert et al, 1994; Kiihn and Hérig, 1995), but
the spectral resolution of both sensors was not high enough to distinguish hydrocarbons using subtle absorption
features that can be detected with field spectroscopy (Horig et al, 2001). More recent studies have focused
specifically on floating marine debris, with advancements in sensor technology allowing for higher spatial and

temporal resolution data acquisition.

Garaba and Dierssen (2018) used a PANanalytical ASD FieldSpec 4 spectrometer to measure the spectral
reflectance of wet and dry microplastics harvested from the North Atlantic Ocean, macroplastics washed ashore and
virgin plastic pellets in a range of 350 to 2500 nm; their signatures were compared and quantified in order to evaluate
the feasibility of plastic debris optical remote sensing. They identified prominent absorption features in the NIR and

SWIR ranges — specifically at ~931, 1215, 1417 and 1732 nm (fig.1), consistent along the different objects analyzed.
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Figure 1: Reflectance of macroplastics showing apparent absorption features in NIR and SWIR ranges (Source: Garaba and Dierssen, 2018)
The dry microplastic reflectance spectra could be represented as a single bulk average signature, that when

compared to reference signatures of dry virgin pellets showed moderate similarity to common plastics, consistent

with what is reported globally for microplastic composition of marine debris. Macroplastics had discreet signatures
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that were not bulked into a single average as they were not necessarily representative of the composition of floating
plastic debris. The wetness factor was found to diminish the overall magnitude of the signal, but the spectral shape
was not affected. Due to absorption features of the atmosphere — mainly water, the 1215 and 1732 nm absorption
bands were found to be applicable through an intervening atmosphere. These were used in a modified algorithm
from Kiihn et al. (2004) to map plastic concentrations in and around the area of a landfill (in absence of aquatic
scenes), using airborne visible-infrared imaging spectrometer (AVIRIS) hyperspectral imagery. The Hl index from Kiihn

et al. (2004) was modified to match the channels of the AVIRIS spectrometer.
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Figure 2: Normalised reflectance of microplastic bulk and virgin pellets, showing charcteristic absorption features (Source: Garaba and
Diersse, 20018)

In further work, Garaba et al. (2018) used a SASI-600 Imager (950 to 2450 nm) onboard a C-130 aircraft to
capture images in the area of the Great Pacific Garbage Patch (GPGP). Very high resolution RGB images were also
captured and georeferenced on top of SWIR images, allowing for detailed ocean plastic identification from trained
observers. Their analysis focused on a large ghost net, where a distinct floating part could be identified. They
performed spectral shape comparison of identified plastics with spectral signatures of known polymer types from a
previously compiled spectral library (Garaba and Dierssen, 2018) using spectral contrast angle calculations. Finally
they applied and assessed the applicability of Hls previously developed. The SWIR signal of the ocean plastics
identified was in general consistent among ocean plastic types with small variations. They identified several
absorption features, the common absorption features around 1215 and 1732 nm being of most interest. The polymer
composition of the ghost net could not be effectively identified comparing its spectral signature to that of know
polymer types from the spectral library. Results from spectral unmixing simulations suggest that the aforementioned

absorption features have potential for detecting ocean plastics using SWIR sensors. A decrease in the pixel coverage
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with plastic results in a decrease in the band depth at each absorption feature. They conclude that a simplified
guantification and detection algorithm based on a band depth method requiring a minimum of three wavebands,

including the absorption waveband, can be used for both distinct features.

In a similar approach, Acufia-Ruz et al (2018) performed a supervised classification of marine debris on
beaches, using very high resolution WorldView 3 (WV3) images and hyperspectral signatures from a series of
spectrometers. They collected macroplastic (>25mm) debris from a series of beaches in the Chiloé Island region of
Chile, which were spectraly analyzed using three different hyperspectral spectrometer systems (HylLogger 3
reflectance spectrometer, PS-300 Apogee and ASD Field Spec) in the 380 to 2500 nm range. The spectral signatures
were then filtered for outliers (standard deviation) and compiled into a reference spectral library (fig. 3). The
hyperspectral signatures were convolved to correspond to the spectral bands of the WorldView 3 satellite sensor
using RSRCalculator (Duran-Alarcon et al, 2014). The Spectral Ampitude Difference metric (Feret and Asner, 2011)

was used in order to evaluate spectral separability between the different class signatures.
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Figure 3: Spectral signatures acquired by HyLogger 3, showing characteristic absorption bands (Source: Acuiia-Ruz, 2018)

In order to develop a supervised classification model, 90 pixels from each class (expanded polystyrene (EP) and other
plastics) were selected from the scene. The convolved spectral signatures from WV3 were used to train non-
parametric methods such as Support Vector Machine (SVM) and Random Forest (RF), which do not assume any
representative statistical distribution of training data and often have greater classification power with small data
sets. The built database was separated into one subset for training (70%) and another for validation. As with previous
studies, characteristic absorption features were identified in the 1670-1690 nm, 2130-2190 nm and 2430-2500 nm
regions. EP had a unique spectral characteristic that allowed separability from the other debris and so 2 classified
categories were established: EP and Mixture. All supervised classification methods performed with accuracies >75%,
with radial SVM classification performing better overall with accuracies close to 90%. Inclusion of other spectral

bands could enable the distinction between other types of plastics besides EP.

Goddijn-Murphy et al. (2018) developed a model to explain light reflectance of buoyant plastics on water,

based on geometrical optics and the spectral signatures of plasic and seawater, which takes into account the colour,
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transparency, reflectivity and shape of marine plastics. They took into account the different ways plastics floating on
water affect surface leaving reflectance in nadir view — light reflects directly off plastic than water, light transmittance
through plastic is different through the water-air interface changing backscattering and subsurface upwelling light.
Allowing for a number of approximations (a single smooth flat layer of plastic with specific physical and optical
properties, bi-directionality of plastic reflectance of sunlight, shading and filtering of downwelling light by plastic on
the surface) and given a known reflectance of the clear sea surface and that of plastic, the fraction of plastic surface
area can be estimated. In a following work Goddijn-Murphy and Dufaur (2018) presented a proof of concept of the
reflectance model for macroplastics under an experimental setup (fig. 4).EPS foam, HDPE and PET bottle reflectances
were measured using the Analytical Spectral Devices FieldSpec Pro hyperspectral instrument (350 — 2500 nm).
Spectral coefficients of diffuse reflectance, total reflectance, transmittance and absorption of the target materials
were also measured in the laboratory using the same instrument. They point out that in the case of plastic bottles,
two parallel surfaces of plastic interacting with light instead of one, given a nadir reflectance measure can be
described as the sum of reflectance form top and bottom layers. Due to the refractive index of water being higher
than air and closer to HDPE and PET, reflectance of a semi-transparent layer of plastic is expected to be lower than r
— reflectance it would have in air, and that of two layers higher than r but lower than r2, but the effect was not

present in field measurements.
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Figure 4: Experimental setup showing the floating frame; diameter field of view in red; side and plan views (Source: Goddijn-Murphy and
Dufaur, 2018)

