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ABSTRACT

NUMERICAL MODELLING OF MICROPLASTICS TRANSPORT IN
MERSKN BAY

Balas, Egemen Ander
Master of ScienceCivil Engineering
Supervisor : Prof. DAhmet Cevdet Yal -é&éner

May 2023 182 pages

This study aimed to investigate the transport of microplastics in coastal watkers
comprehensive numerical moog approaches were used. A coastal area of
approximately 900 kiin the Bay of Mersin on the eastern Mediterranean aufast

T ¢ r kway @hosen as the study area, characterized by its irregular bathymetry,
topography, variable winds, waves, and coastateois. The HYDROTAM3D
numerical coastal model and database were used to investigate the study area'’s wind,
wave, and cuent climate. Coastal hydrodynamics were studied in detail using the
numerical model ECOMSED, which successfully simulates turbuleastab
currents caused by wind, waves, river flow, and density changes. A detailed analysis
of hydrodynamics is of great portance for modeling microplastic transport. The
coastal transport processes of microplastics that may enter the waters of Mersin Bay
via the M¢fteg and Deli-ay rivers were nu
The microplastic species and potential iogdrates used in the modeling studies
were selected from the measurement studies conducted in Mersin Bay in the
literature. Differenscenarios were modeled to understand the effects of wind speed
and direction, coastal currents, salinity and temperathamges of sea and river

water, river flowrate, microplastic density, and loading type on transport processes.



The modeling studiessed both the advectiegiffusion and particléracking
methods, which are two different transport submodules of the ECOMB&del.

These scenarios showed that the continuous flow of microplastics from rivers can
lead to microplastic accumulation, espegiafli the western coastal waters of the
study area. Overall, this study demonstrated that it is necessary and essential to
conduct comprehensive numerical modeling of hydrodynamics and transport to
study the movement of microplastics in coastal areas andnderstand the
abundanceones. This study pioneers the understanding of microplastic movements
in Mersin Bay through numerical modeling and provides an essential resmarce
awarenesfor management and policy decisions to reduce microplastic poliution

coastal areas.

Keywords: Advection, Diffusion, ECOMSED, HYDROTAM-3D, Mersin Bay,

Microplastics NumericalModeling, Particle TrackingTransport T ¢r ki y e
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CHAPTER 1

INTRODUCTION

1.1  The Motivation of the Study

The accumulation of marine debrisagivotal environmental problem in today's
seas and oceans. Marine debris efersolid materials that have been generated or
processed and end up in the watéréarge amount oflebrisis brought down from
landfills located close to the coast and washed into estuaries through rivers or directly
dumped in the sea; the quantitidssolid waste have increased dramatically over
recent years due to urbaation and economic growticcording to researchers,
plastic debis accounts for sevenfywve percent of marine debris (Galgani et al.,
2015). In addition, plastic litter's harmfuifects on human healtlhe food chain

and marine species have been studied and noted in the scientific literature. The
production of plasts increased from 1 million tons in the 1940s to 3 million tons in
2005 (FoaleandGao, 2007). Today, the volumeshanore than doubled agasnd

by 2050 it may reach 6 trillion pounds (Gilligand Furlong, 2009). Plastic items
include both industrial ahhousehold wastsuch as bags, bottles, cans, straws, food
wrappersand toys (McKenzie et al., 2010). These aterofound floating at sea
because they do not sinkdamopoulou et al.2(21). Plastic debris comprises a
range of objectsncluding packging, synthetic filers, rubberand textilesThey can
originate from various sources, such as municipal solid wasitedustry, and
consumer product®lastic pollution in coastal areas is divided into two categories:
macroplastics (plastic fragments 5 mon more in diameter) andicroplastics
(plastic fragments smaller than 5 mm in diameter) (Long et al., 2015, Martths
Sobral, 2011). Depending on how they are formed, microplastics are classified as
primary or secondary. Secondary microplastics are ddrras a result of the
degradation of macroplastics, whpeimary microplastics are used as mieized



producs durning the production process. The majority of microplastics from primary
sources enter the marine environment via household or industriawedst, rivers

or wind. According to scientific studies, rivers play an important role in transferring
such plastiavaste to the oceans (Neumann et al. 208d4gondary microplastics, on

the other hand, are reduced to misize by the degradation of maptastics in the
water as a result of activities such as coastal tourism, recreational activities,
commercial fishig, shipping, and fish farms (Rech et al., 2014; Wright et al., 2013;
Cole et al., 2011)Figure 1.1 shows the footprint that plastic waste leaves in the

marine environment (Critchell and Lambrecths, 2016).

Microplastics on Precipitation
beaches

e- suspen5|on i
process
Rivers > Radiation and / S
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Figurel.l. Plastic waste tracesudad in the marine environment

International studies have highlighted the extent of plastic pollution in the oceans
and spurred the development of global strategies to combat it. The European Uni
Marine Strategy Framework Directive (MFSPQ08/56/ EC), published in 2008,
intends for European Union to reach "good environmental stgitstopean
Commission2008).During the eighteenth Conference of the Barcelona Convention,

it was decided to del@p regional strategies to prevent marine dgoliaste in the



Mediterranean Sea. This conclusion is based on the ProtocahoBased $urces

of the Barcelona Convention, to which T¢
above judgment highlights the et to conduct extensivenodelling studies to

identify the accumulation and impact regions of marine litkdodelling the

circulation of plastic debris in oceans and marine environments is critical for

identifying the locations and sources of plastic debri

Various methodologies are employed in ortierevaluate the marine area and
transportation events as well as the consequences of plastic wastes, which are
regularly observed in coastal locations. These can be analyzed in two categories as
physical moded and numerical simulations. Physical modeés raainly based on
laboratory experiments or laboratory studies that aim to understand the influence of
marine conditions on the path of plastics during transport; numerical models are
mostly based on computprograms that simulate the behavior of theiplas and

the oceanographic environment for a particular event in a given location; they may
also includeexperimental data from a limited number of fi@ cases as input
information to build up new model¥he ghysical model has been extensively used
over time for studying the path of polymers during their transit through the sea, in
particular by simulating the dispersion of partic®g.creating a scaled model of the
coastal area to be examined in theolatory setting, physical models are credted
evaluate the behavior under different wave conditions. Although the creation of
physical models is undesirable in terms of cost and time, it cannot provide
trustworthy findings since the boundary conditiotennot be satisfied in the

laboratory setting.

Numerical models are useful forecasting tools at this phase. Because there is no long
term recorded wave heigahd coastal curremiata in our countrythe wave heights
created by the wintbrce may be calcwated using numerical models based on{ong
term measuredvind speed®n land The turbulenceand currents produced by the

influence of waveswind, tide, and density gradients can be numerically modeled.



The maximum numbemndresidence timef suspendedhicroplastics in a study area
after theinitial release, and comparing the rate at which they leave the system,
understanding the change from the norm in deposition, resuspension, and drift from
the region are some of the parameters used to understarattimutation rate via
simulationsof numerical models Source location is the most important aspect to
consider. A few kilometers can have a significant impact on the path of the
microplastics and, in particular, can have a significant impact on the beabbes

the microplastics accumulate artde location and magnitude of the plastic plumes.
The microplastic plumesremore consistent and mirror the pattern predicted from
passive plumes from a point source in uniform currents when the dsurcéhe

open ocean. If the sourds neartheshoe and downwind, some of tieicroplastics

are stranded quickly while the restre dragged away and dispersed over long
distancesThe use of numerical modakssuccessful in the simulations of transport
processes ahicroplastics over long distancesimce t al waters ( Gen- et

There are two main ways toodel the transport of microplastics in coastal areas
numerically The first method involves using the solution adveetdfusion
equation for mass transg. This approach defines a controllwme and considers

the concentration of microplastics as a function of both time and space. The second
method is the random walk model, also known as the Lagrangian approach. In this
approach, the trajectory of inddual microplastic particles is analyzé&thethree
dimensionaland open source codestuarine andCoastal Ocean Modelith
sedimenttransport ECOMSED includes both advectiediffusion and particle
tracking submodels of transport (HydroQual, 2002)hél ECOMSED numerical
model is widely recognized andverified in the field of simulating coastal
hydrodynamics and transpgnocessegAhsan and Blumberg, 1999iu and Zhu,

2019. This model has gained global acceptance due to its accurate represehtation
conplex coastal process€¥/ang et al., 2009)ECOMSED has been extensively
applied in various research studies and practical applications, contributing to a better
understanding dfansport process@scoastal environmendlingsih and Al Azhar,

2013 Zherg et al., 2014 Zhang and Shen, 20189n this thesis study, botthe

ot}



advectiondiffusion and particle trackingubmodels of ECOMSED were used

comparatively in the numerical investigation of microplastic transport.

Microplastics are often found imgh cacentrations in water bodies and sediments
due to the way they are discharged into the environment. This high concentration
often results in microplastic pollution being heavily concentrated in certain regions,
such as the eastern Mediterranean Sdee Maliterranean Sea is especially
vulnerable to marine litter contamination due to its nearly fully closed nature (Tubau
et al.,, 2015; Cozar et al., 2015). Microplastics are a major global problem, and
Mersin Bay located in theMediterranean Seas paticularly susceptible to their
pollution. For this reasarMersin Bay is selecteds thecase study coastal arddne
district of Mersin is located in the southern partTo§, r kandyfeatures a three
hundredkilometerlong coastline in the northeasterredifteranean. The district has

a population of over 1 million people, making it one of the largest distrigtgim k i y e
The coastal region provides an ideal location for both tourism and trade activities.
Mersin City has a peperson plastic use of sevg#ive kg, which is more than the
global average. Mersin's population grows dramatically during the summer season
owing to beach tourism. Plastic pollution in Mersin province is caused by high levels
of population and tourism, as well as intensive portjmeaand fisheries operations

and considerable agricultural output. Thus, Mersin Bay is subjected to a high
microplastic pollution load from the land, which is mostly conveyed by rivers and
wastewater treat maunet al.,f2018G | v € nak,RA7). G¢ nd o
Microplastics can have serious consequences for marine life, and it is important to

do everything possible to reduce their concentration in the environment.

Modelling of the movement and accumulation of microplastics in the coastal waters
is epecially based on coastal circulations, density differences, tides, anaddvave
dynamics (Rech et al., 2014). The accurate estimatitimecdpatial distribution of
microplastics depends @well understanding of the regional nearshore circulation
patterns ad turbulenceHYDROTAM-3D model andlatabassystems used in this
thesis to studyydrodynamicswind, wave and coastal current climates in Mersin

Bay. HYDROTAM-3D is a geographic infaration systems (GIS) integrated three



dimensional baroclinic numeatmodel and database system developed to simulate
coastal waters' hydrodynamic, transport, and water quality preceSse
infrastructure of the program is based on cloud computing cémimn The GIS
platform of the model facilitates the tireensumingask of preparation of data input
and output. HYDROTAM-3D model results have been verified by analytical
solutions laboratory measuremenéndfield measurements madenranyscientific
researchs and application projects carried out in Turkish coastatevs
HYDROTAM-3D model hasrmaextensivaelatabaseoveringalmostall of thecoastal
adt ransitional (Wat erss ainm?; CEkehdiBglas, 2006
2018; Yél deaegm 208H9;BaGen- et al ., 2020) .
hydrodynamics; turbulencwjind, wave andcurrent climate; wave transformation;
sediment transport; coastal morphology; temperature, salinity, pollutangndil,
microplastic transport; sea outfall dilmts and hydraulics, and water quality sub

modules.

This thesis representsrvel andadvancedmodelling study that combines two
comprehensive numerical models, HYDROTAD and ECOMSED, to examine
the coastalhydrodynamicsmovementsand distribution areas of microplastics in
Mersin Bay. This researdb a pioneering endeavor in the field, as it presents the first
comparativenodellingstudy of microplastic transport in Mersin Bay, utilizibgth

particle traking and advectiomliffusion methods.

1.2  Study Objectives

This study's main objective is to model microplastic transport in coastal waters
numerically. Mersin Bay is selected as the case study area to assess microplastic
concentrations by determining the allance and distributionf anicroplastics. It

aims to investigate microplastics' transport mechanisms to understand the factors that
influence their movement, such as currents, winds, and density. This study also aims

to contribute to developing effective tigation measures for ddessing microplastic



pollution by providing insights based on the model simulation findings. The research

questions of the study are summarized in the followings:

I.  How does the hydrodynamics of coastal waters influence the trartdport
microplastics?

II.  Whatare the effects of wind speed and direction, coastal currents, salinity
and temperature changes in sea and river waters, and density of microplastics
on the movement and accumulation of microplastics in coastal waters?

lll.  How to applythe ECOM model to MersiBay, having complex bathymetry
and topography to simulate hydrodynamics and microplastic transport? How
to apply HYDROTAM3D to model wind climate, wave climate, surface
level changes, and coastal currents?

IV.  How are the successesElEOM and HYDROTAM3D inthe hydrodynamic
modellingof coastal waters?

V. How do the advectiodiffusion and particléracking submodels within the
ECOMSED model compare in simulating microplastic transport in coastal
areas? What are their main parameteis@ss antutputs?

V. How do the flow rate and microplastic
influence the distribution and abundance zones of microplastics in Mersin
Bay?

VIl.  To what extent does the comprehensive numericadelling of
hydrodynamics and trapert contrilute to our understanding of microplastic
movements in coastal areas and identifying potential management strategies

for reducing microplastic pollution?

In the first stage of the study, the numerical models HYDROTHM and
ECOMSED models aresdied regarohg their theories, inputs, outputs, and initial
and boundary conditions. In the second stage, HYDROT3&Mnodel and database
system are applied to Mersin Bay. Hydrodynamics of the Bay, wind, wave, and
coastal currents climates are analyzethérthird $age ECOMSED model is applied

to Mersin Bay, and hydrodynamic simulations are compared with HYDROBBM

results and six hourly Copernicus Marine Environment Monitoring Service



(CMEMS) datasets. The sea level monitoring data is obtained fror&rtteamli

aubmatic tide gauge station and analyzed. At the fourth stage, HYDRG3BM

hydrodynamic, turbulence, wind, and wave climate submodel inputs and outputs are

coupled with the ECOMSED model, and the adveetidfusion submodel of the

ECOMSED is apleed to Mersn Bay to simulate the transport of microplastics

di scharged from M¢ft¢g and Deli-ay Rivers. T
coastal currents, turbulence, salinity and temperature changes in sea and river waters,

and density of micropics on thenovement and accumulation of microplastics are

studied by 21 differemhodellingscenarios. In the fifth stage, the Lagrangian particle

tracking submodel of the ECOMSED model is applied to Mersin Bay. Transport of

buoyant microplastics dischag e d ffrtogn ayd Del i - ay Rivers i s
more test cases. Then, microplastics tracking scenarios during a month are
investigated using the six hourly continuous wind, wave, surface level, and current

time series coupled from HYDROTAMND to anayze the trasport patterns and

Mersin Bay's seitleaning capability under the influence of the prevailing

hydrodynamic conditions.

