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ABSTRACT 

 

NUMERICAL MODELLING OF MICROPLASTICS TRANSPORT IN 

MERSĶN BAY 

 

 

 

Balas, Egemen Ander 

Master of Science, Civil Engineering 

Supervisor : Prof. Dr. Ahmet Cevdet Yal­ēner 

 

 

 

May 2023, 182 pages 

 

This study aimed to investigate the transport of microplastics in coastal waters and 

comprehensive numerical modeling approaches were used. A coastal area of 

approximately 900 km2 in the Bay of Mersin on the eastern Mediterranean coast of 

T¿rkiye was chosen as the study area, characterized by its irregular bathymetry, 

topography, variable winds, waves, and coastal currents. The HYDROTAM-3D 

numerical coastal model and database were used to investigate the study area's wind, 

wave, and current climate. Coastal hydrodynamics were studied in detail using the 

numerical model ECOMSED, which successfully simulates turbulent coastal 

currents caused by wind, waves, river flow, and density changes. A detailed analysis 

of hydrodynamics is of great importance for modeling microplastic transport. The 

coastal transport processes of microplastics that may enter the waters of Mersin Bay 

via the M¿ft¿ and Deli­ay rivers were numerically investigated using ECOMSED. 

The microplastic species and potential loading rates used in the modeling studies 

were selected from the measurement studies conducted in Mersin Bay in the 

literature. Different scenarios were modeled to understand the effects of wind speed 

and direction, coastal currents, salinity and temperature changes of sea and river 

water, river flow rate, microplastic density, and loading type on transport processes. 
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The modeling studies used both the advection-diffusion and particle-tracking 

methods, which are two different transport submodules of the ECOMSED model. 

These scenarios showed that the continuous flow of microplastics from rivers can 

lead to microplastic accumulation, especially in 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 and to understand the 

abundance zones. This study pioneers the understanding of microplastic movements 

in Mersin Bay through numerical modeling and provides an essential resource and 

awareness for management and policy decisions to reduce microplastic pollution in 

coastal areas. 

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

Microplastics, Numerical Modeling, Particle Tracking, Transport, T¿rkiye 

 



 

 

vii  

 

¥Z 

 

MERSĶN K¥RFEZĶNDE MĶKROPLASTĶK TAķINIMININ SAYISAL 

MODELLEMESĶ 

 

 

 

Balas, Egemen Ander 

Y¿ksek Lisans, Ķnĸaat M¿hendisliĵi 

Tez Yºneticisi: Prof. Dr. Ahmet Cevdet Yal­ēner 

 

 

Mayēs 2023, 182 sayfa 

 

Bu ­alēĸmada, mikroplastiklerin kēyēsal sularda taĸēnēmēnēn  incelenmesi hedeflenmiĸ 

ve kapsamlē sayēsal modelleme yaklaĸēmlarē kullanēlmēĸtēr. T¿rkiye'nin doĵu 

Akdeniz kēyēsēnda yer alan Mersin Kºrfeziônde, d¿zensiz batimetrisi, topografyasē, 

deĵiĸken r¿zgar, dalga ve kēyē akēntēlarē ile karakterize edilen yaklaĸēk 900 km2 

kaplayan bir kēyēsal alan, ­alēĸma alanē olarak se­ilmiĸtir. HYDROTAM-3D kēyēsal 

alan sayēsal modeli ve veri tabanē kullanēlarak, ­alēĸma alanēndaki r¿zgar, dalga ve 

akēntē iklimi ­alēĸēlmēĸtēr. R¿zgar, dalga, nehir akēĸē ve yoĵunluk deĵiĸikliklerinin 

neden olduĵu t¿rb¿lanslē kēyēsal akēntēlarē baĸarēyla benzeĸtiren ECOMSED sayēsal 

modeli kullanēlarak kēyē hidrodinamiĵi detaylē olarak incelenmiĸtir. Mikroplastik 

taĸēnēmēnēn modellenmesinde hidrodinamiĵin detaylē olarak anlaĸēlmasē b¿y¿k ºnem 

taĸēmaktadēr. M¿ft¿ ve Deli­ay nehirleri ile kºrfez suyuna dºk¿lmesi olasē 

olabilecek mikroplastiklerin, kēyēsal taĸēnma s¿re­leri ECOMSED kullanēlarak 

sayēsal olarak incelenmiĸtir. Modelleme ­alēĸmalarēnda kullanēlan mikroplastik 

t¿rleri ve olasē y¿kleme hēzlarē, literat¿rde bulunan Mersin Kºrfezôinde y¿r¿t¿lm¿ĸ 

ºl­¿msel ­alēĸmalardan se­ilmiĸtir. R¿zgar hēzē ve yºn¿, kēyēsal akēntēlar, deniz ve 

nehir suyunun tuzluluk ve sēcaklēk deĵiĸimleri, nehir debisi, mikroplastik yoĵunluĵu 

ve y¿kleme tipinin taĸēnma s¿re­lerine etkilerini anlamak i­in ­eĸitli senaryolar 
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modellenmiĸtir. Modelleme ­alēĸmalarēnda, ECOMSED modelinin iki farklē taĸēnēm 

alt mod¿l¿ olan, hem adveksiyon-dif¿zyon hem de par­acēk izleme yºntemleri 

kullanēlmēĸtēr. Bu senaryolar, nehirlerden s¿rekli mikroplastik akēĸēnēn, ­alēĸma 

alanēnēn ºzellikle batē kēyē sularēnda mikroplastik birikimine yol a­abileceĵini 

gºstermiĸtir. Genel olarak, bu ­alēĸma, kēyē bºlgelerinde mikroplastik hareketlerinin 

incelenmesi ve birikim bºlgelerinin anlaĸēlmasē i­in, kapsamlē bir hidrodinamik ve 

taĸēnēm sayēsal modellemesi y¿r¿t¿lmesinin gerekliliĵini ve ºnemini gºstermiĸtir. 

Bu ­alēĸma, sayēsal modellemeyle mikroplastiklerin Mersin Kºrfezi'ndeki 

hareketlerinin anlaĸēlmasēnda ºnc¿ nitelikte olup, kēyē bºlgelerindeki mikroplastik 

kirliliĵini azaltmayē ama­layan yºnetim ve politika kararlarē i­in ºnemli bir kaynak 

ve farkēndalēk saĵlamaktadēr. 

Anahtar Kelimeler: Adveksiyon, Dif¿zyon, ECOMSED, HYDROTAM-3D, Mersin 

Kºrfezi, Mikroplastik, Sayēsal Modelleme, Par­acēk Ķzleme, Taĸēnēm,T¿rkiye  
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CHAPTER 1  

1 INTRODUCTION   

1.1 The Motivation of the Study 

The accumulation of marine debris is a pivotal environmental problem in today's 

seas and oceans. Marine debris refers to solid materials that have been generated or 

processed and end up in the waters. A large amount of debris is brought down from 

landfills located close to the coast and washed into estuaries through rivers or directly 

dumped in the sea; the quantities of solid waste have increased dramatically over 

recent years due to urbanization and economic growth. According to researchers, 

plastic debris accounts for seventy-five percent of marine debris (Galgani et al., 

2015). In addition, plastic litter's harmful effects on human health, the food chain, 

and marine species have been studied and noted in the scientific literature. The 

production of plastics increased from 1 million tons in the 1940s to 3 million tons in 

2005 (Foale and Gao, 2007). Today, the volume has more than doubled again, and 

by 2050 it may reach 6 trillion pounds (Gilligan and Furlong, 2009). Plastic items 

include both industrial and household waste, such as bags, bottles, cans, straws, food 

wrappers, and toys (McKenzie et al., 2010). These are often found floating at sea 

because they do not sink (Adamopoulou et al., 2021). Plastic debris comprises a 

range of objects, including packaging, synthetic fibers, rubber, and textiles. They can 

originate from various sources, such as municipal solid waste, industry, and 

consumer products. Plastic pollution in coastal areas is divided into two categories: 

macroplastics (plastic fragments 5 mm or more in diameter) and microplastics 

(plastic fragments smaller than 5 mm in diameter) (Long et al., 2015, Martins and 

Sobral, 2011). Depending on how they are formed, microplastics are classified as 

primary or secondary. Secondary microplastics are formed as a result of the 

degradation of macroplastics, while primary microplastics are used as micro-sized 
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products during the production process. The majority of microplastics from primary 

sources enter the marine environment via household or industrial wastewater, rivers, 

or wind. According to scientific studies, rivers play an important role in transferring 

such plastic waste to the oceans (Neumann et al. 2014). Secondary microplastics, on 

the other hand, are reduced to micro size by the degradation of macroplastics in the 

water as a result of activities such as coastal tourism, recreational activities, 

commercial fishing, 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). 

 

Figure 1.1. Plastic waste traces found 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 Union 

Marine Strategy Framework Directive (MFSD, 2008/56/ EC), published in 2008, 

intends for European Union to reach "good environmental status" (European 

Commission, 2008). During the eighteenth Conference of the Barcelona Convention, 

it was decided to develop regional strategies to prevent marine solid waste in the 
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Mediterranean Sea. This conclusion is based on the Protocol on Land-Based Sources 

of the Barcelona Convention, to which T¿rkiye is a party (Galgani vd. 2013). The 

above judgment highlights the need to conduct extensive modelling studies to 

identify the accumulation and impact regions of marine litter. Modelling the 

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

identifying the locations and sources of plastic debris. 

Various methodologies are employed in order to evaluate 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 models and numerical simulations. Physical models are mainly 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 computer programs that simulate the behavior of the particles and 

the oceanographic environment for a particular event in a given location; they may 

also include experimental data from a limited number of real-life cases as input 

information to build up new models. The physical 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 particles. By creating a scaled model of the 

coastal area to be examined in the laboratory setting, physical models are created to 

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 conditions cannot be satisfied in the 

laboratory setting. 

Numerical models are useful forecasting tools at this phase. Because there is no long-

term recorded wave height and coastal current data in our country, the wave heights 

created by the wind force may be calculated using numerical models based on long-

term measured wind speeds on land. The turbulence and currents produced by the 

influence of waves, wind, tide, and density gradients can be numerically modeled.  
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The maximum number and residence time of suspended microplastics in a study area 

after the initial 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 understand the accumulation rate via 

simulations of 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 beaches where 

the microplastics accumulate and the location and magnitude of the plastic plumes. 

The microplastic plumes are more consistent and mirror the pattern predicted from 

passive plumes from a point source in uniform currents when the source is in the 

open ocean. If the source is near the shore and downwind, some of the microplastics 

are stranded quickly while the rest are dragged away and dispersed over long 

distances. The use of numerical models is successful in the simulations of transport 

processes of microplastics over long distances in coastal waters (Gen­ et al., 2020). 

There are two main ways to model the transport of microplastics in coastal areas 

numerically. The first method involves using the solution advection-diffusion 

equation for mass transport. This approach defines a control volume 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 individual microplastic particles is analyzed. The three-

dimensional and open source code Estuarine and Coastal Ocean Model with 

sediment transport ECOMSED includes both advection-diffusion and particle 

tracking sub-models of transport (HydroQual, 2002). The ECOMSED numerical 

model is widely recognized and verified in the field of simulating coastal 

hydrodynamics and transport processes (Ahsan and Blumberg, 1999; Qiu and Zhu, 

2015). This model has gained global acceptance due to its accurate representation of 

complex coastal processes (Wang et al., 2009). ECOMSED has been extensively 

applied in various research studies and practical applications, contributing to a better 

understanding of transport processes in coastal environments (Ningsih and Al Azhar, 

2013; Zheng et al., 2014; Zhang and Shen, 2015). In this thesis study, both the 
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advection-diffusion and particle tracking sub-models of ECOMSED were used 

comparatively in the numerical investigation of microplastic transport. 

Microplastics are often found in high concentrations 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 Sea. The Mediterranean 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 the Mediterranean Sea, is particularly susceptible to their 

pollution. For this reason, Mersin Bay is selected as the case study coastal area. The 

district of Mersin is located in the southern part of T¿rkiye and features a three-

hundred-kilometer-long coastline in the northeastern Mediterranean. The district has 

a population of over 1 million people, making it one of the largest districts in T¿rkiye. 

The coastal region provides an ideal location for both tourism and trade activities. 

Mersin City has a per-person plastic use of seventy-five 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 port, marine, and 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 treatment facilities (G¿ndoĵdu et al., 2018; G¿ven et al., 2017). 

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 especially based on coastal circulations, density differences, tides, wind, and wave 

dynamics (Rech et al., 2014). The accurate estimation of the spatial distribution of 

microplastics depends on a well understanding of the regional nearshore circulation 

patterns and turbulence. HYDROTAM-3D model and database system is used in this 

thesis to study hydrodynamics, wind, wave, and coastal current climates in Mersin 

Bay. HYDROTAM-3D is a geographic information systems (GIS) integrated three-
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dimensional baroclinic numerical model and database system developed to simulate 

coastal waters' hydrodynamic, transport, and water quality processes. The 

infrastructure of the program is based on cloud computing technology. The GIS 

platform of the model facilitates the time-consuming task of preparation of data input 

and output. HYDROTAM-3D model results have been verified by analytical 

solutions, laboratory measurements, and field measurements made in many scientific 

researches and application projects carried out in Turkish coastal waters. 

HYDROTAM-3D model has an extensive database covering almost all of the coastal 

and transitional waters in T¿rkiye (Balas and ¥zhan, 2002; Cebe and Balas, 2016, 

2018; Yēldērēm and Balas, 2019; Gen­ et al.,2020). The model comprises 

hydrodynamics; turbulence; wind, wave, and current climates; wave transformation; 

sediment transport; coastal morphology; temperature, salinity, pollutant, oil, and 

microplastic transport; sea outfall dilutions and hydraulics, and water quality sub-

modules.  

