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ABSTRACT This study was aimed to investigate the temporal and geometric shoreline change rates 
in Lake Beyşehir, which is the largest freshwater lake in Turkey, using the Digital Shoreline 
Analysis System and remote sensing techniques. Therefore, the multitemporal Landsat 
satellite images for 1984, 1990, 1996, 2000, 2006, 2014, and 2018 were used. The 
shoreline maps of the study area were produced from the obtained satellite images, and 
the shoreline change rates for the previous years were calculated using two different 
methods. As a result of the study, according to the end point rate and linear regression 
rate statistics, the highest average coastal erosion rate was determined to be -12.03 m/yr 
with shoreline withdrawal of 409.06 m in a 35-year period, and the highest average 
coastal accretion rate was determined to be 5.86 m/yr with shoreline advance of 
178.36 m. In addition, trend and drought analyses were applied to the annual average 
meteorological data (temperature and precipitation) from 1970 to 2018, which were 
obtained from the Beyşehir Meteorological Observation Station located in the study 
area. The results of these analyses were used to determine whether the temperature 
and rainfall changes over the years have had an effect on the temporal and geometric 
coastline changes in Lake Beyşehir.
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1. Introduction

Shorelines are dynamic environments that separate terrestrial from marine ones (Lutgens et 
al., 2012; Kadıoğlu et al., 2019). Coastal areas are one of the most complex ecosystems, with many 
living and inanimate resources (Constanza et al., 1997; Kuleli, 2010). Therefore, coastal areas are 
defined as dynamic regions of great importance for sustainable land management practices. 
These areas, which are very sensitive for sustainable land management, are endangered due to: 
natural reasons, such as coastal erosion; meteorological, hydrological, and geological factors, 
that cause land degradation; and artificial reasons, including coastal engineering, land demand, 
and agricultural activities (Mohsen et al., 2018; Dereli and Tercan, 2020).

Another important factor is the effect of climate change, especially drought. The effects of 
the climate changes that have been experienced in the climate zone in which Turkey is located 
include sudden fluctuations in precipitation and temperatures, and decreased water resources, 
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which have resulted in a decrease in productivity in agricultural activities. Nowadays, the adverse 
effects caused by climatic changes have been defined as an important factor that threatens our 
future. Possible scenarios that will occur in Turkey, and especially in the Mediterranean Basin, 
according to the 5th Assessment Report (AR5) published by the Intergovernmental Climate 
Change Panel (IPCC) in 2013, have revealed the seriousness of the situation.

As one of the inland wetlands, lakes are living areas that have critical importance for the 
sustainability of living ecosystems, as these regions are structures with high nutritional value for 
living things, and they host many species (Dereli and Tercan, 2020). Lakes also serve as a resource 
for people. Their use for various reasons, such as agricultural activities, energy production, 
tourism, and drinking water, gradually decrease their water reserves, which creates a problem 
for inland wetlands.

For this reason, understanding the dynamic structure of the shoreline and investigating 
temporal changes quantitatively are extremely important for making effective decisions 
regarding coastal management (Esteves et al., 2009; Rio et al., 2013). Remote Sensing (RS) 
and geographic information system (GIS) technologies are frequently used nowadays in 
the determination of coastal changes and future trends, in various planning activities and 
preventive studies, due to the fact that the use of classical methods creates disadvantages in 
terms of time, cost, and benefits (Thanikachalam and Ramachandran, 2003; Navrajan et al., 
2005; Pepe and Coutu, 2008; Pritam and Prasenjit, 2010; Natesan et al., 2013; Bheeroo et al., 
2016; David et al., 2016; Duru, 2017).

GIS and RS techniques are used as very important tools in the planning and analysis of natural 
resources in terms of time and precision. These technologies provide quickness and flexibility in 
making decisions for users and decision-makers. RS plays an essential role in economical spatial 
data acquisition (Alesheikh et al., 2007), making digital images simple to interpret and easy to 
obtain. Furthermore, the absorption of the infrared wavelength region, by water and its strong 
reflection by vegetation and soil, make these images an ideal combination to map the spatial 
distribution of terrestrial and marine areas (Niya et al., 2013). Hence, images containing visible 
and infrared bands are commonly used for shoreline mapping. Two methods are usually used 
when making shoreline extractions with RS data. The first of these is the digitisation conducted on 
the screen, as its margin of error is less. The second is the automatic method, in which extraction 
is performed using different algorithms according to the software and the data are used in a 
comparison with the previous method (Chen and Rau, 1998; Frazier and Page, 2000; Ryu et al., 
2002). Although this method saves time, cost, and workforce, its accuracy may vary according 
to the method and algorithm used. The GIS provides convenience to the user in classification 
studies, temporal change detection, collecting data in a specific database, analysing, mapping, 
and in its presentation to the user.

There are different techniques used for measuring and proportioning the temporal and 
geometrical changes of coastal changes. The Digital Shoreline Analysis System (DSAS) tool, which 
works as an extension of the ArcGIS software used in the GIS and RS analysis processes, has 
recently been preferred in coastal survey studies (Ahmad and Lakhan, 2012; Bheeroo et al., 
2016; Baral et al., 2018; Esmail et al., 2019; Hovsepyan et al., 2019; Nassar et al., 2019). These 
studies regarding lakes in Turkey are quite limited (Kuleli, 2010; Kuleli et al., 2011; Duru, 2017; 
Kale, 2018; Dereli and Tercan, 2020).

