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Abstract

Lake shoreline changes can have a significant impact on the biodiversity and ecosystems of wetland. This study was
aimed to calculate the coastal change of Lake Burdur in Turkey during the elapsed period from 2013 to 2023. Within this
framework both remote sensing based approach and Digital Shoreline Analysis System (DSAS) was performed using
Landsat-7 (TM) and Landsat-8 (OLI) images. To estimate shoreline change rates along the coastal zone, statistical
parameters such as End Point Rate (EPR), Linear Regression Rate (LRR), and Net Shoreline Movement (NSM) were
calculated. A hybrid algorithm, Normalized Difference Vegetation Index (NDVI) and Tasseled Cap Analysis, is utilized
to emphasize the distinction between the lake bodies and coastal zone. The maximum shoreline change in the northeast
part of the lake was observed, and it resulted in a change of 543.12 m/yr for EPR and 610.07 m/yr for LRR statistics in
the 2013-2023 time period. The lake to land position has only been observed in a small amount which are resulted in for
EPR -4.91 m/yr. and -3.17 m/yr for LRR statistics. The lake area decreased from 139 km?to 118 km? between 2013 and
2023. The results indicate that if the decision-maker does not measure, the area of the lake will be lost by 14% until 2033
and 27% until 2043.
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Oz

Gol kayr seridi degisikliklerinin sulak alamn biyolojik ¢esitliligi ve ekosistemleri iizerinde onemli etkileri bulunmaktadur.
Bu ¢alisma, Tiirkiye'deki Burdur Golii'niin 2013-2023 yillar: arasindaki kiyr degisiminin belirlenmesi amaglamistir. Bu
¢ercevede Landsat-7 (TM) ve Landsat 8(OLI) goriintiileri ile hem uzaktan algilama tabanl yaklagim hem de Sayisal Kiyt
Seridi Analiz Sistemi (DSAS) yontemi kullanilmistir. Kiyr bolgesi boyunca kiyr seridi degisim oranlarini tahmin etmek
icin Son Nokta Orani (EPR), Dogrusal Regresyon Hizi (LRR) ve Net Ky Seridi Mesafesi (NSM) gibi istatistiksel
parametreler hesaplanilmistir. Gol ile kiyi bolgesi arasindaki ayrimi vurgulamak igin ise, Normallestirilmis Fark Bitki
Ortiisii Indeksi (NDVI) ve Tasseled Cap Analizi adl hibrit bir algoritma kullaminustir. En fazla ki seridi degisikligi
goliin kuzeydogu kesiminde gozlenmis olup, 2013-2023 donemi igin EPR degeri 543,12 m/yil, LRR degeri ise 610,07 m/yil
olarak sonuglanmistir. Gol-kara yéniinde meydana gelen degisim EPR -4,91 m/yil ve LRR -3,17 m/yil olarak yalnizca
kiiciik bir miktarda gézlemlenmistir. Gol alam ise, 2013-2023 yillar arasinda 139 km?'den 118 km?'ye kadar diismiistiir.
Elde edilen sonuglar, eger otoritelerce onlem alinmazsa gol alaninin 2033 yilina kadar %14, 2043 yilina kadar ise %27
oraninda kayip yasayacagim gostermektedir.

Anahtar kelimeler: Burdur Golii, Nsm-Epr-Lrr istatistikleri, Kiyr degisimi, Tasseled cap
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1. Introduction

The shoreline changes of wetlands play a critical role in ecosystems. Over time, the coastline undergoes
significant changes due to exposure to nature (Wang et al., 2022) and anthropogenic factors (Addo, 2012). The
effects of climate change on the world can be clearly observed due to global warming, which is defined as one
of the biggest disasters. There are a lot of lakes/wetlands around the world that are in danger or have a
significant decrease in water volume. One of them is Lake Burdur, which is under the influence of climate
change and anthropogenic effects and is the seventh largest lake in Turkey.

