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ABSTRACT

Eber Lake, an important wetland located in the Akargay closed basin in the Central Anatolia Region, has experienced significant
drought-induced shrinkage. This study monitored and quantified the changes in wetland areas of Lake Eber from 2015 to 2024
using high-resolution Sentinel 2-A satellite imagery and the Modified Normalized Difference Water Index (MNDWI). MNDWI
was selected due to its superior performance in accurately characterizing wetland properties compared to alternative indices.
An iterative analysis was conducted to determine the most appropriate threshold to distinguish between water and non-water
areas, and the threshold values were validated using ground-based data. Our results reveal a striking contraction in the spatial
extent of wetlands; the area decreased from 7,748 ha in 2015 to only 327 ha in 2024, indicating a decrease of approximately
96%. This significant loss highlights the profound impact of environmental factors such as prolonged droughts, increasing
temperatures and changing precipitation patterns, and likely anthropogenic pressures. The integration of remote sensing and
robust GIS methodologies in this study provides a detailed, temporally continuous record of wetland transformations, providing
new insights into regional hydrological dynamics. The findings not only improve our understanding of the ongoing
environmental changes in Lake Eber but also highlight the urgent need for sustainable management practices and conservation
strategies to mitigate further degradation of this vital ecosystem.
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OZET

Orta Anadolu Bolgesi'ndeki Akargay kapali havzasinda bulunan 6nemli bir sulak alan olan Eber G6lii, kuraklik kaynakli 6nemli
bir kiiciilme yasamistir. Bu caligmada, 2015-2024 yillar1 arasinda Eber G6lii'niin sulak alan alanlarindaki degisiklikler ytiksek
¢Ozlinlirlikli Sentinel 2-A uydu goriintiileri ve Degistirilmis Normallestirilmis Fark Su Endeksi (MNDWI) kullanilarak
izlenmis ve niceliksel olarak belirlenmistir. MNDWI, alternatif endekslere kiyasla sulak alan 6zelliklerini dogru bir sekilde
karakterize etmedeki iistlin performansi nedeniyle se¢ilmistir. Su ve su dis1 alanlar arasinda ayrim yapmak ve en uygun esik
degerini belirlemek amaciyla agamali bir analiz yiiriitiilmiis ve esik degerleri yer tabanli veriler kullanilarak dogrulanmgtir.
Sonuglarimiz, sulak alanlarin mekansal kapsaminda ¢arpici bir daralma oldugunu ortaya koymaktadir; alan 2015'teki 7.748
hektardan 2024'te sadece 327 hektara diismiistiir; bu da yaklasik %96'lik bir azalmay1 gostermektedir. Bu 6nemli kayip, uzun
stireli kurakliklar, artan sicakliklar ve degisen yagis diizenleri ve muhtemel antropojenik baskilar gibi ¢evresel faktorlerin derin
etkisini vurgulamaktadir. Bu c¢alismada uzaktan algilama ve saglam GIS metodolojilerinin entegrasyonu, sulak alan
doniistimlerinin ayrintili, zamansal olarak siirekli bir kaydini sunarak bolgesel hidrolojik dinamiklere dair yeni bulgular saglar.
Bulgular, yalnizca Eber Golii'ndeki devam eden gevresel degisikliklere iliskin anlayisimizi gelistirmekle kalmaz, ayn1 zamanda
bu hayati ekosistemin daha fazla bozulmasini azaltmak i¢in siirdiiriilebilir yonetim uygulamalarina ve koruma stratejilerine
olan acil ihtiyaci da vurgular.

Anahtar Kelimeler: Degistirilmis Normallestirilmis Fark Su Endeksi, Gol Kiiciilmesi, Sentinel 2-A, Uzaktan
Algilama.
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1. INTRODUCTION

Water is essential for all living organisms to exist, function and survive [1], [2]. Lakes, defined in the
surface water category, are one of the most critical water resources. In addition to their function as a
vital water source, lakes are also of significant ecological value due to their high biodiversity [3], [4].
The phenomenon of global warming, in conjunction with the effects of human activity, such as the
intensification of agricultural practices, which are subject to a perpetual rise in consequence of climate
change, is exerting an ever-increasing degree of pressure on lakes and all other water resources
throughout the world [5], [6], [7], [8]. Recently, the number of water resources facing various challenges,
including drying up, shrinking, or even disappearing, has been increasing. These issues are attributable
to climatic changes, rising water demand, and the impact of human activities in arid-semi-arid regions
[9]. In many areas, the diminution or total loss of wetlands has resulted in biodiversity loss, economic
difficulties and social problems [10]. The preservation of these resources and their transference to
subsequent generations are of critical importance for the well-being of humanity. Lakes offer a variety
of benefits, including the regulation of flooding and the storage of carbon. In addition to their role as a
water source, they also serve numerous other functions. It is, therefore, imperative that measurements
and observations are made for the sustainable management of water resources to ensure the future of
our planet.