1.3  Chapter Overview

In the first chapter, the introduction part of the thesis, firstly, the motivation of the
thesis work is mrsented. Thbackground of microplastic pollution is discussed. The
importance of sources of microplastics is stated by identifying sources such as plastic
debris, microbeads, and the breakdown of more oversized plastic items. Also, the
importance of perstence andaumulation of microplastics are highlighted by the
long-term presence of microplastics in marine environments and their ability to
accumulate in coastal areas. The significance of studying microplastic transport in
coastal waters is highlighde The ecolgical impacts are stressed by exploring how
microplastics can disrupt marine ecosystems, harm wildlife, and affect biodiversity.
Human health concerns are underlined by discussing potential risks associated with

microplastic ingestion througleafood consmption. The need for understanding



transport patterns to assess exposure risks is emphasized. Then, the objectives and

research questions of the study are presented.

In the second chapter, the literature review, an overview of microplastmesaumd

types is provided, including an examination of inputs from laaded sources,
specifically coastal development, urban runoff, and improper waste management
practices. The role of rivers as microplastic pathways from inland sources to coastal
watess is investijated. Contributions from various coastal activities are discussed as
significant factors in microplastic pollution. The environmental impacts review
explores the adverse effects of microplastics on organisms. It delves into the
biological effects, includng physical harm, altered behavior, and reproductive issues
caused by microplastics. Ecological consequences of microplastic pollution,
emphasizing the cascading effects on food webs, nutrient cycling, and ecosystem
functioning, are searchedreRious stutes on microplastic transport in coastal
waters have been reviewed, explicitly focusing on the role of tides, winds, gradients
of temperature and salinity, and density in the transport and dispersion of
microplastics along the coasts. The gapg&nowledgeand research in biological
interactions between microplastics and marine organisms, including uptake, toxicity,
and longterm effects; standardized sampling protocols emphasizing the need for
consistent methodologies to ensure accurate cosgparbetweestudies; and long

term monitoring highlighting the importance of continuous monitoring efforts to
assess temporal trends and evaluate the effectiveness of mitigation strategies are

presented.

In the third chapter, theory, the theoretical detaf advetion-diffusion, and particle
tracking methods to simulate numerically the transport of microplastics as a function
of time and space in coastal waters are discussed. In the fourth chapter, model
applications are presented. Firstly Mersin Bag @8 enviremental characteristics

are described. The geographical features describing the bay's location, bathymetry,
coastal morphology, and hydrodynamic conditions are discussed. Tidal
measurements and sea level variations are presented. The wind and\airren

climate analyses performed by HYDROTABD model for Mersin Bay are



described. The ECOMSED model is applied to simulate the currents in Mersin Bay.
The verification and performance assessments of both numerical models are
presented by assesgithe reliallity of model predictions by comparing them with

each other, field measurements, and satellite data. Examining the model's response
to variations in input parameters and evaluating the robustness of the results are
presented as the sensitiviyalysis. he advectiordiffusion and particle tracking

transport submodel applications of ECOMSED are presented.

In the fifth chapter, discussions of the model simulations are presented. The temporal
and spatial distribution of microplastics in Mer&ay and thdactors influencing
microplastic transport are discussed in detail. The hotspot areas are given by
identifying regions with high microplastic concentrations and understanding the
underlying factors contributing to their accumulation. The sedseariatiors are

given by analyzing temporal trends in microplastic abundance and identifying the
influence of hydrodynamic conditions. The roles of wind speed and direction, current
and turbulence intensity, density, and buoyancy in shaping the traremobrt
distribution of microplastics are assessed. Implications for ecological and human
health and the importance wfodellingin management strategies for microplastic

pollution are discussed.

In the sixth chapter, the study conclusions are summarizedmBim highights of
the study are listed. Recommendations are provided for policymakers, coastal
managers, and stakeholders on effective strategies to mitigate microplastic pollution

and protect coastal ecosystems.

In the seventh chapter, suggestionsftaure resarch are provided. The need for
further research, including lortgrm monitoring programs, refined models, and
interdisciplinary studies to enhance understanding and inform sustainable

management practices is identified.
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CHAPTER 2

LITERATURE REVIEW

Plastics a necessary elements of our daily lives since they are highly durable,
flexible, and economical (Avio et al., 2017; Sun et al., 2018). As a result, plastic
consumption and production are ascending. Extensive studies have shown issues
related torising plasic contamination in our seas and oceans. (Kerstz®45).
Plastics are an important padf the transition to a more sustainable and
environmentally friendly future, such as in enedfficient houses, wind turbings

and electric automobile®lastics are critical to offering the viable strategies that
society needs (Plastics Europe, 20Marine litter, tourisrrrelated debris, and other
macroplastic pollution have been documented to create ecological and aesthetic
problems; moreover, microtc particles operate as efficient collectors of different
poisons and industrial effluents, contaminatthg entire ecosystem. (Thompson,
2015; Law and Thompson, 2014; HidalBoz et al., 2012; Andrady, 2011).

2.1  Microplastics

The vast majority of resedrcabout microplastics has centered on quantity and
biological chemistry effects, while studies on the physical properties of microplastic
particles have been overlooked. The physical and statistical examination of
microplastic pdicle behavior in the layed marine environment is relevant to
microplastic transport and microplastic characteristics. This type of analysis
necessitates numericalodellingand, as a result, studies that entail knowledge of
specific parameters of patke properties and their ahges over time (Chubarenko

et al., 2016). In 2004, originally, the word "microplastics" dedditey pieces of
plastic fragments (~ 50 Om) found in t

surface and floor (water column) (Hidaliruz et al., 2012; Thompseet al., 2004).
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Today, the term "microplastics"” refers to a heterogeneous wide variety of nsaterial

with sizes ranging from a few microns to a few millimeters and includes fragments

of varied shapes, ranging from rounded to l&ibgrs (Thompson, 2015).rias and

Nash (2019) propose a new classification of microplastiaswartificial solid grain

or polymeric matrix with uniform or irregular structure and dimensions varying
around 10m to 5 mmisroawagr-soldet NMiavoplasticsan gi n t hat
be found in varying abundances in marine environments, such as the bottom
sediment, water columrgnd surface, depending on their color, shape, specific

gravity, chemical structure, sizand other properties (Hidalgouz et &, 2012).

Understanding he and to what extent microplastic particles are distributed among

marine habitats is critical to understanding their physical behavior in the marine
environment. According to most studies, bottom sediment has the highest
concentation of microplastics. Loer concentrations of water surface samples are

then measured, with the lowest values defined (HidRlgp et al, 2012). Sediment

samples range between 0.028654 per mat the water surfacand between 0.014

- 12.51 per rin different depths. Micropldigs have been discovered, as stated by

reports (HidalggRuz et al ., 2012). Acc,onicbplastigs t o ¥z g ¢ |
calculated for the eight rivers flowing into Mersin Bagref ound as 293N509
particles/ M. This amounis equal to Mersin Bay's tal microplastic stock. Van
Cauwenbergheeet al. (2013) state that the oceans have low surface concentrations

of eight particles per kilogram of sediment (Thompson et al., 2004) and three

particles per cubic meter of water (Doye al., 2011). When the Icalation is

repeated with the sand density in the sediment in mind, the result is 21200 particles

per n¥. The difference in concentrations in the literature can be attributed to
differences in sampling methods (the use of sejparly density differencand the

analysis of volumeeduced samplesnd it is critical to consider the mesh size

utilized for sampling). Aside from the different methodologies, -Sitecific

characteristics such as recreational/industrial load and nbo#ediment are

important. A a result, it has been determined that bottom sediment carries the

highest concentrations of microplastic particles has yet to be adequately proven;

12



however, there are several physical reasons underlying this distributiondgror

to field measurementshe found disparities in microplastic forms and quantities in
the primary coastal habitat sections vary depending on the microplastics' import,
export, and residence times, as well as their properties, most notably the size and
specific densities of theopymers (Chubarenko et.a2016). The physical properties

of microplastics under consideration necessitate more precise definitions of size
classes. According to Arthur et al. (2009), microplastics are "parts smaller than 5
mm and plastic of primary origi." However, there is still debate about
"microplastics” minimum size (Thompson, 2015; Ryan, 2015) because these
considerations are dependent on analysis and sampling (Hidalget al., 2012).

As an examplepn the Pakistan coast, seawater extracts vpeoeessedsing three
differentf i ne mesh (500 Om, 250 Om, and 55 Om)
filters was dehydrated and saved for further examination. (Alehalj 2022). But

in most studiesthe Neustonweb with a mesh size of 0.33 mscomnonly used to

gather specimens (Arthur et al., 20a8)s number may also serve as a bottom bound

for the size of microplastic particles. When sampiese sieved, the collected
particles’ minimum size varied betwe@® mm- 2 mm (Fujieda and Sasaki, 2005
Costa et aJ 2010);the lowest microplastic dimension ithe water sample was
observed when the mesh size of the web was between 0.053 mm and 3 mm {Hidalgo
Ruz et al, 2012; Nor ®n 2 P004). HidgolRozrepas. (R012)et a |
advised two maimsizes to differentiate the categories of microplastics: (i)5<mm

and (ii) 0.5 mm to 5 mm. Many evaluations in the literature have assumed particle
sizes ranging between 0.5 mm to 5 mm. The lowest limit is sdl&apghazardly
based on physical knowlgd (Evaluating their motion in transition flows, namely

Reynolds numbers above Stokes state)

Plastic density can change as a result of exposure to seawater. For example, after
exposure to the aquatic environment cauelextended period, the specific densif

pellets (densitpyfpo |l yet hyl ene and pol-Fesguspmeeghe) dec
2010). As a result, many marine microplastics have distinct denstimsparent

polymers. The polymer distribution in seaaratnd sediment is unique to each
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locaion., and the processing techniques utilized have an impact on it. For example,
(Woodall et al, 2014) found that viscose (rayon), a fmastic synthetic polymer,
accounted for 56.9 percent total amount of syntHdters in deep water sediment.

The mostcommon plastic fibers in this study were polyamides, acrylic, polyester
and acetate. Typically, high and ladensity polystyrene, polypropylene,
polyethylene which is also reported to be denser than water, pokmthyl
terephthalateand polyvinyl chlordle have been identified as floating microplastics

on the ocean's surface (HidalBuz et al.,, 2012).The nverse situation of
microplastics with low density in lower sediments is still to be identifiédn(
Cauwenbergeaet al., 2013). Regardless, ocearagirers trawling the bottom of the
Baltic Sea to find their lost equipment confirmed the existence of several plastic bags
at the bottom of Gotland, Sweden (Chubarenko et al., 2016). According to recent
researchThe Mariana Trench is the ocean's deepedt paietching about 10,975
meters; A plastic bag, such as the type given out at supermarkets, is found and
currently the deepest recorded fragment of plastic litter (National Geographic
Society 2019, July 1).

The most frequent types of microplastics &ileers, pellets, and particles with
geometries ranging from spherical to irregular. Plastic product fragments were found
to be the most abundant on the beaches and the surface, afterward by plastic pellets
(Takaina, 2022; Moore et al., 2001; Browne et &010; Ryan, 1988) and styrofoam
(Yamashita and Tanimura, 2007). Polyethylene, polypropylene, and polystyrene
were found to be the most prevalent polymers in the microplastic specimens
(Takaring 2022). Accordng to reports, the shape of plastic partddétermined by

the amount of time they spend in the environment as well as the disintegration
process (Hidalgd&ruz et al., 2012). Sharp edges are usually associated with new
entrances tohe sea orfurther fragmentation of big pieces, whereas soft edges are
usually linked with older particles thatre progressively polished by sediments
(Doyle et al., 2011). According to Gilfillan et al. (2009), Larger fragments have
longer forms and/or uneven surfaces, while sendfagments are mostly round.
(Hidalgo-Ruz et al.,, 2012). According to Woodall et al. (2014), all of the
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microplastics in deep water bottom sediment are in the form of fibers, which are
usually 23 mm long and smaller than 0.1 mm in size. While plasiag$ for
shopping and packing, insulation,egnhouse, building, and packaging films) are
abundantly stated in macro sizes on beadezsyaterand bottom surfaces, they are

classified as fibers because they are primarily divided into threads and fibers.

The information presented above essentalllyws the estimation of specific periods

and time scales of microplastic particles, as well as some of their physical and
dynamic properties in the marine environment. Wind transportocanr while

floating onthe sea surfacés valid for lighter microphstics (such as foamed
polystyrene) and for lightly floating particles their contaminatiordependsupon

settling The sinking rate of heavy microplastics is useful in providing a scale for
their travel periodsn the aquatic environment. These charastes are critical for
gaining a broad knowledge of microplastic activity and accumulation in the marine
environment, as well as for identifying various parameters that are critical for further
computationalmocelling. In the marine environment, the totatotion of a
microplastic component is connected to physical factors such as gravity, buoyancy,
and drag force and is affected by particle properties such as size, shape, and density.
Low-density microplastics ar positively buoyant, allowing them to travieing
distances on the sea surface and end up on sandy beaches far from their origin.
Particles with low specific density, on the other hand, have been discovered in
subtidal sediments (Thompson et al., 2004vre et al., 2011; HidalgBuz et al.,

2012 Claessens et al.,, 2011yhe overgrowth of micro and macro organisms
increases specific density, contributing to buoyancy loss and microplastic buoyancy
(Hidalgo-Ruz et al, 2012).

2.2 Transport of Microplastics

When it comes to the movement of microplastatigles, typical assumptions are
used, but two important points must be noted: (i) because of their small size, the

related Reynolds values represent the transition phase of movements where Stokes
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and developedurbulence relations cannot apply, and $ijspended solids in the
marine environment. The majority of material transport research has focused on
bottom sediments; howevehe density of microplastics is much lowers a result,

the applicability of the derived formulations must be confirmedribf,lthe physical
attributes of marine microplastic, such as density, length, and geometry, determine
their activity and journey in the sea, including their migrationturlbulent layered
marine environment, residency period in various marine ecosysa@chamount of

bio-pollution.

Chubarenko et al. (2016) presented basic time and -sjpaieat scales defining
particle behavior of various geometries and densities in #itecE5ea based solely

on geometric considerationsomparing some properties, cantination rates, and
sinking rates of particles of various shapése wind is the most important factor for
ultralight buoyant microplastics (foam polystyrene, 0d@Bnt). Force analysis
revealed that light round particles should bowl on the surfack,anrift velocity

four times greater than the current velocity. Because the impacts of water viscosity,
waves, and other aspects were not taken into account, the devaésrobtained

are maximum estimates. In any case, very light floating and tuminlicigplastic
particles would have to move noticeably faster than water, and the effervesce plastic
should only travel across the Baltic Order from one shore to the oblwert @50 km)

under relatively mild winds of only 1@/swhich can take up to threkays. These
findings demonstrate that positively floating microplastics can be easily transported
over extremely long distances. When biofouling is considered for patticleBoat
slightly (e.g., polyethylene, polypropylene), the average particle tgensreases,
causing the patrticle to sink. According to the assumption that the particle surface
area is linearly proportional tthe rate of growth in total mass, it hagdn
demonstrated that for a given quantity of plastic material, various tinylpartiave

a higher surface area than a single large particle, and macroplastics remain on the
surface for a longer period of time. The fouling time to water density is $tabex
directly proportionate tohe radius for round particles proportional to fewwe area

and constant fouling rate. Among all possible shapes, spherical particles have the
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smallest surface area; it has been explained that fibers have the highedt area o
surface for a given mass, followed immediatahfilm -shaped plastics. Foulingrte
to water density has been proved to be on the samedgsurk another in size for

films and fibers and nearly twice that for spherical particles.

