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Summary

This study attempts to expand knowledge on hydrodynamics in coastal regions and its impacts
on debris transport and deposition. Hydrodynamics in the El Confital Bay (Gran Canaria, Canary
Islands), a semi-enclosed basin including an urban beach in its inner part (Las Canteras Beach),
with a high density of users and providing different recreational opportunities, is examined
and related to marine debris collected at different locations along the beach. The whole bay
constitutes a unique ecosystem with different habitats of national and international interest
and the beach exhibits the particular geomorphological characteristic of being partially
enclosed by a natural discontinuous rocky reef.

Experimental measurements of different hydrodynamic parameters are obtained for
examining the circulation in the zone and to assess the performance of a circulation numerical
model used to synthetize current fields under different metocean scenarios.

Information on marine debris collected on the shoreline during different beach surveys is
examined and processed. Possible relationships between synthetic circulation patterns and
debris occurrence and properties are explored.

1. Introduction

Oceans and coastlines are witnesses of the global pollution from marine debris during the last
decades, and the social awareness of the impacts of this source of pollution is beginning to
increase (Derraik 2002; Moore 2008; Yoon et al 2010; Vegter et al.,2014). Marine debris are
defined as “any manufactured or processed solid waste material that enters the marine
environment from any source” (Coe and Rogers, 1997) and are mainly composed by plastic
items (Derraik, 2002; McDermid and McMullen, 2004). Because plastic products are
lightweight, inexpensive and durable, they have become the most predominant materials for
the consumers. However, these same characteristics make plastics a threat to ecosystems due
to their persistence in terrestrial, aquatic, and marine environments (Barnes et al., 2009;
Vegter et al., 2014).

The size of this type of pollutant covers a wide range, due to fragmentation process (Barnes et
al., 2009), and because of this, it may produce many marine environmental impacts. Human
communities are also affected directly and indirectly by this type of pollution, such as loss of
tourism revenue and recreation value, increased cost of cleanups, threats to navigation and
safety, contamination of food sources, loss of aesthetic value, and many others (Thompson et
al., 2009; Yoon et al., 2010; Critchell et al., 2015; Blickley et al., 2016). Marine debris also affect
the marine environment and human communities on the inhabited islands (Carson et al.,
2013), such is the case of the first study in the Canary Archipelago, where even highly
protected and inhabited areas were affected by marine debris (Baztan et al., 2014).
Nevertheless, in general, the knowledge on this kind of pollution it is still very poor.

The sources of marine debris are extensive and can be ocean- or land-based (Coe and Rogers,
1997; Ryan et al., 2009). Land-based debris generally originate from urban and industrial waste
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sites, sewage and storm-water outfalls, and terrestrial litter that reaches the waterways
systems or even directly left by beach users (Ryan et al., 2009; Vegter et al., 2014). Population
size, globally settled in coastal regions (Small and Nicholls, 2003), and the quality of the waste
management systems determine the amount of land-based plastic debris entering in the ocean
(Jambeck et al., 2015). Once the debris enters the marine environment, they can be
transported elsewhere (Velander and Mocogni, 1998), or sink in the proximities (Somerville et
al., 2003; Vegter et al., 2014). In contrast, ocean-based debris are materials either intentionally
or accidentally dumped or lost overboard from vessels (e.g. Vegter et al., 2014).

Marine debris is mainly transported through a combination of wind and current patterns while
tides, waves, and topographic local conditions, are the main responsible for coastal deposition
and accumulation (Somerville et al., 2003; Carson et al., 2013; Baztan et al., 2014; Critchell et
al., 2015; Liubartseva et al., 2016). However, some differences in main transport forces driving
marine debris, in terms of its size, have been reported (Isobe et al., 2014). Hence, to improve
the affection and management plans costs of this kind of pollution, such as benefits and the
efficiency of beach clean ups as a mitigation tool, requires improving our understanding of
transport mechanisms, as well as source and sink areas (Vegter et al., 2014). The development
of field surveys (Rees and Pond, 1995; Velander and Mocogni, 1998), and the use of
advantageous techniques such as numerical circulation models (Yoon et al., 2010; Liubartseva
et al., 2016) are required to reach this objective.

Extensive environmental measures, such as protection of approximately half of the
Archipelago’s surface by international and national institutions (EUROPARC, 2014), are not
sufficient to prevent plastic pollution from threatening the environment and affecting the main
economic resource of the region.

In a large scale framework, due to its location, the archipelago is affected by the proximity of
the North Atlantic Converge Zone (Maximenko et al., 2012). Marine debris tends to
concentrate in these regions. Furthermore, the Canary Current may transport this pollution
from the open Atlantic to the Canary Islands coasts, where it can be eventually deposited, such
as suggested in the study performed by Baztan et al. (2014) in the more northeastern islands
of the archipelago. However, transport and deposition of marine debris at specific sites
strongly depends on local dynamical and geomorphological characteristics.

Nevertheless, no studies have been yet addressed this issue in Gran Canaria. In particular, due
to Its location, geomorphological characteristics, and socioeconomic importance for the city of
Las Palmas de Gran Canaria, Las Canteras Beach represents a natural landscape significantly
vulnerable to the arrival of marine debris.

The present work aims to address, identify, and describe the characteristics and behavior of
marine debris transport and deposition at Las Canteras Beach, by means of beach-based debris
surveys and the study of meteorological and oceanographic dominant conditions, exploring
the relationship between wind conditions and marine debris occurrence. For improving the
understanding of the main circulation patterns, possible trajectories of materials on the
surface waters, and its relationship between debris occurrence and different wind scenarios, a



circulation numerical model is applied. For future approaches, they can be used to identify
high accumulation areas localization (“hot spots”), and contrast their relative importance in
terms of their ecological role. Thus, it could be of great interest for establish baseline data for
future actions and environmental management plans. This study does not attempt to predict
the locations of accumulation for extreme conditions as, for example, during large storms or
heavy rain episodes.

The rest of the study is structured as follows. Firstly, the second section describes the study
area. Data acquisition methods and analysis are briefly explained in section three.
Fundamentals of the numerical model are introduced in section four and experimental and
numerical results are given in section five. Finally, main conclusions are exposed in section six.

2. Study area location and beach characterization

The Archipelago of the Canary Islands is located at the north-west African coast, nearly 100
kilometers west of the frontier between Sahara and Morocco. It is formed by seven main
islands (from east to west): Lanzarote, Fuerteventura, Gran Canaria, Tenerife, La Gomera, La
Palmas, and El Hierro. Due to their location, 29°15’N - 27°10’N and 19°00°'W - 12°45’W, they
are affected by sub-tropical climate, although this can vary with the location and topography.
The islands are strongly affected by the prevailing northeastern winds, also known as trade
winds, and by the Canary current heading south, which is a ramification of the southern flux of
the Gulf’s Current.

The beach of Las Canteras (Figure 1) is located at the northeastern coast of the Gran Canaria
Island, and orientated towards the northwest (NW) within the Confital Bay, which is sheltered
from the prevailing northeastern winds. Las Canteras is considered one of the few globally
urban beaches visited throughout the year (Rodriguez et al., 2015). The beach is a 3 km long
fine-grain blond sand beach, providing recreational opportunities to citizens of Las Palmas de
Gran Canaria, the largest and most heavily populated city in the Canary Islands. The beach is
bound to the north by a headland and southward by a groyne. It exhibits the particular
geomorphological characteristic of being a semi-enclosed beach by a natural rocky reef of
sedimentary origin, which runs parallel to the coast, separated approximately 200 m from the
shore (Martinez et al., 1990). This morphological characteristic enables several different beach
environments and uses. The southern end is exposed to the wave action, while the rest of the
area is protected during low tide conditions. The beach is located within El Confital Bay (see
Figure 1) which constitute a unique ecosystem with different habitats of national and
international interest, declared as Special Conservation Zone (ZEC) and Site of Community
Importance (LIC).
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Figure 1:Canary Islands Archipelago (top), Gran Canaria Island (bottom left), and Las Canteras beach with their
sample transects locations (bottom right).

