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Abstract
Shoreline change analysis is crucial for identifying coastal issues and understanding their underlying causes. This study 
focuses on investigating the coastal impacts of the Derekoy Fishing Port in Samsun, a city located on the Black Sea coast 
of Turkey. Temporal changes between 1984 and 2021 were analyzed using Landsat-5 TM/Landsat-8 OLI satellite images 
in conjunction with image processing and geographic information systems (GIS). Net shoreline movement (NSM), shore-
line change envelope (SCE), end point rate (EPR), and linear regression rate (LRR) methods were used to investigate the 
changes in the shoreline. Polygon overlay analysis was utilized to determine the areas of erosion and accretion. The results 
indicate that prior to the port's construction, the coast remained relatively stable during the period of 1984–1995. However, 
sediment accretion occurred on the updrift side of the port, while erosion intensified on the downdrift side during the port's 
construction from 1995 to 2004. Despite the implementation of coastal protection structures to combat erosion, complete 
prevention was not achieved, and erosion shifted further eastward. Throughout 1984–2021, approximately 15.62 hectares 
of beaches were lost due to erosion, with a maximum value of -56.2 m recorded. The coastal erosion and the construction of 
coastal protection structures have disturbed coastal morphology and resulted in various environmental and socio-economic 
issues along the 19 Mayis and Atakum beaches. This study reveals the significant consequences of a small fishing port built 
without proper planning and adequate precautions, drawing attention to the problems.

Keywords  Fishing port · Coastal erosion · Net shoreline movement · Shoreline change envelope · End point rate · Linear 
regression rate

Introduction

In its most basic definition, “shoreline” is a distinction/
boundary between land and water (Dolan et al. 1980). Due to 
the dynamic nature of coasts, spatial changes occur in shore-
lines (Liu and Trinder 2018). Information about shoreline 
change is essential for analyzing erosion-accretion trends, 
assessing coastal disasters, designing coastal infrastructure, 
and protecting the coastal environment (Boak and Turner 
2005; Liu and Trinder 2018). The shoreline can naturally 
change continuously due to sea-level rise, tidal effects, 
and seasonal changes in waves and winds (Kudale 2010). 

However, natural factors alone cannot account for all the 
significant shoreline changes. Anthropogenic effects also 
cause considerable changes in the shoreline (Gonçalves 
et  al. 2019). Human-induced coastal erosion in Europe 
exceeds coastal erosion caused by natural factors (Rijn 
2011; Tsoukala et al. 2015). The main anthropogenic fac-
tors causing shoreline change include a decrease in sedi-
ment carried to the coast due to river regulation and dam 
construction (Ozturk and Sesli 2015; Bergillos et al. 2016), 
the construction of ports, marinas (Tsoukala et al. 2015), 
and hard coastal defense/protection structures (Ozturk et al. 
2015), offshore dredging (Chu et al. 2015) and near-shore 
vegetation clearing (Singh et al. 2021). Investigating anthro-
pogenic impacts in coastal areas is crucial for developing 
policies and plans for coastal protection and sustainability 
(Gonçalves et al. 2019).

Large/medium/small ports and fishing ports comprise 
various coastal structures, including breakwaters, jet-
ties, groins, and reclamation bunds (Kudale 2010). The 
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construction of coastal structures involves intervention 
in the coastal processes of a region (Deepika et al. 2014). 
Since coastal structures affect local wave conditions, hydro-
dynamic processes, currents, sediment transport, and sand 
movement, they can cause significant changes to the adja-
cent coast (Kudale 2010). Coastal structures built along 
the coast pose a serious threat of beach erosion on sandy 
beaches while causing a significant increase in waves on 
rocky shores. This effect is more pronounced in coastal areas 
with high longshore currents compared to other coasts. In 
these regions, sediment accretion on the updrift side and 
erosion on the downdrift side are inevitable (Kudale 2010; 
Tsoukala et al. 2015). Beach erosion can even lead to the 
complete destruction of beaches (Tsoukala et al. 2015).

Due to the lack of knowledge regarding coastal structures 
and disruptions in costing processes, the behavior of the 
applied system may not meet expectations, and coastal pro-
jects may produce undesirable results on the coast (Kudale 
2010; Görmüş et al. 2014). For instance, the construction 
of ports, aimed at improving tourism and/or the local econ-
omy, can result in various adverse environmental, ecologi-
cal, and socio-economic effects (Tsoukala et al. 2015). Port 
construction may cause sediment accretion on the updrift 
side and erosion on the downdrift side, adversely affecting 
coastal processes. Adverse effects can even begin during 
the construction phases of port development (Kudale 2010). 
The ecological impacts of port construction are not limited 
solely to the adjacent coastal areas but also extend further 
into the surrounding regions, gradually affecting the coastal 
ecosystems on a regional scale (OSPAR Commission 2009). 
Major ecological impacts include the loss of coastal habitats, 
reduction in biological productivity and biodiversity, and 
disruption of ecological balance (Dugan et al. 2011; Tsouk-
ala et al. 2015). Coastal erosion also has significant socio-
economic effects, adversely affecting recreation, tourism, 
settlements, and infrastructure (Özhan 2002). Damage to the 
beaches, buildings, and infrastructure caused by the increase 
in the frequency of sea floods following the decrease in the 
beach’s width, falling of trees, and degradation of coastal 
agricultural lands cause deterioration of the aesthetics of 
the coastal landscape (Prasetya 2006; Pollard et al. 2019). 
Consequently, this situation negatively impacts tourism and 
causes a loss of value in real estate in the coastal area and an 
increase in regional investment risks (Tsoukala et al. 2015; 
Hoang Thi Thu et al. 2022). Tsoukala et al. (2015) state that 
coastal protection structures aimed at preventing erosion 
rarely solve the problem, and in some cases, withdrawing 
the port is the best solution.

It is necessary to monitor the shoreline changes to man-
age the complex effects of the ports. Monitoring shore-
line changes enables the understanding of the interaction 
between ports and the adjacent coasts, the detection of 
coastal erosion and/or coastal flooding, the determination 

of the amount of change, and the identification of underlying 
causes of the problem (Tsoukala et al. 2015). Potential data 
sources for investigating the spatio-temporal characteristics 
of the shoreline include maps, land surveying with in situ 
geolocation systems, aerial photographs, and digital satel-
lite imagery (Liu and Trinder 2018; Martínez et al. 2022). 
Data selection depends on factors such as cost, time, data 
resolution, and data availability for specific dates (Atkin-
son 2001; Boak and Turner 2005). Digital satellite images 
obtained through remote sensing offer several advantages, 
including detailed spectral information, quick acquisition, 
and cost-effectiveness (Kavurmacı et al. 2013; Bhatti and 
Tripathi 2014; Suresh and Jain 2018). Furthermore, shore-
line extraction can be performed using semi-automatic/
automatic methods, and spatial shoreline change analysis 
can be easily and accurately conducted using Geographic 
Information Systems (GIS) (Deepika et al. 2014).

