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HYDROGRAPHY OF THE BAYS ALONG THE EASTERN COAST OF THE
AEGEAN SEA

ABSTRACT

Seasonal and interannual variability of the local hydrography and the water
masses in the bays (Saros, Edremit, Candarli, Izmir, Kusadas, Giilliik and Gokova
Bays) along the eastern coast of Aegean Sea are investigated using the data sets
collected until 2010. The data covers the last major deep-water formation episode,
and the EMT relaxation period. The concurrently intensive monitoring in Saros Bay,

[zmir Bay and Gékova Bay have been conducted in spring 2001 and winter 2002.

Aegean Sea hydrology and water mass characteristics influence the water masses
of the bays. The data suggests that the Saros Bay (North Aegean Sea), Edremit,
Candarh and izmir Bays (Central Aegean Sea) and Kusadasi, Giilliik and Gékova
Bays (South Aegean Sea) are the bays that have different physical processes inside
and different water masses. They have their own dynamics independent from the
Aegean Sea. At the same time they are occasionally influenced by the Aegean Sea’s

physical processes from time to time.

Besides the analysis of physical properties the time evolution of water masses
inside the bays are investigated. The bays data shows the relaxation period of Eastern
Mediterranean Transient (EMT) which continued well until the winter 2000. It is
known that this variability depends on the changing climate over the Mediterranean

arca.

Our analysis reveals that the dense water formation in the Central Aegean Sea is
considerably connected to the anomalous decrease in winter atmospheric temperature
during EMT relaxation period. The isopycnal levels started to increase again and
reached its maximum in the summer 2007 after relaxation period. The outcropping of
isopycnals could have been a sign of a new formation of very dense water in the

Aegean Sea.
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EGE DENIiZIiNIN DOGU KIYISINDAKI KORFEZLERIN HIDROGRAFISi

0z

Ege Denizinin dogu kiyisindaki korfezlerde (Saros, Edremit, Candarli, izmir,
Kusadasi, Giilliik ve Gokova Korfezleri), su kiitleleri ve yerel hidrografideki
mevsimsel ve yillik degisimler, 1940-2010 yillar1 arasinda toplanan veri seti
kullanilarak incelenmistir. Veriler, son biiylik yogun su olusumu zamanini ve
duraklama dénemini kapsar. Saros, Izmir ve Gokova Korfezlerinde yogun es zamanli

arastirmalar bahar 2001 ve kig 2002’de gergeklestirilmistir.

Ege Denizi hidroloji ve su kiitlesi 6zellikleri korfez sulari iizerinde énemli bir
etkiye sahiptir. Veriler, Saros Korfezi (Kuzey Ege Denizi), Edremit, Candarli ve
[zmir Kérfezleri (Orta Ege Denizi) ve Kusadasi, Giillik ve Gokova Korfezleri'nin
(Giiney Ege Denizi), igerisinde farkl fiziksel siirecler ve farkli su kiitleleri olan ii¢
korfez oldugunu gostermektedir. Korfezlerin Ege Denizi’'nden bagimsiz kendi
dinamikleri vardir. Ayni zamanda, zaman zaman Ege Denizi'nin fiziksel

siireclerinden de etkilenmektedirler.

Korfezlerin fiziksel dzelliklerinin analizinin yam sira, korfez i¢inde bulunan su
kiitlelerinin zamansal degisimi incelenmistir. Korfezlerdeki veriler, Dogu Akdeniz
Transienti’nin (EMT) kig 2000 yilina kadar devam eden durgunluk donemini
gosterir. Bu degiskenligin, Akdeniz bolgesi ilizerindeki iklim degisikligine bagli

oldugu bilinmektedir.

Bizim yaptigimiz analizler, Orta Ege Denizi'ndeki yogun su olusumunun, EMT
donemi boyunca kis mevsimlerinde atmosferik sicakligmn anormal azalmasina bagl
oldugunu ortaya koymaktadir. EMT’ nin durgunluk déneminden sonra es yogunluk
seviyeleri tekrar artmaya baslamis ve yaz 2007’de maksimum seviyeye ulagmistir.
Yiizeye ¢ikan es yogunluk egrileri, Ege Denizi’ndeki yeni bir yogun su olusumunun

bir igareti olabilir.
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CHAPTER ONE
INTRODUCTION

The present study provides an overview of the physical properties in the bays
along the Eastern coast of the Aegean Sea. Within the framework of the various
activities of the Research Vessel K. Piri Reis, 1991-2010, this work presents an
integrated synthesis of the spatial and temporal heterogeneity of the bays, in terms
of: 1) main processes in the bays ii) formation and evolution of the water masses and
ii1) wind-induced water circulation patterns. Besides the analysis of physical

properties the time evolution of water masses inside the bays are investigated.

Figure 1.1 Historic map of Aegean Sea by Piri Reis.
Kitab-1 Bahriye (Book of Navigation-1525) of Piri Reis contained detailed

information on the major ports, bays, gulfs, capes, peninsulas, islands, straits and



ideal shelters of the Aegean Sea (Figure 1.1). The current coastline dates back to
about 4000 BC. The Aegean Sea is an elongated embayment of the Mediterranean
Sea located between the southern Balkan and Anatolian peninsulas, i.e., between the
mainlands of Greece and Turkey (Figure 1.2). In the north, it is connected to the
Marmara Sea and Black Sea by the Canakkale and Istanbul Straits (Dardanelles and
Bosporus). The Aegean Islands are within the sea and some bound it on its southern
periphery, including Crete and Rhodes. The Aegean Sea is 660 km long with a
maximum width of 270 km in the north, 150 km in the central and 400 km in the
south. It lies approximately between latitudes of 35 and 41 °N and the longitudes of
23 and 27/28 °E. Its surface area is 214000 km”, surrounded by Europe and Asia. Its

mean depth is 1500 m; it reaches a maximum depth of 3543 m off the east of Crete.

The bays and gulfs of the Aegean beginning at the south and moving clockwise
include on Crete, the Mirabelli, Almyros, Souda and Chania bays or gulfs, on the
mainland the Myrtoan Sea to the west, the Saronic Gulf northwestward, the Petalies
Gulf which connects with the South Euboic Sea, the Pagasetic Gulf which connects
with the North Euboic Sea, the Thermian Gulf northwestward, the Chalkidiki
Peninsula including the Cassandra and the Singitic Gulfs, northward the Strymonian
Gulf and the Gulf of Kavala and the rest are in Turkey; Saros Bay, Edremit Bay,
Candarli Bay, Izmir Bay, Kusadas1 Bay, Giilliik Bay, Gokova Bay (Figure 1.2). The
areas under investigation are located in the eastern part of the Aegean Sea (Figure

1.3).

Aegean Sea is one of the most interesting basins in the Mediterranean. However,
there have been a few detailed oceanographic studies. The main reasons of this
scarce is the difficulty of obtaining in-situ data over the whole Aegean Sea due to the
regional problems such as complex bottom topography, continental shelf problem

between Turkey and Greece, high cost rates for ship navigation (Uckac, 2004).
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Figure 1.2 The map, the view from Google Earth and bathymetry of Aegean Sea and

the location of the major basins and islands.
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Figure 1.3 Bathymetry (from GEBCO-General bathymetric chart of the oceans, 2008 grided data)

and location of the bays in the Eastern Aegean Sea.

The general circulation structure of the Aegean Sea has been described in detail in

many papers, such as Zodiatis (1992), Theocharis & Georgopoulos (1993), Poulos et

al. (1997), Oguz & Tugrul (1998), Theocharis et al. (1999), Zervakis et al. (2000),

Saymn (2003), Velaoras & Lascaratos (2005). Intensive research has been underway

for several years, coordinated by the international POEM (Physical Oceanography of

the Eastern Mediterranean) program.

In the last decade, climatic and oceanographic studies have shown that there have

been significant changes in the Aegean Sea. These changes lead to the variations in



physical properties not only in the Aegean Sea also in the Eastern Mediterranean

deep water formation (Uckac, 2004).

Hydrology in the Aegean Sea area is mostly influenced by a number of external
factors, such as the largely variable inflow of cold and less saline Black Sea Water
(BSW), its mixing with the more saline Levantine Intermediate Water (LIW) and the
presence of an extended continental shelf and an irregular bottom topography (Yuce,
1995; Poulos et al., 1997). BSW forms a strong surface current flowing through the
Canakkale Strait with an average speed of approximately 0.60 ms™ (Bethoux, 1980;
Malanotte-Rizzoli and Hecht, 1988).

The Aegean Sea water characteristics are different in every season. The Levantine
Waters (LWs) enter to the Aegean Sea from Levantine basin and influence the off-
shore of eastern coastal area up to Gokgeada Island in spring time especially after
Eastern Mediterranean Transient (EMT) (Sayin et al. 2011). Therefore it is
interesting to investigate the LWs if they exist in the Saros bay environment in spring
2001. Salty and warm water mass covers the eastern coastal area of the Aegean Sea

with entering LWs.

Generally, the Levantine water masses can be observed up to North Aegean Sea
mainly in spring time. In the Central Aegean Sea the frequently seen cold dense
water mixes with the upwelling water and remains very dense water behind in
summer time. The Levantine Surface Water (LSW) is blocked and does not penetrate
further to the north because of the existing upwelling water seen near Saros
(Bliylikkemikli Cape) and off-shore side of Baba Cape (product of northerly wind)
especially in summer and relatively less intense in fall time. The water masses are
rather homogeneous vertically with the influence of strong wind mixing and

convective mixing in winter time (Saym et al. 2011).

The other important phenomenon for Saros bay is the upwelling taking place near
the Biiyiik Kemikli Peninsula. The lasting northerly wind is prevailing all the year in

the Saros area with high wind speed. Especially NE wind maintains a strong



upwelling in the south entrance of the Saros bay and cold and dense water covers the
area. The third important water mass is the Black Sea Water occasionally enters the

Saros bay mainly through its south entrance (Saym et al. 2011).

The most important water mass is Central Aegean Intermediate Water (CAgIW).
Gertman et. al (2006) found that the Central Aegean Basin is the site of the formation
of Aegean Intermediate Water. Formation of cyclonic circulation in the Central
Aegean Sea brings dense and cold intermediate water near surface (Sayin et al.
2011). The surface water temperature is further decreased due to open sea
convection. In a modeling work by Nittis et al. (2003), open sea convection was
identified as a mechanism for the deep water formation, where cyclonic circulation
favors this mechanism in the Skyros and Chios basins. Winter mixing exacerbates
cyclonic circulation (Zervakis et al. 2004). The existence of CAgIW in the bays
means that the forming such intermediate water can affect the whole Aegean Sea

even in the bays very close to the coast.

Another North Aegean water mass is “Cold Intermediate Layer” (CIL). Dense
water is formed with the cooling of water from surface in winter period. This dense
water sinks till it finds its density equal to the density of environment in a water
column. CIL is a known feature in the Black Sea and Marmara Sea. A similar

structure is found in the Aegean Sea in spring time in the study of Tokat (2006).

All the water masses mentioned above exist time to time in the Aegean Sea. Even

South Aegean water masses can be seen in the Middle and North Aegean Sea.

Aegean Sea hydrology and water mass characteristics have influence on the
waters of the bays along the eastern coastal area. Saros, Edremit, Candarh, Izmir,
Kusadasi, Giilliikk and Gokova are the bays have different physical processes inside
and different water masses. They have own dynamics independent from the Aegean
Sea at the same time they are influenced by Aegean Sea dynamics time to time. The
oceanography of the Edremit, Candarli, Kusadasi, Giilliikk and Gokova Bays has not

been studied until now. But several studies on water masses and water quality can be



found for the izmir Bay (Sayin, 2003; Sayin et al. 2006 and 2007) and Saros Bay
(Tokat, 2006, Tokat and Sayin, 2007, Pazi, 2008, Uluturhan, 2010).

In-situ measurements and modeling studies enable us to identify how far the
Aegean water masses (Black Sea Water (BSW), Levantine Surface Water (LSW),
Levantine Intermediate Water (LIW), Central Aegean Intermediate Water (CAgIW),
North Aegean Deep Water (NAgDW), Modified Atlantic Water (MAW), Transition
Mediterranean Water (TMW)) influence the bays.

Three water masses are observed in the Izmir Bay as ASW (Aegean Sea Water)
IBW (Izmir Bay Water) and IBIW (izmir Inner Bay Water) (Sayin et al. 2006). In
winter, ASW and IBW show a homogenous vertical distribution due to the winter
convection and wind mixing. Fresh water discharge forces the establishment of a

vertical and horizontal stratification all year around in IBIW.

Besides seasonal heating, the strong evaporation plays an important role in the
two-layered system in the summer. The temperature in winter decreases gradually
towards the Inner Bay. The IBIW mass is always colder, less saline, and denser than
the other water masses and the ASW is always warmer, more saline and lighter than
the water masses of other regions in winter. Temperatures decrease in summer from
Inner Bay to Aegean Sea, because of differential warming. As a result of variation in
temperature, density also changes in similar manner. It decreases from Middle Bay to
Outer III in winter, but increases in summer. April and October are the transient

months between winter and summer.

The upper and lower layers of Izmir Bay show summer and winter characteristics
respectively, in April except for the surface of ASW. Because of its large volume,
ASW water preserves its winter character. In the late April, the stratifications start to
be stronger, but gradually, horizontally homogeneity takes place in time. A gyre
evolves always in the middle of the Bay. It is cyclonic or anticyclonic manner
depending on the wind condition over the area. IBW forms in this Middle Gyre area.

The forming eddy in the Middle Gyre area has a cyclonic character in case of



southerly and easterly winds and has an anticyclonic character in case northerly and

westerly winds.

The Levantine water masses LSW and LIW enter the south Aegean Sea. In-situ
measurements and related modelling studies enable us to identify these water masses
how far they influence the Gokova bay. Besides LSW and LIW, Modified Atlantic
Water (MAW) and Transition Mediterranean Water (TMW) of low salinity,
temperature and oxygen, but rich in nutrients into the South Aegean Sea at
intermediate depths from the open sea areas of the Eastern Mediterranean occupy the
South Aegean Sea. It is originating in the Levantine and Ionian basins (Balopoulos et
al., 1999; Theocharis et al., 1999a). This water mass enters the south Aegean through
the Cretan Arc Straits to balance the water budget (Zervakis et al., 2004).

Sayin & Besiktepe (2010) studied on TMW existing in the eastern Cretan Sea. In
this study, the detection of TMW starts from fall 1992 up to spring 1995 in the
Cretan Sea approximately in the depth o250 to 600 m. The same information can be
obtained in the study of Georgopoulos et al. (2000). They explain also the dipole

characteristics and the changing the isopycnal levels parallel to water movements.