Exposure to wave action changes along Las Canteras beach due to the discontinuities in its
natural barrier. The aerial image of the study area reveals that the southern section of the
beach is totally free from its protection. In the central area of the beach, known as “Pefia La
Vieja” the barrier is interrupted in two segments, allowing waves propagation through them,
as well as the current flows pass through two deep channels formed. From this point to almost
the end of northern part of the beach “La Puntilla” area is uninterrupted but another
discontinuity is present at the very end of the beach. This features can be observed in Figure 1
(bottom right template) where the barrier can be easily detected by the presence or not of
breaking waves. Note that in the southern part of the beach waves break on the beach due to
the inexistence of barrier sheltering this zone against wave activity.

On the opposite side of the bay is located the Port Las Palmas, considered the main Port of the
Archipelago and with numerous international connections (www.puertos.es) due to its
strategic location at a crossroads between Europe, Africa and America. Consequently, it
receives a large amount of shipping, cruise liner, and oil barge traffic. The results of this study
cannot relate a direct affection of these activities, but can proportionate an illustrative
approach of a possible debris source that could reach the area of interest. As a result,
residents of the nearby areas are tied to the ocean, not only through a dependence on tourism
and shipping, but also via aquatic activities that are integral part of their life style.


http://www.puertos.es/

3. Data acquisition methods and analysis

Experimental information used in this study has been obtained from permanent
measurements programs and through specific field surveys. Some data were also obtained
from external sources whenever available. Due to the great variety of data required, this
section will be divided into two main groups, marine debris and ocean-meteorological data.

3.1. Methodology for marine debris sampling

Due to the wide range of sizes (Barnes et al., 2009) and types found on marine debris
throughout beach surveys, many different methodologies and type of materials to monitor
have been reviewed (Hidalgo-Ruz et al., 2012). Nevertheless, it is obvious that the best
methodology is one that adjusts to the main goal of study (e.g. Velander and Mocogni, 1999).
Because the main object of the study is related within ocean-meteorological factors, it is
interesting to capture only the recently debris transported by the sea, also known as “fresh
debris” (Velander and Mocogni, 1999; Carson et al., 2013; Baztan et al., 2014), and not the
items left behind by beach users or left from long time ago which would difficult even more its
source identification. In addition, different management actions are occurring on the study
area, such is the case of the cleaning services efforts, which could damage the samples if not
taken into account. Nevertheless, if cleaning timetables and tools used are properly foreseen,
its effects on field work can be minimized.

Samplings have to be also synchronized with tides intervals because it will determine the
sampling allowance. Tide need to be low in order to allow the maximum debris collection due
to intertidal surface exposure. To maximize the distance between the limits of the intertidal
zone, low spring tides were chosen. Additionally, another day selection criterion needs to be
taken into account. Sampling should not be carried out during weekends to avoid large
quantities of debris left by users. Although cleaning services operate during late afternoons
and night, exists the possibility that abnormal local debris amounts could not be totally
recollected, so avoiding these days of higher densities of beach visitors is a safe bet.

It should be noticed that some studies (e.g. OSPAR, 2010) recommends to avoid, if possible,
beaches nearby to urban areas for marine debris studies. Nevertheless, the advantage of the
everyday cleaning, the easy site access for sampling, devices transport, and the all year round
sand availability, makes Las Canteras Beach an adequate location for the study development.

To summarize, sampling periods were chosen to coincide with working days, spring tides, and
when high tide falls inside the period between 23:00 hours and 02:00 hours. At this time no
walking squad team works, until the next day at 06:00 hours, and when only the sand removal
truck operates from 02:00 hours just on dry sand. This little available time space allowed
debris collection on specific transects of Las Canteras Beach, and organization and speed was
crucial for the sample success.

The sampling period covered more than one year, from November 2014 until March 2016,
although only the last seven samples were finally considered due to adjustments on the



methodology used. The sampling interval was bi-monthly, and the selection of the sampling
dates was carefully determined by taking into account the different factors above mentioned.

The sampling transects selection was done in order to represent the main different
environments naturally present in the beach, time limitation for debris collections, and sand
availability throughout the year. Sections of the beach where the high tide reaches all the way
to the walk way, especially on spring time periods, where also avoided, because it could
influence debris deposition (Baztan et al., 2014). Considering all the above, three transects
were chosen for the monitoring period: La Puntilla (Tr1), Playa Chica (Tr2), and La Cicer (Tr3)
Figure 1 (in yellow, blue and red circles respectively).

The Trl-La Puntilla, northern end, represents a semi-closed environment and it is also the most
sheltered place from the prevailing northeastern winds (Martinez et al.,, 1990). High
sedimentary deposition occurs by light long-shore currents (Martinez et al., 1988). This
transect is located on the proximity of a shelter area for small fisherman’s boats. Transect Tr2-
Playa Chica is also a semi-enclosed beach environment but with a steep shore and pocket
beach morphology due to the course of the walkway. The last transect considered, Tr3- La
Cicer, is on the southern limit of Las Canteras Beach and it is exposed to the wave action. The
sedimentary environment on this transect differs from the others in seasonal sedimentary
transport, grain size and composition terms (Martinez et al., 1990). For these reasons, the
location of the transect was carefully chosen so it assured a sedimentary coverage throughout
the year.

The monitoring plan carried on during the present study differentiates two types of sampling
methodologies, which depends mainly on the size of the debris diameter. The size levels were
established as a function of the cleaning squad capacity, which usually collect debris ranging
from cigarette filters to bigger items, whereas smaller pieces are less likely left by beach users
and not targeted by most cleanup efforts (Ryan et al., 2009). Because of these differences, and
also to reduce time consumption during this process, the diameter thresholds between groups
of debris was established as micro- (<5 mm), meso- (5-25 mm), and macro-debris (>25 mm).

After an extensive literature review, the sample methodology selected for this type of debris
was a consequence of little time consumption during the sampling process and effective
extraction of the desire materials sizes and types. Due to the environmental implications of
smaller items of plastic in the environment and the aim of the study, only floating plastic
materials were taken into account (e.g. McDermid and McMullen, 2004). The minimum limit
size of collection established, >1 mm, was also determined by the main purpose of the present
study. That is, to study the marine debris transport along the upper surface layers of the
oceans by the effect of wind and currents. Buoyancy is affected by debris size (Isobe et al.,
2004). Bigger floating objects tend to stay on the surface but no very small materials, affected
by different process such as particle aggregation. Thus, considering items smaller than a couple
of millimeters of diameter might be in conflict with the aims of the study. Although, some
studies suggest that pellets, also known as virgin plastic pellets, are still influenced by the



effects of wind and surface currents (lvar do Sul et al., 2009; Ivar do Sul et al., 2013). Because
of the common size for pellets range from 1 to 5 mm (Hidalgo-Ruiz et al., 2012), the limit size
established in this work seems to be quite reasonable.

