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Abstract
Uncontrolled tourism activities cause the destruction of nature and deterioration of the ecological balance. Since coastal 
areas are both economically and socially important, monitoring shoreline changes has become one of the important research 
areas. Monitoring short-term and long-term changes in coastal areas is important to prevent damages that may occur due to 
natural and human factors and protect the shorelines. In this study, which is an important tourist city of Antalya, Turkey, and 
the world, coastal changes using historical and recent satellite data have been analyzed. The focus of the study is to analyze 
long-term coastal change with Landsat data and the data obtained every 5 years between 1985 and 2020 and to analyze short-
term change with annual Sentinel-2 data between 2015 and 2020. In the study, water areas on the coastline were determined 
by object-based classification and multiresolution segmentation method with the Modified Normalized Difference Water 
Index (MNDWI). The obtained shorelines were analyzed with the Digital Shoreline Analysis System (DSAS) tool and the 
changes in the coastal areas were determined statistically. Five-year and 35-year changes were compared with Linear Regres-
sion Rate (LRR) and End Point Rate (EPR) analyses. As a result of the study, when the Pearson’s r value between EPR and 
LRR was examined, r was found 0.916 and 0.944 for 5-year and 35-year data, respectively. Spatial resolution in satellite 
images is vital for shoreline detection. However, the most optimal way to detect long-term changes in the shoreline is to use 
Landsat data. Although the spatial resolution of Landsat data, it has been observed that the power to analyze annual variation 
differences is lower than Sentinel-2.
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Introduction

Tourism, which is one of the industries showing a fast and 
steady development, emerges as an industry that needs natu-
ral, environmental, and cultural resources and uses these 
resources as economic input (Duran 2011; Ko and Stewart 
2002; Ahmad et. al. 2018; Dunets et. al. 2019). The envi-
ronmental impact is an important factor in increasing the 
likelihood of tourists to choose, as well as creating a sustain-
able tourism need for a specific region or country (Dunets 
and Zhogova 2018). In this respect, there is an important 
relationship between tourism and physical environment (Lo 

et al. 2019; Jackman et al. 2020). While positive factors in 
the physical environment stimulate tourism activities, nega-
tive factors are a threat to tourism. For this reason, protect-
ing the natural environment and optimizing physical con-
ditions increase tourism activities (Dipova 2011; Uzunca 
et al. 2018).

The tourism sector, which grows uncontrollably, con-
sumes natural areas and the resources it offers (Kim and Koo 
2020). It is observed that the natural soil and water quality in 
the region has changed due to the increase in touristic needs 
especially during the holiday seasons (Wang and Tan 2020; 
Snyman and Bricker 2019). In Antalya (Turkey), which is 
one of the important tourism areas with a coast to the Medi-
terranean, agricultural and forest areas are destroyed due to 
the increase in tourism activities and tourism activities are 
carried out in these areas (Çetintürk 2016; Fleck 2018). In 
addition, coastal areas are also seriously affected in these 
areas as well as agricultural and forest areas. This transfor-
mation on the shorelines has attracted attention from the past 
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and has been a topic that many researchers have focused on 
(Jiao 2007; Moreno-Izquierdo et al. 2019).

Coasts are places where water and land meet and are 
important places for nature and people. Coasts, especially 
in recent years, have become the focus of development all 
over the world and have undergone constant change as a 
result of human activities and natural events. Especially 
the beaches have attracted considerable attention as recrea-
tion areas, but the erosion that occurred on these coasts has 
become an important problem (Gormsen 1997; Phillips and 
Jones 2006; Page et al. 2017). Coastal regions, under the 
influence of various external factors such as wind, waves, 
currents that affect them and various factors such as rivers 
feeding them and various factors that cause material loss 
from them, in a process that can be expressed in thousands 
of years, it reaches a dynamic balance in terms of transport 
solids such as sand, gravel, silt, and clay (sediment) (Glover 
and Robertson 1998; Geyer et al. 2004; Mahmoodi et al. 
2020). Thus, unless a factor to disturb the coastal balance is 
effective, significant erosion (coastal recession) or agglom-
eration (coastal progression) will not be encountered on the 
coasts. The most important factors that disrupt the dynamic 
balance of the coast are either natural factors such as the 
formation of large storms as a result of abnormal changes in 
the seasons or artificial (human-made) factors that occur as a 
result of various human activities. While the effects of natu-
ral factors manifest in long periods of decades, the results of 
human factors can be seen in short periods of a few years or 
even months (Xoplaki et al. 2001; Kireeva et al. 2020). It is 
necessary to determine this change occurring on the coasts 
and if these changes cause problems, measures should be 
taken. Satellite technologies are preferred due to the fact 
that these changes, which can occur annually, seasonally 
and even daily, are quite time consuming and inconvenient 
to measure with classical optical measurement methods (Ali 
et al. 2016; Carr et al. 2017; Bevacqua et al. 2018; Abdullah 
et al. 2019).