Microplastics can eet the food chain directly through the organs and tissues of
marine megafauna (Whed, dolphins, seals, penguins, gigantic squids, and other
enormous ocean animals, sharks) or indirectly through the primary producers of the
food chain (phytoplankton). Smat microplastics, particularly those smaller than 2
mm in size, represent a largharm to marine species. (Lam et al., 2020).
Furthermore, small microplastics have greater sutas®lume ratiosandhigher
amounts of heavy metals and organic contanigan the environment can be
adsorbed on them. (Pan et al.,, 2021). Previous dsedemonstrate that
microplastic absorption by marine organsstras grown prevalent owing to the
increased resemblance to plankton species as the fragments get smedéer(Bus

et al., 2019).

In a recent study, De Frond et @019) sought to quaryi the numberof additives,

such as polychlorinated biphenyls (PCBSs), that are transported by marine plastic
litter. However, the study by De Frond et €2019) did not cosider the final
destination or disposition of the plastic particles or the meamanisrough which
pollutants are adsorbed onto them. To address these gaps in our understanding,
Guerrini et al (2022) proposed a new model that combines Lagrangian tragking
microplastics withthe Eulerian advectionliffusion modelling of pollutants. Tis
modelling approach involves simulating the interconnected movements and
interactions of microplastics and pollutants over space and time within the ocean
surface layer. fie movement of microplastics is simulated using data on surface
currents, while thenovement of pollutants on the sea surface is modeled based on
the concentration gradient. Additionally, the model takes into account the exchange
of pollutants between thaicroplastics and the surrounding seawater, considering
the concentration of pollahts on each particle and in the surrounding water. By

considering these coupled dynamics, the model provides a better understanding of

17



the distribution and fate of thesentaminants in the marine environment. According

to Guerrini et al (2022), the modeconsists of three main components: particle
transport by surface currents, advectibfiusion of pollutants on the sea surface,

and mass transfer of pollutants betweertiglas and seawater. To solve for these
components, the model uses an operspditing approach, in which each
component is treated as a separate subproblem and solved independently over a
specific time step. The operatsplitting approach is a mathetital method that
allows for an efficient solution of complex systems by breakihgrh down into
simpler subproblems. Once all subproblems have been solved, the solutions are
combined to complete a fdilme step of the simulation. This approach allows
Guarini et al (2022)'s model to efficiently solve for the interlinked dynamics of

microplastics and pollutants within the ocean surface layer.

Guerrini et al (2022)'s model was applied to the Mediterranean Sea by simulating
the movement and pollution caused by micasfits in this region and was able to
identify areas where microplastisediated pollution is particularly pronounced and
apportion this pollution based on the sources and geographic origins of the particles.
Additionally, Guerrini et al(2022)'s model aalyzed particle trajectories to detect
recurrent spatial patterns thaty drive the interactions between microplastics and
pollutants at a basiwide scale, revealing that largeale transport of particles and
bound pollutants can occur between distabtlzasins in the Mediterranean Sea and
that different source types ofiecnoplastics can have different patterns of adsorption
and desorption of pollutants. Riverine particles were found to be the most significant
in conveying the target pollutant throughoilne Mediterranean basin, largely
contributing to the vastest desogutiareas. According to Guerrini et @022), their

model found that coastal particles had high rates of desorption (the process of a
pollutant being released from the surface of aroplastic) in the Adriatic and
Eastern regions of the Mediterranean ,Sedaile adsorption (the process of a
pollutant being absorbed onto the surface of a microplastic) was more common in
the Western and Southern regions of the Mediterranean Sea. Tlu#sgsfisuggest

that microplastic pollution cannot be effectively addeelssy solely focusing on the

18



physical risks it poses to marine life. It is also important to consider the chemical
hazards that microplastics can pose, as some pollutants that becorieeddnto
microplastics may be subject to biomagnification (the m®d® which pollutants
become more concentrated as they move up the food chain). A comprehensive
approach to addressing microplastic pollution must consider both the physical and

chemial hazards it poses.

According to Guerrini et a{2022), efforts to r@uce the environmental threat posed

by microplastic pollution in the oceans should not only focus on improving waste
management practices, which can help reducaudhgberof microplasics entering

the oceans. It is also important to consider the cherhazdrds associated with
microplastics, which may accumulate contaminants and pose ecotoxicological risks
through biomagnification. In order to effectively address these risks, future
modelling efforts should examine pollutant fluxes to the seafloor andr the
distribution along the water column to inform and prioritize actions on key pollution
sources. This is a crucial task for marine conservation, as the health of the oceans is

importart for the weltbeing of future generations (United Nations, 2020).

The Mediterranean Sea is particularly affected by microplastic pollution, as
predicted by numerical models (Lebreton et al., 2012; Van Sebille et al., 2015;
Guerrini et al., 2021) and confied by field measurements (Suaria et al., 2016). This
is a cause forancern given the already heavily impacted marine biodiversity of the
Mediterranean Sea (Micheli et al., 2013).

According to G¢gven et al. (201flonthet he av
digestive system of 28 species of fish examined in Mersinvgesy0.6 mm. Only 5

of the 1822 particles were more than 5 mm in length. Bellas et al. (2016) found that
almost a quarter percent of 212 fish taken from the Atlantic Ocean had consumed
microplastics, with 0.8..0 mmbeingby far the most common size clagsation.

These data reveal that the smaller the particle size, the more likely it is to be eaten

by various sea life (Wright et al., 2013). Browne et al. (2011) There are numerous

studes in the literature that investigate the presence of microplastigtipollin
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marine and marine organisms ranging from plankton to marine mammals, seabirds
to marine reptiles, and its transmission through the food chain (Sol and Costa, 2014).
Microplastcs are easily ingested, particularly by living things (low trophic dgua

the tail end of the food hierarchy. Farrell and Nelson (2013) demonstrated that
microplastics can pass from mussel to crab in their study. Buoyant floating plastics
exacerbate th@roblem by assisting transoceanic ships in transporting microbial
comnunities to foreign waterHoarau et al. 2014; Frias et al., 2014; Long et al.
2015; Eriksen et ak014;Provencher et al., 201%yright et al. 2013; Lechner et

al., 2014, van Franek and Law, 2015; Juan et al., 2014; Di Beneditto and Ramos,
2014; Matlalon and Hill, 2014). Furthermore, because microplastics have a higher
surface are#o-volume ratio than macroplastics, toxic organic molecules with lower
molecular weights can adhei large surface areas of microplastics and pass into
the organs and ssies of sea creatures. Frias et al. (2014) discovered microplastics
in 93 of 152 zooplankton samples collected in Portuguese coastal waters between
2002 and 2008.

In terms of populatio and maritime traffic, the Mediterranean Sea is one of the most
employedandimportant seas in the world. The MediterraneaniSaamajor source

of food for people in the world, and it is a major trade route. The Mediterranean has
large population concémations owing to tourismln the past 40 yearshe
inhabitants of thiMediterranean's 18 coastal countriegdexpanded to 466 million
people. This population is expected to reach 600 million by 2050. Furthermore, the
Mediterranean accounts for 30 percef global maritime transport, making it one

of the world's busiest aterways (Suaria and Aliani, 2014he Mediterranean Sea

is supplied by waterways from basins in Africa, Asia, and Europe. The major rivers
that supply the Mediterranean waters areNHe, the Tigris and Euphrates, and the
DanubeThe Mediterranean Sdacated in the heartofthesoal | ed A Ci rcl e of
is especially vulnerable to the impacts of marine littdrichis a problendeveloping

at an alarming rate. The process of maditter accumulation and dereliction begins
with the material beingumped overboard from boats, ships, and other maritime

vessels. This refusal then accumulates on coastal and offshore shelves as well as
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nearshore wateiiswhere it can often be mistakésr food by seabirds or fish. Once

t his debri s r ecaec,heist tehnet esresa Oisphstispensgnain gy r e ¢
and concentration due to wind, waves, and currents (OECD Maritime Strategy,
2010).According to Galgani et al. (2015), the Mediteean's marine litter density

is high.As a result, the Mediterranearvisinerable to marine pollutioEven though

the Mediterranean has a sensitive ecosystieene has been little information for a
long period on the division, type, quantity, and origin of marine litter in the literature.
Regional water data are almost rexistent (Suaria and Aliani, 2014). However, it
has been discovered that plastic accedot 83% of the traceable floating litter in

the Mediterranean (Galgani et,&013, Cozar et 3l2015). According to Lebreton

et al. (2012), the Mediterranean Sea lone of the highest marine litter densities in
the world. Although the Mediterraneaadin is known to have a sensitive ecosystem
structure, there is very little information on the start and distribution of marine litter
at the basin scale. The majority studies are focused on the garbage that has
accumulated on the beach and sea floali(@t al., 1995; Stefatos et al., 1999,
Galgani et al., 2000, Pasquini et, 2016). Floating litter has gotten lesser interest
(Suaria and Aliani, 2014, Ru@rejonet al., 2016). Tubau et al. (2015) discovered
that 73 percent of marine wastes in saapollected by diving between 14331
meters in submarine canyons off Genoa and Lion Bays in the northwest
Mediterranean were plastic. Collignon et al. (2014) disaavéhat 54 percent of the
plastics presern thesurface are wide microplastics witsiae of 25 mm in a study

on micro and mesoplastic wastes in Calvi Bay (Corsica). Vianello et al. (2013)
researched microplastics in sediment samples collected freehice Lagoon's

tidal areas and discovered that the most prevalent microplastic types
polypropylene and polyethylene. They also discovered that 93 percent of the
microplastics were between 30 and 500 micrometers in size. Suaria and Aliani
(2014) stdied surface marine litter in the central and western Mediterranean regions
and discoverd that plastic was responsible for 82% of the pollution. In the same
study, the southern Adriatic Sea had the most intense pollution of the studied region.
Plastics acount for 56 percent of marine litter in the Eastern Mediterranean,
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according to Koutsaehdris et al. (2008). In another study, Orejon et al. (2016)
collected floating marine litter ovéwo yearsin Sardinia, Sicily, the Adriatic, and

the lonian Seas. Thealiscovered that 97 percent of the floating litter sampled was

plastic and that the wght of plastic litter was microplastics. Studies on plastic
pollution in T ¢ r ksimarene areas have mostly focused on macroplastics with
dimensions greater than 200 mand they have been conducted in the form of
macroplastic counting along tlseawatercolumn and beaches in specific coastal
areas. Eryakar et al . (2014) classified
T ¢ r kang discovered that 73 percent of waste was macroplastic waste. In their
review article for the framework directive of maritres at egy, Vi kne and
investigated the current state of marine litter in the Black Sgav e n (2017) a |
measured microplastic concentrations in seawater and sediment in the North East
Mediterranean and detected microplasticthmmwater surfae, water column, and

sediment samples. In the same study, estuaries and coastal areas of densely populated
residential areas were identified as areas with high levels of microplastic pollution

inT ¢ r ksiNgrth East Mediterranean Sea.

International studie have demonstrated the significance of plastic pollution in the
seas, prompting the development of international action pratie 18th conference

of the Barcelona Convention, held in Barceldh&as decided to develop regional
plans for the preclush of marine solid waste in the Mediterranean. This decision is
based on the Barcelona Agreement's Terrestrial Resources Protocol, to which
T ¢ r kis als@®a signatory. It aims to achieve Good Environmental Status by 2020
based on eleven descriptive crigeestablished in the European Union's Marine
Strategic Framework Directive (Directive 2008/56/EC) (Galgani et al. 2013). One of
these eleven defining criteria is pollution caused by marine litter. To achieve this
goal, member states are expected to devattd implement monitoring programs
that will allow them to effectively control pollutiereduction measures. Reduced
marine litter is one of these measures. Transport models are useful in explaining the
temporal and spatial changes of marine litter ia twintext (Neumann et al., 2014).

Wind, nearshore currents, wave action, and tidal dynamics are used to model the
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movement and storage of floating waste (Rech et al., 2014). Plastic waste pollution
is well known in the North and South thfe Atlantic and Rcific, as well as Indian

Sea eddies (also known as the five-tapical eddies) around the world (Goldstein

et al., 2013; Desforges et al., 2014). This amount is estimated to be around 5 trillion
pieces (250,000 tons) (Eriksen et al., 2014). Cole €R@ll1) demonstrated that
microplastics are found throughout the water column, particularly in coastal waters
with dense populations. In the literature, there are model studies on the transport of
macroplastics and microplastics (Sherman and van Sebillg; Zukulka and
Brunner, 2015Ballent et al. 2013 Lebretonet al, 2012 Potemra, 201,2Kukulka

et al., 2012). Carson et al. (2013) investigated litter reaching the sea frobalseul
pollutants reaching Hilo Bay on the island of Hawaii and discovehed

approximately 75% of it was macroplastic.

Numerical modelling has been particularly useful for describing the transport of
microplastics on the surface of the ocean and has been used to study garbage patches
(Maximenko et al ., 2012; Eriksen et &Q13; Law et al., 2017), to predict the fate

and transport of micpl asti cs i n t he Muojdsetatr2018)ne an
and the Adriatic SeaSchmidet al., 2@1), and to understand the influence of wind

and waves on the transport of microplastidsdrady, 2011).

I n a r ec e nRoasetal. 2019) uskmphrticie tracking model to study

the transport of microplastics (MPs) in the lonian Archipelago, an area located in the
western part of the Greek coast that is known for its high towadivity and rich
marine biodiver si iRgjas etél.c(20@a9), dOOnngcroplastic J a |
particles were released at five locations within the archipelago on May 5,8@l9
tracked until August 28, 2021. The microplastics were simulated to hameséyd

of 0.9 g/cnd, corresponding to polyethylene (PE) and/or pabpylene (PP)The
results of the study showed that the transport of microplastics in the lonian
Archipelago was mainly controlled by diffusion in the areas of Corfu and Lefkada,
while boh advection and diffusion influenced the particle movements at
Igoumenitsa, Zante, Argostoli, and the Gulf of Patra. lgoumenitsa is a port city

located on the northwest coast of Greece, and both advection and diffusion
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influenced the movement of particl&ante, also known as Zakynthos, is an island
located to the westféhe Greek mainland in the lonian Sea. Argostoli, the capital of
the island of Kefalonia, is located in the lonian Sea to the west of the Greek mainland.
The Gulf of Patra is a body of veatlocated on the western coast of mainland Greece.
Beaching occuad quickly for microplastics (presumably meaning particles)
released from Igoumenitsa, Argostoli, and Zante, while microplastics from Corfu
and the Gulf of Patra had longer beaching tinBesaching refers to the process of
particles comingtorestonthe® r e or beach.-Rojmsetad (2@l9)ng t o Jal
particles released from Igoumenitsa, Argostoli, and Zante quickly made their way to
the shore, while it took longer for particles eded from Corfu and the Gulf of Patra

to reach the shore. Lefkadd®aching times were intermediate. Overall, the
dispersion of microplastics affected mainly the nearby coastal areas, within a
distance of up to 35 km from the release location. The mi@stips that were still
floating at the end of the simulation wera transported more than 60 km from the
release locationThe study concludes that microplastic pollution originating within
the lonian Archipelago affects the marine ecosystem of the sagien, and
considering the high tourism activity of the loniaratsds, this could cause serious
problems for a | arge number of-Roaseti ne speci
al. (2019) recommend further research, including a sampling campaign ydrstud
distribution of microplastics in the lonian Archipelago inmndetail. In summary,
thest udy Rgas étall(201D) provides valuable insights into the transport of
microplastics in the lonian Archipelago and highlights the need for furteeameh

on the distribution and impacts of microplastics in theystedion.