This thesis represents a novel and advanced modelling study that combines two 

comprehensive numerical models, HYDROTAM-3D and ECOMSED, to examine 

the coastal hydrodynamics, movements, and distribution areas of microplastics in 

Mersin Bay. This research is a pioneering endeavor in the field, as it presents the first 

comparative modelling study of microplastic transport in Mersin Bay, utilizing both 

particle tracking and advection-diffusion 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 abundance and distribution of microplastics. 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 mitigation measures for addressing microplastic 
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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 transport of 

microplastics? 

II.  What are 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? 

III.  How to apply the ECOM model to Mersin Bay, having complex bathymetry 

and topography to simulate hydrodynamics and microplastic transport? How 

to apply HYDROTAM-3D to model wind climate, wave climate, surface 

level changes, and coastal currents? 

IV.  How are the successes of ECOM and HYDROTAM-3D in the hydrodynamic 

modelling of coastal waters? 

V. How do the advection-diffusion and particle-tracking sub-models within the 

ECOMSED model compare in simulating microplastic transport in coastal 

areas? What are their main parameters as inputs and outputs? 

VI.  How do the flow rate and microplastic loads of M¿ft¿ and Deli­ay rivers 

influence the distribution and abundance zones of microplastics in Mersin 

Bay? 

VII.  To what extent does the comprehensive numerical modelling of 

hydrodynamics and transport contribute 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 HYDROTAM-3D and 

ECOMSED models are studied regarding their theories, inputs, outputs, and initial 

and boundary conditions. In the second stage, HYDROTAM-3D model and database 

system are applied to Mersin Bay. Hydrodynamics of the Bay, wind, wave, and 

coastal currents climates are analyzed. In the third stage ECOMSED model is applied 

to Mersin Bay, and hydrodynamic simulations are compared with HYDROTAM-3D 

results and six hourly Copernicus Marine Environment Monitoring Service 
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(CMEMS) datasets. The sea level monitoring data is obtained from the Erdemli 

automatic tide gauge station and analyzed. At the fourth stage, HYDROTAM-3D 

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

coupled with the ECOMSED model, and the advection-diffusion submodel of the 

ECOMSED is applied to Mersin Bay to simulate the transport of microplastics 

discharged from M¿ft¿ and Deli­ay Rivers. The effects of wind speed and direction, 

coastal currents, turbulence, salinity and temperature changes in sea and river waters, 

and density of microplastics on the movement and accumulation of microplastics are 

studied by 21 different modelling scenarios. In the fifth stage, the Lagrangian particle 

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

buoyant microplastics discharged from M¿ft¿ and Deli­ay Rivers is simulated in 6 

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 HYDROTAM-3D to analyze the transport patterns and 

Mersin Bay's self-cleaning 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 presented. The background 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 persistence and accumulation 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 highlighted. The ecological 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 through seafood consumption. The need for understanding 
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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 microplastic sources and 

types is provided, including an examination of inputs from land-based sources, 

specifically coastal development, urban runoff, and improper waste management 

practices. The role of rivers as microplastic pathways from inland sources to coastal 

waters is investigated. 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, including 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 searched. Previous studies 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 gaps in knowledge and research in biological 

interactions between microplastics and marine organisms, including uptake, toxicity, 

and long-term effects; standardized sampling protocols emphasizing the need for 

consistent methodologies to ensure accurate comparisons between studies; 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 details of advection-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 Bay and its environmental 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, wave, and current 

climate analyses performed by HYDROTAM-3D model for Mersin Bay are 
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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 assessing the reliability 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 sensitivity analysis. The advection-diffusion and particle tracking 

transport sub-model applications of ECOMSED are presented.  

In the fifth chapter, discussions of the model simulations are presented. The temporal 

and spatial distribution of microplastics in Mersin Bay and the factors 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 seasonal variations 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 transport and 

distribution of microplastics are assessed. Implications for ecological and human 

health and the importance of modelling in management strategies for microplastic 

pollution are discussed.  

In the sixth chapter, the study conclusions are summarized. The main highlights 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, suggestions for future research are provided. The need for 

further research, including long-term monitoring programs, refined models, and 

interdisciplinary studies to enhance understanding and inform sustainable 

management practices is identified. 
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CHAPTER 2  

2 LITERATURE REVIEW  

Plastics are 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 to rising plastic contamination in our seas and oceans. (Kershaw, 2015). 

Plastics are an important part of the transition to a more sustainable and 

environmentally friendly future, such as in energy-efficient houses, wind turbines, 

and electric automobiles. Plastics are critical to offering the viable strategies that 

society needs (Plastics Europe, 2022). Marine litter, tourism-related debris, and other 

macroplastic pollution have been documented to create ecological and aesthetic 

problems; moreover, microplastic particles operate as efficient collectors of different 

poisons and industrial effluents, contaminating the entire ecosystem. (Thompson, 

2015; Law and Thompson, 2014; Hidalgo-Ruz et al., 2012; Andrady, 2011).  

2.1 Microplastics 

The vast majority of research about 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 particle behavior in the layered marine environment is relevant to 

microplastic transport and microplastic characteristics. This type of analysis 

necessitates numerical modelling and, as a result, studies that entail knowledge of 

specific parameters of particle properties and their changes over time (Chubarenko 

et al., 2016). In 2004, originally, the word "microplastics" denoted tiny pieces of 

plastic fragments (~ 50 Õm) found in the sediments and in between the marine 

surface and floor (water column) (Hidalgo-Ruz et al., 2012; Thompson et al., 2004). 
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Today, the term "microplastics" refers to a heterogeneous wide variety of materials 

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

of varied shapes, ranging from rounded to long fibers (Thompson, 2015). Frias and 

Nash (2019) propose a new classification of microplastics as any artificial solid grain 

or polymeric matrix with uniform or irregular structure and dimensions varying 

around 1Õm to 5 mm fabrication origin that is not water-soluble. Microplastics can 

be found in varying abundances in marine environments, such as the bottom 

sediment, water column, and surface, depending on their color, shape, specific 

gravity, chemical structure, size, and other properties (Hidalgo-Ruz et al., 2012). 

Understanding how 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 

concentration of microplastics. Lower concentrations of water surface samples are 

then measured, with the lowest values defined (Hidalgo-Ruz et al., 2012). Sediment 

samples range between 0.022 - 8654 per m3 at the water surface and between 0.014 

- 12.51 per m3 in different depths. Microplastics have been discovered, as stated by 

reports (Hidalgo-Ruz et al.,2012). According to ¥zg¿ler et al. (2022), microplastics 

calculated for the eight rivers flowing into Mersin Bay were found as 293Ñ59 

particles/ m3. This amount is equal to Mersin Bay's total microplastic stock. Van 

Cauwenberghea et 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 (Doyle et al., 2011). When the calculation is 

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

per m3. The difference in concentrations in the literature can be attributed to 

differences in sampling methods (the use of separation by density difference and the 

analysis of volume-reduced samples, and it is critical to consider the mesh size 

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

characteristics such as recreational/industrial load and bottom sediment are 

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

highest concentrations of microplastic particles has yet to be adequately proven; 
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however, there are several physical reasons underlying this distribution. According 

to field measurements, the 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 the polymers (Chubarenko et al., 2016). 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 origin." However, there is still debate about 

"microplastics" minimum size (Thompson, 2015; Ryan, 2015) because these 

considerations are dependent on analysis and sampling (Hidalgo-Ruz et al., 2012). 

As an example, on the Pakistan coast, seawater extracts were processed using three 

different fine mesh (500 Õm, 250 Õm, and 55 Õm). The residue that remained on the 

filters was dehydrated and saved for further examination. (Ahmed et al., 2022). But 

in most studies, the Neuston web with a mesh size of 0.33 mm is commonly used to 

gather specimens (Arthur et al., 2009); this number may also serve as a bottom bound 

for the size of microplastic particles. When samples were sieved, the collected 

particles' minimum size varied between 0.5 mm - 2 mm (Fujieda and Sasaki, 2005; 

Costa et al., 2010); the lowest microplastic dimension in the 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, 2007; Thompson et al., 2004). Hidalgo-Ruz et al. (2012) 

advised two main sizes to differentiate the categories of microplastics: (i) < 0.5 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 selected haphazardly 

based on physical knowledge (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 over an extended period, the specific density of 

pellets (density of polyethylene and polystyrene) decreased. (Mor®t-Ferguson et al., 

2010). As a result, many marine microplastics have distinct densities from parent 

polymers. The polymer distribution in seawater and sediment is unique to each 
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location., and the processing techniques utilized have an impact on it. For example, 

(Woodall et al., 2014) found that viscose (rayon), a non-plastic synthetic polymer, 

accounted for 56.9 percent total amount of synthetic fibers in deep water sediment. 

The most common plastic fibers in this study were polyamides, acrylic, polyester, 

and acetate. Typically, high and low-density polystyrene, polypropylene, 

polyethylene which is also reported to be denser than water, polyethylene 

terephthalate, and polyvinyl chloride have been identified as floating microplastics 

on the ocean's surface (Hidalgo-Ruz et al., 2012). The inverse situation of 

microplastics with low density in lower sediments is still to be identified (Van 

Cauwenberghea et al., 2013). Regardless, oceanographers 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 

research, The Mariana Trench is the ocean's deepest part, stretching 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 are fibers, 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 

(Takarina, 2022; Moore et al., 2001; Browne et al., 2010; Ryan, 1988) and styrofoam 

(Yamashita and Tanimura, 2007). Polyethylene, polypropylene, and polystyrene 

were found to be the most prevalent polymers in the microplastic specimens 

(Takarina, 2022). According to reports, the shape of plastic parts is determined by 

the amount of time they spend in the environment as well as the disintegration 

process (Hidalgo-Ruz et al., 2012). Sharp edges are usually associated with new 

entrances to the sea or further fragmentation of big pieces, whereas soft edges are 

usually linked with older particles that are progressively polished by sediments 

(Doyle et al., 2011). According to Gilfillan et al. (2009), Larger fragments have 

longer forms and/or uneven surfaces, while smaller fragments 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 2-3 mm long and smaller than 0.1 mm in size. While plastic (bags for 

shopping and packing, insulation, greenhouse, building, and packaging films) are 

abundantly stated in macro sizes on beaches, seawater, and bottom surfaces, they are 

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

The information presented above essentially allows 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 transport can occur while 

floating on the sea surface is valid for lighter microplastics (such as foamed 

polystyrene), and for lightly floating particles, their contamination depends upon 

settling. The sinking rate of heavy microplastics is useful in providing a scale for 

their travel periods in the aquatic environment. These characteristics 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 

computational modelling. In the marine environment, the total motion 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 are positively buoyant, allowing them to travel long 

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., 2004; Browne et al., 2011; Hidalgo-Ruz et al., 

2012; Claessens et al., 2011). The 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 microplastic particles, 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 developed turbulence relations cannot apply, and (ii) suspended solids in the 

marine environment. The majority of material transport research has focused on 

bottom sediments; however, the density of microplastics is much lower; as a result, 

the applicability of the derived formulations must be confirmed. In brief, the physical 

attributes of marine microplastic, such as density, length, and geometry, determine 

their activity and journey in the sea, including their migration in a turbulent layered 

marine environment, residency period in various marine ecosystems, and amount of 

bio-pollution. 

Chubarenko et al. (2016) presented basic time and space-variant scales defining 

particle behavior of various geometries and densities in the Baltic Sea based solely 

on geometric considerations- comparing some properties, contamination rates, and 

sinking rates of particles of various shapes. The wind is the most important factor for 

ultralight buoyant microplastics (foam polystyrene, 0.05 g/cm3). Force analysis 

revealed that light round particles should bowl on the surface, with a drift velocity 

four times greater than the current velocity. Because the impacts of water viscosity, 

waves, and other aspects were not taken into account, the deviation rates obtained 

are maximum estimates. In any case, very light floating and tumbling microplastic 

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 other (about 250 km) 

under relatively mild winds of only 10 m/s which can take up to three days. These 

findings demonstrate that positively floating microplastics can be easily transported 

over extremely long distances. When biofouling is considered for particles that float 

slightly (e.g., polyethylene, polypropylene), the average particle density increases, 

causing the particle to sink. According to the assumption that the particle surface 

area is linearly proportional to the rate of growth in total mass, it has been 

demonstrated that for a given quantity of plastic material, various tiny particles have 

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 stated to be 

directly proportionate to the radius for round particles proportional to surface 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 highest area of 

surface for a given mass, followed immediately by film-shaped plastics. Fouling time 

to water density has been proved to be on the same level as one another in size for 

films and fibers and nearly twice that for spherical particles. 

Microplastics can enter the food chain directly through the organs and tissues of 

marine megafauna (Whales, dolphins, seals, penguins, gigantic squids, and other 

enormous ocean animals, sharks) or indirectly through the primary producers of the 

food chain (phytoplankton). Smaller microplastics, particularly those smaller than 2 

mm in size, represent a larger harm to marine species. (Lam et al., 2020). 

Furthermore, small microplastics have greater surface-to-volume ratios, and higher 

amounts of heavy metals and organic contaminants in the environment can be 

adsorbed on them. (Pan et al., 2021). Previous research demonstrates that 

microplastic absorption by marine organisms has grown prevalent owing to the 

increased resemblance to plankton species as the fragments get smaller in size. (Su 

et al., 2019).  