Remotely sensed satellite images are widely used to track 
the position of coastal areas and shoreline. Remote sensing 
data provide reasonable accuracy in shoreline determination 
and analysis of temporal changes (Jana et al. 2017). Satel-
lite data has been shared free of charge with researchers and 
users since 1972 for Landsat and 2014 for Sentinel. Analysis 
of the temporal variation of the shoreline has been studied by 
many scholars (Nassar et al. 2018; Qiao et al. 2018; Ciritci 
and Turk 2020; Al-Zubieri et al. 2020; Mondal et al. 2020; 
Otmani et al. 2020; Velsamy et al. 2020). When the literature 
is examined, studies with Landsat have increased because 
it has been published for a long time and is free of charge 
(Balopoulos et al. 1986; Ryu et al. 2002; Mitra et al. 2013). 
Changes that occur over a long period of time have been the 
subject of many studies. Hossain et al. (2016) used satel-
lite images of Landsat TM and OLI sensors to evaluate the 

dynamic model of the Domar Char coastline, a small coastal 
island of Bangladesh, between 1990 and 2015. Archana et al. 
(2012), used LANDSAT ETM (15–60 m spatial resolution), 
IRS LISS-I (70 m spatial resolution) and IRS LISS-III (23 m 
spatial resolution) to evaluate the dynamics of the Brahma-
putra River in India between 1990 and 2008. Ciritci and Turk 
(2020) have made a Kalman filter based future shoreline 
prediction as well as the coastal change analysis using multi-
time satellite images. Roy and Mahmood (2016) correlated 
satellite data with hydrological data to determine erosion 
and coastal accumulation in the Sandwip Island of Bangla-
desh between 1974 and 2014. Usha et al. (2015) examined 
the changes occurring along the coast of Tamil Nadu (India) 
based on remote sensing and geospatial techniques.

Multi-time monitoring of coastal areas allows us to decide 
whether the changes are consistent or not, and it is possible 
to examine time-dependent modifications in coastal areas 
by combining Geographic Information System (GIS) and 
Remote Sensing methods. The Digital Shoreline Analysis 
System (DSAS), used to evaluate the dynamics of coastal 
movements and developed by the United States Geological 
Survey (USGS) (Thieler and Danforth 1992), is a highly suc-
cessful GIS tool (Nor et al. 2020). DSAS is based on meas-
uring the change in the coastline by taking measurement 
sections perpendicular to the shore (Armah 2011; Ahmad 
and Lakhan 2012; Dewidar and Frihy 2010). DSAS uses 
models such as End Point Rate (EPR) (Sebat and Salloum 
2018), Linear Regression Rate (LRR), Average of Rates 
(AOR) to calculate coastal change (Jonah et al. 2016). There 
are many examples where DSAS has been used to analyze 
the temporal-spatial change qualitatively and quantitatively 
in the shorelines (Kermani et al. 2016; Nassar et al. 2019; 
Gracy et al. 2022; Ghorai and Bhunia 2020; Dereli and Ter-
can 2020).

When the studies in the literature are examined, it is seen 
that long-term changes are frequently studied. However, 
in recent years, due to drought and humanitarian factors, 
besides long-term coastal changes, there have been serious 
changes during the year. Although Landsat data has been 
available free of charge for many years, its spatial resolu-
tion is lower than Sentinel 2. In studies examining monthly 
changes that do not cover long years, Sentinel 2 data is more 
useful than Landsat data thanks to the 5-day revisit time and 
10 m spatial resolution.