EPS foam was found to have the greatest overall reflectance throughout the spectrum, followed by HDPE and PET,

while all materials presented a characteristic absorption band at around 1680, 1730 and 1660 nm respectively,
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especially prevalent in PET. The effect of size of litter on reflectance was investigated using two different sizes of
bottles, and results suggested that larger bottles are better reflectors. The model is designed to work with any
wavelength and 850 nm was used in the single band process, with regression analysis showing highly significant
regressions in support of the reflectance model. Field measurements of reflectance could not be satisfactorily
calculated using reflectance coefficients derived from laboratory measurements. The results also showed no
evidence of a shading effect. The dual band process was evaluated using 850 nm as A; — where reflectance of plastics
is high and outside the visible range of the spectrum, and A, was set at the absorption bands observed in the
laboratory measurements. The two wavelengths were selected also for the reflectance of water being the same in
both bands and close to zero. While Ap, is highest for each plastic when its specific absorption band is used, the PET
absorption band was also used for all three types of plastic to evaluate the use of a common A,. However assigning
Az at the PET absorption band Ap, for EPS and HDPE was higher than for PET, perhaps due to PET’s overall lowest
reflectance. In general, reflectance of plastics floating on the surface in natural daylight did no strongly correspond
with the reflectance coefficients of the materials obtained in the laboratory. The type of polymer, transparency,
shape and surface roughness of the plastic object were determining factors in the relationship between measured
reflectance and plastic surface fraction and as a result no general remote sensing algorithm to estimate surface

fraction of plastic litter floating on the surface of natural waters is proposed.

In a first large scale approach towards a remote sensing application for the detection of floating marine
debris, Topouzelis et al. (2018), with the assistance of University of the Aegean students and researchers, conducted
an experiment in which they constructed 3 10x10m targets out of PET, LDPE blue plastic bags and nylon fishing nets
(all supported by a plastic mesh), which were deployed at sea and anchored at about 30 m offshore from Tsamakia
beach in Mytilene, Lesvos on 07/06/2018. The targets were set floating above Posidonia oceanica patches to provide
a dark background in an effort to simulate open ocean optical properties (close to zero NIR and SWIR reflectance)
(fig. 5). Weather condition were optimal; clear skies, very calm sea with no white caps (1-2cm waves) and low wind
speed (2 m/s). A series of imaging systems onboard a S900 DJI hexacopter were used to acquire very high resolution
RGB images (Sony A5100), 4-band multispectral images (450, 500, 550 and 850 nm from a Slantrange 3P; 550, 660,
735 and 790nm from a Parrot Sequoia) and high resolution thermal images (FIiR DUO R) of the scene. In addition, the
experiment was timed to coincide with acquisition times of the Sentinel 2 (52), WV3 and PlanetScope (PS) satellites,
each one acquiring an image of the scene while the targets were deployed. The high resolution RGB images form the
A5100 were processed using the structure from motion photogrammetric pipeline algorithm for orthophoto
production. All high resolution images including the S2 satellite image were georeferenced using the orthophoto map

produced.
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Figure 5: RGB from a PlanetDove image and Sony A5100 showing the three targets floating off Tsamakia beach (Source: Topouzelis et al,
2018).

Percentage pixel coverage for each of the target pixels was evaluated using the very high resolution A5100
orthophoto, which was used as a master image to improve georeferencing of the S2 image (fig. 6). All 10x10 m
targets were readily distinguishable in the 10 m resolution bands of S2; with the exception of the blue bag targets
that were not easily distinguishable in the green and red bands (fig. 7), providing evidence for potential applications

of the S2 satellite in detecting floating marine debris.
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—
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Figure 6: RGB composite and RGB and NIR greyscales of target area (Source: Topouzelis et al, 2018)
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Figure 7: Pixel coverage and S2 signatures — left to right: PET bottles, fishing nets, LDPE plastic bags (Source: Topouzelis et al, 2018)

From April to June 2019, a second experiment was performed by the University of Aegean Marine Remote
Sensing Group (MRSG) with the participation of a number of Marine Sciences students. The experiment was a follow-
up of the 2018 PLP and involved the construction of a number of plastic and natural debris targets that were deployed
at sea off Tsamakia beach. The targets were constructed of a rectangular 5x5 m frame made from PVC ¢ 2.5 cm pipes.
The frame was fastened on a 5x5 m plastic mesh 1.4 cm in hole size to create a base on which the target material
would be supported. As in PLP 2018, two holes were drilled in the bottom and the cap of the bottles and fishing line
was threaded through to create a line of 16 bottles, with tags removed. The blue plastic LDPE bags were threaded
onto the plastic mesh with fishing line. The natural debris targets were constructed using reeds. Reeds are very
plentiful in Mediterranean coastal ecosystems and are a common constituent of natural debris floating on the sea
surface (Suaria et al, 2015); as such they were deemed suitable for the approximation of non-anthropogenic marine
debris in this study. The reeds were gathered from nearby locations, cut to length and left to dry, in order to avoid
any photosynthetically active material remaining in leaves. The reeds were then weaved together using thin nylon
rope into 2.5x2.5 m “quadrants” that were connected to the 5x5 m frame. The targets and quadrants were possible
to connect in a modular fashion to create different configurations of target material. In total 5 different S2 images
were acquired with the targets in various configurations. The plastic cover area of the targets was also modified
throughout the experiment. In the case of plastic bags target, part of the sheet of plastic mesh with the attached
bags was removed from the frame. For the plastic bottle targets the mesh was not removed as the bottles would fill

up with water while floating, risking cutting the fishing line and breaking the frame while removal of the targets from
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the water. In addition to the S2 data, several high resolution RGB reference images were acquired using a DJI

Phantom drone.

Initial processing and analysis (not presented here) of these is situ data by both MRSG and other institutions
and researchers, has provided valuable insight into the possible methodologies to be used for marine debris
detection using various remote sensing platforms, as well as the factors affecting the marine debris signal and thus
the detection capabilities. Spectral unmixing calculations have indicated the possibility to use such algorithms for the
detection and quantification of floating marine debris, but a pure pixel signature of various marine debris scenarios
is needed in order to be able to produce the most valuable results. In addition, novel indices and those used for the

detection of floating Sargassum macroalgae are also under investigation.

A recent publication by Martinez-Vicente et al. (2019), tying into the proposed IMDQOS, outlines an initial
assessment of observation requirements for monitoring marine plastic debris form space. They tackle both floating
marine plastic and over land observations, and identify a series of scientific questions to be answered in terms of
marine debris in general and challenges to be met in terms of defining the characteristics of a marine debris remote

sensing system.

The in situ data and resulting spectral libraries acquired from experimental campaigns such as the PLPs will
assist greatly in the development and calibration of marine debris detection missions and methodologies. The main

issues that the PLP2020, and following projects, will aim to help resolve are:

e what is the minimum detectable subpixel abundance of plastic debris, based on current mission sensors
spatial and spectral resolutions and SNRs,

e s it possible to distinguish between different polymer types in floating marine plastic

e what are the best atmospheric and sunglint correction methodologies for marine debris detection

e what is the relationship between the degree of submersion and the reflectance properties of plastics

e whatis a reasonable SNR for spectroradiometric detection of marine plastic debris

e to what extent can spectral unmixing algorithms be used for marine debris quantification

3. Plastic Litter Project 2020 - requirements and design
In order for the acquired data to be useful in terms of a spectral debris library they need to fulfill a set of
requirements. Since there are no specific guidelines when it comes to a large-scale project of this kind, these
requirements are formulated based on prior experience with PLP 2018 and 2019, experience gained through working
with marine debris remote sensing data, as well as through communication with experts in the field of marine debris

and the relevant literature. The main identified requirements are as follows:

1) The target materials need to consist of characteristic marine plastic debris polymers or natural debris — this

is to ensure that the acquired data and spectral signatures will be representative of floating marine debris
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in waters around the world, so that they are specifically relevant in terms of an integrated marine debris

observing system.

