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ABSTRACT

THE COASTAL CI RCULATI ON MODEL OF B} Y| K M
MOUTH AND ADJACENT COASTAL AREAS

G° z,IMehimet Sedat
Master of SciengeCivil Engineering
SupervisorAssist. Prof. DrG¢ | i zar ¥zyurt Tarakcéo
Co-SupervisorAssist. Prof. DrC ¢ neyt Baykal

September 201958pages

In this study; coastal circulation of Buyuk Menders river mouth and the adjacent
coastal areas is modeled to determine the current characteristics of the region under
river-sea interaction. For this purpose, Finite Volume Coastal Ocean Model (FVCOM)
numercal model is setup and run under wind, tide, and river forcing conditions.
Current, salinity, temperature data from field measurements are used to validate the
performance of the model setup with default parametrization. Significance of each
forcing on the overall current system is assessed by modeling each forcing
independently and comparing these results with the current measurements. It is seen
that tidal forcing has the lowest contribution, as the area is microtidal. Wind and river
contributes much sigficantly however the river effect is seen in the closer regions
and under higher river discharge conditions whereas contribution of wind is observed
all over the area but with a lag in time. As the default model setup performed
satisfactorily, 09 - 20 Januaryi 2016 eventthat represenmaximum river flow,
maximum wind speedxtreme forcing evens also modeledAs hydrodynamics of

river mouths is very complex, longer measurement datasets both for the coastal area

and the river characteristics is required to improve the performance of these models. .
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B! Y! K MENDERES NEHKR AJZININ VE KIYIl KkE
MODELKNKN OLUKTURULMASI

G° z,IMehimet Sedat
Y¢ksek,Knikbdgahendi s i ] i
Tez Dan@Erk.ma¥jérGe |l jiyasi ¥zyurt Tar akcéc
Ortak TezDbané&gmagmé&yesiBaykal

Ey |l ¢ 1,1589ayfa9

Bu -al ékmada B¢yeéek Menderes nehir aj ze
sistemini anlayabil mek amaceéyla su -evri.
Vol ume Coast al Ocean Model (FVCOM) sayeés

ve nehir girdilerii | e - al ékt ér él mext er . Al andan to
dejerl eri mo d el -éktelareée ile karkélakt e
dejerlendirilmiktir. Model in °1-¢mlerl e

adar ilwnwdeféanamkarar verilmicktir. Ayr éc a
kentée d¢zenindeki etkileri ayreée ayreé da

edeniyle gelgite bajlé hareketin ol duk-_

e neksiekw ywWegbili aktéeje zamanl arda akeéent
kil endijJi gosteri |l miktir. R¢zgar 1ise e
t ki si bel irli bir zaman farkeée ile kendi

°] g®d200Ocak 2016b6bdaergar hezée ve nehir de
| dujauanmané dejerlendirfNehkie dkéxkluadanki

o o o o o < S 9 X
~—+

-édan olduk-a ksumawk&ki ml awwldad dérgi bé m
-al ékabi-loke glia hia- iurz uni tst,ir yd H4a déedry. pank te r e
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CHAPTER 1

INTRODUCTION
AThe coast al zone i s a zone of
and purely mar i ne component s on E

as being an important element of the biospheas a place of diverse natural

systems and resor ¢ €Csosstand et al. 20057 he subject of the study is a

part of west coast of Turkey, where B
Sea. This area is named Delta Plain o
western border of the B¢y¢k dilePhather es E
is one of the greatest plains of the country. The basin, reaching up to a total

areaof24976kfn it comprises the areas of te
Deni zl i ( %70) , Ukak (%67) Afyonkarahi
(%3), Ispa t a (%1. 6), Burdur ( %0. 6) , K

(Strategic Environmental Assessment Re@®16. The coastal area of the
study, which |l ays in the borders of
agricultural activities and the one of theportant lowlands of the country.

Other than farming, tourism is the other important income for the local people.
Locatedb et ween Kukadasé and Didim, whi ch
Riviera, the area of interest also includes the Dilek PeninisuBuyuk

Menderes Delta National Parsttategic Environmental Assessment Report

2016. Fishing is another activity widely done by local people. Theedfoth

of the water resources (the sea and the river) is very impdotathie region.

The water quality for river affects not only the quality of the foods or industrial
plants, but also the efficiency and unit price of agricultural products. Anything

that affects the water quality of the river directly affects the waiality of



the coastal zone. To exemplify this perspective, any pollutant that will be
spreading from the river have an influence on the adjacent seaside settlements,
the plain and fisheries | ocated at t he
(Bekdemir; 2016)Additionally, when the river discharge is low, under right
coastal conditions, salinity intrusion to the river is observed. This is another
parameter that changes the river water quality. Other than that, the focused
area is a delta plain, according be tseasonal changes or extreme conditions,
coastal erosion and flooding may take place and stake holders are directly
affected. The currents generated by a variety of coastal conditions such as
winds are the main driving physics of such changes in tretlivea Therefore,

it is important to understand the mechanism of fsea interaction under
different climate conditions. Coastal circulation modeling provides this
information by simulating the water circulation under a combination of forcing

such as wd, tide, river, waves and groundwater.

The aim of this study is to model the coa
coastline focusing the river mouth and the adjacent coastal waters. The coastal

circulation model is used to simulate the flewder wind, tide and river

forcing using Finite Volume Coastal Ocean Model (FVCOM) numerical

model. Field measurements of river flow, wind, current, salinity and

temperature are used to validate the model setup. Historical extreme events are

also modeleda analyze the circulation pattern of the region under extreme

forcing such as maximum river discharge, maximum wind speed, minimum

river discharge and very calm conditiqi@hen and Beardsley 2011)

Chapter two introduces the literature review on the coastal circulation
modeling and a summary on how this review is used in the model setup.
FVCOM model ioresented in chapter three, highlighting the important points
in the model setup. The study area and all the data used in the modeling is
discussed in chapter four. Chapter five presents the final model setup and



results of the study are discussed witlmparisons to field measurements.

Chapter six concludes this thesis with recommendations on future studies.






CHAPTER 2

LITERATURE REVIEW

In this section, some of the most relevant water circulation studies will be summarized

in both chronological and contextual means. For that reason, especially the studies
about coastal circulation models on a-gegined domain having similar aspects to
Beyék Menderes river mouth and adjacent ¢
like; wind, Coriolis, tide, river forcings have been investigated. The previous research
helped to set the limits of the study as well as to determine the significant pasamete

and dataset quality for a successful application of a water circulation model.

Legovi (199) has i mplemented a method for flu
basin and the adjacent seao0 which has be
located on the northeast of the Croatia. As the procedure, exchange percentages have
been calculated for the seasons, winter and summer. As a result, the middle of the
winter exchange value quadruples the value of midsummer. The study reveals that the
direcion and the magnitude of water exchange differs for one season to another
(Legovil 1991)

Davies et al. 1998 built up a 3D hydrodynamic model in order to model the wind

i nduced currents caus e dhe imgdel bas A fuoctiomal wi n d
approach in the vertical and a finite difference grid in the horizontal. A flow dependent
eddy viscosity is used to parameterize Vv
of the simulations show that the incorporation of tidalbuu | ence 1 ndi cat e:¢
wind induced flow is modified by the ndmear interaction between tidal and wind

driven currents arising from the flow dependent eddy viscosity term and bottom
friction effectso. Due t oiegirhtre ddfitegpmodel ap hi c



area, windinduced currents behave differently in different positiidavies et al.
1998)

Pietrzak (2002) has built up a hydrostatic model, in an immersive environment, that

puts together fa gener al i ame efficianteimplicit c a | coord
solution technique for the free surfaceo. Th
both at levels of bottom and the surface boundary layers. Smagorinsky Formulation

and t heilvetrutribcualle nac e mode | ontalgiffusicnerdr f or sol v
validation purposes, the model has been tested. And the results indicated that the
hydrostatic model works good enough for; Asi

flowsaswellaslarge c al e g e o p l{Pyeszakeenal. 2002) o ws 0

De Castro et al2000 investigated the circulation behavior caused from the wind

induction between the ria, smerged river valley, of Ferrelocated at the North West

of Spain and the adjacent shelf via the hydrodynamic model: MOHID2000,0n 3

The calibration of the model was done with real in situ data of wind recordings,
furthermore; the datawas usedf@thanal ysi s. fiThe approach to s
on water exchange through the ria strait consisted in subtracting the signal calculated

with only tidal forcing (Ts) from the one w
resultant circulation is a proof ah the water flowing in direction of wind, along

surfaces and layers, causes an opposite current flowing in the counter direction at the

layers close to the botto(@eCastro et al. 2000)

Zheng et al. (2003) studied the domain of Satilla River estuary, in Georgia, for

Afl oddiymgpg process over intertidal zoneo. As
and Yamadads | evel 2. 5-dimensioral modeh Bhemogled d wi t h t
operaed with tide and river inputs. Moreover, wettidgying treatment technique was

implemented for the sigma coordinate of the estuary model. The consequences of the

analysis had a good compliance with the data collected from the site. With the

correlationot he results and the dat a, it can be st



a reasonable simulation of the temporal and spatial distributions of-En¢iczl
current aZhedngetall2008)i t y O

Ko-yijJit and Ko-yijit ( 2hatGvdrks infamaimmersedmp | e m
environment using a sesamplicit time discretization with finite difference method.

To include the influence of the vertical acceleration component of internal velocities,

and the changes related to bathymetry considered t@rpacatively significant
physical parameters for the circulation
systemandthendmy dr ost ati c pressure component i
implemented into the model. To observe the different circulato@marios, starting

from very basic bathymetries to advanced ones, were tested. As examples from the
study; from a constant depth bathymetry of a rectangular shape, to Esthwaite Water in
Cumbria, a tidal marsh in Lake District National Park in UK, wittcamplex
bathymetry were tested with the model. In the light of the results of the analysis and

the comparisons with the analytical solutions and data; it was concluded that
bathymetry characteristics has a substantial role over the circulation pattehe As
secondary parameters, directionality and the magnitude of wind speed, and eddy

viscosity have effect ove2004f he results. |

A hydrodynamic model was improved by Tsanis et al. (2005), which can be used to
analyze the wind drivepollutant transport cases as thdemensional phenomenon

under various environmental conditions. The model was used for-indoded

circulation in closed basins with the thr@ienensional governing equations. Control

volume method was used for the appmation of the governing equations on the

AAr akCawat aggered grido. The <calculations
effect and the main parameters to compute inflows and outflows. For the barotropic
pressure condition, a sesimplicit differencescheme was implemented to the model,

it he iMdshfondsscheme for the temporal terms and the weight averaged Donor
cell scheme for the advective termso. Al

has handled the tests, uniform wind speed and omeesetas used; yet, model can



cope w i -tuniform Awinal nconditions, multiple sources, and nearshore

applicationg@5). ( Tsanis et al

Ul ses et al . (2005) used fia high horizont a
SYMPHONIEtoasemeé n c | o s e dedinaMesiernIMeditaaranean Sea. In this

work, the windi nduced #Aspecific circulation pattern

timeso are described. Generalized wind forc
mo d e | for the i deal i z ea cosditions dof Kioneorives . As 1 np
di schargeso, and fAmeteorological forcing 1is

surroundings were taken into consideration for general circulation. Observation data

and model results were complying. (Ulses e2@05).