The goal of this study was to investigate the temporal and geometric shoreline changes, and 
erosion and accretion risk ratio in Lake Beyşehir, which is the largest freshwater lake in Turkey, 
using the RS technique and the DSAS tool. For this purpose, multiband Landsat Thematic Mapper 
(TM), Enhanced TM (ETM), and Operational Land Imager (OLI) satellite images for 1984, 1990, 
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1996, 2000, 2006, 2014, and 2018 were used. Raw satellite images were first atmospherically 
rectified using image pre-processing techniques on the satellite images. The shoreline was 
extracted by separating the boundary between terrestrial and marine using the band ratio 
technique on the obtained images. Shoreline maps were produced from the data obtained, and 
the shoreline change rates for the previous years were calculated using two different statistical 
methods, and then the obtained results were analysed. Finally, drought and trend analysis 
was applied to determine whether the temporal and geometrical changes of the coastline in 
Lake Beyşehir have temperature and rainfall effects in the years. For this purpose, the annual 
average meteorological data (temperature and precipitation) for 1970 to 2018, obtained from 
the Beyşehir Meteorological Observation Station in the study area, were analysed. The Mann-
Kendall and Sen Slope tests were used in determining the trends with the temperature and 
precipitation data, and the Standard Precipitation Index (SPI) was used in determining drought 
periods only for the rainfall data.

2. Material and methods

2.1. Study area

Lake Beyşehir, the third largest lake after lakes Van and Tuz in Turkey, is located between 
38°03’ and 37°26’ N latitude and 31°46’ and 31°15’ E longitude in the Lakes District (Fig. 1). The 
Beyşehir-Kaşaklı sub-basin is spread across a wide area of 7391 km2, including the provinces 
of Konya and Isparta, and non-settled areas of the province of Antalya. Due to its location, 
the basin exhibits a transition climate, which includes the features of the Mediterranean and 
terrestrial climates. For this reason, the vegetation part in the basin shows diversity.

The lake is a source of drinking-usage and irrigation water for central Anatolia (Durduran and 
Çiftçi, 2008). Since the lake is a reservoir of drinking water, it is subject to the Water Pollution 
Control Regulation. It has a surface area of approximately 650 km2. The lake is very shallow, with 
an average depth of 8.5 m, with a maximum of 10 m (Tüstaş, 1999). The area was declared as a 
National Park by the Ministry of Forestry in 1993 under two separate names, Beyşehir Lake and 
Kızıldağ National Park. Furthermore, it is a wetland area with international importance according 
to the Ramsar Convention criteria. Lake Beyşehir and its surroundings comprise a very important 
region in terms of cultural and historical heritage, which is under protection as 1st-, 2nd-, 3rd-
Degree Natural Protected Areas. In addition to all of these, the Konya Closed Basin constitutes 
14% of the land potential of Turkey in terms of agricultural production (Orhan, 2014). However, 
due to the unconscious and wild irrigation activities used in agriculture, arid lands prone to 
desertification are increasing as a result of the overloading of underground and existing water 
resources.

The main reason for selecting Lake Beyşehir as a study area was the fact that it is an 
important basin on which emphasis should be placed due to the following factors: the increasing 
agricultural irrigation activities and unconscious water use; it is the largest freshwater source 
in Turkey; sudden changes in precipitation and temperature have resulted in increased drought 
waves; the drying of most of the 27 creeks and streams feeding the lake; the pollution caused 
by the increasing discharge of domestic and industrial wastes into the lake; the decreased 
biodiversity in the lake; the increasing coastal erosion; and, consequently, the physical and 
human-induced changes, such as irregular change activities along the shore border. The fact 
that the region is facing drought and that its location in the basin is most affected by climate 
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Fig. 1 - Location of the study area (Landsat-8 OLI, RGB image data, 2018).

change in Turkey was also effective in determining the study area. Furthermore, when the 
management plan analysis reports related to the management of the surface water of Lake 
Beyşehir were examined, it was decided to select it as the study area due to the absence of a 
comprehensive study on the subject and the lack of inventory data for the region to be used 
as a base.

2.2. The used data

In this study, the Landsat TM, ETM, and OLI digital satellite images for 1984, 1990, 1996, 
2000, 2006, 2014, and 2018 were used. Landsat satellite images were used in the present study 
due to the presence of a large data archive, their having a medium spatial resolution (30×30), 
being frequently preferred in the determination of environmental changes, providing sufficient 
information in the wide application area, and being served free of charge. The Landsat satellite 
images used in the study were provided by the United States Geological Survey (USGS) Research 
Institute website (United States Geological Research Institute, 2020).

Landsat 5 TM, 7 ETM, and 8 OLI satellites take images in the visible and near-infrared (VNIR), 
shortwave infrared (SWIR), and thermal infrared (TIR) ranges, and have a medium spatial 
resolution that is between 15 and 100 m, depending on the spectral range. Their lane widths 

08-210745 - OGS.BGO-Gumus.05_online03_12_21.indd   122 24/02/22   14:47



123

Bull. Geoph. Ocean., 63, 119-142Investigation of shoreline change rates in Lake Beyşehir, Turkey

are 183, 185, and 185 km, respectively, and their temporal resolution is 16 days. Their spatial 
resolution spectral bands are 30 m, their radiometric resolution is 8 bits, and they orbit at 
an altitude of 705 km. Different than Landsat 5, Landsat 7 has a developed thematic mapper 
scanner. In addition to the standard 7 bands, a panchromatic band (0.50-0.90 µm) with a 15-m 
resolution was added. In addition to these, the resolution of the thermal band was reduced from 
120 to 60 m. Landsat 8, which joined the trajectory of Landsat 7 in 2013, provides scientific data. 
In addition to the previous bands, Landsat 8 OLI carries a deep blue band for coastal/aerosol 
studies, as well as a short wave infrared band for the detection of cirrus clouds. OLI collects data 
as 9 spectral bands (Coastal/Aerosol + VNIR + SWIR + PAN + CIRRUS), and of these, 7 have the 
ranges found in the previous LANDSAT 5 TM and 7 ETM sensors; thus, compatibility with old 
Landsat data is ensured. The technical characteristics of the Landsat satellite images used in the 
study are presented in Table 1.

Table 1 - Used satellite images and technical specifications.

