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Coastal Geomorphology and Coastal Erosion of Phaselis Ancient City and its
Surroundings

Phaselis Antik Kenti ve Cevresinin Kiyi Jeomorfolojisi ve Kiyi Erozyonu

Ebru AKKOPRU® & Musa TAS™

Abstract: The aim of this study is the detection of coastal changes in and around the ancient city of Phaselis
between the years 1957, 1981, 1992, 2009 and 2019. A literature review was carried out and it was
determined that the Digital Shoreline Analysis System (DSAS) was the most appropriate method for detecting
coastal change. DSAS, an extension of the ArcGIS program, is a method that effectively calculates changes in
coastal shorelines from past years. In this study, the most preferred statistical analyses within the DSAS
analysis method were used, including Net Shoreline Movement (NSM), End Point Rate (EPR), and Shoreline
Change Envelope (SCE). While the DSAS method often relies on Landsat satellite imagery, in this study, aerial
photographs from the General Directorate of Mapping (HGM) were used, providing more detailed data for
the years 1957, 1981, 1992, 2009, and 2019. The reason for not using Landsat satellite images is that the study
area covers a small geographical area. This limitation prevents Landsat satellite imagery from providing a
detailed view. During the analyses, the study area was divided into four sections: Bostanlik Bay, City Harbor,
Northern Harbor and Cennet Bay. Bostanlik Bay was further divided into two parts, labelled A and B, for
investigation. The results of the analyses showed that sedimentation occurred in certain areas of the ancient
city of Phaselis and its surroundings. In other areas, erosion occurred. The occurrence of sedimentation is
attributed to both natural processes and anthropogenic activities. The most prominent example of
anthropogenic activity can be seen along the coast of Cennet Bay.

Keywords: Phaselis, Coast, Coastal Erosion, Dsas, Cbs

Oz: Bu calismanin amaci Phaselis Antik Kenti ve cevresinin 1957, 1981, 1992, 2009 ve 2019 yillari arasindaki
kiyr degisimini ortaya koymaktir. Yapilan literatir calismasi sonucunda kiyr degisimini tespit etmek icin en
uygun yontemin Digital Shoreline Analysis System (DSAS/Dijital Kiyi Cizgisi Analiz Sistemi) oldugu tespit
edilmistir. ArcGIS programinin bir uzantisi olarak kullanilan DSAS, gecmis yillara ait kiyi seridi degisimlerini en
uygun bicimde hesaplayan bir yontemdir. DSAS analiz ydontemi icinde en cok tercih edilen istatistik analizleri
olan Net Kiyi Hareketi/Net Shoreline Movement (NSM), Bitis Noktasi Orani/End Point Rate (EPR) ve Kiyi Seridi
Degistirme Zarfi/ Shoreline Change Envelope (SCE) bu ¢alismada kullaniimistir. DSAS yontemi uygulanirken
daha ¢ok Landsat uydu gorintilerinden yararlanilir. Ancak bu calismada daha ayrintili veri saglayan Harita
Genel Mudurligi’nden (HGM) temin edilmis olan 1957, 1981, 1992, 2009 ve 2019 vyillarina ait hava
fotograflari kullanilmistir. Landsat uydu gorintisinden yararlanmamanin nedeni ¢alisma alanin kigik bir
sahayl kapsamasidir. Bu da Landsat uydu gorintilerinin ayrintih bir goérintl almasina engel olmaktadir.
Analizler yapilirken calisma alanini Bostanlk Koyu, Kent Limani, Kuzey Limani ve Cennet Koyu olarak dort
bolime ayirilmistir. Bostanlik Koyu kendi icerisinde A ve B olarak iki kisimda incelenmistir. Yapilan analizler
sonucunda ise Phaselis Antik Kenti ve ¢evresinin belli alanlarda birikme olurken belli alanlarinda ise erozyon
meydana gelmistir. Birikme olayinin gerceklesmesinin nedeni dogal siireclerin yani sira antropojen faaliyet-
lerdir. Antropojenik faaliyetlerin en iyi 6rnegini ise Cennet Koyu kiyilarinda gordlar.
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Introduction

Coasts, which are pieces of land bordering the sea, have been important living spaces for living
creatures, especially humans, throughout history. Coastal areas have been and still are used for
shelter, industry, agriculture, tourism, natural and cultural resources and recreational activities
throughout the historical development process?. Phaselis Ancient City is situated 50 km away from
Antalya, located at approximately 36°52' north latitude and 27°55' east longitude. It falls within the
borders of the Tekirova neighborhood in the Kemer district? (Fig. 1). The study area's boundaries
were established by considering the watershed formed by small streams that supply water to
Phaselis Ancient City and flow into the sea or the Asar Lagoon. Accordingly, it starts from the south
of Camyuva neighborhood in the north and ends with the alluvial plain formed by the Karacay
Stream in the southwest (Fig. 1). Phaselis Ancient City was established on two distinct geographical
surfaces that are separated from each other: the cape extending towards the sea, and the
settlement area on the hill and its foothills to the north®4.