Determining the shoreline position comprises two stages. 
The first step is to select and define a shoreline indicator 
feature. In the second stage, the shoreline is determined from 
the data based on the selected shoreline indicator (McAllis-
ter et al. 2022). The shoreline, conventionally defined as the 
boundary where water and land surfaces intersect, exhibits 
dynamic characteristics and is subject to various data-related 
challenges. Consequently, the concept of a shoreline indica-
tor has emerged to address these complexities. A shoreline 
indicator refers to a discernible feature utilized as a sub-
stitute to approximate the precise position of the shoreline 
(Boak and Turner 2005).Three approaches are commonly 
used as shoreline indicators. The first approach uses coastal 
features that can be visually distinguished from true/false 
color images as shoreline indicators. The high water line 
(HWL) is often utilized for this purpose. However, accu-
rately extracting shorelines using this method relies on 
clearly distinguishing the shoreline from the image (Pajak 
and Leatherman 2002). In some cases, the HWL may appear 
as a transition zone instead of a distinct line, or it may not 
be visible at all. The slow drying of sand after previous 
waves can obscure the wet/dry boundary. Therefore, deter-
mining the shoreline based on the HWL is subjective and 
can cause uncertainty and inconsistency (Liu and Trinder 
2018). The second approach considers the mean high water 
line (MHWL), determined by intersecting tidal data with 
the shore profile. However, this approach requires 3D pro-
file data (McAllister et al. 2022). In the third approach, the 
shoreline determined through image processing techniques 
is accepted as the shoreline indicator (Boak and Turner 
2005; Liu and Trinder 2018). Particularly for images with 
medium or low spatial resolution, the use of semi-automatic/
automatic shoreline determination through digital image 
processing techniques yields more accurate results, as visu-
ally determining the shoreline from the image becomes chal-
lenging (Liu and Trinder 2018). To determine the shoreline 
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from satellite images using digital image processing tech-
niques, various methods are employed, including image clas-
sification, filtering, single-band or multi-band density slic-
ing, and spectral indices (Ouma and Tateishi 2006; Ghorai 
and Mahapatra 2020). Spectral indices are widely used due 
to their ease of implementation and the ability to integrate 
different spectral indices (Ozturk et al. 2015; Sunder et al. 
2017; Toure et al. 2019).

Shoreline change analysis is based on calculating the 
total amount of change within a specified period and the 
rate of change (monthly/yearly) from a series of shorelines 
(Burningham and Fernandez-Nunez 2020; Dereli and Tercan 
2020). When conducting temporal comparisons of shoreline 
changes, utilizing a single shoreline indicator is crucial to 
ensure consistency (Liu and Trinder 2018). Multi-temporal 
data are necessary to determine temporal changes in the 
shoreline. However, the availability of high-resolution satel-
lite images is limited to the period after 2000, making them 
unsuitable for studying long-term change detection. On the 
other hand, low spatial resolution poses a significant chal-
lenge in determining shoreline changes from satellite images 
over long historical intervals (Li et al. 2015). Consequently, 
due to the difficulty of simultaneously providing high spatial 
resolution and extended temporal coverage in remote sens-
ing, the choice of shoreline change period and data should 
be based on the characteristics of the study area (Atkinson 
2001). The Landsat program, dating back to 1972, provides 
freely available archive data with a 16-day revisit period 
starting from Landsat-4 (Liu and Trinder 2018). This offers 
valuable opportunities to identify changes over long periods, 
making it highly applicable in various fields (Yu et al. 2011; 
Choung and Jo 2016; Daud et al. 2021).

Samsun, located in the Black Sea Region of Turkey, is 
a city that has achieved significant development in various 
aspects, including education, health, transportation, industry, 
trade, and the economy. It is also the most populous city in 
the region. Samsun attracts many tourists during summer 
due to its appealing features, strategic location, well-estab-
lished transportation infrastructure, beautiful beaches, and 
tourism facilities. The districts of Atakum and 19 Mayis, 
in particular, have long been significant contributors to 
domestic tourism and the daily lives of the city's residents. 
However, the construction of the Derekoy Fishing Port in 
the 19 Mayis district, aimed at meeting the growing fishing 
demands of the region, has resulted in significant coastal 
deterioration. While the western part of the port experienced 
sediment accretion, severe erosion occurred in the eastern 
part, affecting approximately 50% of the Atakum coast. 
Although several studies (Bakkaloğlu 2006; Yüksek 2008; 
Candemir and Özdemir 2010; Güner 2019) have highlighted 
the adverse conditions caused by the erosion in this region, 
to our knowledge, no study quantitatively addressed the 
coastal changes until now. Despite the fragile nature of the 

area, there is a lack of information regarding the spatio-
temporal variation of erosion and sediment accretion, the 
factors influencing these dynamics, and the environmental 
consequences of shoreline changes. Therefore, conducting a 
quantitative analysis of shoreline changes and investigating 
the cause-and-effect relationships will make a valuable con-
tribution toward understanding the current state of the coasts 
and determining the areas at risk of erosion more accurately.

This study aims to quantitatively assess the shoreline 
change and beach erosion caused by the Derekoy Fishing 
Port. It also seeks to highlight the reasons behind these 
changes and the potential negative consequences if preven-
tive measures are not implemented. In order to achieve this, 
we conducted an investigation of the approximately 19.5 km 
long coast encompassing the Derekoy Fishing Port using 
remote sensing and GIS techniques. The analysis covered 
the period between 1984 and 2021, utilizing shorelines 
derived from Landsat-5 TM/Landsat-8 OLI satellite images 
through the integration of normalized difference water index 
(NDWI) and modified normalized difference water index 
(MNDWI). Shoreline changes were determined using net 
shoreline movement (NSM) and shoreline change envelope 
(SCE), while annual shoreline change rates were calculated 
using end point rate (EPR) and linear regression rate (LRR). 
Additionally, spatio-temporal areal changes were evaluated 
through polygon overlay analysis.

Study area

The city of Samsun, located on the Black Sea coast of Tur-
key, has a population of approximately 1.4 million as of 
2021 (TSI 2021). It is the most populous and developed city 
among the 18 provinces in the Black Sea region, owing to 
its geographical and socio-economic characteristics (Sam-
sun Chamber of Commerce and Industry 2017). The coastal 
areas of Samsun along the Black Sea consist of low-lying 
beaches with low coastal indentation, primarily due to the 
presence of coastal plains formed by the Yesilirmak and 
Kizilirmak deltas. The climate in Samsun is mild, with hot 
summers and warm, rainy winters in the coastal regions 
(TMEUCC 2012). The average temperature during the 
hottest four-month period between June and September is 
21.8 °C, with an average sunshine duration of 7.9 h (TGDM 
2022).

Samsun's coastal areas are renowned for their sandy 
beaches and favorable climate, making them a popular 
tourist destination for both city residents and neighboring 
provinces. The districts of Atakum and 19 Mayis are particu-
larly sought after by tourists due to their extensive beaches, 
coastal promenades, and recreational amenities (TMEUCC 
2012). The shoreline lengths of these districts are approxi-
mately 20.8 km and 19.6 km, respectively. However, these 
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coasts have undergone significant deterioration, especially in 
the past 50 years, due to the pressures of urbanization, popu-
lation growth, and socio-economic developments (Ozturk 
2017). This degradation has negatively impacted the poten-
tial for sea and coastal tourism.

Samsun holds a significant position in the Black Sea 
region regarding its fishing potential, and the growing 
demand for fishing in the area and the country has led to 
the construction of fishing ports (TMEUCC 2012). In 2021, 
out of the 385 fishing ports in Turkey, Samsun is home to 
five fishing ports (TMAF 2022). The Derekoy Fishing Port, 
with a main breakwater length of 1010 m and a secondary 
breakwater of 370 m, was constructed in the 19 Mayis dis-
trict between 1995 and 2004 (Akpınar 2019).