Zhao et al. (2006) have studied Mt. Hope Bay and Narragansett Bay via Finite Volume
Coastal Ocean Model (FVCOM) for tidal motion. The model has been tested with,

irregular coastline, islands, narrow flumes, and high horizontal resolutions. The

accuracyof he results is enough for the Atidal wa
resolves the strong tidal flushing processes
et al.2006).

COHERENS; a thredimensional hydrodynamic model for shallow waters was

devdoped by Marinov et al. (2006). The model can achieve various kind of operations;

coastal and shelf seas, estuaries, | akes, re
spill so, Al i nking eutrophication probl ems t ¢
proved to give good results for Ashort obser
made for currents and water surface elevation for high tide events. Simulations and
measurements gave parallel results. The results of the analysis were close enough for

the seasonal trends. Furthermore, the simulation results fit the trends of salinity and

temperature observations. (Marinov et24l06).

De Serio et al. (2007) inspected the hydrodynamic processes in a specific coastal area
in the lonian Sea on the northeside of the Gulf of Taranto which is called Mar

Piccolo. In this study, mainly the baroclinic conditions are implemented into the



mathematical model by the field measurements. Princeton Ocean Model (POM) has

been chosen for the threémensional analysi Moreover, the analysis brought a
solution for the following facts; fAa si mg
wind fieldo, and fAa constant outfl ow anc
salinityo. For val iftheaROManalysps wargrampaed witht he r
the velocity data that has been collected with the field surveys. (De Seri@@#).

Levasseur et al. (2007) worked on a model which was a -thneensional
hydrodynamic model to make simulations for water datons in estuarine systems.

This model i's using the in Car-olwkwingan coo
structureo. Al s o, t he model i s -Yamadep | ed w
2.5 turbulence scheme. A fractiorsdép method has been ilemented and the subset

of equations are solved with, both; finite volume and finite element methods. At low
water for the tidal forcing simulations
source method is used for river inputs. The model was tastad estuary which is
macrotidal, partially mixed, temper ate e
tested by the change in the sea surface elevation oscillations and salinity data collected

from the domain. (Levassuer et 2007).

In 2007, Sankaranarayanan implemented a bounfited hydrodynamic model,
threedimensional model, named BFHDYRO, in a domain at Buzzards Bay,
Massachusetts. The aim of the work was to set up a model simulating the effect of the
parameters; the wind and titeduced circulation in the bay. Primarily, wind force is
applied over the entire surface of the domain and the tidal force was applied from the
open boundary nodes. The model calibration was done with the literature and the data
from site surveys. The resutifthe analysis indicate that the wind is the main driving
force of the formation of barotropic residual currents inside the Buzzards Bay.

(Sankaranarayan&®07)

Chen et al. (2008) has focused over the area, the Satilla River Estuary, the tidal

floodingand drying process are examined via the Finite Volume Coastal Ocean model



(FVCOM). The FVCOM has been implemented with tidal forcing from the open

boundary nodes and river discharge at the upstream end, which has resulted in a solid

resul t f fushingiim thisespeciiic @saulrine tidaleek intertidal saltnarsh

compl exo. Therefore, the results were accep
phases of measurements at mooring sites and, also, along the hydrographic transects

that belong to the tal wave, and salinity data. (Chen et2408).

Liu et al. (2008) has implemented a thaependent, thredimensional hydrodynamic
numerical model, which is called SELFE, for the Danshuei River adjacent to coastal
part of the sea in Taiwan, to analyze thntire estuarine system. The dominating
parameters involved in the analysis were; freshwater input from the mainstream and
branches in the Danshuei River system, and the tidal elevations along the open
boundary nodes. The numerical analysis results weg®od compliance with the

field measurements. (Liu et £008).

Shore (2009) has implemented a circulation model for Lake Ontario, Canada. In his
studies, he has inspected the monthly climatological circulation, ever the domain of
Kingston Basin. Theonsequences of the analysis implied that the model can take up
to 3 years to rampp from rest for a windorced, nearly full enclosed lake model for

an analysis duration of 10 years. The result of the model run have parallelization with
the current measements through the inside of the main body of the Lake Ontario
(Shore2009).

Akbakojlu (2011), has studied the area of F
means of windnduced circulation patterns, water exchange and sediment analysis.

The studyconducted on a serenclosed basin, and via FVCOM. As parameters;

Coriolis Force, wind, tide, river and sediment data have been implemented the model

as inputs. Moreover, the parameters are handled in different scenarios like; different
combinations of vaous direction, speed and durations of constant wind data, and river

forcings and tidal conditions. The model study started using test scenarios, and ripen

10



with the simulations of water exchange, circulation pattern and sedimental analysis
inside FethiyeBy . ( AKRBla)k o] | u

In 2012, Jiang and Fissel made some changes on thedihreasional model, which

is called COCIRMSED, to simulate ocean currents and water levels in a specific area
of BC, Canada, starting from southern Discovery Passage to Casse Phe
numerical model is based on Reyneli&raged NavieBtokes fluid dynamics
equations and uses finite difference and volume methods. Depending on the results of
the numerical model, probable locations for underwater tidal current turbines can be
determined and environmental impacts of those turbines can be predicted. While
modeling the case; Coriolis force, tidal force, southern Discovery Passage, and
freshwater discharge from Campwell River are all implemented. Several parameters
such as; water eVation and current were used for calibration purposes using the
available data and measurements. In this way, the model has a higher sensibility.
There is a maimade rock dam between Quadra Island and Maude Island, In Canoe
Pass. In the first model, unseater tidal current turbines were arranged to be
implemented, instead of abolishing the dam. In the second model, this time Coriolis
force and tidal forces were included, and again there was a calibration phase in
accordance with the measurements andrghtiens. This study has shown that, both
models have high resolutions in terms of circulation. For deciding the probable
locations for constructing the underwater tidal turbines; the flow patterns that

obtained, and the results of analysis can be use@fang and Fiss@012)

Pitcher, G. Cet al., modelled theirculation and exchange during the summer months
from 2009 to 2011, i n succession, for
validation of the model was done with ADCP observationsuafents, a Lagrangian

drifter test in the Saginaw Bay and the temperature data from the National Data Buoy
Center gauges. As a fact, circulation in the Saginaw Bay is shaped by the presence of
an anticyclonic gyre which is located at the mouth of therduag. New estimations

are done for the mean flushing times and residence times for SaginawBalyer

G. C. et al.2014)

11



Sirisup et al., aimed simulating the ocean circulation in the Gulf of Thailand, in their
study in 2016. The Gulf of Thaihd is composed of complex coastlines and sea bottom
topography which may result in complicated ocean currents. For this reason, they have
conducted their study with the unstructured grid FiNitdume Coastal Ocean Model
(FVCOM) to overcome the problem cdmplexity issue with the geometric flexibility
capability of FVCOM. For validation purposes, they have used the surface currents
data measured by high frequency surface wave radar (HFSWR) frofimfegaatics

and Space Technology Development Agency (®RIA). Furthermore, it is found that

the RMS error proves the model output agrees with the observation well. Other than
that, the Empirical Orthogonal Function (EOF) used for investigating the overall
characteristic of the simulate currents all together thighmeasured currents as well.
(Sirisup et al2016)

Ding and his colleagues used a higBolution unstructured grid finite volume
community ocean model (FVCOM) to inspect the North South China Sea shelf
characteristics and dynamical mechanism of@®gcurrents. As the dominant forces
change, the current characteristics inside the bay varies. To understand the
phenomena, the model studies has concentrated on freshwater discharge, wind

forcing, tidal rectification, and stratification (Ding et 2017).

Yél maz, u s e d-3DHor D&RIENINAtMe current pattern in Samsun Bay
under the parameters of wind, wave and tide. The model has the modules of
hydrodynamic, turbulence and transport. Furthermore, the verification has done with

the monthly datatht col |l ected from 208 site, regul ar/l

Huang and Lused baroclinic Finite Volume Community Ocean Model (FVCOM) in
the Lake Pontchartrain Estuary to model the wdnigten circulations during a period
across the board, 16 cold fronts in g8ystem. The aim of the study is to inspect the
spatial circulation pattern that is the result of local and remote winds. And the results
they have found are; remote wind effect decays through the inside due to bottom

friction. Local wind effect tends to gerate downwind flows in coastal regions, on

12



the other hand; upwind flows near the bottom, a result consistent with barotropic wind

driven circulations. (Huang and RD19)

This review on literature showed the important points for an ocean circulatidel m
study such as;

1 Accurate bathymetry data and its representation in the numerical grid has a
substantial role in modeling the circulation pattern

1 Wind over the entire surface of domain, water elevation including tidal
constituents from the open boundaigdes, Coriolis force and river input (as
point source or number of points across very wide rivers) are the external
forcing parameters commonly used in the circulation studies

1 In situ current measurements, as well as salinity and temperature observations
are mainly used for calibration and validation of the circulation models

1 Mellor-Yamada 2.5 turbulence scheme is commonly used for turbulence
closure method.

13






CHAPTER 3

METHODOLOGY

This chapter gives information about theethodology of the study focusing on
describing the use of the numerical model, FVCOM (Fkindume Coastal
Oceanographic Model) developed by the University of Massachusetts at Dartmouth
and the Woods Hole Oceanographic Institute (UMASSBOI) collective efforts
(Chen et al2006; and Georgio2007). The formulation and capabilities of FVCOM

are summarized, together with some of its limitations. The procedure of creating a
FVCOM model setup is described. Model calibration and validation approach is

discussed.

3.1. Finite-Volume Coastal Oceanographic Model (FVCOM)

FVCOM is an unstructuredrid, finite-volume, threedimensional, primitive
equation, coastal ocean circulation numerical model, developed by the University of
Massachusetts at Dartmouth and the Woodole Oceanographic Institute
(UMASSD-WHOI) collective efforts (Chen et a2006; and Georgio2007). It has

been designed to simulate tirdependent variation in water levels, currents,
temperature, salinity, tracers, cohesive and-caesive sedimestand waves in a

variety of marine and freshwater systems.