PHASELIS ANCIENT CITY LOCATION MAP
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Fig. 1. Phaselis Ancient City Location Map. A: The location of Antalya province on the physical geography
map of Tlrkiye. B: Location of Phaselis Ancient City on the physical geography map of Antalya province. C:

Top view of Phaselis Ancient City

From a morphological perspective, Phaselis Ancient City and its surroundings are distinguished by
the presence of elevated hills, which are part of the Tahtali Mountains range. The central area of

Doker 2012, 1351.
Akkopri 2022, 224.
Atasoy 2010, 50.
Oner 2018, 352.
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the city is home to the Asar Lagoon®, now covered with swamps and reeds. The Asar Lagoon is
nourished by several small seasonal streams, with the Gokglr Stream being particularly notable.
Another significant geomorphological feature of Phaselis Ancient City is the tombolo, upon which
many important structures, including the theater and acropolis, were constructed. Along the coastal
section of the tombolo, cliffs dominate, while in the inner part, there are two hills rising to heights
of 55 meters and 60 meters.To the north of the tombolo, you'll find both city harbor and Northern
Harbor. Asar Lagoon lies to the west, Bavul Bay to the east, and to the south, there are both
Southern Harbor and Bostanlik Bay. To the north of the tombolo, you'll find both city Harbor and
Northern Harbor. Asar Lagoon lies to the west, Bavul Bay to the east, and to the south, there are
both Southern Harbor and Bostanlik Bay® (Fig. 2).

PHASELIS ANCIENT CITY TOPOGRAPHICAL MAP
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Fig. 2. Phaselis Ancient City Topography Map

Phaselis and its environs boast bays of varying sizes, owing to their intricately indented coastlines.
Vast coastal dunes extend behind these formed bays. Furthermore, significant ports were
established within these bays, bestowing upon Phaselis the distinction of being a port city.

When discussing the hydrography of Phaselis and its surroundings, Schafer (1981) references a
water source that held significant importance in the founding of the ancient city’. Within the study
area, numerous seasonal streams of varying sizes flow into lagoons and bays (Fig. 3). Gokgur Stream,
which feeds into Asar Lagoon, originates between the Kocain cliffs at an elevation of 500 meters and
Gokgir Locality (Fig. 3). Karagay Stream, which flows into the alluvial plain to the west of Bostanlik
Bay, originates from multiple locations. Kirsecik Stream empties into Zeynep Bay, situated in the

5 For lagoon borders see also Arslan & Tiiner Onen 2021, 156.

6 Aslan & Orhan 2019, 85-99.
7 Schafer 1981, 30.
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northern part of ince Promontory. Within this region, sedimentary materials transported by the
stream have accumulated. Alacasu Stream, coursing toward Cennet Bay, takes its source from three
different points, amassing the materials it carries in this area, thus forming a sandy-pebble beach.

PHAZELIS ARCIER | CITY HYUROGAPHIC WAl PHASELIS ANCIEMT CITY GEOLCEICAL KAR

e | |
TEEE |

Fig. 3. Phaselis Ancient City Hydrographic Map Fig. 4. Phaselis Ancient City Geological Map®
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To briefly discuss the geology of Phaselis and its surroundings, the northern slopes of the Ancient
City are cloaked with quaternary-aged travertines. These travertines, which overlay Cretaceous-
aged peridotites, stretch from an altitude of 400 meters down to sea level. In contrast, the southern
regions of ince Promontory comprise Cretaceous-aged peridotites, while the northern areas are
characterized by quaternary-aged travertines. The area behind Cennet Bay is primarily dominated
by quaternary alluviums. Kara Cape is situated on Cretaceous-aged peridotites (Fig. 4). The Phaselis
tombolos are comprised of Cretaceous-aged peridotites. Cogmen Hill (133 meters) and Dusek Hill
(60 meters), located just west of Asar Lagoon, are covered with Cretaceous-aged peridotites, while
their surroundings are adorned with quaternary-aged alluviums transported by streams. The
southern and western slopes of Kavacik Hill (112 meters), found in the interior, are mainly
characterized by ophiolitic flysch (olistostrome) lithology. The upper regions of Kavacik Hill consist
of gabbro and diabase (peridotite)® (Fig. 4).