In a study conducted by Choi and Zhang at the University of Hong Kong, the effects
of secondary motions on the settling behavior of microplastic fibers were

experimentally invesgjated (Choi and Zhang, 2023). The researchers found that the
presewe of secondary motions resulted in an orientatiependent settling process

for microplastic fibers, which governed the drag coefficient of the fibers. To better

predict the drag coeffients of microplastic fibers, the researchers proposed a new
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drag malel that took into account the effects of secondary motions (Choi and Zhang,
2023).

The proposed drag model in the study by Choi and Zhang (2023) considered the
effects of secondary motiomms the drag coefficients of microplastic fibers. These
secondary mtions, which refer to the lateral and rotational movements of settling
particles, are known to significantly impact the settling behavior of particles in
aquatic environments (Mando and $eadahl, 2010). Choi and Zhang (2023)
conducted experiments to maes the settling behavior of microplastic fibers and
used the data obtained to develop and evaluate a new drag model that accounted for
the influence of secondary motions. The results ef skudy showed that the
proposed model was able to more accurafglgdict the drag coefficients of
microplastic fibers compared to existing models that did not consider secondary
motions. The Maxeyiley equation is a mathematical model that describes the
motion of a small, neutrally buoyant particle in a fluid flowtakes into account the
forces acting on the particle, including gravity, viscous drag, and the lift force due to
the relative motion between the particle and the fluid. The modified Maxey
equation includes additional terms to account for the eftdqtarticle rotation and
deformation on the particle's motion. When the proposed drag model, which
accounts for the influence of secondary motions on the drag coefficient of
microplastic fbers, is combined with the modified MaxByley equation, it can be

used to more accurately predict the transport of microplastic fibers in aquatic

environments (Choi and Zhang, 2023).

It should be noted that the study by Choi and Zhang only considerestthieg
behavior of stiff microplastic fibers in quiescent watenditions (Choi and Zhang,
2023). Further research is needed to understand the secondary motions of flexible
microplastic fibers settling in nequiescent water conditions (Choi and Zhang,
2023).
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CHAPTER 3

THEORY

The transport of microplastics in coastal areas is modeled as partiskeswater
Microplasticsdo not affectthe velocity pattern and follow the velocity field. The
coastal water body is turbulent that can also be described as rasuitima,velocity
changes in space and also in tilhlkemovemenbf plastics in theoastal areasan

be modeled in two different waysirst is by thesolution advectiondiffusion
equation for mass transpdqBEulerian approach}second is theandom walkmodel
(Lagrangian approach). The frst approach defines a control volumand
microplastic concentration is considered as a function of time and space. In the

second approach, the path per microplastic particeas/zed.

3.1 Advection-Diffusion Method

Microplastics are treated as noncohesive sediment particles with diameters between
75 -500 Om with v ar i ab ldifusiod enodule tinclelss. Adv e

resuspension, transppaind deposition of noncohesive sediment particles.

The threedimensional adection-diffusion equation solved inthe ECOMSEDmodel
is givenas HydroQual 2002
OCELO( u+©)( v+©)( {wyy _)EA OoC O oC O OocC

Ot Ox Oy Oz ~Ox 5x+6yAHT e we, NSo L]

where C: microplastic concentratignx,y: horizontal coordinates z: vertical
coordinateu, v, w:velocities inx, y, zcoordinates respectivelyy: fall velocity of
particles t: time; An: turbulent diffusion coefficient in horizontaKu: turbulent

diffusion coefficientin vertical S: $uce term.
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Boundary conditionsra given asollows:

KOC—O at r=f 2

HE L (suwr=f ace) [o. 2]
oc .

KH.EZ:O-Oat-Hz:(bottom) [o. 3]

Where,h: water surface elevation above a specified datunaegth of bathymetry
below the datumEs: resuspension flux ahicroplastic particles; Pdeposition flux
of microplastic particles.

The settling velocity of microplastic gecles denser thathe seawaters specified
asaninput to the modelThe concentration of microplasti¢S) is generallydefined

in terms of nass per volun{g/m®] or as the counts of particles per volufparticle/
m°]. The diameter of particl® and heir densityr , can be defined &8 =nrp( ~  /
6) D3 (Zhang, 2017). In the transpormodelling of microplastics, besides the
density, the fall velocity is also importarithe following equation for theettling
velocity of the spherical particlgsvp) (HydroQual,2002).The critical shear velocity
for resuspension is takéine same as the settling velocity.

n
Xp g GU pgQ & yp#8Y [0. 4]
wher 7. kinematic viscosity.The nondimensional particle parameteb+} is
defined as

yec 7

n

dp

ae:T-l [0. 6]

wherer : seawatedensity,r p: particle densityandg: gravitational acceleration

The critical bed shear velocity,;; ; » Af@riinitiation of bed motion is then computed

using the Shields criteria

Wh AR NE S 7 [0. 7]

The critical mobility parameteng) is defined as:
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The critical shear velocity for resuspension is taken as the fall velocity of the

particlgwp).

The first step in the calculation procedure of resuspension of microplastic
partides is to compare the shear velocity with the critical shear velegitgted to
settling velocity Transport in suspension occurs only when the shear velocity
exceeds bothhe Shields criterion for bedload motion and the critical shear velocity
for suspesion. If resuspension occurs, tparticle diameteand shear velocitgre
used to determine the reference concentratipat @e height o{z = g above the
sediment bedThereference level abouwhe bed is considered as a = max ( 0.01H,
ks ), where kds the Nikuradse roughness heidfinally, the local values aghear
velocity, particle diameterand Ca are used to calculate the suspended sediment
transport rateWhen tke bed shear velocity is less than the critical value, then
particles deposit to &éhbed.Further details of the model equations are given in
HydroQual(2002).

3.2  Particle Tracking Method

The movement of particles within an aquatic system candaieled by treating them

as a conservative substance, which is a substance that does nob amyecgange

in its chemical or physical properties during a reaction or transport process. To
understand this movement, a mass transport equation is oftenThse@quation
describes the movement of a substance within a system by considering fadtors suc

as diffusion, advection, and chemical reactions.

One approaclior solving this equation is the randemalk approach, which was

introduced by Thompson and Gell{a990. This method involves calculating the
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displacement of particles through a combinatban advective component, which
represents the deterministic movement of the particles, and a random Markovian
component that approximates the dispersion chexiatics of the environment. The
Markovian component, named after the Russian mathematicidneiANMarkov,

refers to a type of probability process that follows the "memoryless” property,

meaning that the future behavior of the process is not dependishsiory.

The combination of these two components allows for the movement of particles to
be simulated in a way that is consistent with the concentration resulting from the
solution of a mass transport equation. This technique, proposed by Dimou and
Adams (1993, has been successful in accurately predicting the distribution of

particles in an acatic system.

In a threedimensional environment, a conservative substance is transported by
various processes that can affect its movement. Advection reféisaovement of

a substance due to external forces such as currents, while dispersion réfers to
mixing and spreading of a substance due to processes such as diffusion and
turbulence. Both advection and dispersion can influence the transport of a
consenative substance and must be taken into account when understanding its

movement.

To analyze thetransport of a conservative substance in a tdieensional

environment, the mass balance equation is often used. This equation describes the
movement of a suksnce within a system by considering factors such as the amount

of substance entering and leayithe system and any changes in the amount of

substance within the system. In certain situations, it may be helpful to use the s
transformationwhichcan alsobbe r epresented with the Greek
mathematical technique, to simplify the s@uatof the mass balance equation. The

s transformation works by changing the variables in the mass balance equation from

spatial coordinates to a new set of ghles, known as s coordinates. This can make

it easier to solve the equation, especially whHen movement of the substance is

more complex. The s transformation can be applied specifically to the vertical
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direction, which refers to the direction perpemdie to the surface of the earth. By
introducing the s transformation in the vertical directiors possible to easily solve
the mass balance equation and better understand the transport of a conservative
substance in a thretmensional environment thdas varying properties in the
vertical direction, such as changes in temperature or sglityiyroqual, 2002)

a -

R -

[o. U

In an orthogonal curvilinear coordinate systenty h, , whereO ¢hw is the water
depth,— afto is thesurface elevation, an® "O—, the transport equation for a

conservative tracer can be written as (Zhang, 1995),
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The transport equation for a conservative tracer in an orthogonal curvilinear
coordinate system can bmodified to include additional factors such as
concentrabn, unit grid cell metrics, and velocity components. Specifically, C
represents the concentration of the tracegru h represent the metrics of the unit

grid cellinthe and, directionsand U and W represent the velocity components
along the, and, directions. By including these factors in the equation, it is
possible to more accurately understand the transport of the tracer within the system.

By rearranging the transport equation, we obtain the following form:
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The transporbf a conservative tracer can be understood using particle tracking
models, which represent the concentration of the tracer by a collection of particles
and track their movement within the system. The displacement of the particles in
these models is calated wsing the randorwalk model, which combines an
advective component representing the deterministic movement of the particles with
a random Markovian component approximating the dispersion characteristics of the
environment. The movement of the particle his model is governed by the non
linear Langevin equation, a type of stochastic differential equation that describes the
evolution of a particle subjected to random forces.

= 5@ 6O [0. 19]
The given equation represents the movement of a particle over time, where the
position of the particle at time t is denoted by the veidy. The deterministic
forces ating on the particle, which influence its movement, are represented by the
vector A(X,t) and the random forces that leadthe diffusion of the particle are
represented by the vector B(X,t). The random numbers vectph@$tzero mean

and unit variance.

The ItoFokkerPlanck equation is a mathematical equation that describes the
evolution of the probability density function over time in a system where random
forces are present. It can be derived from the transport equgtien in the text by
taking thelimit as the number of particles becomes very large and the time step used

to solve the conservation equation becomes very small. THeokikerPlanck
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equation relates the change in the probability density functionetaaterministic
and random forceacting on the particles. It has the form:
P e Povg (0. 20]
o @ G
where f is the probability density function, A the vector epresenting the
deterministic forces, and B is the vector representing the random forces. The
conditional probability density function f(X,t [o)o) represents the probability of the
particle being at a certain position X at time t, givemnitsal position Xo at time .
Therefore, given the probability density function, the vectors A and B can be
determined and the position of each particle can be calculafedconfirm the
accuracy of the tracking method, tests were conduwiagparing it with analytal
solutions for various types of channels, including straight channels with flat or sloped
bottoms and circular channels with open or closed lateral boundaries (ZBa6y
These tests showed that the methodology was ablevaprcorrect answersifall
test casefHydroqual, 2002).
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CHAPTER 4

MODEL APPLICATIONS

Situated in the eastern Mediterranean S
substantial levels of microplastic pollution from the mainland, predamiy

conveyed through river(Figure4.1). As a result, the study area for microplastic
transportmodellingwas sel ected i n the coasndal regi
Del i -ay r i ver s Bayiwhdrasome rmeasuremdmrs have roeen

conducted on the microplastic pollutitevels( G¢ ven etAkassuetal., 2017
2020. The wind and wave climate, wave propagatwater surface variationand

current climate were studied using the HYDROTA threedimensional coastal

model system for hydrodynamics, transport, and wagetity. Studies on marine

microplastic transport and accumulation were conducted using two different
transport submodusenf the ECOMSED model, namely the adveciiiffusion and

particle tracking methods.

Figure4.1 Mersin Bay as the study ar@@aoogle Earth, 202

35



4.1 Wind Climate

Hourly wind measurements between 1971 and82b@m Mersin Meteorology

Station (MS) (3@821949N-34.624515E) were used to determine the wind climate

of the study area. Also théxshourly wind predictions for 206Q0018 obtained

from the closest ECMWF operational archive station located atl3&86 E (on

land) and at 36,8-34,7 E and 36,7N-34,6 E (overseas), and the six hourly wind

predictions of NCERCFSR (National Center foEnvironmental Prediction

Climate Forecast Sy s3tde nb AREe a(noavl eyrsgeesa)s )at w3e6r, ef
(Figure4.2). Comparisons of wind speeds for common periods o$tidwgonsare

shown inFigure 4.3, and wind ross are shown ifrigure 4.4. All wind speed

measurements and estimates shown are for a height of 1&m (U

36.52N-34.5°E

Figure4.2 Locations of windstationscompared Google Eah, 2022
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Figure4.4 shows comparisons of lorigrm wind measurements and predictions.
The ECMWF wind speed forecast over land is about 0.96 times smaller than the
wind speeds measured at Mersin MS. The neanesteas stations of ECMWF
wind forecastsarel oc at e d -3a4t. 73A&. 8 ABNdd 6 AE. WAN h t he
MS. The predicted wind speeds at these stations are 1.03 times and 1.17 times
greater than the readings from Mersin MS, respectively. These comsaisim

that the ECMWF wind forecasts are quite comparable to the data from the Mersin
Meteorological Station. Overseaind speeds are found to be greater thiatand

wind speeds, and this ratio, which ranges from 1.03 to 1.17, is consistent with the
coefficient recommended (between-2.®) in the literature for convertirap-land

wind data to oversea wind data (CEMQO06). These comparisons between
meteorological steoon data and ECMWF forecasts demonstrate the accuracy of
ECMWEF offshore wind forecasts. f3hore wind forecasts are important for
making decisions and for planning for variable weather conditions. Following the
comparative studies, it was determined the wind forecasts for ECMWF
coordi nald 4. BAE,6 AMh i-terim datasourcehtthe cbastal grea
open waters, can be used to determine the wind conditions in the studied Mersin
Bay coastal waters between 2000 an@120VNind forecasts of the B@WF
Operational Archi ve-3at. TtAhke fcrodbareRigeda0t & oo f2
for the research region wind climate studi€se annual and seasonal wind roses
are given in Figure 8. The occurence of wind speeds in each directias
determinedamually and seasonally iffable 4.1 to Table 4.5. The loglinear
probability dstributions for the longerm wind data for the dominant wind
direction from the land side NNE and NE are giveffigure4.6 andFigure4.7.