In recent years, the dams built on the rivers and the use of water in agricultural activity, intense evaporation
due to climate change have led to water loss and increased salinity in the Lake. Burdur Lake is an important
ecosystem that hosts a large number of animals. Furthermore, it has great important wetland for birds wintering
periods. For example, Aphanius sureyanus fish lives only in Lake Burdur (Tamer et al., 2020).

Lake Burdur has been consistently observed for years to examine the current situation and potential changes
by the General Directorate of State Hydraulic Works. The first measurements were performed in 1959 and the
water level was measured at 851.32 m. Over time, water levels have been increasing and decreasing. The lake's
surface reached its highest point at 857.62 m in 1970, followed by 841.82 m in 2015 and 837.68 m in 2022.
The main causes of negative impacts on the Lake can be identified as unplanned construction, artificial coastal
backfill, agricultural irrigation, dam construction, unconscious groundwater use, and global warming. For
example, Kale et al. (2019) found that the dam constructed in the Yesilirmak Delta in Turkey had a major
impact on the coastline.

A variety of methods are used to monitor coastal changes in literature. For example, Kuleli & Bayazit (2022)
have developed a methodology for measuring shoreline sustainability with phased approach using criteria
indicator sets. Today, photogrammetric techniques have been widely used with the development of space
technology (Carvallo et al., 2020; Amroini etal., 2009). The most significant one is remote sensing technology,
which has included a lot of images. Low resolution image like Spot-Pan, Aster, Landsat, etc. are often preferred
because they are not time-consuming and cost-effective (Mitri et al., 2020; Qiao et al., 2018). For example,
Dervisoglu et al. (2022) examined changes in the water surface from 1985 to 2020 using Sentinel-2 and
Landsat images. Synthetic Aperture Radar (SAR) images (Pradhan et al. 2018) and UAV technology can be
shown as for potential coastal analysis (Lowe et al., 2019).

To calculate shoreline positions of the Lake have been commonly used End Point Rate (EPR), Linear
Regression Rate (LRR) and Weighted Linear Regression (WLR) statistical analysis (Mishra et al., 2021; Dey
etal., 2021).

In recent years, several pixel-based classification methods have been widely used as an active research topic
in the field of remote sensing. Iterative Self-Organizing Data Analysis (ISODATA) was first introduced by
Ball and Hall in 1965 and has been used by many researchers (Abedisi et al., 2021; Santa et al.,2023). Similar
to classification methods, a number of methods have been utilized as a water spectral index for shoreline
detection. The Normalized Difference Water Index (NDVI), and Tasseled Cap were successfully applied the
coastal areas (Aishi & Hasan 2022).

Many more countries, including Turkey, have been facing a reduced availability of surface water resources
due to global warming. Understanding the changes in these resources from the past to the present can help us
avoid facing dangerous situations in the future.

Our objective in this study is to accurately determine the future and most recent positions of Lake Burdur to
overcome this problem. In this context, shoreline extraction of the Lake Burdur was carried out by using Net
Shoreline Movement (NSM), End Point Rate (EPR) and Linear Regression Rate (LRR) statistical methods via
DSAS tools. The analysis involved the use of Landsat images with time intervals (2013-2015-2017-2021-
2023). Specific details of the study include:

(1) To achieve a more efficient result of land/lake discrimination, the Normalized Difference Vegetation

Index (NDVI) and Tasseled Cap combination were utilized.
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(2) The future shoreline positions were forecast for Burdur Lake in the 2033—2043-time intervals.

This study's purpose was to provide advice to the authorities and draw attention to the danger of coastal retreat
in Lake Burdur.

2. Material and method
The materials and methods used in the study are presented in the following chapters.

2.1. Study area and data
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Figure 1. Location of the study area (a) geographic coordinates (b) Satellite image
of Burdur Lake

Lake Burdur, located at the border between Burdur and Isparta provinces in Turkey, was chosen as the study
area (Figure 1). This tectonic origin and large salinity lake is geographically located between 37° 44' 18" North
Longitude and 30° 11' 00" East Latitude. Lake Burdur is one of the largest and deepest lakes in Turkey. The
length of the distance is 34 km, and the width is 9 km. The elevation is 842.87 meters high. The water level
was measured at 851.32 m for the first time in 1959. In 1970, this level reached its highest level at 857.62 m,
but it has steadily decreased over time. The city settlements are situated to the east of Burdur Lake. The
population is reported by TUIK as 273799 people (TUIK, 2022). Lake water is not used for domestic and
agricultural purposes due to its high salinity and arsenic content. Despite the increase in precipitation since
1995, water levels are still declining due to the retention of stormwater in dams and ponds.