Material and Method

After conducting a thorough literature review, it was determined that the most precise and effective
method for assessing coastal changes in the Ancient City of Phaselis and its vicinity is the DSAS
(Digital Shoreline Analysis System). The DSAS tool serves as an extension within the ArcGIS program.
This method accurately computes coastal changes by comparing historical coastlines of the area
over time. Although Landsat satellite images are commonly used when employing the DSAS
approach (see Kuleli 2010, Déker 2012, Ozpolat & Demir 2014, Topuz 2018, Kilar & Cicek 2018), this
study utilized aerial photographs from 1957, 1981, 1992, 2009, and 2019, sourced from the General
Directorate of Mapping (HGM), providing more detailed and comprehensive data.

The DSAS method, originally developed by the United States Geological Survey (USGS) in the early
1990s, is a computer software program based on Geographic Information Systems (GIS). DSAS offers
the capability to conduct various data analyses. When deemed appropriate, statistical analysis
methods such as NSM, SCE, and EPR are employed for effectiveness.

The Net Shoreline Movement (NSM) statistical method is not designed to calculate the rate or

8 Akkopru et al. 2022, 227.
S Akkopru et al. 2022, 227.
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speed of shore change. Instead, it measures the distance in meters between the shorelines of two
specific dates, typically the oldest and the most recent ones?® (Fig. 5).

The Shoreline Change Envelope (SCE) statistical method calculates a distance in meters, rather
than a ratio. The SCE value is instrumental in identifying the greatest distance between all coastlines
intersecting a specific section. In simpler terms, it measures the distance between the most
advanced shoreline of a coastline and the most retreated shoreline, as depicted in Figure 5.

The End Point Rate (EPR) statistical method is determined by dividing the distance of coastline
movement by the time that has passed between the oldest and newest coastlines. In essence, the
End Point Rate is calculated by dividing the Net Shoreline Movement by the elapsed time (Fig. 5).
The End Point Rate (EPR) method offers several key advantages, including its simplicity of calculation
and the utilization of data from only two specific coastline dates during the calculation process.
However, a notable disadvantage is that it may overlook additional information when more
comprehensive data is at hand.

NSM = distance (m) between oldest and youngest shorelines

- NSM
time between oldest and most recent shoreline

T SCE = greatest distance (m) between all shorelines

Fig. 5. lllustration of NSM, EPR and SCE statistical analyses®?

Findings

In this study, the Ancient City of Phaselis was examined within four distinct groups: Bostanlk Bay
(which was further divided into A and B sections), City Harbor, Northern Harbor, and Cennet Bay.
Coastal changes in each of these areas were investigated by conducting NSM, EPR, and SCE analyses.
In the subsequent section, the analysis results for the respective coastlines are presented and
discussed under specific headings.

Changes on the Shores of Bostanlik Bay

Bostanlik Bay NSM Analysis Results

Along the shores of Bostanlik Bay (Section A), measurements were taken from 38 points at 10-meter
intervals as per NSM statistics. For NSM analysis, the oldest available shoreline data from 1957 and
the most recent data from 2019 were utilized. Comparing the shorelines between 1957 and 2019,
the most substantial accumulation was observed in section 32, with an increase of 18.97 meters.
Conversely, the highest erosion was recorded in section 2, with a decrease of -2.27 meters. Notably,
along the coast of Bostanlik Bay (Section A), coastal changes predominantly occurred in the direction
of accumulation (Fig. 6a-b).

10 Himmelstoss et al. 2018, 48; Dolan et al. 1991, 724-725.
11 Himmelstoss et al. 2018, 48.
12 Himmelstoss et al. 2018, 51.
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As per NSM statistics, a total of 154 sections were surveyed at 10-meter intervals along the coast
of Bostanlik Bay (Section B). For this analysis, data from the years 1957 and 2019 were compared.
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Fig. 6a-b. Bostanlik Bay A NSM graph (a). Bostanlik Bay A NSM map (b)

The most significant erosion was observed in section 124, with a substantial decrease of -17.57
meters. Conversely, the highest accumulation was identified in section 25, with an increase of 7.22
meters (Fig. 7a-b). In the area encompassing the cliff situated in the middle of Bostanlik Bay (Section
B), it has been observed that accumulation predominantly characterizes the southern side of the
cliff. Conversely, erosion has been identified on the northern side of the cliff, specifically within the
region housing the South Port. Remarkably, there has been minimal erosion within the vicinity of
the cliff itself (Fig. 7a-b).
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Fig. 7a-b. Bostanlik Bay B NSM graph (a). Bostanlik Bay B NSM map (b)

Bostanlik Bay EPR Analysis Results

Along the shores of Bostanlik Bay (Section A), measurements were collected from 38 points at 10-
meter intervals, following EPR statistics. For the EPR analysis, data from the earliest coastline in 1957
and the most recent coastline in 2019 were employed.