Kontoyiannis et al. (2005) noticed the overall decrease in the TMW volume from
June 1997 to May 1998 into the Cretan Sea and Rother et al. (2007) mentioned about
fresh TMW that were replacing the higher-salinity waters transferred downward; by
1998 the salinities had recovered toward the 1991-92 values.

In this study we will examine the general physical properties of the Aegean Sea,
focusing on the bays (Saros Bay, Edremit Bay, Candarli Bay, Izmir Bay, Kusadasi
Bay, Giillik Bay and Gokova Bay) dynamics. It will show the different
characteristics of the water masses of the Bays and try to identify variabilities of
these characteristics. Chapter 2 deals with the material and methods. In Chapter 3,
we review the existing knowledge on water masses formed in the bays (Saros Bay,
Edremit Bay, Candarli Bay, Izmir Bay, Kusadas1 Bay, Giilliik Bay and Gékova Bay)

giving reference to the results of recent studies. This chapter presents a description of



the data set related to the observations done seasonally and the methods used, and we
present the results of a numerical study and seasonal features. The results of the work
are summarized and discussed in the Chapter 5.th of this study. And the last section

1s conclusion.



CHAPTER TWO
MATERIAL AND METHOD

2.1 Measurements

The measurements, especially CTD (Conductivity, Temperature and Depth)
measurements have been initiated in the Eastern Aegean Sea covering Saros,
Edremit, Candarli, izmir, Kusadasi, Giillik and Goékova Bays based on the national
projects since 1991 (Table 2.1). The concurrently intensive monitoring in Saros Bay,

[zmir Bay and Gékova Bay has been conducted in 2001 spring and 2002 winter.

CTD (Conductivity, Temperature and Depth) Data was utilized in order to
evaluate the robust features of the sea water properties and circulation. The
simulations are used to define the seasonal circulation of the bays along the eastern
coast of Aegean Sea. The potential temperature (6) and potential density (cg) values

hereafter will be referred to as temperature and density.

The weather properties of the bays are analyzed using the data retrieved from
these seven different areas in a long term period up to 2010. Hourly data on six
meteorological factors were obtained from the meteorological centers in the bays of

Saros, Edremit, Candarli, izmir, Kusadas, Giilliik and Gokova are:

e Wind speed (m/s) and wind direction (degree)
e Air temperature (°C)

e Precipitation (mm)

e Evaporation (mm)

e Relative humidity (%)

e Air pressure (mbar)

Table 2.1 Data summary as year, season and month of cruises that provided in-situ data used in this
work.

10
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Cruise Saros Edremit | Candarh | izmir Bay | Kusadasi | Giillik | Gokova
Bay Bay Bay Bay Bay Bay
Summer 1991 July July July August July, August August
August
Spring 1992 May April April April May May May
Fall 1992 September | September September September October October October
Winter 1993 February January
Spring 1993 May May May May May
Fall 1993 October September October October October
Winter 1994 January
Spring 1994 April
Summer 1994 August August August August
Fall 1994 December | December
Spring 1995 April April April May
Summer 1995 August August August August
Fall 1995 November | November November November | November
Winter 1996 January
Spring 1996 March March April April April
Summer 1996 June June June June June June June
Fall 1996 October October October October October October November
Winter 1997 January January
Summer 1997 July, August
Fall 1997 November
Winter 1998 January January January February February February
Spring 1998 April
Summer 1998 July
Fall 1998 September,
October
Winter 2000 March
Spring 2000 April, May
Summer 2000 July
Fall 2000 November
Winter 2001 January
Spring 2001 May April May
Summer 2001 August
Fall 2001 December
Winter 2002 January February January
Spring 2002 July
Summer 2002 August
Fall 2002 November
Winter 2003 March
Spring 2003 May
Summer 2003 August August
Fall 2003 November
Spring 2004 March
Summer 2004 August
Fall 2004 November
Winter 2005 February February
Spring 2005 April
Summer 2005 July June
Fall 2005 September September
Winter 2007 January
Spring 2007 March
Summer 2007 June June July June June June
Fall 2007 October
Winter 2008 January
Spring 2008 April
Summer 2008 June June June July June June June
Fall 2008 December
Winter 2009 February
Spring 2009 April
Summer 2009 June June July June June
Fall 2009 November
Winter 2010 February
Spring 2010 April
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2.2 Method
2.2.1 Analysis

The CTD data including depth, temperature, salinity and density were grouped
and prepared with help of FORTRAN programs and were stored in DBF form using
FoxPro Visual Studio for easy and fast access. Selected data with queries were
posted on the map using the SURFER and ODV program to be sure if the data any
location errors contain. In the vertical profiles (GRAPHER and ODV are used),
physical parameters are plotted according to the depth. In order to identify water
masses, the best way is to visualize the temperature salinity diagrams called T-S
diagrams. In these diagrams, a set of observations of temperature and salinity for
successive depths at that location are plotted on a graph with temperature on the
vertical axis and salinity on the horizontal axis. At the end, the seasonal data was

presented visually.

The daily mean values for air temperature, precipitation, evaporation, relative
humidity and air pressure were calculated by averaging 24 hourly values for each
day. Time series analysis comprises methods for analyzing data in order to extract
meaningful statistics and other characteristics of the data. In atmospheric sciences an
anomaly time series is the time series of deviations of a quantity from some mean. A
moving average is commonly used with time series data to smooth out short-term
fluctuations and highlight longer-term trends or cycles. The threshold between short-
term and long-term depends on the application, and the parameters of the moving

average will be set accordingly.

We present the data by using the time series monthly and yearly averaged values.
Monthly anomalies are drawn to yield the deviation from the mean values. Running
average is applied on the yearly anomalies in order to see long-term trends. All time

series for all variables are displayed in figures.
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2.2.2 The model

Modeling plays an important role in modern ocean scientific research. In order to
have an idea on the water exchange between the bays and the Aegean Sea, and the
residence time of water in the bays, the numerical simulations are carried out with a
version of Bryan-Cox model (the three-dimensional, free surface, multi-layer, z-
coordinate Killworth Model). It is an explicit free surface version of the Princeton
model developed by Killworth et al. (1989). The chosen model parameters are given
in Table 2.2.

Table 2.2 The chosen model parameters for the wind-driven circulation experiments.

Parameters Saros Bay [zmir Bay Gokova Bay
Horizontal resolution 1000 m 500 m 500 m
Number of vertical layers 11 6 11
Layer thickness (m) 5,5,10,5,15,10, | 5,10, 15,15, |5,5,10,5, 15, 10,

50, 100, 100,200 | 15 and 10 m 50, 100, 100, 100
and 100 m and 100 m

The model was forced using the wind data obtained from the Gok¢eada (for Saros
Bay), Cigli (for izmir Bay) and Marmaris Meteorological Center (for Gokova Bay),
and selected hydrological cruise data. As for most coastal areas, wind stress is a
major circulation forcing mechanism. The prevailing wind direction and intensity for
the bays were calculated from the long term winter period wind analysis. As a result
of wind analysis it is found that the prevailing wind directions of the bays coincide
circumstantially with the dominant wind directions in the cruise time. Therefore the
model runs were conducted using the prevailing wind intensity and direction in order
to obtain general water movements in the bays. A detailed bathymetric data set (from
GEBCO-General bathymetric chart of the oceans, 2008 grided data) has allowed for
the detailed model topography. To set a realistic stratification, measured Winter 2002

CTD data is prescribed in the model as an initial condition.
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2.2.2.1 The Model Equations

In this section a brief description of the model equations and some important
properties of the model will be given. The model equations expressing momentum,
mass heat and salt conservation, and the equation of state were written in spherical

coordinates.

The basic equations of the model are the following. The momentum equations

read
uI+F(u)—fv=—mal(£j + F" (1)
pO Y
v,+F(v)+fu=—al(£J +F" (2)
Po )

where ¢ is latitude, A is longitude, and a is the radius of the earth. The velocity
field is given by (Y :east, Y:north, W:up). p, is a reference density, F*“,F"

represent effects of horizontal turbulence as detailed by Cox (1984).

The continuity equation is given by
r'{1)=0. (3)
Here the operator I' is an advective operator, defined by
C(u)=ma™ [(uu)i + (vynf1 )]+ (wae). (4)

and u represents any scalar quantity.

m = secq (5)

f=2Qsing (6)

= (7)
m

v=agd (8)

The local pressure p is given by the hydrostatic relation
0
p=p,+|pgd: (9)

where p_ is the pressure at the surface (z=0). It is defined as
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p. = pogilA.4.1) (10)
where 7 is the free surface elevation.
The conservation of a tracer 7' is given by
T +0(T)=F" (11)
where F” represents diffusive and other effects acting on T. The equation of state
is
p:p(H,S,z) (12)
where @ is potential temperature and S is salinity. A polynomial fit was usedfor

the equation of state.

The lateral boundary conditions are
u=v=T =0 (13)
where n is a coordinate normal to the wall. Kinematic boundary conditions are

required at the surface and at the bottom, respectively
w=n, +uma’'n, +va’177¢ z=0  atsurface (14)
w=-uma 'H, +va’1H¢ z=—H atbottom (15)
The barotropic mode is defined by
u=£+u v=%+v (16)

where (U,V) is the vertically integrated (barotropic) mass flux

Uzjudz V:.Z[vdz (17)

-H -H

and (u', V") is the baroclinic flow which has no depth average.
Iu'dz=0 J.v'dz=0 (18)

Integration of the continuity equation with respect to z from —H to 7 together
with the kinematic boundary conditions and the approximation 7 << H gives
7, +a’|mU, +mym™),|=o0. (19)
This equation yields a prognostic equation for 7. If the momentum equations are
integrated with respect to z from —H to 7 and applying the boundary condition on w,

one obtains
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U - fV=-ma'gHn, +X ( 20)

V,+fU=—a’1gH77¢+Y (21)

These equations are familiar from forced linear gravity wave theory, where (X, Y)

are the forcing or residual forcing terms (described by Killworth et al., 1989).



CHAPTER THREE
ANALYSIS AND RESULTS

Hourly weather data (wind speed (m/s) and wind direction (degree), air
temperature (°C), precipitation (mm), evaporation (mm), relative humidity (%) and
air pressure (mbar)) is obtained from the meteorological centers in the Saros,
Edremit, Candarl, Izmir, Kusadasi, Giilliik and Gokova Bays, and it is analyzed in a
long term period up to 2010. The selected parameters are related to the water
properties and movements in the bays. The upper part of the water column is affected
by them. Wind influences the water column up to the depth of Ekman. The surface
salinity is affected by precipitation and evaporation. Air temperature plays an
important role for the decrease of density of water by heating and the increase of
density by evaporation and cooling at the surface. Air pressure influences directly the
surface of water establishing sea level difference in space. Sea level difference is the
main contributor by the generation of barotropic currents in the ocean. Evaporation
from the sea and humidity in the air above the surface are two important and related

aspects of the phenomenon of air-sea interaction.

The general circulation patterns that are frequently seen in the bays (Saros, Izmir
and GoOkova Bays) are studied three dimensional and shown schematically by
presenting the net currents. The coastal current is mainly driven by the wind. The all
current pattern are calculated with a concept assuming the general circulation occurs
in the bays under the influence of prevailing wind in order to examine the mesoscale
variability in the bays and determine the path ways of the water masses entering the

bays from the Aegean Sea.
Tables 3.1-3.6 give an overview of the water masses and physical water

characteristics existing in the bays for spring 2001 and winter 2002. They will be

explained in detail by analysis of the cruise data.

17
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The temperature, salinity and density profiles of the bays in spring 2001 and
winter 2002 have been drawn. Izmir Bay is shallower in comparison to Saros and
Gokova Bays. Temperature of izmir Bay is less than the temperature of Gékova Bay
and is higher than the temperature of Saros Bay. Salt content of izmir Bay water is
more than that of Saros Bay water. The salinity values of the upper layer of Gokova
Bay are comparable with the salinity values of izmir Bay. Therefore izmir Bay water
is the densest of three bays with its cold and salty water mass. Dense water cascade is
likely to flow from the izmir Bay to the Aegean Sea. Water masses that exist in three

bays are shown on 0 -S diagram and tables.

The peak EMT period has taken place during the period ranging from the late *80s
to the early "90s (Gertman et al,.2006, Veloaras and Lascaratos, 2010). It is strongly
related to the rising isopycnal level found especially at the intermediate layers of the
Aegean Sea. In this study, the temporal evolution of the water mass characteristics
was identified in the semi-enclosed bays along the eastern coast of the Aegean Sea,
during the EMT and EMT post — peak period. This was accomplished by profiles of
temperature, salinity and density from several cruises in the bays extending from

1991 to 2008 (to 2010 for Izmir Bay).

3.1 Saros Bay
3.1.1 Study area

Saros Bay, which is situated at the Northern Aegean Sea (Figure 3.1), is
connected to the Lemnos basin with a depth of approximately 600 m to the west. The
shelf extends at a water depth of 90—-120 m. The island of Gdkgeada lies in the
Aegean Sea just outside of Saros Bay. The length of the bay is about 61 km long and
the width that connects the Bay to the Aegean Sea is about 36 km long. It receives
discharge from the Meric River. Meric River is, with a length of 480 km, the longest
river that runs solely in the interior of the Balkans. The drainage area and annual
average discharge rate of Meri¢ river are 45374 km® and 298.8 m’/s respectively

(Yasar, 1994).
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The bay is generally under the influences of northerly winds called as Etesian
winds. Cold and dense water can be observed as a result of upwelling processes
taking place in this area as a result of this wind. Black sea waters (BW) can be

observed circumstantially at the southern part of the Saros Bay (Tokat, 2006).

40.8°N-

40.6°N-

40.4°N+

40.2°N-

(
| | ) Gallipoli Peninsula ‘
26°E 26.2°E 204°E 26.6°E 26.8°E
Figure 3.1 The view from Google Earth, bottom topography (from GEBCO, 2008 grided data) and

location of the Saros Bay.

3.1.2 Meteorological Conditions

The meteorological data from Gokc¢eada Meteorological Centers for Saros Bay
area were recorded as hourly and include wind speed, wind direction, air
temperature, precipitation, relative humidity and air pressure. Figures 3.2-3.8 show

the weather condition in the Saros Bay, Turkey.
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Figure 3.2 Time series of monthly average (thin line) and annual mean (thick line) air
temperature (°C) (top), and yearly anomaly time series (bars) with moving averages (thick line)

(bottom) for the Saros Bay.

The mean temperature average over 42 year is 15.27 °C. The temperature
difference reaches approximately 20 °C between the summers and winters (Figure
3.2). The maximum value ever measured in hourly data is 49.8 °C in June 2008 and

minimum value is -8.9 °C in January 2006.