In a recent study, De Frond et al. (2019) sought to quantify the number of additives, 

such as polychlorinated biphenyls (PCBs), that are transported by marine plastic 

litter. However, the study by De Frond et al. (2019) did not consider the final 

destination or disposition of the plastic particles or the mechanisms through which 

pollutants are adsorbed onto them. To address these gaps in our understanding, 

Guerrini et al. (2022) proposed a new model that combines Lagrangian tracking of 

microplastics with the Eulerian advection-diffusion modelling of pollutants. This 

modelling approach involves simulating the interconnected movements and 

interactions of microplastics and pollutants over space and time within the ocean 

surface layer. The movement of microplastics is simulated using data on surface 

currents, while the movement of pollutants on the sea surface is modeled based on 

the concentration gradient. Additionally, the model takes into account the exchange 

of pollutants between the microplastics and the surrounding seawater, considering 

the concentration of pollutants on each particle and in the surrounding water. By 

considering these coupled dynamics, the model provides a better understanding of 
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the distribution and fate of these contaminants in the marine environment. According 

to Guerrini et al. (2022), the model consists of three main components: particle 

transport by surface currents, advection-diffusion of pollutants on the sea surface, 

and mass transfer of pollutants between particles and seawater. To solve for these 

components, the model uses an operator-splitting approach, in which each 

component is treated as a separate subproblem and solved independently over a 

specific time step. The operator-splitting approach is a mathematical method that 

allows for an efficient solution of complex systems by breaking them down into 

simpler subproblems. Once all subproblems have been solved, the solutions are 

combined to complete a full-time step of the simulation. This approach allows 

Guerrini 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 microplastics in this region and was able to 

identify areas where microplastic-mediated 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 analyzed particle trajectories to detect 

recurrent spatial patterns that may drive the interactions between microplastics and 

pollutants at a basin-wide scale, revealing that large-scale transport of particles and 

bound pollutants can occur between distant sub-basins in the Mediterranean Sea and 

that different source types of microplastics can have different patterns of adsorption 

and desorption of pollutants. Riverine particles were found to be the most significant 

in conveying the target pollutant throughout the Mediterranean basin, largely 

contributing to the vastest desorption areas. According to Guerrini et al. (2022), their 

model found that coastal particles had high rates of desorption (the process of a 

pollutant being released from the surface of a microplastic) in the Adriatic and 

Eastern regions of the Mediterranean Sea, while 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. These findings suggest 

that microplastic pollution cannot be effectively addressed by solely focusing on the 
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physical risks it poses to marine life. It is also important to consider the chemical 

hazards that microplastics can pose, as some pollutants that become adsorbed onto 

microplastics may be subject to biomagnification (the process by 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 

chemical hazards it poses. 

According to Guerrini et al. (2022), efforts to reduce the environmental threat posed 

by microplastic pollution in the oceans should not only focus on improving waste 

management practices, which can help reduce the number of microplastics entering 

the oceans. It is also important to consider the chemical hazards 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 and their 

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 

important for the well-being 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 confirmed by field measurements (Suaria et al., 2016). This 

is a cause for concern given the already heavily impacted marine biodiversity of the 

Mediterranean Sea (Micheli et al., 2013). 

According to G¿ven et al. (2017), the average microplastic size retrieved from the 

digestive system of 28 species of fish examined in Mersin Bay was 0.6 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 0.5-1.0 mm being by far the most common size classification. 

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 

studies in the literature that investigate the presence of microplastic pollution in 
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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). 

Microplastics are easily ingested, particularly by living things (low trophic fauna) at 

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 the problem by assisting transoceanic ships in transporting microbial 

communities to foreign waters (Hoarau et al. 2014; Frias et al., 2014;  Long et al. 

2015; Eriksen et al.,2014; Provencher et al., 2014; Wright et al. 2013;  Lechner et 

al., 2014; van Franeker and Law, 2015; Juan et al., 2014; Di Beneditto and Ramos, 

2014; Mathalon and Hill, 2014). Furthermore, because microplastics have a higher 

surface area-to-volume ratio than macroplastics, toxic organic molecules with lower 

molecular weights can adhere to large surface areas of microplastics and pass into 

the organs and tissues 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 population and maritime traffic, the Mediterranean Sea is one of the most 

employed and important seas in the world. The Mediterranean Sea is a major source 

of food for people in the world, and it is a major trade route. The Mediterranean has 

large population concentrations owing to tourism. In the past 40 years, the 

inhabitants of the Mediterranean's 18 coastal countries have expanded to 466 million 

people. This population is expected to reach 600 million by 2050. Furthermore, the 

Mediterranean accounts for 30 percent of global maritime transport, making it one 

of the world's busiest waterways (Suaria and Aliani, 2014). The Mediterranean Sea 

is supplied by waterways from basins in Africa, Asia, and Europe. The major rivers 

that supply the Mediterranean waters are the Nile, the Tigris and Euphrates, and the 

Danube. The Mediterranean Sea, located in the heart of the so-called ñCircle of Life,ò 

is especially vulnerable to the impacts of marine litter, which is a problem developing 

at an alarming rate. The process of marine litter accumulation and dereliction begins 

with the material being dumped 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 waters ï where it can often be mistaken for food by seabirds or fish. Once 

this debris reaches the seaôs surface, it enters into a ñgyresò cycle of re-suspension 

and concentration due to wind, waves, and currents (OECD Maritime Strategy, 

2010). According to Galgani et al. (2015), the Mediterranean's marine litter density 

is high. As a result, the Mediterranean is vulnerable to marine pollution. Even though 

the Mediterranean has a sensitive ecosystem, there 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 non-existent (Suaria and Aliani, 2014). However, it 

has been discovered that plastic accounts for 83% of the traceable floating litter in 

the Mediterranean (Galgani et al., 2013, Cozar et al., 2015). According to Lebreton 

et al. (2012), the Mediterranean Sea has one of the highest marine litter densities in 

the world. Although the Mediterranean basin 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 of studies are focused on the garbage that has 

accumulated on the beach and sea floor (Galil et al., 1995; Stefatos et al., 1999, 

Galgani et al., 2000, Pasquini et al., 2016). Floating litter has gotten lesser interest 

(Suaria and Aliani, 2014, Ruiz-Orejon et al., 2016). Tubau et al. (2015) discovered 

that 73 percent of marine wastes in samples collected by diving between 140-1731 

meters in submarine canyons off Genoa and Lion Bays in the northwest 

Mediterranean were plastic. Collignon et al. (2014) discovered that 54 percent of the 

plastics present on the surface are wide microplastics with a size of 2-5 mm in a study 

on micro and mesoplastic wastes in Calvi Bay (Corsica). Vianello et al. (2013) 

researched microplastics in sediment samples collected from the Venice Lagoon's 

tidal areas and discovered that the most prevalent microplastic types were 

polypropylene and polyethylene. They also discovered that 93 percent of the 

microplastics were between 30 and 500 micrometers in size. Suaria and Aliani 

(2014) studied surface marine litter in the central and western Mediterranean regions 

and discovered 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 account for 56 percent of marine litter in the Eastern Mediterranean, 



 

 

22 

according to Koutsodendris et al. (2008). In another study, Orejon et al. (2016) 

collected floating marine litter over two years in Sardinia, Sicily, the Adriatic, and 

the Ionian Seas. They discovered that 97 percent of the floating litter sampled was 

plastic and that the weight of plastic litter was microplastics. Studies on plastic 

pollution in T¿rkiye's marine areas have mostly focused on macroplastics with 

dimensions greater than 200 mm, and they have been conducted in the form of 

macroplastic counting along the seawater column and beaches in specific coastal 

areas. Eryaĸar et al. (2014) classified waste caught in trawl nets in Mersin Bay, 

T¿rkiye, and discovered that 73 percent of waste was macroplastic waste. In their 

review article for the framework directive of marine strategy, Viĸne and Bat (2015) 

investigated the current state of marine litter in the Black Sea. G¿ven et al. (2017) 

measured microplastic concentrations in seawater and sediment in the North East 

Mediterranean and detected microplastics in the water surface, 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 

in T¿rkiye's North East Mediterranean Sea. 

International studies have demonstrated the significance of plastic pollution in the 

seas, prompting the development of international action plans. In the 18th conference 

of the Barcelona Convention, held in Barcelona, it was decided to develop regional 

plans for the preclusion of marine solid waste in the Mediterranean. This decision is 

based on the Barcelona Agreement's Terrestrial Resources Protocol, to which 

T¿rkiye is also a signatory. It aims to achieve Good Environmental Status by 2020 

based on eleven descriptive criteria established 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 develop and implement monitoring programs 

that will allow them to effectively control pollution-reduction measures. Reduced 

marine litter is one of these measures. Transport models are useful in explaining the 

temporal and spatial changes of marine litter in this context (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 of the Atlantic and Pacific, as well as Indian 

Sea eddies (also known as the five sub-tropical 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 et al. (2011) 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 Sebille, 2016; Kukulka and 

Brunner, 2015; Ballent et al., 2013; Lebreton et al., 2012; Potemra, 2012; Kukulka 

et al., 2012). Carson et al. (2013) investigated litter reaching the sea from land-based 

pollutants reaching Hilo Bay on the island of Hawaii and discovered that 

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 al., 2013; Law et al., 2017), to predict the fate 

and transport of microplastics in the Mediterranean Sea (Jal·n-Rojas et al., 2019) 

and the Adriatic Sea (Schmid et al., 2021), and to understand the influence of wind 

and waves on the transport of microplastics (Andrady, 2011). 

In a recent study, Jal·n-Rojas et al. (2019) used a particle tracking model to study 

the transport of microplastics (MPs) in the Ionian Archipelago, an area located in the 

western part of the Greek coast that is known for its high tourism activity and rich 

marine biodiversity. According to Jal·n-Rojas et al. (2019), 100 microplastic 

particles were released at five locations within the archipelago on May 5, 2019, and 

tracked until August 28, 2021. The microplastics were simulated to have a density 

of 0.9 g/cm3, corresponding to polyethylene (PE) and/or polypropylene (PP). The 

results of the study showed that the transport of microplastics in the Ionian 

Archipelago was mainly controlled by diffusion in the areas of Corfu and Lefkada, 

while both advection and diffusion influenced the particle movements at 

Igoumenitsa, Zante, Argostoli, and the Gulf of Patra. Igoumenitsa is a port city 

located on the northwest coast of Greece, and both advection and diffusion 
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influenced the movement of particles. Zante, also known as Zakynthos, is an island 

located to the west of the Greek mainland in the Ionian Sea. Argostoli, the capital of 

the island of Kefalonia, is located in the Ionian Sea to the west of the Greek mainland. 

The Gulf of Patra is a body of water located on the western coast of mainland Greece. 

Beaching occurred quickly for microplastics (presumably meaning particles) 

released from Igoumenitsa, Argostoli, and Zante, while microplastics from Corfu 

and the Gulf of Patra had longer beaching times. Beaching refers to the process of 

particles coming to rest on the shore or beach. According to Jal·n-Rojas et al. (2019), 

particles released from Igoumenitsa, Argostoli, and Zante quickly made their way to 

the shore, while it took longer for particles released from Corfu and the Gulf of Patra 

to reach the shore. Lefkada's beaching 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 microplastics that were still 

floating at the end of the simulation were not transported more than 60 km from the 

release location. The study concludes that microplastic pollution originating within 

the Ionian Archipelago affects the marine ecosystem of the same region, and 

considering the high tourism activity of the Ionian Islands, this could cause serious 

problems for a large number of marine species and protected areas. Jal·n-Rojas et 

al. (2019) recommend further research, including a sampling campaign to study the 

distribution of microplastics in the Ionian Archipelago in more detail. In summary, 

the study by Jal·n-Rojas et al. (2019) provides valuable insights into the transport of 

microplastics in the Ionian Archipelago and highlights the need for further research 

on the distribution and impacts of microplastics in the study region. 

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 investigated (Choi and Zhang, 2023). The researchers found that the 

presence of secondary motions resulted in an orientation-dependent settling process 

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

predict the drag coefficients of microplastic fibers, the researchers proposed a new 
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drag model 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 motions on the drag coefficients of microplastic fibers. These 

secondary motions, 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 Rosendahl, 2010). Choi and Zhang (2023) 

conducted experiments to measure 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 of the study showed that the 

proposed model was able to more accurately predict the drag coefficients of 

microplastic fibers compared to existing models that did not consider secondary 

motions. The Maxey-Riley equation is a mathematical model that describes the 

motion of a small, neutrally buoyant particle in a fluid flow. It takes 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-Riley 

equation includes additional terms to account for the effects of particle 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 fibers, is combined with the modified Maxey-Riley 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 considered the settling 

behavior of stiff microplastic fibers in quiescent water conditions (Choi and Zhang, 

2023). Further research is needed to understand the secondary motions of flexible 

microplastic fibers settling in non-quiescent water conditions (Choi and Zhang, 

2023). 
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CHAPTER 3  

3 THEORY  

The transport of microplastics in coastal areas is modeled as particles in seawater. 

Microplastics do not affect the velocity pattern and follow the velocity field. The 

coastal water body is turbulent that can also be described as random, so the velocity 

changes in space and also in time. The movement of plastics in the coastal areas can 

be modeled in two different ways. First is by the solution advection-diffusion 

equation for mass transport (Eulerian approach), second is the random walk model 

(Lagrangian approach). The first approach defines a control volume, and 

microplastic concentration is considered as a function of time and space. In the 

second approach, the path per microplastic particle is analyzed. 

3.1 Advection-Diffusion Method 

Microplastics are treated as noncohesive sediment particles with diameters between 

75 - 500 Õm with variable densities. Advection-diffusion module includes 

resuspension, transport, and deposition of noncohesive sediment particles. 

The three-dimensional advection-diffusion equation solved in the ECOMSED model 

is given as (HydroQual, 2002)  
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where C: microplastic concentration; x,y: horizontal coordinates; z: vertical 

coordinate; u, v, w: velocities in x, y, z coordinates respectively; wp: fall velocity of 

particles; t: time; AH: turbulent diffusion coefficient in horizontal, KH: turbulent 

diffusion coefficient in vertical, S: Souce term. 
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Boundary conditions are given as follows: 

KH
ÖC

Öz
=0 at z=h  (surface)                                                                                   [σ.2] 

KH
ÖC

Öz
= Ὁ-Ὀ at z=-H  (bottom)                                                                         [σ.3] 

Where, h: water surface elevation above a specified datum; H: depth of bathymetry 

below the datum; Ef: resuspension flux of microplastic particles; Df: deposition flux 

of microplastic particles. 