No Spacecraft_Id Sensor Path / Row Spatial resolution Date acquired Type

1 Landsat 5 TM 178/34 30 m 1984-07-16 GeoTiff

2 Landsat 5 TM 178/34 30 m 1990-08-02 GeoTiff

3 Landsat 5 TM 178/34 30 m 1996-08-02 GeoTiff

4 Landsat 7 ETM 178/34 30 m 2000-08-05 GeoTiff

5 Landsat 5 TM 178/34 30 m 2006-08-30 GeoTiff

6 Landsat 8 OLI 178/34 30 m 2014-07-03 GeoTiff

7 Landsat 8 OLI 178/34 30 m 2018-08-15 GeoTiff

ENVI 5.3 software (Exelis Visual Information Solutions, Boulder, CO, USA) was used in the digital 
pre-processing of satellite images and determining the border between terrestrial and marine sea 
using the band ratio technique. In order to extract the border from the resulting images, raster-
to-vector conversion processes were used, and ArcGIS 10.5 software (Environmental Systems 
Research Institute, Redlands, CA, USA) was used in all visualisation and mapping stages, and 
the DSAS 5.0 tool, which runs as an extension of the ArcGIS software, was used in the statistical 
determination of the shoreline change rates.

In addition, monthly and annual average meteorological data (temperature and precipitation) 
for 1970 to 2018, obtained from the Beyşehir Meteorological Observation Station in the study 
area, were used to determine whether the temperature and rainfall affected the interpretation of 
the temporal and geometrical coastal changes in Lake Beyşehir. The Beyşehir meteorology station 
was chosen because it is the closest to this lake and has at least 30 years of meteorological data 
for the trend analysis. Related data were obtained from the General Directorate of Meteorology 
in Turkey. The average annual values were found by taking the averages of the months covering 
that year for each year in a time series of different data types for 1970 to 2018. Time series 
were created for the temperature and precipitation data for the trend analysis. Descriptive 
statistics for the annual average of these time series are given in Table 2. In addition, monthly 
and precipitation data for these years were used to determine the drought periods. The monthly 
average values of the data obtained from the Beyşehir station are given in Table 3.
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Table 2 - Annual average values obtained from Beyşehir station. N: number of year, min.: minimum value, max.: max-
imum value, std. dev.: standard deviation.

Meteorological Beyşehir Station

Data N Min. Max. Mean Std. Dev.

Minimum Temperature 49 -3.75 0.45 -1.32 1.05

Average Temperature 49 8.35 13.03 10.85 0.82

Maximum Temperature 49 21.6 25.93 23.31 0.97

Total Precipitation 49 26.64 56.01 41.21 7.39

Table 3 - Monthly average values obtained from Beyşehir station.

Beyşehir 
Meteorological Data Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.

Min. temperature -12.5 -12.3 -7.5 -1.6 2.8 6.6 10.2 9.5 5.0 0.0 -5.6 -10.4

Average temperature -0.3 1.0 5.1 10.0 14.5 18.6 22.0 21.8 17.8 12.0 6.0 1.6

Max. temperature 11.2 13.4 18.7 23.6 27.3 31.0 33.5 33.4 30.6 25.5 18.3 13.3

Total precipitation 70.4 48.0 46.7 44.9 42.8 27.0 9.2 10.8 19.6 47.3 55.0 72.9

2.2.1. Correlation analysis

Correlation analysis was conducted to determine the direction and magnitude of the 
relationship between temperature and precipitation data observed from the Beyşehir station. 
Nonparametric Spearman’s Rho correlation analysis was applied to these data, since some of 
the data did not show normal distribution and were not homogeneous (Table 4). The correlation 
coefficient (r) is a parameter that takes values between -1 and 1, which measures the direction 
and amount of the linear relationship between two variables. As the value of r approaches 0, 
the dependency can be considered very little or absent. It is accepted that r has a positive (+) 
relationship between 0 and 1. It is accepted that r has a negative (-) relationship between 0 and -1.

Table 4 - Nonparametric Spearman’s Rho correlation analysis results.

Spearman’s rho correlations

Beyşehir minimum average maximum total

Meteorological Data temperature temperature temperature precipitation

Minimum 1.000 0.771** 0.254 0.154

temperature 0.000 0.078 0.290

Average 0.771** 1.000 0.556** 0.345*

temperature 0.000 0.000 0.015

Maximum 0.254* 0.556** 1.000 0.158

temperature 0.078 0.000 0.279

Total 0.154 0.345* 0.158 1.000

precipitation 0.290 0.015 0.279

** Correlation is significant at the 0.01 level. * Correlation is significant at the 0.05 level.
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2.3. Methods

In this study, RS, GIS, and DSAS technologies were used as an effective platform to evaluate 
shoreline changes on the shores of Lake Beyşehir between 1984 and 2018. The workflow diagram 
of the study is shown in Fig. 2.

Fig. 2 - Work flow diagram.

2.3.1. Image pre-processing

Satellite images contain systematic or non-systematic errors in their structure. Therefore, 
any existing errors (image pre-processing) should be corrected before using the images. The 
Landsat satellite images for the 7 years to be used in this study were first rectified by performing 
their radiometric calibrations. The Landsat image data were downloaded in the corrected level1 
GeoTiff (Geo-referenced Tagged Image File Format) format so as to eliminate the need for 
geometric correction.

2.3.2. Extraction of shorelines

After pre-processing of the Landsat satellite images of Lake Beyşehir, the shoreline maps of 
the study area for different dates were produced. The extraction of the boundary line between 
terrestrial and marine is based on the development of the spatial and spectral properties of 
satellite images (Kaliraj et al., 2014). Various techniques and methods have been developed to 
extract the shoreline from RS images. In addition to advanced feature extraction algorithms for 
the automatic extraction of shorelines, digitisation, band ratio, edge detection and supervise and 
unsupervised classification techniques using single or multiple bands (Braud and Feng, 1998; 
Mas, 1999; Bagli and Soille, 2003; Li et al., 2003; Liu and Jezek, 2004; El Banna and Hereher, 
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2009; Kumar et al., 2010; El-Asmar and Hereher, 2011; Pardo-Pascual et al., 2012) are the most  
common techniques for the extraction of shorelines, in the literature.