Remote sensing and geographic information systems technologies offer significant advantages in
carrying out the requisite measurements and observations concerning drought and water resources [4],
[11] Satellite images and other remote sensing data allow the monitoring of large areas quickly and
effectively. Remote sensing methods have proven to be quite valuable tools in the literature for analysing
the change of lakes and wetlands over time, assessing the status of water resources, and determining the
effects of drought. These tools facilitate the expeditious, precise, and cost-effective monitoring and
evaluation of water resources compared to alternative land-based studies [12], [13], [14], [15].

Several remote sensing methodologies have been developed to detect water bodies. Among these, image
classification and water indices and water indices are the most effective [12], [13], [16], [17]. Water
indices are considered efficacious and accessible methods of detecting water bodies through remote
sensing. Water indices consist of simple algorithms, including the normalised difference water index
(NDWI) [12] and the modified normalised difference water index (MNDWTI) [18], which are executed
with spectral bands that consider the spectral characteristics of water with high reflectance in the visible
region and low reflectance in the infrared region. Water indices, despite their primitive configuration
and operating principles, can produce information with greater agility and precision compared to
alternative methodologies [17]

Lake Eber is a vital wetland in the Central Anatolia Region of Tiirkiye. It is evident that the presence of
the habitat in question significantly enriches the region's biodiversity. Moreover, the area provides
numerous benefits to the local community, including the assurance of a reliable water supply,
agricultural irrigation, and facilitating recreational activities. However, significant changes have been
observed in the water level and wetland area of the lake due to climate change and human activities in
recent years. These alterations have precipitated a state of imminent extinction for the lake, thereby
jeopardising the local ecological equilibrium and the sustainability of the region's water resources. This
study evaluates the change in the wetland area of Lake Eber over 10 years between 2015 and 2024. The
methodology employed analysed Sentinel 2-A satellite imagery and Modified Normalised Difference
Water Index (MNDWI) data. Sentinel 2-A satellites provide high-resolution, multi-spectral imagery,
allowing precise mapping of wetlands. MNDWTI is a reliable technique for differentiating water bodies
from other surfaces by utilising the spectral characteristics of water. Utilising the data and methodology,
the alterations in the wetland area of Lake Eber will be subject to continuous monitoring and analysis.
The findings obtained will provide valuable information for understanding the dimensional change of
the lake from past to present.
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2. MATERIALS AND METHODS
2.1. Study Area

Lake Eber is a tectonic lake located in the Akarcay Closed Basin, approximately 70 km away from
Afyonkarahisar province, and is categorised as a semi-circular lake according to Reeves (1968) (Figure

1) [18, 19]. The Akarcay Closed Basin is located at the intersection of Western Anatolia and Central
Anatolia and is bounded by mountains in the south-eastern to north-western direction [19].
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Figure 1. Location of the study area a) Tiirkiye and Afyonkarahisar, b) Afyonkarahisar and Lake Eber
Location, c) Lake Eber Satellite Image.

2.2. Data Acquisition and Preprocessing

In this study, the temporal change of the wetlands of Lake Eber was examined using Sentinel 2-A
satellite data from the Copernicus Open Access Centre of the European Space Agency (Table 1). The
data set under scrutiny encompasses a 10-year period from 2015 to 2024, specifically focusing on the
months of September. The selection of September as the study period is predicated on the fact that it
marks the conclusion of the summer season, and the onset of precipitation has not yet commenced.
Furthermore, images with less than 5% cloud cover were selected to minimise atmospheric effects.
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Table 1. Date of satellite data used for the present study

Date of Acquisition
(date/month/year)

05/09/2015
09/09/2016
04/09/2017
04/09/2018
09/09/2019
03/09/2020
08/09/2021
08/09/2022
18/09/2023
27/09/2024

The methodology of the present study is summarised in Figure 2. The Sentinel 2-A data acquired for
this study were subjected to pre-processing using SNAP software. Initially, radiometric corrections were
applied to remove atmospheric effects and convert the pixel values to actual surface reflectance. Given
the differing spatial resolutions of the various spectral bands of the Sentinel 2-A satellite (Table 2), it is
necessary to harmonise pixel sizes for multispectral analyses. To this end, resampling was performed
for all 13 bands. Subsequently, Lake Eber subsetted the study area to reduce the data size and increase
processing efficiency.