After the construction of the Derekoy Fishing Port, the 
adjacent beaches experienced coastal erosion, resulting 
in the uprooting and toppling of trees and the reduction 

in the width of sandy beaches. To mitigate erosion, vari-
ous coastal protection structures such as groins and off-
shore breakwaters were implemented. In 2001–2002, 
seven T-shaped groins were constructed along the 1.5 km 
stretch of the coast. However, despite these efforts, ero-
sion continued to escalate following the lengthening of 
the main breakwater of the Derekoy Fishing Port in 2003. 
As a response, offshore breakwaters were subsequently 
constructed. Offshore breakwaters of two (8, 9) in 2004, 
two (10, 11) in 2006, five (12–16) in 2010, four (17–20) 
in 2011, one (21) in 2004–2006, five (22–26) in 2013, two 
(27, 28) in 2014, five (29–33) in 2015, and three (38–40) 
in 2018 were built. In addition to that, I-shaped (straight) 
groins of three (34–36) in 2017 and one (37) in 2018 were 
constructed. As of 2018, a total of 40 coastal protection 
structures have been established along the 7 km coast 
(Fig. 1).

Fig. 1   Location of the study area: The 19 Mayis district, where the Dereköy fishing port was built, and the neighboring Atakum district
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The research was conducted within a specific geographi-
cal area that spans a 19.5 km stretch along the Samsun coast. 
Within this area, 13.8 km extends eastward from the main 
breakwater of the Derekoy Fishing Port, comprising 3.2 km 
in the 19 Mayis district and 10.6 km in the Atakum district. 
The remaining 5.7 km runs westward in the 19 Mayis dis-
trict. The location of the study area can be found in Fig. 1.

Data and methods

In this study, we examined shoreline changes over a 
37-year period from 1984 to 2021 using Landsat Collec-
tion 2 Level-2 satellite images (Path/Row: 175/31) obtained 
freely from the USGS Earth Explorer data portal (USGS 
2022a). The USGS performed geometric and atmospheric 
corrections on the satellite data, and the Committee on Earth 
Observation Satellites (CEOS) approved the Level-2 prod-
ucts as analysis-ready data for land (USGS 2022b). The 
satellite data were in the UTM projection/WGS 84 datum. 
Rectification involved resampling using Cubic Convolution. 
For atmospheric corrections, the Landsat Ecosystem Dis-
turbance Adaptive Processing System (LEDAPS) (Claverie 
et al. 2015) was used for Landsat-5 TM images, and the 
Land Surface Reflectance Code (LaSRC) (Vermote et al. 
2016) was used for Landsat-8 OLI images. The multispec-
tral bands of Landsat-5 TM/Landsat-8 OLI satellite images 
have a pixel size of 30 m (USGS 2022c).

We considered the construction dates of the Derekoy 
Fishing Port and the coastal protection structures to select 
the dates of the satellite images. Accordingly, Landsat-5 TM 
images were used for before the construction of the port 
(1984), the start and end date of the construction of the port 
(1995, 2004), and 2011, while Landsat-8 OLI images were 
used for 2021. To minimize the impact of seasonal variations 
on the analysis results, we chose images from months that 
were in close proximity to each other (Table 1).

Shorelines were extracted from satellite images using 
image processing techniques and converted to vector for-
mat. The shoreline change analysis encompassed various 
periods, including 1984–1995, 1995–2004, 2004–2011, 
2011–2021, 1984–2004, 2004–2021, and 1984–2021. High-
resolution free images for 2011 and 2021 from GE Pro were 
used to verify the shorelines extracted from Landsat images 
(Table 1). GE Pro, developed by Google Inc., is a virtual 

globe program that provides access to geo-referenced satel-
lite (e.g., Quickbird, Worldview, Ikonos) or aerial images 
with spatial resolutions finer than 1 m in numerous regions 
worldwide (Scollar and Palmer 2008; Qi and Wang 2014; 
Luo et al. 2019). The most critical limitation of GE Pro 
images is that getting the original multispectral band data is 
impossible. It means getting actual pixel brightness values 
is not possible, so we cannot perform information extrac-
tion using image processing techniques. However, the high 
spatial resolution allows for on-screen digitization through 
visual interpretation (Tilahun and Teferie 2015; Malarvizhi 
et al. 2016). Therefore, for the accuracy assessment, we 
extracted the shorelines for 2011 and 2021 from the high-
resolution images using visual interpretation and on-screen 
digitizing and compared the amount of change from Landsat 
images for the 2011–2021 period with the results from GE 
Pro images.

The extraction of shorelines from Landsat images and 
subsequent analyses of shoreline changes were conducted 
using ArcGIS 10.0 software (ESRI, Redlands, CA), while 
the digitization of GE Pro images was performed using GE 
Pro. The flowchart outlining the primary steps involved in 
shoreline extraction and determination of changes is pre-
sented in Fig. 2. In the initial stage, shorelines were extracted 
from Landsat-5 TM images captured in 1984, 1995, 2004, 
and 2011, as well as from Landsat-8 OLI images obtained in 
2021, through the integration of NDWI and MNDWI indi-
ces. Subsequently, in the second stage, the extent of shore-
line change was evaluated using the NSM and SCE tech-
niques, while shoreline change rates were computed using 
EPR and LRR methodologies. Additionally, the analysis 
included the assessment of areal changes through polygon 
overlay analysis. Lastly, an accuracy assessment was per-
formed by utilizing GE Pro images.

Extraction of shorelines

Due to the limited spatial resolution of Landsat-5 TM/Land-
sat-8 OLI satellite images, it is not possible to distinguish 
shorelines visually. Consequently, we employed digital 
image processing techniques using a third-group shoreline 
indicator to extract shorelines from the images. Specifically, 
we utilized the NDWI (McFeeters 1996) and MNDWI (Xu 
2006) indices (Eqs. 1 and 2). To convert the images into 
binary form, we assigned a value of 1 to land and 0 to water, 

Table 1   Data used in the 
analysis

Analysis Data and dates

Analysis of shoreline changes in the 1984–
2021 period

Landsat-5 TM satellite images of 1984.08.12, 1995.10.14, 
2004.09.20, 2011.09.08, and Landsat-8 OLI of 
2021.10.21

Confirmation of shoreline change GE Pro images of 2011.09.21 and 2021.03.28
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based on a threshold value determined using known pixels 
in the NDWI and MNDWI images. The final image was 
generated by integrating the NDWI and MNDWI indices 
by multiplying the binary images using the "logical AND 
operator." The final image had a pixel size of 30 m, based on 
the pixel size of the Landsat-5 TM/Landsat-8 OLI satellite 
images. We then converted the raster data into vector form 
and transferred it to the database. Figure 3 illustrates the 
steps involved in shoreline extraction for 2021.

In Eqs. 1 and 2, Green represents the reflectance value in 
the green band, NIR represents the reflectance value in the 
near-infrared band, and MIR represents the reflectance value 
in the mid-infrared band.

Determination of shoreline change

Since shoreline change exhibits different characteristics in 
various regions of the study area, the area was examined by 
dividing it into three zones. Zone 1 comprises the west side 
of the Derekoy Fishing Port. Zone 2 encompasses the east-
ern side of the port, where erosion is severe, and coastal pro-
tection structures are located. Zone 3 is located east of Zone 
2 and experiences relatively less erosion. To conduct the 
analysis, baselines were initially created approximately 1 km 
parallel to the shorelines in the seaward direction, aligning 
with the general curvature of all shorelines. Then we created 
transects on the baselines at 50 m intervals. Analyses were 

(1)NDWI = (Green − NIR)∕(Green + NIR)

(2)MNDWI = (Green −MIR)∕(Green +MIR)

performed using 118 transects (transects 1–118) for Zone 
1, 155 (Transects 119–273) for Zone 2, and 120 (Transects 
274–393) for Zone 3 (Fig. 4).

We used the NSM and SCE methods to determine the 
amount of shoreline change, and the EPR and LRR methods 
to calculate the annual rate of change between 1984 and 
2021. The shorelines based on the same shoreline indica-
tor were used to ensure consistency in determining tem-
poral changes in the shorelines. In this context, shorelines 
obtained using the water indices from Landsat-5 TM/Land-
sat-8 OLI satellite images of 1984, 1995, 2004, 2011, and 
2021 were used as input data in the analyses.