The time series of yearly averaged data (Figure 3.2 bottom panel) shows slight
negative air temperature anomalies before 1998, especially in 1976. Air temperature
anomaly gradually increases after 1998 as a result of global warming. The negative
anomalies in 1991, 1992 and 1993 are also remarkable. The air-sea interactions were

strong during those years covering the major peak period and before. Exceptional
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dense water formation occurs in 1996. This period is the last considerable negative

air temperature anomaly taken place.

Monthly averaged precipitation data for the years 1959-2010 is shown in Figure
3.3. The maximum value ever measured in hourly data is 140.60 mm in November
1994. The average over 50 year is 7.88 mm. The rainfall is minimum in the months

of late summer according to monthly averaged values.

Precipitation anomaly time series was used to detect the long-term trends
calculating the deviations from mean of the all data (Figure 3.3 bottom).
Precipitation plays an important role for the air-sea interactions. If precipitation
increases a thin layer will be build at the surface of the ocean. It means less air-sea
interactions between air and sea. Figure 3.3 shows the negative anomalies around the
year 1990 suitable for strong air-sea interaction. Precipitation is not alone sufficient
for the air-sea interactions. In spite of high negative anomalies in precipitation in the
Saros area we can not expect formation of dense water because the increasing

temperature that is more effective on the sea surface.

Hourly humidity data was retrieved from Gok¢eada Meteorological Center for the
years 1965-2010. Monthly averaged humidity time series is shown in Figure 3.4. The
average relative humidity over 45 year is % 67.81. The humidity is minimum (%
41.16) in summer and the maximum (% 89.68) is in winter according to monthly

averaged values.
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Figure 3.3 Time series of monthly averaged (top), annual mean precipitation (center) and yearly

anomaly time series (bars) with moving averages (thick line) (bottom) for the Saros Bay.
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Figure 3.4 Time series of monthly averaged (top), annual mean humidity (center) and yearly

anomaly time series (bars) with moving averages (thick line) (bottom) for the Saros Bay.

The anomaly time series of yearly averaged data (Figure 3.4, bottom panel) shows
negative humidity anomalies between 1974-1985 and 1999-2006. The positive
anomaly values are observed before 1974, between 1985 and 1999, and after 2006
probably affected by warm air.
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Figure 3.5 Time series of monthly average (thin line) and annual mean (thick line) pressure (mb)
(top), and yearly anomaly time series (bars) with moving averages (thick line) (bottom) for the

Saros Bay.

The highest pressure value ever recorded in Saros area is 1034.5 mbar in January
1973 and lowest value is 861.0 mbar in January 2004 (Figure 3.5). The average
pressure over 42 year (between 1968 and 2010) is 1007.13 mbar.

Anomaly time series was used to see the deviations from the mean of the all
pressure data in time. The time series of yearly averaged pressure data (Figure 3.5,
bottom panel) shows very interesting evolution of high positive pressure anomalies
during the years from 1989 until 1994. Any significant positive pressure anomalies

have been not observed after this period. The big amount of Aegean Deep Water
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(ADW) flowed over the sills of the Cretan Arc into the Levantine Basin during this

time. It is the deep water formation period in the Aegean Sea.

3.1.3 Wind Analysis

In the region, wind from NNE direction dominates throughout the years with an
average speed of 5.08 m/s is shown in Figure 3.6. The prevailing wind over the Saros
area is NNE direction shown in the wind-rose map in Figure 3.6. Wind vectors of the
monthly time series of wind speed and direction anomalies for 1968-2010, depending
on the availability of the data, were constructed from hourly wind measurements in
the Gokceada Meteorological Centre. The wind vectors of the monthly prevailing
wind with average wind speed values for Saros Bay data from Gokgeada
Meteorological Centre is shown in Figure 3.7. The wind vectors show that the wind
direction changes around the year 1989-1991. ENE direction is dominant in the year
1989-1991. The ENE wind is very important for the Saros Bay. Blowing ENE wind

causes an upwelling near the coast of Biiylikkemikli Cape.
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Figure 3.6 Wind chart of the prevailing wind for Saros Bay data from
Gokgeada Meteorological Centre.
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Gokceada Meteorological Centre

Figure 3.7 Wind vectors of the monthly prevailing wind with average wind speed values for Saros

Bay data from Gokgeada Meteorological Centre. (Vy,x=21.5 m/s).

The currents need sufficient time to be established towards a certain direction. If
the wind blows more than 12 hours, the establishing current will be the same
direction as wind direction and the speed of current will be proportional to wind
intensity for wind-driven circulation. The long duration (more than 12 hours) wind
directions and speeds are selected for Saros region and shown in Figure 3.8. The
prevailing wind direction is also dominant characteristics by the long duration wind

(It is not always the case).
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Figure 3.8 The wind vectors for the wind blowing more than 12 hours drawn on the
average wind field.
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3.1.4 Saros Bay General Circulation Pattern

As a result of wind analysis it is found that the prevailing wind direction of the
Saros Bay (NNE) coincides circumstantially with the dominant wind direction in the
winter cruise time. Therefore the model runs were conducted using the prevailing
wind intensity and direction in order to obtain general water movements in the Bay.
The circulation is based on the basin wide net current flowing along the water

column.

The general circulation pattern that are frequently seen in the Saros bay under the
influence of prevailing wind are shown schematically. Saros Bay general circulation
pattern shows that the dipole structure is obvious near the southwest entrance of the
bay (Figure 3.9). The cyclonic eddy of this dipole is located near Buyukkemikli Cape
and is result of the upwelling process frequently taking place in this region. The
water enters the bay from the North Aegean Sea in the middle of the bay to
compensate the water outflowing near the coasts resulting from wind-driven
circulation. It meanders into the bay. This current brings from time to time LIW to

the southern coastal area across the Toplar Cape (Tokat and Sayin, 2007).
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Figure 3.9 General circulation patterns of Saros Bay.
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The residence or renewal time for the bays can be calculated dividing the water
volume of the bays by the total water exchange through the vertical section in the
entrance. The water exchange values were obtained from model run. The renewal
time is important from the point of view of determining how the water exchange
between the bays and the Aegean Sea extend. The residence time is 3 months for
Saros Bay. The existing anticyclones found near the entrance of the Saros Bay could

be responsible for the high residence time.

3.1.5 Time Series of the Saros Bay

The Saros Region is chosen to represent the northern shallow area of Aegean Sea
under the influence of strong northerly winds which cause an upwelling along the
Turkish coast. From time to time, occurring upwelling in the Saros Bay makes
contribution for the density increase in the water column. It takes place in summer

1991 and spring 2001 (Figure 3.10).

Remarkable thing is the blowing wind from NE direction (prevailing wind
direction for the Saros area) that causes the occurrence of upwelling in the Saros
Bay. There have been no new severe deep—water producing episodes in the Aegean
Sea since 1994. But some minor quantities of deep-water seem to have been
produced in 1991 and 2001 already registered by Roether et al. (2007) and Veloaras
and Lascaratos (2010). The depths of water column by CTD measurements are not
same. Therefore it is not easy to conclude how the isopycnal levels developed before

1993 winter (Figure 3.10).
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Figure 3.10 Temporal evaluations of temperature, salinity and density fields of Saros

region starting from summer 1991 up to summer 2008. The areas in white represent

where data was not collected.
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The oy density levels 29.0, 29.1 and 29.2 kg/m’ in 1994 are comparable with the
levels in main deep water formation episode. Density increases in the upper layers
because of the decreasing in temperature, and isopycnals 29.1-29.3 start to shoal by
up to 250 m from winter 1993 until the end of spring 1995. It is consistent with the
study of Sayin & Besiktepe (2010). However in their study the time series were until
1996. Although the very cold weather condition was registered in spring 1996, the
density levels continued to decrease gradually. The main reason for this decrease was
the existing low saline water in the water column. It occupies the depth of 100 m to
400 m in the bay after spring 2001. The relaxation period continued until spring
2001, and some upper layer density levels started to rise namely the oy = 29.1 kg/m’
density level was about 250 m in spring 2001 and rises approximately up to 50 m in
winter 2002. This level was same as the level detected in 1993. The lower layer
isopycnal levels did not change much, other than a slight increase in spring 2001.
The saline water was observed again in the Bay first in summer 2007 with a rising
29.2 kg/m’ isopycnal level near the surface up to 100 m. This level is comparable
with the levels forming during the major deep-water formation episode in the Aegean

Sea (1993).

3.1.6 Hydrographic Characteristics of the Saros Bay
3.1.6.1 Spring 2001

The water properties of the bay were analyzed using the data retrieved from 26

stations during spring 2001 cruise (12-16.05.2001) (Figure 3.11- 3.14).

The NNE wind is the dominant wind in cruise time in spring 2001 and also in
winter period in general. The lasted wind from NNE over the Saros area causes an
upwelling in the southeastern part of the Saros Bay. Therefore the surface layer is
occupied by a water mass slightly colder than its environment. This upwelling water
is seen from the horizontal distribution and vertical sections with its high salinity and

density in the surface layer (Figure 3.13 and 3.14).



31

Temperature (°C) Salinity (psu)
13
0
100 — 100 —
200 — 200 —
E300 €300
£ - £
& 400 — 3400 —
iy Spring 2001
0] Saros Bay 600 — Spring 2001
700 — 700 — Saros Bay
Density (kg/m®)
26
0 |
100 —
200 —
E300 —
E —
® 400 —
D -
500 —
600 — Spring 2001
Saros Bay

700 —

Figure 3.11 Temperature, salinity and density profiles of Saros bay in spring 2001.

Besides Saros Upwelling Water, there are other water masses also that exist in the
Saros Bay; LIW, Saros Intermediate Water (SIW) and NAgDW. These mentioned all
water masses were observed in spring 2001 in the Bay and are shown on the 6 -S
diagram (Figure 3.12) and Table 3.1. BSW can be determined in the offshore side of
the Canakkale Strait with low salinity (31.5 psu) and low density (23 kg/m’) and
spreads to the west and then slightly routes to the north. But can not enter the Saros

Bay in spring 2001.

The strong upwelling water pushes the LIW to the south and west hinders it

entering into the Bay more from the southwest corner. LIW is determined from the
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0-S diagram and the vertical section with its rich salt content and warmer water
characteristics in the eastern part of the upwelling region in the depth of 200 m

across the Toplar Cape.

The vertical profiles show that the permanent thermocline occurs between 300-

400 m. The values do not change much down to this depth and approach the values

of NAgDW.
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Figure 3.12 6-S diagram of spring 2001 (Saros Bay).

Table 3.1 The water masses existing in the Saros bay and their range in spring 2001.

Spring 2001
Wate Temperat
r ure Salinity Density
mass (°O) (psu) (kg/m?)
SUW <15.0 > 38.68 >28.3
14.35- 38.8- 28.97-
N SIW 14.8 38.85 29.08
o
g < NAg
< M
s DW 13.29 39.01 29.44
BSW -—-- -—-- -—--

LIW 14.95 38.89 28.98




1 1
40.8° e Spring 2001 i
\f Saros Bay
o Surface Temperature (°C)
40.7° 2o L
40.6°- @ mf
() AN 5.9 —+
o 76‘5
=] R C g /A;\
= 40.5° -
8 76> :
40.4° R y ; -
40.3° .
40.2° -
T T T T T T T T T T
25.9° 26° 26.1° 26.2° 26.3° 26.4° 26.5° 26.6° 26.7° 26.8°
Longitude
1 1 1 1
40.8° T Spring 2001
’ \; Saros Bay
Surface Salinity (psu)
40.7° -
40.6°
)
E
£ 40.5°
®©
|
40.4°
40.3°
40.2°
T T T T T T T T T T
25.9° 26° 26.1° 26.2° 26.3° 26.4° 26.5° 26.6° 26.7° 26.8°
Longitude
1 1 1 1 1
40.8° e Spring 2001
’ \; Saros Bay
2 Surface Density (kg/m?)
40.7°+ :
40.6°
)
E
£ 40.5°
®©
|

40.4°

40.3°

40.2°4

25‘.90 2é° 26‘.1" 26‘.2" 26‘.30 26‘.40 26‘.5" 26‘.6" 26‘.70 26‘.80
Longitude

Figure 3.13 Horizontal temperature, salinity and density distributions

in the Saros bay. The location of stations are shown on the map above

upper left corner.
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Figure 3.14 The temperature, salinity and density vertical section (0-150 m) of Saros
Bay in spring 2001.
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3.1.6.2 Winter 2002

The data obtained from 25 CTD stations during winter 2002 cruise (18-
29.02.2002) have been examined (Figure 3.15-3.18).

BSW is identified by its very low salinity and, consequently, low density. Colder
and less saline BSW from the Canakkale Strait propagates to the north. It occupies
the northern part of the Gallipoli Peninsula (not shown). The increasing buoyancy
through the BSW results in the increase of stratification and decrease of vertical
diffusion in the Saros area.The thickness of the BSW in the Saros Bay is about 15 m
(Figure 3.18). It increases on the way to the north and mixes with the subsurface
Levantine Sea water mass. Although it is slightly detectable the Levantine water
reaches Saros Bay and exists between BSW and SIW. The Levantine water replaces
with the subsurface Saros Bay water mass more in the direction to the north

(Velaoras and Lascaratos, 2010).

The wind condition was variable during cruise time in winter 2002. A lasting
northeasterly wind is needed in order to maintain an upwelling process in the north
of the Gelibolu Peninsula near the Biiyiilkkemikli Cape. Because of any lasting wind
during cruise winter 2002, BSW was able to fill the area of northern side of Gelibolu
Peninsula. The topographic slope makes it easier for BSW to flow to the north. BSW
is thus accumulated, at the southwest corner of the Bay and cannot go any further to

the inner part.

The surface temperature is slightly lower than the subsurface temperature. The
difference between the surface and subsurface layer temperatures is about 2-3 °C.
NAgDW existed in the Saros Bay is only 0.35 °C cooler than the North Aegean Sea
Intermediate Water (NAgIW). The density value of 29.4 kg/m’ found at 573 m deep

1s more close to the entrance.



Temperature (°C)

10 1" 12 13

Depth (m)
W
o
S
\

400 —

500~ Winter 2002
Saros Bay

600 —

100

200

300

Depth (m)

400

500 —

600 —

36

Salinity (psu)

14 15

500 — Winter 2002
7 Saros Bay
600
Density (kg/m®)

Winter 2002
Saros Bay

Figure 3.15 Temperature, salinity and density profiles of Saros bay in winter 2002.



Temperature ( °C)

37

Salinity (psu)

Figure 3.16. 6-S diagram of winter 2002 (Saros Bay).