2) The target materials need to include representative natural debris, characteristic of the area of application
(such as Arundo donax reeds, wood and marine vegetation), in mixed target scenarios and/or pure natural
debris targets— this is needed in order to investigate the capacity to discriminate between natural marine

debris and that of anthropogenic origin.

3) Any water leaving reflectance not attributed to the target materials (bottom reflection, suspended matter
etc.) needs to be minimized or accounted for — this will ensure that the acquired spectral measurements

are free of signal contribution from non-target sources.

4) At least one target needs to be of sufficient area in order to guarantee a full 10x10m pixel coverage,
independent of target orientation in the image matrix — a “pure” marine debris signature can be readily
and more accurately used in spectral unmixing algorithms, to investigate the capacity of marine debris

guantification

5) Data acquisition from non-satellite platforms (UAS, hand held spectrometer), including metadata, needs to

be concise, timely and robust — this is to ensure that all data are intercomparable

6) The targets must be straight-forward and relatively easy to construct, deploy and repair — this will ensure

project realization and allow for better management
7) The target design must ensure that no anthropogenic marine debris is lost to the environment

8) The design of the project and targets must ensure that the process is repeatable and applicable to different
locations, in order to contribute towards the establishment of best practices in terms of marine debris
remote sensing validation and calibration campaigns.

3.1 Polymeric composition and characteristics of marine plastic debris

In order for the target materials to be representative of floating marine plastic debris in nature, it is important that
the polymeric composition of the targets matches that of what is observed in coastal and open ocean waters. As
previously stated, the Mediterranean has been found to contain concentrations of floating marine debris similar to
those of the great oceanic gyres. Although most polymeric composition studies on floating marine debris focus on
microplastics, all secondary microplastics are produced through degradation and as such can be thought of as
characteristic of the overall polymeric composition of larger floating marine plastic debris. In general, high density
(HDPE) and low density polyethylene (LDPE), along with polypropylene (PP), regardless of size of the object, are found
to dominate the surface of ocean and coastal waters around the world, as well as the world’s beaches, while most
macrolitter items consist of packaging and single use items (UNEP, 2015; Suaria et al, 2016; Pasternak et al, 2017;

Munari et al, 2017; Baini et al, 2018; Brignac et al, 2019, among others). Other floating polymers such as polystyrene
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(PS) and polyacrylics (PA) are also present in surface waters but in lower concentrations. One of the biggest sources
of HDPE in the ocean are ghost nets, which are thought to account for almost half of the mass of the GPGP (Lebreton
et al, 2018). Although in general HDPE and LDPE are found in greater concentrations in ocean waters and on beaches,
studies have also found that expanded polystyrene foam products (EPS) can also be found in increased

concentrations in both surface waters and beaches (Suaria and Aliani, 2014; Brignac et al, 2019).

Marine plastic debris, although comprising the majority of floating debris, are many times found floating in
amalgamations with natural debris. Specific to the Mediterranean, Suaria and Aliani (2014) found a positive
correlation between the abundance of anthropogenic and natural marine debris, indicating that on a larger scale,
the two types of debris tend to accumulate in the same regions, with 22% of all sighted objects during their transects
being of natural origin. Most floating macrolitter tends to be less than 50cm in size (Suaria and Aliani, 2014; Brignac
et al, 2019), with the exception of large ghost nets and EPS foam objects (Lebreton et al, 2018; Garaba et al, 2018;
UNEP, 2015). Suaria and Aliani (2014) found that 57.8% of all sighted plastic objects were between 10 and 50cm in
length, 35% were <10cm and 7.2% were >50cm; while 31% of EPS foam objects were entire fish boxes of around 60-
70 cm in length, with 31% being fragments between 10-50 cm and 41% <10cm. In terms of density, mean marine
debris concentrations in the Mediterranean for macrolitter items have been found to range from less than 2.5
items/km? (McCoy, 1988; Topcu et al, 2010; UNEP/MAP/MEDPOL, 2009), to 15-25 items/km? (Alliani et al, 2003) and
24.9 items/km? (Suaria and Aliani, 2014), with peak conncentrations reaching above 54 items/km? These
concentrations, comparable to what is observed in the ocean gyres, are in no way detectable by available satellite
sensors. The constantly increasing amounts of marine plastic pollution however, in combination with extreme events,

will most likely result to future concentrations being detectable by space.
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Figure 8: Polymeric composition of particles in Mediterranean surface waters (Source: Suaria et al, 2016)
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3.2 Target materials - characterization of marine plastic debris
The target materials will consist of representative marine plastic debris objects and polymers, that will be collected
during a series of beach cleanings which will be performed early spring in the island of Lesvos. Windward beaches
have been shown to collect higher densities of marine debris (Moy et al, 2018; Brignac et al, 2019). The north eastern
Aegean is dominated by prevailing north and north eastern winds. In addition to the fact that the eastern
Mediterranean coasts are considered as a significant marine debris input zone, it is expected that beaches in the
north and eastern part of the island will have higher concentrations of beached marine debris. It is essential for the
beach cleanings to be performed before the start of the touristic and bathing season, since a number of beaches are

cleaned for aesthetic purposes.

The survey methodology will follow recommendations found in “Guidelines for the monitoring and
assessment of plastic litter in the ocean” (GESAMP, 2019), and collected materials will be sorted and catalogued in
terms of size, polymer type (where possible), litter type (where applicable) and auxiliary info such as origin of
manufacture (appendix 1). The above report, building on MSFD (2013) and UNEP/IOC (2009), aims to provide
recommendations, advice and practical guidance for establishing programmes to monitor and assess the distribution
and abundance of plastic litter. For the purposes of PLP2020, only macroplastic items larger than 5 cm in the longest
dimension will be considered for use as target materials. The rest of the gathered materials will be stored for possible
further sorting and analysis, or disposed of responsibly. All candidate items will be sorted and stored in separate
categories/containers based on size and polymer composition (Annex 2). In essence, the collected marine debris will
be divided in two main categories based on size: those between 5 and 10 cm in the longest dimension, and those >
10 cm. These two categories will be subdivided based on polymer composition, as shown in the cataloguing form in
Annex 2. A further subdivision based on litter type might be applicable, but this is to be decided based on the results
of the first beach cleanings. All items with unknown polymer composition will be tested for positive buoyancy in
containers filled with seawater, to exclude items that have a higher density than seawater and may not have come
from the sea. Based on the polymeric composition of marine plastics discussed above, polymers that will be used as
target materials will be: HDPE and LDPE (which will be treated generically as PE), PP, PS, EPS foam, as well as PET.
The main litter types will most likely consist of single use items — bottles, food containers, plastic bags, foam products,
along with crates, fishing gear, ropes and nets. Although PET is a sinking polymer and PET litter will eventually sink
to the sea bottom, PET bottles and cups are commonly sighted floating on the sea surface of busy coastal waters and

as such are considered suitable as a target material.