Konyaaltı beach is one of Turkey’s most important coastal 
tourism areas. Therefore, it has vital importance to observe 
the Konyaaltı coastline and to take precautions against any 
possible negativity. The most important impacts caused 
by human contribution in the region are the mining activi-
ties carried out in the regions close to the Konyaaltı coast 
(Dipova 2016). In this study, it is aimed to determine the 
coastal erosion that occurred in Antalya-Konyaaltı shoreline. 
In addition, the performances of Landsat with 30 m spatial 
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resolution and Sentinel 2 data with 10 m spatial resolution 
were compared in detecting the change in coastal areas. In 
the study, coastal areas were determined using MNDWI and 
object-based classification method. For this, Sentinel 2 data 
from 2015 to 2020 and Landsat satellite data between 1985 
and 2020 were used. Since optical images were used, topo-
graphic data could not be used for the study area. In addi-
tion, temperature, precipitation, and wind data recorded by 
the devices that measure in the region and obtained from 
the Turkish State Meteorological Service were used to 
strengthen the analysis results. In accordance with the meth-
odology, for the coastlines analyzed by DSAS, two different 
satellite data were analyzed using EPR and LRR methods. 
Transect values were generated for the coasts analyzed with 
DSAS. For this reason, the change in the Boğa river in the 
Konyaaltı coastline in recent years is very important. It is 
necessary to create a baseline to monitor changes in coastal 
lines. There are three different methods to create a baseline. 
These are creating a line at a distance from the shoreline, 
using an old shoreline, and the method of creating a buffer. 
The third method is the most reliable and accurate method 
as it has the same shape as the closest shoreline, therefore 
this method was used to create a baseline in the present study 
(Nassar et al. 2019; Nandi et al. 2016).

Material and method

Study area

When we speak about tourism in Turkey, Antalya is one of 
the cities that come to mind. Its natural and human resources, 
various accommodation facilities, and good transport inte-
gration are effective in high demand (Sütcü et al. 2020). 
However, due to the COVID-19 pandemic that took effect in 
2020, the tourism sector was significantly affected all over 
the world and the number of tourists coming to countries 
decreased in parallel (Fig. 1).

More than half a century has passed since the start 
of tourism activities in Antalya. The efforts to improve 
the attraction opportunities of Antalya started from the 
beaches. Since the 1950s, both existing beaches have been 
renewed and their number has been increased by build-
ing new modern beaches (Kapan and Timor 2018). In par-
ticular, the infrastructure of Konyaaltı and Lara beaches 
located in the city center has been created with prior-
ity. Konyaaltı Beach, which is one of the two important 
beaches of the city, has developed before due to its being 
intertwined with the city center and not having access 
problems (Yilmaz et al. 2020).

Konyaaltı beach is a blue flag public beach with a total 
length of 7 km and a length of 4.5 km and a width of 70 m 
(Fig. 2). The east–west length of the beach is 1.5 km and its 

width in the north–south direction varies between 10 and 
40 m. Its natural boundaries are the Boğa river in the west 
and the cliffs in the east.

Being a natural symbol for Antalya, Konyaaltı cliff is one 
of the most important natural formations that manifest itself 
in the coastal part of the city as a Natural Protected Area. 
In 1979, these cliffs were designated as first degree natural 
protected areas and the natural protected area was revised in 
1998 (Dipova 2016). The cliffs have both positive and nega-
tive effects on tourism activities. The most important of its 
positive effects is that it gives Antalya a unique appearance, 
air flow that provided and increases the quality of the land-
scape. The negative effects can be listed as the fact that the 
city-sea connection cannot be established outside of Konyaaltı 
and Lara beaches (because it is located at cliffs), it is unstable 
as a rock type, the construction on them for tourism purposes 
and parallel to the shore creates a barrier in front of the air 
flow and the city texture is deteriorated. The topographic 
structure of the city of Antalya, located on the southern edge 
of the Western Taurus Mountains, has a distribution of nar-
row coastal plains and high mountain ranges behind them 
(Sarı 2007). Extensions of the important mountain ranges 
of the Mediterranean Region go as far as the Antalya Plain. 
The altitude varies from 600 m to 2,500 m. There are Aksu 
delta and Yamansaz plains in the east of Antalya city and allu-
vial plains formed by Boğa river in the west (Dipova 2011). 
Konyaaltı beach was formed by the accumulation of alluviums 
brought by Boğa river in coastal areas and forming them by 
waves and streams (Sarı 2007). Konyaaltı Beach is not only 
important for the city of Antalya, is also an important beach 
for Turkey and the world. The most important feature that 
distinguishes Konyaaltı Beach from others is the extraordinary 
natural beauty gained by the geography behind the coast. In 
this context, when Beydağları and Konyaaltı Beach are con-
sidered together, it is one of the rare coastal areas with natural 
landscape character.