According to the NSM method, the difference between 
the distances of the oldest and most recent shoreline to the 
baseline is calculated for each transect in determining the 
shoreline change (Eq. 3) (Wiles et al. 2022). The (-) sign 
shows erosion, while the (+) sign shows accretion (Ozturk 
and Sesli 2015).

where doldest represents the distance of the oldest shoreline 
to the baseline, and dyoungest represents the distance of the 
youngest shoreline to the baseline.

In determining the shoreline change using the SCE 
method, the maximum changes that occur independently 
of the dates are taken into account. For each transect, the 
distance between the nearest and farthest shorelines to the 
baseline is determined (Eq. 4) (Weerasingha and Ratnay-
ake 2022). If the baseline is on the water side, erosion is 
indicated by a negative sign (-) when the farthest shoreline 

(3)

NSM =

{ (
doldest − dyoungest

)
If the baseline is on the water side

−
(
doldest − dyoungest

)
If the baseline is on the land side

Fig. 2   Workflow scheme for shoreline extraction and determination of change
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distance is more recent, and accretion is indicated by a posi-
tive sign (+) when it is older. Conversely, if the baseline is 
on the land side, accretion is indicated by a positive sign 

(+) when the farthest shoreline distance is more recent, and 
erosion is indicated by a negative sign (-) when it is older 
(Ozturk and Sesli 2015).

(4)SCE =

⎧⎪⎨⎪⎩

�
dfarthest − dnearest

�
If the baseline is on the water side and the dfarthest is

older;If the baseline is on the land side and the dfarthest is more recent

−
�
dfarthest − dnearest

�
If the baseline is on the water side and the dfarthest is

more recent; If the baseline is on the land side and the dfarthest is older

where dfarthest represents the distance of the farthest shoreline 
to the baseline, and dnearest represents the distance of the 
nearest shoreline to the baseline.

In calculating the shoreline change rate using EPR, the 
amount of change in each transect for the two specified 

dates is divided by the time interval, and rates of change 
can be calculated as erosion (-) and accretion (+) (Eq. 5). If 
the annual shorelines are used, and the distance is in meters, 
the results are in m/year (Das et al. 2021; Wiles et al. 2022). 
When more than two shorelines are available, the rates of 

Fig. 3   Extraction of shoreline from NDWI and NDWI indices for 2021
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change can be calculated using two selected dates (Ozturk 
et al. 2015).

where dold represents the distance of the older shoreline to 
the baseline, dyoung represents the distance of the younger 
shoreline to the baseline, and Δt represents the time interval 
between the two specified dates.

In calculating the shoreline change rate using the LRR 
based on the least squares method, the most appropriate linear 
regression line for each transect is determined by considering 
shorelines for all dates included in the analysis (Eq. 6) (Sow-
mya et al. 2019; Weerasingha and Ratnayake 2022).

where m represents the slope of the line, b denotes the con-
stant value, x signifies the independent variable, and y rep-
resents the dependent variable. In this study, the independent 
variable corresponds to the years of the shorelines, while 
the dependent variable pertains to the distances from the 
baseline to the shorelines for each transect (Das et al. 2021; 
Elfadaly et al. 2022). The rate of change of the shoreline is 
equal to “-m” if the baseline is on the water side and “m” if 
it is on the land side.

To evaluate the predictive accuracy of the linear regres-
sion model for shoreline changes along each transect, the 
coefficient of determination (R2) is calculated (Eq. 7) (Barrett 
1974; Nandi et al. 2016). R2 provides information regarding 
the goodness of fit of the model and serves as a measure of 
uncertainty (Maiti and Bhattacharya 2009; Kumar et al. 2010). 
R2 ranges from 1.0 to 0.0, with values closer to 1.0 indicating 
that the regression line explains a significant portion of the 
variation in the dependent variable, while values closer to 0.0 
indicate that the line explains only a small portion of the vari-
ation in the dependent variable (Himmelstoss et al. 2018). In 
this study, R2 > 0.8 was chosen as the threshold of certainty 
for calculating the shoreline change rate, following Maiti and 
Bhattacharya (2009) and Kumar et al. (2010).

where ymeasure represents the measured distance from the 
baseline for a shoreline data point, ypredict represents the 
predicted distance from baseline based on the regression 

(5)

EPR =

⎧
⎪⎨⎪⎩

(dold−dyoung)
Δt

If the baseline is on the water side

−
(dold−dyoung)

Δt
If the baseline is on the land side

(6)y = mx + b

(7)R2 = 1 −

∑�
ymeasure − ypredict

�2
∑�

ymeasure − ymean
�2

equation, and ymean represents the mean of the measured 
shoreline distances from the baseline.

Determination of areal changes

We performed polygon overlay analysis for each zone to 
determine the areal losses and gains caused by shoreline 
changes between 1984 and 2021 (Fig. 5). Overlay analysis 
involves the superimposition of layers based on Boolean 
algebra rules to generate new information (Piovan 2020). 
The polygons for the three zones in the study area were cre-
ated by combining the zone boundaries with the shorelines 
from the dates chosen for change determination. The land 
was coded as 1, and water was coded as 0 in the polygon 
layers. The amounts of erosion and accretion (in hectares) 
between 1984 and 2021 were calculated using the overlay 
analysis following Boolean rules (Ozturk and Sesli 2015), 
as shown in Table 2.

Accuracy assessment

The accuracy assessment of the shoreline changes obtained 
from Landsat images was conducted by comparing the 
shoreline changes determined using the NSM method from 
Landsat and GE Pro images for the period of 2011–2021. 
The shorelines from high-resolution images in 2011 and 
2021, accessed through GE Pro, were determined through 
visual interpretation using the HWL shoreline indicator. 
Visual interpretation involves the on-screen digitizing of 
objects based on visual image interpretation elements such 
as tone, texture, size, shape, pattern, and association (Kusimi 
and Dika 2012; Arveti et al. 2016; Svatonova 2016). The 
differences and correlation coefficients between the change 
values determined using the NSM method from Landsat and 
GE Pro for the period 2011–2021 were calculated. Differ-
ences lower than one pixel are considered reliable for long-
term studies (Coca and Ricaurte-Villota 2022). Following 
the correlation scale suggested by Evans (1996), 0.00–0.19 
is considered very weak, 0.20–0.39 is weak, 0.40–0.59 is 
moderate, 0.60–0.79 is strong, and 0.80–1.00 is very strong 
correlation.

Results

Based on the analysis conducted across 393 transects within 
the study area, various shoreline change parameters were 
determined, including the amount of shoreline change (m), 
annual change rates (m/year), erosion amounts (m and m/
year), and areal changes (ha). These calculations were per-
formed for the entire study area as well as for each zone. In 
the interpretation of the analysis results, negative (-) values 
indicate erosion (backward in the direction of land), while 

Fig. 4   Division of the study area into zones and creation of transects 
for shoreline change analysis

◂
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positive (+) values indicate accretion (forward in the direc-
tion of the sea).

Shoreline change

We calculated the amounts of shoreline change using the 
NSM and SCE methods. Table 3 presents a summary of 
the statistical information regarding shoreline changes 
for various periods, including 1984–1995, 1995–2004, 
2004–2011, 2011–2021, 1984–2004, 2004–2021, and 
1984–2021. The 1984–1995 period represents the changes 
observed before the construction of the Derekoy Fishing 
Port, while the 1995–2004 period reflects the changes 
resulting from the port's construction. The 2004–2011 
period corresponds to the effects of the initial 16 coastal 
protection structures, and the 2011–2021 period captures 

Fig. 5   Determination of spatio-temporal areal changes using overlay analysis in three zones

Table 2   Boolean interpretation for the evaluation of the coastal 
change

Old layer Young layer Final layer

1 1 No change
1 0 Erosion
0 1 Accretion
0 0 No change
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the impacts of an additional 24 coastal protection struc-
tures. We attempted to determine the changes that occurred 
until the completion of the port construction using the 
1984–2004 period, the changes that occurred after the port 
construction using the 2004–2021 period (considering the 
combined effects of the port and coastal protection struc-
tures), and the total shoreline change using the 1984–2021 
period.