In this study, Landsat-7 (TM) and Landsat-8 OLI have been used as freely downloadable data from the United
States Geological Survey (USGS) website (Table 1), (Survey, 2022). The resolution of the images is 15m
panchromatic and 30m multispectral. These images were used by selecting the lowest cloud (10%) in terms of
data quality. The data used in this study include the dates of 05/20/2013- 05/26/2015- 05/24/2017- 05/14/2019-
05/26/2021-04/30/2023. The month of May was chosen primarily because of the average rainy season.

Table 1. Satellite image properties used in study.

Landsat-8 Landsat 7 TM

OLI/TIRS(2019-2021) Wavelength  (2013-2017) Wavelength (um)
Bands (um) Bands

Panchromatic Panchromatic 0.52-0.90

Band 1-Coastal aerosol 0.43-0.45 Band 1-Blue 0.45-0.52

Band 2-Blue 0.45-051 Band 2-Green 0.52-0.60

Band 3-Green 0.53-0.59 Band 3-Red 0.63-0.69

Band 4-Red 0.64-0.67 Band 4-(Near-IR) 0.77-0.90

Band 5-(NIR) 0.85-0.88 Band 5-(Mid-IR) 1.55-1.75

Band 6-Swir-1 1.57-1.65 Band 6-Termal-IR) 10.31-12.36
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2. 2. Method

Figure 2 presents the flow chart of the study's methodology.
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Figure 2. Flowchart of the proposed method

This study is divided into four stages. Preprocessing and image processing: Atmospheric and radiometric
corrections and pan sharpening applications were applied to all Landsat images using QGIS software. To
enhance the spatial resolution of the Landsat images, pan sharpening techniques were used. (2) Combined
Tasseled Cap and NDVI analysis: In this study, the NDVI and Tasseled Cap combinations were used to
determine the coastal boundary more clearly. The Tasseled Cap transformation and the process of wetness,
brightness and greenness have been applied to all images. (3) Unsupervised Iterative Self-Organizing Data
Analysis Technique (ISODATA) Classification: After the NDVI and Tasseled cap operations, ISODATA
classification was applied to the composite images to generate classified images. (4) DSAS Analysis: The
DSAS tool, an add-on to ArcGIS 10.4 software, was used to calculate the change rate of coastline line within
the specified time interval. Finally, the Beta forecasting toolbox and the Kalman Filtering method were utilized
to obtain coastal forecasting for the next 10 and 20 years.

2.2.1. Iterative Self-Organizing Data Analysis Technique (ISODATA), NDVI analysis and Tasseled Cap
algorithm

Iterative Self-Organizing Data Analysis (ISODATA) is commonly utilized in remote sensing applications for
large areas. This algorithm divides the image pixels into user-specific groups. Furthermore, the classified
image was grouped into two categories (land and water). Before applying this process, atmospheric and
radiometric corrections were performed on the image. To reduce errors, it is necessary to apply pre-processing
steps to the image, including atmospheric and topographic effects, the angle of reflection from the sun, cloud
effect, and shadow (Canbaz et al., 2018; Canbaz et al., 2017).

In the next steps the hybrid methods which were Tasseled cap and NDVI method was performed to enhance
spectral discrimination of water body. Tasseled cap provides an analytical approach, giving measure of
greenness, wetness and brightness of each pixel over a long or short time period. As a result, to increase the
performance of the classifications, the spectral indices NDVI and brightness, greening and wetness Tasseled
Cap process was carried out before the ISODATA classification (Samarawickrama et al. 2017). These
processes were applied together in order to increase the sharpness between water and land on Landsat
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OLI/TIRS satellite images belonging to the years 2013 - 2015 - 2017 -2019 - 2021 - 2023 (Eq.1,2,3,4) (Thieler
etal. 2009). The Red (Band 4) ve NIR (Band 5) was applied in Equationl.