The settling velocity of microplastic particles denser than the seawater is specified 

as an input to the model. The concentration of microplastics (C) is generally defined 

in terms of mass per volume[g/m3] or as the counts of particles per volume [particle/ 

m3]. The diameter of particle D  and their density rp, can be defined as C = n rp (ˊ / 

6) D3 (Zhang, 2017).   In the transport modelling of microplastics,  besides the 

density, the fall velocity is also important. The following equation for the settling 

velocity of the spherical particles (wp)  (HydroQual, 2002). The critical shear velocity 

for resuspension is taken the same as the settling velocity. 

×Ð
n 

$
ςυρȢςὈz Ȣ υȤρȢυ                                                                         [σ.4] 

where n: kinematic viscosity. The non-dimensional particle parameter (D*)  is 

defined as.  

D*=
ЎÇ

n 

Ⱦ

D                                                                                                      [σ.5]   

æ=
ɟ
p

ɟ
-1                                                                                                                  [σ.6] 

where r: seawater density, rp: particle density, and g: gravitational acceleration.  

The critical bed shear velocity u
*ȟÃÒÂÅÄ

 for initiation of bed motion is then computed 

using the Shields criteria: 

u*ȟÃÒÂÅÄ=ЎÇ$q Ⱦ                                                                                             [σ.7]   

The critical mobility parameter (qcr) is defined as: 
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q πȢςτ Ὀz                                   Ὀz τ

q πȢρτ Ὀz Ȣ                         τ Ὀz ρπ

q πȢπτ Ὀz Ȣ                     ρπ Ὀz ςπ

q πȢπρσ Ὀz Ȣ                     ςπ Ὀz ρυπ
q πȢπυυ                                             Ὀz ρυπ

                                                   [σ.8] 

The critical shear velocity for resuspension is taken as the fall velocity of the 

particle(wp). 

The first step in the calculation procedure of resuspension of microplastic 

particles is to compare the shear velocity with the critical shear velocity equated to 

settling velocity. Transport in suspension occurs only when the shear velocity 

exceeds both the Shields criterion for bedload motion and the critical shear velocity 

for suspension. If resuspension occurs, the particle diameter and shear velocity are 

used to determine the reference concentration Ca at the height of (z = a) above the 

sediment bed. The reference level above the bed is considered as a = max ( 0.01H, 

ks ), where ks is the Nikuradse roughness height. Finally, the local values of shear 

velocity, particle diameter, and Ca are used to calculate the suspended sediment 

transport rate. When the bed shear velocity is less than the critical value, then 

particles deposit to the bed. Further details of the model equations are given in 

HydroQual (2002).  

3.2 Particle Tracking Method 

The movement of particles within an aquatic system can be modeled by treating them 

as a conservative substance, which is a substance that does not undergo any change 

in its chemical or physical properties during a reaction or transport process. To 

understand this movement, a mass transport equation is often used. This equation 

describes the movement of a substance within a system by considering factors such 

as diffusion, advection, and chemical reactions. 

One approach for solving this equation is the random-walk approach, which was 

introduced by Thompson and Gelhar (1990). This method involves calculating the 



 

 

30 

displacement of particles through a combination of an advective component, which 

represents the deterministic movement of the particles, and a random Markovian 

component that approximates the dispersion characteristics of the environment. The 

Markovian component, named after the Russian mathematician Andrei Markov, 

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

meaning that the future behavior of the process is not dependent on its history. 

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 aquatic system. 

In a three-dimensional environment, a conservative substance is transported by 

various processes that can affect its movement. Advection refers to the movement of 

a substance due to external forces such as currents, while dispersion refers to the 

mixing and spreading of a substance due to processes such as diffusion and 

turbulence. Both advection and dispersion can influence the transport of a 

conservative substance and must be taken into account when understanding its 

movement. 

To analyze the transport of a conservative substance in a three-dimensional 

environment, the mass balance equation is often used. This equation describes the 

movement of a substance within a system by considering factors such as the amount 

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

substance within the system. In certain situations, it may be helpful to use the s 

transformation, which can also be represented with the Greek letter sigma (ů), a 

mathematical technique, to simplify the solution of 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 variables, known as s coordinates. This can make 

it easier to solve the equation, especially when the 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 perpendicular to the surface of the earth. By 

introducing the s transformation in the vertical direction, it is possible to easily solve 

the mass balance equation and better understand the transport of a conservative 

substance in a three-dimensional environment that has varying properties in the 

vertical direction, such as changes in temperature or salinity (Hydroqual, 2002). 

„
ᾀ –

( –
                                                                                                                       [σ.1υ] 

In an orthogonal curvilinear coordinate system ‚ȟ‚ȟ„, where Ὄὼȟώ is the water 

depth, –ὼȟώ is the surface elevation, and Ὀ Ὄ –, the transport equation for a 

conservative tracer can be written as (Zhang, 1995), 
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‫ ὡ
ρ

ὬὬ
ὬὟ „

ЋὈ

Ћ‚

Ћ–

Ћ‚
ὬὟ „

ЋὈ

Ћ‚

Ћ–

Ћ‚

 „
ЋὈ

Ћὸ

Ћ–

Ћὸ
 

  [σ.17] 

The transport equation for a conservative tracer in an orthogonal curvilinear 

coordinate system can be modified to include additional factors such as 

concentration, unit grid cell metrics, and velocity components. Specifically, C 

represents the concentration of the tracer, h1 and h2 represent the metrics of the unit 

grid cell in the ‚ and ‚ directions; and U1 and U2 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 transport of 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 calculated using the random-walk 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 particles in this 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. 

ᴆ
ὃὢᴆὸ ὄὢᴆȟὸὤ                                                                                            [σ.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 vector X(t). The deterministic 

forces acting on the particle, which influence its movement, are represented by the 

vector A(X,t), and the random forces that lead to the diffusion of the particle are 

represented by the vector B(X,t). The random numbers vector Z(t) has zero mean 

and unit variance. 

The Ito-Fokker-Planck 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 equation given in the text by 

taking the limit as the number of particles becomes very large and the time step used 

to solve the conservation equation becomes very small. The Ito-Fokker-Planck 
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equation relates the change in the probability density function to the deterministic 

and random forces acting on the particles. It has the form: 

ЋὪ

Ћὸ

Ћ

Ћ8ᴆ
!Æ ᶯ

ρ

ς
""Æ                                                                                    [σ.20] 

 

where f is the probability density function, A is the vector representing the 

deterministic forces, and B is the vector representing the random forces. The 

conditional probability density function f(X,t | X0,t0) represents the probability of the 

particle being at a certain position X at time t, given its initial position X0 at time t0. 

Therefore, given the probability density function, the vectors A and B can be 

determined, and the position of each particle can be calculated. To confirm the 

accuracy of the tracking method, tests were conducted comparing it with analytical 

solutions for various types of channels, including straight channels with flat or sloped 

bottoms and circular channels with open or closed lateral boundaries (Zhang, 1995). 

These tests showed that the methodology was able to provide correct answers for all 

test cases (Hydroqual, 2002). 
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CHAPTER 4  

4 MODEL APPLICATIONS  

Situated in the eastern Mediterranean Sea of T¿rkiye, Mersin Bay encounters 

substantial levels of microplastic pollution from the mainland, predominantly 

conveyed through rivers (Figure 4.1). As a result, the study area for microplastic 

transport modelling was selected in the coastal region surrounding the M¿ft¿ and 

Deli­ay rivers within the Mersin Bay, where some measurements have been 

conducted on the microplastic pollution levels (G¿ven et al., 2017; Akarsu et al., 

2020). The wind and wave climate, wave propagation, water surface variations, and 

current climate were studied using the HYDROTAM-3D three-dimensional coastal 

model system for hydrodynamics, transport, and water quality. Studies on marine 

microplastic transport and accumulation were conducted using two different 

transport submodules of the ECOMSED model, namely the advection-diffusion and 

particle tracking methods.  

 

Figure 4.1 Mersin Bay as the study area (Google Earth, 2022) 
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4.1 Wind Climate 

Hourly wind measurements between 1971 and 2018 from Mersin Meteorology 

Station (MS) (36.821949̄N-34.624515̄E) were used to determine the wind climate 

of the study area. Also the six hourly wind predictions for 2000-20018 obtained 

from the closest ECMWF operational archive station located at 36,8N̄-34,6̄ E (on 

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

predictions of NCEP-CFSR (National Center for Environmental Prediction-

Climate Forecast System Reanalysis) at 36,5ÁN-34,5ÁE (overseas)  were analyzed 

(Figure 4.2). Comparisons of wind speeds for common periods of the stations are 

shown in Figure 4.3, and wind roses are shown in Figure 4.4. All wind speed 

measurements and estimates shown are for a height of 10 m (U10). 

 

Figure 4.2 Locations of wind stations compared (Google Earth, 2022) 
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(a) 

 
(b) 

 
(c) 

 
(d) 

 
Figure 4.3 Wind speed (m/s) comparisons (M.S.: Meteorology Station) (a) Mersin 

M.S. ï ECMWF 36.8ÁN-34.6ÁE (on land), (b) Mersin M.S. -ECMWF 36.8ÁN-

34.7ÁE (oversea) (c) Mersin M.S. - ECMWF 36.7ÁN-34.6ÁE (oversea) (d) Mersin 

M.S. - NCEP-CFSR  36.5ÁN-34.5ÁE (oversea) (HYDROTAM-3D, 2022)  
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Figure 4.4 Yearly and seasonal wind roses a) Mersin MS b) 36.8 N̄-34.6 Ē  

ECMWF-OA c) 36.8 N̄-34.7 Ē ECMWF-OA d) 36.5ÁN-34.5ÁE NCEP-CFSR  

(HYDROTAM-3D, 2022) 

 

(a) Mersin 

Meteorology 

Station (on land) 

(1971-2018) 

 

(b) 36.8 N̄-

34.6 Ē  ECMWF-

OA (on land) 

(2000-2021) 

 

(c) 36.8 N̄-34.7 Ē 

ECMWF-OA 

(overseas) 

(2000-2021) 

 

(d)36.5ÁN-34.5ÁE 

NCEP-CFSR 

(overseas) 

(2000-2018) 
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Figure 4.4 shows comparisons of long-term 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 nearest overseas stations of ECMWF 

wind forecasts are located at 36.8ÁN-34.7ÁE  and 36.7ÁN-34.6ÁE with the Mersin 

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 comparisons show 

that the ECMWF wind forecasts are quite comparable to the data from the Mersin 

Meteorological Station. Overseas wind speeds are found to be greater than on-land 

wind speeds, and this ratio, which ranges from 1.03 to 1.17, is consistent with the 

coefficient recommended (between 1.5-2.0) in the literature for converting on-land 

wind data to oversea wind data (CEM, 2006). These comparisons between 

meteorological station data and ECMWF forecasts demonstrate the accuracy of 

ECMWF offshore wind forecasts. Offshore wind forecasts are important for 

making decisions and for planning for variable weather conditions. Following the 

comparative studies, it was determined that the wind forecasts for ECMWF 

coordinate 36.6ÁN-34.7ÁE, which is the long-term data source to the coastal area 

open waters, can be used to determine the wind conditions in the studied Mersin 

Bay coastal waters between 2000 and 2021. Wind forecasts of the ECMWF 

Operational Archive at the coordinate of 36.6ÁN-34.7ÁE from 2000 to 2021 are used 

for the research region wind climate studies. The annual and seasonal wind roses 

are given in Figure 4.5. The occurrence of wind speeds in each direction is 

determined annually and seasonally in Table 4.1 to Table 4.5. The log-linear 

probability distributions for the long-term wind data for the dominant wind 

direction from the land side NNE and NE are given in Figure 4.6 and Figure 4.7. 

For the dominant wind direction from the seaside, SSW and SW are given in Figure 

4.8 and Figure 4.9. The monthly average wind speed values are obtained by taking 

the arithmetic mean of all wind speeds in that month. The monthly extreme values 

are the highest, lowest, and average extreme values (for each month, the average of 

the highest values for that year) recorded in that month during the same period are 

shown in Figure 4.10. The annual peak wind speeds and their direction are given in 

Figure 4.11. 
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Table 4.1 Wind statistics based on data at ECMWF Operational Archive 36.6ÁN-

34.7ÁE coordinated between 2000-2021 for all seasons 

Dir. 

 
 

Max. 

Speed 

Av. 

Speed 

0-2  

m/s 

2-4  

m/s 

4-6  

m/s 

6-8 

 m/s 

8-10 

m/s 

10-12 

m/s 

12-14 

m/s 

14-16 

m/s 

16-18 

m/s SUM 

m/s m/s % % % % % % % % % % 

N 
11.17 3.27 1.37 2.1 1.08 0.28 0.07 0.03 0 0 0 4.93 

NNE 
14.13 4.47 1.66 4.42 4.09 1.92 0.71 0.22 0.07 0.01 0 13.1 

NE 
16.06 4.86 1.98 6.4 6.59 3.78 1.58 0.51 0.06 0.01 0 20.91 

ENE 
11.89 3.37 1.99 3.89 1.75 0.61 0.16 0.02 0 0 0 8.42 

E 
11.64 2.29 1.8 1.68 0.21 0.06 0.02 0.01 0 0 0 3.78 

ESE 
9.39 1.91 1.48 0.75 0.1 0.02 0.01 0 0 0 0 2.36 

SE 
11.48 1.82 1.36 0.57 0.09 0.01 0 0 0 0 0 2.03 

SSE 
11.92 2.03 1.44 0.87 0.14 0.02 0.01 0.01 0 0 0 2.49 

S 
11.14 2.94 1.61 2.35 1.28 0.08 0.01 0 0 0 0 5.33 

SSW 
19.02 4.15 1.57 4.39 5.64 1.48 0.13 0.04 0.02 0.01 0 13.28 

SW 
16.85 4.9 1.27 3.2 3.5 1.74 0.57 0.37 0.17 0.1 0 10.92 

WSW 
14.64 3.48 1.09 1.91 1.12 0.28 0.08 0.04 0.02 0.01 0 4.55 

W 
10.28 2.49 0.89 0.93 0.31 0.03 0 0.01 0 0 0 2.17 

WNW 
9.23 2.11 0.84 0.6 0.12 0.01 0.01 0 0 0 0 1.58 

NW 
10.09 2.1 0.92 0.61 0.08 0.02 0 0 0 0 0 1.63 

NNW 
10.14 2.44 1.08 1.11 0.29 0.03 0.01 0 0 0 0 2.52 

SUM 

(%) 

  22.35 35.78 26.39 10.37 3.37 1.26 0.34 0.14 0 100 
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Table 4.2 Wind statistics based on data at ECMWF Operational Archive 36.6ÁN-

34.7ÁE coordinated between 2000-2021 for winter 

Dir. 