In the current study, the band ratio technique was used to extract the shoreline from remotely 
sensed images. This is an image processing technique used to determine some properties 
(vegetation detection, terrestrial and marine separation, marshland separation, etc.) that cannot 
be determined in raw images. Ratio images are used for the extraction and mapping of coastal 
changes in different regions by enhancing spectral contrasts between bands (Segal, 1983; Kenea, 
1997). Band ratio is performed to clarify differences in the terrestrial and marine separation by 
dividing the band with high reflectance in a certain spectral range by the band with low reflectance 
(absorption). The value of each pixel with high reflectance in an image is divided by the value of 
the pixel in the same position in the band with low reflectance (Kayadibi and Aydal, 2013). In RS 
images, the green band (VIR) and near-infrared band (NIR) are usually used in the detection of 
open water surfaces. The effect of soil and settled land is reduced by replacing the NIR band with 
the Short-wave Infrared (SWIR), and it is possible to obtain a more dominant image by enhancing 
water extraction. In this study, in order to perform terrestrial and marine boundary separation, the 
‘band5/band2’ ratio was applied to the TM and ETM satellite images, and the ‘band6/band3’ band 
ratio technique was applied to the OLI satellite images. As a result of the band ratio technique, 
binary images providing terrestrial and marine boundary separation were obtained (Fig. 3). The 
formula used was in the form of “If B5/B2 < 1 then 255 else 0 algorithm” for the Landsat 5 TM and 
7 ETM satellite images, and in the form of “If B6/B3 < 1 then 255 else 0 algorithm” for the Landsat 
8 OLI satellite images. Here, the green band (0-0.60 nm) was expressed as B2 for TM/ ETM images, 
and B5 was expressed as SWIR (1.55-1.75 nm). For the OLI satellite image, the green and SWIR 
bands were B3 and B6, respectively. The raster-vector conversion was performed using the ArcGIS 
software to extract coastal lines from the resulting images (binary image), where the terrestrial and 
marine separation can be clearly distinguished.

Fig. 3 - Coastline extraction using the band ratio technique for the Landsat TM, ETM, and OLI images: a) overlaying 
the extracted coastline with the true colour composite ETM image, 1996; b) result of the “If B5/B2 < 1 then 255 else 0 
algorithm”, binary image; c) extraction of the coastline vector information and raster-to-vector conversion.

a b c
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2.3.3. Calculation of shoreline changes

After extracting the shoreline from the Landsat TM, ETM, and OLI images, the DSAS software 
tool was used to calculate the shoreline movement rate and changes. DSAS 5.0 is a tool that runs 
as an add-on to the ArcGIS software (Jayson-Quashigah et al., 2013; Kılar and Çiçek, 2018). DSAS 
(Thieler et al., 2003) is a free service application that calculates the statistical changes of many 
shoreline positions and has been frequently used in the literature (Kuleli et al., 2011; Moussaid et 
al., 2015; Mutaqin, 2017; Kale et al., 2019). DSAS creates cross-sections (transects) perpendicular 
to a user-specified baseline. Afterward, the cross-sectional positions of the shoreline along the 
baseline are recorded (Himmelstoss, 2009; Ali and Narayana, 2015). To evaluate the temporal 
and geometric change movement of the shoreline, buffer analysis (200 m) was applied to these 
layers after the shorelines were formed. In this way, a hypothetical baseline was created. The 
distance measured between the fixed baseline point and the shoreline locations generated by 
the program provided a reliable record that tracked changes in the shoreline locations over 
the 35-year time frame of the created vectors. In this study, 3342 transects were produced 
perpendicular to the baseline at 50 m intervals to the shoreline (Fig. 4). These created transects 

Fig. 4 - Display of the transects (Landsat-5 TM, False colour image data, 1996): a) zooming in of the shoreline changes 
by year; b) zooming in of the transects; c) display of the transects and shoreline changes by year.
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covered the entire study shoreline of Lake Beyşehir (approximately 176 km in length). The data 
measured from each transect point were then used to predict the annual average rate (m/yr) of 
the shoreline change using linear regression techniques (Kuleli, 2010).

There are many methods to analyse the rate of shoreline changes, some of which are as 
follows: Shoreline Change Envelope (SCE), Net Shoreline Movement (NSM), End Point Rate 
(EPR), Least Regression Rate (LRR), Weighted Least Squares Regression (WLR), Standard Error 
(LSE/WSE), R-squared (LR2/WR2), Least Median of Squares (LMS), and Jack-Knife Ratio (JKR). 
Each method has its own advantages and disadvantages (Thieler et al., 2003; Genz et al., 2007).

In this study, shoreline changes were predicted using two different statistical approaches: the 
EPR and LRR. In the EPR method, the calculation is performed by dividing the distance between 
the shoreline at the oldest and the most recent dates by the time elapsed (To and Thao, 2008). 
The equation for the calculated statistics is:

(1)

In the calculations, the statistical ratio is determined using two different shorelines. If there 
are more than two shorelines, this method is calculated using different combinations (Beyazıt 
et al., 2014). The LRR is determined by placing the most suitable regression line, based on the 
method of least squares, on all of the shoreline points for a certain transect. The equation for the 
calculated linear regression line is:

(2)

Here, m is the slope of the line, b is a constant value, x is an independent variable, and y is a 
dependent variable (Thieler et al., 2009). In this method, all shorelines are taken into account 
independently of changes in the tendency and accuracy (Mahapatra et al., 2014). The method 
is based on statistical concepts and is very easy to use. All statistical calculations in this study 
were performed with the data uncertainty of ±5 m and a confidence interval of 95%. As a result, 
the predicted shoreline change rates (erosion or accretion) at each transect were presented in 
graphs in Fig. 5. Due to the long shoreline in the study and the frequent transect range created 
(50 m), the study area was divided into 4 different regions, and statistical calculations were 
performed (Fig. 5).