NDVI = (Bant 5 — Bant 4) / (Bant 5 + Bant 4) 1)
Brightness: b1*0.3029+b2*0.2786+b3*0.4733+b4*0.5599+b5*0.508+hb6*0.1872 2)
Greenness: b1*(-0.2941) +b2*(-0.243) +b3*(-0.5424) +b4*0.7276+b5*0.0713+b6*(-0.1608) 3)
Wetness: b1*0.1511+b2*0.1973+b3*0.3283+b4*0.3407+b5*(-0.7117) +b6*(-0.4559) 4)

In the second step, the shorelines were automatically extracted by assigning the value-1 as Id-1 to the bare
earth class and as the value-2 as 1d-2 to the water class using unsupervised classification (Thieler et al. 2009),
(Figure 3.)

Iso Classification

Bare Earth
Water

30° 30°10 30°20

Figure 3. Classification progress of water body extraction (a) Brightness, (b) Greenness, (¢) Wetness (d)
NDVI (e) ISO Classification (f) satellite image of study area

2.2.2. Extraction of shoreline change rates

In this study, NSM, EPR and LRR statistical methods were used to determine the shoreline changes. Detailed
information about periodic and general changes in the coastline can be obtained from these statistical values
(Thieler at al., 2009; Nassar et al., 2018). By dividing this distance by time, an EPR statistic can be obtained.
The LRR statistic provides data on the time change of all coastlines that intersect a profile line. NSM
determines the distance between the oldest and most recent coastline as a statistic, not a rate. The shoreline
changes as NSM and EPR statistics requires data from at least two different dates. However, LRR requires all
observed time along the shoreline.

The Digital Shoreline Analysis Software (DSAS) 5.0 an extension of the ArcGIS 10.4 software was used to
determine shoreline change rates. DSAS software is an image processing and regional change detection method
that calculates rate of change statistics from historical shoreline location with multiple multi-temporal Landsat
data (Kuleli, 2010; Kuleli, 2011).
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A buffer zone that was 500m long and parallel to the shoreline of 2023 in the direction of the lake was
determined during the analysis. A total of 1889 transects were built, with each transect having a distance of
25m. In order to accurately calculate the coastline dynamics, the DSAS model requires the uncertainty error
value as input. Due to the Landsat data's spectral resolution of 30m, the default data uncertainty value was set
to 30m. At the end of the analysis, the statistical values for NSM EPR and LRR values were calculated for for
lake-to-land and land-to lake positions.

3. Results

In this paper the most recent position of the Burdur Lake evaluated that by using NSM, EPR and LRR statistics
of the DSAS tool. The analysis focused on changes for a 10-year period (2013-2023). To evaluate detailed
analysis, the period was divided into three intervals: 2013-2017, 2015-2019, and 2019-2023. In this analysis
while the EPR and NSM were used for the short-term analysis of the youngest and oldest coastal lines, the
LRR indicated a long-term analysis using the least square regression method during the process. Therefore, all
shoreline periods from 2013 to 2023 are used for LRR calculation using cyclic trends. Statistical results of
these calculations are presented in Table 2. In this table, the rate of shoreline change from land to lake is
indicated by the positive values, and the rate of change from lake to land is indicated by the negative values.

According to the finding the maximum land to lake change for the EPR value was obtained as 880.33 m/yr
during the period of (2015-2019) and the minimum change movement was revealed as 405.55 m/yr between
(2019-2023). On the other hand, the maximum value for EPR was observed at-17.34 m/yr during the 2019-
2023 for the lake to land positions. The minimum EPR value for lake to land positions during 2013-2017 was
-1.71 miyr.