Each sampling transect is 50 m length along the upper high tide water mark. The transect
position was repeated for each sample date. The high tide line was selected because it holds
much more plastic than other areas of the intertidal zone left by the receding tide (McDermid
and McMullen, 2004; Hidalgo-Ruiz et al., 2012). This could be obvious because as we move
seaward on the intertidal zone, wave induced dynamics is higher and little particles can be
easily washed away and not stranded on the beach. Minimum width of the transect
recommended on literature (Ryan et al., 2009) has been used, a total of six 0.25 m? (or 50 cm x
50 cm) quadrants of surface sediment evenly distributed 10 m apart, such as the depicted in
Figure 2. The sediment was collected from a depth of no more than 1 cm, approximately, until
a total of 1 L volume recipient was filled, and so, only the most recent tide deposited materials
were collected.

Part of the sample processing was done in situ. The total of the six surface volume buckets was
deposited in a 20 L tub previously filled with clean filtered seawater. The plastic fragments in
the sample floated on the water surface, enabling to separate them from the rest of the
sampled materials and remove them from the tub manually with a skimmer. This procedure
was adapted from Hidalgo-Ruz et al. (2012) and has been also used in Baztan et al. (2014), but
with different sediment volumes. The following procedure of the present work can be
summarized as follows: density separation, filtration, sieving, and visual sorting of micro-
plastics such as illustrated in Figure 3. The two first steps were done on field due to easily
materials transport after density separation. The rest of the procedure was the most delicate
and time consuming part due to count and classification process of very small particles
through naked eye identification.

Before the sieving, samples were left drying under normal temperature conditions in a
ventilated room, protected from the direct sunlight and abrupt changes of temperature, and
any organic material was separated from the plastic. Through the sieving process, the particles
were separated into four groups of size by passing them through a sieve cascade. The different
particle size ranges used are:

e [>25]mm

e [>9-25]mm
e [>4-9]mm
e [>1.4-4]mm

o [<1.4lmm

For each size range, plastics were group into various categories (Figure 4): film, line, pellet,
fragment or hard pieces, foam pieces (McDermid and McMullen, 2004), through carefully
naked eye visual sorting and with help of magnifying glass for smaller pieces. Materials
retained in the sieve were collected, while those that pass through were usually discharged or
just taken into account the plastics pieces distinguishable by naked eye. To facilitate
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identification of particles types, sign and marks of degradation and erosion on the surface
caused by biological breakdown, photo-degradation, chemical weathering, or physical forces
which could cause visible cracks, were considered (Hidalgo-Ruz et al.,, 2012). Materials
corresponding to each size range and type group were counted and weighted on a balance
accurate to 0.1 mg.

Figure 2: Meso- and micro-debris sampling transect illustration.

a0 >
o

Figure 3: Meso- and micro- debris sampling procedure.

Figure 4: Main meso- and micro-debris groups: Film (light blue), lines (orange), pellets (grey), fragments (yellow),
and foams (dark blue).

3.1.2.  Macro-debris sampling and processing

The choice of the sampling and processing methodology for macro-debris (>25 mm of
diameter) was also challenging due to the big amount of techniques and procedures used in
previous studies. The procedure used in the present study was selected on the basis of the
review and comparison of different methodologies by Velander and Mocogni (1999), which
also recommended the selection of the one that best fits the goals of the study. Only “fresh
debris”, or recently debris deposited by the last tide, was intended to be collected during low
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tide conditions. Considering all the above, the method applied in the present study was the
adaptation of the “Top bottom and vegetation lines” methodology. Higher strandlines tend to
accumulate or present higher quantities of debris. Contrarily, the lower wet strandlines usually
have only small amounts of litter, thereby spatial averages in these areas result in lower
figures, but it is necessary to avoid overestimation of debris concentrations. Nevertheless,
some modifications were made to the original sampling procedure adapt it to the main goals
of the study. These modifications are related to transect length and sampling only upper and
lower strandlines (or tide water marks), because vegetation line is only used when long-term
accumulation debris is wanted. The original length established according to the bibliography
100 m, was not adequate due to time unavailability, lack of beach length and/or sedimentary
materials along the transects (the case of Playa Chica or La Cicer transects). Consequently, a
reduction to 50 m and 1 m of width, for both lower and upper strandlines, was done per
transect (Figure 5). The covered area through this method was of 100 m2. The transect
positions were repeated for each sampling date and material belonging to this type was
simultaneously collected with the meso- and micro-debris sampling, due to their upper
strandline coincidence. Only debris items measuring greater than 25 mm were collected
(approximately size of cigarette filters).

Before attempting to the classification and identification analysis, all collected debris was
firstly rinsed off with water and left drying under normal temperature conditions, in a
ventilated and direct sunlight protection room. Once debris was dried, all collected items were
sorted and classified (Carson et al., 2013) according to the following general categories: plastic,
rubber, processed lumber, clothing/fabric, paper/cardboard, and metal (Lippiat et al., 2013;
Blickley et al., 2016) with some small modifications such as the union of plastic and rubber into
“synthetic” main group (due to the entire synthetic rubber compositions collected), and the
creation of a “Cigarettes filters” group. Cigarette butts were considered separately because of
their predominant occurrence in comparison with the rests of the groups, which could hide
variations in them. Main groups were further broken down originally into 36 subcategories,
although after accomplishing the sample period and analyzing categories results, the
subcategories were reduced into 21 categories (see Table 1) giving more attention to the
synthetic subcategories. Each category item was counted and weighted on a balance accurate
to0 0.01 gr.

o High tide mark

S0m transect

Low tide mark

Figure 5: Adaptation from Velander and Mocogni (1999), “Top and bottom line” methodology.
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Table 1: Adapted from NOAA recommendations (2010). Classification table of marine debris items.

Synthetic (A) Glass (B) Code
Foamed Code Glass fragments BO1
Buoys and floats A01 Cloth/fabric ( E) Code
Polystyrene fragments A02 Cloth and fabric EO1
Packaging protection A04 Processed lumber ( C) Code
Other polystyrene A0S Wood and lumber pieces co1
Film Al10 Aluminum/tinfoil (J) Code
Hard plastic Code Tinfoil paper or aluminum fragments Jo1
Plastic nets and ropes A1l Other (G) Code
Beverage bottles Al12 Unknown fragments G01
Food wrappers A13 Paper/cardboard (D) Code
Bottle caps Al4 Paper and cardboard pieces Do1
Other hard plastic pieces Al5 Cigarettes filters (H) Code
Other jugs and containers Al7 Cigarette filters /butts HO1
Rubber Code Code
Balloons A21 Other rubber fragments A22

Another type of classification is through identification of possible source of materials through
the main use or activity related of the materials before entering the waterways. This
identification can only be applied on limited items, and results always should be taken with
caution, which their unique type of usage could lead to a possible disposal source. Several
studies suggest a large list of items whose source could be identify through this method,
known as activities related debris (Velander and Mocogni, 1999; Ribic et al., 2012; Vegter et
al., 2014; Blickley et al., 2016). Specific items such as plastic rope, monofilament line, nets,
floats; as well as offshore activities common materials such as shipping containers or
packaging bands (lvar do Sul et al 2013; Vegter et al., 2014) could be directly related to fishing-
related debris. Another specific group considered for source identification is that of medical or
sanitary related waste, usually related with sewage debris or land —based debris, contains
several uncertainties on its real disposal source. As a consequence, only marine-related debris
have been considered in the present study. Only for illustration, the following table (Table 2)
holds the list of the typical items found on related debris sources.