3.1.1.The Governing Equations

The governing equations that has been used include the following: momentum,

continuity, temperature, salinity, and density equations.

15



The governing equatior(from 3.1 t03.7) that has been used include the following:

momentum, continuity, temperature, salinity, and density equations.

Momentum:
roé 1o 16 .16 . pT 01 10
To% oMo a ® "Taid ra ° B
roé 1o 16 .16 . pT O 1 1o
To% oMo a® "fTaoia fa ° o8
1o o
ra °
Continuity:
T—? T—UT—U Tt o8
ol o a

Temperature:

rY oy oy v r o 1y
rTo Tw Tw Tala Ta

Variables used in these equations:

(X, y, 271 east, north, and vertical axes in Cartesian coordinates

(u, v, W1 velocity components in the y, and z directions

(Fu, Fv) T horizontal momentum diffusivity terms the x and y directions

F1 1 horizontal thermal diffusion term
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Fsi horizontal salt diffusion term

KmT vertical eddy viscosity coefficient

T density

P1 pressure

T1 temperature

Si salinity

"(¥ Coriolis parameter

These equations are closed mathematically using the Mé&lorada leveR.5

turbulence closure model (Mellor and Yamatid82). This model approximates

mixing due to turbulence based on length scale of the boundary layer. FVCOM makes

use of a simplification by (Galperin et &B88) which removes a slight inconsistency

in scaling analysis so th&,andS,dependonlyos,. The equations fo

simplification of MY-2.5 are:
o Ay ofy

T ¢ X Lu® V'O

P OBXO p ¢PpCR ot
™ T o
P o®XQ
O na_f; o p

Fu and Fy represent the terms for horizontal momentum diffusion in the x and y
direction.F; andFsrepresent the terms for thermal and salinity diffusion. These terms

are of the form:

o Lod® Lyoldls o
.C . Tol o S

€
8,
€
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H is the bottom depthwhere it isrelative to z=0.The horizontal momentum and
thermal diffusion coefficientare denoted as Am and Alhese coefficients can be

set constant or use the Smagorinsky eddy parameterization method (Smagorinsky
1963). The Smagorinsky method defines the forr@ith6)for horizontal momentum

diffusion codficient as:

o) 0
5 maom 0 V!

) 6 0
T @ To! '

o T
o

o ¢

WhereC is constant and) is the area of the individual momentum control element.

Am varies with the model resolution, decreasing as the grid size is reduced.

For temperature and salinity, a similar form(8al7)is used:

™om T O 0T o
T ) W

5 . T[8)T_
V]

) ;10
W T o! 0 1 «

WhereC is constant andj is the area of the individual tracer control element,Rnd
is the Prandtl numbeAs is proportional to the area of the individual tracer control

element and the horizontal gradient of the tracer concentration.

With regard to Mellor and Blumberg (1985), and Chen et al., (2006) the reducing

made by the equations is equivalent to the ypason that horizontal diffusion

18



happens only collateral to the sighagers since oscillating velocities and length
scales are orthogonal to the bottom boundary have to approach to zero. Nonetheless,
this simplification could prompt extra mixing on slogibottoms due to the sigma

transformation (Mellor and Blumberg, 1985).

3.2. Composition of the Unstructured Grid and Computational Time Step

The horizontal mathematical computational domain is divided into several
nonoverlapping unstructured triangular cell§he triangular unstructuregtid
approach of FVCOM has some advantages compared to a strugtisgtedodel. A
triangular grid can provide an accurate representation of the coastline especially for
complex regions where a triangular mesh can represenirrdgularities of the
coastline by using high resolution. The unstructured approach of FVCOM enables
adjustment of the grid resolution in regions with a high interest with respect to e.g. the
bathymetry. On the other hand, in outer domains the resoluéinrbecome very
coarse. This way, the number of the nodes and the triangles are kept small, thus the
costs of the computations are low, too. Structtged models do not have the
capability to change the grid resolution over one computational domainusitbre

model setup. Therefore, a nesting approach must be chosen for strgetdneddel,

which will increase the computing time.

Below, the figure8.lindicates the unstructured triangular cells which involve of three

nodes; a center of mass, ahdrtee si des. AnThe Momentum Co

is the zone delimited with the green |

field bounded by the red lines.

19
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Figure 3.1. Conceptional Unstructured Triangular Cell (Chen et al. 2006a)

In FVCOM not all variables are calculated or placed at the same positions. Tracers as
e.g. temperature, salinity or surface elevation are calculated on each node while the
velocities are caldated at the center of a triangle (Figure 3.1). The separation has to
be done due to numerical restrictions to eliminate the numerical errors in the calculated
results (Versteeg and Malalasekera 2007). The scalar variables at each node are
calculated by tb net flux through the sections linked to the center of the triangles and
the midpoint of the adjacent sides in the surrounding triangle (tracer control element
or TCE). The velocities at the centroids are determined using the net flux through the

three gdes of this triangle (momentum control element or MCE).

A sigmalevel coordinate system is used in the vertical direction to finest fit the bottom
boundary in the model to the bgimetry. The sigma layers are distributed uniformly

at different depths dhe mode(Walter et al2007). All model variables are calculated

on the midlevel of the layers, except the vertical veloaitywhich is calculated on

the layer surfaces. Different structures of the sigma layers can be used, but in this

thesis, arequidistant structure was chosen.

20



For computational efficiency, FVCOM employs a megidit model with an external

2D mode and an internal 3D mode. The time step depends on the chosen grid size.
The time step utilized in the external mode of FVCOM is kahiby the Courant
Friedrich Levy (CFL) benchmark as:

3,

Q0
In which, the external mode time step is represented @£ _E, the numerical
computation | ength scale oL, which is t
characteristic or single triangular grid

value of time &p for the internal mode is:

30 oP W

O=| N

where, Cis the maximum phase speed of internal gravity waves. SiniseuSually
smaller than "QQ it is usually suggested that ratio between internal and external time

step (piit);

) 30 p N o] TU

3.3.The Turbulent Closure Models
3.3.1.The Horizontal Closure Treatment

Smagorinsky (1963) suggested this method to model horizontal diffusion. As opposed
to utilizing a constant horizontal diffusivity, which is the other option as a closure
treatment; the Smagorinsky approach is based on the horizontal velocity gradient. In

this thesis, Smagorinsky approach is used tfse8ection3.1.1)
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3.3.2.The Vertical closure treatment

Parameterization of the vertical eddy viscosity, End vertical thermal diffusivity K
which is possible by using, (i) constant diffusivities, (ii) the method proposed by
Mellor and Yamada in 1982, and (iii) thelt a p p n thia tbesis, Mdllolyamada

Level 25 Scheme which is the default turbulence closure method of FVCOM is used.

3.4.Boundary Treatment and External Forcing

3.4.1.Wall or Solid Boundary Conditions

The original approach of FVCOM calculates the velocity in a cellcadjato a solid
boundary such as coastline using the same method as interior cells and then adjusts it
so that the component normal to the wall is zero. This approach can introduce errors
if the coastline is highly irregular or coastal angle is rapidlynghy. Therefore,
FVCOM handles this issue by introducing "ghost cells’ depending on the number of

sides of boundary cell being part of the coastline (Figuze

Type 1 boundary cell: Type II boundary
Velocity vector Velocity vector
in the ghost cell in the ghost \
£ w .,
-~

\\\\
B

Velocity vector

i, . in the boundary
Velocity vector
in the boundary cell

Velocity

‘\% vector

Figure 3.2. Boundary Treatment Typg€hen et al. 2006a)
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Although ghost cell treatment might increase the performance of model for irregular
coastlines, in the case where the boundary edge is normal to the dominant flow
direction, the ghost cell boundary condition leads to a reflectienafgy, which can
generate high frequency internal waves that require a reduction in time step.
Additionally, Type Il boundary condition is suggested to be avoided in general. For

this thesis, ghost cell treatment is activated.

3.4.2.0pen Boundaries

One of thdifficulties in applying an ocean model to a coastal region is how to specify

a proper open boundary condition that allows the momentum or mass to be radiated
out of or flow into the computational domain. FVCOM introduces five open boundary
conditions suckhat user can either apply a predetermined surface elevation (e.g. water
level measurements including tidal constituents) or user can select from various types
of radiation open boundary conditions. In this thesis, a predetermined surface
elevation was deed at every node of the open boundary based on mareograph

measurements for the region.

3.4.3.External Forcings

External physical forcings driving FVCOM include the surface wind stress, heat flux,
precipitation/evaporation, tides, riveischargesand groundwater flux. In this thesis,

surface wind, tides and river discharge are applied as external forcings.

Users can define wind either as wind stress or wind speed and apply it with a constant
uniform forcing or with timedependent, spatially neumiform forcing fields specified

from observational data or from the output of a meteorological model or a combination
of both. In this thesis, wind data is applied as wind speed at 10 m and with time

dependent spatially uniform forcing field.
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Tide isapplied as a component of water surface elevation time series data taken from
the closest mareograph station at every node of the open boundary. To explain it
briefly, open boundary nodes are defined as the source points for this process. The
absolute wate elevation for each node is defined with an interval of one hour

throughout for the analysis duration to simulation. The software interpolates the water

heights for each predefined external time step.

FVCOM uses two methods for including the dischargeash water from the coastal

solid boundary. The first is to inject the water into the tracer control element (TCE)
like a point source and the second is to input the water into the momentum control
element (MCE) like a line source. In each of these nisthibe salinity, temperature

and discharge values can be either specified or calculated through the tracer equation.
In this thesis, the data related to river forcing is applied by using tracer control element.

3.5.Model Calibration and Validation

Calibration involves adjusting certain empirical parameters of a model with the aim
of fitting the model output to real data. This process succeeds if the model is able to
reproduce observed variability in the processes of interest to an acceptable level of
accurag (Moriasi et al2007). After model is calibrated, another run is performed for

a different set of real data to validate the model. However, a good calibration study
depends on the quality and completeness of real data (measurements) for the site.
Calibration should evaluate the model performance both qualitatively and
guantitatively. The qualitative evaluation is made on the correctness and plausibility
of the physical model behavior and requires expert knowledge to judge. On the other
hand, the quantitawe evaluation can be made with statistical error metrics such as
mean absolute error (MAE) or standard regression techniques commonly used to
evaluate the linear relationship between modeled data and observations such as

correlation coefficient (R).
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As the data that included for the statistical computations, only the measured data and
the corresponding model resutliave taken into consideration in the computations.
That means, the ramjpip part of the analysis resulssnot included in the statistical
analysis since the ramyp duration is selected such that this data and field data did
not overlap.To visualize, the results of all the analysis can be seen in the following

section.