Table 3.2. The water masses existing in the Saros bay and their range in winter 2002.

Winter 2002
Water Temperature Salinity Density
mass (°C) (psu) (kg/m?)
o SUW - --- ----
é SIW 13.26-13.94 38.67-38.9 29.18-29.27
8 NAgDW 13.39 39.0 29.41
g BSW 9.52-10.10 34.26-34.64 26.36-26.75

LIW — —-
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Figure 3.17 Winter 2002 surface (5 m) (upper panel) temperature, salinity
and density field.
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3.2 Edremit Bay
3.2.1 Study Area

Edremit Bay, which is located on the northern Aegean part of the western
Anatolia, is connected to the Aegean Sea with Miisellim Strait to the west and Dikili

Strait (or Midilli Strait) to the south (Figure 3.19).

Edremit has got the Mediterranean climate, the summers are hot and dry, and
winters are warm and rainy. However, at higher elevations from the coast line it

changes in to Mediterranean-like mountain climate.

39.5°N—,

39.4°N+

39.3°N+

Edremit Bay

T
26.7°E 26.8°E 26.9°E

\ \ T
26.4°E 26.5°E 26.6°E

Figure 3.19 The view from Google Earth, bottom topography (from GEBCO, 2008 grided data)

and location of the Edremit Bay.
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3.2.2 Meteorological Conditions

We assume that the meteorological data obtained from Edremit Meteorological
Center is representative for the Edremit Bay region. Hourly weather data including
wind speed, wind direction, air temperature, precipitation, evaporation, relative
humidity and air pressure were retrieved. Figure 3.20-3.27 show the weather

measurements in the Edremit Bay, Turkey.

o Edremit Meteorological Centre
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Figure 3.20 Time series of monthly average (thin line) and annual mean (thick line) air
temperature (°C) (top), and yearly anomaly time series (bars) with moving averages (thick line)

(bottom) for the Edremit Bay.

The annual mean temperature ranges from 15,5°C (in 1976) to 18°C (in 2009).
The temperature difference reaches approximately 20 °C between the summers and

winters (Figure 3.20). The maximum value ever measured in hourly data is 42.8 °C



42

in July 2000 and minimum value is -8.0 °C in January 1973. The average over 46

year (between 1960 and 2006) is 16.43 °C.

The time series of yearly averaged data (Figure 3.20 bottom panel) shows slight
positive air temperature anomalies before late 1970s and after negative anomalies up
to 1998. Air temperature anomaly gradually increases after 1998 as a result of global
warming. The air temperature has negative anomalies again in the years of around

major dense water formation period and before (1991,1992 and 1993).

Hourly precipitation data is retrieved from Edremit Meteorological Center.
Monthly averaged precipitation data for the years 1959-2010 is shown in Figure
3.21. The maximum value ever measured in hourly data is 134.10 mm in October
2008. The average over 51 year is 7.31 mm. The rainfall is minimum in the months

of late summer and early fall according to monthly averaged values.

The precipitation anomalies (Figure 3.21 bottom) show similar trend as air
temperature with an exception in the last years after 2005. Less precipitation is
expected for the years starting from 1988 till 1994. Figure 3.21 shows negative
anomalies between the years 1988 and 1991. Starting from 1991 the precipitation
indicates slightly positive anomalies till the beginning of the relaxation period of

1995.
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Figure 3.21 Time series of monthly averaged (top), annual mean precipitation (center) and yearly

anomaly time series (bars) with moving averages (thick line) (bottom) for the Edremit Bay.
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Figure 3.22 Time series of monthly averaged (top), annual mean evaporation (center) and yearly

anomaly time series (bars) with moving averages (thick line) (bottom) for the Edremit Bay.
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Hourly evaporation data is retrieved from Edremit Meteorological Center for the
years 1961-2010. Monthly averaged values are shown in figure 3.22. The maximum
evaporation value ever measured in hourly data is 17.6 mm in July 1972. The
average over 49 year is 5.26 mm. The evaporation is minimum (0.9 mm) in winter

and the maximum (11.46 mm) is in summer according to monthly averaged values.

Time series are used to see long-term trend in the evaporation data. Anomaly time
series was used the time series of deviations of a quantity from mean of the all data
(Figure 3.22 bottom). Evaporation data shows negative anomalies during major peak
time before and after between the years 1989 and 1994. Because of the warming air
temperature positive anomalies by evaporation data are observed with an exception

in 2005.

Hourly humidity data is retrieved from Edremit Meteorological Center for the
years 1959-2010. Monthly averaged humidity time series is shown in figure 3.23.
The average relative humidity over 51 year is % 60.27 mm. The humidity is
minimum (% 35.1) in summer and the maximum (% 83.36) is in winter according to

monthly averaged values.

The anomaly time series of humidity shows 20 years period oscillations making

negative peak values around 1980 and 2000 (Figure 3.23, bottom panel).

The highest pressure value ever recorded in hourly data in Edremit area is 1038.8
mbar in January 1989 and lowest value is 979.0 mbar in January 1968. The average

over 45 year (between 1965 and 2010) is 1012.81 mbar (Figure 3.24).

The anomaly time series of yearly averaged pressure data (Figure 3.24, bottom
panel) show very interesting evolution of high positive pressure anomalies during the
years from 1989 until 1994 as seen by Saros Bay time series. Positive pressure
anomalies can be related to air-sea interactions changing mainly in the deep water

formation period in the Aegean Sea.
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Figure 3.23 Time series of monthly averaged (top), annual mean humidity (center) and yearly

anomaly time series (bars) with moving averages (thick line) (bottom) for the Edremit Bay.
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Figure 3.24 Time series of monthly average (thin line) and annual mean (thick line) pressure (mb)
(top), and yearly anomaly time series (bars) with moving averages (thick line) (bottom) for the

Edremit Bay.

3.2.3 Wind Analysis

In the region, wind from ENE direction dominates throughout the years with an

average speed of 2.76 m/s is shown in Figure 3.25.

The prevailing wind over the Edremit area is ENE direction shown in the wind-
rose map in Figure 3.25. Wind vectors of the monthly time series of wind speed and
direction anomalies for 1966-2010, depending on the availability of the data, were
constructed from hourly wind measurements in the Edremit Meteorological Centre.
The wind vectors of the monthly prevailing wind with average wind speed values for

Edremit Bay data from Edremit Meteorological Centre is shown in Figure 3.26. The
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wind vectors show that the wind direction changes around the year 1966-1969, 1978-
1983 and after 2006.
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Figure 3.25 Wind chart of the prevailing wind for Edremit Bay data

from Edremit Meteorological Centre.
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Figure 3.26 Wind vectors of the monthly prevailing wind with average wind speed values for Edremit

Bay data from Edremit Meteorological Centre. (Vp=12.1 m/s).

The long duration (more than 12 hours) wind directions and speeds are selected for
Edremit region and shown in Figure 3.27. The prevailing wind direction is also
dominant characteristics by the long duration wind. The lasted wind direction is more
or less same and indicate NNE during the period which the dense water formation

takes place.
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Figure 3.27 The wind vectors for the wind blowing more than 12 hours drawn on the
average wind field.

3.2.4 Time Series of the Edremit Bay

Time series are analyzed by profiles of temperature, salinity and density from

several cruises in the Edremit bay extending from 1991 to 2009.

The prevailing wind over the Edremit area is ENE direction (Figure 3.28). Not
only the excess evaporation in summer but also the frequently taking place upwelling
process is responsible to find the very high density values in Edremit bay. The
prevailing wind from ESE direction is suitable to trigger the upwelling process near

the east and north coast of the Lesvos Island in all seasons.

The water exchange between the Aegean Sea and the Levantine Basin starts
before 1990 and major dense deep water formation and the maximum exchange
period is in winter 1993. After peak period the exchange decreases gradually

(relaxation period) with an exception in 1996. It stops around the year 2000.
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Figure 3.28 Temporal evaluations of temperature, salinity and density fields of Edremit region

starting from summer 1991 up to spring 2009. The areas in white represent where data was not

collected.
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The scarce data of Edremit Bay makes not available to follow all the water mass
development in the Bay during the periods explained above. Because of the cold
winter event, cold and dense water can be observed even at the surface in spring
1992 (14.5 °C and 29.2 kg/m’) and in spring 1996 (13.5 °C and 29.4 kg/m’). More
dense water mass can not be detected after 1996 until spring 2009. Besides the
upwelling process occurring in all seasons any relation was found between wind
event and forming water mass in the Bay from time evolution. The water is denser
in the Edremit Bay than the water in Saros Bay in comparison. The upwelling

process could be the reason for the existing denser water in the Edremit Bay.

3.3 Candarh Bay
3.3.1 Study Area

The Candarli Bay, known in antiquity as the Elaitic Gulf, is a bay on the Aegean
Sea, with its inlet between the cities of Candarli and Foca (Figure 3.29). Around it
were located the chief cities of the Aeolian confederacy. The bay is located just north

of Izmir on the western coast of Turkey in water depths ranging from 0-80 metres.
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Figure 3.29 The view from Google Earth, bottom topography (from GEBCO, 2008 grided data)
and location of the Candarl1 Bay.

3.3.2 Meteorological Conditions

The meteorological data from Dikili Meteorological Centers for Candarli Bay area
were recorded as hourly and include wind speed, wind direction, air temperature,
precipitation, evaporation, relative humidity and air pressure. Figure 3.30-3.37 shows

the weather condition in the Candarli Bay, Turkey.

The annual mean temperature ranges from 15,5°C (in 1976) to 18°C (in 2009).
The temperature difference reaches approximately 20 °C between the summers and
winters (Figure 3.30). The maximum value ever measured in hourly data is 41.2 °C
in July 1988 and minimum value is -7.7 °C in January 1968. The average over 50

year (between 1960 and 2010) is 16.48 °C.
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Figure 3.30 Time series of monthly average (thin line) and annual mean (thick line) air

temperature (°C) (top), and yearly anomaly time series (bars) with moving averages (thick line)

(bottom) for the Candarli Bay.

The time series of yearly averaged data (Figure 3.30 bottom panel) shows slight
positive air temperature anomalies before late 1960s and after negative anomalies up
to 1994. Air temperature anomaly gradually increases after 1995 as a result of global
warming. The very dense water formation period in the Aegean Sea is between 1990
and 1994. It means the beginning of relaxation period from 1995 to 2000 is not
incidence. High excess air temperature could be one of the reasons for the relaxation
of forming dense water in the Aegean Sea. Air temperature decline ~1 °C between
1963 and 1997.
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Figure 3.31. Time series of monthly averaged (top), annual mean precipitation (center) and yearly

anomaly time series (bars) with moving averages (thick line) (bottom) for the Candarli Bay.

Hourly precipitation data is retrieved from Dikili Meteorological Center. Monthly
averaged precipitation data for the years 1939-2010 is shown in Figure 3.31. The

maximum value ever measured in hourly data is 183.10 mm in October 1947. The
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average over 71 year is 8.26 mm. The rainfall is minimum in the months of early

summer according to monthly averaged values.

The precipitation anomalies (Figure 3.31 bottom) show similar trend as air
temperature with an exception in the last years after 2005. The precipitation values
are greater than the averaged one until late 1960s. The data shows negative
anomalies after. Negative anomalies continue until 1995. Precipitation gradually
increases after 1995. The positive air temperature anomalies might be the reason for
the increasing of precipitation after 1995. Again the negative anomalies can be seen

in the last years due to warm and dry air.

Hourly evaporation data is retrieved from Dikili Meteorological Center for the
years 1978-2010. Monthly averaged values are shown in Figure 3.32. The maximum
evaporation value ever measured in hourly data is 20.0 mm in September 2009. The
average over 32 year is 4.31 mm. The evaporation is minimum (0.9 mm) in winter

and the maximum (9.18 mm) is in summer according to monthly averaged values.

Time series are used to see long-term trend in the evaporation data. Evaporation
anomaly shows negative anomalies extending from 1978 to 1998 with exception in
late 1980s and in the middle 1990s. The salinity values had an increasing trend
during late 1980s in the Aegean Sea (V & L, 2005). As a result of the increasing air
temperature the positive anomalies were observed in the last years after 1998 with an

exception in 2005.
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Figure 3.32 Time series of monthly averaged (top), annual mean evaporation (center) and yearly

anomaly time series (bars) with moving averages (thick line) (bottom) for the Candarli Bay.
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Figure 3.33 Time series of monthly averaged (top), annual mean humidity (center) and yearly

anomaly time series (bars) with moving averages (thick line) (bottom) for the Candarli Bay.
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Hourly humidity data is retrieved from Dikili Meteorological Center for the years
1939-2010. Monthly averaged humidity time series is shown in Figure 3.33. The
average relative humidity over 71 year is % 71.03. The humidity is minimum (%
48.46) in summer and the maximum (% 89.92) is in winter according to monthly

averaged values.

The time series of yearly averaged humidity data (Figure 3.33, bottom panel)
shows negative humidity anomalies before late 1960s and after positive anomalies up
to 1994. Humidity anomaly oscillates in a short time after 1995 in the relaxation
period. The negative anomaly values are observed after 2002 probably affected by

warm air.
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Figure 3.34 Time series of monthly average (thin line) and annual mean (thick line) pressure (mb)
(top), and yearly anomaly time series (bars) with moving averages (thick line) (bottom) for the

Candarl Bay.
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The highest pressure value ever recorded in hourly data in Candarli area is 1040.1
mbar in January 1973 and lowest value is 783.0 mbar in May 2007. The average over

50 year (between 1960 and 2010) is 1013.23 mbar.

The anomaly time series of yearly averaged pressure data (Figure 3.34, bottom
panel) show very interesting evolution of high positive pressure anomalies during the
years from 1989 until 1994. These are the years that the big amount of Aegean Deep
Water (ADW) flowed over the sills of the Creatan Arc into the Levantine Basin. This

time span covers the deep water formation period in the Aegean Sea.

3.3.3 Wind Analysis

In the region, wind from ESE direction dominate throughout the years with an

average speed of 2.19 m/s is shown in Figure 3.35.

The prevailing wind over the Candarh area is ESE direction shown in the wind-
rose map in Figure 3.35. Wind vectors of the monthly time series of wind speed and
direction anomalies for 1963-2006, depending on the availability of the data, were
constructed from hourly wind measurements in the Dikili Meteorological Centre.
The wind vectors of the monthly prevailing wind with average wind speed values for
Candarli Bay data from Dikili Meteorological Centre is shown in Figure 3.36. The
wind vectors show that the wind direction changes around the year 1983. ENE
direction is dominant short before 1987 and variable after 1987. The intensity of
wind increases over average and the wind direction turns to SSE in the period which

very dense water formation takes place (1993).
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Figure 3.35 Wind chart of the prevailing wind for Candarli Bay data

from Dikili Meteorological Centre.
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Figure 3.36 Wind vectors of the monthly prevailing wind with average wind speed values for Candarl

Bay data from Dikili Meteorological Centre (V,=11.1 m/s).