To identify items brought by the sea and without a clear marine-related activity relationship,
was done through the identification of possible signs or marks on the material’s surface (Figure
6Figure 6). The identification of origin source signs, such as high degradation, biofouling or
bites marks (Somerville et al., 2003; Carson, 2013) on the surface could help us to assign the
item a marine origin, or at least marine transport and not locally disposed, with a significant
confidence. The rest of items with any of the cited signs detected, or possibly related to
marine activities, were considered as unknown source because it could equally come from
marine source (but stayed in the marine environment for a very short period of time) or locally
disposed. Thanks to the cleaning efforts, and very little amount of beach users during the time
of beach surveys, the locally disposal debris possibility can be considered low, but not null, and
degradation signs method is appropriate because no item is left at the beach for a long period
of time.
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Table 2: Possible list of items of marine-related debris source (blue), and other related-activities debris (grey).

Medical /sanitary waste Unknown source
Nylon rope /net fragments Band aids Beverage bottles
Buoys/ floats Cotton butts Plastic bags
Fishing lures /line Sanitary napkin Bottles and containers caps/ lids
Light sticks Personal care products Balloons
Packaging bands syringes Cigarette filters

Figure 6: Photographs of examples of fishing-related debris and bite marks.

o)

3.2.  Ocean and meteorological acquisition data
3.2.1. Topography and bathymetry data

Topographic and bathymetric information are essential for establishing the numerical model
and obtaining reliable results, which can be representative of reality observations. The
topographic and bathymetric data used in the study is the result from the combination of
different source of data, including LiDAR. The coastline was generated using LiDAR images
obtained from GRAFCAN (2014), which covered the foreshore and dry area of Las Canteras
Beach. The required bathymetric data for the model application were obtained from different
sources. The large scale bathymetry was obtained from GEBCO (2014), which covered the
entire archipelago (24.0897° and 34.0256° North latitude, and -21.9872° and -8.0769° West
longitude, 30 arc-second spatial resolution). At the local scale, in the Confital Bay, the
bathymetry used was obtained from the Ecocartographic project (Magrama, 2006). This last
bathymetry has a resolution of 5x5 m? and include the beach of interest. All bathymetries were
merged and linearly interpolated on top of each other from lower to higher resolution (Figure
7).

Due to the gaps between some of the bathymetries and the coastline morphology, a
bathymetric filter and small modifications were made to improve the final bathymetry in the
transition areas between bathymetries. All of the mentioned bathymetries where vertically
referenced to Mean Sea Level (MSL). Due to the lack of enough detailed bathymetric
information inside the barrier and beach domain, the grid was approximately defined with
help of aerial photography, LiDAR data, and Confital Bay bathymetry values. Limitations of the
bathymetry in the beach domain should be taken into account to assess possible mismatch
between observations and models.
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Figure 7: Bathymetry of the study domain (top), Confital Bay (bottom left), and Las Canteras Beach (bottom right).

3.2.2. Circulation data

Experimental current measurements have been recorded by using acoustic current meter
deployed at a fixed position (Eulerian measurement) and GPS-drifters following the water track
(Lagrangian measurements). Taking into account the study objective, main emphasis has put
on data obtained by drifters following the trajectory of water parcels at the sea surface, while
Eulerian measurements recorded at a given point at a “certain” depth below the surface have
been used as additional information regarding to the model performance.

e [agrangians current measures

Several GPS-drifters were released and tracked in the study area during different periods and
under different meteorological and oceanographic conditions. Some of the trajectories
followed by drifters are shown in Figure 8, where colors represent different measurements
periods. Drifters tracking was supervised by from boats to avoid land or rock stranding. Right
side of Figure 8Figure 8 shows photographs of a drifter from above and below sea surface.

e Fulerian current measures

Eulerian current measurements have been carried out by using an Aquadopp device, which
uses the Doppler effect to measure current velocity in a small region inside the water column,
which could be considered a single point current measurement. The instrument was deployed,
during two days corresponding to equinoctial tidal conditions (September 29' to November 1%
of 2015), with the sensors located 0.7 meters above the seafloor, approximately. The position
of the current meter was chosen regarding its representativeness and total water column
depth during low tides, but also bearing in mind additional factors, such as exposure to wind
waves and presence of bathers. The location of the current meter as well as a photograph of
the device installed are shown in Figure 9. Data recorded are the result of the average of
values recorded during two minutes every twenty minutes.
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Figure 8: Lagrangian current measurements (left), drifters instruments (top and bottom right).

Figure 9: Aquadopp current meter location (green star) and photograph of the installed instrument.

3.2.3. Sealevel data

Sea level elevations data were obtained from the tide gauge of Las Palmas Port
(www.puertos.es), located on the east side the Confital Bay. Hourly data recorded during 2014
and 2015 have been used. Due its proximity to the study area, tidal conditions at the
measurement point are highly representative of that occurring at Las Canteras Beach, and was
adequate for the purpose of verifying the predictions of the numerical model. The measures
were transferred to MSL reference by the addition of 1.55 m established by REDMAR (Puertos
del Estado, 2014).

3.2.4. Meteorological information

e Wind data

Wind data were obtained from a reanalysis study HIPOCAS spanning from 1958 to 2001
(Guedes Soares, 2008) (Figure 10), with a hourly time resolution, as well as from the wind
estimated surface fluxes of the NCEP/NCAR reanalysis database (Kalnay et al., 1996) with a six
hourly time resolution.
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Figure 10: Atmospherics reanalysis point located near to Confital Bay (www.puertos.es).

4. Numerical circulation model

The application of numerical circulation models has numerous advantages for surface particle
simulations and tracking, although the process can be challenging (Yoon et al 2010;
Maximenko et al., 2012; Carson et al., 2013; Critchell et al., 2015; Liubartseva et al 2016). Due
to the complexity of the processes to be simulated, the availability and quality of the input
data, such as bathymetry or the atmospheric forcing, will determine the success and accuracy
of the simulations.

The numerical current circulation model was applied during the trainee period at the National
Laboratory for Civil Engineering (LNEC) of Lisbon, Portugal. The internship was part of the
academic requirements, and its main goal was the implementation and exploitation in the
study area of a numerical circulation model, SCHISM (Zhang et al., 2016), and of a particle-
tracking model, VELApart (Oliveira and Fortunato, 2002). This application intended to
understand the pathways of the waterborne materials on the surface waters, which will
contribute to improve the knowledge and support the management of the marine waste found
at the beach.

4.1. SCHISM model description

SCHISM (Semi-implicit Cross-scale Hydroscience Integrated System Model), is an open-source
community-supported circulation model, which was developed from SELFE (Zhang and
Baptista, 2008). Both models are designed for the effective continuous simulation of 3D
baroclinic circulation along different scales (creeks, lakes, estuaries, open oceans). The
improvements from the original model applied on SCHISM design included the addition of
mixed triangle-quadrangles grid 1D/2D/3D options all wrapped in a single model. Mass
conservation in SCHISM is enforced with the finite-volume transport algorithm and it naturally
incorporates wetting and drying of tidal flats. SCHISM uses unstructured grids in the horizontal
dimension, and hybrid SZ or the new LSC2 (Localized Sigma Coordinates with Shaved Cell)
coordinates in the vertical. The main physical formulation of SCHISM is:

. Du 0 du
e Momentum equation: D = 22 (vg) —gVn+F
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Where:

V(a 8)
ox’ ay/

(x,v) horizontal Cartesian coordinates.

z vertical coordinate, positive upward.

t time

n(x,y, t)free surface elevation

u(x, y, z, t)horizontal velocity, with Cartesian components (u, v)

w vertical velocity

F other forcing terms in momentum (baroclinicity, horizontal viscosity,
Coriolis, earth tidal potential, atmospheric pressure, radiation stress.
g acceleration of gravity, in [m s-2].