Bostankk Uzy (&) L% Gragh

o 50 mw

Fig. 8a-b. Bostanlik Bay A EPR graph (a). Bostanlik Bay A EPR map (b)

Over the 62-year period spanning these years, the section exhibiting the most substantial
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accumulation was identified as section 32, with an annual accumulation rate of 0.31 meters. In
contrast, the highest level of erosion was observed in section 2, where the annual erosion rate was
-0.04 meters (Fig. 8a-b). In this area, a prevailing trend of accumulation has been noted, with
minimal erosion almost absent.

Based on the outcomes of the EPR analysis along the coast of Bostanlik Bay (Section B), data was
gathered from 154 points at 10-meter intervals. Over the 62-year period between 1957 and 2019,
the most substantial erosion was documented in section 124, with an annual erosion rate of -0.28
meters. Conversely, the highest accumulation was observed in section 25, with a maximum rate of
0.12 meters per year (Fig. 9a-b).

BOSTANLIK EAY |B) END FOINT RATE (EFR) ANALYSIE MAF
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Fig. 9a-b. Bostanlik Bay B EPR graph (a). Bostanlik Bay B EPR map (b)

Bostanlik Bay SCE Analysis Results

According to the results of the SCE analysis, data was collected from 38 points at 10-meter intervals
along the shores of Bostanlik Bay (Section A). The most significant coastal change on the coast of
Bostanlik Bay (Section A) was recorded between 1992 and 2019, with a change of 27.11 meters
observed in section 32 (as depicted in Fig. 10a-b). In section 32 of Bostanlk Bay (Section A), an
accumulation of 2.03 meters was observed between 1957 and 1981. However, between 1981 and
1992, this area experienced a substantial erosion of -10.27 meters. From 1992 to 2019, a distinct
accumulation pattern dominated (Fig. 10a-b).
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Fig. 10a-b. Bostanlik Bay A SCE graph (a). Bostanlik Bay A SCE map (b)

According to the results of the SCE analysis, data was collected from 154 points at 10-meter
intervals along the shores of Bostanlk Bay (Section B). The most significant coastal change was
observed in section 124, as shown in Fig. 11a-b. This area underwent a substantial change of 18.61
meters between 1957 and 2009. In the specific location of section 124, continuous erosion occurred
over this period (-18.61 meters) from 1957 to 2009. However, a subsequent accumulation of 1.04
meters was documented between 2009 and 2019 (Fig. 11a-b).
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Fig. 11a-b. Bostanlik Bay B SCE graph (a). Bostanlik Bay B SCE map (b)

Changes on the City Harbor Shore

City Harbor NSM Analysis Results

To conduct the NSM analysis in the vicinity of the City Port, 29 sections were surveyed at 10-meter
intervals. In this analysis, the earliest available data from 1957 was compared with the most recent
data from 2019. The findings revealed that the most significant accumulation occurred in section
number 8, with a substantial increase of 10.31 meters, as depicted in Fig. 12a-b. Conversely, the
highest erosion was identified in section 28, with a decrease of -4.55 meters. Notably, accumulation
predominantly characterized the southern side of the City Port, while erosion prevailed on the
northern side, as illustrated in Fig. 12a-b.
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City Harbor EPR Analysis Results
To perform the EPR analysis of the City Port, data was collected from 29 points at 10-meter intervals.

The EPR analysis utilized data from 1957 (the oldest data) and 2019 (the most recent data). Based
on the results of the EPR analysis, over the 62-year period spanning 1957 to 2019, the highest
accumulation rate was recorded in section 8, with a rate of 0.17 meters per year, as depicted in Fig.
13a-b. In contrast, the maximum annual erosion rate between 1957 and 2019 was observed in

section 28, reaching -0.7 meters per year (Fig. 13a-b).
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Fig. 13a-b. City Harbor EPR graph (a). City Harbor EPR map (b).