2.3.4. Trend analysis

Trends arise as a result of a change in the values of a random variable that increases or 
decreases in a time-dependent manner. To perform statistical analysis in any data set to determine 
trends, the probability of occurrence of the observed data must be the same and independent 
of each other, and the observed variable must be observed under similar conditions, that is, 
it must be homogeneous. Generally, these data sets are affected by many events, such as the 
observation method, hydrological and meteorological events, human factors, etc. Therefore, 
they lose their randomness and their homogeneity deteriorates. Therefore, sufficient statistical 
results cannot be obtained to determine trends in data sets that are not homogeneous and do 
not show random variables (Çetin, 1997). In this study, the Run (Swed-Eisenhart) test was used 
as a homogeneity test to determine whether the data used to determine trends come from the 
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Fig. 5 - Shoreline change rates from zone 1 to zone 4 from 1984 to 2018.
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same population and are independent of each other. In addition, to determine whether there is 
an internal dependency between the data, the autocorrelation coefficients test was performed 
before the Mann-Kendall test.
Mann-Kendall test. The existence of monotonous increasing or decreasing trends in the time 
series was tested with the non-parametric Mann-Kendall test. In the calculation of the Mann-
Kendall statistical test, the S statistics for time series with less than 10 data points and the normal 
approximation (Z) statistics for time series with 10 or more data points are used (Gilbert, 1987). 
The variance of S, VAR(S), was calculated by:

(3)

Here, q is the number of groups (p) that have equal value and tp is the number of data values in 
the p-th group. The normal approximation statistic value (Z) is calculated according to the values 
of S and VAR(S) given above, according to:

(4)

Statistically, determining whether there is a trend in a time series is evaluated by looking at the 
value of the Z statistic. The absolute value of Z is compared with the Z1-α/2 value determined at the 
α significance level from the standard normal cumulative distribution tables. It is concluded that the 
trend exists if the absolute value of Z is greater than or equal to Z1-α/2. A positive value of Z indicates 
that there is an increasing trend and a negative value of Z indicates that there is a decreasing trend.

Sen Slope test. The non-parametric Sen Slope method is used to estimate the true slope of a 
nonlinear trend in a time series (as an annual change). One of the most important features 
of this method is that it is not greatly affected by single data errors or outlier measure values 
(Gilbert, 1987). To estimate the true slope (Q) of a time series, it is first necessary to calculate the 
slope (QI) of the data value pairs in the whole time series with the following equation as j > k:

(5)

It is obtained by the number N[n*(n-1)/2] from the Qi value showing the slope estimation 
according to the value n representing the number of xj in the time series. In the Sen slope 
method, the slope estimator of the trend is the median of N number of Qi values. To calculate 
this value, the Qi values are ordered from the smallest to the largest. Depending on whether N is 
odd or even, the estimator of the Sen Slope method was calculated using:

(6)

The median of  values indicates the magnitude and direction of an existing trend in time 
series. In other words, if the sign of Q is negative (positive), it means that there is a decreasing 
(increasing) trend. The higher the value of Q, the more trends there are.
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2.3.5. Drought analysis

Nowadays, drought is accepted as one of the natural disasters caused by factors such as rainfall 
below normal levels and the negative effects of climate change, etc. It is predicted that rainfall will 
decrease, temperatures will increase, and briefly, the severity of drought will increase and its duration 
will be extended in the future. In drought analyses, drought indices are calculated using the data 
obtained from meteorological, agricultural, and hydrological observations. The effect of drought 
on rainfall was determined in this study with the Standard Precipitation Index (SPI). It will also be 
interpreted whether the results affect time-dependent geometric shoreline changes in Lake Beyşehir.

Standardised Precipitation Index. The SPI was developed as a method that converts the rainfall 
parameter into a single numerical value for the purpose of monitoring the drought by Mckee et 
al. (1993). It is used as an effective solution for determining seasonal meteorological droughts 
by using monthly rainfall data with this method. However, the probability distribution function 
of precipitation data used in this method generally does not conform to a normal distribution. 
The probability distribution functions of these data need to be converted into Gamma probability 
distribution functions. After this transformation, precipitation data are brought to a normal 
distribution state by using the inverse standard normal distribution function. The SPI is obtained by 
dividing the standard deviation (σ) of difference by the mean (Xiort) of the precipitation (Xi) within 
a selected time period (Eq. 7). In this way, a SPI with a mean of 0 and a variance of 1 is calculated 
(McKee et al., 1993).

(7)

Today, SPI calculations are made for different periods (1, 3, 6, 9, 12, and 24 months) to evaluate 
meteorological, agricultural, and hydrological droughts in the short or long term. In this study, the 
SPI values for 1, 9, 12, 24, and 60 months were calculated. For the detection of agricultural and 
hydrological droughts of longer periods, the 9-month SPI is an indicator of seasonal precipitation 
patterns over a medium-scale period. SPIs for 12 and 24 months are calculated to determine long-
term precipitation patterns, and hydrological dry periods observed in streams, reservoir levels, and 
groundwater levels. The SPI compares all of the data with the amount of precipitation recorded 
over the same consecutive month in the previous 12-year period. In addition, 60-month (5-year) 
SPI values were also calculated in order to achieve parallelism with the satellite images (World 
Meteorological Organization, 2012) used to determine the coastal changes and to determine the 
drought periods. According to the obtained SPI values, evaluations were made by comparing the 
values given in Table 5 below and the type of drought was determined.

Table 5 - Drought category according to the SPI values (McKee et al., 1993).

RANGE OF SPI VALUE PRECIPITATION REGIME
≥ 2 Extremely wet

1.50 ~ 1.99 Very wet
1.00 ~ 1.49 Moderately wet
0.99 ~ -0.99 Normal precipitation
-1.00 ~ -1.49 Moderately dry
-1.50 ~ -1.99 Very dry

≤ - 2 Extremely dry
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3. Results and discussion

After performing a general assessment for each region (using all of the transects), examinations 
were also made for erosion and accretion. The total positive change movements of the transects, 
examined statistically in Table 6, indicate accretion, while the negative change movements 
indicate erosion rates. 

Table 6 - Shoreline change trends, derived from the LRR and EPR, using the 4 zones.