For the dominant windicection from the seasid8SW and SW are given igure

4.8 andFigure4.9. The monthly average wind speed values are obtained by taking
the arithmetic mean of all wind speeds in that mohtie monthlyextremevalues

are the highest, lowest, and average extreme véluesach month, the average of

the highest values for that year) recorded in that month during the samegveriod
shown inFigure4.10. The annual peak wind spas and their directicare given in
Figure4.11.
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Table41Wi nd st atistics based on data at ECN
34. 7AE dbebwveahR0®@0R1dor all seasos

Dir. [Max.| Av. | 0-2 | 24 | 46 | 6-8 | 8-10(10-12012-14{14-16(16-18
Spee(Spee{ m/s| m/s| m/s| m/s| m/s| m/s| m/s| m/s |m/s [SUM
misilmis| % | % [ % | % | % | % | % | % | % | %

. 11.17 3.27|1.37| 2.1 |1.08|0.28|0.07|0.03| O 0 0 |4.93

e 14.13 4.47(1.66| 4.42| 4.09| 1.92| 0.71| 0.22| 0.07|001| 0 (13.1

NE 16.04 4.86( 1.98| 6.4 | 6.59| 3.78| 1.58( 0.51| 0.06( 0.01| 0 (20.91

e 11.89 3.37(1.99] 3.89| 1.75| 0.61] 0.16( 0.02] O 0 0 |8.42

£ 11.64 2.29| 1.8 | 1.68]|0.21| 0.06| 0.02|0.01| O 0 0 |3.78

e 9.3911.91(1.48(0.75( 0.1 [ 0.02|0.01] O 0 0 0 |2.36

SE 11.44 1.82( 1.36/ 0.57| 0.09(0.01] O 0 0 0 0 |2.03

SSE 11.92 2.03( 1.44| 0.87|0.14| 0.02{ 0.01{0.01] O 0 0 |2.49

= 11.14 2.94|1.61|2.35| 1.28/0.08| 0.01| O 0 0 0 |5.33

— 19.04 4.15( 1.57| 4.39| 5.64| 1.48| 0.13| 0.04| 0.02| 0.01| 0 (13.2§

S 16.84 4.9 (1.27| 3.2 | 3.5|1.74|0.57(0.37|0.17( 0.1 | O [10.92
14.64 3.48(1.09/ 1.91| 1.12| 0.28] 0.08( 0.04| 0.02( 0.01| 0 |4.55

WSW

o 10.24 2.49( 0.89] 0.93|0.31|0.03] 0 |0.01| O 0 0 |2.17
9.23|2.11(0.84| 0.6 [ 0.12{0.01|0.01] O 0 0 0 |1.58

WNW

- 10.09 2.1 [{0.92|0.61|0.08(0.02| O 0 0 0 0 |1.63
10.14 2.44(1.08| 1.11| 0.29( 0.03| 0.01f © 0 0 0 |2.52

NNW

SUM 22.3935.7826.3910.37 3.37| 1.26| 0.34| 0.14| 0 | 100

(%)
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Tabled2Wi nd statistics based on data at E C MWEF
34. 7AE dbebmeah RPOO@0R1dor winter

Dir. |Max.| Av. | 0-2 | 24 | 46 | 6-8 [ 8-10(10-12{12-14{14-16{16-20
Spee(Speef m/s | m/s| m/s| m/s| m/s| m/s| m/s| m/s |m/s [SUM
misimis| % | % | % | % | % | % | % | % | % | %

. 10.44 3.53|1.18|2.04| 1.07| 0.35| 0.13| 0.06| O 0 0 [4.83

i 14.13 5.29|1.15|5.15|6.73| 4.05| 1.77| 0.65| 0.2 [0.03| O (19.73

NE 16.09 5.8 | 1.47| 7.7 |13.1310.4| 4.9 (1.66]| 0.2 [ 0.05]| 0.01{39.52

e 11.84 4.12|1.52|4.24| 3.29(1.35|0.45(0.05| O 0 0 [10.9

E 11.64 2.74|1.32| 1.69| 0.28| 0.15| 0.05/ 0.03| 0 0 0 [3.52

e 9.39(2.32(0.94(0.69|0.13| 0.05/0.01] O 0 0 0 [1.82

oE 11.44 2.06{1.01(0.39|0.14( O 0 [0.01] O 0 0 [1.55

SSE 11.92 2.32{ 0.79/ 0.54| 0.05( 0.03| 0.03({ 0.03] O 0 0 [1.47

= 11.14 2.38|0.87|0.76| 0.14| 0.04| 0.03|0.01| O 0 0 [1.85

— 19.04 3.56{ 0.73] 1.02| 0.39| 0.16| 0.06| 0.05| 0.03]| 0.03| 0.01| 2.48

SW 16.85 6.36| 0.78| 0.79]| 0.67( 0.62| 0.52( 0.57| 0.28| 0.14| 0.01| 4.38
13.14 3.93| 0.68| 0.73| 0.4 {0.21]| 0.2 [ 0.06/0.01| O 0 |2.29

WSW

. 10.132.57| 0.4 | 0.5]0.15/0.01] 0 |0.01] O 0 0 [1.07
8.12| 2.1 (0.63(0.39|/0.08/0.01{0.01] O 0 0 0 [1.12

WNW

- 7.61(2.19/0.87|0.43(0.09/0.04f O 0 0 0 0 [1.43
10.14 2.67| 0.7 [1.02|0.25(0.05| 0 [(0.01] O 0 0 [2.03

NNW

SUM 15.0428.0426.9917.52 8.16| 3.2 | 0.72] 0.25]| 0.03| 100

(%)
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Table4.3 Wind statistics based on data at ECMWF Operational ArcBige. 6 A N
3 4 . ToArHinate between 200@021 for sging

Dir. Max.| Av. | 0-2 | 2-4 | 46 | 6-8 | 8-10|10-12(12-14|14-16
Spee(Spee( m/s | m/s| m/s| m/s| m/s| m/s | m/s | m/s |[SUM
m/s mis | % % % % % % % % %
N |9.98(331|1.66|242|1.51]|0.33| 0.1 0 0 0 |6.02
NNE |13.38 4.25| 1.68| 4.89| 3.83[ 1.59| 0.56| 0.14| 0.06| O (12.75
NE | 13.1| 4.06| 2.06( 6.37| 4.38( 1.63| 0.52| 0.17| 0.02| O (15.15
ENE| 9.81( 3.07| 2.24| 3.77| 1.33| 0.37| 0.12] O 0 0 [7.83
E |955]231]1.78|1.41]|0.28(0.06|0.04( O 0 0 |3.57
ESE| 6.78| 2.02| 1.46| 0.79( 0.17| 0.01| O 0 0 0 |243
SE | 6.44| 2.07(1.12] 0.79( 0.17| 0.01| O 0 0 0 |[2.09
SSE| 6.07| 231 1.22|1.12( 0.31| 0.02| O 0 0 0 |2.67
S [994]|1292|161|3.05|1.19(0.09|0.01( O 0 0 |5.95
SSW|13.97] 3.94| 1.53| 5.39| 3.77| 1.07( 0.26| 0.07| 0.04| 0O |12.13
SW |15.96( 5.1 | 1.4 | 4.13|4.14| 1.83( 0.93]| 0.68( 0.26| 0.2 |13.57
WSW|14.64 3.62| 1.19| 2.63| 1.48| 0.37| 0.09| 0.05| 0.05| 0.02 | 5.88
W [ 76| 25(117|1.31( 0.4 |0.04( O 0 0 0 |292
WNW| 4.79| 2.3 |0.84| 0.9 | 0.2 0 0 0 0 0 |1.94
Nw | 6.83| 2.32| 0.84| 0.88]| 0.16| 0.01| O 0 0 0 |1.89
NNW| 8.5 | 2.67| 1.15| 1.47| 0.52| 0.06| 0.01( O 0 0 [3.21
S((l)JI;/I 22.9541.3223.84 7.49| 2.64| 1.11| 0.43| 0.22] 100
%
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TableddWi nd statistics based on data at E C MWEF
34. 7AE dbebveah RPOO@0OR1éor summer

Dir. Max.| Av. | 0-2 | 2-4 | 4-6 | 6-8 | 8-10(10-12|12-14({14-16
Spee(Spee m/s | m/s| m/s| m/s| m/s | m/s | m/s | m/sn|SUM
msimis| % | % | % | % | % | % | % | % | %

N |8.24]|248(1.09|0.96(0.36| 0.02| 0.01| O 0 0 |244

NNE| 8.88| 2.46| 1.68| 1.73| 0.4 [ 0.05| 0.05( O 0 0 |391

NE | 7.86| 2.76| 2.32| 3.14| 1.22| 0.1 0 0 0 0 [6.78

ENE| 6.59| 2.44| 2.68| 3.84| 0.64| 0.04| O 0 0 0 |72

E [514|11.97(293| 25 |0.07| O 0 0 0 0 5.5

ESE| 4.66( 1.66| 2.48| 1.03| 0.05| O 0 0 0 0 |3.56

SE | 3.94| 1.56|2.27(0.72| 0 0 0 0 0 0 |2.99

SSE| 5.55( 1.79| 2.62| 1.16( 0.12] O 0 0 0 0 3.9

S [9.81]|3.18|2.66| 3.67| 3.24( 0.15| 0.01 O 0 0 |19.73

SSW|11.88 4.47| 2.46| 7.24|15.14 4.24( 0.16| 0.04( O 0 129.28

SW | 13.1(4.54|1.66(4.37| 5.67| 3.05( 0.44]0.01(0.01| O ([15.21

WSW,| 9.86| 3.24| 1.19( 1.66| 1.27( 0.21]| 0.02| O 0 0 [4.35

W |6.66| 2.32( 0.83]| 0.49(0.27|0.04( O 0 0 0 |1.63

WNW| 5.49| 1.84( 0.63| 0.19| 0.07| O 0 0 0 0 |10.89

Nw | 6.5 |1.46|0.82(0.22| 0 [0.01] O 0 0 0 |1.05

NNW/| 5.58| 2.02| 0.94| 0.52| 0.14| O 0 0 0 0 1.6

S((EJI;/I 29.26/33.4428.66 7.91| 0.69| 0.05| 0.01| O | 100

%)
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Tabled5Wi nd st atistics based on data at ECN
34. 7AE dbetveah 20O@0P1éor autumn

Dir. Max.| Av. | 0-2 | 2-4 | 46 | 6-8 | 8-10|10-12(12-14|14-16
Spee(Spee( m/s | m/s | m/s| m/s| m/s | m/s | m/s | m/sn|SUM
ms|imis| % | % | % | % | % | % | % | % | %

N |11.17] 3.35| 1.54| 2.98( 1.39| 0.42( 0.04| 0.06( O 0 |6.43

NNE|12.09 4.13| 2.14| 5.93| 5.48( 2.04| 0.47| 0.09| 0.01| O (16.16

NE [12.01 4.4 | 2.07(8.43| 7.75( 3.12| 0.95| 0.21| 0.02| 0O (22.55

ENE|11.89 3.49| 1.51| 3.73| 1.79| 0.69| 0.09| 0.01| O 0 |7.82

E |10.35 2.37|1.17(1.11|0.21( 0.04| 0.01|{0.01| O 0 |255

ESE| 8.73| 1.86| 1.04| 0.5 [ 0.05|0.02| 0.01| © 0 0 |1.62

SE | 6.11| 1.73| 1.01| 0.37| 0.04| 0.01| O 0 0 0 [143

SSE| 6.09( 1.92| 1.12| 0.64( 0.09| 0.01| O 0 0 0O [1.86

S | 684262127 1.9 |051(0.05| O 0 0 0 |3.73

SSW| 8.96| 3.54| 1.55| 3.85( 3.15| 0.41( 0.05| © 0 0 |9.01

SW |15.47 4.56| 1.22| 3.47| 3.48| 1.44| 0.4 | 0.22( 0.14| 0.05|10.42

wsw|12.26 3.33| 1.31| 2.61| 1.3 | 0.31]| 0.02| 0.04| 0.02( 0 |5.61

W (10.28 2.57(1.14| 1.4 [{041|0.04] O (0.01] O 0 |3.00

WNW| 9.23| 2.06| 1.27| 0.91]| 0.11( 0.01| 0.01( O 0 0 |231

NW [(10.09 2.17( 1.15]| 0.92| 0.09| 0.04] O (0.01] O 0 [221

NNW| 9.12| 2.28| 1.52| 1.45| 0.25| 0 |0.01| O 0 0 [3.23

S((l)JI;/I 22.03 40.2| 26.1| 8.65| 2.06| 0.66| 0.19 [ 0.05| 100

%
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Wind Speed, V (m/s)

VsE-1.13-1.75*LN(P(Vs))
R?=0.93

Exceedance probability P(>V)

Figure4.6 Log-linear probability distribution for longerm wind data in the NNE
direction(HYDROTAM-3D, 2022)
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V5=0.34+-1.62"LN(P(Vs))
o R*=0,94
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Figure4.7 Log-linear probabity distribution for longterm wind data in the NE
direction(HYDROTAM-3D, 2022)
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Figure4.8 Log-linear probability distribution for longerm wind data in the SSW
direction(HYDROTAM-3D, 2022)
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Figure 4.9 Log-linear probability distribution for longerm wind data in the SW
direction(HYDROTAM-3D, 2022)
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It can be seen that wind speeds of 2 m/s and above blow mainly from the directional
range nortimortheast (NNEhortheast (NE) clockwise from the land side and
southsouthwest (SSW)southwest (SW) from th seaside. Inwinter, the
predominant wind direction is landward NE (3&)5 with an average speed of 5.8

m/s and a maximum of 16.1 m/s. The second most frequent landward wind direction
is NNE (19.76), with an average speed of 5.3 m/s and a maximum ofni4.10n

the faward side, the most frequent direction is SWog}, &vith an average speed

of 6.36 m/s and a maximum of 16.9 m/s, and the seswxifrequent direction is

SSW (2.86), with an average speed of 3.6 m/s and a maximum of 19 m/s. The
frequencyof winds witha speed of 8 m/s or more is about 12.4% in winter. In
spring, winds blow predominantly from the NE direction with an average speed of
4.1 m/s and a maximum of 13.1 m/s ¥d5 and secondly from the SW direction
(13.6%) with an average speed®fl and a mamum of 16 m/s. The frequency of
winds with a speed of 8 m/s and more is about 4.4% in spring. In the summer, the
winds blow predominantly from the seaside with an average speed of 4.5 m/s and
a maximum speed of 11.9 m/s from SSW (28).3Seondly, the SWdirection
(15.20) is seen with an average speed of 4.5 m/s and a maximum of 13.1 m/s. On
the land side, the most frequent wind direction is NE®, 8vith an average speed

of 2.8 m/s and a maximum of 7.9 m/s. The frequency of winds blowiagpeed

of 8 m/s or more is about 0.75% in summer. In autumn, the winds blow
predominantly with an average speed of 4.4 m/s and a maximum of 12 m/s from
the land side, NE (22%). Secondly, the NNE direction (164 is observed with

an average speed ofldm/s and a sximum of 12.1 m/s. On the seaside, the most
frequent wind direction is SW (104), with an average speed of 4.6 m/s and a
maximum of 15.5 m/s. The frequency of winds with a speed of 8 m/s and more is
about 2.96% in autumn.

While the monthlyaveragevaluesof wind speed arein the range of 3-5.0 m/s,
the largest extreme values ofind speeds vary betweén6-19 m/s. During the
study period, it was observed that the highest wind speed 9vagslfrom the

southsouthwes{SSW) direction. Theannualfrequertiesof winds with 6 m/sand
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8 m/swind speed andhoreareapproximatelyl5.3% and 5.1% respectivelyfor

all directions, and thdominantdirectiors from land and sea sides &€& and SW

respectively.

The loglinear distribution equatiornsf wind speeds for all directions (clockwise N

to NNW) and wind speedsxceeded by 1,,%nd 10 hours per year are summarized

in Table4.6.