C tracer concentration(e. g., salinity, temperature).

v vertical eddy viscosity,in [m2s~1].

k vertical eddy diffusivity in [m2s~1].

Fjphorizontal diffusion

Q mass source/sink

Further details about the model can be found in Zhang et al. (2015) and Zhang et al. (2016).
The model implementation was developed following the steps illustrated in Figure 11.
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(2) Boundary and initial
conditions
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Figure 11: Steps followed for the model implementation.
4.2.  Model domain definition and grid generation

The numerical model domain is defined by the surroundings of the Canary Islands Archipelago,
so that all the different islands and possible interactions are represented. The coordinates of
the grid are 26.195887° N and 31.448056° N and -19.52973° W and -9.6206543° W. This
domain was represented on an unstructured triangular horizontal grid. The grid was refined in
the area of interest and the bathymetry was added to the grid.

4.2.1. Grid

e Horizontal grid

The horizontal grid was elaborated with the XMGREDIT (Turner and Baptista, 1993), a tool that
allows creating and editing finite element grids. The grid generated has a total of 50110
elements and 31082 nodes. The main steps followed for the grid generation were: extraction
of a coarse grid from the grid of Fortunato et al. (2016), refinement of the elements near the
study area, and interpolation of the different bathymetries into the final grid. The grid
refinement was done by adding and decreasing the size of the elements in the area of interest.
Firstly, a refinement was done around the island of Gran Canaria, and secondly, on the Confital
Bay and Las Canteras Beach, until the adequate representation of the coastline was achieved.
To improve the grid quality, NICEGRID tool was applied on the final grid, which improved the
shape and positions of the elements that could cause problems on the model simulations.

After completing the grid, the land (closed) and water (open) boundaries were established.
The resultant grid has a single open boundary with 67 nodes, relative to the external limit
where the ocean continues, and 8 land boundaries with a total of 1005 nodes.

e Vertical grid

The definition of a vertical grid was needed to establish the 3D circulation model. A hybrid S-Z
vertical grid was used, with 20 levels (11 Z levels and 9 equally S levels). The transition depth
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between S and Z (hs) was located at 100 m. Three constants used in S-coordinate system of
Song and Haidvogel’s (1994), theta-b (6b), theta-f (6f) and surface/bottom thickness (hc), were
also applied here. These constants control the discretization of the vertical levels along the
column water. In the present work, a value of 1 was used on Bb, which resulted in both bottom
and surface being resolved, while a value of 5 at 6f led to moderate skews along the water
column but maintaining the surface and bottom resolution. A value of 30 was used in hc.

4.2.2. Bathymetry and topographic data addition

The addition of the bathymetry into the grid and the interpolation of the different
bathymetries were major tasks, due to the variety of sources and formats of each bathymetry.
Figure 12 represents the different domains and resolutions of the bathymetry in the entire
domain, the island of interest and the beach. The noticeable refinement of the grid close to Las

Canteras Beach is also shown.

N
[t
S
Depth (m, MSL)

Latitude

® ©
S o ©
S 8 ©

Longitude ! 0
3500
3000
2500
2000
1500
1000

900

]
8

g
Depth (m, Mst)

s
$
2
5

Depth (m, MSL)

o 02965 008 007 -006 005 -004 -003 007, -001 MM _g
Longitude ~1541el

Figure 12:Bathymetry and grid from the study domain (top), Gran Canaria Island (bottom left) and Confital Bay
(bottom right).

4.3.  Boundary and initial conditions

Tidal conditions were imposed at the open boundary nodes. Twenty-three tidal constituents
were considered based on the regional circulation model of Fortunato et al. (2016): Z0O, SSA,
MM, MF, MSf, 01, K1, P1, Q1, N2, M2, S2, K2, 2N2, Mu2, Nu2, L2, M3, MN4, M4, MS4, M6,
and2MS6. The following table (Table 3) collects the constituents within their amplitude and
phase values used for the 31 days validation run (in section 4.4). Atmospheric forcing, namely
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wind, was also considered using NCEP/NCAR reanalysis data. Initial conditions were also
established for temperature (24°C) and salinity (35 psu).

Table 3: Tidal constituents.

Constituent frequency (rd/s) Amplitude factor Nodal angle (phase) Description
Z0 0.00000E+00 1.00000 0.00 Equilibrium reference to MSL
SSA 0.3982127623E-06 1.00000 319.69 Solar semiannual constituent
MM 0.2639203103E-05 1.13122 6.33 Lunar monthly constituent
MF 0.5323414371E-05 0.62534 14.83 Lunisolar fortnightly constituent
MSf 0.49252122E-05 1.03777 54.47 Lunisolar synodicfortnightly constituent
o1 0.6759774260E-04 0.80600 49.04 Lunar diurnal constituent
K1 0.7292116061E-04 1.03777 299.25 Lunar diurnal constituent
P1 0.7252294745E-04 1.00000 110.15 Solar diurnal constituent
Q1 0.6495854177E-04 0.80600 49.04 Larger lunar elliptic diurnal constituent
N2 0.1378797024E-03 1.03777 299.25 Larger lunar elliptic semidiurnal constituent
M2 0.1405188959E-03 1.03777 305.57 Principal lunar semidiurnal constituent
S2 0.1454441081E-03 1.00000 0.00 Principal solar semidiurnal constituent
K2 0.1458423212E-03 0.74725 320.10 Lunisolar semidiurnal constituent
2N2 0.1352404942E-03 1.03777 292.92 Lunar elliptical semidiurnal second-order
constituent
Mu2 0.1355936984E-03 1.03777 251.10 Variational constituent
Nu2 0.1382329065E-03 1.03777 257.42 Larger lunar evectional constituent
L2 0.1431581040E-03 0.00000 130.86 Smaller lunar elliptic semidiurnal constituent
M3 0.2107783439E-03 1.05729 278.36 Lunar terdiurnal constituent
MN4 0.2783985983E-03 1.07697 244.82 Shallow -water quarter diurnal constituent
M4 0.2810377918E-03 1.07697 251.14 Shallow -water overtides of principal lunar
constituent
MS4 0.2859630040E-03 1.03777 305.57 Shallow -water quarter diurnal constituent
M6 0.4215566877E-03 1.11766 196.71 Shallow- water overtides of principal lunar
constituent
2MS6 0.4264818999E-03 1.07697 251.14 Shallow-watersixthdiurnal constituent

4.4, Model Validation

The model was forced by tidal constituents (Table 3) and atmospheric forcing along a period of
31 days of simulation, starting on September 1% of 2015.Model results of different parameters
(sea level, Eulerian current magnitude and direction, and Lagrangians trajectories) where
compared with field observations to evaluate the accuracy of the model predictions.

The simulated surface water levels were validated through the comparison with hourly sea
level elevations measured by the tide gauge of Las Palmas Port (Figure 13). The estimated root
mean square error between both time series (real measures and model results) was
approximately 7 cm and lower than 6 cm without accounting the mean.
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Figure 13: Sea level elevations (in meters) on the vertical axis and time (in seconds) on the horizontal. Tide gauge
measurements (black) and SCHISM model results (red). Right plot shows a zoom in of the elevations.