3.6. The Flowchart of the FVCOM Application

FVCOM is written in Fortran 90 with MPI parallelization and runs on a LINUX
platform. Alternatively, there exists a modified version of Plymouth Marine
Laboratory, UK. The model does not have a bnilgraphical user terface therefore,

all the input data and model setup have to be provided as text and NetCDF files.
Visualization of the model results also requires use of another software suchfs Vislt
MATLABE or Tecplof. Therefore, the installation, pprocessing ah post
processing of model requirements (input/output/setup) make up the major part of the

model implementation.

In Figure 3.3the flow chartis given showinghe simulation processtarting from

zero to the latest step, visualipet
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Modules to be
Used

Bathymetry
Data

Source Code
Compilation

Bathymetry
Data

Wind, River, Tide
Data

Setting
Boundary, Initial
Conditions and
Others

Setting Control
File

Pre-Processing

The Model
Run

Post-Processing

Visualization of
Results

Analysis of
Results

Visualization of
Results

Figure3.3. Flowchart for the Analysidhe colors belong to the processes of the software: Excel and txt

grey, MATLAB i red, Vislti green, Tecplot purple.
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CHAPTER 4

THE CASE STUDY AND THE DATA SET

4.1.The Study Area

The study area is a part of west coast o
Aegean Sea | ocated on the western part o
National Park and, one of the cities of the Turkish Riviera, Didim. Furthermore, the
zone has an approximate border which is the Greek Island, Agathonisi. The
coordinates of the domadwh. 654 Noerttivhe eann dp c
27.25A aysstlocated & ¢he west of Turkey and has a coast connecting
Kukadasé and Didim which are the two i mp
Turkey. The position of the site is nearly the middle of Aegean Sea in terms of latitude
(Figure4.1)) Ahough secondary to the nearby cent
IS @ common visiting place for tourists, including visitors to the nearby historical site

of Priene.

S°ke shows typical Eastern Mediterranean
anddry, while winters are warm and rainy. On the average, the warmest month is
August while the coolest month is February. Moreover, the months January, February,
March, November, and December have a high chance of precipitation. The average

annualrainfali s over 1000 mm which i s above Tur
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d

Biiylik Menderes

Figure 4.1. The Location of the Area (Retrieved from Google Earth, August 2019)
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The areas morphol ogical char aendeesRivert i cs
pouring freshwater and sediment in the bay. There exist three main channels reaching
the bay. The first one is the main branc
secondary channel of Menderes, which is brought to Lake Bafa, withicdpe sf

Latmos Projectbefore pouring Aegean Sea. Finally, the smallest and the third

di scharge source is the irrigation disch

Plain.

In the northeastern part of the study area, just below the southern partDofethe
Peninsula, there exists a lagoon which is used as fishery. This natural fishery has been
affected by morphodynamical changes. Also, that dynamic process affects the erosion
and accretion trends on the coastline. The northern part of the area teapex s
characteristic arising from the mountain of the national park which relatively causes a
formation of highsloped cliff. Furthermore, the deepest part of the basin is located at
northwestern part of it. At the south west, the island Agathonisiuatgid. The island
represents a natural border for study area. The south border of the study area is the
headland of Didim.

The coastline being highly active geomorphologically means that it is important to
understand the hydrodynamics of the area. Tistieg economic activities of fishery,
agriculture and tourism along this area enhances the importance of such knowledge
since modeling of shoreline movements and water quality of the region would be
important for management of the region. Modeling theewairculation of the bay
would provide information on the current characteristics and water properties
(temperature and salinity) which are input parameters of many sediment and

ecological models.

The circulation model of the area is studied by using©W! version 4.1(Chen &
Beardsley2013) Datasets used in the model runs are explained in detail in this

chapter.
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4.1.1.The Bathymetry

The bathymetry data have been retrieved from two different sources; the first one is

the TUBI TAK Project of Keé 3he E&@adpearMaring| . and t|
Observation and Data NetworkEMODnet (https://www.emodndtathymetry.eu/).

Furthermore, e coastline has been created based on the EMODnet data with an
approximation that excludes thegoonwhich is located at the north western part of

the bay.

To give a detailed information about the bathymetry construction and merging; in the
scopeof the project, the bathymetry close to river mouth, that is to say, the area stays
under the station points, measured by the DT101 Multibeam Profiling Sonar with a
spatial resolution of 72 x 72 meters. The measurement area was about $éekthe

Figure 4.2. Additionally, the EMODnet data was used for the rest of the computational
domain which has a resolution of 115 x 115 meters. The area between these points
were subject to a smoothing operation via MATLAB. The reason behind this merging

process is tht the TUBITAK project data has a higher resolution.

B. MENDERES - MART 2017 | B. MENDERES - EKIM 2017

—_—

N
v

s
] 05

Wometre - kilometre

Figure 4.2. Measurement Points for Multibearofiling Sonar(Kisacik et al. 2017)
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The validation parbf the bathymetrys an important step as accurate bathymetry
provides higher performance of numerical model. Therefore, the depth of the model
bathymetry is compared to the depths of stations used in the field survey. This
comparisoncan be seem Table 4.1.Using this conparison, the grid is smoothed
manually and the stations for validation are located accordingly for the model runs.
Other than that, while merging sea reference levels have taken into consideration,

mean sea level for each data set has been chosen asmcteneio

Other thanthe changes mentioned ae an additional manipulation on the
bathymetry of the modélas been made at the mouth of the river. The coasdlkes

from EMODnet databasand the real case do not coincide for this specific area, so a
channel like structure has been created with a depth of 2.25meters and span of ~200
metersAll the threecases of bathymetigan be seen in Figure344 4, and 45. Both

the artificid channel and the merged zone can be seen at the Figure 4.5, below.
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Table4.1. Comparison of the data sets by means of difference in percent.

Absolute | Absolute Absolute Absolute
Longitude Latitude In-situ Data Depth(m) Difference | Differenc Depth(m) i
ifference (m)
(m) e (%)

BMNO1 27.17414 37.54345 4.50 3.24 1.26 38.89 0.18 3.06
BMRCM1 27.15883 37.53218 7.20 7.15 0.05 0.70 9.25 2.10
BMRCM2 27.16411 37.53630 2.70 2.95 0.25 8.47 4.25 1.30

BM2 27.16645 37.53849 1.60 1.71 0.11 6.43 3.1 1.30
BM3 27.16531 37.53763 1.50 1.26 0.24 19.05 2.01 0.75
BM4 27.16153 37.53427 5.20 4.85 0.35 7.22 .09 1.24

BM10 27.16064 37.52849 8.00 8.03 0.03 0.37 8.25 0.22

BM11 27.16257 37.53209 5.30 5.40 0.10 1.85 6.03 0.63

BM12 27.16531 37.53404 3.50 3.54 0.04 1.13 4.27 0.73

BM13 27.16905 37.53002 3.70 3.95 0.25 6.33 3.72 0.23

BM14 27.16537 37.52665 6.80 6.88 0.08 1.16 4.87 2.01

BM19 27.15736 37.53634 6.00 6.04 0.04 0.66 7.43 1.39

BM20 27.15986 37.53746 4.90 4.74 0.16 3.38 6.42 1.68

BM23 27.15569 37.54064 8.00 7.85 0.15 1.91 9.64 1.79

BM24 27.15989 37.54183 3.40 3.96 0.56 14.14 4.48 0.52

BM25 27.16294 37.54592 2.30 2.90 0.60 20.69 2.52 0.38

BM26 27.15563 37.54546 8.10 8.79 0.69 7.85 8 0.79

BM29 27.14971 37.55007 12.90 12.77 0.13 1.02 10.14 2.63

BM30 27.15949 37.54937 5.60 5.70 0.10 1.75 4.03 1.67

Z(% 7.53 Z(%
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Figure 4.3. The Computational Domain Retrieved from GEBCO Data Set

Figure 4.4. The Computational Donira Retrieved from EMODnet Data Set
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Figure 4.5. The Computational Domain Combined from EMODNneT®BITAK Study Data Sets

3388885588885 8%° 3

Figure 4.6. The Smoothed Version of the Computationahfain
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The computational domain shown in the Figure 4.5 was smoothed to see the
differences between those domains in computational manners. At below, it can be seen

thedifference between these two bathymetrieuges:

Comparison for the Gauge BMRCM- (Processed with Moving Average)
T T T I

Mean for Layer - | = 10.4522

Mean for Layer - | (Smoothed )= 10.6816
Relative Error for Layer - | = 0.021946
18 [Mean for Layer - Il = 6.1048

Mean for Layer - Il (Smoothed)= 5.9287
Relative Error for Layer - Il = 0.024489
16 [-Mean for Layer - lll = 4.1484

Mean for Layer - lll (Smoothed)= 4.4995

-Layer 1
RA-Layer 2
RA-Layer 3
RA-Layer 4
- - - RA-Layer 1(S)
- - - RA-Layer 2(S)
RA-Layer 3(S)
- - - -RA-Layer 4(S)

RA-Depth Averaged k|
- = = “RA-Depth Averaged (S)

Relative Error for Layer - Il = 0.014748
| Mean for Layer - IV = 34624

Mean for Layer - IV (Smoothed)= 35403
| Relative Exror for Layer - IV = 0.022499

Current (cm/s)

Time Steps (hrs)

Figure 4.7. Result Comparison for the Merged and the Smoothed Computational Domains at
BMRCM-I Station

Comparison for the Gauge BMRCM-II (Processed with Moving Average)
T I T I

Mean for Layer - 1 £22.1385
Mean for Layer - | (Smoothed)= 21.9919 FEA iy
Relative Ermor for Layer - | = 0.006622 RA-Layer 2
Mean for Layer - Il = 8.4275 RA-Layer 3
30 FMean for Layer - Il (Smoothed)= 8.2336 RA-Layer 4
Relative Error for Layer - Il = 0.024875
Mean for Layer - lll = 6.8453 mmmelEA - Laer 5 1)
Mean for Layer - lll (Smoothed)= 6.6357 - = = -RA-Layer 2(S)
Relative Error for Layer - Il = 0.025231 RA-Layer 3(S)
- - - .RA-Layer 4(S)

[FMean for Layer - IV = 40056 T
Mean for Layer - IV (Smoothed)= 3.941
Relative Error for Layer - IV = 0.01289 RA - Depth Averaged
- - - “RA- Depth Averaged (S)|

~ Ramp-up Line {

]
o

Current(cm/s)
8

&

Time Steps (hrs)

Figure 4.8. Result Comparison for the Merged and the Smoothed Computational Domains at
BMRCM-II Station
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From theFigures 4.7 and 4,8t can be understood that the smoothed versidgheof
bathymetry has an effect on the analysis results up to ~2.5% at maximum, ~1.86% on

average.