Due to the fact that it is not possible to accurately estimate the amount of material that will be needed for
the targets, nor the amount of plastic debris that will be collected during the beach cleanings, it is not possible to
determine whether the collected debris will be enough to cover the intended area of the targets. In this case,
alternative sources of target materials need to be established. For 2018 and 2019 the PET bottles for the targets were

collected locally through a citizen network, this can be repeated for typical items such as HDPE bottles and packaging.
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In addition, several groups and organisations in Greece perform regular beach cleanings that could provide part of

the target materials.

The natural debris to be used as target materials will also be collected during the beach cleanings. In addition,
as in PLP 2019, Arundo donax reeds, a characteristic species of coastal vegetation abundant in Mediterranean
transitional ecosystems and river basins that is a common constituent of floating marine debris, will also be used as
target materials of natural origin. The reeds will be cut to length and dried in order to avoid any photosynthetically

active materials remaining in the vegetation.

The exact polymer ratios that will be used for the target materials will be mainly decided by the amount of
each polymer that will be collected during the beach cleanings. However, as a general rule, based on what is reported
for floating and beached debris, the polymer and debris type concentrations will be: 30% PE, 20% PP, 10% PS, 10%
EPS and 10% PET packaging and single use items, along with 20% items of varying use and polymer type — mostly
dominated by PE. In the case of the larger semi-permanent targets, debris types will also include large fishing nets —
mostly PE, larger EPS pieces and larger floating debris in general. For the mixed targets, a general ratio of 60%
anthropogenic to 40% natural debris will be used. It is important to note that these ratios are in no way exact or
universally applicable, since there is great temporal and spatial variation in the amounts reported in the literature,

but are however considered adequately representative as an initial approach that is subject to reconsideration.

3.3 Target design and development

Two types of targets will be constructed for PLP 2020:

1) Re-deployable 5x5 m modular targets, based on the design of the targets used for PLP2019:

These will consist of a rectangular frame, constructed with HDPE-100 pipes. HDPE-100 is a floating polymer (density
range 950-965 kg/m3) that is commonly used in low and medium pressure water and gas applications, as well as for
the construction of cages in aquaculture applications. HDPE 100 with a long term design stress of 10 MPa, will provide
high tensile strength and overall rigidity to the target frames, while retaining the necessary flexibility in order to
sustain dynamic loading from deployment and wave action. The higher strength of HDPE compared to PVC will also
eliminate the need for cross-bracing the frame as in PLP2018 and 2019. The pipes will be 4 mm in diameter with a
wall thickness of 2.4 mm and will be joined using 90° angle connections. Housings for GPS units will be positioned at
two opposing corners of each target frame. Each target frame will weigh less than 7 kg (including GPS housings and

connections, excluding target materials).

The target materials will be “woven” into strands of 5 m in length using high-strength fishing line and/or thin
floating rope. Only debris > 10 cm will be used for the strands in order to facilitate the woving procedure and reduce
the total number of items needed to cover the 25 m? target area. Each strand will be populated with items of the

same debris type (packaging-bottles, packaging-box etc.) and polymer, in order to allow for a better management of
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litter type and polymer ratios for the target materials. In addition to plastic items, marine debris of natural origin
(such as reeds and driftwood) will also be used to populate the targets. These will be woven together to form surfaces
of about 2x5 m, which will be interwoven with the plastic litter strands on the target to form a mixed debris surface.
A stainless ring will be tied to the end of each strand in order to facilitate attachment to the target frame. The strands
of debris will be interchangeable and replaceable, allowing for target reconfiguration and repair. This will be achieved
by a line of rope passing through the rings at the ends of each strand in order to create a canopy-like configuration
(fig. 9). Instead of each separate strand being tied to the target frame, the whole canopy will be attached by securing
the line of rope along the side of the target frame. Percentage coverage of the targets (area of target covered by
debris over total area of target) will be controlled by removing or adding strands on the target frames, as in PLP2019.
During the strand production phase, the plastic target materials will be pre-positioned inside the 5x5 m frame to
ensure proper area coverage and dispersion of the materials. Every produced strand will be characterized and

catalogued using the form in appendix 3.

In addition to allowing the targets to float on the sea surface, it will be possible to slightly raise the target
frame from the surface in order to investigate the effect of the wetness factor, which has been shown to reduce the
floating debris signal significantly (Garaba et al, 2018). This will be achieved by attaching buoys underneath the target
frame, which will rise it from the surface and given a calm sea, will prevent the debris from being wet. The buoys will

be painted a matte black colour in order to minimize signal contribution.

A total of 6 5x5 m target frames and the corresponding strands will be aimed to be constructed. This amounts
to a total of 150 m? of target surface area. This will allow for the modular connection of series of targets to create
configurations such as windrows-although in a smaller scale, and provide a robust indication of the minimum
detectable abundance fraction of marine debris in a pixel for different imaging platforms. However, the capacity to
reach the 6 target threshold will be governed mostly by the number of people involved in the project and the amount

of debris that will be collected from all sources.

Target deployment will be performed in the same manner as in PLP2018 and 2019, with a series of teams (at
beach, at sea and dinghy) working in tandem to deploy and anchor the targets. The beach team picks up and
transports the target frames to the break-wave area, were the sea team joins the target frames to create the desired
configuration and delivers the target to the dinghy/divers team which transports the target to the anchoring position
and secures the target in place. The anchors are set before the first deployment of the targets and remain at sea with
a buoy marker for identification. After data acquisition the process is repeated in reverse; the dingy team unties and
returns the target to the sea and beach teams, that remove the target from the water and place it on the beach for

storage.
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Figure 9: In scale 3d rendering of the modular targets in a 10x10 m square configuration. Cutout A shows the line passing through the
strand rings and is attached to the target frame. Cutout B shows the 90° compression fitting. Strand lines are thicker for visualization
purposes, target material not shown.

2) Semi-permanent large circular targets:

The aim of these targets is to ensure a full Sentinel 2 (10x10m) pixel coverage by the target area. This will allow for
the retrieval of a pure marine debris signature, which can be used effectively in spectral unmixing calculations and
index development. Trial and error calculations have shown that in order to ensure full pixel coverage, a circular
target needs to be at least 22 m in diameter. A circular configuration is favored against a square one, as at such scales
the loading pattern on a square frame due to the wave action could lead to increased stress and deformation. In
addition, a circular frame of that size is much easier to construct and allows for a smaller surface area needed to

guarantee a full pixel coverage compared to a square target.