ZONE 1 ZONE 2
Transection 

Type General Erosion Accretion General Erosion Accretion

Methods EPR LRR EPR LRR EPR LRR EPR LRR EPR LRR EPR LRR
Number of 

values 849 849 344 291 505 558 737 737 79 48 658 689

Minimum -5.40 -5.29 -5.40 -5.29 0.00 0.00 -1.78 -3.27 -1.78 -3.27 0.04 0.00

Maximum 17.49 14.37 -0.01 -0.01 17.49 14.37 21.35 22.24 -0.01 -0.02 21.35 22.24

Mean 1.94 1.88 -1.08 -0.79 3.99 3.27 4.92 4.74 -0.63 -0.53 5.59 5.11

Median 0.61 0.62 -1.04 -0.59 2.36 1.98 4.31 3.80 -0.55 -0.29 4.76 4.06

First quartile -0.80 -0.34 -1.44 -0.95 1.00 0.67 1.50 1.70 -0.99 -0.59 2.56 2.29

Third quartile 3.02 2.65 -0.54 -0.31 6.50 4.35 7.09 6.13 -0.24 -0.15 7.47 6.31

Standard error 0.14 0.12 0.04 0.05 0.18 0.15 0.16 0.16 0.05 0.10 0.16 0.16

Variance 15.82 12.16 0.58 0.66 15.79 12.50 19.00 19.13 0.23 0.52 17.11 18.36
Average 

deviation 2.99 2.54 0.55 0.52 3.25 2.75 3.37 3.18 0.40 0.44 3.19 3.12

ZONE 3 ZONE 4

Transection 
Type General Erosion Accretion General Erosion Accretion

Methods EPR LRR EPR LRR EPR LRR EPR LRR EPR LRR EPR LRR
Number of 

values 843 843 70 55 773 788 911 911 427 333 484 578

Minimum -19.38 -11.01 -19.38 -11.01 0.02 0.00 -65.39 -65.44 -65.39 -65.44 0.00 0.00

Maximum 21.03 19.95 -0.01 -0.01 21.03 19.95 42.77 30.31 -0.01 -0.01 42.77 30.31

Mean 4.38 4.77 -3.82 -1.89 5.13 5.23 -4.53 -3.49 -12.03 -12.90 2.09 1.92

Median 3.50 3.79 -1.73 -1.07 3.74 3.93 0.12 0.37 -0.97 -0.85 1.17 1.07

First quartile 1.86 2.26 -5.84 -1.63 2.16 2.54 -0.91 -0.41 -4.06 -33.30 0.50 0.43

Third quartile 6.29 6.34 -0.81 -0.37 6.76 6.66 1.27 1.43 -0.49 -0.32 2.80 2.55

Standard error 0.17 0.15 0.59 0.37 0.15 0.15 0.54 0.47 1.03 1.09 0.14 0.11

Variance 24.47 19.41 24.15 7.68 17.87 16.93 265.63 200.70 450.49 398.31 9.42 6.88
Average 

deviation 3.47 3.21 3.54 1.71 3.22 3.10 9.57 8.30 17.17 17.18 1.76 1.64

Standard deviations were also investigated to compare the EPR and LRR methods in terms of 
coastal boundary changes, and evaluate the statistical analyses conducted (Fig. 6).
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Fig. 6 - Standard deviations obtained from the EPR and LRR methods.

Upon examining the standard deviations in Fig. 6, it was observed that the LRR and EPR 
methods yielded results close to each other. Fig. 7 shows a comparative graph of the EPR and 
LRR methods. According to the regression analysis graph, it was seen that there was a 92% 
relationship between these two methods.

Fig. 7 - Regression graph of the EPR and LRR result values.
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When the values obtained from the transects were compared, it was determined that the LRR 
method yielded more accurate results by showing less standard deviation in comparison with the 
EPR method. Therefore, the results of the LRR statistics were utilised in the interpretation section.

As a result of the applied statistical methods, it was concluded that there was a tendency 
toward accretion in the 1st region (NW axis), with a mean shoreline change rate of 1.88 m/yr 
(shoreline accretion of 65.65 m on average) and 849 transects along the 45-km shoreline. The 
average coastal erosion rate here of -0.79 m/yr (-36.76 m) covered 34% of the shoreline. The 
coastal accretion rate of 3.27 m/yr (136.1 m) covered 66% of the shoreline. Negative change 
movements were experienced less often than positive change movements in the region. The 
reason for this was that the presence of the Kızıldağ National Park, which is a slope mountainous 
area covering almost the whole of the NW axis shoreline, has prevented coastal erosion.

It was concluded that there was a tendency toward accretion in the 2nd region (NE axis), with 
a mean shoreline change rate of 4.74 m/yr (shoreline accretion of 126.5 m on average) and 737 
transects along the 39-km shoreline. The average coastal erosion rate here of -0.53 m/yr covered 6.5% 
of the shoreline. The coastal accretion rate of 5.11 m/yr covered 93.5% of the shoreline. Negative 
change movements were experienced less often than positive change movements in the region.

It was concluded that there was a tendency toward accretion in the 3rd region (SE axis), with 
a mean shoreline change rate of 4.77 m/yr (shoreline accretion of 149.31 m on average) and 
843 transects along the 44-km 
shoreline. The average coastal 
erosion rate here of -1.89 m/yr 
(-130.31 m) covered 6.5% of the 
shoreline. The coastal accretion 
rate of +5.23 m/yr (174.63 m) 
covered 93.5% of the shoreline.

It was concluded that there 
was a tendency toward erosion 
in the 4th region (SW axis), with 
a mean shoreline change rate of 
-3.49 m/yr (shoreline withdrawal 
of -154.11 m on average) and 
911 transects along the 48-km 
shoreline. The biggest change in 
Lake Beyşehir was observed in 
this region. The average coastal 
erosion rate here of -12.90 m/yr 
(-407.41 m) covered 36.5% of the 
shoreline. The coastal accretion 
rate of 1.92 m/yr (71.4 m) 
covered 63.5% of the shoreline. 
The map of shoreline accretion 
and erosion is shown in Fig. 8.