According to the NSM results in Table 3, in terms of 
mean values, accretion in Zone 1 and Zone 3 and erosion in 
Zone 2 were observed in the 1984–2021 period. In Zone 2, 
the mean change was 0.6 m in the 1984–1995 period (before 
the port construction) and −10.6 m in 1995–2004 (during 
the construction of the port). The mean change, which was 
−2.5 m in the 2004–2011 period due to the construction 
of the first 16 coastal protection structures, is 2.3 m in the 
2011–2021 period when additional coastal structures were 
built. The change in the 1984–2021 period is −10.2 m. 
−10.0 m of this change occurred during the completion of 
the port construction, and the -0.2 m shows the change after 
the construction of the coastal protection structures. The 
mean change over the 1984–2021 period is 197.8 m in Zone 
1 and 10.6 m in Zone 3.

All shorelines in the 1984–2021 period (1984, 1995, 
2004, 2011, and 2021) were considered in determining the 
shoreline changes using the SCE method. Table 4 provides a 
summary of the statistical information regarding the changes 
obtained using the SCE method, which calculates the dis-
tances between the nearest and farthest shorelines to the 
baseline in each transect.

According to Table 4, the mean changes in the 1984–2021 
period, considering the combined effect of 1984, 1995, 2004, 
2011, and 2021 using the SCE method, are 198.3 m for Zone 
1, −18.4 m for Zone 2, and 13.0 m for Zone 3. Regarding 
minimum values, the landward retreat reaches −84.2 m in 
Zone 2 and −33.4 m in Zone 3. In Zone 1, the shoreline has 
moved towards the sea, ranging from 43.0 m to 440.7 m.

To determine the annual shoreline change rates (m/year), 
we employed the EPR and LRR methods. Table 5 provides 
the summary statistics of the EPR results for the 1984–1995, 
1995–2004, 2004–2011, 2011–2021, 1984–2004, 
2004–2021, and 1984–2021 periods. Additionally, Table 6 
presents the LRR results for the 1984–2021 period (con-
sidering all the years: 1984, 1995, 2004, 2011, and 2021).

According to the annual change rates calculated using 
the EPR method (Table 5), the highest mean change is 
−1.2 m/year in Zone 2 in the 1995–2004 period covering 
the port construction process, 6.3 m/year in Zone 1 in the 
2011–2021 period, and 0.5 m/year in Zone 3 in 1984–1995 
and 2011–2021 periods. The mean annual rate of change 
for the entire 1984–2021 period is 5.3 m/year for Zone 1, 
−0.3 m/year for Zone 2, and 0.3 m/year for Zone 3.

According to Table 6, the mean annual rate of change dur-
ing the 1984–2021 period is 5.2 m/year for Zone 1, −0.4 m/
year for Zone 2, and 0.2 m/year for Zone 3, considering the 
combined effect of the years 1984, 1995, 2004, 2011, and 
2021, using the LRR method. Regarding minimum values, 

Table 3   Shoreline change amount (m) determined using the NSM method (1984–1995, 1995–2004, 2004–2011, 2011–2021, 1984–2004, 2004–
2021, and 1984–2021)

NSM (m)

Zone 1984–1995 1995–2004 2004–2011 2011–2021 1984–2004 2004–2021 1984–2021

Zone 1
(118 transects)

min −18.7 −20.7 −51.0 −3.5 14.7 20.5 42.2
max 208.5 193.1 121.8 142.5 332.3 239.0 440.7
mean 65.2 29.8 40.0 62.8 95.1 102.7 197.8

Zone 2
(155 transects)

min −51.9 −51.6 −32.8 −53.2 −67.3 −51.7 −56.2
max 81.5 99.5 52.4 102.2 119.0 125.0 196.0
mean 0.6 −10.6 −2.5 2.3 −10.0 −0.2 −10.2

Zone 3
(120 transects)

min −12.5 −24.3 −15.1 −17.2 −34.7 −19.5 −18.0
max 19.5 13.0 18.4 58.9 19.2 43.8 58.3
mean 5.2 −2.1 2.1 5.3 3.2 7.4 10.6

Table 4   Shoreline change amount (m) determined using the SCE 
method (1984–2021)

SCE (m)

Zone 1984–2021 (Years: 1984, 
1995, 2004, 2011, 2021)

Zone 1
(118 transects)

min 43.0
max 440.7
mean 198.3

Zone 2
(155 transects)

min −84.2
max 211.6
mean −18.4

Zone 3
(120 transects)

min −33.4
max 58.9
mean 13.0
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the rate of landward retreat reaches −1.6 m/year in Zone 
2 and −0.6 m/year in Zone 3. In Zone 1, the shoreline has 
moved toward the sea, with an annual rate of change ranging 
from 1.0 m/year to 11.5 m/year. Out of the total transects 
analyzed, 89 in Zone 1, 12 in Zone 2, and 10 in Zone 3 have 
shoreline change rates above the 0.8 threshold of certainty 
suggested by Maiti and Bhattacharya (2009) and Kumar 
et al. (2010). Values below 0.8 indicate uncertainties in the 
measurement of the shoreline change rate. These uncertain-
ties were mainly observed in transects adjacent to the port 
and coastal protection structures.

Determination of erosion

The total number of transects and the total erosion amounts/
yearly erosion rates determined by the NSM, SCE, EPR, and 
LRR methods are presented in Table 7.

Table 7 demonstrates that the period with the highest 
number of eroded transects is 1995–2004, with 232 transects 
according to the NSM and EPR methods. According to the 
EPR method, the annual rate is −368.5 m/year in total, and 
the total change for the whole period is −3316.4 m. Accord-
ing to the EPR method, the highest erosion rate in terms of 
minimum values was −7.3 m/year in the 2004–2011 period.

For the 1984–2021 period, the NSM method calculated 
a mean erosion of −22.7 m across 138 transects, resulting 
in a total erosion of −3128.2 m. On the other hand, the SCE 
method calculated a total erosion of −5244.7 m with a mean 
erosion of -36.9 m across 142 transects. When consider-
ing annual rates for the 1984–2021 period, the EPR method 
determined erosion in 138 transects with a mean erosion rate 
of −0.6 m/year and total erosion of -84.5 m/year. Addition-
ally, the LRR method identified erosion in 147 transects, 
with a mean erosion rate of −0.7 m/year and total erosion 
of -95.9 m.