4.4.2. Current validation

e Fulerian current validation

The magnitude and direction of the simulated currents were validated with the observations
obtained from the Eulerian current meter placed in the study area (section 3.2.2.). Due to the
small period of available data, the validation was only possible for that short time. The data
measured by the current meter were previously filtered by a running average filter with a
specific width of 3 data, as a result, the standard deviation of both raw and filtered data was of
4.3 cm and 3.9 cm respectively. The error of the current magnitude between the filtered data
from the Aquadopp and the model results was about 6 cm/s.

The current magnitude was better represented by the model than the direction. The model
was not able to represent adequately the observed peaks. Figure 14 shows the current velocity
measured by the current meter and the predicted by the model. The difference observed may
be related with other forces such as waves or local fluctuations of wind, which are not
considered in the model. The wind forcing, in particular, has a low temporal resolution (6
hours), while the currents were measured every twenty minutes. As a result, the variations in
the current in that time interval would not be captured by the model. Regarding to the current
direction results the model was unable to represent the smaller oscillations, although the main
real direction behaviour was captured by the model.

Despite all the difficulties mentioned, the model was able to represents the main patterns of
circulation relevants for the purpose of this work, which allowed the development of the
remaining established points.
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Figure 14:Eulerian current measure (black) and model simulation result (red). Vertical axes represent the velocity (in
my/s), and horizontal the time (in seconds) started on the 1st of September 2015.

e [agrangian current validation

The three-dimensional particle-tracking model available within SCHISM system was applied to
compare the model predictions with the drifter data measured at Las Canteras Beach.
Simulations were performed for the specific days on which the drifters were in the water.
Although this section was very ambitious and interesting, the lack of time prevented a deeper
analysis and only the measurements from the 17" of July 2015 were validated. The wind and
tide conditions were set-up in the same way than in section 4.4.2. Tidal and wind forcings
conditions were updated for the simulated period, following a similar approach to the one
described in section 4.3. Simulated elevations and three-dimensional velocities were used to
force the particle tracking model. Both drifters and model results were plotted together to
validate the simulations. Several complications occurred such as the very short measurements
periods of the drifters, which resulted in very little time coincidence within the model runs.
The time intervals during the field data acquisition did not exceed one hour, while the model
outputs were set for longer time steps. The adaptation of these outputs to shorter times steps
required more time than what the student had left.

Results showed a common transport pattern (Figure 15), although some differences existed,
namely higher velocities in the modelled particles than in the observations. These differences
may be due to the points discussed previously. The difference between the SCHISM pasive
particles, which where set-on the surface waters, and the drifters, which are driven by currents
(30-40 cm) below the surface and could result in a lower speed of transport, may also explain
soe of the differences. Overall, the main direction and trajectories were represented by the
model, recreating real situations of surface particles transport.
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Figure 15: Lagrangian current validation. In yellow drifter measure (start at 9:07on 17t July 2015), in blue

langrangia trajectory model result. The arrow shows the direction of the trajectories.

4 5. Wind scenarios

The next step developed was the simulation of different wind scenarios, which may influence

the circulation patterns in the study area. To define these scenarios, the most frequent wind

directional sectors were identified through the observations of the reanalysis results at a point

near the study area from the HIPOCAS project (see section 3.2.4). Figure 16 shows the most

frequent wind directions registered. Accordingly, the chosen wind scenarios were NNE, N, NE

and NNW, and the wind speed, 5m/s.

The simulations of the four wind scenarios were carried out through equilibrium tidal
conditions, only the principal semidiurnal components were considered (M2 and S2), to
minimize variables and easily reach the circulation behavior from each wind direction. Each

synthetic simulation lasted 18 days. From each wind scenario, the resultant residual current
direction and maximum velocity field were analyzed to characterize the circulation pattern.
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Figure 16: Wind rose from atmospherics reanalysis point located near to Confital Bay from 1958-2000.
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4.6. Lagrangians particle simulations

The Lagrangian simulations aimed to simulate the particle pathways. This was accomplished by
the application two models, VELApart (2D) and SCHISM (3D) (section 4.4.). The reasons for the
use of the Lagrangian models were the possibility to perform backwards simulations to
establish a possible origin, transport and accumulation of the debris, and the validation of the
model with the comparison between simulated particles and the drifters data.

The two and quasi-three-dimensional VELApart model was applied to simulate the pathways of
particles in surface waters. In the 2D version, the model solves the advection-diffusion
equation in Lagrangian form for individual, passive, and non-reactive particles, forced by a
depth-averaged velocity field, which was extracted from the resultant current field of SCHISM
simulations. Although the original idea was the use of the backward setup, only the 2D
forward simulation was implemented due to complications and lack of time for its proper
application. Therefore, for the application of this model, the velocity fields previously
calculated from the wind scenarios simulations of SCHISM (section 4.5.), were used to force
the VELApart model and simulate the trajectories of the particles in the surface. This is
illustrative because the simulations were done with the resultant current from the synthetic
runs under constant winds conditions and equilibrium tide. Apart from this, the results
complement the previous observations on the Lagrangian current validation.

A total of 200 artificial passive particles were released in the study domain, along the coastline
of Las Canteras beach at a bathymetric line of 2.20 meters, and whose different winds
influence trajectories were traced. The model ran with a tracking error criterion of 0.1 cm and
a horizontal constant diffusion of 0.03 m?/s. This horizontal constant diffusion was
approximately obtained after consideringthe distance on which a single particle would covered
after 1 hour through diffusion, on which it was accorded to be 25 m. These simulations helped
to understand the possible paths that particles would follow under different wind conditions
(NNE, N, NE and NNW). The simulations were carried out with a 5 minutes time steps for
almost 70 days of simulations.

5. Results and discussion

5.1. Marine debris

The analysis of meso- and micro-debris characteristics collected in the three selected transects
reveals that the density of is lower at Tr1 (La Puntilla) and increases toward Tr3 (La Cicer) (see
Figure 17). Averaging the observations obtained through the year (seven surveys) reveals that
Tr3 remains the transect with the highest values while Trl and Tr2 present similar average
values. Nevertheless, it is important to note that mean and standard deviation values are of
the same order (Table 4). This similarity implies a large variability in the number of item per
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transect observed throughout the year. However, a study of annual patterns cannot be
addressed due to the limitation imposed by the observation period.

Regarding the type of materials found per transect (Figure 18, left), it can be observed that
fragments type is the most frequent type of materials found in any transect. Transect Trl
suspiciously receives much more line type (which are basically mono-lines of nylon) than in any
other transect. This could be related with main fishing-related activities developed in the
proximities. In terms of materials size (Figure 18, right), the range of diameters between 1.4
and 4 mm is predominant in all transects. Nevertheless, Trl differs from the other two
transects by receiving more small size items, while Tr2 and Tr3 have similar proportion for this
size range. Furthermore, there is a notable increase from Trl to Tr3 in the percentage of
middle size (4-9 mm) while the relative amount of higher items (9-25 mm) slightly decreases.

Table 4: Average and Standard deviation of Items/m? per transect.

Trl Tr2 Tr3

Average 15 19 70

Standard 16 19 79
deviation

Figure 17: Percentage of items/m? of meso- and micro- debris per transect.
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Figure 18: Type of materials rate per transect (left) and size range per transect (right).