Other than that, a coarser mesh has been produced over the computational domain. At
the offshore; 1000 meters, and at the coastline; 250 meters elementsectisnd

the same transition ratio, which was kept as same as the all bathymetric meshing
process, applied on this computational domain also. On the other hand, in this domain
the nodes do not coincide with the station points as it was overlapped in regular
computational domain. So that, the nearest nodes have been selected for the BMRCM

| & BMRCM-II points. The result can be seen on the Figures 4.9 and 4.10 below.

% Comparison for the Gauge BMRCM-I (Processed with Moving Average)

o RA-Layer 1
Mean for Layer - | = 10.4522 4

Mean for Layer - | (Coarser Bathy)= 13.884

RA-Layer 2

Relative Error for Layer - | = 0.32834 RA-Layer 3
Mean for Layer - Il =6.2048 RA-Layer 4
Mean for Layer - Il (Coarser Bathy)= 5.5847 - = RA-Layer 1(C8)

25 [[Relative Error for Layer - Il = 0.099926 4
Mean for Layer - lll = 4.3484 . = = RA-Layer 2(CB)
Mean for Layer - lll (Coarser Bathy)= 4.7606 > RA-Layer 3(CB)
Relative Eror for Layer - lll = 0.094781 - - - -RA-Layer 4(CB)

Mean for Layer - IV = 34624
, | Mean for Layer - IV (Coarser Bathy)= 3.2565
~ | Relative Emor for Layer - IV = 0.059482

RA - Depth Averaged
= = "RA-Depth Averaged (CB) |
~ Ramp-up Line

7]
T
|

Current (cm/s)

Time Steps (hrs)

Figure 4.9. Result Comparison for the Mergadd the Coarser Computational Domains at BMRCM
Station
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Comparison for the Gauge BMRCM-II (Processed with Moving Average)

Mean for Layer - 1=22.1
Mean for Layer - | (Coarspr Bathy)= 6.2446
Relative Eror for Layer - = 071793

Mean for Layer - Il = 8.4375

30 1 Mean for Layer - Il (Coarjer Bathy)= 3.3668
Relative Eror for Layer -JI = 0.6005

Mean for Layer - lil = 6.8453

Mean for Layer - il (Coagser Bathy)= 3.5269
Relative Error for Layer -Jil = 0.48477

25 || Mean for Layer - v = 4.1Ps6 A
“ || Mean for Layer - IV (Coafser Bathy)= 34792
Relative Eror for Layer -JV = 0.12821

Figure 4.10. Result Comparison for the Mergadd the Coarser Computational Domains at
BMRCM-II Station

As it can be seen clearly that, for the station BMRCIie coarser bathymetry gives
different results changing in an interval between 6% to 32%. The uppermost layer
overshoots the result, and the rest of the layers gives the réslttays under the
merged bathymetry. On the other hand, for the second station, BMR@Mof the

layers undershoot both the measurement result and the merged bathymetry results,
ranging in a scale 13% to 71%. As the result, the coarse bathymetry is even further

from the measurement results.

4.2.Current, Salinity and Temperature Data

Measurements of current, salinity and temperature around the river mouth was
performed as a part of TUBITAK research project hibbY722 named Ev al uat i on
of Short Term Bedforms at RivBea Iteraction Areas: Gediz and B. Menderes
Caselsno 2017, three field trips were orgar
13 March, 2324 May and 1819 OctoberThe collected raw data was provided by Dr.

DoganK €& s dronedokuzE y |Ugiversity and the data is also presented in the final
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and locations are tabulatedTiable 4.2and shown irigure 4.6

Table4.2. The Locations, Depths and Names of the Stations used for data collection

Mo X Y Depth(m) Station Name
1 27.1708 37.5415 2.25 'BM-1'
2 27.1665 37.5385 2.25 'BM-2'
3 27.1653 37.5376 2.5 'BM-3'
4 27.1615 37.5343 4.86 'BM-4"
5 27.1629 37.5367 3.36 'BM-5'
6 27.1566 37.5304 11.19 'BM-6'
7 27.1602 37.5420 5.96 'BM-7'
8 27.1616 37.5389 5.72 BM-8'
9 27.1606 37.5285 7.89 BM-10'
10 27.1626 37.5321 6.16 BMm-11'
11 27.1653 37.5340 4,16 BM-12'
12 27.1691 37.5300 3.54 BM-13'
13 27.1654 37.5266 4,98 BM-14
14 27.1574 37.5363 8 BM-19'
15 27.1599 37.5375 6.2 BM-20'
16 27.1557 37.5406 9.41 BM-23'
17 27.1599 37.5418 6.34 BM-24"
18 27.1629 37.5459 2.46 'BM-25'
19 27.1556 37.5455 8.06 BM-26'
20 27.1497 37.5501 9.25 BM-29'
21 27.1595 37.54594 4.16 BM-30'
22 27.1741 37.5434 2.25 'BMN-1'
23 27.1706 37.5413 2.25 BMN-2'
24 27.1728 37.5425 2.25 BMN-3'
25 27.1588 37.5322 3.9 BMRCM-1'
26 27.1641 37.5363 2.96 BMRCM-2'
27 27.1676 37.5270 3.77 14-M'
28 27.1666 37.5303 3.51 BMS-1'
29 27.1651 37.5331 3.32 BMS-2'
30 27.1647 37.5331 418 BMS-3'
3 27.1636 37.5360 4.55 BMS-4'
32 27.1629 37.5367 4.7 BMS-5'
33 27.1602 37.5420 5.7 BMS-7'
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The River Mouth

The Locations of All Stations

&4B8M-30

a BM - 25 4

BM - 26
BM 24
BM-7¥B8Ms-7 « BM
BM. 8
BM.20* BM.dsm 2
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BM-19 “,BMRCM 2

BMRCM - 1

£

BM-11 14:M
BM-6 Bv®13 &
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BM- 10

& Fous-1

BM- 14

Figure 4.11 The Locations of Measurement Stations

4.2.1.1.Current

The current data has been coll ected with
measurement process, the instrument has been fixed to bottom of the sea. In this way

the device records the direction and maggtof the current at the very near by point

to the bed within intervals of 50 minutes continuously. Time resolution for this data

is 10 minutes and, also, absolute speed and directionality are recorded.

The expeditions held within the domain that issel®o the river mouth followed two
different paths by the means of current. The first one is$étroge which was in March
2017 and the two others in the direction of crslssre in May and October 2017.

The locations of the stations that current have Inesssured can be seen in following
figures (Figure 4.2).
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Figure4.12 The Locations of StatiorisMarch, May and October Measurements

4.2.1.2.Salinity and Temperature

The salinity and temperature data have bee
instrument. The surveying is conducted in the following way: the device sunk into the

water from a ship, in the meantime, the instrument records temperature, conductivity

and acoustic velocity within a time resolution of 6 seconds through the water column.

The locations of the stations that current have been measured can be seen in Figure

4.13.

*BM30

*BM19 *BMRCM2

*BM4  ogm12
BMRCM1
. *BM11
oBM13
*BM10

*BM30

*BM26

*BMST

*BM23  gM3t
.

*BMsS
*BM20 guss
*BM19 ® eBMst
oBM4  (BMIZ

.
BMS2
BMi1e

- *BM32 *BM13
*BM10

.BM14

*BM30

Figure 4.13. The Locations of StatiorisMarch Measurements
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4.3.River Discharge

The river discharge data have been gathered from two different sources, The
TUBITAK Report and The State Hydraulic Works (DSI). In the scope of the
TUBITAK project, the river current velocity data have been collected with an
instrument that is named Valeport Model 106 Current Meter. The device was set to
record the current data @ach 10 second§he location of the data collection is given

in Figure 414.

X =27.174140 |

y = 37.543450 w ———
[ 7
/

[ BMNoLE”

Figure 4.14. The Locations for River Discharge Station

However, this data collection was not continuous therefore there are some gaps within
the duration of expeditions. It can be seen in Figurg-4.17, for the first expedition

day in March, the device wastivated on 9:40 and stopped at 16:00. On the second
day, data measurement took place between 9:15 and 18:20. For 48 hours of surveying,
data availability is limited with 17 hours, 25 minutes. In May, this total surveying time

is in total of 13 hours an80 minutes. In October, there is no measurement for the

river.
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To complete the measurements up to two days of de¢sage of the measurements

is used. For the first half of the first day, the average of the measurements from the
first day is used. The same value is used to complete the dataset for the same day (i.e.
until 24:00 of March 12. Then until the start of thetual measurements of second

day, the average of the measurements of second day is used. Similar to the first day,
this same value is used to complete the data set until the end of day 2, March 13. The

final dataset is shown in Figure 8.1
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Another problem with these measurements is due to the location of the measurement.

This location is prone teea water intrusion which is reflected in the data from May

2017. Contrary to March 2017 where the direction of the flow is uniform and to the

sea throughout the duration of the measurements (Figure 4.14), flow direction in May

2017 changes from the seathe segFigure 419, 420 and 421). Especially in the

first day of expedition in May, the direction of the river flow varies between the
directions 208and 4. That shift indicates that se
wind stress, at kst until to the point where the river current values are measured. The
distance to the measurement station from the river entrance is approximately 750m.

This is a highly probable observation as the local farmers claim that that intrusion

reaches up to 180 kilometers for the dry seasons.

Flow Direction vs. Time
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Figure 4.19. The Graph for Flow Direction vs. Time for Mayé 1 7
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However, because of this observation the river current data cannot be used as river
discharge value in the model runs. Only for March case, the measured river velocity

is used as model input. For the rest of the cases, another dataset is required for river
discharge data. Therefore, a DSI station locatesge to river mouth is selecteto

analyze the general trend of river discharge throughout a year, available river data

measured daily fronthis DSI stationis assessed for the years2fil, 2012, 2013,

2014, 2015 and 2016. Although there are other DSI stations with longer datasets, these

stations are far away from the river mouth and cannot represent the flow conditions at

Figure 4.21 The Graph for Speed vs. Time for Maiicld 1 7
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the coastal area. Monthly average discharge values are cadcditatm the daily
discharge data for every year. Average of monthly data is calculated to determine the
wet and dry seasons for the river flow. Figdi22 shows the minimum, average and
maximum river discharge values for each month for the perio@1#2016. Similar
graphs of every yearepresented at Appendix
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Figure4.22 shows that from March to July, the river discharge is very high but from
August to February, flow rates drop significantly. Howewenen other graphs are

considered, it is seen thidow rates can change significantly from year to year.