According to the LRR value the maximum change rate from lake to land positions was -3.17 m/yr while the
change from land to lake was 610.07 m/yr for the years (2013-2023). There was a maximum shoreline
movement calculated at 3492.41m for the NSM statistical results in the 2015-2019 period. During the years of
2019-2023, the minimum NSM movement for land to lake positions was 1606.66 m. On the other hand, the
maximum NSM movement for lake to land positions was -68.71 m for the years 2019-2023.

Table 2. Statistical results of EPR NSM and LRR along the Burdur Lake shoreline location

Statistics 2013-2017 2015-2019 2019-2023  2013-2023
EPR

Land to lake 550.91 880.33 405.55 543.12
Lake to land -1.71 -7 -17.34 -491
Average 25.39 29.98 33.68 28.47
Standart deviation 51.07 64.76 46.63 50.42
NSM

Land to lake 2209.68 3492.41 1606.66 5401.46
Lake to land -6.85 -27.77 -68.71 -48.82
Average 101.82 118.94 133.42 283.09
Standart deviation 204.82 256.91 184.72 501.44
LRR

Land to lake 610.07
Lake to land Cyclic trend -3.17
Average 29.41
Standart deviation 54.93

The study revealed that the movement of land-to-lake change rate in Burdur Lake was more dominant than the
movement of lake-to-land. Figure 4 shows the results of EPR, LRR, and NSM values for Lake Burdur during
the long-term period (2013-2023) in a general perspective. The maximum net shoreline movement to the land-
to-lake in Section 1 was found to be 5401.50 m. In the Section highlighted by number 2, the maximum net
shoreline movement in the lake-to-land was-48.90 m. Furthermore, the maximum EPR for lake-to-land was
4.91m/yr and the maximum LRR was -3.17m/yr. in Section 2.
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Figure 4. The results of NSM value of Lake Burdur during the period (2013-2023)

The higher shoreline movement of the Lakes, which is mentioned in Figure 4, is shown in Figure 5 with a more
in-depth perspective. Figure 5a-b-c shows the EPR, LRR rate of change, and NSM value between 1795 and
1876 transect number. This region has a maximum change from land to lake. In addition, Figure 5d reveals the
rate of change value for EPR and LRR in the section of (1795-1876) transects. The graph indicates that EPR
and LRR values are very close to each other. The results obtained by EPR and LRR techniques in predicting
shoreline change dynamics are very similar (Barik et al., 2019). In this region the maximum shoreline rate of
change was 543.12 m/yr for EPR and 610.07 m/yr for LRR in (transect 1810) for land-to-lake (Figure 5 a-c).
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Figure 5. EPR, LRR, and NSM values from the land to lake during the period 2013-2023. (a)
EPR values (m/yr) computed for transects (1795-1876) (b) NSM (m) value computed for transects
(1795-1876) ¢) LRR values (m/yr) computed for transect (1795-1876) (d) The relation of EPR
and LRR values (m/yr) computed for transect (1795-1876).

Figure 6 displays a comparison graph between EPR and LRR methods. The regression analysis graph indicated
a close relationship between these two methods, resulting in an R-squared value of 0.99m.
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Figure 6. Comparison of EPR and LRR values between 2013 and 2023

The purpose of this study was to determine the future (10- and 20-year) positions of the shorelines in Lake
Burdur. In this context, the Kalman Filter approach has been applied to those processes (Kalman, 1960). This
approach accepts that a linear regression a good position in the past. The methods use least square by
combining the observed shoreline with derived from the model. Consequently, the positional uncertainty of
the shoreline was estimated every 10th of a year at each time step. Figure 7 shows the estimated the future
positions of Lake Burdur for the time of 2033 and 2043. According to the obtained results it is estimated that
the lake would be advance approximately 1560 m in the direction of the lake in 2033 compared to current
position and 1400 m in 2043 compared to position of 2033.

Figure 7. The projected future positions of Lake Burdur for 2033 and 2043 years

Furthermore, results show that the lake area decreased from 139 km?to 118 km? during the period (2013-2023)
based on manual digitization from Google Earth images. If the current situation continues, the lake area will
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decrease by about 14% by 2033 (101 km?). Moreover, it is predicted that 27% of its current area will be lost
within 20 years.