The wind speed and direction are usually variable, so the currents are also
variable. The currents need sufficient time to be established towards a certain
direction. If the wind blows more than 12 hours, the establishing current will be the
same direction as wind direction and the speed of current will be proportional to
wind intensity for wind-driven circulation. The long duration (more than 12 hours)
wind directions and speeds are selected for Candarli region and shown in Figure
3.37. The prevailing wind direction is dominant characteristics by the long duration

wind. The number of the lasting wind event decreases and is limited to about 20
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hours during the period which the dense water formation takes place and wind

direction more or less in a line SSE-NNW.
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Figure 3.37 The wind vectors for the wind blowing more than 12 hours drawn on the
average wind field.

3.3.4 Time Series of the Candarli Bay

Time series are analyzed by profiles of temperature, salinity and density from

several cruises in the Candarli bay extending from 1991 to 2009.

The off-shore side of Candarli Bay is one of the deep water formation site (not
shown) in the Aegean Sea. But on-shore part of the Candarli Bay differs not much
from Edremit Bay. The time evolution of density field Candarli Bay (Figure 3.38,
lower panel) shows that even isopycnal 0f29.5 kg/m3 can be detected in winter 1993
at the depth of 70m. The level of the isopynal in Candarli Bay is lower in comparison
to the level found in Edremit Bay in spring 1992 just before major peak period. The
isopycnal level during spring 1992 is higher campared to the level in spring 1996 in
Candarli Bay contrary to the evolution in Edremit Bay. High densities (29.4 kg/m3)
were observed near surface in Edremit Bay during spring 1996. In spite of existing
high salinities, the level of densities are not high because of warm water near surface

during period from 2003 to 2009. The increasing air temperature heats the water
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from surface in the last years as a result of global warming. Only the isopycnal of

29.0 kg/m3 can be detectable at the depth of 30 m in spring 1994.
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Figure 3.38 Temporal evaluations of temperature, salinity and density fields of Candarli region

starting from summer 1991 up to spring 2009. The areas in white represent where data was not

collected.
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3.4 Izmir Bay
3.4.1 Study Area

Izmir Bay is one of the great natural bays of the Eastern Aegean Sea, which is an
"L" shaped geometry with the leg of the "L" about 20 km wide and 40 km long, and
the base of the "L" about 5 to7 km wide and 24 km long (Figure 3.39). It’s total
surface area is over 500 square kilometers and a water capacity of 11.5 billion cubic
meters. The izmir Bay, formerly known as the Gulf of Smyrna, is between the
peninsula of Karaburun and the mainland area of Foca. The city of Izmir, an
important Turkish seaport, surrounds the end of this bay. Levent Marina is the only

marina inside the city of izmir.

26.5°E 26.‘6°E 26.‘7°E 26.é°E 26.§°E 27‘°E
Figure 3.39 The view from Google Earth, bottom topography (from GEBCO, 2008 grided data)

and location of the izmir Bay.
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[zmir Bay has been studied in three areas according to their physical
characteristics: outer, middle and inner Bays. The outer Bay is further divided into
three sub-regions, outer I, outer II and outer III. Outer Bay receives discharge from
the Gediz River. The Gediz River is the second-largest river in Anatolia flowing into
the Aegean Sea. The drainage area and annual average discharge rate of Gediz River
are 15617 km” and 85.1 m’/s (Yasar, 1994) respectively The water properties of the

bay were analyzed generally using the data from these different regions.

3.4.2 Meteorological Conditions

The meteorological data obtained from Cigli and izmir Meydan Meteorological
Center is representative for the Izmir Bay region. Hourly weather data including
wind speed, wind direction, air temperature, precipitation, evaporation, relative
humidity and air pressure were retrieved. Figure 3.40-3.47 show the weather

measurements in the Izmir Bay, Turkey.

The temperature difference reaches approximately 20 °C between the summers
and winters. The maximum value ever measured in hourly data is 30.1 °C in July
1988 and minimum value is 5.6 °C in February 2003. The average over 34 year

(between 1974 and 2008) is 17.74 °C.

The time series of yearly averaged data (Figure 3.40 bottom panel) shows slight
negative air temperature anomalies before 1993 and positive after anomalies up to
1994. The very dense water formation period in the Aegean Sea is between 1990 and
1994. The negative anomalies during 1991, 1992 and 1993 are common
characteristics in all bays. It is not coincidence. Very dense water is formed mainly
in severe weather condition in winter time. The very dense water formation period in

the Aegean Sea is between 1990 and 1994.
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Figure 3.40 Time series of monthly average (thin line) and annual mean (thick line) air
temperature (°C) (top), and yearly anomaly time series (bars) with moving averages (thick line)

(bottom) for the izmir Bay.

Monthly averaged precipitation data in Izmir Bay for the years 1938-2010 is
shown in Figure 3.41. The maximum value ever measured in hourly data is 145.30
mm in September 2006. The average over 72 year is 7.89 mm. The rainfall is
minimum in the months of late summer and early fall according to monthly averaged

values.
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Figure 3.41 Time series of monthly averaged (top), annual mean precipitation (center) and yearly

anomaly time series (bars) with moving averages (thick line) (bottom) for the Izmir Bay.

Precipitation time series and anomalies of Izmir Bay (Figure 3.41 bottom) are not
much different than the other Bays along the eastern Aegean cost. More precipitation

means the more isolation of sea from the air interactions. It is expected that less
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precipitation is in the main EMT period. Precipitation data (Figure 3.41 bottom)

shows negative anomalies around the year 1990.

Izmir Bay hourly evaporation data is retrieved for the years 1950-2010. Monthly
averaged values are shown in Figure 3.42. The maximum evaporation value ever
measured in hourly data is 98.50 mm in August 1962. The average over 60 year is
5.46 mm. The evaporation is minimum (1.07 mm) in winter and the maximum (16.25
mm) is in summer according to monthly averaged values. Evaporation anomaly
(Figure 3.42 bottom) shows negative anomalies until 1960s. The surface salinity can
be calculated proportional to precipitation minus evaporation in middle latitude
regions. There is slight decrease in salinity values starting from 1994. But it is not
considerable amount. It means we expect low evaporation values when low
precipitation is observed. Figure 3.42 shows low evaporation anomalies during the

main EMT period.

Hourly humidity data is retrieved for izmir Bay for the years 1938-2010. Monthly
averaged humidity time series is shown in Figure 3.43. The average relative humidity
over 72 year is % 61.57 mm. The humidity is minimum (% 38.1) in summer and the

maximum (% 82.22) is in winter according to monthly averaged values.

Anomaly time series (Figure 3.43, bottom panel) shows positive humidity
anomalies before late 1945 and after negative anomalies up to 1970s. The negative

anomaly values are observed after 2002 probably affected by warm air.
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Figure 3.42 Time series of monthly averaged (top), annual mean evaporation (center) and yearly

anomaly time series (bars) with moving averages (thick line) (bottom) for the Izmir Bay.



69

1940 1950 1960 1970 1980 1990 2000 2010
Time

Cigli Meteorological Centre
100 —

60 —

40 —

Humidity (%)

i |”UH””H}(

Cigli Meteorological Centre
80 —

[«2]
o
|

ey
o
|

Humidity (%)

N
o
|

o
\

1940 1950 1960 1970 1980 1990 2000 2010
Time

Cigli Meteorological Centre

Humidity difference (%)

-8 HH‘HHH\H‘\HHHH‘HH\HH‘\HHHH‘HHHH\‘\HHHH‘HHHH\‘HH\

1940 1950 1960 1970 1980 1990 2000 2010
Time

Figure 3.43 Time series of monthly averaged (top), annual mean humidity (center) and yearly

anomaly time series (bars) with moving averages (thick line) (bottom) for the Izmir Bay.

The highest pressure value ever recorded in hourly data in Izmir area is 1036.4
mbar in February 2008 and lowest value is 878.6 mbar in January 2004. The average

over 50 year (between 1960 and 2010) is 1011.08 mbar.



70

Anomaly time series of pressure data (Figure 3.44, bottom panel) shows high
positive pressure anomalies observed similar in almost all bays during the years from

1989 until 1994.
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Figure 3.44 Time series of monthly average (thin line) and annual mean (thick line) pressure (mb)
(top), and yearly anomaly time series (bars) with moving averages (thick line) (bottom) for the

[zmir Bay.

3.4.3 Wind Analysis

In the region, wind from N direction dominates throughout the years with an

average speed of' 4.71 m/s is shown in Figure 3.45.
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Figure 3.45 Wind chart of the prevailing wind for Izmir Bay data from
Cigli Meteorological Centre.

The prevailing wind over the izmir area is N direction shown in the wind-rose
map in Figure 3.45. Wind vectors of the monthly time series of wind speed and
direction anomalies for 1980-2010, depending on the availability of the data, were
constructed from hourly wind measurements in the Cigli Meteorological Centre. The
wind vectors of the monthly prevailing wind with average wind speed values for

Izmir Bay data from Cigli Meteorological Centre is shown in Figure 3.46.

Cigli Meteorological Centre

AMWWW 1O Ly DPONRIC

NNNNNNNNNNNNNNNNNNNN

Figure 3.46 Wind vectors of the monthly prevailing wind with average wind speed values for Izmir

Bay data from Cigli Meteorological Centre. (Vy.x=43.2 m/s).
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3.4.4 Izmir Bay General Circulation Pattern

As a result of wind analysis it is found that the prevailing wind direction of the
Izmir Bay (N) coincides circumstantially with the dominant wind direction in the
winter cruise time. Therefore the model runs were conducted using the prevailing
wind intensity and direction in order to obtain general water movements in the Bay.
The circulation is based on the basin wide net current flowing along the water
column.

The general circulation pattern that are frequently seen in the izmir bay under the
influence of prevailing wind (N) are shown schematically. Figure 3.47 shows the
Izmir Bay circulation pattern. After entering the bay near the coast of Karaburun, of
Aegean origin (after Sayin et al., 2006) follow the path along the coast up to the
Mordogan Passage. The water that cannot enter the Mordogan Passage makes a
cyclonic gyre in the Outer Bay. Outflow occurs mainly near the coast of Foca as a
result of compensating flow against the coastal flows leaving an anticyclonic gyre in
the middle of the Bay. Acording to the direction of the wind a cyclonic gyre can be

seen from time to time in stead of anticyclonic one (Sayin et al. 2000)..

38.7°
TN |zmir Bay
Circulation Pattern
?\N \ N wind
38.6°— )
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\\

38.5°—
38.4°—
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I I I I I I
26.5° 26.6° 26.7° 26.8° 26.9° 27° 27.1°

Figure 3.47 General circulation patterns of izmir Bay.
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According to the calculated values, the recycle time is the shortest for the Izmir
Bay with 15 days; it was found as one month by Sayin (2003) before who takes the
vertical section more inside the bay. The other reasons for such small difference
could be the strength of forming stratification in the bay and the intensity of the

blowing wind.

3.4.5 Time Series of the Izmir Bay

[zmir Bay is chosen to represent Central Aegean shallow area. The monitoring
studies have begun after 1991 in the bay and 56 cruises have been conducted. The
data covers whole bay. We concentrate on the Outer Bay (hereafter OB) and Middle
Gyre area (hereafter MG). The relaxation episode of EMT was very clear in Saros
and Gokova Bays where the collected data was just after the last major deep-water
formation episode in the Aegean Sea (1993) and after. izmir Bay is the shallowest
one of three bays. Therefore, the air sea interactions are more effective over the izmir
area. Especially the local wind force is the main mechanism for the bay. The middle
part of the Izmir Bay produces its own water mass (IBW). Although the water
properties are different in the bay than those in the Aegean Sea, they show similar
interanual variability to the Aegean Sea according to the evolution of water masses
influenced by the rising isopycnals. It seems that MG area is a suitable place for the
occurrence of dense water in the core of forming cyclonic gyre. The relaxation
period could be resolved with the data collected during many cruises in the OB area
where Aegean Sea Water (ASW) enters the bay. Therefore this data gives detailed
information about the major deep-water formation episode and the EMT post-peak
period. The same information can be obtained from the MG area. It means that the
Aegean Sea and the bays show similar characteristics in the point of view of
interannual variability of water masses. The water of Aegean Sea can be influenced
by the water masses of such shallow bay through temperature or salt controlled dense
water cascading. The EMT relaxation period continued and the isopycnal level
decreased gradually until April 2000 making an exceptional anomaly in January
1996 in both time evolutions of two regions in the bay (Figure 3.48). The decreases

can be evaluated from the isopycnal levels oy = 28.8 kg/m® and 6y = 29.0 kg/m’
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easily in the region OB and MG respectively. In other words the Aegean Sea and the
bay seem to be interconnected during the EMT period. But MG region contains more
dense water inside. After April 2000 the isopycnal levels started to increase. The
isopycnal level oy = 28.8 kg/m’ was approximately 70 m during the year 2000. It
reached up to 10m in July 2007 in the region OB. The level o5 = 29.0 kg/m’ was not
observed even in the bottom in the Middle Gyre region in 2000. It reached to 20m in
March 2004 and outcropped at the surface in July 2007, mainly due to an observed
salinity increase. Similar trend can be observed by the time evolution of temperature
field in both regions. Both regions contained saline water inside after the EMT post-
peak period around the year 2007. The slowly decreasing isopycnals took place after
2007 until 2010.
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Figure 3.48 a Temporal evaluations of temperature, salinity and density fields of Izmir Outer Bay
region starting from summer 1991 up to spring 2010. The areas in white represent where data was

not collected.
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Figure 3.48 b Temporal evaluations of temperature, salinity and density fields of Izmir Middle
Gyre region starting from summer 1991 up to spring 2010. The areas in white represent where data

was not collected.
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3.4.6 Hydrographic Characteristics of the Izmir Bay
3.4.6.1 Spring 2001

The water mass properties of the Izmir Bay are analyzed using the data obtained

from the 31 stations during the spring 2001 cruise (10-12.04.2001) (Figure 3.49-

3.52).
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| Spring 2001
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Figure 3.49 Temperature, salinity and density profiles of Izmir bay in spring 2001.
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April and October are the transient months between winter and summer in the
Izmir Bay. In April, the upper and lower layers show summer and winter
characteristics, respectively, except for the surface water of Aegean origin. Because
of its large volume, the water of Aegean origin preserves its winter character. In the
late April, the stratifications start to be stronger, but gradually, horizontal

homogeneity takes place in time (Sayin et al. 2006).