5.1.2. Macro-debris

This section presents the results of macro-debris found for the three transects. The overall
behavior found was a higher presence of debris on Tr3, La Cicer, although this result was
obtained through the comparison between different groups of debris (see Figure 19), where
three pie charts are represented. Considering only the total amount of items, (Figure 19 (a)),
Tr2 is the most polluted transect, although, as it can be seen in Figure 19 (b), taking into
account only synthetic materials, Tr3 is by far the most polluted transect. This
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misunderstanding is the result of the great presence of cigarette filters sampled on Tr2 (Figure
19 (c)). The Tr2 transect holds more cigarette filters than any other. This finding suggests a
particular type of user on this beach area. The average and standard deviation values per each
transect are given in Table 5. In terms of average items per transect, Tr2 and Tr3 are the areas
where more debris are found. The small standard deviation of Tr2 indicates the more frequent
encounter of debris at this site than in any other transect, although, as it was commented, this
may result of continuous pollution due to smoker beach user.

The main composition of synthetic items per transect is represented in Figure 20. The graph
shows a clear majority of hard plastic items on all the transects, being this synthetic material
type the most abundant, followed by plastic films, foamed plastic and rubber.

a) b) c)

Figure 19: Total debris per transect (a), total synthetic debris per transect (b), total cigarette filters per transect (c).

Table 5: Average and Standard deviation of total Items/100m2 per transect.

Trl Tr2 Tr3
Average 51 128 91
Standard 58 39 48
deviation
100 % p— | —
80 %
60 %
40 %
20 %
%
0
Trl Tr2 Tr3

M Hard plastic  ® Plastic film Rubber H Foamed plastic

Figure 20: Percentage of synthetic main groups items per transect.

Due to the great abundance of the hard plastic group, the percentage of each subgroup (see
section 3.1.2.) on all transects are represented onTable 6. From the hard plastic group, the
pieces subgroup (A15) constitutes the main type of material found on Tr2 and Tr3, and plastic
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nets-ropes (A11) for Trl. As it was mentioned in the classification description, A1l items are
typically items used on fishing-related activities. As a result, Trl is highly influenced by marine
source debris, or at least by fishing related activities.

To address a possible signs of marine source materials, of bites or biofouling marks, as related-
activities materials, was taken into account. Table 7 shows the percentage of total items per
transect, and groups of materials, where its possible marine origin was able to address. The
transects on the limits, such as Trl and Tr3, showed higher of these visible signs on materials,
in terms of total debris or synthetic materials type. Nevertheless, the Tr2 transect only held
the majority of marine signs on cigarette filters group, which is expected due to the great
amount of these items found this section of the beach (Figure 19, c)).

Table 6: Percentage of Hard plastic sub groups items per transects.

TR1(%) TR2(%) TR3(%)

All 62 12 12
A12 1 2 0
A13 9 30 19
Al4 3 10 13
A15 25 44 55
A17 0 0 0
A18

Table 7: Percentage of possible marine source, not locally disposed, of materials.

Total Synthetic Cigarette

debris (%) debris (%) filters (%)
Trl 45 58 27
Tr2 34 50 30
Tr3 50 68 29

5.2. Current patterns under different wind/tidal scenarios results
5.2.1. NNE and NE scenario

The direction and magnitude of the residual currents and maximum velocity (Figure 21 and
Figure 22 respectively) for the NNE (23°) and NE (45°) wind scenarios (5 m/s) are presented
next.

Resultant residual currents in El Confital Bay for two different wind scenarios are shown in
Figure 21 Wind conditions are represented by homogeneous wind fields blowing at 5 m/s from
NNE and NE, respectively. Note that these conditions represent very frequent situations in the
study area.

The residual current field obtained outside of the bay for a wind field from NNE (Figure 21,left)
shows a circulation pattern towards the west but significantly intensified at the northeast cape
delimiting the bay, where the flux is also directed towards the bay in southwest direction.
Current intensity is rather weak in the main part of the bay and mainly flowing westwards.
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Flow enters to the inner part of the bay, between the rocky-reef and the beach, through the
narrow opening left by the reef at its northeast extreme. In this nearshore area the flow is
accelerated toward the opposite extreme of the beach, where the rocky-reef disappear
(groynes) along the narrow channel formed between the reef and the beach. Then, water
flows northwest along the coast.

Current field under the NE wind conditions shows a similar pattern to that observed for NNE
wind (Figure 21, right). Nevertheless, some significant differences can be observed, including a
flow enhancement of the transport into the west and a reduction of the transport into the bay,
thus decreasing the flow speed in the nearshore zone. It is interesting to highlight the
acceleration experienced by the flow in the nearshore areas between the three openings left
by the rocky-reef, where the water depth reduces.

Maximum current velocity fields corresponding to the above discussed wind field directions
are shown in Figure 22. Patterns commented above are also clear, observed in this figure for
both cases. However, there are some aspects to remark. One of these is the existence of a
broad area of calm waters in the north limit of the beach, where transect Tr3 is located, used
as a refuge for small fishing and recreational boats. Transect Tr2 is located in a zone where
flow is accelerated, while area of Tr3 is always exposed to wave action and longshore current
intensity reduces. Zones of maximum intensity flow are located in shallow areas above
mentioned, north and south of the middle opening in the reef. Nevertheless, Figure 22 reveals
a significant intensification of flow in the southern limit of the beach (groynes). Area of lower
flow could indicate possible zones where marine debris accumulation is more probable to
occur. On the other hand, as the main current direction flow towards the south end of the
beach, it seems reasonable to expect that larger amounts of debris could be found here,
because of the transport of materials along the nearshore channel and the barrier imposed by
the groynes. The main differences between both scenarios results are higher values of
maximum velocity for NE wind on the southern limit of the beach (by the groynes) and a
higher value for NNE in the nearby of transect Tr2.

+3.131e6 so00 £3:131e6
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Figure 21: Residual currents for the NNE (left) and NE (right) wind scenarios.
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Figure 22: Maximum velocity field from NNE (left) and NE (right) wind scenarios at Las Canteras Beach.

5.2.2.  Nand NNW scenario

Resultant residual current direction and magnitude for the North (0°) and North-northwest
(338°) wind scenarios are shown in Figure 23, while maximum current velocity field are
depicted in Figure 24. As in the previous section, these current fields were obtained by using as
input a constant wind direction (N and NNW, Figure 23 left and right, respectively) and a
constant speed of 5 m/s.

Both wind scenarios show a recirculation pattern in the eastern-central of the bay a converge
behavior of the residual current circulation among the eastern side of the bay. The main
transport direction is not as clear as previous scenarios. The N wind direction (Figure 23, left)
still showed an overall tendency of transport towards the west, although, with an opened
trajectory away from the coast when the southern limit of the beach is reached. On the other
hand, NNW wind (Figure 23, right) illustrate a stronger converge behavior, giving a sense of a
more circular pattern transport in the entire bay. The main transport direction of NNW
scenario is less clear, receiving SE flow from the north coast, and a stronger recirculation along
the eastern side of the bay.

Although the last noticeable behavior seems to push away the possible debris contained in the
surface waters, it cannot be ignored the possible increase of exposure of these materials with
the intrusion and the light recirculation of the current on the entire beach.

Regarding to the maximum velocity current results, the higher values are located on the same
protrusion edges cited on the previous scenarios but with lower values (Figure 24), especially
for NNW scenario (Figure 24, right). As a result, disperse lower energy areas occur under these
wind condition and its possible effects with debris deposition should carefully considered.
Because of the particular behavior of NNW wind, an extra similar wind scenario was taken into
account, the NW (315°) wind direction, to come up with other highly vulnerable conditions
that could produce higher amounts of stranding materials in the study area.
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Figure 23: Residual currents for the N (left) and NNW (right) wind scenarios.
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Figure 24: Maximum velocity current field from N (left) and NNW (right) wind scenarios at Las Canteras Beach.