 
 

Max. 

Speed 

Av. 

Speed 

0-2  

m/s 

2-4  

m/s 

4-6  

m/s 

6-8 

 m/s 

8-10 

m/s 

10-12 

m/s 

12-14 

m/s 

14-16 

m/s 

16-20 

m/s SUM 

m/s m/s % % % % % % % % % % 

N 
10.44 3.53 1.18 2.04 1.07 0.35 0.13 0.06 0 0 0 4.83 

NNE 
14.13 5.29 1.15 5.15 6.73 4.05 1.77 0.65 0.2 0.03 0 19.73 

NE 
16.06 5.8 1.47 7.7 13.13 10.4 4.9 1.66 0.2 0.05 0.01 39.52 

ENE 
11.84 4.12 1.52 4.24 3.29 1.35 0.45 0.05 0 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 

ESE 
9.39 2.32 0.94 0.69 0.13 0.05 0.01 0 0 0 0 1.82 

SE 
11.48 2.06 1.01 0.39 0.14 0 0 0.01 0 0 0 1.55 

SSE 
11.92 2.32 0.79 0.54 0.05 0.03 0.03 0.03 0 0 0 1.47 

S 
11.14 2.38 0.87 0.76 0.14 0.04 0.03 0.01 0 0 0 1.85 

SSW 
19.02 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 

WSW 
13.12 3.93 0.68 0.73 0.4 0.21 0.2 0.06 0.01 0 0 2.29 

W 
10.13 2.57 0.4 0.5 0.15 0.01 0 0.01 0 0 0 1.07 

WNW 
8.12 2.1 0.63 0.39 0.08 0.01 0.01 0 0 0 0 1.12 

NW 
7.61 2.19 0.87 0.43 0.09 0.04 0 0 0 0 0 1.43 

NNW 
10.14 2.67 0.7 1.02 0.25 0.05 0 0.01 0 0 0 2.03 

SUM 

(%) 

  15.04 28.08 26.99 17.52 8.16 3.2 0.72 0.25 0.03 100 
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Table 4.3 Wind statistics based on data at ECMWF Operational Archive 36.6ÁN-

34.7ÁE coordinated between 2000-2021 for spring  

Dir. 

 
 

Max. 

Speed 

Av. 

Speed 

0-2  

m/s 

2-4  

m/s 

4-6  

m/s 

6-8 

 m/s 

8-10 

m/s 

10-12 

m/s 

12-14 

m/s 

14-16 

m/s SUM 

m/s m/s % % % % % % % % % 

N 9.98 3.31 1.66 2.42 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 0 12.75 

NE 13.1 4.06 2.06 6.37 4.38 1.63 0.52 0.17 0.02 0 15.15 

ENE 9.81 3.07 2.24 3.77 1.33 0.37 0.12 0 0 0 7.83 

E 9.55 2.31 1.78 1.41 0.28 0.06 0.04 0 0 0 3.57 

ESE 6.78 2.02 1.46 0.79 0.17 0.01 0 0 0 0 2.43 

SE 6.44 2.07 1.12 0.79 0.17 0.01 0 0 0 0 2.09 

SSE 6.07 2.31 1.22 1.12 0.31 0.02 0 0 0 0 2.67 

S 9.94 2.92 1.61 3.05 1.19 0.09 0.01 0 0 0 5.95 

SSW 13.97 3.94 1.53 5.39 3.77 1.07 0.26 0.07 0.04 0 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 7.6 2.5 1.17 1.31 0.4 0.04 0 0 0 0 2.92 

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 0 0 0 0 1.89 

NNW 8.5 2.67 1.15 1.47 0.52 0.06 0.01 0 0 0 3.21 

SUM 

(%) 

  22.95 41.32 23.84 7.49 2.64 1.11 0.43 0.22 100 
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Table 4.4 Wind statistics based on data at ECMWF Operational Archive 36.6ÁN-

34.7ÁE coordinated between 2000-2021 for summer  

Dir. 

 
 

Max. 

Speed 

Av. 

Speed 

0-2  

m/s 

2-4  

m/s 

4-6  

m/s 

6-8 

 m/s 

8-10 

m/s 

10-12 

m/s 

12-14 

m/s 

14-16 

m/sn SUM 

m/s m/s % % % % % % % % % 

N 8.24 2.48 1.09 0.96 0.36 0.02 0.01 0 0 0 2.44 

NNE 8.88 2.46 1.68 1.73 0.4 0.05 0.05 0 0 0 3.91 

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 0 0 0 0 7.2 

E 5.14 1.97 2.93 2.5 0.07 0 0 0 0 0 5.5 

ESE 4.66 1.66 2.48 1.03 0.05 0 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 0 0 0 0 0 3.9 

S 9.81 3.18 2.66 3.67 3.24 0.15 0.01 0 0 0 9.73 

SSW 11.88 4.47 2.46 7.24 15.14 4.24 0.16 0.04 0 0 29.28 

SW 13.1 4.54 1.66 4.37 5.67 3.05 0.44 0.01 0.01 0 15.21 

WSW 9.86 3.24 1.19 1.66 1.27 0.21 0.02 0 0 0 4.35 

W 6.66 2.32 0.83 0.49 0.27 0.04 0 0 0 0 1.63 

WNW 5.49 1.84 0.63 0.19 0.07 0 0 0 0 0 0.89 

NW 6.5 1.46 0.82 0.22 0 0.01 0 0 0 0 1.05 

NNW 5.58 2.02 0.94 0.52 0.14 0 0 0 0 0 1.6 

SUM 

(%) 

  29.26 33.44 28.66 7.91 0.69 0.05 0.01 0 100 
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Table 4.5 Wind statistics based on data at ECMWF Operational Archive 36.6ÁN-

34.7ÁE coordinated between 2000-2021 for autumn  

Dir. 

 
 

Max. 

Speed 

Av. 

Speed 

0-2  

m/s 

2-4  

m/s 

4-6  

m/s 

6-8 

 m/s 

8-10 

m/s 

10-12 

m/s 

12-14 

m/s 

14-16 

m/sn SUM 

m/s m/s % % % % % % % % % 

N 11.17 3.35 1.54 2.98 1.39 0.42 0.04 0.06 0 0 6.43 

NNE 12.09 4.13 2.14 5.93 5.48 2.04 0.47 0.09 0.01 0 16.16 

NE 12.01 4.4 2.07 8.43 7.75 3.12 0.95 0.21 0.02 0 22.55 

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

E 10.35 2.37 1.17 1.11 0.21 0.04 0.01 0.01 0 0 2.55 

ESE 8.73 1.86 1.04 0.5 0.05 0.02 0.01 0 0 0 1.62 

SE 6.11 1.73 1.01 0.37 0.04 0.01 0 0 0 0 1.43 

SSE 6.09 1.92 1.12 0.64 0.09 0.01 0 0 0 0 1.86 

S 6.84 2.62 1.27 1.9 0.51 0.05 0 0 0 0 3.73 

SSW 8.96 3.54 1.55 3.85 3.15 0.41 0.05 0 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 0.41 0.04 0 0.01 0 0 3.00 

WNW 9.23 2.06 1.27 0.91 0.11 0.01 0.01 0 0 0 2.31 

NW 10.09 2.17 1.15 0.92 0.09 0.04 0 0.01 0 0 2.21 

NNW 9.12 2.28 1.52 1.45 0.25 0 0.01 0 0 0 3.23 

SUM 

(%) 

  22.03 40.2 26.1 8.65 2.06 0.66 0.19 0.05 100 
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Figure 4.6 Log-linear probability distribution for long-term wind data in the NNE 

direction (HYDROTAM-3D, 2022) 

 

Figure 4.7 Log-linear probability distribution for long-term wind data in the NE 

direction (HYDROTAM-3D, 2022) 

 



 

 

47 

 

Figure 4.8 Log-linear probability distribution for long-term wind data in the SSW 

direction (HYDROTAM-3D, 2022) 

 

Figure 4.9 Log-linear probability distribution for long-term wind data in the SW 

direction (HYDROTAM-3D, 2022) 
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Figure 4.10 Monthly average and extreme wind speeds based on ECMWF 

Operational Archive 36.6ÁN-34.7ÁE data between 2000-2021 (HYDROTAM-3D, 

2022) 

  

Figure 4.11 Maximum wind speeds and related directions according to years based 

on ECMWF Operational Archive 36.6ÁN-34.7ÁE data between 2000-2021 

(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 north-northeast (NNE)-northeast (NE) clockwise from the land side and 

south-southwest (SSW)-southwest (SW) from the seaside. In winter, the 

predominant wind direction is landward NE (39.5%), 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 (19.7%), with an average speed of 5.3 m/s and a maximum of 14.1 m/s. On 

the seaward side, the most frequent direction is SW (4.4%), with an average speed 

of 6.36 m/s and a maximum of 16.9 m/s, and the second most frequent direction is 

SSW (2.5%), with an average speed of 3.6 m/s and a maximum of 19 m/s. The 

frequency of winds with a 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 (15%), and secondly from the SW direction 

(13.6%) with an average speed of 5.1 and a maximum 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 (29.3%). Secondly, the SW direction 

(15.2%) 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 (6.8%), with an average speed 

of 2.8 m/s and a maximum of 7.9 m/s. The frequency of winds blowing at a speed 

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 (22.6%). Secondly, the NNE direction (16.2%) is observed with 

an average speed of 4.1 m/s and a maximum of 12.1 m/s. On the seaside, the most 

frequent wind direction is SW (10.4%), 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 monthly average values of wind speeds are in the range of 3.3-5.0 m/s, 

the largest extreme values of wind speeds vary between 9.6-19 m/s. During the 

study period, it was observed that the highest wind speed was 19 m/s from the 

south-southwest (SSW) direction. The annual frequencies of winds with 6 m/s and 
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8 m/s wind speed and more are approximately 15.5% and 5.1%, respectively, for 

all directions, and the dominant directions from land and sea sides are NE and SW, 

respectively. 

The log-linear distribution equations of wind speeds for all directions (clockwise N 

to NNW) and wind speeds exceeded by 1, 5, and 10 hours per year are summarized 

in Table 4.6.  

Table 4.6 Directional log-linear distribution equations for wind speed 

(HYDROTAM-3D, 2022) 

Directions 

Wind Speed (Vs m/s) 

Log-linear Distribution 

Equation 

1  

hr/year 

5  

hr/year 

10  

hr/year 

Vs (m/s) Vs (m/s) Vs (m/s) 

N Vs=-3.431-1.620*LN(P(Vs)) 11.3 8.7 7.5 

NNE Vs=-1.129-1.754*LN(P(Vs)) 14.8 12.0 10.8 

NE Vs=0.340-1.617*LN(P(Vs)) 15.0 12.4 11.3 

ENE Vs=-1.728-1.414*LN(P(Vs)) 11.1 8.8 7.8 

E Vs=-4.512-1.544*LN(P(Vs)) 9.5 7.0 6.0 

ESE Vs=-4.335-1.273*LN(P(Vs)) 7.2 5.2 4.3 

SE Vs=-4.901-1.315*LN(P(Vs)) 7.0 4.9 4.0 

SSE Vs=-5.294-1.486*LN(P(Vs)) 8.2 5.8 4.8 

S Vs=-2.190-1.205*LN(P(Vs)) 8.8 6.8 6.0 

SSW Vs=-2.143-1.798*LN(P(Vs)) 14.2 11.3 10.0 

SW Vs=-1.872-2.112*LN(P(Vs)) 17.3 13.9 12.4 

WSW Vs=-5.134-2.042*LN(P(Vs)) 13.4 10.1 8.7 

W Vs=-4.229-1.344*LN(P(Vs)) 8.0 5.8 4.9 

WNW Vs=-4.672-1.271*LN(P(Vs)) 6.9 4.8 3.9 

NW Vs=-4.900-1.326*LN(P(Vs)) 7.1 5.0 4.1 

NNW Vs=-4.024-1.330*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 role in the dynamics 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 impacts of waves on 

shorelines and deeper waters. Fetch distances define the distance over which a wave 

will propagate from its source to a point along the shore. Effective fetch distances 

are essential for water waves because they determine the wave heights and periods 

so the size and shape of the waves. Too much fetch can create large and destructive 

waves. Fetch distances are also 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 HYDROTAM-3D fetch sub-model. The cosine average approach is used 

to calculate the effective fetch lengths in all directions. The effective fetch distances 

at point 36.6oN -34.7oE in the coastal region studied (Figure 4.12) are shown in 

Table 4.7.  The longest fetch lengths are in between the south-southeast (SSE) and 

south (S) directions for Mersin Bay. 