Three water masses are observed in the Izmir Bay in April 2001 as mentioned by
Sayin et al., (2006) (Figure 3.50): Aegean Sea Water (ASW), Izmir Bay Water
(IBW) and izmir Bay Inner Water (IBIW). All these water masses are surface masses
because of Izmir bay is a shallow area. IBIW is very distinct water with its low
salinity, because of fresh water discharge discharge (with 7 m’/s after Saner et. al.
1999) to the Inner Bay in spring. The temperature values increase towards the Inner
Bay because of differential heating of land and sea by increasing air temperature in
spring (Figure 3.51 and 3.52). IBW is formed in the region of Middle Gyre. IBW
remains colder between the two warmer water masses IBIW and ASW. The bay is
under the influence of southerly wind. It can be understood by the northward
movement of IBW in the middle of the bay compensating the water mass (ASW)
entering the bay near the coast of Karaburun and flowing through Mordogan passage.
It is noticed that the outflowing water, which is observed near the Aegean Sea, is
originated from the middle gyre area as a result of detailed 6-S analysis. The
inflowing ASW influences time to time the surface water of Gulbahce Bay and the

intermediate water of Foca area.
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Table 3.3 The water masses existing in the izmir bays and their range in spring 2001.

Spring 2001
Water Temperature Salinity Density
mass (°O) (psu) (kg/m?)
& . ASW 16.4 39.1 28.82-29.12
E é IBW 15.5-15.8 39.09 —39.12 29.2
—

IBIW >16.5 <38.9 <28.7
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Figure 3.51 The horizontal distribution of surface temperature of Izmir bay in spring 2001.
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3.4.6.2 Winter 2002

The water properties of the bay are analyzed using the data retrieved from 34
stations in a period of winter 2002 cruise (13-14.02.2002) (Figure 3.53-3.56).
Although the prevailing wind is from the southerly direction, it does not blow
consecutively more than six hours. Therefore, the Bay is not under the influence of
the wind alone. It is under the influence of thermohaline and wind forces together.
The middle part is relatively colder than the other part of the Izmir Bay. It could be
due to the existance of cyclonic gyre seen frequently over the area in case of
southerly winds. This cyclonic gyre is very important for the bay. Firstly, it brings
nutrient rich water to the surface. Secondly, it is the source of the IBW water masses
of the bay itself distinctively different than ASW and IBIW (Figure 3.54). Traces of
the ASW can be observed even in the Middle Bay. The temperature decreases
gradually from Outer Bay towards the Inner Bay (Figure 3.55 and 3.56).

The IBIW mass is colder and less saline than the other water masses and the ASW
is warmer and more saline than the water masses of other regions. ASW and IBW
show a homogenous vertical distribution due to the winter convection and wind
mixing. IBIW is stratified due to fresh water discharges to the Inner Bay. Levantine
waters are not observed in the bay in the winter 2002. The temperature values of the
bay are low in comparison to the usual temperature values of Levantine. Another
probable water mass, the Central Aegean Intermediate Water (CAgIW) mass does
not seem to have an influence directly on the bay. This is obvious from the low

density values of ASW.
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Table 3.4. The water masses existing in the Izmir bay and their range in winter 2002.

Winter 2002

Water Temperature Salinity Density

mass (°O) (psu) (kg/m?)
I1ZMIR ASW >15.7 39.14 29.32
BAY IBW 14.0 38.88 29.4
IBIW <14.1 <38.7 <28.9

3.5 Kusadas1 Bay
3.5.1 Study Area

The Kusadas1 Bay is a small gulf and strait in the Aegean Sea, separating the
Greek island of Samos from the mainland of Turkey (Figure 3.57).

3.5.2 Meteorological Conditions

The meteorological data from Kusadasi Meteorological Centers for Kusadasi1 Bay
area were recorded as hourly and include wind speed, wind direction, air
temperature, precipitation, evaporation, relative humidity and air pressure. Figure

3.58-3.65 show the weather condition in the Kusadasi1 Bay, Turkey.

The temperature difference reaches approximately 20 °C between the summers
and winters (Figure 3.58). The maximum value ever measured in hourly data is 41.5
°C in August 2007 and minimum value is -8.4 °C in December 2007. The average

over 46 year (between 1964 and 2010) is 16.95 °C.

The time series of yearly averaged data (Figure 3.58 bottom panel) shows
negative air temperature anomalies before 1993 after positive anomalies up to 1994.
Air temperature anomaly gradually increases after 1994 as a result of global
warming. The very dense water formation period in the Aegean Sea is between 1990
and 1994. High excess air temperature could be one of the reasons for the relaxation

of forming dense water in the Aegean Sea.
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Figure 3.57 The view from Google Earth, bottom topography (from GEBCO, 2008 grided data)

and location of the Kusadasi Bay.
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Figure 3.58 Time series of monthly average (thin line) and annual mean (thick line) air
temperature (°C) (top), and yearly anomaly time series (bars) with moving averages (thick line)

(bottom) for the Kusadas1 Bay.

Hourly precipitation data is retrieved from Kusadasi Meteorological Center.
Monthly averaged precipitation data for the years 1939-2010 is shown in Figure
3.59. The maximum value ever measured in hourly data is 113.80 mm in October
1977. The average over 71 year is 8.62 mm. The rainfall is minimum in the months

of late summer and early fall according to monthly averaged values.

The precipitation anomaly values (Figure 3.59 bottom) are greater than the
averaged one until late 1960s. The data generally shows negative anomalies after.
Precipitation time series and anomalies of Kusadas1 Bay are not much different than
the other Bays along the eastern Aegean cost. Precipitation data (Figure 3.59 bottom)

shows negative anomalies around the year 1990.
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Figure 3.59 Time series of monthly averaged (top), annual mean precipitation (center) and yearly

anomaly time series (bars) with moving averages (thick line) (bottom) for the Kusadasi Bay.
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Figure 3.60 Time series of monthly averaged (top), annual mean evaporation (center) and yearly

anomaly time series (bars) with moving averages (thick line) (bottom) for the Kusadas1 Bay.

Hourly evaporation data is retrieved from Kusadas1 Meteorological Center for the

years 1984-2010. Monthly averaged values are shown in Figure 3.60. The maximum

evaporation value ever measured in hourly data is 23.20 mm in August 2007. The



91

average over 26 year is 5.01 mm. The evaporation is minimum (1.18 mm) in winter

and the maximum (12.37 mm) is in summer according to monthly averaged values.

Time series are used to see long-term trend in the evaporation data. Anomaly time
series was usedthe time series of deviations of a quantity from mean of the all data
(Figure 3.60 bottom). Evaporation anomaly does not show clear low values around
1990. Kusadasi1 evaporation data set is not as long as the data of other bays are. This
can be the reason that the negative anomalies can not be seen in the mean EMT time

depending on the changing average value.

Hourly humidity data is retrieved from Kusadasi Meteorological Center for the
years 1939-2010. Monthly averaged humidity time series is shown in Figure 3.61.
The average relative humidity over 71 year is % 65.76 mm. The humidity is
minimum (% 37.37) in summer and the maximum (% 84.88) is in winter according

to monthly averaged values.

Anomaly time series (Figure 3.61, bottom panel) shows positive humidity
anomalies before 1990s and after then negative anomalies. The negative anomalies

make peak in 1999 and gradually increases after.

The highest pressure value ever recorded in Kusadasi area is 1035.1 mbar in
February 2008 and lowest value is 843.0 mbar in February 2004. The average over
44 year (between 1966 and 2010) is 1011.36 mbar (Figure 3.62).

Anomaly time series of pressure data (Figure 3.62, bottom panel) shows similar
evolution of high positive pressure anomalies observed in almost all bays during the
years from 1989 until 1994. It is thought to be that it must have strong relation with

EMT event effecting wind condition over the area.
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Figure 3.61 Time series of monthly averaged (top), annual mean humidity (center) and yearly

anomaly time series (bars) with moving averages (thick line) (bottom) for the Kusadas1 Bay.
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Figure 3.62 Time series of monthly average (thin line) and annual mean (thick line) pressure (mb)

(top), and yearly anomaly time series (bars) with moving averages (thick line) (bottom) for the

Kusadasi Bay.

3.5.3 Wind Analysis

In the region, wind from SE direction dominates throughout the years with an

average speed of 2.37 m/s is shown in Figure 3.63.

The prevailing wind over the Kusadasi area is SE direction shown in the wind-
rose map in Figure 3.63. Wind vectors of the monthly time series of wind speed and
direction anomalies for 1967-2010, depending on the availability of the data, were
constructed from hourly wind measurements in the Kusadas: Meteorological Centre.
The wind vectors of the monthly prevailing wind with average wind speed values for
Kusadas1 Bay data from Kusadasi Meteorological Centre is shown in Figure 3.64.
The wind intensities are low starting from 1985 until 1992. The frequently seen
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direction is N in early 1990s. The wind vectors for the wind blowing more than 12
hours show also the N direction in the same period. Figure 3.65 indicates that the
direction of the lasting wind most of time has no agreement with the prevailing wind

direction seen over the Kusadasi region.
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Figure 3.63 Wind chart of the prevailing wind for Kusadas1 Bay

data from Kusadas1 Meteorological Centre.
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Figure 3.64 Wind vectors of the monthly prevailing wind with average wind speed values for

Kusadasi Bay data from Kusadas1 Meteorological Centre. (Vip.x=16.6 m/s).
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Figure 3.65 The wind vectors for the wind blowing more than 12 hours drawn on the
average wind field.

3.5.4 Time Series of the Kusadasi1 Bay

Time series are analyzed by profiles of temperature, salinity and density from

several cruises in the Kusadasi bay extending from 1991 to 2009.

The time evolution of water masses were analyzed using the data from the
shallower and the deeper part of the Kusadasi Bay. The temperature and salinity
values are higher in general in the shallower part compare to the temperature and
salinity in the deeper part of the Kusadasi1 Bay. The temperature influence is more on
the densities namely less dense water can be observed in the shallower area. The
isopycnal of 28.6 kg/m3 shoals near surface in spring 1992 and deepens to the depth
of 10m, 20m and 30m in the spring 1993, 1995 and 2007 respectively. Deepening of
the isopycnals has one exception in spring 1996. Although the main water mass
structure evolves, the scarce of data does not allow all EMT periods to present. It is
difficult to recognize the major deep dense water formation and relaxation periods

clearly in Kusadas1 Bay.
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Figure 3.66 Temporal evaluations of temperature, salinity and density fields of Kusadasi region

(Shallow part) starting from 1991 up to 2009. The areas in white represent where data was not

collected.
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Figure 3.67 Temporal evaluations of temperature, salinity and density fields of Kusadasi
region (Deeper part) starting from 1991 up to 2009. The areas in white represent where data

was not collected.

LIW penetrates into the shallow area around peak period in the depth of greater
than 50m with density more than 29.0 kg/m3. The LIW penetration is obvious at
50m for deeper part in spring 1992. It is seen that the CAgIW flows reverse direction

towards south as a result of two-layered system. It can be understood from cold and
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dense water mass produced in the Central Aegean Sea under LIW. This cold and
dense water mass looses its influence in time. It can not be observed any more after
the major dense water formation period (1993) in the deeper part of Kusadasi Bay.
The surface temperature increases reducing the surface density because of increasing
air temperature (Figure 3.66) at the same time the surface salinity increases due to
the excess evaporation (Figure 3.67) in Kusadasi region in the last years especially

for shallow part.

3.6 Giilliik Bay
3.6.1 Study Area

The Giilliik Bay which is a small bay in the Aegean Sea is shown in Figure 3.68
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Figure 3.68 The view from Google Earth, bottom topography (from GEBCO, 2008 grided data)
and location of the Giilliik Bay.
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3.6.2 Meteorological Conditions

Hourly weather data including wind speed, wind direction, air temperature,
precipitation, evaporation, relative humidity and air pressure were retrieved from
Didim Meteorological Center. Figs 3.69-3.74 show the weather measurements in the

Gilliik Bay, Turkey.
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Figure 3.69 Time series of monthly average (thin line) and annual mean (thick line) air
temperature (°C) (top), and yearly anomaly time series (bars) with moving averages (thick line)

(bottom) for the Giilliik Bay.

The temperature difference reaches approximately 20 °C between the summers
and winters (Figure 3.69). The maximum value ever measured in hourly data is 43.4
°C in July 2007 and minimum value is -5.0 °C in February 2004. The average over

11 year (between 1996 and 2007) is 18.49 °C.
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The time series of yearly averaged data (Figure 3.69 bottom panel) shows slight
negative air temperature anomalies before late 1998 and after generally positive

anomalies up to 2007.
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Figure 3.70 Time series of monthly averaged (top), annual mean precipitation (center) and yearly

anomaly time series (bars) with moving averages (thick line) (bottom) for the Giilliik Bay.
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Figure 3.71 Time series of monthly averaged (top), annual mean humidity (center) and yearly

anomaly time series (bars) with moving averages (thick line) (bottom) for the Giilliik Bay.

Hourly precipitation data is retrieved from Didim Meteorological Center. Monthly
averaged precipitation data for the years 1996-2010 is shown in Figure 3.70. The

maximum value ever measured in hourly data is 116.20 mm in December 2002. The
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average over 14 year is 8.73 mm. The rainfall is minimum in the months of late

summer according to monthly averaged values.

Precipitation anomaly time series show peak negative anomaly in 2006 and the

values increases gradually in the last years (Figure 3.70 bottom).

Hourly humidity data is retrieved from Didim Meteorological Center for the years
1996-2010. Monthly averaged humidity time series is shown in figure 3.71. The
average relative humidity over 14 year is % 62.60. The humidity is minimum (%
43.69) in summer and the maximum (% 82.74) is in winter according to monthly

averaged values.

Anomaly time series was used to see the deviations from the mean of the all data
in time. The time series of yearly averaged data (Figure 3.71, bottom panel) shows
positive humidity anomalies before 2002 and after negative anomalies up to 2010.

The negative anomaly values are observed after 2002 probably affected by warm air.

The highest pressure value ever recorded in Giilliik area is 1028.8 mbar in January
2007 and lowest value is 971.2 mbar in January 2004 (Figure 3.72). The average
over 14 year (between 1996 and 2010) is 1009.55 mbar.

Anomaly time series was used to see the deviations from the mean of the all
pressure data in time. The time series of yearly averaged pressure data (Figure 3.72,

bottom panel) shows positive pressure anomalies during the years until 2004.
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Figure 3.72 Time series of monthly average (thin line) and annual mean (thick line) pressure (mb)
(top), and yearly anomaly time series (bars) with moving averages (thick line) (bottom) for the

Gilliik Bay.