4.3.1.1.Wind

In the scope othe TUBITAK Project- 115Y722, two observation stations were

installed on the site. The stations collected data with a time resolution of hourly
averaged. The receptor of the instrument is placed at the height of 10 meters and
recorded the da@ontinuously. The first station was established at the river mouth but
after a storm it was damaged and then re
fishery is a secured place and located at the seaghcorner of the domain. Both of

the locations aabe seen in the Figure2a.

Figure 4.23. The Locations of the Wind Recording Stations: The Former and the New

On the other hand, even though the station relocated, it has not recorded the data
properly on the days that the main model is established. Either the direction, the
magnitude or bothfahem were absent from the dataset. As the result, another data
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source was required to model the cases. In the Final Report of TUBITAK Project,
ECMWEF (European Centre for MediuRange Weather Forecasts) and CFSR data
sets have been crosschecked with tkasarements for a duration of six months. This
report states that CFSR dataset represents the wind conditions of the region
adequately. Therefore, the CFSR data was used for hourly and\emeged inputs

of the model runs and to analyze the wind clin@dtthe region. The location of the
CFSR data points can be seen from Figuré.&ihce there exits only one coordinate

at the study region, the data from this pamtised as timeependent but spatially

uniform input in the mdels.

CFSR Data
e

The Nearoy Data Locations for the Area of Interest

Google Earth

Figure 4.24. CFSR Data Location for Wind

4.3.1.2.Wind Climate of the Region

For cases of March, May and October 2017 expeditions, CFSR data is not processed
at all. But we wanted to analyze the representativeness of the wind conditions during
these expeditions with respect to the wind climate of the region. Therefore, a wind
climate study including long term and extreme value statistics is performed using
CFSR data beveen 1972018.
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The general characteristics of wind climate is shown using annual, seasonal and
monthly wind roses. These wind roses depict the frequency, direction and magnitude
of winds for the region for the specified period. Figdrgs shows the annual wind

rose.
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Figure 4.25. Annual Wind Rose using 40 Year Long Data

The main direction of the wind blowing throughout all the observation years is from
the northern directions, shown as Figuré4hore than 17% of the winds come from

the North. Other main wind directions are neighbors of the dominant direction; NNE
and WNE. Tlese two dominant wind directions constitute about 15 % and 8 % of the
winds for all year distribution, consequently. The wind speeds up to 10m/s are

commonly observed from northern and southern directions.
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Figure 4.26. Wind Rose for the Fall Season

For the fall season, the main direction of the wind blowing throughout all the
observation years is from the north and north of northeast directions (Fig@ye 4.2
More than 17% of the winds come from those two directibhe.NNW is the tertiary
main wind has a frequency about 13 % of the winds blowing for all year distribution.
The wind speeds up to 10m/s are commonly observed.
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Figure 4.27. Wind Rose for the Winter Season

In the winter season, the main direction is the NNE, with a frequency approximately
20% of the winds come from that direction (Figure7¥.ZSecondary and tertiary
directions are the N arf8iSE in return. The N direction has a higher frequency, on the
other hand, the SSE direction is important with respect to its magnitude. These two
dominant wind directions constitute round about 15 % and 12 % of the winds for all
year distribution. The magnde of wind speeds increases to 20 m/s which shows that

storms can be frequently observed in this region.
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Figure 4.28. Wind Rose for the Spring Season

The main direction of the wind blowing during spring is from the northern directions
(Figure 428). Around 18% of the winds come from the north direction. Other main
wind directions are neighbors of the domindméction; NNE and WNE. The first of
these two dominant wind directions constitute about 12 and 11 % of the winds for all
year distribution, consequently. Furthermore, there exists a fourth strong wind,
blowing from the SSE direction which has a strong mitage and a frequency about

10% of all seasonal data.
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Figure 4.29. Wind Rose for the Summer Season

In the summer season, relatively low magnitude windsoaserved, that, again,
mainly blowing from the northern directions (Figur@%). Around than 20% of the
winds come from the N, NNW, and NW directions which are sorted with respect to
their occurrence frequency. The monthly wind roses are given in ebiors

Appendix

Long Term Statistics of Wind Data

The long term wind statistics has been carried out for each direction by plotting the
cumulative number of occurrences of wind velocityéoclasses, divided equally

0.4 m/s in this case for 16rdctions for 40 years of data, on to a séwgigraphical
paper (Wve, 100n normal, and Q(>kJe, 19 on logarithmic scales). The cumulative

exceedance probability ofal4, 1dis:

Q >Uave,zlg X%L&',Bl)ol A] (4-1)
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Where A and B are thdistribution parameters, slope and intercept of the fitted curve
respectively. The cumulative exceedance probabilities of hourly average wind

velocity Q (>Uwve, 19, results are tabulated in the Table 4.3.

Table4.3. The Wind Analysis for Cardinal Directions

=S lo o (=)
— =
S|Io|s|s 9o =
w
= === =
Lo |~ =
Nlw|lao|lo|lo|xs
O (Do~
= | — | — —
sSlEIseIgl=
Hlo|lNw|lolmnls Zm
oo |lo S| =
wl ol |lw|lgalclm
b Lol R LA S
Llal|w G| | =
o |So |~ | o Sl
~o L ©
< o~ m
Rlo|B[E|lolxz2

ol|lo|le|u|o | w
S|l ||| m
oS|G
— | o |} [ 152
— | o m
oSS~
— === <
L AU N R F 2 =
Clm|lo|— || |m =
=4
— | = =
NEEEEENE
w
— — | —
S Bd k=) w || R
Kool lall
—~|= & E|lo|=
oINS IE|le|lS3 =
I S
(a1 S| =
oo |~ — o | K3
|l || w|lolal=
— | = = | S
il Bl Bl k=2 2 g
oo (] oD o M p
= | =
ol o oS | s | =
o o = | =
=l |l=—|o |
===
= ol |d|lal=
|| |oo | o
— S| S|A|RR|=

5

(o]



As it can be seen from the Table 4.3 above, northern and southern directions are the
dominant wind directions for th@ind conditions (10 hours per yearpriRhe yearly

average wind speeds, the analysis results are in harmony with the wind roses.

Extreme Wind Statistics

In the extreme wind statistics, the best fitting distributions among Gumbel and Weibull

are applied using annual maxima method. Thedigectional extreme wind statistics

used all directional sectorsd ma4«3ddmas t o
shows the result of extreme wind statistics and indicate that wind speed of 25m/s has

a return period of 50 years. This event was aleagluserved during the 40 year of

dataset (2016 data) therefore it is selected as a case study event to model therirculatio

of bay under such extreme wind conditions.
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Table4.4. Non-Directional LongTerm Analysis of CFSR Data

#HH# Non-Directional #####

Peak Over Treshold is 0.00 m/s

Best Distribution Is Old Gumbel with 37.000000 points!

Second Best Distribution Is IS Weibull k=2.0 with 36.000000 point

Third Best Distribution Is New Gumbel with 35.000000 points!

HHHHHH PR

1979 18.98 1 SSE
1980 21.31 1 SSE
1981 21.05 1 SSE
1982 20.28 1 SSE
1983 17.97 1 N
1984 21.88 1 SSE
1985 20.41 1 SSE
1986 19.3 1 SSE
1987 20.45 1 SSE
1988 23.27 1 SSE
1989 18.57 1 NNE
1990 19.3 1 NNW
1991 21.06 1 SSE
1992 17.33 1 N
1993 20.78 1 S
1994 18.8 1 SSE
1995 19.81 1 SSE
1996 19.92 1 SSE
1997 18.08 1 SSE
1998 17.24 1 S
1999 19 1 SSE
2000 18.32 1 SSW
2001 21.47 1 SSW
2002 16.85 1 SSW
2003 20.11 1 NNW
2004 23.39 1 NNW
2005 22.04 1 SSE
2006 19.32 1 SSE
2007 19.94 1 SW
2008 20.94 1 NNE
2009 21.31 1 SSE
2010 21.51 1 SSE
2011 22.3 1 SSE
2012 23.19 1 S
2013 21.64 1 SSE
2014 19.24 1 SSE
2015 21.58 1 SSE
2016 25.95 1 SSE
2017 22.16 1 S
2018 19.91 1 NW
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Figure 4.30. Return Period Analysis for Wind Data

4.3.1.3.Tide

Tide data was obtained from the Intergovernme@@éanographic Commission of
UNESCO (IOGUNESCO) database. Since, there exists no station at Didim, the

closest stations that are located in Bodrum and Fethiye, have taken into account. The

proximity can be seen from Figure34.

+]

Biylik Menderes

, Syros
Station +

Didim

« Bodrum
Station

Kos
Station

Kalathos
.

* Fethiye
Station

Station

Lat: 37.51 Lon:27.13

Figure 4.31. The Location and Proximity of Tidal Observation Stations: Bodrum and Fethiye
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These stations are connected to General Command of Mapping and Kandilli
Observatory and Earthquake Research Institute. The data from Bodrum station shared
on the web ends on 26.11.20404:46 but this is not a problem since all the cases
modeled in thistsidy took before this date. This data is sea level data not purely tide
data. However, for most of the case studies the dominant component of the signal is
the tidal constituents therefore we applied the actual sea level data at the open

boundary nodes teepresent the tidal forcing that could be observed.

The modeling of the days of expeditions and the additional cases were conducted with
the data from Bodrum and Fethiye stations, consequently as presented below. Data for
March and May expedition dayseagiven in Figuret.32. The sea level observation
belongs to 11&12&13 March 2017, it varies between 0.10 cm and 0.10 cm. The sea
level observation belongs to 22&23&24 May017, it varies between 0.08 cm and

0.065 cm.

60



Sealevel at Bodrum station (offset: 1.16 m)
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Figure 4.32. Relative Sea LevélMa r ¢ h
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The sea level observation belongs to 17&18&19 Octdb2017 is given in Figure

4 .33, it varies between 0.08 cm ar@08 cm.
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Sealevel at Bodrum station (offset: 0.967 m) Sealevel at Bodrum station (offset: 0.953 m)
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Figure4.33. Relative Sea LevélOct ober 017

As mentioned in previous sectiora additional cas€09 - 20 Januaryi 2016)is
modeled to analyze the circulation of the region when extreme conditions are forced.
This caseis based on the historical data and covers maximum river dischaye
maximum wind speedlrhe open boundary forcing data ofstikases are also taken
from mareograph statioof Fethiye.The sea level observationnes between 0.32

cm and-0.20 cm (Figure &4).
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Sealevel at Fethiye station (offset: 0.866 m)
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CHAPTER 5

THE RESULTS AND THE DISCUSSIONS OF THE MODEL

In this section the model setup and results of six events modeled is presented in detalil.
Three of these events are the expedition:
the TUBITAK Projecti 115Y722 Three additional dates were modeled based on
histarical data showing the circulation at the river mouth and adjacent coasts under
extreme conditions such as maximum and minimum river discharge conditions and

wind forcings. These results are discussed considering the assumptions and the data

quality.