Table4.6 Directional loglinear distribuion equationgor wind speed

(HYDROTAM-3D, 2022)

Wind SpeedVs m/s) 1 5 10
Directions  Log-linearDistribution hriyear hr/year hr/year

Equation Vs(m/s) Vs (m/s) Vs(m/s)
N Vs=-3.43E1.620'"LN(P(Vs)) 11.3 8.7 7.5
NNE Vs=-1.1291.754LN(P(Vs)) 14.8 12.0 10.8
NE Vs=0.3401.617LN(P(Vs)) 15.0 12.4 11.3
ENE Vs=-1.7281 4141LN(P(Vs)) 11.1 8.8 7.8
E Vs=-4.5121 544LN(P(VSs)) 9.5 7.0 6.0
ESE Vs=-4.3351.273LN(P(Vs)) 7.2 5.2 4.3
SE Vs=-4.90:1.315LN(P(Vs)) 7.0 4.9 4.0
SSE Vs=-5.2941 486*LN(P(VS)) 8.2 5.8 4.8
S Vs=-2.1901.205LN(P(Vs)) 8.8 6.8 6.0
SSW Vs=-2.1431.798LN(P(Vs)) 14.2 11.3 10.0
SW Vs=-1.8722.11ZLN(P(VSs)) 17.3 13.9 12.4
WSW Vs=-5.1342.04Z2LN(P(Vs)) 13.4 10.1 8.7
W Vs=-4.2291.344LN(P(Vs)) 8.0 5.8 4.9
WNW Vs=-4.6721.27FLN(P(VSs)) 6.9 4.8 3.9
NW Vs=4.9001.326*LN(P(VS)) 7.1 5.0 4.1
NNW Vs=-4.0241.330"LN(P(Vs)) 8.0 5.9 5.0
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4.2 Wave Climate

Wave motion is an important phenomenon that can be observed in many natural
settings. In particular, water waves play an important rolegrlynamics of coastal
regions and estuaries. Understanding how wave propagation affects coastal systems
is critical for disaster risk management and ecosystem restoration. Understanding
fetch distances is essential for accurately predicting the impacisgés on
shorelines and deeper waters. Fetch distances define the distance over which a wave
will propagate from & source to a point along the shore. Effective fetch distances
are essential for water waves because they determine the wave heightsaaisd per

so the size and shape of the waves. Too much fetch can create large and destructive
waves. Fetch distances aiso of great importance in determining the typologies

of coastal water bodies, especially in the evaluation of closure in terms of exposure
to waves and water exchange (Balas et al., 2020). The fetch distances are calculated
using the HYDROTAMS3D fetch st-model. The cosine average approach is used

to calculate the effective fetch lengths in all directidree effective fetch distances

at pant 36.6N -34.7E in the coastal region studied (Figure 4.12) are shown in
Table 4.7.The longest fetch lengths are in betwé®msouthsoutheast (SSE) and

south (S) directions for Mersin Bay

Table4.7 Effective fetch distances (knthYDROTAM-3D, 2022)

Directions Fetch (m) Directions Fetch (m)
N 23044.62 S 351082.89
NNE 23821.43 SSW 120836.58
NE 23734.6 SW 183234.99
ENE 28226.79 WSW 215208.73
E 61342.06 W 35656.56
ESE 118842.42 WNW 23872.84
SE 16852274 NW 21620.04
SSE 284656.44 NNW 21756.07
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Figure4.12 Fetch distances of point 36%-34.7E (HYDROTAM-3D, 202)

In addition to meteorological forecasts using the numerical atmospheric model,
ECMWF al® produces wave forecasts using the WAM wéwecast model, a
third-generation wave model and one of the most widely used models in the world.
This model was developed in collaboration between researchers and scientists of
the WAMDI (Wave Model Developmérand Implementation) group to provide a
wave prediction tool based on physical laws (WAMDI Group, 1988). The WAM

is designed to predict both nesurface and surface waves with high accuracy,
including strong wind waves, swell and white capping conditiand storms,
which are useful for coastateas and inland waters such as lakes and rivers and
coastal regions worldwide where there are high chances of encountering these
weather eventsThe model uses data from satellite radars, rain gauges, buoys,
suiface currentsand ocean temperature profil@ssimulate the development and
evolution of wave systems (WAM Group, 2006). WAM was first applied to marine
environments by Pielke (2000), but it has since been adopted in other applications

such as riverinddws and ice waves, coastal water managenmeeiteorology and
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climate researchand many more. Wave data from the ECWMF Operational
Archive, |l ocated at the neadrds hfafeEBedent r an ¢
to assess the offshore wave environménhe site.

Long-term statistics can be awerful way to understand how waves work and how
they've changed over time. This is important because it allows researchers to make
better decisions when it comes to particle navigation through the water.
Additionally, longterm statistics can help reseagch to understand how waves
have evolved, which is important to better understhadvave climateStudies on
long-term wave statistics have been carried out using wavebdateen 2000 and

2021 obtained fromhe operational archive of ECMWF atthecdom at e of 36. 6 A
3 4 . ushEHYDROTAM3D wave data analyses systefime significant wave
heights, exceedance timeand probability distributions obtained from wave
predictions are given ifable4.8. The loglinear prdoability distributiors obtained

from longterm wave statistickor the dominant wave direction range of S to SW

are presented in the range lBigure4.13 andFigure4.15.

H, =11,523420,51140 * LN(E(H.))
R2=0,92332

Significant Wave Height (m)
Mean Wave Period (sec)

P(>Hs) Exceedance Probability(%)

Figure4.13 Long-term significah wave statistics logjnear prdability distribution
for South (S) directiogHYDROTAM-3D, 2022)
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Figure4.15 Longterm significant wave statistics ldmearprobability distribution
for SouthWest (SW) directiofHYDROTAM-3D, 2022)
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Table4.8 DirectionalLog-lineardistribution equations dfignificant wave heights
(Hs) and exceedance probabiliti$¢>Hs) by ECMWF operational archive we
predictions at 36 -34.7E (HYDROTAM-3D, 2022)

1 hour/year 12 hour/year 1 hour/week

Directior Equation H(S)( N'm 1. Hs( N mp  Hs( N My
%90 . %90 , %90 \
Confidence(sn‘Confidence(sn‘Confidence(sn‘

N H =0.441-.146*LN(P(H )0.8 9 0 .0N83.8052 0 .0M3.303 10 .0803.0
NNE H =0.573-.224*LN(P(H )14 6 0 .06 4.109 00 .0N63.705 8 0 .0003.3
NE H =0.514-280*LN(P(H )20 30 .047 4813 30 .0804.30.9 2 0 .0383.8
ENE H =0378.254*LN(P(H )1.9 30 .0564.813 00 .0844.30.9 20 .0864.0
E H =0.615-.280*LN(P(H )19 30 .0456531230 .0884.708 20 .0884.2
ESE H =0.856-313*LN(P(H )19 90 .0865612 10 .08500.7 50 .0%04.5
SE H =0.978-.305*LN(P(H )1.7 9 0 .061 5.51.0 3 00.087 4.90.5 9 0 .08 4.3
SSE H =1.660.449LN(P(H )24 20 .0R07.013 00 .0475.80.6 4 0 .0664.7
S H =153 511*LNPMH )3120 .1617.81850 .0996.61.100 .1885.7
SSW H =0.758.398LN(P(H )28 50 .088 6.91.8 6 0 .0506.21.2 8 0 .0665.6
SW H =0491-.432LN(P(H )34 30 .0587.12360 .0816417 20 .0886.0
WSW H =0.451-166*LN(P(H )1.0 6 0 .0885.406 4 0 .0895.10.4 0 0 .040 4.7
W H =0.818-.190*LN(P(H )0.9 00 .0AM 4504 3 0 .0A23.80.150 .0853.0
WNW H =0.47-120*LN(P(H )06 10 .0884.403 20 .0863.60.1 4 0 .0552.9
NW H =0.66-.153*LN(P(H )07 20 .00 4503 4 0 .0863.60.1 1 0 .05 2.7
NNW H =0.434-.120*LN(P(H )0.6 50 .02 3.50.3 6 0 .0%03.1 0.1 8 00.030 2.8

Table4.9 shows the joint distribution of the frequency of occurrence of significant
wave height () and mean wave period 4 for all directions in the longerm
wave statistics researdrigure4.16 shows the connection between them. The joint
distribution is symmetrical about the mean value and has-ahmged curve. The

concentration of the parameters is maxm at the mean value and falls off
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gradually as the parameters get further afn@y the mean. The shape of the curve
indicates that the parameters are highly skewed to either side of the mean value.
The dispersion of the parameters is also large, itidgdhat the parameters are
randomly distributed. The joint distribution of sifjcant wave height and mean
wave period can be used to determine the probability of occurrence of a certain
wave height and period. The distribution can be plotted on a geaph the
probability of occurrence can be found by tracing a line through timspehere

the distribution intersects the graph. The frequeneighted average approach is
used to calculate the wave periods in the last colummadfle4.9. For example,

the mean wave period correspondingte 3 . 3 7 5 m H§<3.5n® i§ calCulated

by Tm= (3*6.75+2*7.25+1*8.25+1*8.75)/(3+2+1+1) =47sec. The scattering of

all data andhe correlation betweensldnd Tn (columns 1 and 2) presentedliable

4.9 are shown irFigure4.16. Similarly, the HsTm relationship is found for each
direction and summarized Trable4.10. Annual aad seasonal wave roses are given

in Figure4.17 for the calmness limit being lessskD.5. The nonthly mean and the

extreme value significant wave heights are presantEadjure4.18.
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Figure4.16 Long-term wave statistics significant wave hei@ids) and mean ave
period (Tm)distribution and relatio(HYDROTAM-3D, 2022)
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Table4.9 Joint distribution of significant wave height (Hs) and mean wave period
(Tm) for ECMWF operational archive wave predictions a63¢ -34.7 E between
20002021 (HYDROTAM-3D, 2022)

T (sec)

H T

(m) 1.251.75 2.25 2.75 3.25 3.75 4.25 4.75 5.25 5.75 6.25 6.75 7.25 7.75 8.25 8.75 9.25 9.75 10.2510.75 (sec)
0.125 37 747 1763215119231286 756 452 294 105 63 21 10 10 1 3 1 2 1 1 >
0.375 0 46 1022302538263033186¢ 776 312 157 89 34 14 3 0 2 0 1 0 0 °°
0.625 0 0 8 30810151006 955 753 424 181 86 35 21 10 2 2 0 1 0 o 1
0.875 0 0 0 6 131 400 347 272 282 156 76 47 23 11 2 0 0 0 0 0 O
1125 0 0 0 0 5 97 109 172 113 104 81 36 24 7 4 0 0 0 0 0 >0
13750 0 0 0 0 10 58 77 80 102 44 40 24 2 3 1 0 0 0 0 >
16250 0 0 0 0 0 12 34 43 32 20 24 11 8 2 1 1 0 o0 o 8
18750 0 0 0 0 0 O 7 18 34 20 16 10 3 1 0 o0 0 o o °t
21250 0 0 0 0 0 0 1 10 14 11 10 5 6 1 1 0 0o o o 3
23750 0 0 0 0 0 0 1 5 11 22 8 3 2 2 1 0 0o o0 o0 °3
26250 0 0 0 0 0 0 0 O 4 8 4 5 2 1 1 0o 0o o o °8
28750 0 0 0 0 0 0 0 0 1 7 1 2 1 1 0 0 0o o o >
31250 0 0 0 0 0 0 0 0 0 1 0 2 1 1 0 0 0 o0 o0 '*
33750 0 0 0 0 0 0 0 0 0 0 3 2 0 1 1 0 0o o o '*
36250 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 o0 o >3
38750 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0o o o o °°
41250 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 o0 o0 °3
43750 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0o 0o o o o °°
46250 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0o 0o o o o °°
48750 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 o o 23
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Table4.10 Directional H-Tm relationship for ECMWF operational archive wave
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predictions at 3® N -34.7 E between 2002021 (HYDROTAM-3D, 2022)

Direction Hs-Tm Relation

N T = 3.87144YR] = 0
NNE T 374677 *H i jJo® R] = 0
NE T = 3.934¥MB R] = 0
ENE T = 4. 0619602 R] = O
E T = 4. 4%5/§¥%¥ R] = 0
ESE T = 4. 79158)®R] = 0
SE T =482238*H 1]94Y R] = 0
SSE T 536051*H )]Y® R] = 0
S T = 5. 530Y2Y9 R] = 0
SSW T = 5. 18i6Y766 R 0
SW T = 5. 23i8BIR) 0
WSW T = 5. 3728YXR] = 0
W T = 093*FH9I|JYR] = O
WNW T 49836 *H 1 )YT YR] = 0
NW T = 4. 87)®] R] = 0
NNW T = 3. 856Y8Y4R] = 0
All Directions T = 5. 08i2YAYIR| = 0
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Figure 4.18 Monthly mean and extreme value significant wave heights
(HYDROTAM-3D, 2022)

4.3  Wave Transformation Modelling

Numericalmodellingis an essential tool for wavteansformationdecause it
allows us to understand the behavior of waves in complexirenments. Wave
theory ha been used for centuries to describe how waves move through the
environment, and numerical models are a powerful way to explore this theory.
Numerical models can be used to simulate the movement of water, lzadies of
water By understanding how thedifferent types of waves behave in various
situations, we can better predict their effects on ecosystems and human populations.
The height, size, and shape of a wind waxedetermined by the wind velocity,
atmospheric pressey and the water's surfad®ind waves that move across the
surface othewater can also cause waves. Wind waves propagate through water by
moving forward and spreading out. They also move up and down anth<siuie.

When wind waves move forward, thegread out and become larg&vhen they
move up or down, they spread out more and become taller. When they meve side
to-side, they still spread out, but the size and height of the wave change depending

on the direction that the wave is moving.¢; r ksiMesn province has 300
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kilometers of coastline along the eastern Mediterrand2epending on the
topography of the seafloor and the different water depths, the heights of waves
moving in the bay change due to the effects of flattening, deflection, rotation,
reflection, bottom frictionandrefraction. Waves move through space by traveling

in waveshapes. A wave shape is the result of the complex interaction of the
amplitude, frequency, and phase of the waves. The wave transformation is a process
that changeshe wave shape. Imodelling the wave transformatiorthe entire

Mersin province marine areaas studied. Bathymetry is an important tool for
severalreasons. It is used to map the physical characteristics of the ocean and sea
floor. To create a good bathytny map, accurate data amdcale that is appropriate

for the features are necessary. Creating a bathymetry map is an important task for
many people, including researchers, environmental managers, and engineers. It can
be used to help understand the oc#laor and coastal areaslentify submerged
obstructions or natural features such as coral reefs; study currents and tidal
movements; determine ship routes and depths at specific locations; examine
groundwater systems; measure water quality (salinitypésature, etc .); assess

land use changes over time. The water deptiensin Bay were digitized from

the 1:100000 scal e baMehrysment rKya rnaatpask N-be:a3d3l
No:332 (MersirRKncekum Headl and) of the ,afdf i ce of
Oceanography of TurkisNavalin themodellingregion shown irFigure4.19, the
distributions of changes in wave heights and wave propagation directions from the
outside to the inside of the bay are studied. The diredtichat waves travel
depends on the density of the seawater, the shape of the objects, and the distance
between the objects and lamdpes. The waves will commonly travel in a direction
perpendicular to the direction of the waves from the outside to the iofide bay.
HYDROTAM-3D wave propagation submodel is used inri@elling of wave
trarsformations. Waves do not have a direct effeoh microplastic transport
models. Waves (drift velocity), water level chang#ensity gradientsandwinds

affect the arrents and turbulence parameters that are predicted by the
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hydrodynamic model. ECMWF wind and wave fasttime series are used as
inputsfor the current forecasts HYDROTAM-3D and ECOMSED.