Fig. 1  The number of visitors coming to Turkey and through airline 
(KTB (Republican of Türkiye Ministry of Culture and Tourism), 
2020)
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Due to sediment transport, apart from the stable morphology 
that will occur on the shore in the long term, some changes in 
coastal morphology may occur over many years due to erosion 
or accumulation in a coastal region. These changes may occur 
due to natural and human-induced reasons. Since the coasts are 
dynamic environments, the shorelines are also subject to change 
over time, and these lines should be determined at certain time 
intervals. Satellite images are increasingly used as well as vari-
ous conventional topographic measurements for the identifica-
tion and tracking of the shoreline changes.

Konyaalti coastal erosion

Tectonic forces played an important role in the geological 
evolution of the region that includes the Konyaaltı coast. 
With the tectonic effects in the Anatolian peninsula, the 
Anatolian block moved to the west, and after the compres-
sional regime and before the Holocene, the continent caused 
to descend in the west and rise in the east (Glover and Rob-
ertson 1998). The western part, which includes the Teke 
Peninsula, consists of drowned (sunken) coastal structures. 
In the eastern part, the eustatic sea level rise was met by the 
rise of the land and lagoon formation did not occur except 
for a few limited areas. As a result of sea level rise and 
tectonically induced sinking, the old land topography in the 
Teke Peninsula 6000 years ago turned into coves and gulfs 
with drowned coastal structures (Öner et al. 1997; Dipova 
2019). The sea started to fill these coves and gulfs with the 
alluvium carried by the streams, lagoons were formed, and 
as a result, coastal plains, which are swamps in places, were 
formed.

In parallel with the population growth and tourism con-
struction in Antalya, a large amount of aggregate (sand-
gravel) need has emerged since the end of the 1980s. This 
demand was met from the Boğa river basin, which is closest 
to the city center. However, many negativities were expe-
rienced in practice during this period. Operational defects 
created negative environmental impacts in settlements estab-
lished near Boğa river basin (Aka 2007). The removal of 
material from large areas caused the riverbed to move. It 
was observed that material was taken without complying 
with the boundaries of the quarry (the quarries were oper-
ated up to a depth of 10 m and the material was taken) and 
ponds occurred due to excessive lowering of the elevation. 
The intake of sand and gravel in Boğa river, which has been 
continued for many years, decreased the sediment source and 
negatively changed the coastal balance and caused erosion 
on the shore.

In the 2000s, coastal erosion problems have become 
visible in the eastern part of the Boğa river Bridge. Dam-
ages on the roads and pavements during the storm were 
tried to be temporarily resolved by using stone filling. 
After the storm that occurred in the winter of 2003, dam-
ages occurred along the seaside of the Antalya-Kemer 
highway parallel to Konyaaltı Beach, especially around 
the Gürsu beach. Thereupon, a circular surface coastal 
wall was built on approximately 800  m of the beach 
(Dipova 2011).

Although purchasing of material from Boğa river has 
been stopped today, it is possible that the pits formed dur-
ing the operation are filled and the sediment deficiency is 
experienced until the riverbed is restored (Dipova 2011). 

Fig. 2  Study area
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When the surrounding mines are closed, the lake fills up 
again. Nature will repair itself as long as material is not 
taken from the riverbed. As a matter of fact, the pit con-
tinued to fill up until 2015 (Dipova 2016, 2019).

Data

In this study, Landsat satellite data were used to monitor 
the coastal change between 1985 and 2020 and Sentinel-2 
satellite data to monitor the annual differences between 
2015 and 2020. The Landsat satellite system was launched 
into space in 1972 to monitor natural resources on earth. 
Landsat satellites, known as the second generation, started 
in 1982 with the launch of Landsat 4. Thematic Mapper 
(TM) sensor is used in second generation Landsat satel-
lites. The last Landsat satellite (Landsat 8) was launched 
on 11 February 2013. Unlike second generation satellites, 
Operational Land Imager (OLI) and Thermal Infrared Sen-
sor (TIRS) sensors were used in Landsat 8 satellite. In the 
study, 8 Landsat satellite data taken at 5-year intervals 
between 1985 and 2020 were used. The specifications of 
the satellite data used are given in Table 1. The Sentinel-2 
mission consists of two polar orbit satellites that follow 
each other 180 degrees in the same orbit. Its temporal res-
olution is 10 days at the equator. However, since there are 
two satellites in orbit, data can be obtained every 5 days. 
The Sentinel-2 data used are given in Table 1.

Methodology

In this study, the shoreline changes of Konyaaltı coast 
were investigated in the last 5 years using Sentinel-2 satel-
lite images and in the last 35 years using Landsat satellite 
images. In the study, spatial and temporal changes related to 
the coastal change were statistically analyzed and interpreted 
using DSAS (Fig. 3).