Fig. 8 - Accretion and erosion map on 
the coastline (1984-2018).
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As a result of all of the analyses conducted, morphological changes were determined in the 
coastal lagoons located on the NW, NE, SW, and SE axes of Lake Beyşehir. It was determined that 
the most detected coastal problem in all of the regions was coastal accretion. Trend and drought 
analysis was applied to explain the main reason for this progress. The results were associated 
with each other and interpreted.

Before applying the trend analysis, Spearman Rho correlation analysis was conducted to 
determine the direction and size of the relationship between the annual average temperature 
and precipitation data for 1970 to 2018, obtained from the Beyşehir Meteorological Observation 
Station. The results obtained are given in Table 7.

Table 7 - Results of the Spearman Rho correlation analysis.
Beyşehir Minimum Average Maximum Total 

Meteorological Data temperature temperature temperature precipitation
Minimum                      coefficients 1.000 0.771**  0.254 0.154

temperature                   sig. 0.000 0.078 0.290
Average                          coefficients 0.771** 1.000 0.556** 0.345*

temperature                   sig. 0.000 0.000 0.015
Maximum                      coefficients  0.254 0.556** 1.000 0.158

temperature                   sig. 0.078 0.000 0.279
Total                               coefficients 0.154  0.345* 0.158 1.000

precipitation                  sig. 0.290 0.015 0.279
** Correlation is significant at the 0.01 level. * Correlation is significant at the 0.05 level.

When Table 7 is examined, it is seen that there is a statistically significant positive relationship 
between the meteorological data. Correlation coefficients consist of values between 0 and 1 that 
measure the direction and amount of linear relationship between temperatures and precipitation 
data. It was concluded that there was a statistically significant relationship in the data where the 
values in the Asymp. Sig. (significance) line were less than 0.05.

In general, there was a statistically significant positive relationship between the temperatures 
and precipitation. It was observed that both the amount of precipitation and the temperatures 
decreased between 1970 and 2018.

Trend analysis was applied to determine whether there was a time-dependent change in the 
temperature and precipitation data observed from the Beyşehir station from 1970 to 2018. The 
homogeneity of the data and whether there was an autocorrelation between the data were 
determined before the analysis. Trends determined for the temperature and precipitation data 
using the non-parametric Mann-Kendall and Sen Slope tests are given in Table 8.

Table 8 - Values obtained from the Mann-Kendall and Sen Slope test for the Beyşehir Meteorological Observation 
Station data.

Beyşehir Station Mann- Kendall Sen’s Slope

Meteorological Data S Var(S) Test Z Trend-Direction Q Qmin Qmax Trend-Direction

minimum temperature -22 13458.67 -0.18 NO 0.00 0.00 0.00 NO

average temperature 210 13458.67 1.80 NO 0.00 0.00 0.00 NO

maximum temperature 554 13458.67 4.77 YES (+) 0.00 0.00 0.10 NO

Total Precipitation 224 13458.67 1.92 NO 0.20 0.00 0.30 YES (+)
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When the results obtained by applying the Mann-Kendall and Sen Slope tests to the tempera-
ture and precipitation data were examined, an increasing trend was found in the time-depen-
dent maximum temperature data in using Mann-Kendall test. In the other data, there were no 
time-dependent increasing or decreasing trends. In the Sen Slope test, an increasing time-de-
pendent trend was obtained only in the precipitation data. In general, when the results obtained 
from both methods were compared, there was an increasing trend in the maximum temperature 
and precipitation data between 1970 and 2018.

In addition, the SPI values for the different time scales (1, 9, 12, 24, and 60 months) were 
calculated from the precipitation data of the Beyşehir Meteorological Station between for 1970 
and 2018. Assessments were conducted for the meteorological, agricultural, and hydrological 
droughts in the short or long term. The drought periods obtained from the 9-, 12-, 24-, and 
60-month SPI values, which are generally calculated for the detection of agricultural and 
hydrological droughts, are given in Table 9.

Table 9 - Drought periods calculated from the SPI values according to different time scales.

Drought Period

Time Scale Start_Date End_Date Duration Peak Sum Average Median

9 monthly

1.01.1972 9.01.1972 8 -2.32 -11.26 -1.41 -1.59

2.01.1974 1.01.1975 11 -2.77 -22.11 -2.01 -2.04

10.01.1981 9.01.1983 23 -2.29 -27.35 -1.19 -1.12

12.01.1984 11.01.1985 11 -2.17 -12.62 -1.15 -0.95

11.01.1986 6.01.1987 7 -2.45 -5.81 -0.83 -0.61

8.01.1989 11.01.1989 3 -2.81 -6.42 -2.14 -2.37

8.01.2007 12.01.2007 4 -2.11 -5.92 -1.48 -1.82

12 monthly

12.01.1971 2.01.1975 38 -2.78 -61.61 -1.62 -1.75

12.01.1982 12.01.1983 12 -2.11 -17.46 -1.45 -1.51

4.01.1985 11.01.1985 7 -2.25 -9.57 -1.37 -1.3

24 monthly

12.01.1972 10.01.1976 46 -3.18 -70.15 -1.52 -1.74

1.01.1983 4.01.1988 63 -2.38 -62.38 -0.99 -0.94

12.01.1993 10.01.1995 22 -2.21 -23.14 -1.05 -1.06

60 monthly
12.01.1974 1.01.1979 49 -2.83 -84.53 -1.73 -1.81

11.01.1986 12.01.1991 61 -2 -45.14 -0.74 -0.52
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A comparison of the drought conditions of the STI values for the different time scales (1, 9, 
12, 24, and 60 months) to determine the effect of precipitation changes on time-dependent 
geometric coastline changes in Lake Beyşehir is given in Table 10. Drought periods were 
determined according to the acquisition dates of the satellite images used.

Table 10 - Drought conditions of the SPI values calculated according to the acquisition dates of the satellite images.