5.1.FVCOM Model Setup
5.1.1.Computational Domain and The Grid Size

The computational domain is selected to cover the river mouth and adjacent areas such
that the study area was bounded by natural physical features (headlands on northern
and southern boundaries). On thest, the domain is again naturally limited with
island formationThe effect of waves on the circulation is not included in this study
since expeditions took place when the sea was calm (very small wave heights, Final
Repor}) and there were no wave measurements for validation of the moada.tkbm

wave component can be neglected, the effect of the island also assumed to be

negligible and therefore the computational domain is selected as shown inF=igure
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The Computational Domain
Aview for the computational domain laid over the satellite image
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Figure5.1. The Computational Domain and the Grid

Figure5.2 also shows the grid mesh used in the model. The Sunfatexr Modeling
System (SMS) was used to create the unstructured mesh that FVCOM uses. Shoreline
data was extractddom EmodNET dataset as explained in the bathymetry section. As
also discussed in the bathymetry section, the shoreline map needed to be simplified to
be a reasonable approximation of the actual shoreline in order for the grid to be created
properly. Advatage of unstructured mesh was utlized by generating higher
resolution mesh with 50 m at the shoreline and river mouth while 250m grid size was
selected for the open boundary. Special attendance was given to smoothly transition

the mesh from coarser to higr resolution. Finally, the mesh has 17170 nodes and

33847 elements.
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Figure5.2. The Fine Mesh of the Computational Domain

Although mesh quality check was performed using the quality checker of SMS
software and defining the limits recommended by FVCOM, there was problems with
stablity due to the mesh and computation domain. For initial model runs, it was
observed that at some of the boundary nodes and elements, the model started to show
instability problems due to very high velocity vector components. Although different
mesh sizeand computation time steps were tried, the problem persisted. Finally, the
reason for this instability is found to be the handling of FVCOM when a cell is located
at the solid boundary. This problem is introduced to the mesh as a result of selecting
headands as natural limits to the study area and the irregular coastline due to delta
formation. Although FVCOM tries to handle this problem with ghost cell treatment
and it was activated in this study, still, the instability could not be prevented for longer
run times. Therefore, sponge nodes were assigned to some of the boundary to
artificially reduce the speeds and forces that are calculated on these points. Since the
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defined sponge nodes were located at the farthest boundaries and the simulation times
were kept fairly limited (mostly 2 days), the effect of reduced values and the
progression of the instability along the domain did not reach the study area (river

mouth).
5.1.2.The Computational Time Stepand Ramp-up Time

For computational efficiency, FVCOM employs a megidit model with an external

2D mode and an internal 3D mode as discussed in Methodology section. The modes
can operate at different time steps with the relationship between the efiteenstep

and the internal time step represented dgi. [The kpit number is chosen as 10 as
suggested in literature. As the result; based on the CFL calculation, computational
time steps are defined as 1s and 10 s, for the external and internaltd¢pse s

sequentially.

The rampup time is the duration that is required for a system or a model which start
from “zero condition” to the actual initial conditions of the problem. As we are
modeling part of a continuous system, it is very important to fnge ithe actual initial
conditions of the system to be reflected in the model before any additional forcing is
applied. For the rampp duration, several studies were inspected in the literature, and

it is seen that this initial phase of the analysis vafiesn 2.5% to 30% of the
simulation duration, depending on several factors such as the total simulation time,
modules to be included, parameters to be used and etc. For the similar cases used in
this study, duration, size and parameters used, there axuti® between 159%80%

of the simulation time. To decide the ramp duration, four model runs with the
inputs of March 2017 case, have been made for a total simulation time of 2 and a half
days. The model has been tested for ramp up times of 4, 6, B2 &wodirs. The results

of the model trials can be seen at the figures from 5.3, to 5.6. As it can be seen 6 and
8 hours of rampup times fit better that 4 and 12 hours. Considering not only the cell

in front of the discharge cell, but all the neighborietis; 8 hours of ranmypip time is
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selected to be the most acceptable time window that the system needs to reach the

actual initial conditions of the field.
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Figure 5.3. Rampup Time of 4 Hours
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Figure 5.4. Rampup Time of 6 Hours

69



Discharges (m/s)

Discharges (m/s)

08

07

08

04

02

Comparison for Discharge Values

(The Time Series of Inputs and The Model Discharges)
T T T

[IrN—
PP

The River Flux
The Discharge Cell

= = = The Cell Infront

e Cell on the Diaganal - i
ve Cell on the Diaganal - i

30
Time Steps (hrs)

Figure5.5. Rampup Time of 8 Hours

‘Comparison for Discharge Values
(The Time Series of Inputs and The Model Discharges)
T T T

—

30
Time Steps (hrs)

Figure5.6. Rampup Time of 12 Hours

70



5.1.3.0ther Setup Conditions

The following modules of FVCOM was activated to motle circulation of the

region:

1 WET/DRY to show possible flooding along the coastline under extreme
conditions

1 TURBULENCE MODEL: MELLORYAMADA 2.5 with default values

1 RIVER DISTRIBUTION to introduce river forcing

1 OPEN BOUNDARY FORCING to introduce tidal fing

1 WIND FORCING to introduce time dependent spatially uniform wind forcing

The analysis conducted on two different computers with processors:

T I ntel E CHWOHE R.8iGMAz base frequency, 6 MB cache, 4 cores)
T I nt el E -B280Me(E4 GH5 baskequency, 3 MB cache , 2 cores)

Depending on the computers and duration of simulation time and forcings, the

simulations took 40 hours.

5.2.Validation Studiesi Expedition Cases of March, May and October 2017

It is important to calibrate numerical mogl@lith measurements and observations so
that the models can represent the conditions of a region as accurate as possible.
Although there are measurement data for the study area, the dataset is not complete
and an effective calibration of the model would he possible. Therefore, the study
focused on the capability of FVCOM with its default setting on representing the
conditions of the study area based on the available datasets. Several station points are
assigned in the model including the stations usedhe expeditions to compare

current, salinity and temperature results with the observation data.
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521March 617

The first case modeled is based on the expedition done on th&31Rlarch 2017.

The river data is taken from TUBITAK project data. Wind dafaasm CFSv2 dataset

and the open boundary forcing is done by sea level data from Bodrum mareograph

station. Constant water temperature and salinity is used throughout the domain as
1556)C and 3744 based on the field measorements.

2.5 days took 4 hours depending on the processor and forcing types.

The results have been subjected to a smoothing operation via MATLAB for ease of
use in statistical calculations of error measures. In order to analyze the contribution of
each forciig type on the overall circulation system, several runs were performed such
as tide only forcing, wind only forcing, river only forcing. Finally, the actual forcing
combination (tide, river and wind together) is modeled. All the runs include the
Coriolis efect. The original model output is provided for the case with all forcing

types. The rest of the results are presented after the smoothing process.
5.2.1.1.Tide-Only Case

I n this case of March 0617, as a forcing par
model. Thechange in the sea water elevation used as input is provided in Section

4.3.1.3 and in Figure 4.27. The arbitrary check points and tide input can be seen on

the figure 57, below. Figure B shows that the water elevation input forced at the

open boundes is represented accurately across the domain.
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Figure5.7. The OB and the Tide Check Points

March - 2017
Tide Data and The WSE Results
T

The WSE - II
The WSE - Il
The WSE - Iv
0.2 ———~The WSE-V |~

0.1

The Water Elevation (m)
o
]
/

I I I 1 I
0 6 8 12 18 24 30 36 42 48 54 60
Time Steps (hrs)

Figure 5.8. The Analysis Result for the OB and the Tide Check Points

Figures 3 and 5.0 shows the current speed modeled with respect to the observations
at two stations. The tidal forcing produces currents of 0.015 m/s. whereas the observed
currents are much higher. Therefore, the contribution of tidal forcing for this case can
be assumed aminimum. From the figures 8.and 5.D it is hard to state a clear

correlation between the measurements and the analysis.
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Comparison for the Gauge BMRCM-I (Processed with Moving Average)

NBIAS for BMRCM- = 10 93813 RA - Depth Averaged
NMAE for BMRCM-! = D.89801 Measured Data
Ramp-up Line u

18 —| NRMSE for BMRCM-! § 3.2487
Correlation Coefficient for BMRCM-I = 0.0038732

&
T
|

% 10— —
2 2
sk e~ N VVNNANNNNNNANANNANNANAAA e ~AAAAMAANANAN
0 8 12 18 2 ) 3 2 48 54 60

Time Steps (hrs)
Figure5.9. The Current Analysis for the Station POinBMRCM-I (Smoothed)
Comparison for the Gauge BMRCM-I (Processed with Moving Average)
€0 T T T T T T
NBIAS for BMRCM-| = [0.93534

MMAE for BMRCM-| = .58975
MRMSE for BMRCAH $ 3.5334
Corralation Coefficient for BMRCM-1 = 0.0041767

25

Currenticm/s)
@
T
I

Time Steps {hrs)

Figure5.10. The Current Analysis for the Station POinBMRCM-II (Smoothed)

Consequently, the general circulation pattern, on the holts3%, 38" and 4%, can
be seen between the Figureslshl12. In these figures, it can be understood that; the

patterns of 3% and 38" hours belong to an hour that water elevation gets closer to
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mean sea level, on the other hand, the pattern®oh88r belongs a high tide and*41

a low tide. As expected, on the hout"3@ater moves out of the domain, on titeer

hand, on the hour &1it moves through inside the domain. This result indicates that

FVCOM and the model setup can model the tidal forcing and the corresponding

currents in the system correctly.
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Figure 5.12. Circulation Patterii Ma r c hi TielOnly Case Hour: 38 and Hour:41
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5.2.1.2.River-Only Case

I n this case of March 0617, as a forcing par
model. The arbitrary check pds and river input can be seen on the figur& auid
5.14, below. Figure 54 shows that the river discharge input from the solid boundary

where river channel is defined is represented accurately across the domain.

oo
33’5

G 1147

Figure 5.13. The Discharge Node and the Control Cells

Comparison for Discharge Values
0a (The Time Series of Inputs and The Model Discharges)

Discharges (m/s)

The River Flux
——— The Discharge Cell

- = - The Cell Infront

~-nren- The Cell on the Diagonal - i
------ The Cell on the Diagonal - i

12 18 24 0 3% a2 48 54 60
Time Steps (hrs)

Figure 5.14. The Analysis Result for the Discharge Node and the Control Cells
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Figures 5.5 and 5.5 shows the current speed modeled with respect to the
observations at two stations at 4 sigma levels from the water surface to the top of final
layer. This final layerlso corresponds to the depth of the measurement on the field.
Therefore, this layer is used for comparison of model results to observation data. The
rest of the layers is presented to show the behavior of the model along the vertical
domain. Additionally, vertically averaged results are provided to show the

performance of the model if used in 2D mode.