The semi-permanent targets will be also constructed with HDPE-100 pipes, and will take the general form of
an aquaculture cage. 110 mm diameter HDPE-100 pipes, with a wall thickness of 6.6 mm will be used to construct a
22 m diameter ring. A pressure fitted connection will be used to join the two ends of the pipe to create an air-tight
ring. This will form the base of the target. A second ring, with a smaller diameter of 63 mm and a wall thickness of
3.8 mm, will also be constructed using HDPE-100 pipes. The two rings will be connected together to form a cylindrical
cage structure, using vertical rods spanning 1.5 m from bottom to top ring (fig. 10). The rods will consist of concrete
reinforcement steel bars 12 mm in diameter, with a rectangular 15x4 cm, 3 mm thick steel plate welded on both
ends. All rods and plates will be painted to avoid major corrosion. The rods, 12 in total at 5.5 m intervals, will be
fastened on the pipes by clamping the plates using circular stainless steel pipe clamps (fig. 10). The resulting
cylindrical structure will form the target frame, which will be constructed on site and deployed at sea for the duration

of the experiment.
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The target will be populated with plastic debris 2 5 cm, as well as larger debris and bundled fishing nets and
natural debris. In order to avoid any loss of material to the environment and facilitate the placement and removal of
the material in and from the target, a large closed-loop net will be used. The net will work as an oversized shopping
net, closed at one end, and with a line of rope on the other that closes the bag when tightened. The net containing
the target materials will be dropped inside the target frame, and the line of rope will be tightened along the
circumference of the frame, essentially creating a butterfly net-like type of construction, allowing the target materials
to float freely inside the frame. A series of small weights will be attached to the net so that it sinks in place inside the
target frame creating a barrier that the debris cannot cross. Each time the target materials need to be removed or
replaced, the rope is removed from the frame and tightened to close the net, and the net is lifted from the target
frame. The target will be securely anchored to the sea bottom using 3 5 kg ship anchors, which will be set firmly by a
diver team and a dinghy at 120° angles between them in a circular pattern around a center point. The three anchors
will be attached to the main ring of the target frame and will work in tandem in order to hold the target firmly in
place against currents of any direction. The exact radius of the anchor setting pattern will need to be calculated based

on the depth of the water column were the target will be deployed, but in general, a scope of at least 1.5:1 will need

to be achieved (length of rope from anchor to target= 1.5 x depth of water column).

Figure 10: In scale 3D rendering of the semi-permanent circular target. Cut-out A shows the support rod with attached plate connection to
the frame using clamps. Cutout B shows the compression type connection that will be used to close the loop of each ring, connecting the
two pipe ends together.
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This particular target design presents some inherent advantages and disadvantages. The size of the target —
22 min diameter and approximately 260 kg in total weight, requires assembly on site, increased logistical efforts and
a considerable number of people involved in the construction and deployment of the target. The fact that the target
will remain deployed at sea for the duration of the experiment means that a license will need to be procured from
the local coastal authorities, and the site of deployment must be such that it causes no interference with shipping
lines or daily coastal activities. The anchoring of the target to the sea bottom will require the work of a dive team, as
well as a dinghy for towing the target and setting the anchors. A dinghy will also need to be used for the deployment
and removal of the target materials by use of the containing net. The use of the net to work both as a barrier for the
target materials not to escape outside the target frame, as well as a container for the debris to be transported in,
eliminates the need for a permanent fixture of the target materials to the target frame. This greatly facilitates the
construction and experimental procedure and ensures a more realistic experimental environment, as the target
materials will be free-floating inside the target frame. In addition, the size of the target allows for the incorporation
of much larger target materials — such as ghost nets, large EPS pieces, bigger containers, that are common
constituents of floating marine debris. Since the target materials will be allowed to float freely inside the frame, they
will be subject to forces acted upon them from waves, wind and surface currents, and will inevitably start to drift. If
the target frame is anchored and not allowed to drift as well, the debris will eventually tend to gather on one edge
of the target frame, possibly piling against the frame wall created by the net. This effect will be somewhat mitigated
by the fact that the floating bottom ring will reduce the force of waves and surface currents inside of the target
frame, while the relatively tightly woven net will produce some wind resistance. However, the gathering of the target
materials on the edge of the target frame will likely constrict the conditions under which it will be possible to retrieve
robust data. In any case, data acquisition in rougher than calm seas is problematic. The above effect can also further

be mitigated if the target is allowed to float freely during data acquisition.

Both the bottom and top rings will inevitably contribute to overall signal. In-situ measurements, along with
empty target data acquisitions can be used to assess and mitigate the effect of the rings’ reflectance to the overall
signal. However, the buoyancy of the bottom ring can be controlled in a way that it is not floating, but suspended in
the water column underneath the surface. This can be achieved by the use of a water inlet and outlet valve, which
are used to control the amount of seawater inside the bottom ring, in order to reduce its buoyancy and make it

possible for it to be held under the surface by the anchor lines.

The magnitude of the target design dictates the need for a small scale prototype to be constructed, in order
to test the validity of the design and assess the amount of debris stacking against the target frame. For this reason,
5 m diameter target will be constructed and deployed at sea using the same materials and methodology. This will

allow to evaluate and mitigate any design flaws and provide for a proof of concept.
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3.4 Site selection
Both PLP2018 and 2019 were conducted in the close vicinity of Tsamakia beach in Mytilene, Lesvos. The close
proximity to the city of Mytilene, the available open space, as well as the relative protection offered by the small bay
makes this beach ideal for this kind of experiment; at least in terms of the smaller re-deployable targets. The
Posidonia oceanica patches that exist at about 60 m from the shoreline present an adequately dark substrate, in
order to simulate open ocean water reflectance effectively. The intended area of deployment will be sampled using
a field spectrometer to identify the ideal positions for the target anchoring. Great care needs to be taken during
placement of the anchors, which will be performed by a dive team and not from a dinghy, in order to avoid damage

to the P.oceanica meadows.

Gulf of Gera

Data SIO, NOAA

Figure 11: Possible deployment sites in the Gulf of Gera for the large circular target (source: modified from Google Earth images)

Site selection for the bigger semi-permanent targets is inherently more complicated than for the small 5x5
m targets. Tsamakia beach is in general a busy area, with organized beach-going facilities in the vicinity, as well as
shipping routes that pass close to the shore. A structure of this size would most likely interfere with everyday
activities and it might not be possible to obtain a license for. Several areas inside the gulf of Gera are more suited for

the long-term deployment of the large 22 m diameter target (fig. 11). The many small protected coves inside the
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gulf and the fact that no high waves form in such a small basin, make it an ideal site. The same restrictions apply
regarding bottom reflectance, however the depth of the water column has to be sufficient (210 m) in order to
guaranty robust anchoring of the target. One disadvantage of the gulf of Gera is the increased amounts of suspended
matter and optically active constituents in the water column in general, that will affect the overall water leaving
reflectance in some degree, differentiating it from that of the open ocean water. However, this can be accounted for
and mitigated using in-situ data collected from the field spectrometer, as well as the signal from the surrounding
waters. The gulf of Gera, which has relatively low marine traffic, is also ideal for allowing the target to float freely
under supervision on the sea surface. The buoyancy and structural integrity of the target frame guaranty that it can
be towed safely by a dinghy, allowing for exact positioning or retrieval. In any case, site selection for the large circular

target will have to be made in accordance and cooperation with the local authorities.

3.5 Data acquisition and metadata
The main data acquisition schedule will follow the acquisition plans of a series of satellite platforms; mainly the
Sentinel 2A and 2B, Sentinel 1, Landsat 8, Worldview lll, Planet Scope and PRISMA. The Sentinel 2A and 2B acquisition
plan for Europe is such that for any location there is a new image every 5 days — Sentinel 1A and 2B satellites acquire
data over Lesvos at about 12:00 local time every 5 days; while for Landsat 8 the revisit time is 16 days. Sentinel 1A
and 1B revisit Lesvos with the same orbit every 6 days for 2 consecutive days, resulting in a series of different products
for each of the two days (Sentinel 1 is an active radar sensor and as such is capable of night time data acquisition).
All Sentinel and Landsat acquisition plans are available in .kml file format through the respective space agencies
websites (sentinel.esa.int; landsat.usgs.gov). For Worldview 3 the revisit time is on average less than 1 day at 40°
latitude (Lesvos is 39°). The same applies for PlanetScope. PRISMA satellite data will also be acquired, but at this
stage the satellite acquisition schedule is not known. Table 1 presents a combined acquisition calendar, which will

need to be followed strictly to achieve the required data acquisition.