In the study, firstly, sea and land areas are separated from 
each other by object-based classification. There are many 
methods in the literature for detail extraction and object clas-
sification studies (Ma et al. 2017; Yiğit and Uysal 2019; 
Luo et al. 2021; Sarıtürk et al. 2020). The commonly used 
method for the classification of high-resolution images is 
object-based classification (Ge et al. 2014; Akbulut et al. 
2018; Çömert et al. 2019). Pixel-based approaches work on 
each pixel and extract information from remotely sensed 
data based on spectral information only (Gupta and Bha-
dauria 2014; Tehrany et  al. 2014; Khatami et  al. 2016; 
Louargant et al. 2018). Unlike pixel-based classification, the 
object-based classification method does not work directly 
on individual pixels. This method works through clusters 
of many pixels, meaningfully grouped by the segmentation 
process. It then uses these clusters instead of pixels as clas-
sification elements (Carleer and Wolff 2006). In this study, 
Multi-Resolution Segmentation methods have been utilized 
for the segmentation and extraction of shorelines. A dataset 
consisting of 14 digital satellite images was used for the 
evaluation of the proposed method.

Table 1  Specifications of satellite data used for the study

Sentinel-2

Sensing date Platform Processing level Tile number Cloud cover of study area (%)
26 Aug. 2015 Sentinel 2A LEVEL-1C T36STF 0
30 Aug. 2016 Sentinel 2A LEVEL-1C T36STF 0
25 Aug. 2017 Sentinel 2A LEVEL-1C T36STF 0
30 Aug. 2018 Sentinel 2A LEVEL-1C T36STF 0
30 Aug. 2019 Sentinel 2B LEVEL-1C T36STF 0
25 June 2020 Sentinel 2A LEVEL-1C T36STF 0
Landsat
Sensing date Mission Path Row Cloud cover 

of study area 
(%)

20 Aug. 1985 Landsat 5 178 034 0
02 Aug. 1990 Landsat 5 178 034 0
31 July 1995 Landsat 5 178 034 0
05 Aug. 2000 Landsat 7 178 034 0
19 Aug. 2005 Landsat 7 178 034 0
30 June 2010 Landsat 7 178 034 0
06 July 2015 Landsat 8 178 034 0
04 Aug. 2020 Landsat 8 178 034 0
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MNDWI is good at distinguishing water areas by sup-
pressing vegetation, soil noise and built-up noise. Water 
areas and settled areas are often mixed when using the 
NDWI index. So, water areas are really overestimated. 
Therefore, MNDWI is recommended in areas where built-up 
areas and water areas are mixed to reduce the built-up area 
noise above the NDWI. MNDWI is calculated by Eq. (1).

After the classification was completed, accuracy 
analysis was performed in the whole study area to 
determine how compatible the existing classes are with 
the reality of the place. In this study, the “Error matrix 
based on the TTA mask” approach is used. A confusion 
error matrix was produced by comparing the reference 
values of the selected test areas with the classification 
result, and the classification quality was tested. In this 
study, Recall (aka Sensitivity), specificity, F-measure, 
accuracy, and kappa index were used to evaluate the 
performance of the extracted shoreline. The exact defi-
nitions of these statistical measures have been detailed 

(1)MNDWI =
Green − SWIR

Green + SWIR

in many studies (Chen et al. 2018; Orhan et al. 2020). 
They can be calculated using the following equations.

(2)Sensivity =
TP

TP + FN

(3)Specif icity =
TN

TN + FP

(4)Accuracy =
TN + TP

TN + TP + FN + FP

(5)Positive predictive value =
TP

TP + FP

(6)Negative predictive value =
TN

TN + FN

(7)F − measure =
2 ∗ TP

2 ∗ TP + FN + FP

Fig. 3  Study workflow
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where P is the total number of shorelines pixels and N is the 
total number of non-shorelines pixels; FP (false positive) and 
FN (false negative) are the numbers of pixels erroneously 
classified and TP (true positive) and TN (true negative) are 
the number of pixels that are correctly classified (Chen et al. 
2017).