For the first station point, the river forcing produces currents of 0.05 m/s on average
whereas the observed currents are much higher for the second ddistThay is
represented satisfactorily by Layer 4 (the final layer) whereas the rapid increase in the
current velocity in 2 day could not be modeled only with river forcing. The
correlation coefficient for this case is calculated as 0.31 which shawshigre is

some influence of the river as expected but the contribution is limited for this case.

Comparison for the Gauge BMRCM-| (Processed with Moving Average)

NBIAS for BMRCMH = D.15518
NMAE for BMRCMH = §.85418
18 | NRMSE for BMRCMH 3 1.0502
Correlation Coefficent for BMRCM-I = 0.31479

1t Layer From Above B

5 . ~
10 2" ayerFrom Above I”'*f\../-"-—-q_,,__, s TN

39 Layer From AbO\;‘ PN

4" Layer From Above }—

Figure5.15. The Current Analysis for the Station POinBMRCM-I (Smoothed)
(1stLayer = 0.89m, Z Layer = 2.68m, 8 Layer = 4.47m, % Layer = 6.26m)

For the second station point, currents are higher. The first day is represented fairly
well by the depth average approach rather than Layer 4 (the final layer) wthereas
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rapid increase in the current velocity iff 8ay could not be modeled only with river
forcing. The correlation coefficient for this case is calculated as 0.20702 which shows
that there is some influence of the river as expected but the contrilsilimitéd for

this case.

Other than that, the meaning of colors are show on the Figusarbtérms of layer

numbers. Each layer stands for a different water depth due to the fact that FVCOM

uses fAterrain foll owing 6 ooordimite systemehaso , i n t
been used, which is named also, Sigma Layers.

Comparison for the Gauge BMRCM-II (Processed with Moving Average)
T

|

NBIAS for BMRCMHII [ -0.66932 RA-Layer 1
NMAE for BMRCM-II § 0.82778 RA - Layer 2
NRMSE for BMRCM-}} = 3.3008

Correlation Coefficien] for BMRCM-1I = -0.20702

RA-Layer 3
RA-Layer 4

RA - Depth Averaged| |
NG o e sl Measured Data

T

20 ¢

Figure 5.16. The Current Analysis for the Station PGinBMRCM-II (Smoothed)
(1stLayer = 0.37m, @ Layer = 1.11m, § Layer = 1.84m, % Layer = 2.58m)

Some key features of the circulation system is shown from the FigutartdFigure

5.18. At the 8"hour, 2 different vortices form up at the offshore ofrilier mouth. In

8 hours, the one at the lower latitude gets closer to the coastline, and the radius of this
one gets bigger. As touching the coast, it advances and moves out of the domain in 14
hours. On the other hand, the other vortex moves towardsff$tere and slowly
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moves towards the out of domain, from the upper cross section of open boundary and
the coastline, leaves the computational domain with a relatively smaller radius, when

it is compared to the lower one.
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Figure 5.18. Circulation Patteri Ma r ¢ hi Rivet @nly Case (Hour: 29)
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5.2.1.3.Wind-Only Case

I n this case of March 0617, imgementedtber ci ng

model. Figure 8.9 shows that the wind data input over the computation domain is
time dependent and spatially uniform as intended. The magnitude and direction of the
input data is also represented accurately acrosfotinain As it can be seen from the
Figure 519, the wind speed for the duration of the simulation is on average 4m/s but
between the hours 24 and 50, the speed reduced from 6m/s to almost no wind
condition. Additionally, the direction changed between +160directmn160
direction. These changes are expected to be reflected in the circulation pattern in the

model results.

March - 2017
Wind Speed & Direction Over The Arbitrary Points

Result of the Model: Wind Speed
CFSR - Wind Speed Data

- ] = = - Result of the Modet:Wind Direction
|- L ) y A CFSR - Wind Direction Data

Time Steps (hrs)

Figure 5.19. The Speed and The Direction of Wind over the Domain (For Direction; 0 Means,
Cartesian O0A )

Figures 5.2 and 5.2 shows the current speed modeled with respect to the
observations at two stations at 4 sigma levels from the water surface to the top of final
layer. This final layer also corresponds to the depth of the measurement on the field.
Therefore, this layer issed for comparison of model results to observation data. The

rest of the layers is presented to show the behavior of the model along the vertical
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domain. Additionally, vertically averaged results are provided to show the

performance of the model if used2d mode.

For the first station point, the wind forcing produces currents that reflects the trend of
the actual measurements at every level for the second day much better. However, the
magnitude of the current at final layer which corresponds to the athseris much
smaller. The correlation coefficient for this case is calculated as 0.45 which shows that
the influence of wind forcing is much more reflected in the current system for this case
especially compared to the river forcing at the first statmntpSince river forcing
represented the first day much better and higher wind speeds were observed in the
second day, it can be discussed that for the first day, river was dominant in the current

system, while for the second day it was the surface wingponent.

Comparison for the Gauge BMRCM-l (Processed with Moving Average)

NBIAS for BMRCM- ={-0.23931

NMAE for BMRCM-| =[.79146

18 [— | NRMSE for BMRCMH [ 0.96501

Correlation C BMRCM-I = 045428

Figure 5.20. The Current Analysis for the Station PainBMRCM-1 (Smoothed)
(15t Layer = 0.89m, ® Layer = 2.68m, 3 Layer = 4.47m, % Layer = 6.26m)

For the second station point, currents are higher (Fig@®. Similar to first station,
the trend of second day was represented better by wind forcing although this is clearly

seen in the depth average approach rather than Layer 4 (the final layer). Upper layers
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of the water column also reflect the current obsgsaanuch better both in trend and

in magnitude. This output also indicates the impact of wind forcing being more
dominant on the second day as the influence of wind would diminish along the water
column as it gets deeper. The correlation coefficientifisrdase is much higher than

the previous forcings as well.

Comparison for the Gauge BMRCM-II (Processed with Moving Average)

NBIAS for BMRCMHI §-0.21293

NMAE for BMRCM-II 4 0.61408

NRMSE for BMRCM-Ii}= 2.1625

Correlation Coefficientfor BMRCM-II = 0.62066

Figure5.21 The Current Analysis for the Station PoinBMRCM-II (Smoothed)
(1stLayer = 0.37m, @ Layer = 1.11m, § Layer = 1.84m, ¥ Layer = 2.58m)

Consequently, in the general circulation pattern the first mild incremefith@ar),

top of the jump (38 hour), half of the steep slope (4hour) and the data belong to
lowest wind speed (5B3hour) are shown below, Figure 3-8.23. The higher current
speeds along the shoreline are seen &h®@r which is the end of the winds of high
speed in the time series given in Figure 5.23. Although the highest wind speed is
observed at hour 30, the process of energy transfemitnchto sea surface takes time

as is the case with wave generation. Therefore, the full reflection of the wind is

expected to be seen after a certain lag. In this case, the lag is around 6 hours, and this
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is the 36 hour in the circulation figures withé highest current speeds. These results

also show that the model is performing well with wind forcing for the region.
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Figure 5.23. Circulation Patterii Ma r ¢ hi Wind @nly Case (Hour: 42 & 53)

83



5.2.1.4 All Parameters CombinedCasei Actual Event

In this case tide, river and wind parameters were implemented at theisames
external forcing to represent the actual conditions of the expedition.

Figures 224 - 5.27 shows the current speed modeled with respect to the observations
at two stations at 4 sigma levels from the water surface to the top of final layer. This
final layer also corresponds to the depth of the measurement on the field. Additionally,
vertically avzeraged results are provided to show the performance of the model if used
in 2D mode. Both the actual model output as well as the smoothed data is presented

for this case.

For the first station point, the combined forcing produces currents that refiects t
trend and magnitude of the observations of the first day at the final layer. The depth
average results also show a very good representation of the trend of the current
observations for the whole duration of observations. For second day, the magnitudes
are lower in the model output. However, the final layer cannot model the magnitudes
for the second day at all. Still, the trend of the second day is slightly reflected in this
layer as well although it can be clearly seen in the upper layers. The canrelatio
coefficient for this case is slightly lower than the wind only case for the same station.
The additional current component of the second day could very well be waves
generating longshore currents at the shoreline where the stations are located. But this

forcing is not included in the model due to lack of data.
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Figure5.24. The Current Analysis for the Station PGinrBMRCM-I
(1stLayer = 0.89m, Z Layer = 2.68m, § Layer = 4.47m, % Layer = 6.26m)

2 Comparison for the Gauge BMRCM-| (Processed with Moving Average)
T T T T T T
NBIAS for BMRCM- 5 0.11823

NMAE for BMRCM-I 0.795

18 = | NRMSE for BMRCM-I|= 0.95749

Correlation Coefficientfor BMRCM-I = 0.35461

R.A - Depih Averaged|
———— Measured Data
—— Ramp-up Line

Time Steps (hrs)

Figure 5.25. The Current Analysis for the Station PoinBMRCM-1 (Smoothed)
(15t Layer = 0.89m, ? Layer = 2.68m, 3 Layer = 4.47m, % Layer = 6.26m)
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For the second station point (Figures6-5.27), the combined forcing produces
currents that reflects the trend and magnitude of the observations much better than the
first station. Especially, the depth average results show a very good representation of
the trend of the current observations for the whole duration of observations. Similar
to first station, the magnitudes are lower in the model output for the second day. The
correlaion coefficient for this station is much higher than first station. But it is slightly

lower than the wind only case for the same station.

Comparison for the Gauge BMRCM-II

Figure 5.26. The Current Analysis for the Station PGinBMRCM-II
(1stLayer = 0.37m, ® Layer = 1.11m, 8 Layer = 1.84m, % Layer = 2.58m)
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Figure5.27. The Current Analysis for the Station POinBMRCM-II (Smoothed)
(1stLayer = 0.37m, 2 Layer = 1.11m, 8 Layer = 1.84m, % Layer = 2.58m)
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