Apart from satellite sensors, a number of other platforms, sensors and instruments will be used for the
acquisition of remote sensing data. Unmanned aerial systems (UAS or drones) will be used for the acquisition of very
high resolution (VHR) RGB images of the targets during deployment, including the shoreline. These VHR RGB images
will be georeferenced using the orthophoto map produced during PLP2018 (Topouzelis et al, 2019) and will be used
for the calculation of each target pixel percentage coverage of marine debris in satellite images, as previously done
in PLP2018 and 2019. The images will be acquired using an on-board UAS camera or the Sony A5100 RGB camera. In
order to ensure minimal errors during the georeferencing process, the acquisition of the images needs to be
performed with a nadir-viewing angle, ensuring that the deployed targets, the shoreline and the ground reference
points produced during PLP2018, are all included in the image. In addition, if the anchoring of the targets is not such
that guaranties no major drifting or rotation, the time of acquisition of the RGB reference images needs to align
closely with the acquisition time of the satellite. This is to ensure that the target has not changed position significantly

between the two acquisition times, unintentionally resulting in a possibly large error in geolocation. For the larger
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circular target, in order to calculate the exact percentage coverage that is achieved at the time of data acquisition,
VHR RGB images will be used with object based classification algorithms, in the same manner that will be used to

calculate the pixel percentage coverage in the satellite images.

In addition to the RGB reference images, all other data acquisitions besides from satellite sensors need to
also be concise and robust, in order to guaranty the quality and intercompatibility of the data. Multi-spectral and
hyper-spectral data acquisition needs to coincide with satellite acquisition times in order to guaranty identical lighting
conditions (sun elevation angles) and a meaningful data comparison. In addition, a constant height of flight and
sensor viewing angle, based on manufacturer’s recommendations for each sensor, needs to be maintained for all
data acquisitions throughout the extent of the experiment. Be more presise about sensors? The same applies for
measurements performed using a field spectrometer. All measurements need to coincide with satellite and/or drone
acquisition and be performed concisely throughout the extent of the experiment. In-situ measurements will be
especially valuable in the evaluation, calibration and improvement of atmospheric and sunglint correction

algorithms, tailored to floating marine debris detection.

Metadata collection is an important aspect of general data acquisition, as it ensures knowledge of
parameters affecting the quality of the data (e.g. sea surface state, atmospheric conditions, sun elevation angles) and
enables the capacity to compare between temporally different data. Most major metadata can be directly and
reliably retrieved from satellite products such as Sentinel 2. However, parameters such as sea surface state and wind
intensity are important factors that cannot be retrieved reliably from satellite product metadata. A field data and
metadata acquisition report is presented in ANNEX 3. Metadata recording will be based on GESAMP (2019) and

UNEP/IOC (2009) recommendations, in terms of sea state and atmospheric conditions.

Table 1: Acquisition plans for Sentinel-1, 2 and Landsat 8 satellites

Satellite acquisition plans over Lesvos from 01/04/2020 to 30/06/2020

April
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Sentinel 2
Landsat 8
Sentinel 1 | | |
May
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Sentinel 2 - -
Landsat 8 -
Sentinel 1 | | | |
June
1 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Sentinel 2 - - -
Landsat 8
Sentinel 1 - - - -

The PLP2020 data acquisition schedule will have to coincide with the data acquisition plans of major satellites

that do not have a daily revisit frequency, shown in table 1. The data acquisition schedule will be divided in two main
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parts, one for each type of target. Characteristic marine debris collected from ocean sources have not been examined
in this manner before and in-lack of other in-situ validated data, it is not possible to pre-determine the size or the
plastic debris percentage coverage of the targets that will be detectable through the available satellite imagery. The
small scale test for the large circular target will most likely provide a good indication, however at this point it is not
possible to design a complete and rigid acquisition schedule. Nonetheless, the general acquisition plan is based on
the premise that the large full pixel target will provide a pure spectral signature that can be later used with the
modular targets, which will provide the basis for evaluating the sub-pixel detection capabilities. The idea is to obtain
at least two measurements on different acquisition dates for each target configuration and percent coverage. For a
four month period, and 100% acquisition rate, it is possible to retrieve a maximum of 24 Sentinel-2, 6 Landsat-8 and
more than 30 Sentinel-1 data acquisitions. However, varying weather conditions and other unforeseen events almost
guaranty that the data acquisition rate will be less than nominal. For PLP2019, out of the 13 planned acquisition
dates, 5 produced data of sufficient quality, which corresponds to an acquisition rate of about 40%. This amounts to
at least 7 S-2 and 2 L-8 expected data acquisitions. The initial acquisition schedule is based mainly on the S-2 satellite,
and since there is considerable overlap between S-2 and S-1 acquisition plans, adhering to the S-2 acquisition
schedules is sufficient to also obtain S-1 data. The L-8 acquisition schedule is considerably different than that of S-2,
with only one overlapping date. Due to the small number and lower rate of L-8 planned acquisitions during the 3
month period, it is not possible to follow a common target configuration plan. For this reason, the PLP2020 L-8
acquisition schedule will aim to obtain at least one image for each of the 2 types modular targets configurations
shown in figure 12 at 100% coverage, as well as at least two for the large circular target also at 100% coverage.
Configuration type 2 for the modular targets aims to simulate a windrow formation, since windrows have been
suggested as potential marine debris concentration zones. Type B configuration for both types will only be used in
case type A is not detectable. Target materials for the large circular target will include ghost nets, for which data will

be acquired at different acquisition dates.

Type 1A Type 1B

or

Type 2A (windrow) Type 2B

and/or

Figure 12: PLP2020 modular targets configuration types; each square is 5x5 m.
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The initial acquisition schedule is presented in table 2, superimposed with S-1, S-2 and L-8 acquisition plans.
The percentage coverage of the targets is gradually reduced in order to assess the spectral signature variations and
minimum detectable concentration of marine debris in a pixel; this will be particularly useful with the larger target
that guaranties a full pixel coverage by marine debris. However, the variability of the percentage coverage for the
experiment will have to be re-assessed after the first satellite data have been acquired and during the entirety of the
data acquisition process. The last two weeks of June have intentionally not been scheduled for data acquisition, to
account for any possible delays or alterations to the schedule. This includes possible data acquisitions with free-
floating targets and the raising of modular targets above the sea surface to assess for the wetness effect, as well as
measurements of targets that have been populated by debris of a single type of polymer, in order to assess the
capacity of polymer discrimination. In general, the initial acquisition schedule for PLP2020 acts more as an acquisition

requirement guideline, that is open to reassessment after initial data acquisitions.

Table 2: Initial PLP2020 data acquisition schedule, based on Sentinels 2, 1 and Landsat-8 data acquisition plans.