True-positive (TP): the shorelines pixels in the accurate 
class (Yes)
True-negative (TN): the non-shorelines pixels in the non-
road class (No)
False-positive (FP): the non-shorelines pixels in shore-
lines class (Yes)
False-negative (FN): the shorelines pixels in non-shore-
lines class (No)

Extraction of shorelines

Assessment of shoreline using DSAS

To distinguish the coastal line from the sea and land areas, 
the MNDWI index was used, and the land areas were 
removed from the water areas. In this study, 5-year change 
between 2015 and 2020 with Sentinel-2 data and 35-year 
change between 1985 and 2020 with Landsat data were 
observed. Accordingly, the data classified using the MNDWI 
index was transformed into a polygon and the coastlines 
were extracted from the transformed polygon using ArcGIS 
software. Konyaaltı beach, which is known to have a coastal 
change in recent years, and the shoreline that includes the 
Boğa river has been chosen as the coastline to be followed. 
When both Landsat and Sentinel data are examined, a vis-
ible difference emerges in the shoreline. In addition, the 
coastlines obtained from the two satellite images were ana-
lyzed and attention was paid to the harmony both within and 
between them. Accordingly, the coastlines were analyzed 
with DSAS tool, a tool that can be used in ArcGIS software 
and published by NASA.

EPR and LRR statistical approach was used to monitor 
and evaluate the position changes of shorelines. The EPR 
approach is simply calculated by dividing the distance sepa-
rating the shoreline by the year difference between the dates 
of the shorelines. The simple mathematical model suggested 
for the EPR approach is given in Eq. (9) (Nassar et al. 2019; 
Dereli and Tercan 2020).

(8)
Kappa index =

(TP + TN) − [(TP + FN)(TP + FP) + (FP + TN)(FN + TN)]∕(TP + FP + FN + TN)

(TP + FP + FN + TN) − [(TP + FN)(TP + FP) + (FP + TN)(FN + TN)]∕(TP + FP + FN + TN)

In the equation,  L1 and  L2 separate the distance between 
the shoreline, while  t1 and  t2 reveal the temporal difference 
between the shorelines.

Another mathematical approach, the LRR approach, is 
created by placing the least-squares regression line for a 
given transition at various points on multiple shorelines. 
It contains a simple calculation and is not complicated in 
terms of application and analysis. All shorelines are used 
for this calculation. The accuracy of the shoreline inferences 
is important for this analysis to give accurate and consist-
ent results. Because the temporal resolution of these coastal 
changes directly affects the concepts that are important for 
the statistical method, such as the accuracy of the shoreline 
change rate (Nassar et al. 2019; Dereli and Tercan 2020; 
Ciritci and Turk 2020). Equation (10) was used for the LRR 
method (Nassar et al. 2019);

In the equation, D refers to the distance from the baseline 
(m), t is the shoreline time changes (years), m is the slope 
of the placed line (m/year), and a is the intercept point of 
the y axis. In the linear regression method, the sample data 
are calculated with average distance values and this value is 
determined by minimizing.

In this study, the Konyaaltı coastline was extracted with 
Sentinel-2 and Landsat 8 satellite images and the changes 
in the coastline were evaluated using the DSAS software 
according to EPR and LRR statistical methods and the rela-
tionship between them was investigated.

Results and discussion

The aim of the study is to determine the recent coastal 
change of the region and to reveal the factors that may cause 
the coastal change. Therefore, 10 m resolution Sentinel-2 
satellite data broadcast free of charge by ESA and 30 m reso-
lution Landsat data published by USGS were used separately 
for data acquisition. Thus, the effect of the resolution differ-
ence of the satellite image for coastal extraction is revealed. 
For this purpose, the “Error matrix based on the TTA mask” 
approach is used. A confusion error matrix was produced 
by comparing the reference values of the selected test areas 
with the classification result, and the classification quality 
was tested. Accuracy assessment values are given in Table 2 
and Table 3.

(9)EPR =
L1 − L2

t1 − t2

(10)D = mt + a
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Table 2  Accuracy assessment 
by error matrix-based analysis 
for Sentinel-2

P parameters

Sentinel-2

P Year

2015 2016 2017 2018 2019 2020

TP 198 201 187 217 224 207
TN 197 199 185 216 223 206
FP 19 21 15 19 18 13
FN 20 22 16 25 19 15
Sensitivity 90.83% 90.13% 92.12% 89.67% 92.18% 93.24%
Specificity 91.20% 90.45% 92.50% 91.91% 92.53% 94.06%
Accuracy 91.01% 90.29% 92.31% 90.78% 92.36% 93.65%
F-measure 91.03% 90.34% 92.35% 90.79% 92.37% 93.67%
Kappa-index 82.03% 80.59% 84.62% 81.55% 84.71% 87.30%