City Harbor SCE Analysis Results
In the SCE analysis of the City Port, data was collected from 29 points at 10-meter intervals. The

most substantial change was observed in section number 5, with a change of 10.8 meters
documented between 1957 and 2009 (Fig. 14a-b). The coastal area where section 5 is situated
reached its lowest point in 1957. Starting from 1957 and extending to 2009, this area began to
progressively accumulate towards the sea. However, from 2009 to 2019, the region encompassing
section number 5 experienced erosion, with a total loss of -2.59 meters during that period (Fig. 14a-

b).

| S}U Nz,
7

Fig. 14a-b. City Harbor SCE graph (a). City Harbor SCE map (b).

Changes on the North Harbor Shore

North Harbor NSM Analysis Results
To conduct the NSM analysis in the area previously designated as the North Port, data was gathered

from 89 points at 10-meter intervals. The NSM analysis employed data from 1957 (the oldest data)
and 2019 (the most recent data). The analysis revealed that the most significant accumulation was
observed in the region corresponding to section number 2, with an increase of 11.79 meters when
comparing the data from 1957 to 2019 (Fig. 15a-b). The most substantial erosion was identified in
the region associated with section number 55, totaling -11.12 meters. Notably, accumulation
predominantly characterized the southern side of the North Port, whereas the northern side

experienced more pronounced erosion activity (Fig. 15a-b).
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Fig. 15a-b. North Harbor NSM graph (a). North Harbor NSM map (b).

North Harbor EPR Analysis Results

To conduct the EPR analysis in the North Port, data was collected from 89 points at 10-meter
intervals. The EPR analysis employed data from 1957 (the oldest coastline) and 2019 (the newest
coastline). Based on the EPR analysis, over the 62-year period spanning 1957 to 2019, the highest
accumulation rate in the North Port was found to be 0.19 meters per year in section number 2, as
depicted in Fig. 16a-b. Conversely, the maximum erosion rate between 1957 and 2019 was observed
in section 55, with a rate of -0.18 meters per year, as shown in Fig. 16a-b.
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Fig. 16a-b. North Harbor EPR graph (a). North Harbor EPR map (b).

North Harbor SCE Analysis Results

In the SCE analysis of the North Port, data was gathered from 89 points at 10-meter intervals. The
analysis unveiled that the most substantial change on the coast was observed in section 16, with a
change rate of 13.24 meters, as shown in Fig. 16a-b. The area encompassing section 16 experienced
a significant erosion of -13.24 meters over the 24-year period between 1957 and 1981.
Subsequently, an accumulation of 4.71 meters was documented over the 38-year period from 1981
to 2019 (Fig. 16a-b).
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Fig. 17a-b. North Harbor SCE graph (a). North Harbor SCE map (b).
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Changes to Cennet Bay Beach

Cennet Bay NSM Analysis Results

To obtain the results of the NSM analysis for Cennet Bay, situated between ince Promontory and
Kara Promontory in the northern part of Phaselis, measurements were obtained from 21 points at
10-meter intervals. The NSM analysis incorporated data from 1957 (the oldest data) and 2019 (the
most recent data). Upon comparing the data from 1957 to 2019, the most substantial accumulation
was identified in the region corresponding to section 21, exhibiting an increase of 12.87 meters (Fig.
18a-b). Cennet Bay has experienced minimal erosion. Over the 62-year period, the most notable
erosion was observed in the region associated with section 17, with a decrease of -1.34 meters (Fig.
18a-b).

cannet By HEM Graph

Fig. 18a-b. Cennet Bay NSM graph (a). Cennet Bay NSM map (b).

Cennet Bay EPR Analysis Results

In the EPR analysis of Cennet Bay, data was collected from 21 points at 10-meter intervals. Over the
62-year period between 1957 and 2019, the most substantial accumulation was recorded in section
21, with an accumulation rate of 0.21 meters per year (Fig. 19a-b). The regions where sections 1, 2,
and 3, passing through the southern part of Cennet Bay, are situated, are also notable for their high
accumulation rates. During the period from 1957 to 2019, the highest erosion rate was observed in
the vicinity of section 17, with a rate of -0.02. Cennet Bay, overall, has experienced minimal erosion
(Fig. 19a-b).
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Fig. 19a-b. Cennet Bay EPR graph (a). Cennet Bay EPR map (b).