PLP2020 acquisition achedule

April
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Modular targets 1 1
Circular target
Sentinel 2
Landsat 8
Sentinel 1 - -

May
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Modular targets 2 2 2
Circular target

Sentinel 2 - -
Landsat 8
Sentinel 1 - - -
June
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Modular targets | 1 1 2 2

Circular target

Sentinel 2 - - -

Landsat 8

Sentinel 1 | B
1 |:Type 1A :mixed materials -:100% coverage
2 |:Type 2A Circular target: :ghost nets & large | Both types: :75% coverage

Modular targets:

marine debris

:50% coverage

:Type 1A, mixed materials
:Type 2A, mixed materials

3.6 Logistics and management

The Plastic Litter Project 2020 is based on the experience gained from the two previous projects, however some
aspects such as target materials and target design and deployment, make PLP2020 an inherently more demanding
endeavor in terms of management and logistics. Project management and organization will be performed by the
Marine Remote Sensing Group (MRSG) at the University of the Aegean, with an allocated project manager
responsible for the general realization of the experiment. Any willing individual can volunteer to participate in

PLP2020, but the majority of people involved will be students from the Department of Marine Sciences in UAegean.
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In order to facilitate the project management and task allocation, PLP2020 is divided in two main phases: phase one
is the pre-data acquisition phase, which includes the beach cleanings, sorting and cataloguing of the materials,
circular target small scale prototype testing and target construction and testing; phase two is the main data
acquisition phase of the experiment, which includes deployment of the targets, data acquisition and in general all
main field activities, including removal, disassembly and storage of the targets and target materials. In both phases,
all participants will be allocated to core teams, each responsible for a specific area of activities (dive team, dinghy
team, drone team etc.). Table 3 presents a layout and Gantt chart of the main activities in each of the two phases of

the experiment, while the task and team organization is presented in table 3 (team organization form in appendix 4).

Table 3: PLP2020 main activities Gantt chart

Plastic Litter Project 2020 main activities layout and Gantt chart
Month 1 2 3 4
Week| 1| 2| 3| 4| 5| 6| 7| 8| 9|10{11|12|13|14|15|16

Beach cleanings

Litter cataloguing

Large target prototype
Target construction

Target testing

Data acquisition

Target removal and storage

Phase 1

Phase 2

Site restoration

Step one of phase one is to perform the beach cleanings and the sorting and categorization of the collected
materials. This task will be performed by the entirety of the people involved with the project. One person
(“organizer”) will be responsible for general logistical and managerial aspects of the task, such as participants,
logistics and transportation, open call for volunteers etc. Two people (“field managers”) will be responsible for the
overall organization and management of the field activities, including necessary equipment (gloves, bags, etc.), field
briefings and general safety. Sorting of the collected debris will be carried out at UAegean grounds, which will be
stored into containers sorted based on debris size, litter and polymer type. Three task managers will be mainly

responsible for the cataloguing of the collected marine debris using the form in appendix 2.

A construction team will be responsible for the assembly of the target frames and production of the litter
strands. The main team will be split into two smaller teams, one responsible for the smaller 5x5 m targets and one
for the larger circular target. Each team will have a team leader, with a general team manager responsible for all
operations. The production of the litter strands is a significantly laborious task, as has been made evident through

the 2 previous PLPs, and as such calls for at least 10 people being occupied at all times.
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Table 4: Main project tasks and corresponding task teams.

Tasks Teams

Beach cleanings all
: Litter cataloguing all
@ |Large target prototype construction team
i Target construction construction team; all

Target testing beach, dive, dinghy, construction teams
«~ |Data acquisition and fieldwork |beach, dive, dinghy, drone, data management teams
% Target dissasembly and storage |construction team; all
S Site restoration all

During the main phase of the experiment, a number of teams are going to be working in tandem.
Experience with PLPs 2018 and 2019 has shown that specific field teams, tasked with a single area of the
experiment work best. Two field managers (at least one present at all times during field experiments) will be
responsible for the general management and safety of all field related work, and will be the ones that fill out the
field reports (appendix 5). A beach team will be responsible for all ground related target activities, moving the
target to and from the breakwater and delivering to dive or dinghy team, modifying and repairing the targets. A
dive team will be responsible with anything target related in the water (anchors and anchoring of the target, setting
of buoys, in-water repairs etc.), along with general in-water management and safety. The dinghy team is the one
responsible for operation of the small inflatable boat, which will be mainly used for towing the targets and
transporting the target materials to and from the large circular target. A drone team will be responsible for all UAS
data acquisition, while a data management team will be responsible for the downloading, quality inspection and
initial archiving of all acquired data sets. Briefing of all teams will fall under the project manager’s responsibilities,

with regular meetings between the team leaders taking place in timely fashion.

4. Outcome and expected results
The main outcome of PLP2020 will be the production of a shareable remote sensing database, containing multi-
and hyper-spectral data of floating marine debris targets in realistic conditions, acquired from various satellite,
airborne and field sensors and instruments, that will contribute to further development of marine debris spectral
libraries and the establishment of an integrated marine debris observing system (IMDQOS). The uncertainty
regarding marine debris circulation and concentrations, along with insufficient satellite coverage, lack of concurrent
in-situ observations, are some of the factors contributing to the very limited number of satellite images confirmed
to contain floating marine debris of anthropogenic origin. An in-situ validated, floating marine debris image
database of characteristic polymers is an essential tool to be used towards achieving operational global remote

sensing monitoring capabilities.
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The development of a concise and straight-forward experimental methodology, including experimental
requirements and target design, as well as data acquisition, is an essential step towards the establishment of best
practices for future marine debris detection calibration/validation campaigns using artificial floating marine debris
targets. Best practice methodologies allow for the replication of the experiment by different individuals, regardless
of spatial or temporal variability, in a manner that takes into account the same parameters and influencing factors.
Essentially, best practices ensure that data and metadata retrieved from different sources — following the same

experimental methodologies, are accurate, robust and readily intercompatible.

Besides the remote sensing data, a series of auxiliary datasets will be acquired; among others: marine
debris concentration and composition of the beaches that will be cleaned, spatial and/or temporal variability of
marine debris concentrations, windward v. leeward concentrations, origin of marine debris. This data while not
directly relevant to the remote sensing detection and monitoring of marine debris, is very valuable in terms of
better understanding marine debris circulation, origin and sources, as well as for the monitoring of the levels of
marine debris pollution on the island of Lesvos, and mitigation efforts against a major anthropogenic issue of global

scale.
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Appendices

Appendix 1: Litter types as per UNEP/IOC (2009)

Number | Material Code Litter type

1 Plastic PLO1 | Bottle caps & lids

2 Plastic PLO2 | Bottles<2L

3 Plastic PLO3 | Bottles, drums, jerrycans & buckets >2 L

4 Plastic PLO4 | Knives, forks, spoons, straws, stirrers, (cutlery)
S Plastic PLOS | Drink package rings, six-pack rings, ring carriers
6 Plastic PLO6 | Food containers (fast food, cups, lunch boxes & similar)
7 Plastic PLO7 | Plastic bags {opaque & clear)