3.6.3 Wind Analysis

In the region, wind from N direction dominates throughout the years with an

average speed of 3.10 m/s is shown in Figure 3.73.

The prevailing wind over the Giilliikk area is N direction shown in the wind-rose
map in Figure 3.73. Wind vectors of the monthly time series of wind speed and
direction anomalies for 2007-2010, depending on the availability of the data, were
constructed from hourly wind measurements in the Didim Meteorological Centre.
The wind vectors of the monthly prevailing wind with average wind speed values for

Giilliik Bay data from Didim Meteorological Centre is shown in Figure 3.74.
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Didim Meteorological Centre

‘2007 2008 ‘2009 2010
Time
Figure 3.74 Wind vectors of the monthly prevailing wind
with average wind speed values for Giilliikk Bay data from

Didim Meteorological Centre. (V.x=8.07 m/s).
3.6.4 Time Series of the Giilliik Bay

Time series are analyzed by profiles of temperature, salinity and density from

several cruises in the Giilliik bay extending from 1991 to 2009 (Figure 3.75).
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Figure 3.75 Temporal evaluations of temperature, salinity and density fields of Giilliik region

starting from 1991 up to 2009. The areas in white represent where data was not collected.
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The Giilliik and Kusadasi Bays show similar characteristics in the point of view of
interannual variability of water masses. The isopycnal of 28.6 kg/m3 shoals near
surface in spring 1992 and deepens to the depth of S5m, 15m and 35m in the spring
1992, 1993 and 2007 respectively. The water of Giilliikk Bay can be influenced by the
water mass of Levantine origin even during spring 1995 and 1996. LIW (16 °C, 39.1
psu and 29.0 kg/m3) is seen in the depth greater than 25m and 60m before and after
major peak time (winter 1993) respectively. LIW fills the surface of the Bay in
spring 1996. The deepening of isopycnal of 28.6 kg/m3 continues and reaches up to
40m in spring 2009. Again the surface temperature increases reducing the surface
density because of increasing air temperature at the same time the surface salinity
increases due to the excess evaporation in Kusadasi region in the last years as

observed in all bays.

3.7 Gokova Bay
3.7.1 Study Area

Gokova Bay, which is situated at the Southern Aegean Sea, as in a triangular form
extending in the east-west direction (100 km long) between Bodrum on the northern
and the Dat¢a Peninsula on the southern part (Figure 3.76). It has two deep basin as
eastern deep basin and western deep basin. The shelf depth reaches 104 m. The depth
deepens to about 540 m. The oceanography of the Gokova Bay has not been studied

until now.
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Figure 3.76 The view from Google Earth, bottom topography (from GEBCO, 2008 grided data)

and location of the Gokova Bay.

3.7.2 Meteorological Conditions

The meteorological data from Marmaris Meteorological Centers for Gokova Bay
area were recorded as hourly and include wind speed, wind direction, air
temperature, precipitation, evaporation, relative humidity and air pressure. Figures

3.77-3.84 show the weather condition in the G6kova Bay, Turkey.

The temperature difference reaches approximately 20 °C between the summers
and winters (Figure3.77). The maximum value ever measured in hourly data is 44.5
°C in July 1988 and minimum value is -3.4 °C in January 1964. The average over 47

year (between 1963 and 2010) is 18.92 °C.

The time series of yearly averaged data (Figure 3.77 bottom panel) shows
negative air temperature anomalies before late 89 and positive anomalies after 1997.
Air temperature anomaly gradually increases after 1990s as a result of global

warming. with exception 1992, 1993 and between the years 1995-1997.
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Figure 3.77 Time series of monthly average (thin line) and annual mean (thick line) air

temperature (°C) (top), and yearly anomaly time series (bars) with moving averages (thick line)

(bottom) for the Gokova Bay.

Hourly precipitation data is retrieved from Marmaris Meteorological Center.
Monthly averaged precipitation data for the years 1959-2010 is shown in Figure
3.78. The maximum value ever measured in hourly data is 466.30 mm in December
1992. The average over 51 year is 14.28 mm. The rainfall is minimum in the months

of summer according to monthly averaged values.

Precipitation anomaly time series data (Figure 3.78 bottom) does not show similar
trend as the data belonging to the northerly bays does. It means that the negative
precipitation anomaly observed in the northerly bays can be a sign for the forming

dense water in the vicinity of the bays.
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Figure 3.78 Time series of monthly averaged (top), annual mean precipitation (center) and yearly

anomaly time series (bars) with moving averages (thick line) (bottom) for the Gokova Bay.
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Figure 3.79 Time series of monthly averaged (top), annual mean evaporation (center) and yearly

anomaly time series (bars) with moving averages (thick line) (bottom) for the Gokova Bay.

Hourly evaporation data is retrieved from Marmaris Meteorological Center for the
years 1972-2010. Monthly averaged values are shown in figure 3.79. The maximum

evaporation value ever measured in hourly data is 21.0 mm in July 1988. The
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average over 38 year is 5.10 mm. The evaporation is minimum (0.66 mm) in winter

and the maximum (12.48 mm) is in summer according to monthly averaged values.

Time series are used to see long-term trend in the evaporation data. Anomaly time
series was usedthe time series of deviations of a quantity from mean of the all data
(Figure 3.79 bottom). Evaporation anomaly shows negative anomalies extending
from 1974 to 2000 with exception in the middle 1990s. As a result of the increasing

air temperature the positive anomalies were observed in the last years after 1999.

Hourly humidity data is retrieved from Marmaris Meteorological Center for the
years 1963-2010. Monthly averaged humidity time series is shown in figure 3.80.
The average relative humidity over 47 year is % 65.45 mm. The humidity is
minimum (% 44.22) in summer and the maximum (% 85.56) is in winter according

to monthly averaged values.

Anomaly time series was used to see the deviations from the mean of the all data
in time. The time series of yearly averaged data (Figure 3.80, bottom panel) shows
negative humidity anomalies before 1980 and after positive anomalies up to 2001
making peak in the years 1986 and 1987. Big positive anomalies can be seen also
between the years 1995-1999.. The negative anomaly values are observed after 2002

probably affected by warm air.

The highest pressure value in hourly data ever recorded in Gokova area is 1034.6
mbar in January 1973 and lowest value is 875.4 mbar in January 2004. The average
over 45 year (between 1965 and 2010) is 1012.10 mbar. Anomaly time series of
pressure data (Figure 3.81, bottom panel) shows that Gokova is a unique bay by the
pressure anomalies that have no agreement with the anomalies in other bays ever

detected.
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Figure 3.80 Time series of monthly averaged (top), annual mean humidity (center) and yearly

anomaly time series (bars) with moving averages (thick line) (bottom) for the Gokova Bay.
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Figure 3.81 Time series of monthly average (thin line) and annual mean (thick line) pressure

(mb) (top), and yearly anomaly time series (bars) with moving averages (thick line) (bottom)
for the Gokova Bay.

3.7.3 Wind Analysis

In the region, wind from WNW direction dominates throughout the years with an

average speed of 2.06 m/s is shown in Figure 3.82.

The prevailing wind over the Gokova area is WNW direction shown in the wind-
rose map in Figure 3.82. Wind vectors of the monthly time series of wind speed and
direction anomalies for 1966-2010, depending on the availability of the data, were
constructed from hourly wind measurements in the Marmaris Meteorological Centre.
The wind vectors of the monthly prevailing wind with average wind speed values for

Gokova Bay data from Marmaris Meteorological Centre is shown in Figure 3.83.
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Figure 3.82 Wind chart of the prevailing wind for Gokova Bay data
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Figure 3.83 Wind vectors of the monthly prevailing wind with average wind speed values for Gokova

Bay data from Marmaris Meteorological Centre. (Vi.x=17.09 m/s).

The changing wind in a reverse direction (ESE) is remarkable with increasing
wind intensities. ESE is frequently seen direction by the winds blowing more than 12

hours in the Gokova region (Figure 3.84).
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average wind field.

3.7.4 Gokova Bay General Circulation Pattern

As a result of wind analysis it is found that the prevailing wind direction of the
Gokova Bay (WNW) coincides circumstantially with the dominant wind direction in
the winter cruise time. Therefore the model runs were conducted using the prevailing
wind intensity and direction in order to obtain general water movements in the Bay.
The circulation is based on the basin wide net current flowing along the water

column.

The general circulation pattern that are frequently seen in the Gokova bay under
the influence of prevailing wind (WNW) is shown schematically. After the kinetic
energy reached a plateau the wind is let to blow over the model domain. One day
after blowing WNW wind the Levantine waters enter the Bay from the southern and
the northern shallow area of the entrance of the Bay. The expected flow
characteristic near both coasts is that the currents more or less are to the wind
direction in the case of a wind from WNW direction. Coastal jets are produced along
both coasts and a slow return flow compensates the water budget in the central area
of the basin. The cyclonic circulation settled down in the western basin in the earlier
stage of model run. Two cyclonic gyres form in the two deep basins after three days.

The Levantine waters exist in the western part of the Bay captured by the cyclonic
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circulation. The developing westward costal current in the beginning changes its
character and flows towards east because of existing persistent cyclonic movements
in the western side of the Bay. The jet brings the water masses that are originated

from the south Aegean Sea (MAW, LSW, LIW and TMW).

37°

36.9°4

36.8°

Gokova Bay
Circulation Pattern

9.3 em/s WNW wind

I I I I I I I I I
27.4° 27.5° 27.6° 27.7° 27.8° 27.9° 28° 28.1° 28.2° 28.3°

Figure 3.85 General circulation patterns of Gokova Bay.

The residence time which can be calculated dividing the water volume of the bays
by the total water exchange through the vertical section in the entrance is 5 months
for Gokova Bay. The fetch length is not long for the wind blowing from south and
north directions in Gokova Bay. Therefore weak current velocity is expected by the
wind-driven experiment done with the southerly and northerly wind lasted over the
Gokova area. The existing anticyclones found near the entrance of the Gokova Bay

could be responsible for the high residence time.
3.7.5 Time Series of the Gékova Bay

Gokova Bay is chosen as an area representing the southern Aegean water
characteristics influenced by the waters originated from Levantine Basin. In summer
1991, we observed oy = 29.0 kg/m’ below 250m in the Gékova Bay while in spring
1992 6y = 29.0 kg/m’ isopycnal lifted up to 75m (Figure 3.86). This level continued
until the end of 1993 possibly decreasing from surface layer in winter 1993. There
was no data from 1994. In spring 1995 o4 = 29.0 kg/m’ isopycnal was observed at the
depth of about 230 m. It seems that the EMT relaxation episode has started already
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and 29.0 kg/m’ isopycnal level has reached 265m in spring 1996 and 280m in fall
1996. The decrease of density inside the basin continued in spring 2001 and winter
2002. The op = 29.0 kg/m’ isopycnal level decreased to the depth of 320 m in spring
2001 and 350 m in winter 2002.

The winter convection is a seasonally occurring phenomenon that could have
brought high salinity levels near the surface as observed in spring 1992 and 1993.
The temperature values near surface were in accordance to the seasonal trend. But
the subsurface temperature, for example 16°C was the typical LIW temperature
observed in spring 1993 very near to the surface (80m). But the depth of 16°C
isotherms reached the depth of 215m in spring 1995 and about 170m in spring 1996
showing more deep water formation in spring 1996. However, 29.0 isopycnal did not
come to surface in spring 1996 as it was observed in spring 1993. The reason could
be the existence of Modified Atlantic Water (MAW) (with temperature 16-18 °C and
salinity less than 38.7) at the subsurface as a thin layer (25 m). The existence of such
low density at the surface layer acts as an insulating lid that makes the air-sea
interactions limited thus hindering the formation of dense water. Levantine Surface
Water (LSW) filled the surface layer with the water mass containing high salinity
and high temperature during fall 1996 as MAW disappeared. In the subsurface layer
greater than 60m, the Levantine Intermediate Water (LIW) was identified by its
salinity maximum. The Levantine Waters filled the Bay in spring 2001.
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Figure 3.86 Temporal evaluations of temperature, salinity and density fields of Gokova region starting

from summer 1991 up to summer 2008. The areas in white represent where data was not collected.

GIBW was at the surface with a temperature greater than 19°C. LSW was under
GSW between the depths of 10m and 40m with salinity about 39.2 psu. LSW was
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separated from MAW by a halocline. MAW was slightly remarkable with its low
salinity at the surface layer. The mixed layer was about 50m thick and the thickness
of the LIW was about 150 meter. LIW existed between the depth of 100m and 250m.
Its salinity was about 39.17 and its potential temperature 17 °C. The underlying water
mass was Transient Mediterranean Water (TMW) that was detectable in the layer
approximately 400m with the salinity slightly less than 39.0. TMW volume was not
found in considerable amount. The water column was almost homogenized up to
depth of 300 m because of influence of the wind and winter convective mixing in
winter 2002. A strong seasonal termocline and halocline formed just under the depth
of 300 m. The water masses LIW and TMW existed in the water column with
slightly different characteristics than the same water masses in spring 2001. Again

cold, salty dense water can be detectable in summer 2007 and 2008.

3.7.6 Hydrographic Characteristics of the Gokova Bay
3.7.6.1 Spring 2001

The water mass properties of the Gokova Bay are analyzed using the data
obtained from the 19 stations during the spring 2001 cruise (19-23.05.2001) (Figure
3.87-3.89). The Asian Minor Current flowing between Turkish mainland and Rhodes
Island brings the warm Levantine Surface Water (LSW) and the salty Levantine
Intermediate Water (LIW) along the western Turkish coast into the Gokova Bay.
Gokova Bay is open to the Aegean Sea from the west side. The opening part to the
Aegean Sea, especially the southwest corner is appropriate for the LWs that enter the
Bay. They penetrate up to the middle of the Bay as a result of general circulation
evolving in the Bay. Kos Island is a barrier for the LWs flowing to the north.
Therefore the station in the southwest corner of Gokova Bay has very similar water

characteristics to the water of Levantine origin.