Cennet Bay SCE Analysis Results

In Cennet Bay, data was collected from 21 points at 10-meter intervals for the SCE analysis. Upon
conducting the statistical evaluation of coastlines from various time periods, it was established that
the most significant change took place in section 21, amounting to 12.87 meters. Notably, the region
where section 21 is located has undergone continuous accumulation over the 62-year period
spanning from 1957 to 2019 (Fig. 20a-b).
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Fig. 20a-b. Cennet Bay SCE graph (a). Cennet Bay SCE map (b).

Results and Discussion

According to the NSM analysis conducted along the coast of Bostanlik Bay (Section A), section 32
experienced an accumulation of 18.97 meters between 1957 and 2019 (Fig. 6a-b). However, in the
SCE analysis for Bostanlik Bay (Section A), the area where section 32 is situated endured an erosion
of -10.27 meters from 1981 to 1992, followed by a significant accumulation of 27.11 meters from
1992 to 2019 (Fig. 8a-b). The primary driver behind this accumulation is the sediment carried by the
Karacay Stream. The Karagay Stream rapidly reaches the sea shortly after its source, and due to its
valley being established in a steeply inclined area, it contributes to the presence of coarse-grained
pebbles along the shores in this region. Today, human interventions have reinforced the shoreline
with rocks to combat erosion.

In the NSM analysis conducted along the coast of Bostanlik Bay (Section B), a comparison of 1957
and 2019 data revealed accumulation on the 590-meter-long shore located to the south of the cliff
formed by the rocks of Cogmen Tepe, with an increase of 7.22 meters documented in section
number 25. In contrast, the shores north of the 750-meter-long cliff where the port is situated
experienced erosion, resulting in a decrease of -17.57 meters in section 124. Remarkably, minimal
change was observed in the vicinity of the cliff itself (Fig. 9a-b).When comparing data from 1957 to
2019, it is evident that there was accumulation on the southern shores of Bostanlik Bay (Section B).
However, from 1992 onwards, erosion began affecting the coasts in this area. Notably, this area
features a transition from coarse gravel alluviums to coarse sandy materials brought by the Karacay
Stream. Erosion has persisted in the northern part of the cliff since 1957. The primary reason behind
the consistent erosion in this area is its vulnerability to waves and currents. The presence of thin
dunes along the coasts in this area has further exacerbated the impact of wave erosion.

The analysis of the City Port, which encompasses coarse dunes and extends over a length of 235
meters, predominantly revealed accumulation, with erosion detected in a limited section of the
northern shores. The primary factor contributing to accumulation in this area is the City Port's
location within a small bay, where the impact of waves and currents is relatively less pronounced.In
line with the NSM analysis, a comparison between 1957 and 2019 data indicated an accumulation
of 10.31 meters in section number 8. On the northern side of the City Port, an erosion of -4.55
meters was observed (Fig. 12a-b). It's worth noting that the breakwaters that were once present in
this area have now been submerged, likely due to the tectonic characteristics of the region.

The North Port, situated to the north of the tombolo, extends over a length of 590 meters. This
port is located within an open bay characterized by coarse sand. Accumulation in the southern part
of the North Port is primarily attributed to seasonal streams originating from Tahtali Mountain.
Furthermore, the southern section of the North Port, nestled within the valley of the Asar Tombolo,
benefits from a more sheltered position against the impact of waves and currents compared to the
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northern part. The results of the analyses conducted in the North Port demonstrate a pattern where
accumulation prevails in the southern sections of the North Port, with an increase of 11.79 meters
observed in section number 2. In contrast, the northern parts of the North Port exhibit a dominant
erosion trend, resulting in a decrease of -11.12 meters documented in section number 55 (Fig. 15a-
b).

The analyses conducted in Cennet Bay reveal a prevailing pattern of accumulation across the bay
between 1957 and 2019, with a remarkable increase of 12.87 meters noted in section number 21
(Fig. 18a-b). The primary contributor to this accumulation in Cennet Bay is the Alacasu Stream, which
serves as a seasonal watercourse. As the Alacasu Stream flows into the sea from Cennet Bay, it
deposits alluvial materials, creating a pebbly beach in this area. The influence of waves and currents
in Cennet Bay, nestled between ince Promontory and Kara Promontory, is notably minimal. These
two capes function as natural protective barriers for the beach, resulting in very limited erosion
within Cennet Bay (with the highest erosion recorded at -1.34 meters in section 17). A noteworthy
transformation occurred in Cennet Bay when it was converted into a public beach. The excavation
material from the construction of a secondary road leading to the beach was deposited at the mouth
of the stream. Subsequently, this anthropogenic fill was extended into the sea by local fishermen,
creating a sheltered area for fishing activities behind it.
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