The modellingarea for wave propagation in Mersin Bay hasaalysis area
of nearly 60304 m x 16155 m in the x and y aXé® aea is bounded betwedme
upper leftcoordinate of 34.41809B-36.818854N andthe lower right cardinate
of 35.093686E-36.67370IN. The aea is grided to be equal in mesh size bounded
with 10050 total mesh counts. The wave properties estimated for the coordinates
at the entrance of thdusly area and given in the wave climate were set as the
entrance boundary conditions of the area based on the wave climate studies. As a
result of thevave propagation studies, the distribution of wave heights approaching
from the south (S) direction withsignificant wave height $1<=3.4 m and a wave
period ofTm=7.8 s with an exceedance probability of 1 hr/year are givE€igumre
4.20, and the distribution of wave heights approaching from the dominant
southwest (SW) direction with a significant wave heightHef3.5 m and anean
wave period offm=7.1 seconds with an exceedance probability of 1 hr/year are

presented ifrigure4.21.

‘ \
10000 20000 30000 40000 50000

x(m)

Figure4.19 Bathymetryin Mersin Baymodellingcoastal area
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Figure4.20 Distribution of the wavéeightsapproaching fromhe South (SHs=
3.4 m, Tn= 7.8 9 direction in the coastal waters of Mersin
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Figure4.21 The distribution of the wavieeights approaching from the Southwest

(SW, H= 3.5 m, = 7.1 9 direction in the coaat waters of Mersin

4.4 Modelling of Coastal Currentsby HYROTAM -3D model system

The use of thredimensional models is inevitable in coastal water areas where wind
or dersity-induced currents are dominant. These currents change direction across
depth and ame so simulating them with twoand onedimensional models
introduces significant errors. Turbulent coastal currents in Mersin Bay, caused by
wind, wave tide, anddensty forcing, were modeled using the thrdemensional
HYDROTAM-3D hydrodynamic modul@AppendixA). HYDROTAM-3D inputs

are coupled with ECOMSEDModelling results of HYDROTAM3D are used in

the comparison and sep studies othe ECOMSED.
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The velocities in the coastal water area are generally irregular and turbulent. The
model provides theannection between turbulent motion and average motion by
vertical and horizontal eddy viscosities and mass displacement by vertical and
horizontal eddyiffusion. In coastal waters, suchMsrsinBay, where the surface
water area is large compared to thater depth, the turbulence intensity of the
movemens in the horizontal and vertical directions also differs significantly. This
length scale differese in vertical and horizontal creates a +®wtropic situation.
Therefore, different eddy viscogivaluesin the horizontal and vertical become
important inmodel predictionsThe eddy viscosgs werecalculated with the
isotropic ke the model in the ‘ertical and horizontal eddy viscosities were
simulated by the Smagorinsky sghd scale turbulence moldén the vertical 11

levels were used. In the horizonthD1x41 grid pointswere applied.

The tidal constituents for Mersin Bay are defined as thenosea boundary
conditions shown iTable4.11( Y ¢ k s el  eThe lacdtions of thedsfatBons.
are shown irFFigure4.26. The semiiurnalmain lunarM2 component is the most
important oneand the amplitude is analyd to be aboutllcm, and the maximum

tidal amplitudeis about 0.22 crat Erdemli

Table4.11Ti dal Constituents from Mareograph St a

Mareoraph Station Tidal Constituents
Principallunar Principalsolar Lunar Lunar
Semidiurnal Semidiurnal Diurnal Diurnal
M2 ) K1 O1

Amp. Per. Amp. Per. Amp. Per. Amp. Per.

(m () (m () (m () (m) (hr)
Bozyaz 0.095 12.42 0.0556 12.00 0.025323.93 0.0184 25.82
Erdemli 0.1082 12.42 0.0628 12.00 0.0291 23.93 0.0203 25.82
KskenAer 10.0947 12.42 0.0529 12.00 0.0238 23.93 0.0147 25.82
KskenRer 10.1286 12.42 0.074 12.00 0.0297 23.930.0211 25.82
T a guu 0.1041 12.42 0.0605 12.00 0.0268 23.93 0.0191 25.82

(o]l
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Figure4.22 Location of Mareograph Statiohscated in the Eastern
Mediterranean SegGoogle Earth, 2022)

The sea level monitoring data is obtairiezm the Erdemli automatic tide gauge
station ofthe General Command of Mapping withtime Turkish National Sea Level
Monitoring System (TUDES) progranThe hourly measured tidal sea levels at
Erdemli mareograph station in the year 2021 were filtered tisengunning mean
filter of 25 hours (Figure 23). The 12 hours before each of the sea level data and
the 12 hours after it are averaged (25 houtstial) (Thomson and Emery, 2014).
The maximum tidabmplitudeis observed to be 1 m (Figure 423), corsistent

with Table4.11. Mersin Bay has a micrtidal range.

Seawatetemperature and salinities were taken as variables from the database of
the model based on oceanographic studies

as gven inFigure4.24.

A comprehensivenodellingstudy was carried out to determine the current pattern

in the coastal area. By using the-Bowrly predicted continuous wind and wave
time series for the period20-2022 presentedhiwind and wave climate sections,

the continuous velocity time series were obtained in the coastal area. The selected
points at different water depths in thdellingarea are presented kigure4.25,

and coordinates and watezpts of the selected points are listed @able4.12.

Annual velocity roses at trearface and bottom layers are presentdedgnre4.26-
Figure4.30. A velodty rose shows thenagnitude, frequency of occurrence and

directions of currents. The direction indicates the direction in which currents go.
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Although it varies from region to region in the study area, the surface layer waters
often drift towards the NortortheastNortheas (NNE-NE) directions with an
average speed of 15 cm/s, and the bottom layer waters with an average of 5 cm/s
often drift towards the Southwest directions.
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Figure4.23 Tidal sedevel measurements 2021 at Erdemli Mareograph Station.
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Table4.12 Properties ofdectedpointsP1 to P5or velocity ross

Point No. Latitude Longitude Water depth(m)
(degree) (degree

P1 36.804 N 34.715E 4.7
P2 36.779N 34.621E 6.3
P3 36.775N 34.715E 11.4
PA 36.746N 34.715E 20.2
PS5 36.779N 34.837E 5.1
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4.5 ECOM Model Configuration and V erification

ECOM model configuration is kept the same as the HYDROT#Mmodel to

verify the predictions. Water depths are taken ftbenHYDROTAM-3D database,

the same as all the other inputs of wind, tidal, temperature, and salinity data. As the
open boundary condition, Reid and Bodine type radiation boundary condition is
applied (Hydroqual2002) that allows longwave energy to entadl sadiate out of

the model boundargAppendixB). The effect of surface waves on the bottom
friction is neglected. Temperature, salinity, and tidal harmonics (M2, S2, K1, and
O1) are prescribed from data ae thpen boundary. The six hourly changing wind
data (wind speed, wind direction) is applied over the model domain. River
boundaries are considered to be inflow boundaries discharging into the model
domain. River discharge, temperature, salinity, and miastigsl concentration
(mg/L) data are providedsatimely changing variables. Advection terms are
selected to be included (ndéinear) in the momentum equations and as the finite
difference scheme for advection Multidimensional Positive Definite Advection
Transport Algorithm (MPDATA) of Smolarkiewicz usg two passes for numerical
diffusion corrections (SMOLAR_2) is selected (Hydroqual, 2002). Bottom stresses
are included in the solution of horizontal velocities, and the baroclinic prognostic
(TOR) solution isset based on the-[3 calculation of temperata and salinity
transport in the model domain. The weighting factor éXplicit and * implicit
scheme) is used as 0.8 to apply the implicit solution so that the time step selection
becomes independent frometselection of space increments for dynartabilty.

The vertical mixing coefficients are estimated by Reynold's stress turbulence
closure model (Hydroqual, 2002). Smagorinsky's turbulence model calculates the
horizontal mixing coefficients depending dhe horizontal grid spacing. The
horizontal Pandtl number (ratio of horizontal viscosity to horizontal diffusivity) is
taken as one as recommended (Hydroqual, 2002). As the initial model conditions,
fluid is assumed to be at rest, and temperature amdtgalata are specified all

over the model doain.
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In this study, the complex and dynamic patternsedcurrents within the vast
expanse of Mersin Bay hawso beerinvestigated using the Copernicus Marine
Environment Monitoring Service (CMEMS) datasetspecifically the
"cmems_mod_glo_phgur_anfc 0.083deg_PT6H" product (European Union's
Earth Observation Program, Copernicus). The present product constitutes a
significant resource of oceanographic and environmental data that offers substantial
potentialfor generating valuable insights into thericate interdependencies of
diverse physical and environmental variables that impact the hydrodynamics of this
pivotal region. Consequently, this serves as a crucial tool in advancing our
comprehension of the ider marine ecosystem encompassing Mersin Bay
(CMEMS, n.d.).

The "cmems_mod_glo_phyur_anfc_0.083deg_PT6H" dataset is generated using
the Global Ocean Physics Analysis and Forecast
(GLOBAL_ANALYSISFORECAST_PHY_001_024) model, which is based on
the Nucles for European Modelling of the Ocean (NEM@arhework (NEMO
Consortium, n.d.). The present model sislata assimilation methodologies to
combine the prognostic aptitudes of the NEMO framework with a vast assemblage
of observational data sets, encompassatgllite altimetry, sea surface temperature
(SST) data, Argo floats, moorings, buoys, and 4f@pedmeasurements, among
other pertinent sources (CMEMS, n.d.; NEMO Consortium, n.d.). These
sophisticated data assimilation methodologies effectuate optiomzaf the
integration of the model's output with remabrld data by iteratively regulating the
model variables to reduce the discordances between the model and the

observational data.

The GLOBAL_ANALYSISFORECAST PHY_001 024 model predicts ocean
currents by simulating the underlying physical processes governing ocean
circulation (NEMO Consortium, n.d.).

The model inputs include a combination of initial and boundary conditions, forcing

fields, and assimilated observational data (CMEMS, n.d.). Initial tondifor the
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ocean state, such as temperature, salinity, and velocity fields, as well as boundary
conditions like sea surface height, are typically derived from previous model
simulations or observational data. Forcing fields, including atmosphericikiata |
wind stress, heat fluxes, and freshwater fluxes (precipitation and evaporation), drive
ocean circlation and determine the spatial and temporal variability of currents.
These forcing fields are obtained from atmospheric reanalysis data or numerical
wedher prediction models. Assimilated observational data from various sources,
such as satellite altinmgt satellite SST, Argo float profiles, and othersitu
measurements, are integrated into the model using data assimilation techniques,

which enhance thmodel's accuracy (CMEMS, n.d.).

The "cmems_mod_glo_phyur_anfc_0.083deg_PT6H" dataset features gh hi
spatial resolution of approximately 0.083 degrees, equivalent to nearly 9 kilometers
at the Equator, and a temporal resolution of 6 hours, providingristantaneous

3D fields of ocean currents per day (CMEMS, n.d.). The high resolution allows
researbers to investigate finscale oceanic features, such as eddies, fronts, and
other mesoscale phenomena, while the high temporal resolution facilitasésdpe

of dynamic ocean processes and enables a more accurate representation of the
evolving marine evironment. The mind map ifigure 4.31 provides a visual
representation of the NEMO Framework and the variables that can blatsidnu

using the GLOBAL_ANALYSISFORECAS_PHY_001_024 model.

Ocean model

Initial conditions

Boundary conditions
Model configuration

cmems_mod_glo_phy-cur_anfc_0.083deg_PT6H

GLOBAL_ANALYSISFORECAST_PHY_001_024 Current velocity

NEMO Framework /

Figure4.31"cmems_mod_glo_phgur_anfc_0.083deg_ PT6H" inputs and outputs

The GLOBAL_ANALYSISFORECAST_PHY_001 024 model is extensively
validated usg independent observational datagliing insitu measurements,
satellite observations, and other external sources (NEMO Consortium, n.d.). This
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validation process ensures that the model accurately captures oceanic features and
provides reliable dataof research purposes. Model performaneetrics, such as

root mean square error, bias, and correlation coefficients, are calculated and
compared against the validation dataset to assess the accuracy and consistency of
the model outputs (CMEMS, n.d.). Fugtinore, the model is continuously upeth

to incorporate the latest advancements in oceanography and nummertdling

which further improves its predictive capabilities and reliability (NEMO

Consortium, n.d.).

However, despite the high quality and aemy of the CMEMS data, there are
inherent limitations associated with ampodellingand observational data. Some of

the key limitations of the "cmems_mod_glo_phwyr anfc_0.083deg_PT6H"
dataset include uncertainties in the input data, model parametaizsatial and
temporal variability,limitations in the assimilation process, and computational
constraints (CMEMS, n.d.). Uncertainties in satellite anditin observations
propagate through the assimilation process and may affect the accuracy of the
model outputs. Additionally, parametegizons in the NEMO framework for
various physical processes may not fully capture the complexity civardd
processes, leading to discrepancies between the model outputs and actual oceanic
conditions (NEMO Consortm, n.d.).

Spatial and temporalariability, although high in the dataset, may not capture all
fine-scale features and rapid changes in ocean currents, particularly in coastal
regions and during extreme events (CMEMS, n.d.). The data assimilation process,
which combines the model with sérvational data, can introduce errors and biases

if the underlying assumptions are not met. Moreover, the assimilation process can
be sensitive to the choice of parameters and initial conditions, which may affect the
accurag of the final dataset (NEMO @sortium, n.d.). Computational constraints
due to the highresolution model can limit the ability to run ensemble simulations
or conduct sensitivity analyses, affecting the robustness of the model's predictions
and the quanification of uncertainties (CMEM, n.d.).Despite these limitations,

the "cmems_mod_glo_phkyur_anfc_0.083deg_PT6H" dataset remains a valuable
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resource for studying global ocean currents and the underlying marine processes
(CMEMS, n.d.). In order to ensutiee dependability and validityf the conclusions
derived from research data, it is imperative that researchers acknowledge and factor
in any existing limitations. In this regard, the present research study has effectively
addressed these considerationd &as utilized the tepotch awal contemporary
information made available by the CMEMS dataset. Through this rigorous
approach, the research project has successfully advanced the comprehension of the
multifaceted interplay of diverse physical and environtalevariables that
influence tle water currents in Mersin Bay. As a result, this study has made
noteworthy contributions to the wider understanding of the marine ecosystem
within which Mersin Bay is situated, as facilitated by the European Union's Earth
Observation Program, CopernicusThe dataset "cmems_mod_glo phy
cur_anfc_0.083deg_PT6HS acquiredusing the "motuclient.exe” commatide

tool and subsequently procedsThe data can be acquired using fitucliend
commandine tool, which allows userdo access the Copernicus Main
Environment Monitoring Service (CMEMS) datasets. The command to obtain data

from the specified datasetgsven inFigure4.32.

motuclient.exe motu  https ://nrt.cmems - du.eu/motu - web/Motu
service -id GLOBAL ANALYSISFORECAST PHY 001 TIX= product -id
cmems_mod_glo _phycur_anfc_0.083deg PT6H -i longitude - min

34.418095 longitude -max 35.093686 latitude -min 36.673701
latitude - max 36.818854 date - min "2021-01- 01 00:00:00" dat e- max

"2021 - 12- 31 23:59:00" depth - min 0.5 depth - max 100 -- variable uo

variable vo out - dir

Figure 4.32 The command to obtain data from "cmems_mod_glo- phy
cur_anfc_0.083degPT6H" dataset

Thecommandn Figure4.32 specifies the following parameters:

1 motu: URL of the Motu web service, which is the entry point for accessing
the CMEMS data.