Table 3  Accuracy assessment 
by error matrix-based analysis 
for Landsat

P parameters

Landsat

P Year

1985 1990 1995 2000 2005 2010 2015 2020

TP 147 151 138 163 159 151 191 173
TN 142 147 129 159 156 147 186 169
FP 18 17 21 22 21 18 17 16
FN 19 15 24 23 24 21 18 18
Sensitivity 88.55% 90.96% 85.19% 87.63% 86.89% 87.79% 91.39% 90.58%
Specificity 88.75% 89.63% 86.00% 87.85% 88.14% 89.09% 91.63% 91.35%
Accuracy 88.65% 90.30% 85.58% 87.74% 87.50% 88.43% 91.50% 90.96%
F-measure 88.82% 90.42% 85.98% 87.87% 87.60% 88.56% 91.61% 91.05%
Kappa-index 77.30% 80.60% 71.13% 75.47% 75.00% 76.85% 83.01% 81.91%

Fig. 4  Sentinel-2 data DSAS results with LRR and EPR statistics
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The results show the higher performance of Sentinel sat-
ellite images than Landsat satellite images for object-based 
classification of the shore inference model (Sentinel lowest 
sensitivity 89.67% vs Landsat lowest sensitivity 85.19%).

Using the Landsat image to detect changes that occur 
in a short time is not suitable due to the low resolution. 
That is why 5-year interval data were used to draw more 
meaningful results from Landsat data. To provide DSAS 
parameters for both satellite data, a 50-m buffer was created 
based on all coastlines and specific parameters related to the 
baseline were added to the attribute table (SHAPE_Length, 
ID, Group, OFFshore and CasDir). However, the com-
bined shoreline was added to another data named shoreline 
and specific parameters required for the DSAS tool were 

added to the attribute table (SHAPE_Length, DATE_, 
UNCERTAINTY).

For the shoreline extracted from Landsat satellite images, 
a total of 779 transects were produced, 10 m apart and scan-
ning an area of 120 m due to the serious change in the shore-
line (Fig. 5). For the shoreline extracted from the Sentinel-2 
satellite image, a total of 946 transects were produced at 
10 m intervals and scanning an area of 100 m due to the 
serious change in the shoreline (Fig. 4). EPR and LRR val-
ues were generated from 90% confidence intervals for all 
transects. Regions important for significant change in the 
coastline were reserved for Sentinel-2 satellite data and their 
variation was examined separately (Table 4). While erosion 
is seen in zone 1 and 3, accretion is seen in zone 2 and 4. 
These zones were selected from areas with dense erosion 
and dense accretion. The reason for choosing the zones in 
this way is to obtain a more precise result.

It is not necessary to analyze the same regions in the 
analysis of historical data obtained with Landsat. Since the 
Landsat data dates to 35 years ago and there was no sig-
nificant improvement in the shoreline from those days to 
the present (especially the Boğa river set and Antalya Port 
have further erosion the coastline), a continuous erosion is 
observed (Fig. 5).

For both data, the EPR and LRR values were evaluated 
linearly and the R2 value was calculated as 83% for Senti-
nel-2 and 89% for Landsat. The R2 value results evaluated 
differently. This difference occurred because Sentinel was 
calculated for a period of 5 years and Landsat for a period 
of 35 years. However, the correlation between the coasts 
was investigated with the Pearson’s r method and the cor-
relation value for Sentinel-2 and Landsat was calculated 
as 92% and 94%, respectively (Figs. 6 and 7). The Pear-
son’s r method used because the method provides impor-
tant information of the linear relationship between two 

Table 4  Statistical analysis of regional and all data in the study area

Zone Segments Descriptive statistics 90% confidence

EPR LRR

1 141 segments Maximum 0.03 0.56
Minimum  − 2.85  − 2.35
Mean  − 0.25  − 0.27

2 35 segments Maximum 9.1 6.76
Minimum  − 0.02 0.51
Mean 4.50 3.40

3 30 segments Maximum 1.08 0.3
Minimum  − 0.01  − 2.47
Mean 0.08  − 1.21

4 136 segments Maximum 4.43 3.58
Minimum  − 1.93  − 0.49
Mean 1.41 1.89

All Maximum 9.10 6.76
Minimum  − 2.85  − 2.47
Mean 0.52 0.76

Fig. 5  Landsat data DSAS results with LRR and EPR statistics
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continual variables. Pearson’s r is a statistical measure of 
the strength and direction of a linear association between 
two images. The Pearson’s r value between two images is 
defined in Eq. (11):

where μA and μB are the mean values of the two images (A 
and B), respectively. Pearson’s r should be as close to one 
as possible. The difference between Pearson’s r values will 
show how well the spatial quality is maintained (Sarp and 
Özcelik 2017). Thus, MNDWI spectral water index were 