Gokova Inner Bay Water (GIBW) is a distinguished surface water mass of
Gokova Inner Bay with high temperature and low density values (Table 3.5). LSW is
below Gokova Inner Bay Water (GIBW) between 10m and 40m and with a higher

salinity (Figure 3.89). LSW is the dominant surface water mass outside the Gokova
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Inner Bay and separated from MAW by a strong halocline. MAW is slightly

detectable with its low salinity (<38.8 psu) under the surface layer. MAW signal is

lost towards the east and not detectable further in the shallow inner area. Thickness
of the LIW is about 150 meter. LIW exists between the depths of 100m and 250m
(Figure 3.89). Its temperature value (16.98 °C) is slightly higher than the LIW

temperature value in the southern Aegean Sea (16.5 °C). The underlying water mass

is the modified Transient Mediterranean Water (TMW) that is detectable in the layer

approximately 400m with the salinity slightly less than 39.0. It is originating in the

Levantine and Ionian basins (Balopoulos et al., 1999; Theocharis et al., 1999a). The

temperature of TMW is slightly higher compared to the values obtained from

different monitoring studies because of the relative shallowness of the Gokova area.
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Figure 3.87 Temperature, salinity and density profiles of Gokova bay in Spring 2001.
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Figure 3.89 6-S diagram of spring 2001 (Gokova Bay).

Table 3.5. The water masses existing in the Gokova bay and their range in spring 2001.

Spring 2001

Water Temperature Salinity Density

mass (°O) (psu) (kg/m?)

GIBW >20.0 37.7-39.2 <27.8
% GDW 14.54 39.01 29.17
= MAW 17.17 39.1 28.63
% ™MW 14.61 38.96 29.12
=§ LSW 18.31 39.2 28.41
LIW 16.98 39.18 28.73

3.7.6.2 Winter 2002

The water masses of Gokova Bay are investigated through the data collected in 14
numbers of stations by the R/V K. Piri Reis in winter 2002 (27-29.01.2002) (Figure
3.90-3.92).
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The water masses that are detected in the cruise spring 2001 could not be

observed in winter 2002 cruise at the first glance. Water column is almost

homogenized up to the depth of 300m because of the influence of wind and winter

convective mixing. A permanent thermocline and halocline form just under 300m.

The two layer system has also homogeneous water under thermocline (halocline)

with a temperature of 14.6 °C and salinity of 38.95 psu. Bottom layer temperature

does not change much; however but slight decreasing salinities make a sign of

possible TMW formation in the fall season. The water masses that exist in the spring

period can be seen after focusing the salinity range between 39.1 and 39.18. But the

water masses are altered from original characters due to winter mixing processes.

The signs of LSW and MAW are not detected in the winter period as strong as in the

spring time (Figure 3.92).
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Gokova Inner Bay Water (GIBW) has very distinguished water colder and less

saline than the rest of water masses in the Bay (Figure 3.91, Table 3.6).
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Figure 3.91 6-S diagram of winter 2002 (Gokova Bay).

Table 3.6. The water masses existing in the Gokova bay and their range in winter 2002.

Winter 2002
Water Temperature Salinity Density
mass (°O) (psu) (kg/m?)
GIBW <17.0 <39.04 28.37-28.65
: GDW 14.58 38.97 29.13
==}
§ MAW ---- ---- -—--
@) ™W ---- ---- -—--
X
=8 LSW ---- ---- -—--
LIW 17.35 39.17 28.63
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Figure 3.92 The salinity vertical section along the long axis of Gokova bay in winter 2002.



CHAPTER FOUR
DISCUSSION

Some studies asserted that the EMT (Eastern Mediterranean Transient) started in
the years between 1987 and 1990 (Schlitzer et al. 1991; Theocharis et al. 1999a;
Gertman et al. 2006). EMT event is relaxed by about 1995 (Theocharis et al. 2002).
Zervakis et al. (2003) gave information about the EMT relaxation period of no
ventilation of the deep waters of the North Aegean in the period from 1994 to 2000.
The density levels in the northwestern Levantine Sea are decreased very moderately
between 1995 and 2001 (Roether et al. 2007). The present work confirms the above
studies and gives information about the evolution of density levels after EMT
relaxation period in the Aegean Sea especially in the Izmir Bay and the Gokova Bay.
It shows the different characteristics of the intermediate water masses of the
Aegean’s bays and tries to identify interannual variability consistent with the North-
Central Aegean water characteristics. Figure 4.1 shows this consistency and also the
evolution after 2000 (after relaxation period). The data of North-Central Aegean
were obtained from the study of Veloaras and Lascaratos (2005). The stagnating
intermediate water in the izmir and Gokova Bays was denser after year of 2000 by
gaining salt even though the temperature increases. The increasing of the density
continued until 2007 in the Gékova and Izmir Bay even in the Saros Bay. Same trend
cannot be observed in the North-Central Aegean Sea and Saros Bay by the
intermediate temperature time series. They do not allow any solid conclusions to be
drawn, apart from the salinity and density evolution with time. The high density
values were observed near to surface level and the bays were again full with salty

water and the isopycnal levels are comparable with the isopycnal levels of 1993.

126
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Figure 4.1 Time evolution of mean integrated values of temperature, salinity and density in the

100-300 dbar layer in the North-Central Aegean Sea (after Velaoras, D. and Lascaratos, A., 2005)

in the Saros and in the Gokova Bay. Izmir Bay is very shallow area. The izmir data is selected

only for winter period from deep part of the Bay to rid of the influence of the seasonal variations.
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This variability observed in the intermediate water of the bays showed that the
bays have the potential to produce dense-water causing dense water cascade from
coast to the Aegean Sea. However it depends on the meteorological conditions over
the eastern Mediterranean and possibly, central/eastern Europe (Zervakis et al. 2004).
The North Atlantic oscillation (NAQO) appears to be responsible besides some
regional variability. It is obvious from Figure 4.1 that intermediate water shows

about 10 years oscillation independent of seasonal cycle.

In this part of the section the meteorological conditions of all bays are compared with
each other. Similarities and differences especially during main EMT period (1990-
1994) were revealed by overlaying the data retrieved from the meteorological center

representative for the bays environment.

The air temperature of the all bays are overlaid (Figure 4.2). More or less all bays
show similar variation in time. There is any certain oscillation period of data. Near
1990s 3 years time difference between two negative peak points (at 1993 and 1996).
Especially the negative anomaly of 1993 is the lowest temperature anomaly of over
30 years. It means that the air temperature has big influence on the forming very
dense water in the Aegean Sea in EMT time. Severe winter condition causes strong

winter convection.

Air temperature influence on the formation of dense water is undisputed true. But
it can not be alone to explain EMT event. Precipitation plays very crucial role on air-
sea interactions (Figure 4.3). A big amount of precipitation hinders air-sea
interaction. It isolates sea from air with maintaining a thin layer lid on the surface of
sea. All precipitation data without any exception shows negative precipitation

anomaly after 1989 until 1994.
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Figure 4.2 Overlaid time series of all bays, yearly averaged air temperature (upper panel) and

their anomalies.
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Except the southern regions of Kusadas1 and Gokova, the data of other regions show
negative evaporation anomaly during EMT period. The surface salinity is generally
proportional to precipitation minus evaporation in middle latitude regions. Therefore
we expect negative evaporation anomalies during EMT time together with the
negative precipitation anomalies. Otherwise a salinity increase must be considered. It
is the case for southern regions. Figure 3.86 (middle panel) shows excess salinities at
the surface from 1992 until 1996. The negative evaporation anomalies are observed

during EMT time for the northern and central Aegean bays shown in Figure 4.4.

O Edremit Bay (Edremit M.C.) a Izmir Bay (CigliM.C.) A Gokova Bay (Marmaris M.C.)

+ Candarli Bay (Dikili M.C.) O Kusadasi Bay (Kusadasi M.C.)

Evaporation (

Time

Evaporation Difference (mm)

Time

Figure 4.4 Overlaid time series of all bays, yearly averaged evaporation (upper panel) and their

anomalies.
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The all humidity curves belonging to the bays show similar trend with an exception
of Kusadas1 (Figure 4.5). The humidity values increase from 1980 until 1986 and
then begin to decrease after. There are no extraordinary changes during EMT period

in the humidity data.

® SarosBay (Gokceada M.C)) a [zmir Bay (Cigli M.C.) A Gulluk Bay (Didim M.C.)
O Edremit Bay (Edremit M.C.) O Kusadasi Bay (Kusadasi M.C.) A Gokova Bay (Marmaris M.C.)
+ Candarli Bay (Dikili M.C.)
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Figure 4.5 Overlaid time series of all bays, yearly averaged humidity (upper panel) and their

anomalies.
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It is an interesting evolution of high positive pressure anomalies that were observed
similar in almost all bays during the years from 1989 until 1994 (Figure 4.6). Any
significant positive pressure anomalies have been observed after this period. The big
amount of Aegean Deep Water (ADW) flowed over the sills of the Cretan Arc into
the Levantine Basin during this time. The pressure over a region can change the
behavior of the wind. Wind changes the character of the circulation or establishing
new cyclonic or anticyclonic movements in the bays. It is a question if these high
pressure anomalies in the bays are related to the forming cyclonic gyres in the central
Aegean. If it is the case together with very cold winter they play important role on
the homogenization of the water column causing very deep winter convection

remaining very dense water behind.
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Figure 4.6 Overlaid time series of all bays, yearly averaged pressure (upper panel) and their

anomalies.
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The hydrography of three bays of Saros, izmir and Gékova that are representative
of the part of the Aegean Sea were analyzed separately in Chapter 3. The
hydrographic parameters and water masses are treated together to indicate the

differences and similarities of three parts of the Aegean Sea better.
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Figure 4.7 Temperature, salinity and density profiles of three bays in spring 2001.

Temperature value of the Central Aegean Sea (Izmir Bay) water is close to the
temperature value observed in North Aegean Sea (Saros Bay) and approximately 1
°C warmer than it and more than 3 °C colder than the South Aegean Sea water

(Gokova Bay) in spring 2001. On the other hand the salinity value of the Central
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Aegean Sea (Izmir Bay) is very close the value of South Aegean Sea water (Gokova
Bay) water. The North Aegean Sea (Saros Bay) is less saline compared the other two
regions water in spring 2001 period (Figure 4.7). Therefore it can be understood why

the Central Aegean has the densest water in the Aegean Sea.
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o1 pring |
¢ Saros Bay
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Figure 4.8 T-S diagram of spring 2001.

T-S diagram demonstrates the dense water of Izmir Bay at the surface and
intermediate layer in another way Figure 4.8. LIW was found in both bays in the
bays of Saros and Gokova. Its characteristics were modified on the way to the north.
Its density decreased by gaining heat in the shallow Gokova Bay and by losing salt
slightly in the Saros Bay.

The general characteristics of the water in the three bays do not change from spring
2001 to winter 2002. The water of the G6kova Bay is the warmest and saltiest in the
three bays in winter 2002 as in spring the case is (Figure 4.9). Again the Izmir Bay
water is the densest of three water masses (Figure 4.10). LIW was found clearly only
in Gokova Bay. Its characteristics indicate that no big changes in salinity values

different than original LIW. But its temperature increases on the way to Gokova Bay.
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CHAPTER FIVE
CONCLUSION

The present study investigated the water masses in the bays (Saros, Edremit,
Candarh, Izmir, Kusadas1, Giillik and Gokova Bays) along the eastern coast of
Aegean Sea, in time and space. The important conclusion is the decrease of isopycnal
levels in the bays after the peak EMT period with time starting from 1994 up to
2001. This confirms the study of Zervakis et al. (2003), Roether et al. (2007),
Velaoras and Lascaratos (2010). The data of these bays shows that their salty, cold
and dense waters change their characteristics during the EMT, EMT post-peak period
and after. This is related to high salinity Levantine Waters reaching even to the North
Aegean Sea. Due to their increased salinity they are the preconditioning for the
outcropping of the isopycnals particularly after coinciding with severe cold winter
episodes. The stagnating deep water in the bays gained slowly buoyancy by losing
salt and gaining heat. After the EMT relaxation period the water started gradually to
be denser until 2007. The bays were again full with salty water and the isopycnal
levels are comparable with the isopycnal levels of 1993. It was the first time after
1993 there have been a new severe deep—water producing episodes in the Aegean.
Unfortunately it is not known if these isopycnal levels were the sign of new time for

new transient from the Aegean Sea to Levantine basin.

The general outcome is the waters in the three regions (Northern, Middle and
Southern Aegean) show different characteristics. The water of the southern bays
(Gokova, Giillik and Kusadasi) are warmer and saltier than the water of the bays in
other regions in winter and spring. The water of the bays in the Middle Aegean
(Ederemit, Candarli and izmir) are denser compared to the bay waters in the other
two regions. LIW was found clearly only in the southern bays and circumstantially in
Izmir and Saros Bays. Its characteristics indicate that no big changes in salinity
values different than original LIW. But its temperature increases on the way to the

southern Aegean.
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Air temperature influence on the formation of dense water is important. Especially
the negative anomaly of 1993 is the lowest temperature anomaly of over 30 years.
But it can not be alone to explain EMT event. All precipitation data without any
exception shows negative anomalies after 1989 until 1994. Less rainfall plays also
very crucial role on air-sea interactions. The very dense water formation period in the
Aegean Sea is between 1990 and 1994. The evaporation data of the Aegean regions
except southern regions (Kusadasi and Gokova Bays), show negative anomaly during
EMT period. The evolution of high positive pressure anomalies were observed
similar in almost all bays during the years from 1989 until 1994. Any significant

positive pressure anomalies have been observed after this period.

The moderate or strong wind from north direction causes upwelling in southwest
corner of entrance of the Saros Bay. Upwelling is a process that makes the surface
water of this region denser. The transfer of this dense upwelling water to the Central
Aegean Sea could be one of the several preconditions for the formation of dense
water in the Central Aegean Sea. The southwest corner of Saros Bay was occupied
with the BSW when the wind situation alters as in winter 2002. This time, instead of
dense surface water, a buoyant BSW influences the area. LIW exists in the Saros
Basin from time to time as in spring 2001. It penetrates the bay from the North

Aegean Sea with the flow compensating the outflowing water.

In the middle of the Izmir Bay, a cyclonic gyre occurs frequently as a result of
wind driven circulation. This cyclonic circulation brings the dense water to the
surface especially in winter period. The forming water in the middle of the Izmir Bay
is denser than the water of Aegean Sea entering from the northwest corner of the bay.
This means temperature-controlled dense water cascading occurs from the Izmir Bay
to the Aegean Sea along the east coast of the Izmir Bay during winter, and a salinity-

controlled dense water cascading during summer.

The other important conclusion is the finding of most of the south Aegean Sea

water masses in the Gokova Bay as LSW, LIW, MAW and TMW. GIBW is the only
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distinguished water mass forming in the inner part of the bay independent from the
south Aegean water masses. The jet from southwest and northwest entrance of the
bay brings the water masses that are originated from the south Aegean Sea especially
to the core of western cyclonic gyre. Coastal jets are produced along both coasts and
a slow return flow compensates the water budget in the central area of the basin. The
movements always over the eastern and western deep basins have cyclonic character

In winter time.
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