M serviceid: Identifier of the data service.
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productid: Identifier of the specific datasevithin the data service.

1 longitudemin and--longitudemax: Minimum and maximum longitudes
of the area of interest.

T latitudemin and--latitudemax: Minimum and maximum latitudes of the
area of interest.

1 datemin and--datemax: The date range (start ardd) for which data is
to be extracted.

1 depthmin and--depthkmax: The minimum and maximum depths for
which data is to be extracted.

1 variable: The variables of interest (in this casend \ represent the
zonal and meridional coponents of ocean currievelocity, respectively).

1 outdir: The output directory where the downloaded data (in NetCDF
format) will be saved.

The following code snippaiven inFigure4.33 demonstrates the necessary steps

Upon successful execution oetbommand, a NetCDF file containing the requested

data will be saved in the specified output directory. To process the atdaise a

Python code snippet is employed with the

The code given ifrigure4.33 accomplishes the following tasks:

1. OpenstheN&@DF f il e using Axarrayo and reac
(‘ds),

2. Prints the available data variables in the dataset,

3. Extracts the Northward velocity data

4. Convertste fAixarrayo data into a fipandas da
manipulaion,

5. lterates over each time step in the dataset, extracting data for each time
step,

6. Converts the integer time.
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import xarray as xr
import pandas as pd

ds —
xr . open_dataset ("C:\\ Users\\egema\ OneDrive\\- A O A K\GGpkr nikus \
\aa.nc" )

print ('‘Data variables:'" )

print (ds. data_vars )

vo = ds['vo' ]
vo_values = vo. values

df = vo.to_dataframe ()

for i, time_step in enumerate (vo.time.values):

time_step = pd.to_datetime (time_step )

df = vo. sel (time =time_step , method='nearest’ ). to_dataframe ()

pivot df . pivot_table (values ='vo' , index ='depth' ,
columns =[ ‘latitude’ , 'longitude’ )

pivot .to_csv (f"Nort hwardVelocity — {time_step .strftim e('%Y-%m
T%H%M%S') } .csv" )

Figure4.33 The Python code snippet to process the acquired data
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So the currerd estimatedby Copernicus Marine Servicen Mersin Baywere
downloaded for the year 20Zar the study areat points C1 to @ (Figure4.34)
given inTable4.13

Table4.13 Properties of selected poir@d to C4for velocity roses

Point No. Latitude Longitude Water
(degree) (degree) depth(m)
C1 36.75 N 34.583344 E 11.41
C2 36.75N 34.666672 E 15.81
C3 36.75N 34.750000 E 13.46
C4 36.75 N 34.833344 E 7.93

The current roses for the surface layer at points C1 to Cdivaer inFigure4.35
to Figure4.38, respectively.

10000

0 5000 10000 15000 2(0(;00 25000 30000 35000
X (m

Figure4.34 Copernicus Marine Service points for current roses
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The current pattas estimated by the Copernicus NbariService are highly
accurate and detailed, providing information about ocean currents at different
depths and location¥elocity estimates from the HYDROTAND and from the
ECOM at points C1 to C4 in Mersin Bay foretyear 2021 were compared with
data from COPERNICUS inFigure 4.39 and Figure 4.40, respectively The
comparison shows that velocity estimates are in ggogement wit the other data.

The linearity constant is aboit65 showing the steapss of the bedit line. This

83



show that HYDROTAM3D predictions are about 1.5 times greater than the
COPERNICUS estimates. The coefficient of determinatfe.83 indicates that
83.31 percent of theariability in the data fro)r€OPERNICUS has been exjplad
by the HYDROTAM3D model predictions, which show a good fit.
30
y =0.6544x
r2=10.833

p— ] ro
h = h
L]

COPERNICUS Velocity (cm/s)
=

0 5 10 15 20 25 30
HYDROTAM-3D Velocity (cm/s)

Figure4.39 Comparison of current velocities$ points C1 to @by COPERNICUS
and HYDROTAM-3D predictions

Velocity estimates from the ECOBM points C1 to C4 in Mersin Bay for the year
2021 were also compared with data from COPERNICUSdnre4.40. It is seen

that velocity estimates are in good agreement with each other. The linearity constant
is about 0.63ndicaing that ECOM predictions are about 1.6 times greater than the
COPERNICUS estimates. The coefficient of determinatfei®.73 indicates a

good fit that B percent of the variability in the data from COPERNICUS has been
explained by the ECOM modetqalictions.
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Figure4.40 Comparison of current velocities at points C1 to C4 by COPERNICUS
and ECOM predictions.

Velocity predictions of the models HYDROTASD and ECOM at points C1 to
C4 in Mersin Bay forhie year2021 were also compared with otheas shown in
Figure4.40. It is seen that estimations of both of the models are in good agreement

with a coefficient of deermination of ¥=0.84.

Comparisons have shown that both of the modafsbe used succesijuin the

determination of the velocity patterns in Mersin Bay.
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Figure4.41 Comparison of current velocities at points C1 to C4 by ECOM and
HYDROTAM-3D predictions

The measured selevels at Erdemli mareograph station in the year ZBRjure
4.23) wereusedfor theverification of ECOM model predictionBigure4.42 shows
the comparison ofea levels predicted by the modeld the observebkvels at
Erdenii. In general predictions of thenodelwere consistentwith the measured
water levelvariation throughout the yeaiThe coefficient of determinations
estimated as?=059. It is seen thathe modekimulationswith the tidal constituents
givenin Tabe 4. 11 ( Y ¢ k s,aéfine@d &s tha lopen se& libdndayy
conditions reasonablydescrbe the tidal level variations during2021 The
comparisonalso verifies the selectionof the ECOM modelling parameters as
101x41 horizontalmesh pointand 11 sigméevels, with a time step size of 30 sec.

The suacessfll comparisos of current andseaelevatiors imply that theECOM
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modelhas beermorrectly set up fothe determination of thé&ransport processes in
Mersin Bay.

0,25

Sea Level Measurement (m)

-?,25 o
Sea Level Model Predicition (m)

Figure4.42. Comparison of sea level predictions of ECOM amehsurements at

Erdemli Mareograph Station

4.6 Modelling of Microplastic Transport by Advection-Diffusion Solution

Microplastic particles are transported by advection and diffusion inalcagas.

The timewise and spatial distributions of microplastic catre¢éion depend on
understanding the flow patterns and transport processes. The transport of
microplastic particles in the coastal area was investigated using the ECOMSED
submodel of tansport by advectiediffusion (Appendix B). In the numerical
modelling studies carried out, ivas assumed that theneas a very lowinitial
microplastic concentration (Co=0.0) at thedellingstart time (t=0) in the coastal

area. Possible reactionsroicroplastics with seawatand decayingvereneglected
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in modellingstudies. ltwasassumed that the velocity pattern is not affected by the

microplastic concentration.

Mi croplastics sampled downstreamedrom M¢ft ¢
to deternme the microplastic composition in rivers arldaded into Mersin Bay

(¥zge¢ler et al ., 2 0 2 27ypes of mitrdplasticsmmthe | ed coas
measured samples were maingcorded apolyethylene (density of 910 kg#n

and particles were consi@gl to have a size of 2 mon averagéd ¥z g ¢l er et al .,
2022). The average number of mi croplaastics 1in
calculated ad mg/L (220 particle/) ( ¥z g ¢ | er. The flooding flow 202 2)
ratsof M¢ f t ¢ an cwdbeeneaswhty be R50vite and 300 s,

respectively (Duran, 2@j.

4.6.1 Effect of Seawater Temperature andSalinity on the Microplastic

Transport

The temperature and salinity of seawater affect the distribution and abundance of
microplastics by affecting the densitpdamovements of seawater. A sensitivity
study has been performed the ECOM model by changing the temperature and
salinity of seawate In all of themodellingscenarios, the temperature of riverine
waterswas kept constant to b&r=10 °C and Sg=0 psu, repectively.It was
considered that the wind did not blow at alhd the riverflooding flow rate was
constant with Q= 250 #fs dischaging continuously 1 mg/L microplastickiring

the 2 dayswhich was the simulation perio@he type of microplastic is kan as
polyethylene with a density of 910 kginifo better understand the effect of
variatiors in seawater temperature and salinitiffedlent modellingscenariosvere
studied, keeping one constant and changing the other, andivbessimmarized

in Table4.14. The temperature and salinity differences between the seawater and
the discharged river water are expresseDTaslsez Tr andDS= SezSr. Negative
values indicate that the values of the receiving environment are lesshthan t

discharged river water values.
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Table 4.14 Modelling scenarios to study the effect of seawater temperature and

salinity on the microplastic transpdrto wind)

Modelling  Seawater  Seawater Initial Initial Density
scenarios initial initial Temperature  Salinity of MP
temperatue  salinity differencein difference in  kg/m®
Tsea (°C) Ssea(psu) discharge discharge

DT (°C) DS (psu)
Casel 10 0 0 0 910
Case2 15.6 0 5.6 0 910
Case3 25 0 15 0 910
Case4d 4 0 -6 0 910
Caseb5 10 15 0 15 910
Caseb 10 36.8 0 36.8 910
Case7 10 38 0 38 910
Case8 15.6 36.8 5.6 36.8 910
Case9 15.6 9.2 5.6 9.2 910
Casel0 4 36.8 -6 36.8 910
Casell 25 38 15 38 910

In order to examine the effects of seawater temperature andysalinge, a
reference case scenario (Gdgehas been studied, assuming that the salinity and
temperature values of the receiving marine environment are the same as the
discharged river watem(tial DT=0°C, DS=0 psu). The developed velocity pattern

anddistributionof microplasticsat the surface layeare given irFigure4.43.
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Figure4.43 Distribution of microplastics athe surface layeat the end of two
daysfor Casel (Initial DT=0°C, DS=0 psuno wingd

In order to compare the effects of seawater temperature change, seawater
temperature values were increased to mean w{BEx15.610=5.6°C, Case2)

and summer temperature®T=2510=15°C, Case3), without any salinity
difference(DS=0 psu,) and the developed velocity pattern and the microplastic
distributions at the surface layer are givenHigure 4.44 and Figure 4.45,

respectively.

10000

Figure4.44 Distribution of microplastics athe surface layeat the end of two
daysfor Case2 (Initial DT=5.6°C, DS=0 pstno wing
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Figure4.45 Distribution of microplastics athe surfacdayerat the end of two
daysfor Case3 (Initial DT=15°C, DS=0 psuy no wingd

Afterward, it was assumed that teeawatetemperature decreased td°@ by
decreasing 2.5 times compared to the discharge tempe@iw£0/2.510=6°C)
without any salinity dference(DS=0 psu) and the developed velocity pattern and

the microplastic distributions at the surface layer are givéngure4.49 for Case
4,

10000

5000 10000 15000 (20)000 25000 30000 35000
X (m

Figure4.46 Distribution of microplastics athe surface layeat the end of two
daysfor Case4 (Initial DT=-6 °C, DS=0 psuno wingd

The changem microplastic concentration over time due to advection and turbulent

diffusion caused by the difference between the seawater and thalisgharge

temperatures regardless of salinity in Gas€ase2, Case3, and Casel are

presented inFigure4.47 andFigure4.48 for the points P1 and PFigure4.25)

locatel nearly 800 m. in the south of the De
respectively. It is seen that, at point P1, as the ambient water temperature increases

the difference in the discharged water temperafDfe ihcreases by 5.8C and 15
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°C cause alecrease in the averaged microplastic concentration from 0.92 mg/L in
Casel to 0.45 mg/L (%52 decrease) in G&sand 0.17 mg/L (%82 decrease) in
Case3 in the last 24 hrs of the simulations. However, as the ambient water
temperature decreasesdelthatof the riverine water (as if heated discharges), the
temperature difference &T=-6 °C causean increase in the averaged microplastic
concentration to 1 mg/L in CageA similar trend is observeith P3 inFigure4.48.

At point P2, asDT increases by 5.86C and 15°C, the averaged microplastic
concentration decreases from 0.89 mg/L in €ase 0.3 mg/L (%66 decrease) in
Case2 and 0.12 mg/L (%87 decrease ) @ase3 in the last 24 hrs of the
simulations. For the temperature ditnce oDT=-6 °C, there occurs an increase

in the averaged microplastic concentration to 1 mg/L in @astepoint P2.

w1 () C-0 psu 15.6 C- 0 psu===25C -0 psu===4 C -0 psu

|
0.9
0.8
0.7
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0.2

3 0.1
0

)

Microplastic Concentration (m

246 81012141618202224262830323436384042444648
Time (hrs)

Figure4.47 The effect of temperature difference on the microplastic concentration
over time at point P11 | ocated nearly
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Figure4.48 The effet of temperature difference on the microplastic

concentration over time at point P2 located nearly 800m. t he sout h
River Mouth

In order to compare the effects of seawater salinity chaegeyatesalinity values
were increased tb5 psu DS=15psu, Casé), tomean winterPS=36.8 psu, Case
6) and to summer salinities (DS=38 psu, Cas€), without any temperature
difference (DT=0°C), and the developed velocity pattern and the microplastic
distributions at the surface layer are giverFigure4.49, Figure4.50 andFigure

4.51, respectively.

Microplastic Concentration (mg/L)

15000 20000 25000 30000 35000
x (m)

5000 10000

Figure4.49 Distribution of microplastics athe surface layeat the end of two
daysfor Case5 (Initial DT=0°C, DS=15 psuno wind
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Figure4.50 Distribution of microplastics athe surface layeat the end of two

daysfor Case6 (Initial DT=0°C, DS=36.8 psuno wind)

Figure4.51 Distribution of microplastics athe surface layeat the end of two

daysfor Case7 (Initial DT=0°C, DS=38 psyno wind)

It is seen inFigure 4.49 to Figure 4.51 that the increase in salinity difference
between the sea and discharged water significancreases the advection and the
mixing zone in the transport of the microplastide. Casel (DS=0) the
microplastic concentration drops below 0.1 mg/L out of a zone neadly rh8n
diameter around the river mouth, whereas this zone increases @litesteaching

4200 m in diameter in Case (DS=38 psu) The changesin microplastic
concentration over time due to advection and turbulent diffusion caused by the
difference between theeawateand the river discharge salinities regardlesthef
tempeature n Casel, Caseb, Casef, and Cas€ are presented irFigure 4.52
andFigure4.53for the points P1 and PEigure4.25) located nearly 800 m. in the
south of thandeMiftay Riwer mout hs, respecti

point P1, as the difference in the sea and discharged water sdli@)tyncreases
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