Table 4.7 Effective fetch distances (km) (HYDROTAM-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 168522.74 NW 21620.04 

SSE 284656.44 NNW 21756.07 
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Figure 4.12 Fetch distances of point 36.6oN -34.7oE (HYDROTAM-3D, 2022) 

In addition to meteorological forecasts using the numerical atmospheric model, 

ECMWF also produces wave forecasts using the WAM wave forecast 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 Development and Implementation) group to provide a 

wave prediction tool based on physical laws (WAMDI Group, 1988).  The WAM 

is designed to predict both near-surface and surface waves with high accuracy, 

including strong wind waves, swell and white capping conditions, and storms, 

which are useful for coastal areas and inland waters such as lakes and rivers and 

coastal regions worldwide where there are high chances of encountering these 

weather events. The model uses data from satellite radars, rain gauges, buoys, 

surface currents, and ocean temperature profiles to simulate 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 riverine flows and ice waves, coastal water management, meteorology and 
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climate research, and many more. Wave data from the ECWMF Operational 

Archive, located at the nearshore entrance to Mersin Bay (36.6ÁN-34.7ÁE), are used 

to assess the offshore wave environment of the site.  

Long-term statistics can be a powerful 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, long-term statistics can help researchers to understand how waves 

have evolved, which is important to better understand the wave climate. Studies on 

long-term wave statistics have been carried out using wave data between 2000 and 

2021 obtained from the operational archive of ECMWF at the coordinate of 36.6ÁN-

34.7ÁE using HYDROTAM-3D wave data analyses system. The significant wave 

heights, exceedance times, and probability distributions obtained from wave 

predictions are given in Table 4.8. The log-linear probability distributions obtained 

from long-term wave statistics for the dominant wave direction range of S to SW 

are presented in the range of  Figure 4.13 and Figure 4.15. 

   

Figure 4.13 Long-term significant wave statistics log-linear probability distribution 

for South (S)  direction (HYDROTAM-3D, 2022) 
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Figure 4.14 Long-term significant wave statistics log-linear probability distribution 

for SouthSouthWest (SSW)  direction (HYDROTAM-3D, 2022) 

 

 

Figure 4.15 Long-term significant wave statistics log-linear probability distribution 

for SouthWest (SW)  direction (HYDROTAM-3D, 2022) 

 



 

 

55 

Table 4.8 Directional Log-linear distribution equations of significant wave heights 

(Hs) and exceedance probabilities P(>Hs) by ECMWF operational archive wave 

predictions at 36.6oN-34.7oE  (HYDROTAM-3D, 2022) 

Direction Equation 

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

Hs (Ñm) 

%90 

Confidence 

Tm 

(sn) 

Hs (Ñm) 

%90 

Confidence 

Tm 

(sn) 

Hs (Ñm) 

%90 

Confidence 

Tm 

(sn) 

N H =-0.441-.146*LN(P(H )) 0.890 Ñ 0.018 3.8 0.520 Ñ 0.014 3.3 0.310 Ñ 0.020 3.0 

NNE H =-0.573-.224*LN(P(H )) 1.460 Ñ 0.026 4.1 0.900 Ñ 0.016 3.7 0.580 Ñ 0.020 3.3 

NE H =-0.514-.280*LN(P(H )) 2.030 Ñ 0.047 4.8 1.330 Ñ 0.030 4.3 0.920 Ñ 0.033 3.8 

ENE H =-0.378-.254*LN(P(H )) 1.930 Ñ 0.056 4.8 1.300 Ñ 0.034 4.3 0.920 Ñ 0.035 4.0 

E H =-0.615-.280*LN(P(H )) 1.930 Ñ 0.045 5.3 1.230 Ñ 0.028 4.7 0.820 Ñ 0.033 4.2 

ESE H =-0.856-.313*LN(P(H )) 1.990 Ñ 0.026 5.6 1.210 Ñ 0.016 5.0 0.750 Ñ 0.020 4.5 

SE H =-0.978-.305*LN(P(H )) 1.790 Ñ 0.061 5.5 1.030 Ñ 0.037 4.9 0.590 Ñ 0.051 4.3 

SSE H =-1.660-.449*LN(P(H )) 2.420 Ñ 0.070 7.0 1.300 Ñ 0.047 5.8 0.640 Ñ 0.066 4.7 

S H =-1.523-.511*LN(P(H )) 3.120 Ñ 0.161 7.8 1.850 Ñ 0.099 6.6 1.100 Ñ 0.118 5.7 

SSW H =-0.758-.398*LN(P(H )) 2.850 Ñ 0.094 6.9 1.860 Ñ 0.059 6.2 1.280 Ñ 0.066 5.6 

SW H =-0.491-.432*LN(P(H )) 3.430 Ñ 0.053 7.1 2.360 Ñ 0.031 6.4 1.720 Ñ 0.028 6.0 

WSW H =-0.451-.166*LN(P(H )) 1.060 Ñ 0.038 5.4 0.640 Ñ 0.029 5.1 0.400 Ñ 0.040 4.7 

W H =-0.818-.190*LN(P(H )) 0.900 Ñ 0.021 4.5 0.430 Ñ 0.022 3.8 0.150 Ñ 0.035 3.0 

WNW H =-0.479-.120*LN(P(H )) 0.610 Ñ 0.033 4.4 0.320 Ñ 0.036 3.6 0.140 Ñ 0.055 2.9 

NW H =-0.669-.153*LN(P(H )) 0.720 Ñ 0.029 4.5 0.340 Ñ 0.036 3.6 0.110 Ñ 0.055 2.7 

NNW H =-0.434-.120*LN(P(H )) 0.650 Ñ 0.022 3.5 0.360 Ñ 0.020 3.1 0.180 Ñ 0.030 2.8 

 

Table 4.9 shows the joint distribution of the frequency of occurrence of significant 

wave height (Hs) and mean wave period (Tm) for all directions in the long-term 

wave statistics research. Figure 4.16 shows the connection between them. The joint 

distribution is symmetrical about the mean value and has a bell-shaped curve. The 

concentration of the parameters is maximum at the mean value and falls off 
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gradually as the parameters get further away from 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, indicating that the parameters are 

randomly distributed. The joint distribution of significant 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 graph, and the 

probability of occurrence can be found by tracing a line through the points where 

the distribution intersects the graph. The frequency-weighted average approach is 

used to calculate the wave periods in the last column of  Table 4.9. For example, 

the mean wave period corresponding to Hs=3.375m (3.25mÒHs<3.5m) is calculated 

by Tm= (3*6.75+2*7.25+1*8.25+1*8.75)/(3+2+1+1) = 7.4 sec. The scattering of 

all data and the correlation between Hs and Tm (columns 1 and 2) presented in Table 

4.9 are shown in Figure 4.16. Similarly, the Hs-Tm relationship is found for each 

direction and summarized in Table 4.10. Annual and seasonal wave roses are given 

in Figure 4.17 for the calmness limit being less Hs<0.5. The monthly mean and the 

extreme value significant wave heights are presented in Figure 4.18. 
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(a) 

 

(b) 

 

Figure 4.16 Long-term wave statistics significant wave height (Hs) and mean wave 

period (Tm) distribution and relation (HYDROTAM-3D, 2022) 
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Table 4.9 Joint distribution of significant wave height (Hs) and mean wave period 

(Tm) for ECMWF operational archive wave predictions at 36.6̄ N -34.7̄ E between 

2000-2021 (HYDROTAM-3D, 2022) 

T  (sec) 
H   

(m) 1.25 1.75 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 10.25 10.75 

T  

(sec) 

0.125 37 747 1763 2151 1923 1286 756 452 294 105 63 21 10 10 1 3 1 2 1 1 
3.2 

0.375 0 46 1022 3025 3826 3033 1869 776 312 157 89 34 14 3 0 2 0 1 0 0 
3.5 

0.625 0 0 8 308 1015 1006 955 753 424 181 86 35 21 10 2 2 0 1 0 0 
4.1 

0.875 0 0 0 6 131 400 347 272 282 156 76 47 23 11 2 0 0 0 0 0 
4.6 

1.125 0 0 0 0 5 97 199 172 113 104 81 36 24 7 4 0 0 0 0 0 
5.0 

1.375 0 0 0 0 0 10 58 77 80 102 44 40 24 2 3 1 0 0 0 0 
5.5 

1.625 0 0 0 0 0 0 12 34 43 32 20 24 11 8 2 1 1 0 0 0 
5.8 

1.875 0 0 0 0 0 0 0 7 18 34 20 16 10 3 1 0 0 0 0 0 
6.1 

2.125 0 0 0 0 0 0 0 1 10 14 11 10 5 6 1 1 0 0 0 0 
6.3 

2.375 0 0 0 0 0 0 0 1 5 11 22 8 3 2 2 1 0 0 0 0 
6.3 

2.625 0 0 0 0 0 0 0 0 0 4 8 4 5 2 1 1 0 0 0 0 
6.8 

2.875 0 0 0 0 0 0 0 0 0 1 7 1 2 1 1 0 0 0 0 0 
6.7 

3.125 0 0 0 0 0 0 0 0 0 0 1 0 2 1 1 0 0 0 0 0 
7.4 

3.375 0 0 0 0 0 0 0 0 0 0 0 3 2 0 1 1 0 0 0 0 
7.4 

3.625 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
8.3 

3.875 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0.0 

4.125 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
8.3 

4.375 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0.0 

4.625 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0.0 

4.875 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
8.3 
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Figure 4.17 Yearly and seasonal wave roses (Calm: Hs<0.5m) (HYDROTAM-3D, 

2022) 

Table 4.10 Directional  Hs-Tm relationship for ECMWF operational archive wave 

predictions at 36.6̄ N -34.7̄ E between 2000-2021 (HYDROTAM-3D, 2022) 

Direction Hs-Tm Relation 

N T  = 3.87447 * Hϊ.Įįϊϓϔ RĮ = 0.92529 

NNE T  = 3.74677 * H ϊ.Įώϑĭϑ RĮ = 0.93726 

NE T  = 3.93483 * Hϊ.ĮϓϒĮϓ RĮ = 0.94818 

ENE T  = 4.06902 * Hϊ.Įϐϐώĭ RĮ = 0.95379 

E T  = 4.4662 * Hϊ.Įϐįĭϔ RĮ = 0.96124 

ESE T  = 4.79536 * Hϊ.ĮįϒώĮ RĮ = 0.94816 

SE T  = 4.82238 * H ϊ.Įįϑįϒ RĮ = 0.97113 

SSE T  = 5.36051 * H ϊ.ĮϔϔĮώ RĮ = 0.96612 

S T  = 5.53029 * Hϊ.Įϔϔϓĭ RĮ = 0.9579 

SSW T  = 5.18676 * Hϊ.Įϒϐϒϑ RĮ = 0.9568 

SW T  = 5.23869 * Hϊ.Įώĭϑϑ RĮ = 0.9608 

WSW T  = 5.37291 * Hϊ.ĭįώϒϓ RĮ = 0.63199 

W T  = 4.59093 * H ϊ.ĮĮϑϓϊ RĮ = 0.96384 

WNW T  = 4.9836 * H ϊ.Įϒϊϒϓ RĮ = 0.8707 

NW T  = 4.8786 * Hϊ.ĮϒϒįĮ RĮ = 0.79759 

NNW T  = 3.85664 * Hϊ.ĭϔϒĭϊ RĮ = 0.72115 

All Directions  T  = 5.08211 * Hϊ.Įϔϒϊώ RĮ = 0.95762 
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Figure 4.18 Monthly mean and extreme value significant wave heights 

(HYDROTAM-3D, 2022) 

4.3 Wave Transformation Modelling 

Numerical modelling is an essential tool for wave transformations because it 

allows us to understand the behavior of waves in complex environments. Wave 

theory has 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, air, or bodies of 

water. By understanding how these different 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 wave are determined by the wind velocity, 

atmospheric pressure, and the water's surface. Wind waves that move across the 

surface of the water can also cause waves. Wind waves propagate through water by 

moving forward and spreading out. They also move up and down and side-to-side. 

When wind waves move forward, they spread out and become larger. When they 

move up or down, they spread out more and become taller. When they move 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. T¿rkiye's Mersin province has 300 
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kilometers of coastline along the eastern Mediterranean. Depending 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 friction, and refraction. 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 changes the wave shape. In modelling the wave transformation, the entire 

Mersin province marine area was studied. Bathymetry is an important tool for 

several reasons. It is used to map the physical characteristics of the ocean and sea 

floor. To create a good bathymetry map, accurate data and a scale 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 ocean floor and coastal areas; identify 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 (salinity, temperature, etc .); assess 

land use changes over time. The water depths of Mersin Bay were digitized from 

the 1:100000 scale bathymetry maps No:333 (Ķ­el-Mersin Karataĸ Headland) and 

No:332 (Mersin-Ķncekum Headland) of the Office of Navigation, Hydrography, and 

Oceanography of Turkish Naval in the modelling region shown in Figure 4.19, the 

distributions of changes in wave heights and wave propagation directions from the 

outside to the inside of the bay are studied. The direction in that waves travel 

depends on the density of the seawater, the shape of the objects, and the distance 

between the objects and landscapes. The waves will commonly travel in a direction 

perpendicular to the direction of the waves from the outside to the inside of the bay. 

HYDROTAM-3D wave propagation submodel is used in the modelling of wave 

transformations. Waves do not have a direct effect on microplastic transport 

models. Waves (drift velocity), water level changes, density gradients, and winds 

affect the currents and turbulence parameters that are predicted by the 
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hydrodynamic model. ECMWF wind and wave forecast time series are used as 

inputs for the current forecasts in HYDROTAM-3D and ECOMSED.  