Table 5   Shoreline change rate (m/year) using the EPR method (1984–1995, 1995–2004, 2004–2011, 2011–2021, 1984–2004, 2004–2021, and 
1984–2021)

EPR (m/year)

Zone 1984–1995 1995–2004 2004–2011 2011–2021 1984–2004 2004–2021 1984–2021

Zone 1
(118 transects)

min −1.7 −2.3 −7.3 −0.3 0.7 1.2 1.1
max 19.0 21.5 17.4 14.2 16.6 14.1 11.9
mean 5.9 3.3 5.7 6.3 4.8 6.0 5.3

Zone 2
(155 transects)

min −4.7 −5.7 −4.7 −5.3 −3.4 −3.0 −1.5
max 7.4 11.1 7.5 10.2 6.0 7.4 5.3
mean 0.1 −1.2 −0.4 0.2 −0.5 0.0 −0.3

Zone 3
(120 transects)

min −1.1 −2.7 −2.2 −1.7 −1.7 −1.1 −0.5
max 1.8 1.4 2.6 5.9 1.0 2.6 1.6
mean 0.5 −0.2 0.3 0.5 0.2 0.4 0.3

Table 6   Shoreline change rate 
(m/year) using the LRR method 
(1984–2021)

LRR (m/year)

Zone 1984–2021 (Years: 1984, 
1995, 2004, 2011, 2021)

Zone 1
(118 transects)

min 1.0
max 11.5
mean 5.2
Number of transects with R2 > 0.8 89 (75%)

Zone 2
(155 transects)

min −1.6
max 4.8
mean −0.4
Number of transects with R2 > 0.8 12 (8%)

Zone 3
(120 transects)

min −0.6
max 1.3
mean 0.2
Number of transects with R2 > 0.8 10 (8%)
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The distribution of erosion is presented in Table  8, 
revealing that Zone 2 experiences the highest erosion in 
all periods. The number of transects in Zone 2 increased 
from 58 in 1984–1995 to 132 in 1995–2004, and subse-
quently decreased to 91 in 2004–2011 and 61 in 2011–2021. 

According to the EPR values, Zone 2 has an annual mean 
erosion rate of −2.0 m/year in the 1995–2004 period, with 
a total value of −258.2 m/year across all transects. In the 
same period, the NSM method indicates a mean erosion of 
−17.6 m and a total erosion of −2323.7 m for all transects 

Table 7   Amount and rate of 
erosion

Change amount (m) Change rate (m/year)

Period Number of 
transects

Total Mean Min Number of 
transects

Total Mean Min

NSM EPR
1984–1995 93 −1195.4 −12.9 −51.9 93 −108.7 −1.2 −4.7
1995–2004 232 −3316.4 −14.3 −51.6 232 −368.5 −1.6 −5.7
2004–2011 148 −1785.4 −12.1 −51.0 148 −255.1 −1.7 −7.3
2011–2021 117 −1885.0 −16.1 −53.2 117 −188.5 −1.6 −5.3
1984–2004 145 −2525.4 −17.4 −67.3 145 −126.3 −0.9 −3.4
2004–2021 129 −2154.2 −16.7 −51.7 129 −126.7 −1.0 −3.0
1984–2021 138 −3128.2 −22.7 −56.2 138 −84.5 −0.6 −1.5

SCE LRR
1984–2021
(1984, 1995, 

2004, 2011, 
2021)

142 −5244.7 −36.9 −84.2 147 −95.9 −0.7 −1.6

Table 8   Amount and rate of erosion by zones

Period Zone Number of transects Total NSM Mean NSM Min NSM Number of transects Total EPR Mean EPR Min EPR
1984–1995 1 6 −62.4 −10.4 −18.7 6 −5.7 −0.9 −1.7

2 58 −988.1 −17.0 −51.9 58 −89.8 −1.5 −4.7
3 29 −144.8 −5.0 −12.5 29 −13.2 −0.5 −1.1

1995–2004 1 31 −381.4 −12.3 −20.7 31 −42.4 −1.4 −2.3
2 132 −2323.7 −17.6 −51.6 132 −258.2 −2.0 −5.7
3 69 −611.3 −8.9 −24.3 69 −67.9 −1.0 −2.7

2004–2011 1 18 −311.1 −17.3 −51.0 18 −44.4 −2.5 −7.3
2 91 −1266.2 −13.9 −32.8 91 −180.9 −2.0 −4.7
3 39 −208.0 −5.3 −15.1 39 −29.7 −0.8 −2.2

2011–2021 1 1 −3.5 −3.5 −3.5 1 −0.3 −0.3 −0.3
2 61 −1534.8 −25.2 −53.2 61 −153.5 −2.5 −5.3
3 55 −346.7 −6.3 −17.2 55 −34.7 −0.6 −1.7

1984–2004 1 0 − − − 0 − − −
2 119 −2363.5 −19.9 −67.3 119 −118.2 −1.0 −3.4
3 26 −161.9 −6.2 −34.7 26 −8.1 −0.3 −1.7

2004–2021 1 0 − − − 0 − − −
2 89 −1764.8 −19.8 −51.7 89 −103.8 −1.2 −3.0
3 40 −389.4 −9.7 −19.5 40 −22.9 −0.6 −1.1

1984–2021 1 0 − − − 0 − − −
2 117 −2926.4 −25.0 −56.2 117 −79.1 −0.7 −1.5
3 21 −201.9 −9.6 −18.0 21 −5.5 −0.3 −0.5

Number of transects Total SCE Mean SCE Min SCE Number of transects Total LRR Mean LRR Min LRR
1984–2021
(1984, 1995, 

2004, 2011, 
2021)

1 0 − − − 0 − − −
2 122 −4898.7 −40.2 −84.2 127 −91.4 −0.7 −1.6
3 20 −346.0 −17.3 −33.4 20 −4.4 −0.2 −0.6
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in Zone 2. Moving on to Zone 3, the number of transects 
increased from 29 in 1984–1995 to 69 in 1995–2004, 
decreased to 39 in 2004–2011, and then increased again 
to 55 in 2011–2022. In Zone 1, erosion was observed in 
6 transects in 1984–1995, 31 transects in 1995–2004, 18 
transects in 2004–2011, and 1 transect in 2011–2021. For 
the 1984–2021 period, the NSM method identified erosion 
in 0, 117, and 21 transects for Zones 1, 2, and 3, respectively, 
while the SCE method identified erosion in 0, 122, and 20 
transects in the same order. The mean erosion rates using 
the EPR method were −0.7 m/year for Zone 2 and -0.3 m/
year for Zone 3 in the 1984–2021 period. Using the LRR 
method, the mean erosion rates were −0.7 m/year for Zone 
2 and −0.2 m/year for Zone 3.

Areal changes

The amounts of erosion and accretion (in hectares) deter-
mined for the 1984–2021 period through overlay analysis 
are presented in Table 9. In Zone 1, a total accretion of 
107.97 ha is observed as a single continuous piece. Zone 2 
has a total accretion of 6.55 ha spread across seven areas, 
while 14.60 ha of erosion occurred in six areas. For Zone 
3, accretion amounting to 7.40 ha is observed in four areas, 
whereas 1.02 ha of erosion was determined in four areas.

Accuracy assessment

We compared the amount of shoreline change from the 
Landsat data with the change from the GE Pro high-res-
olution images in the 2011–2021 period to evaluate the 
accuracy of the shorelines for the Landsat data. Table 10 
compares the shoreline change amounts determined using 
the NSM method for the three zones in the study area.

There is a difference of 6.1 m in Zone 1, −1.9 m in 
Zone 2, and 4.7 m in Zone 3 in terms of the mean values of 
shoreline changes determined using the NSM method for 
the period 2011–2021. The differences between the mean 

values were less than 0.3 pixels. The obtained results were 
considered acceptable because sub-pixel precision was 
provided, as stated in Coca and Ricaurte-Villota (2022). 
Pearson correlation values were calculated to determine the 
relationship between the amount of changes in the shoreline 
determined from Landsat and GE Pro images, resulting in 
0.733 for Zone 1, 0.859 for Zone 2, and 0.640 for Zone 
3. According to the Evans scale (Evans 1996), Zone 1 and 
Zone 3 have a strong correlation, while Zone 2 has a very 
strong correlation.

Discussion

Urban development, industrial activities, energy terminals, 
shipyards, secondary housing, tourism, recreation, maritime 
trade, maritime transport, and fishing all vie for space along 
the coasts, which have been significant areas of social, eco-
nomic, and cultural interaction throughout history. These 
pressures contribute to an increase in unplanned develop-
ment, leading to various societal, economic, and environ-
mental challenges such as coastal destruction, degradation 
of the natural environment and ecological balance, and pol-
lution (TMEUCC 2022).