8 Plastic PLO8 | Toys & party poppers

9 Plastic PLOS | Gloves

10 Plastic PL10 | Cigarette lighters

11 Plastic PL11 | Cigarettes, butts & filters

12 Plastic PL12 | Syringes

13 Plastic PL13 | Baskets, crates & trays

14 Plastic PL14 [ Plastic buoys

15 Plastic PL15 | Mesh bags (vegetable, oyster nets & mussel bags)
16 Plastic PL16 vSv?::)tmg (tarpaulin or other woven plastic bags, palette
17 Plastic PL17 | Fishing gear (lures, traps & pots)

18 Plastic PL18 | Monofilament line

19 Plastic PL19 | Rope
20 Plastic PL20 | Fishing net
21 Plastic PL21 | Strapping
22 Plastic PL22 | Fibreglass fragments
23 Plastic PL23 | Resin peliets
24 Plastic PL24 | Other (specify)
25 Foamed Plastic FP01 | Foam sponge
26 Foamed Plastic FP02 | Cups & food packs

27 Foamed Plastic FP03 | Foam buoys
28 Foamed Plastic FP04 | Foam (insulation & packaging)
29 Foamed Plastic FPO5 | Other (specify)

30 Cloth CLO1 | Clothing, shoes, hats & towels

31 Cloth CL02 | Backpacks & bags

32 Cloth CL03 | Canvas, sailcioth & sacking (hessian)

33 Cloth CL04 | Rope & string

34 Cloth CLOS | Carpet & fumishing

35 Cloth CLO6 | Other cloth (including rags)

36 Glass & ceramic GCO01 | Construction material (brick, cement, pipes)
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Number | Material Code Litter type
37 Glass & ceramic GC02 | Bottles & jars
38 Glass & ceramic GCO03 | Tableware (plates & cups)
39 Glass & ceramic GCO04 | Light globes/bulbs
40 Glass & ceramic GCO05 | Fluorescent light tubes
41 Glass & ceramic GCO06 | Glass buoys

42 Glass & ceramic GCO07 | Glass or ceramic fragments

43 Glass & ceramic GC08 | Other (specify)

44 Metal MEO1 | Tableware (plates, cups & cutlery)
45 Metal MEO2 | Bottie caps, lids & pull tabs

45 Metal MEO3 | Aluminium drink cans

47 Metal MEO4 | Othercans(<4L)

48 Metal MEOS | Gas bottles, drums & buckets (>4 L)
49 Metal MEO6 | Foil wrappers

S0 Metal MEO7 | Fishing related (sinkers, lures, hooks, traps & pots)
51 Metal MEO8 | Fragments

52 Metal MEQ9 | Wire, wire mesh & barbed wire

53 Metal ME10 | Other (specify), including appliances

54 Paper & cardboard | PCO01 | Paper (including newspapers & magazines)
55 Paper & cardboard | PC02 | Cardboard boxes & fragments

Cups, food trays, food wrappers, cigarette packs, drink
56 Paper & cardboard | PCO03 Dol

57 Paper & cardboard | PCO04 | Tubes for fireworks
58 Paper & cardboard | PCOS | Other (specify)

59 Rubber RBO01 | Balloons, balls & toys
60 Rubber RB02 | Footwear (flip-fiops)
61 Rubber RB03 | Gloves
62 Rubber RB04 | Tyres
63 Rubber RBOS | Inner-tubes and rubber sheet
64 Rubber RB06 | Rubber bands
65 Rubber RBO07 | Condoms
66 Rubber RB08 | Other (specify)
67 Wood WD01 | Corks
68 Wood WDO02 | Fishing traps and pots
69 Wood WDO03 | Ice-cream sticks, chip forks, chopsticks & toothpicks
70 Wood WD04 | Processed timber and pallet crates
71 Wood WDO0S | Matches & fireworks
72 Wood WD06 | Other (specify)
73 Other OTO01 | Paraffin or wax
Sanita nappies, cofton buds, tampon applicators,
74 | Other oto2 |, oothbzsh(es)pp'es pon - app
75 Other OT03 | Appliances & Electronics
76 Other OT04 | Batteries (torch type)
77 Other OTO0S | Other (specify)
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General litter
class Code Litter description with examples
Containers RLO1 Bottle caps, lids & pull tabs
RLO2 Bottles <2 L
RLO3 Bottles, drums & buckets > 2 L
Fishing &
Boating RLO4 Buoys
RLOS Fishing net
RLO6 Fishing related (sinkers, lures, hooks, traps, pots & baskets/trays)
RLO7 Monofilament line
RLO8 Rope
Food &
Beverage RLOS9 Cups, food trays, fast food wrappers & cardboard drink containers

RL10 Drink cans
RL11 Drink package rings

Ice-cream sticks, chip forks, chopsticks, toothpicks, matches &
RL12 fireworks

Packaging RL13 Foam (insulation & packaging)
RL14 Paper & cardboard

RL15 Plastic bags (opaque & clear)
RL16 Plastic sheet or plastic tarpaulin
RL17 Strapping

Sanitary RL18 Sanitary (nappies. tampon applicators, cotton buds, condoms, etc)
Smoking RL19 Cigarette butts

RL20 Cigarette lighters
Other RL21 Fluorescent light tubes

RL22 Light globes

RL23 Other (specify)

RL24 Processed timber

RL25 Rags, clothing, shoes, hats & towels
RL26 Tableware

RL27 Toys

RL28 Tyres & Inner-tubes

RL29 Wire, wire mesh & barbed wire
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Appendix 2: collected marine debris sorting form

PLP2020 marine debris cataloguing form

Date: Start time: End time:

Beach of origin:

Total weight (kg):

Weight <5cm (kg):

Weight 210 cm (kg):

No. of items =5 cm:

No. of items >10cm:

Polymer composition 25 cm (number of items)
PE PP PS EPS PET unknown

Polymer composition =10 cm (number of items)
PE PP PS EPS PET unknown

Signed by:

Appendix 3: litter strand inventory form

PLP 2020 small target litter strand inventory form
Strand No. |Polymer type(s) [No. of items |Weight (kg) [Litter types used (UNEP/IOC, 2009 litter codes)
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Appendix 4: team organization and filling forms.

Phase 1 - task teams and key people
Beach cleanings
Organiser: 1)
Field managers: 2)
3)
Litter cataloguing
Task managers: 1)
2)
3)
Construction team
Team manager: 1)
Small targets lead: 2)
Large target lead: 3)
Team members: 4)
5)
6)
7)
8)
9)
10)
Phase 2 - task teams and key people
Field managers: 1)
2)
Beach team
Team lead: 1)
Team members: 2)
3)
4)
5)
6)
Dive team
Team lead: 1)
Team members: 2)
3)
4)
Drone team
Team lead: 1)
Team members: 2)
3)
Dinghy team
Team lead: 1)
Team members: 2)
3)
Data management
Team members: 1)
2)
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Appendix 5
PLP 2020 field report form - to be filled on site by a single individual throughout
Date: Satellites:
' Sentinel 2 |Sentinel 1 [Landsat 8 PRISMA Wordview Ill|PlanetScope
Start time:
Remarks:
Atm.conditions:
UAS: Remarks:
RGB lift-off touch-down
Sea state:
Wind speed sInt-multi  |lift-off touch-down
(m/s) @ start:
End time: hyper lift-off touch-down
Target

configuration
and % coverage:

General
remarks:

Filled by:
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