The modelling area for wave propagation in Mersin Bay has an analysis area 

of nearly 60304 m x 16155 m in the x and y axes. The area is bounded between the 

upper left coordinate of 34.418095oE-36.818854oN and the lower right coordinate 

of 35.093686oE-36.673701oN.  The area is grided to be equal in mesh size bounded 

with 100x50 total mesh counts. The wave properties estimated for the coordinates 

at the entrance of the study 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 the wave propagation studies, the distribution of wave heights approaching 

from the south (S) direction with a significant wave height of Hs=3.4 m and a wave 

period of Tm=7.8 s with an exceedance probability of 1 hr/year are given in Figure 

4.20, and the distribution of wave heights approaching from the dominant 

southwest (SW) direction with a significant wave height of Hs=3.5 m and a mean 

wave period of Tm=7.1 seconds with an exceedance probability of 1 hr/year are 

presented in Figure 4.21. 

 

Figure 4.19 Bathymetry in Mersin Bay modelling coastal area 
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Figure 4.20 Distribution of the wave heights approaching from the South (S, Hs= 

3.4 m, Tm= 7.8 s) direction in the coastal waters of Mersin 

 

Figure 4.21 The distribution of the wave heights approaching from the Southwest 

(SW, Hs= 3.5 m, Tm= 7.1 s) direction in the coastal waters of Mersin 

4.4  Modelling of Coastal Currents by HYROTAM -3D model system 

The use of three-dimensional models is inevitable in coastal water areas where wind 

or density-induced currents are dominant. These currents change direction across 

depth and area, so simulating them with two- and one-dimensional models 

introduces significant errors. Turbulent coastal currents in Mersin Bay, caused by 

wind, wave, tide, and density forcing, were modeled using the three-dimensional 

HYDROTAM-3D hydrodynamic module (Appendix-A). HYDROTAM-3D inputs 

are coupled with ECOMSED. Modelling results of HYDROTAM-3D are used in 

the comparison and set-up studies of the ECOMSED. 
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The velocities in the coastal water area are generally irregular and turbulent. The 

model provides the connection between turbulent motion and average motion by 

vertical and horizontal eddy viscosities and mass displacement by vertical and 

horizontal eddy diffusion. In coastal waters, such as Mersin Bay, where the surface 

water area is large compared to the water depths, the turbulence intensity of the 

movements in the horizontal and vertical directions also differs significantly. This 

length scale difference in vertical and horizontal creates a non-isotropic situation. 

Therefore, different eddy viscosity values in the horizontal and vertical become 

important in model predictions. The eddy viscosities were calculated with the 

isotropic k-e the model in the vertical and horizontal eddy viscosities were 

simulated by the Smagorinsky sub-grid scale turbulence model. In the vertical, 11 

levels were used. In the horizontal, 101x41 grid points were applied.  

The tidal constituents for Mersin Bay are defined as the open sea boundary 

conditions shown in Table 4.11 (Y¿ksel et al., 2018). The locations of the stations 

are shown in Figure 4.26. The semi-diurnal main lunar M2 component is the most 

important one, and the amplitude is analyzed to be about 11 cm, and the maximum 

tidal amplitude is about 0.22 cm at Erdemli.   

Table 4.11 Tidal Constituents from Mareograph Stations (Y¿ksel et al., 2018) 

Mareoraph Stations Tidal Constituents 

Principal lunar  

Semidiurnal  

M2 

Principal solar 

Semidiurnal  

S2 

Lunar 

Diurnal  

K1 

Lunar  

Diurnal 

O1 

Amp. 

(m) 

Per. 

(hr) 

Amp. 

(m) 

Per. 

(hr) 

Amp. 

(m) 

Per. 

(hr) 

Amp. 

(m) 

Per. 

(hr) 

Bozyazē 0.095 12.42 0.0556 12.00 0.0253 23.93 0.0184 25.82 

Erdemli 0.1082 12.42 0.0628 12.00 0.0291 23.93 0.0203 25.82 

Ķskenderun-A 0.0947 12.42 0.0529 12.00 0.0238 23.93 0.0147 25.82 

Ķskenderun-R 0.1286 12.42 0.074 12.00 0.0297 23.93 0.0211 25.82 

Taĸucu 0.1041 12.42 0.0605 12.00 0.0268 23.93 0.0191 25.82 
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Figure 4.22 Location of Mareograph Stations located in the Eastern 

Mediterranean Sea. (Google Earth, 2022) 

The sea level monitoring data is obtained from the Erdemli automatic tide gauge 

station of the General Command of Mapping within the Turkish National Sea Level 

Monitoring System (TUDES) program. The hourly measured tidal sea levels at 

Erdemli mareograph station in the year 2021 were filtered using the running mean 

filter of 25 hours (Figure 4.23). The 12 hours before each of the sea level data and 

the 12 hours after it are averaged (25 hours in total) (Thomson and Emery, 2014). 

The maximum tidal amplitude is observed to be 0.21 m (Figure 4.23), consistent 

with Table 4.11. Mersin Bay has a micro-tidal range. 

Seawater temperature and salinities were taken as variables from the database of 

the model based on oceanographic studies carried out in Mersin Bay (Kērtēk, 2014), 

as given in Figure 4.24.  

A comprehensive modelling study was carried out to determine the current pattern 

in the coastal area. By using the six-hourly predicted continuous wind and wave 

time series for the period 2000-2022 presented in wind and wave climate sections, 

the continuous velocity time series were obtained in the coastal area. The selected 

points at different water depths in the modelling area are presented in Figure 4.25, 

and coordinates and water depts of the selected points are listed in Table 4.12.  

Annual velocity roses at the surface and bottom layers are presented in Figure 4.26-

Figure 4.30.  A velocity rose shows the magnitude, 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 NorthNortheast-Northeast (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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Figure 4.24 Monthly changes in seawater temperature and salinity measurements 

in Mersin Bay (Kērtēk, 2014) 

 

Figure 4.25 Model area and selected points for coastal current roses 

Table 4.12 Properties of selected points P1 to P5 for velocity roses 

Point No. Latitude 

(degree) 

Longitude 

(degree) 

Water depth(m) 

P1 36.804 N 34.715 E 4.7 

P2 36.779 N 34.621 E 6.3 

P3 36.775 N 34.715 E 11.4 

P4 36.746 N 34.715 E 20.2 

P5 36.779 N 34.837 E 5.1 
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(a) 

 
(b) 

 
(b) 

Velocity cm/s 

 
 

Figure 4.26 Annual current rose for point P1 between (2010-2021) a) surface layer 

and b)bottom layer 
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(a) 

 
(b) 

 
 

Velocity cm/s 

 
 

Figure 4.27 Annual current rose for point P2 between (2010-2021) a) surface 

layer and b) bottom layer 
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(a) 

 
(b) 

 
 

Velocity cm/s 

 
 

Figure 4.28 Annual current rose for point P3 between (2010-2021) a) surface layer 

and b)bottom layer 
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(a) 

 
(b) 

 
 

Velocity cm/s 

 
 

Figure 4.29 Annual current rose for point P4 between (2010-2021) a) surface layer 

and b) bottom layer 
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(a) 

 
(b) 

 
 

Velocity cm/s 

 
 

Figure 4.30 Annual current rose for point P5 between (2010-2021) a) surface layer 

and b)bottom layer. 



 

 

74 

4.5 ECOM Model Configuration and Verification  

ECOM model configuration is kept the same as the HYDROTAM-3D model to 

verify the predictions. Water depths are taken from the HYDROTAM-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 (Hydroqual, 2002) that allows longwave energy to enter and radiate out of 

the model boundary (Appendix-B). 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 at the open 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 microplastic concentration 

(mg/L) data are provided as timely changing variables. Advection terms are 

selected to be included (non-linear) in the momentum equations and as the finite 

difference scheme for advection Multidimensional Positive Definite Advection 

Transport Algorithm (MPDATA) of Smolarkiewicz using 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 is set based on the 3-D calculation of temperature and salinity 

transport in the model domain. The weighting factor (0 - explicit and 1- implicit 

scheme) is used as 0.8 to apply the implicit solution so that the time step selection 

becomes independent from the selection of space increments for dynamic stability. 

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 on the horizontal grid spacing. The 

horizontal Prandtl 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 and salinity data are specified all 

over the model domain. 
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In this study, the complex and dynamic patterns of sea currents within the vast 

expanse of Mersin Bay have also been investigated using the Copernicus Marine 

Environment Monitoring Service (CMEMS) dataset, specifically the 

"cmems_mod_glo_phy-cur_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 

potential for generating valuable insights into the intricate 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 wider marine ecosystem encompassing Mersin Bay 

(CMEMS, n.d.). 

The "cmems_mod_glo_phy-cur_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 Nucleus for European Modelling of the Ocean (NEMO) framework (NEMO 

Consortium, n.d.). The present model uses data assimilation methodologies to 

combine the prognostic aptitudes of the NEMO framework with a vast assemblage 

of observational data sets, encompassing satellite altimetry, sea surface temperature 

(SST) data, Argo floats, moorings, buoys, and ship-based measurements, among 

other pertinent sources (CMEMS, n.d.; NEMO Consortium, n.d.). These 

sophisticated data assimilation methodologies effectuate optimization of the 

integration of the model's output with real-world 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 conditions for 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 atmospheric data like 

wind stress, heat fluxes, and freshwater fluxes (precipitation and evaporation), drive 

ocean circulation and determine the spatial and temporal variability of currents. 

These forcing fields are obtained from atmospheric reanalysis data or numerical 

weather prediction models. Assimilated observational data from various sources, 

such as satellite altimetry, satellite SST, Argo float profiles, and other in-situ 

measurements, are integrated into the model using data assimilation techniques, 

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

The "cmems_mod_glo_phy-cur_anfc_0.083deg_PT6H" dataset features a high 

spatial resolution of approximately 0.083 degrees, equivalent to nearly 9 kilometers 

at the Equator, and a temporal resolution of 6 hours, providing four instantaneous 

3D fields of ocean currents per day (CMEMS, n.d.). The high resolution allows 

researchers to investigate fine-scale oceanic features, such as eddies, fronts, and 

other mesoscale phenomena, while the high temporal resolution facilitates the study 

of dynamic ocean processes and enables a more accurate representation of the 

evolving marine environment. The mind map in Figure 4.31 provides a visual 

representation of the NEMO Framework and the variables that can be simulated 

using the GLOBAL_ANALYSISFORECAST_PHY_001_024 model. 

 

Figure 4.31 "cmems_mod_glo_phy-cur_anfc_0.083deg_PT6H" inputs and outputs 

The GLOBAL_ANALYSISFORECAST_PHY_001_024 model is extensively 

validated using independent observational data, including in-situ 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 data for research purposes. Model performance metrics, 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.). Furthermore, the model is continuously updated 

to incorporate the latest advancements in oceanography and numerical modelling, 

which further improves its predictive capabilities and reliability (NEMO 

Consortium, n.d.). 

However, despite the high quality and accuracy of the CMEMS data, there are 

inherent limitations associated with any modelling and observational data. Some of 

the key limitations of the "cmems_mod_glo_phy-cur_anfc_0.083deg_PT6H" 

dataset include uncertainties in the input data, model parameterization, spatial and 

temporal variability, limitations in the assimilation process, and computational 

constraints (CMEMS, n.d.). Uncertainties in satellite and in-situ observations 

propagate through the assimilation process and may affect the accuracy of the 

model outputs. Additionally, parameterizations in the NEMO framework for 

various physical processes may not fully capture the complexity of real-world 

processes, leading to discrepancies between the model outputs and actual oceanic 

conditions (NEMO Consortium, n.d.). 

Spatial and temporal variability, 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 observational 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 

accuracy of the final dataset (NEMO Consortium, n.d.). Computational constraints 

due to the high-resolution model can limit the ability to run ensemble simulations 

or conduct sensitivity analyses, affecting the robustness of the model's predictions 

and the quantification of uncertainties (CMEMS, n.d.). Despite these limitations, 

the "cmems_mod_glo_phy-cur_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 ensure the dependability and validity of 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 considerations and has utilized the top-notch and 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 environmental variables that 

influence the 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, Copernicus. The dataset "cmems_mod_glo_phy-

cur_anfc_0.083deg_PT6H" is acquired using the "motuclient.exe" command-line 

tool and subsequently processed. The data can be acquired using the ñmotuclientò 

command-line tool, which allows users to access the Copernicus Marine 

Environment Monitoring Service (CMEMS) datasets. The command to obtain data 

from the specified dataset is given in Figure 4.32. 

motuclient.exe -- motu https ://nrt.cmems - du.eu/motu - web/Motu --

service - id  GLOBAL_ANALYSISFORECAST_PHY_001_024- TDS -- product - id  

cmems_mod_glo_phy- cur_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_0.083deg_ PT6H" dataset 

The command in Figure 4.32 specifies the following parameters: 

¶ motu: URL of the Motu web service, which is the entry point for accessing 

the CMEMS data. 

¶ service-id: Identifier of the data service. 
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¶ product-id: Identifier of the specific dataset within the data service. 

¶ longitude-min and --longitude-max: Minimum and maximum longitudes 

of the area of interest. 

¶ latitude-min and --latitude-max: Minimum and maximum latitudes of the 

area of interest. 

¶ date-min and --date-max: The date range (start and end) for which data is 

to be extracted. 

¶ depth-min and --depth-max: The minimum and maximum depths for 

which data is to be extracted. 

¶ variable: The variables of interest (in this case, uo and vo represent the 

zonal and meridional components of ocean current velocity, respectively). 

¶ out-dir: The output directory where the downloaded data (in NetCDF 

format) will be saved. 

The following code snippet given in Figure 4.33 demonstrates the necessary steps. 

Upon successful execution of the command, a NetCDF file containing the requested 

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

Python code snippet is employed with the help of ñxarray and pandasò libraries. 