Satellite 
image 1 monthly 9 monthly 12 monthly 24 monthly 60 monthly

acquisition 
dates SPI type SPI type SPI type SPI type SPI type

7.01.1984 -1.41 moderately 
dry 0.14 normal 0.04 normal -1.03 moderately 

dry -0.19 normal

8.01.1990 -1.62 Very dry -0.89 normal 0.38 normal -0.7 normal -0.2 normal

8.01.1996 0.37 normal 0.41 normal 1.32 moderately 
wet 1.61 very wet 0.31 normal

8.01.2000 0.8 normal -0.44 normal -1.21 moderately 
dry 0.65 normal 0.99 normal

8.01.2006 0.31 normal -0.73 normal 0.07 normal -0.8 normal 0.59 normal

7.01.2014 0.75 normal 0.21 normal 0.02 normal 0.39 normal 1.11 moderately 
wet

8.01.2018 -0.76 normal -0.75 normal -0.18 normal 0.25 normal 0.1 normal

Drought periods were indicated between the years when the coastal boundary changes in 
Lake Beyşehir were examined in Table 10. Drought was detected in the months covering this 
period from 1983 to 1996. The drought conditions covering the dates when satellite images were 
obtained are shown in Table 11. The drought conditions obtained according to the SPI values 
in different scales were evaluated in general. Near-normal drought conditions were detected 
on the dates of shooting the satellite photographs covering 1984, 1990, 1996, and 2000. In the 
month covering 2014, it was determined that there was a period of almost normal rainfall.

The water level and area of the lake Beyşehir changed between 1984 and 2018 as a result 
of the erosion and accretions in Beyşehir Lake. This change gave meaningful results according 
to the analysis made with precipitation and temperature data. Coastal change information for 
the lake surface area is given in Fig. 9. The area of the lake decreased between 1984 and 2006 
as a result of the precipitation and temperatures. It was determined that the lake surface area 
increased due to nearly normal rainfall in the time period between 2006 and 2018. In addition, 
time-dependent coastal changes were in line with the results of the drought analysis.
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Fig. 9 - Beyşehir Lake surface area change by year.

4. Conclusions

The coastline changes were investigated by using Landsat satellite images obtained on 7 
different dates (approximately every 5 years), between 1984 and 2018, in Lake Beyşehir, which is 
the largest freshwater reserve in Turkey, using an RS and GIS-based approach. The EPR and LRR 
statistical analysis methods were used to determine the erosion and accretion rates. According 
to the analysis results, the average coastal erosion rate was -12.03 m/yr with a shoreline 
recession of 409.06 m, while the average coastal accretion rate was 5.86 m/yr with a shoreline 
advance of 178.36 m, which were determined over a period of 35 years. The maximum coastal 
erosion rate was 42.77 m/yr with shoreline recession of 1457.55 m, while the maximum coastal 
accretion rate was 65.39 m/yr with a coastline advance of 2304.52 m, which were determined 
for the maximum variations. As a result of all the analyses conducted, it was determined that the 
change movements in the coastline, such as coastal erosion and accretion, were morphological 
changes in the coastal lagoons located on the NW, NE, SW, and SE axes of Lake Beyşehir. It was 
determined that the most detected coastal problem in all of the regions was coastal progression.

 In addition, correlation, trend, and drought analyses were applied to the temperature 
and precipitation data to understand the reasons for the coastal boundary changes in 
Beyşehir Lake. Spearman Rho correlation analysis was conducted to determine the direction 
and size of the relationship between the annual average temperature and precipitation data 
for 1970 to 2018, obtained from the closest Beyşehir Meteorological Observation Station, 
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in the study area. As a result of the analysis, it was determined that there was a statistically 
significant positive relationship between the meteorological data, wherein both the amount 
of precipitation and the temperatures increased. The trend and the direction of the trend 
were determined using the non-parametric Mann-Kendall and Sen Slope tests. An increasing 
trend was found in the time-dependent maximum temperature data in the Mann-Kendall 
test. In the other data, there were no increasing or decreasing time-dependent trends. In the 
Sen Slope test, an increasing time-dependent trend was obtained only in the precipitation 
data. When the results obtained from these two methods were evaluated, there was an 
increasing trend in the maximum temperature and precipitation data between 1970 and 
2018 in general.

 In addition, the SPI values for the different time scales (1, 9, 12, 24, and 60 months) were 
calculated from the precipitation data of the Beyşehir Meteorological Observation Station 
between 1970 and 2018. Assessments have been made for meteorological, agricultural, and 
hydrological droughts in the short or long term. The periods when the coastal boundary changes 
in Lake Beyşehir were examined and the drought periods were compared. During the months 
covering this period from 1983 to 1996, drought was detected in general. Near-normal drought 
conditions were detected on the date of shooting satellite photographs covering 1984, 1990, 
1996, and 2000. It was determined that there was an almost normal rainy period in the month 
covered in 2014.

The water level and area of the lake changed between 1984 and 2018 as a result of the erosion 
and accretions in Beyşehir Lake. These changes gave meaningful results according to the analysis 
made with precipitation and temperature data. The surface area of Beyşehir Lake decreased 
between 1984 and 2006 as a result of precipitation and temperatures. It was determined that 
the surface area of the lake increased due to nearly normal rainfall in the time period between 
2006 and 2018.

Upon evaluating the study in general, it was observed that Lake Beyşehir was exposed to 
various changes, such as erosion and accretion of the shoreline under the effect of physical, 
climatic, and human factors in the 35-year period (1984 and 2018). To reduce these effects, 
it is necessary to review the existing policies of the local government for the protection and 
management of the existing and limited land resources in the study area, and to prepare 
more comprehensive planning activities in this regard. All legal regulations, analyses, and 
inquiries regarding the coastal zone management in developed countries are conducted 
using GIS and RS technologies. In this way, while the natural structure is planned in a 
sustainable manner, the socio-economic structure is also developed in a sustainable manner 
in long-term plans. The results of this study have also demonstrated that DSAS, which is a 
tool integrated into GIS, can provide important information about the morphodynamical 
behaviour of shorelines in the determination of temporal and geometric changes in the 
shoreline and erosion and accretion areas. Finally, the Landsat satellite images used in the 
study were medium spatial resolution images and were not in the class of high-resolution 
satellite images. Therefore, high-resolution satellite images should be used to minimise the 
margin of error in shoreline changes.
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