This study focuses on investigating the shoreline changes 
caused by the construction of a small fishing port and its 
associated environmental effects. The preservation of the 
19 Mayis and Atakum beaches is crucial for tourism and 
the local economy, as these areas attract visitors from 
Samsun and neighboring provinces for recreational activi-
ties and swimming. The Samsun Integrated Coastal Areas 
Management and Planning Project-Spatial Strategy Plan 
(TMEUCC 2012) emphasizes the importance of utilizing 
the sea and coastal facilities more efficiently while preserv-
ing the natural beach quality of the Atakum district. The 
plan also encourages the development of recreational activi-
ties such as sea and water sports, and camping, particularly 

Table 9   Areal changes in the 1984–2021 period

Zone Erosion (ha) Accretion (ha)

Zone 1 min − 107.97
max − 107.97
total − 107.97

Zone 2 min 0.01 0.0
max 5.97 3.42
total 14.60 6.55

Zone 3 min 0.01 0.01
max 0.68 6.17
total 1.02 7.40

Whole area total 15.62 13.95

Table 10   Comparison of the shoreline change amounts determined 
using the NSM method (2011–2021)

Zone NSM (m)-GE 
Pro

NSM (m)-
Landsat

Difference (GE 
Pro-Landsat) (m)

Zone 1 min 0.0 −3.5 3.5
max 137.1 142.5 −5.4
mean 68.9 62.8 6.1

Zone 2 min −74.4 −53.2 −21.2
max 86.6 102.2 −15.6
mean 0.4 2.3 −1.9

Zone 3 min −11.1 −17.2 6.1
max 29.4 58.9 −29.5
mean 10.0 5.3 4.7
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considering the presence of 19 Mayis University within the 
area. However, following the construction of the Derekoy 
Fishing Port, which is the subject of this study, the balance 
of the sea-coastal ecosystem has deteriorated. The port has 
disrupted wave movements in the sea over time, preventing 
the transportation of sand from west to east. As a result, 
severe coastal erosion has occurred on the beach adjacent to 
the east of the port breakwater (Bakkaloğlu 2006; Yüksek 
2008; Candemir and Özdemir 2010; Güner 2019). Our study 
includes various analyses to assess the extent of shoreline 
change and erosion.

We analyzed the amount and annual rate of change, as 
well as the total areal changes, to investigate the changes 
between 1984 and 2021. The amount of shoreline change 
(m) was determined using the NSM method for the period 
between 1984 and 2021. Additionally, the maximum change 

during that period, considering the years 1984, 1995, 2004, 
2011, and 2021, was determined using the SCE method. 
The annual shoreline change rates (m/year) were calculated 
as the net annual rate of change between 1984 and 2021 
using the EPR method, and the annual rate of change was 
determined using the LRR method, considering five different 
dates in 1984, 1995, 2004, 2011, and 2021. Figure 6a pre-
sents a comparison of the amount of change using the SCE 
and NSM methods, while Fig. 6b compares the annual rate 
of change using the EPR and LRR methods. Additionally, 
correlation values were calculated to compare the methods, 
revealing a correlation of 0.968 between NSM and SCE, and 
a correlation of 0.983 between EPR and LRR. The results 
obtained from the SCE and NSM methods were consist-
ent for the 1984–2021 period, indicating that the overall 
change observed aligns with the changes observed during 

Fig. 6   Comparison of method results for amount and rate of changes. a Comparison of NSM and SCE (b) Comparison of EPR and LRR
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the intervening years. Similarly, the results obtained from 
the EPR and LRR methods showed a high level of similarity.

Using the NSM method, it was observed that the effects 
of change had different trends in the three zones of the study 
area (Table 3). In Zone 1, which is the left side of the port 
breakwater, the mean value of shoreline change exhibited 
distinct variations. It measured 29.8 m in the 1995–2004 
period, increased to 40.0 m in the 2004–2011 period, and 
further rose to 62.8 m in the 2011–2021 period. Notably, an 
apparent accretion effect was observed in this region.

In Zone 2, during the 1995–2004 period, the minimum 
value was −51.6 m (maximum erosion), with a mean change 
of −10.6 m. In the 2004–2011 period, the minimum value 
was −32.8 m (maximum erosion), with a mean change of 
−2.5 m. In the 2011–2021 period, the maximum erosion 
reached −53.2 m, with a mean change of 2.3 m. Evaluating 
the mean values in Zone 2, it was evident that the erosion 
effect observed during the 1995–2004 period decreased 
during the construction of coastal protection structures, but 
did not completely disappear. Notably, when comparing the 
maximum erosion values (minimum values), the highest 
value occurred during the 2011–2021 period.

In Zone 3, erosion was less than in Zone 2 in terms of 
mean value during the 1995–2004 period. In the periods 
2004–2011 and 2011–2021, although the erosion situa-
tion seems to favor Zone 3 in terms of mean values, the 
presence of maximum erosion up to −17.2  m demon-
strates the severity of the situation that persists. Examin-
ing the changes over the longest period (1984–2021), the 
mean change values were 197.8 m for Zone 1, −10.2 m for 
Zone 2, and 10.6 m for Zone 3. In terms of the maximum 
changes in this period using the SCE method, mean values 
were 198.3 m in Zone 1, −18.4 m in Zone 2, and 13.0 m in 
Zone 3 (Table 4). Consequently, the total change in Zone 
1 during the 1984–2021 period was relatively close to the 
maximum changes observed. However, in Zone 2 and Zone 
3, the maximum change exceeded the total change. This dif-
ference, particularly noticeable in Zone 2, indicated a par-
tial decrease in erosion due to the construction of coastal 
protection structures after 2001. Regarding the annual rate 
of change calculated using the EPR method for different 
periods, the greatest change occurred with 6.3 m in Zone 
1, 0.5 m in Zone 3 during the periods of 1984–1995 and 
2011–2021, and −1.2 m in Zone 2 during the 1995–2004 
period (Table 5). Analyzing the annual rate of change for the 
1984–2021 period, a 0.1 m difference was observed for all 
three zones between the EPR results (representing the annual 
rate of total change) and the LRR results (indicating the 
general trend based on all shorelines) (Table 6). These find-
ings demonstrated that the absolute rate of change between 
1984 and 2021 in all zones generally aligned with the over-
all change trend. Nevertheless, the shoreline changes were 
found to be more unstable in the transects near the Dereköy 

Fishing Port and the coastal protection structures that were 
constructed gradually between 2001 and 2018. This instabil-
ity was manifested in the LRR analysis with the uncertainty 
in the sections close to the port and coastal protection struc-
tures, aligning with findings reported by Maiti and Bhat-
tacharya (2009) and Kumar et al. (2010).

When focusing specifically on the eroded transects, Zone 
2 had 132 transects, Zone 3 had 69 transects, and Zone 1 had 
31 transects during the highest erosion period (1995–2004). 
According to the NSM and EPR methods, there were a total 
of 232 eroded transects out of the 393 transects analyzed in 
the study area (Table 8). In this period, the highest annual 
mean erosion rate was observed in Zone 2 with −2.0 m, 
while the second-highest rate was −1.4 m in Zone 1, which 
had the fewest transects. For Zone 3, this value was −1.0 m. 
Zone 2 is the region where the most erosion occurs in all 
periods.