The code given in Figure 4.33 accomplishes the following tasks: 

1. Opens the NetCDF file using ñxarrayò and reads the dataset into a variable 

(`ds`), 

2. Prints the available data variables in the dataset, 

3. Extracts the Northward velocity data (óvoô) and its values, 

4. Converts the ñxarrayò data into a ñpandas data frameò for easier 

manipulation, 

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

step, 

6. Converts the integer time. 

 

  



 

 

80 

import  xarray  as xr  

import  pandas as pd 

 

ds = 

xr . open_dataset ( "C: \ \ Users \ \ egeme\ \ OneDrive \ \-ÁÓÁĶÓÔĶ\ \ coper nikus \

\ aa.nc" )  

 

print ( 'Data variables:' )  

print ( ds. data_vars )  

 

# extract Northward velocity data  

vo = ds[ 'vo' ]  

vo_values  = vo. values  

 

# convert xarray to pandas dataframe  

df  = vo. to_dataframe ()  

 

# loop over each time step  

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

    # convert the integer to a datetime object  

    time_step  = pd. to_datetime ( time_step )  

     

    # extract data for a single time step  

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

 

    # create a pivot table to have latitude, longitude as columns, 

depth as index and Northward velocity as values  

    pivot  = df . pivot_table ( values ='vo' , index ='depth' , 

columns=[ 'latitude' , 'longitude' ])  

     

    # export the pivot table to csv  

    pivot . to_csv ( f "Nort hwardVelocity_ { time_step .strftim e( '%Y- %m-

%dT%H- %M- %S') } .csv" )  

 

Figure 4.33 The Python code snippet to process the acquired data 
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So the currents estimated by Copernicus Marine Service in Mersin Bay were 

downloaded for the year 2021 for the study area at points C1 to C4 (Figure 4.34) 

given in Table 4.13  

Table 4.13 Properties of selected points C1 to C4 for velocity roses 

Point No. Latitude 

(degree) 

Longitude 

(degree) 

Water 

depth(m) 

C1 36.75 N 34.583344 E 11.41 

C2 36.75 N 34.666672 E 15.81 

C3 36.75 N 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 C4 are given in Figure 4.35 

to Figure 4.38, respectively. 

 

Figure 4.34 Copernicus Marine Service points for current roses 
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Figure 4.35 Annual current rose for point C1 at the surface layer in 2021 

 

Figure 4.36 Annual current rose for point C2 at the surface layer in 2021 
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Figure 4.37 Annual current rose for point C3 at the surface layer in 2021 

 

Figure 4.38 Annual current rose for point C4 at the surface layer in 2021 

The current patterns estimated by the Copernicus Marine Service are highly 

accurate and detailed, providing information about ocean currents at different 

depths and locations. Velocity estimates from the HYDROTAM-3D and from the 

ECOM at points C1 to C4 in Mersin Bay for the year 2021 were compared with 

data from COPERNICUS in Figure 4.39 and Figure 4.40, respectively. The 

comparison shows that velocity estimates are in good agreement with the other data. 

The linearity constant is about 0.65 showing the steepness of the best-fit line. This 
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show that HYDROTAM-3D predictions are about 1.5 times greater than the 

COPERNICUS estimates. The coefficient of determination r2=0.83 indicates that 

83.31 percent of the variability in the data from COPERNICUS has been explained 

by the HYDROTAM-3D model predictions, which show a good fit. 

 

Figure 4.39 Comparison of current velocities at points C1 to C4 by COPERNICUS 

and HYDROTAM-3D predictions. 

Velocity estimates from the ECOM at points C1 to C4 in Mersin Bay for the year 

2021 were also compared with data from COPERNICUS in Figure 4.40. It is seen 

that velocity estimates are in good agreement with each other. The linearity constant 

is about 0.63, indicating that ECOM predictions are about 1.6 times greater than the 

COPERNICUS estimates. The coefficient of determination r2=0.73 indicates a 

good fit that 73 percent of the variability in the data from COPERNICUS has been 

explained by the ECOM model predictions. 
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Figure 4.40 Comparison of current velocities at points C1 to C4 by COPERNICUS 

and ECOM predictions. 

Velocity predictions of the models HYDROTAM-3D and ECOM at points C1 to 

C4 in Mersin Bay for the year 2021 were also compared with others, as shown in 

Figure 4.40. It is seen that estimations of both of the models are in good agreement 

with a coefficient of determination of r2=0.84.  

Comparisons have shown that both of the models can be used successfully in the 

determination of the velocity patterns in Mersin Bay. 
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Figure 4.41 Comparison of current velocities at points C1 to C4 by ECOM and 

HYDROTAM-3D predictions. 

The measured sea levels at Erdemli mareograph station in the year 2021 (Figure 

4.23) were used for the verification of ECOM model predictions. Figure 4.42 shows 

the comparison of sea levels predicted by the model and the observed levels at 

Erdemli . In general, predictions of the model were consistent with the measured 

water level variation throughout the year. The coefficient of determination is 

estimated as  r2=0.59. It is seen that the model simulations with the tidal constituents 

given in Table 4.11 (Y¿ksel et al., 2018), defined as the open sea boundary 

conditions, reasonably describe the tidal level variations during 2021. The 

comparison also verifies the selection of the ECOM modelling parameters as 

101x41 horizontal mesh points and 11 sigma levels, with a time step size of 30 sec.  

The successful comparisons of current and sea elevations imply that the ECOM 
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model has been correctly set up for the determination of the transport processes in 

Mersin Bay. 

 

Figure 4.42. Comparison of sea level predictions of ECOM and measurements at 

Erdemli Mareograph Station 

 

4.6 Modelling of Microplastic Transport  by Advection-Diffusion Solution 

Microplastic particles are transported by advection and diffusion in coastal areas. 

The timewise and spatial distributions of microplastic concentration depend on 

understanding the flow patterns and transport processes. The transport of 

microplastic particles in the coastal area was investigated using the ECOMSED 

sub-model of transport by advection-diffusion (Appendix B). In the numerical 

modelling studies carried out, it was assumed that there was a very low initial 

microplastic concentration (Co=0.0) at the modelling start time (t=0) in the coastal 

area. Possible reactions of microplastics with seawater and decaying were neglected 
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in modelling studies. It was assumed that the velocity pattern is not affected by the 

microplastic concentration. 

Microplastics sampled downstream from M¿ft¿ and Deli­ay Rivers were analyzed 

to determine the microplastic composition in rivers and loaded into Mersin Bay 

(¥zg¿ler et al., 2022) in the modeled coastal area. Types of microplastics in the 

measured samples were mainly recorded as polyethylene (density of 910 kg/m3), 

and particles were considered to have a size of 2 mm on average (¥zg¿ler et al., 

2022). The average number of microplastics in M¿ft¿ and Deli­ay Rivers was 

calculated as 1 mg/L (220 particle/m3) (¥zg¿ler et al., 2022). The flooding flow 

rates of M¿ft¿ and Deli­ay Rivers were measured to be 250 m3/s and 300 m3/s, 

respectively (Duran, 2010). 

4.6.1 Effect of Seawater Temperature and Salinity on the Microplastic 

Transport  

The temperature and salinity of seawater affect the distribution and abundance of 

microplastics by affecting the density and movements of seawater. A sensitivity 

study has been performed by the ECOM model by changing the temperature and 

salinity of seawater. In all of the modelling scenarios, the temperature of riverine 

waters was kept constant to be TR=10 oC and SR=0 psu, respectively. It was 

considered that the wind did not blow at all, and the river flooding flow rate was 

constant with Q= 250 m3/s discharging continuously 1 mg/L microplastics during 

the 2 days, which was the simulation period. The type of microplastic is taken as 

polyethylene with a density of 910 kg/m3. To better understand the effect of 

variations in seawater temperature and salinity, different modelling scenarios were 

studied, keeping one constant and changing the other, and these were summarized 

in Table 4.14. The temperature and salinity differences between the seawater and 

the discharged river water are expressed as DT=Tsea-TR and DS= Ssea-SR. Negative 

values indicate that the values of the receiving environment are less than the 

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 transport (no wind) 

Modelling 

scenarios 

Seawater 

initial 

temperature 

TSEA (
oC) 

Seawater 

initial 

salinity 

SSEA(psu) 

Initial 

Temperature 

difference in 

discharge 

DT (oC) 

Initial 

Salinity 

difference in 

discharge 

DS (psu) 

Density 

of MP 

kg/m3 

Case-1 10 0 0 0 910 

Case-2 15.6 0 5.6 0 910 

Case-3 25 0 15 0 910 

Case-4 4 0 -6 0 910 

Case-5 10 15 0 15 910 

Case-6 10 36.8 0 36.8 910 

Case-7 10 38 0 38 910 

Case-8 15.6 36.8 5.6 36.8 910 

Case-9 15.6 9.2 5.6 9.2 910 

Case-10 4 36.8 -6 36.8 910 

Case-11 25 38 15 38 910 

In order to examine the effects of seawater temperature and salinity change, a 

reference case scenario (Case-1) has been studied, assuming that the salinity and 

temperature values of the receiving marine environment are the same as the 

discharged river water (initial DT=0 oC, DS=0 psu). The developed velocity pattern 

and distribution of microplastics at the surface layer are given in Figure 4.43. 
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Figure 4.43 Distribution of microplastics at the surface layer at the end of two 

days for Case-1 (Initial DT=0 oC, DS=0 psu, no wind) 

In order to compare the effects of seawater temperature change, seawater 

temperature values were increased to mean winter (DT=15.6-10=5.6oC, Case-2) 

and summer temperatures (DT=25-10=15oC, Case-3), without any salinity 

difference (DS=0 psu), and the developed velocity pattern and the microplastic 

distributions at the surface layer are given in Figure 4.44 and Figure 4.45, 

respectively. 

 

Figure 4.44 Distribution of microplastics at the surface layer at the end of two 

days for Case-2 (Initial DT=5.6 oC, DS=0 psu, no wind) 
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Figure 4.45 Distribution of microplastics at the surface layer at the end of two 

days for Case-3 (Initial DT=15 oC, DS=0 psu, no wind) 

Afterward, it was assumed that the seawater temperature decreased to 4 oC by 

decreasing 2.5 times compared to the discharge temperature (DT=10/2.5-10=-6oC) 

without any salinity difference (DS=0 psu), and the developed velocity pattern and 

the microplastic distributions at the surface layer are given in Figure 4.49 for Case-

4. 

 

Figure 4.46 Distribution of microplastics at the surface layer at the end of two 

days for Case-4 (Initial DT=-6 oC, DS=0 psu, no wind) 

The changes in microplastic concentration over time due to advection and turbulent 

diffusion caused by the difference between the seawater and the river discharge 

temperatures regardless of salinity in Case-1, Case-2, Case-3, and Case-4 are 

presented in  Figure 4.47  and Figure 4.48 for the points P1 and P2 (Figure 4.25) 

located nearly 800 m. in the south of the Deli­ay River and M¿ft¿ River mouths, 

respectively. It is seen that, at point P1, as the ambient water temperature increases, 

the difference in the discharged water temperature (DT) increases by 5.6 oC and 15 
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oC cause a decrease in the averaged microplastic concentration from 0.92 mg/L in 

Case-1 to 0.45 mg/L (%52 decrease) in Case-2 and 0.17 mg/L (%82 decrease) in 

Case-3 in the last 24 hrs of the simulations. However, as the ambient water 

temperature decreases below that of the riverine water (as if heated discharges), the 

temperature difference of DT=-6 oC causes an increase in the averaged microplastic 

concentration to 1 mg/L in Case-4. A similar trend is observed in P3 in Figure 4.48. 

At point P2, as DT increases by 5.6 oC and 15 oC, the averaged microplastic 

concentration decreases from 0.89 mg/L in Case-1 to 0.3 mg/L (%66 decrease) in 

Case-2 and 0.12 mg/L (%87 decrease ) in Case-3 in the last 24 hrs of the 

simulations. For the temperature difference of DT=-6 oC, there occurs an increase 

in the averaged microplastic concentration to 1 mg/L in Case-4 at point P2. 

 

Figure 4.47 The effect of temperature difference on the microplastic concentration 

over time at point P1 located nearly 800 m. in the south of Deli­ay River Mouth 
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Figure 4.48  The effect of temperature difference on the microplastic 

concentration over time at point P2 located nearly 800 m. in the south of M¿ft¿ 

River Mouth 

In order to compare the effects of seawater salinity change, seawater salinity values 

were increased to 15 psu (DS=15 psu, Case-5), to mean winter (DS=36.8 psu, Case-

6) and to summer salinities (DS=38 psu, Case-7), without any temperature 

difference (DT=0oC), and the developed velocity pattern and the microplastic 

distributions at the surface layer are given in Figure 4.49, Figure 4.50 and Figure 

4.51, respectively. 

 

Figure 4.49 Distribution of microplastics at the surface layer at the end of two 

days for Case-5 (Initial DT=0 oC, DS=15 psu, no wind)  
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Figure 4.50 Distribution of microplastics at the surface layer at the end of two 

days for Case-6 (Initial DT=0 oC, DS=36.8 psu, no wind ) 

 

Figure 4.51 Distribution of microplastics at the surface layer at the end of two 

days for Case-7 (Initial DT=0 oC, DS=38 psu, no wind ) 

It is seen in Figure 4.49 to Figure 4.51 that the increase in salinity difference 

between the sea and discharged water significantly increases the advection and the 

mixing zone in the transport of the microplastics. In Case-1 (DS=0), the 

microplastic concentration drops below 0.1 mg/L out of a zone nearly 1800 m in 

diameter around the river mouth, whereas this zone increases almost twice, reaching 

4200 m in diameter in Case-7 (DS=38 psu). The changes in microplastic 

concentration over time due to advection and turbulent diffusion caused by the 

difference between the seawater and the river discharge salinities regardless of the 

temperature in Case-1, Case-5, Case-6, and Case-7 are presented in  Figure 4.52 

and Figure 4.53 for the points P1 and P2 (Figure 4.25) located nearly 800 m. in the 

south of the Deli­ay River and M¿ft¿ River mouths, respectively. It is seen that, at 

point P1, as the difference in the sea and discharged water salinity (DS) increases 








































































































































