4. Discussion

In this study, possible shoreline rates and positions in Lake Burdur were investigated. The shoreline change of
Lake-to-land and opposite direction were evaluated using remote sensing technique and DSAS statistical
analysis for the years 2013-2023 and future positions. Especially in the northwest, there is a high number of
movements compared to other shoreline environments. Unfortunately, this situation will continue in the future.

As previously mentioned, assumptions in the results section with statistical value may not always be accurate.
The findings obtained in this study are calculated entirely based on statistical values. Therefore, many factors
could affect the future positions of the lake. The lake level can experience significant changes over time due
to both natural and human causes, including global warming, precipitation, streams, groundwater, and tectonic
movements. Delta morphology is greatly affected by coastline changes. For example, Goziikara et al. (2020)
determined that the temporal and spatial differences between the old and current bottoms are due to differences
in the physical and chemical properties of the soil of Lake Burdur. Moreover, slope can be corresponding to
the depression floor in the lake topography (Bahadir & Ozdemir, 2011). The negative situation on the shoreline
of Burdur Lake may have been influenced by factors such as temperature, precipitation, and drought.
According to Alevyakali (2023), it was observed that the decrease in lake level stopped and even increased in
the years following the period of extreme rainfall (2003-2015).

In the literature, there are many studies on Burdur lake current and future shoreline positions. For example,
Sabuncu (2020) identified a decline in lake area from 206 km? to 125 km? (40%) over the period. Similarly,
Davraz et al. (2019) reported a decrease from 210 km? to 131 km? (37%) over the period (1975-2016).
Furthermore, Sener et al. (2005) investigated the period (1975-2002) and calculated a decrease from 210 km?
to 153 km? (37%). Moreover, Hepdeniz (2020) has determined that the area of the lake will shrink by about
87.2 km? by 2040 using satellite images. Sarp & Ozcelik (2017) found that it lost approximately one-fifth of
its area from 1987 to 2011 compared to 1987.

More research is required by researchers to transform this negative situation in the lake into a positive situation
in terms of ecology and natural resources. The results of this study showed that the lake region had continued
to decline in parallel with the research mentioned in the literature above.

In this study, all calculations were performed with an uncertainty of +-10 m and a confidence interval of 95%.
Different results may be produced if the digitization and classification errors have been eliminated on the
image or if more accurate image data have been used.

5. Conclusion

Water resources have decreased over the past decade due to global warming, drought, and other environmental
effects. The objective of this study is to better understand the position of Lake Burdur and to predict future
uncertainties in the 2013-2023 time period. In this context, a remote sensing-based methodology and DSAS
analysis are performed to detect these changes. Analysis of the Tasseled Cap and the NDVI spectral indices
adopted for the study emphasized the differences between the land and the body of the lake before the DSAS
analysis during the process. All those methodologies have been implemented in Lake Burdur, which is also
known as Turkey's 7th largest lake with tectonic properties and hosts many bird species. The present research
study evaluates shoreline changes for period of from 2013 to 2023 for three different time period (2013-2017),
(2015-2019), (2019-2023).

The average rate of shoreline changes, which include EPR, LRR, and NSM rates, was determined using the
DSAS extension integrated into ArcGIS software. EPR and LRR statistics were utilized to calculate the
maximum shoreline change rates from lake to land and opposite way during the time period and NSM method
was used to determine the net shoreline movement. Upon taking into account all the transects, it was observed
that the rate of land-to-lake change in Burdur Lake was more dominant than the maximum rate of lake-to-land
positions. Consequently, it has been thought that if the negative situations continue, the future positions of
Burdur Lake will be worse. This study can be a guide for decision makers by adapting it to better understanding
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of coastal dynamics, protection of water resources during the experienced effect of global warming in recent
years. Further research can be extended by adding different data sources, such as meteorological and deep
topography, based on this study.
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