5.2.3. Extra wind direction observation

To account for all the wind directions that may potentially have negative consequences in the
area, the NW (315°) scenario was also analyzed. The simulation and residual calculation was
done under the same conditions than in the other synthetic simulations (described in section
4), namely considering a constant velocity of 5 m/s and equilibrium tides at the oceanic
boundary.

The circulation pattern observed under this wind conditions results very interesting. It can be
observed (Figure 25) that currents along the northeast and southwest flanks of the Bay are
directed towards the beach, entering into the channel between the barrier and the beach
through the barrier openings at the beach north and south limits. These flows turn to the
opposite beach ends and collide close to the central opening of the barrier, where longshore
current component decreases, inducing a seaward recirculation. Furthermore, the returning
flow shifts eastwards and its combination with the flow incoming along the northeast size
generates a recirculation cell in the eastern-central part of the bay (Figure 25).
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Figure 25: Residual current NW (315°) wind scenarios.

Under this condition, the possible accumulation of marine debris in the beach, especially at
“Pefia la vieja” section could be much more noticeable than in other wind scenarios. The push
of the surface water from the north coastline to the beach of Las Canteras, and also the
recirculation produced on the eastern side of the bay, would probably cause a larger
deposition.

5.3. Lagrangians particle simulations

Langrangian simulations were developed to simulate particle tracking and were accomplished
throughout two models, Velapart (2D) and SCHISM (3D). Lagrangian models enables to carry
out backwards simulations, thus offering the possibility to explore the location of possible
debris source and sink points, as well as transport paths, in addition to its usefulness for model
validation by the comparison between simulated particle and drifters paths.

5.3.1. VELApart

Two main transport behaviors can be distinguished. One related to conditions of wind blowing
from the directional sectors NE-NNE and other associated to N-NNW wind directions. Winds
blowing from NE and NNE sectors tend to transport the particles along the beach towards its
south limit and then along the north-west coastline. This transport may be interrupted by the
physical barriers or coastline morphologies oriented towards the NE found along the way. N-
NNW but particularly NNW winds, tend to promote the recirculation of the particles in the
Confital Bay, such as previously indicated. In this sense, further research regarding the
influence of the winds from the N-NNW, and probably from NW too, should be performed to
analyze in more detail the observed behavior. In the presence of marine debris, this current
pattern could enhance the debris deposition, or even trap it, inside this environment.
Pathways of the particles for almost two days of simulation are represented in Figure 26 and
clearly show the previous comments.
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Figure 26: Times 4.58h (a), 14.58h (b), 29.58h (c), and 39.58h (d).Winds from NE (blue), NNE (grey), N (green), and
NNW (orange).

5.3.2. Particle tracking for extra wind scenario results

As previously commented, NW wind conditions induces a very specific current pattern in the
study area. Figure 27 shows the influence of NW wind on the surface trajectories of the
artificial particles. The times chosen cover a period of 13 days to complete the full recirculation
pattern between the northern and middle openings of the barrier. This lead to particular
awareness due to the higher probabilities of marine debris recirculation and possible
deposition, if similar wind conditions occur.
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Figure 27:Wind coming from NW (315°) particle simulation. Times 24.58h (a), 44.58h (b), 94.58h (c), 179.58h (d),
229.58h (e), and 314.58h (f).

6. Conclusions

Meso- and micro-debris amount collected on the beach surface is lower on the northern limit
of the beach and increases toward its southern part. Nevertheless, there is a significant
variability in the number of items observed at each transect throughout the year.

The fragments type of plastic debris is the most frequent in any transect. Transect Trl receives
much more line type than in any other transect, which could be related with main fishing-
related activities developed in the surroundings of this transect. Material belonging to the size
range between 1.4 and 4 mm is predominant in all the transects. Nevertheless, Trl
differentiates from the other two by receiving larger amounts of small size items, while the
proportion received at these transect (Tr2 and Tr3) is similar.
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In relation to Macro-debris, the higher amount is found at Tr3. However, considering only the
number of items, Tr2 is the most polluted transect while, taking into account only synthetic
materials Tr3, is by far the most polluted. This confusing result is due to the important
contribution of cigarette filters type material observed at the middle transect. The main
composition of macro-synthetic items per transect hard plastic items represents the main
contribution at all the transects.

NE and NNE wind conditions represent the most frequent situations in the study area. Residual
currents for winds from NNE shows a main circulation pattern directed towards the west but
significantly intensified at the northeast side of the bay, where the flux is also directed towards
the bay in southwest direction. Current intensity is rather weak in the main part of the bay and
mainly flowing westwards. Flow enters to the inner part of the bay, between the rocky-reef
and the beach, through the narrow opening left by the barrier at its northeast extreme. In this
nearshore area the flow is accelerated toward the opposite extreme of the beach, where the
rocky-reef disappear (groynes) along the narrow channel formed between the reef and the
beach. Then, water flows northwest along the coast. Circulation under NE wind conditions
exhibit a similar pattern. Nevertheless, a transport enhancement into the west and a reduction
of the transport into the bay, thus decreasing the flow speed in the nearshore zone, are
observed. Furthermore, the flow in the nearshore areas between the three openings left by
the rocky-reef, where the water depth reduces, is accelerated.

Circulation under N and NNW wind scenarios shows a recirculation pattern in the eastern-
central part of the bay. The main transport direction is not so clear as in previous scenarios.
For N wind conditions there is also an overall tendency of transport towards the west,
although, with an opened trajectory away from the coast when the southern limit of the beach
is reached. On the other hand, NNW wind conditions induce a more closed circulation pattern
in the entire bay. The main transport direction of NNW scenario is less clear, receiving SE flow
from the north coast, and a stronger recirculation along the eastern side of the bay. A similar
behavior is observed in the maximum velocity fields for winds from N and NNW conditions.
although larger areas of low energy are observed under NNW wind conditions.

NW wind conditions induce currents along the northeast and southwest flanks of the Bay
directed towards the beach, entering into the channel between the barrier and the beach
through the barrier openings at the beach north and south limits. These flows turn to the
opposite beach ends and collide close to the central opening of the barrier, where longshore
current component decreases, inducing a seaward recirculation. Furthermore, the returning
flow shifts eastwards and its combination with the flow incoming along the northeast size
generates a recirculation cell in the eastern-central part of the bay.

Two main transport behaviors can be distinguished in terms of the passive tracer pathways
simulations. For winds blowing from the NE-NNE sector particles are pushed along the beach
towards its south limit and then along the north-west coastline. This transport may be
interrupted by the physical barriers or coastline morphologies oriented towards the NE. On the
other hand, N-NNW wind conditions, particularly those from NNW may promote the
recirculation of the particles in northeastern part of the bay.

34



NW wind conditions induce a very specific current pattern, by forcing a complete full
recirculation between the northern and middle opening of the barrier.

Wind scenarios in the NNW-NE sector, used to simulate current fields in the study area,
represent 90 %, approximately, of wind conditions observed during more than 40 years. The
overall behavior of the current fields simulated induces a transport towards the west along the
northern coast. These results seem to resemble the observed pattern of marine debris
deposition, which is higher on the southern limit of the beach (Tr3). During the much less
frequent NW wind scenario, forced pathways of particles describe a recirculation behavior
which could have important implications on marine debris deposition.

Much more efforts are necessary to reach an adequate comprenhension of the relationships
between coastal hydrodynamics and marine debris nearshore transport and deposition on
beaches, due to the large number of factors involved and the resulting complexity of the
process.
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