(11)r(A,B) =

∑

m, n(Am,n−�A)(Bm,n−�B)

�

∑

m, n(Am,n−�A)
2 ∑ (B

m,n−�B)
2

used in this study. In the MNDWI images, slight differences 
cannot be manually detected by visual inspection. Therefore, 
Pearson’s r is measured among the different year’s satellite 
images.

In addition to these, when 5-year meteorological data 
are examined, it is seen that the temperature averages 
are almost the same. Although there was a significant 
increase in the amount of precipitation in 2018 and 2019 
in monthly and annual averages compared to 2016 and 
2017 (Figs. 8 and 9), coastal erosion continued to be seen 
at the beach east of Boğa river (Fig. 4). Due to the increase 
in the amount of rainfall, filling was formed in Boğa river. 
However, while this filling is expected to fill the beach in 

Fig. 6  Correlation values 
between EPR and LRR accord-
ing to R2 and Pearson’s r 
method for Sentinel-2 data

Fig. 7  Correlation values 
between EPR and LRR accord-
ing to R2 and Pearson’s r 
method for Landsat data
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the east of the stream with wind waves, erosion is observed 
in this region in the same years.

Conclusion

Coastal areas have been important to humanity throughout 
history. People have settled on lakes and rivers to their 
need for water and irrigation. Later, with the invention of 
ships, seas and oceans became important. Today, the coasts 
are one of the areas with rich natural resource potential, 
offering economic gain opportunities for people, and high 
development potential. In addition to all these, with the 
acceleration of tourism activities, the coasts have become 
more and more important. In addition to all these advan-
tages, misusage of coasts and water resources caused by 
global warming causes the recession of seas and oceans, 

shortening of the shoreline and damage to the biodiversity 
on the coasts. A large part of the world’s coasts is under 
threat due to reasons such as uncontrolled tourism activi-
ties, disruption of the biological balance on the coasts, and 
climate change. Serious changes occur in the coastal areas 
in a short time due to the introduction of the human factor.

In this study, in Antalya province of Turkey and one of 
the important tourist destinations for the world, multi-year 
coastal changes were analyzed. Using remotely sensed satel-
lite data, two different shore changes with 5-year intervals 
and 1-year intervals were analyzed. Unlike the studies in the 
literature, this study compares the performance of satellite 
data by examining both 5-year and annual coastline changes 
with DSAS method. In the study, the 35-year change of the 
region was analyzed using 8 Landsat satellite data obtained 
in 5-year intervals between 1985 and 2020. In addition, to 
examine the short-term changes in recent years where the 

Fig. 8  Analysis of the annual 
average temperature, rainfall, 
and wind data of the Konyaaltı 
coast (Turkish State Meteoro-
logical Service, 2021)

Fig. 9  Examination of monthly 
average temperature, rainfall, 
and wind data of Konyaaltı 
beach (Turkish State Meteoro-
logical Service, 2021)
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tourism sector has gained momentum, the change in the 
region has been analyzed using 6 Sentinel-2 satellite data 
obtained annually between 2015 and 2020. It is seen that 
Landsat data cannot capture the annual changes due to the 
spatial resolution, but it is successful in 5-year changes. In 
addition, Sentinel-2 data, which has a spatial resolution of 
10 m, successfully reveals the year-based coast changes. 
However, we cannot deny that Landsat data, which has pro-
vided data for many years, is especially important in reveal-
ing the differences in a few decades.

When the analysis results are examined, a significant 
amount of erosion was observed in both 35-year and 
5-year changes (approximately 20 m erosion and 10 m 
accretion). Considering the meteorology data, even though 
there was more rainfall in 2018 and 2019 compared to 
other years, the fact that there was no accretion on the 
coastline reveals the impact of the human factor on nature. 
Thanks to the arrangements made in Boğa river in recent 
years, the riverbed has compensated for the current ero-
sion. However, erosion continues to occur seriously on the 
coastline. Much longer time will be required for natural 
rehabilitation on shore. Meanwhile, actions that prevent 
material transport to the shore should be avoided. Since 
coastal erosion causes the change of the coastal line, pre-
viously built infrastructure facilities are also damaged by 
this process.
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