When evaluating the absolute effect during the 
1984–2021 period, no erosion was observed in Zone 1. In 
Zone 2, erosion occurred in 117 transects with an annual rate 
of −1.5 m/year, while in Zone 3, erosion was observed in 21 
transects with an annual rate of −0.5 m/year (Table 8). The 
results obtained from the LRR method for the same period 
indicated erosion in 127 transects. Therefore, we conclude 
that the absolute effect determined by the EPR method is 
consistent with the general trend determined by the LRR 
method.

The areal changes determined by the overlay analysis 
show a gain of 107.97 ha in Zone 1, a loss of 14.60 ha and a 
gain of 6.55 ha in Zone 2, and a loss of 1.02 ha and a gain of 
7.40 ha in Zone 3 for the period of 1984–2021. Zone 1 did 
not experience any loss in this period, while Zone 2 had a 
net loss of 8.05 ha. In Zone 3, there was both accretion and 
erosion. Overall, a total of 15.62 ha of beach area was lost 
due to erosion in the study area (Table 9).

According to these evaluations, the coastal protection 
structures built to prevent the erosion that occurred fol-
lowing the construction of the Derekoy Fishing Port could 
not wholly prevent the erosion but only shifted the erosion 
toward the east. As a result, the coastal areas did not attain 
a stable state. The construction of the port in the 19 Mayis 
district has also significantly impacted the neighboring dis-
trict of Atakum, which is a prominent area in Samsun known 
for domestic tourism, with its coast and natural beaches. 
The shoreline stretching approximately 9 km eastward from 
the port breakwater has been affected by coastal erosion, 
resulting in very limited beach areas (Fig. 7). Coastal erosion 
has caused the beach to nearly disappear in several loca-
tions. Figure 8 illustrates the substantial changes that have 
occurred between 2011 and 2022.

Coastal protection structures have been partially effec-
tive in preventing erosion, but they have also led to the 
degradation of the natural coastal structure and a decline 
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in aesthetics. In some areas, sand has accumulated between 
these structures, creating artificial filling areas (Fig. 9a). 
Over time, offshore breakwaters have merged with the coast, 
forming tombolo-like formations (Fig. 9b). The absence 
of water circulation between the coastal protection struc-
tures has caused the proliferation of excessive algae and 

pollution (Fig. 9c). This has resulted in unpleasant odors 
and discomfort for the surrounding communities. Addition-
ally, the placement of rocks/stones for coastal protection 
(rock/stone-filled coastal fortifications) along the shoreline 
has further contributed to the deterioration of the natural 
structure (Fig. 9d). The falling trees, damage to buildings, 

Fig. 7   Coastal erosion in 19 Mayis and Atakum

Fig. 8   Loss of the beach due to 
coastal erosion in the Atakum 
district (GE Pro 7.3.4.8642)
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and infrastructure have incurred additional costs, while the 
decline in coastal aesthetics has negatively impacted tour-
ism and real estate values, leading to socio-economic losses 
(Yüksek 2008; Güner 2019).

In this study, we found similar findings to Kudale (2010), 
Tsoukala et al. (2015), and Gonçalves et al. (2019) regarding 
the adverse effects of port construction on coasts with sandy 
beaches. The construction of ports on the shores of Samsun 
with sandy beaches inevitably caused erosion. Due to the 
lack of preliminary research, accurate planning, and initial 
measures (Bakkaloğlu 2006), a series of coastal protection 
structures had to be built. However, with each additional 
coastal protection structure, the erosion was shifted further 
east, resulting in a deterioration of the coastal form. In some 
cases, the utilization of rock/stone fortifications as a cost-
effective and immediate protective measure has resulted in 
the formation of artificial shores. As a result, the coastal pro-
tection structures and arrangements implemented to address 
erosion have had a negative impact on the environment, tour-
ism, and the economy.

The most significant limitation of this study pertained 
to data resolution. The availability of historical data posed 
challenges in determining temporal changes over long 
periods. While remote sensing offers broad coverage and 
temporal data acquisition, high-resolution data could only 
be obtained after the 2000s. On the other hand, the use of 
medium and low spatial resolution images led to decreased 
accuracy due to the mixed pixel problem (Liu and Trinder 
2018; Ling and Foody 2019). To investigate the long tempo-
ral period, we employed medium-resolution Landsat satel-
lite images. Nevertheless, based on accuracy assessment, we 

deemed Landsat images suitable for analyzing substantial 
changes occurring over long time intervals.

Conclusion

One of the critical consequences of anthropogenic effects on 
coasts is shoreline changes. Coastal erosion, particularly on 
sandy beaches, can have severe effects. Therefore, monitor-
ing the shoreline and understanding the underlying causes 
of these changes is crucial to implement appropriate precau-
tions. This article utilizes remote sensing and GIS technolo-
gies to quantitatively assess the effects of a small fishing 
port on the adjacent beach. Specifically, the study focuses 
on the erosion caused by the Derekoy Fishing Port, which 
was constructed in Samsun in 2004 to support the fishing 
industry—a vital economic activity in the region. The article 
also examines the impacts of coastal protection structures 
built to prevent erosion along the coast.

Following the port's construction, accretion was observed 
in the western part, while erosion occurred in the eastern 
part due to the obstruction of coastal sand movement. This 
erosion led to the degradation of sandy beaches in the 19 
Mayis and Atakum districts, resulting in significant coastal 
deterioration. To mitigate coastal erosion, various coastal 
protection measures such as groins and offshore break-
waters were implemented starting from 2001. However, 
these structures unintentionally shifted the erosion further 
eastward while offering localized control. To prevent new 
erosions, additional coastal protection structures were sub-
sequently constructed, totaling 40 structures by 2018. In 

Fig. 9   Environmental impacts 
of coastal protection structures. 
a Filling areas formed by the 
accumulation of sand between 
the groins (GE Pro 7.3.4.8642, 
September 17, 2019). b Tom-
bolo-like formations resulting 
from the merging of offshore 
breakwaters with the coast (GE 
Pro 7.3.4.8642, September 
17, 2019). c Presence of algae 
and pollution between coastal 
protection structures (June 11, 
2020). d Coastal fortification 
with rock/stone fill laid along 
the seaside (March 27, 2021)
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some areas, rock and stone fortifications were employed 
to combat coastal erosion. However, the study's numerical 
analysis revealed that erosion persisted and progressively 
moved eastward, resulting in the loss of 15.62 hectares of 
beach area from 1984 to 2021. The investigations further 
highlighted the environmental and socio-economic issues 
arising from coastal erosion. The deterioration of coastal 
aesthetics, pollution, reduced beach areas, and the prominent 
visibility of coastal protection structures and fortifications 
pose a significant threat to the region's economy, impacting 
coastal settlements and tourism. The study's findings provide 
guidance for future development and emphasize the precari-
ous situation of the beaches in the 19 Mayis and Atakum 
districts, which face an uncertain future due to severe beach 
erosion along the Samsun coast.

Consequently, it is imperative to consider coastal erosion 
when constructing ports on sandy beaches, evaluate potential 
impacts during the port's design phase, and develop effective 
mitigation plans and strategies to prevent undesirable con-
sequences. Legislative measures should also be enacted to 
ensure the implementation of necessary measures. Addition-
ally, regular monitoring of coasts and timely interventions 
in response to changes are essential. Remote sensing offers 
significant potential for coastal monitoring, and the avail-
ability of free data sources presents valuable opportunities. 
This study utilized Landsat-5 TM/Landsat-8 OLI multispec-
tral images to analyze shoreline changes over periods rang-
ing from 7 to 37 years between 1984 and 2021. The results 
demonstrate the suitability of Landsat images for identifying 
long-term shoreline changes and general trends. However, 
the resolution of the Landsat images may be insufficient 
for shorter periods, especially in areas with no significant 
change. Higher spatial resolution images should be used to 
ensure adequate accuracy in such cases.
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