Table 2. Sentinel 2-A Bands and specifications

Band Name Spatial resolution (m)
1 Coastal Aerosol 60
2 Blue 10
3 Green 10
4 Red 10
5 Red Edge 1 20
6 Red Edge 2 20
7 Red Edge 3 20
8 Near-infrared 10
8A Near-infrared 20

9 Water Vapour 60
10 Cirrus 60
11 Shortwave infrared 20
12 Shortwave infrared 20

The pre-processed images were transferred to ArcGIS Pro software in a format suitable for MNDWI
calculations. Within the ArcGIS Pro framework, the delineation of lake wetlands was accomplished by
calculating the MNDWI values for each year, followed by performing area calculations. This approach
enabled the determination of the changes in the wetlands of Lake Eber over 10 years.
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Figure 2. The following flowchart illustrates the general methodology employed in this study.
2.3. Modified Normalized Difference Water Index (MNDWI)

One of the standard methods used for determining water bodies in remote sensing is water indices
produced from spectral bands. These indices can be easily calculated with simple algorithms. The
Modified Normalised Difference Water Index is a vital water index developed based on the difference
between the high reflectance properties of water in the green region and the low reflectance properties
of water in the shortwave infrared region (Equation 1) [18].

M

Green — SWIR
MNDWI =( )

Green + SWIR

Here, 'Green' is used to denote the reflectance value of the green band, while 'SWIR' is employed to
represent the reflectance value of the shortwave infrared band. MNDWTI values range from -1 to +1,
with positive values indicating water bodies. MNDWI values greater than 0 indicate wetlands or humid
regions, while values closer to 1 are a stronger indicator of the presence of water. By contrast, other
surfaces (e.g. vegetation, soil, buildings) exhibit negative or near-zero MNDWI values (Table 3). This
attribute renders MNDWI a valuable instrument in diverse fields, including identifying and observing
water bodies, wetland cartography, lake and reservoir surveillance, water resources management, flood
and drought observation, and water quality evaluation.

Table 3. MNDWI Values and Interpretation

Ranges of Values Meaning

0,2-1 Water bodies, streams and flood areas
0-0,2 Humid lands

0,3-0 Moderate drought and dry lands

-1-0,3 Drought and dry lands
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3. RESULTS AND DISCUSSION

This study aimed to monitor and quantify changes in the wetlands of Lake Eber over a decade (2015—
2024) using Sentinel 2-A satellite imagery and the Modified Normalized Difference Water Index
(MNDWI). The methodology consists of four key steps: Data Exploration and Preprocessing,
Identification of Wetlands using MNDWI, Determination of the Optimal Threshold for Water-Land
Classification, and Assessment of Boundary Shifts (Figure 3 and 4). MNDWI was chosen due to its
proven superiority over other indices (e.g., NDWI) in accurately characterizing water properties,
especially in heterogeneous and urban landscapes [18—22]. Moreover, its capacity to provide
comprehensive open water data and detect temporal changes in water quality reinforces its suitability
for this study. A critical component of our approach was to determine the optimal threshold value to
distinguish water from non-water areas. To achieve this, we performed an iterative analysis of the
histogram distribution of MNDWI values. We conducted these processes by testing a range of potential
threshold values and then selecting the threshold value that minimized misclassification errors by
validating these values with real data to assess the accuracy of our classification. This rigorous
sensitivity analysis not only ensured the reliability of our water delimitation process but also provided
an important methodological contribution by providing a replicable framework for similar studies in
other regions. Our results show a significant decrease in the geographical extent of the wetlands of Lake
Eber during the study period. In particular, the wetland area decreased from 7748 ha in 2015 to only 327
ha in 2024, representing a contraction of approximately 96% (Table 4). Although a small increase was
observed in 2019 compared to 2018, the overall trend remains a persistent decline. This significant loss
highlights the serious impact of both environmental and anthropogenic factors on the lake's ecosystem.
This study is one of the first to apply such an integrated approach to Lake Eber by combining high-
resolution Sentinel 2-A data with a robust application of the MNDWI method, providing a detailed,
temporally continuous record of wetland transformations.

Table 4. Changes in the Eber Lake area over the years (hectare(ha)).

Year 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Wetland (ha) 7748 5464 4767 3615 3735 1644 399 707 843 327

Multiple factors are likely contributing to the observed shrinkage of Lake Eber. Climatic influences such
as prolonged drought and increasing temperatures may accelerate water evaporation, thereby reducing
the area of the lake. In parallel, anthropogenic activities are further straining the lake’s water resources.
These environmental changes not only threaten biodiversity by reducing habitat availability and altering
water quality but also disrupt local food chains and may impact migratory bird populations that rely on
the lake as a critical refuge. From a socio-economic perspective, the dramatic shrinkage of Lake Eber
could have profound consequences for sectors such as agriculture and tourism. The findings highlight
the urgent need for an integrated water management strategy that combines efficient water use,
conservation efforts and pollution control measures. To address these challenges, a comprehensive
analysis integrating hydrological, meteorological and ecological data is essential. Regular monitoring
of groundwater levels, water use patterns and land use changes will be important to better elucidate the
driving forces behind lake shrinkage.

4. CONCLUSION

In conclusion, this study comprehensively investigated the annual changes in Lake Eber, a major
wetland in the Akarcay Basin of Tiirkiye, during the period 2015-2024. By integrating high-resolution
Sentinel 2-A satellite data with Geographic Information System (GIS) tools and using the Modified
Normalized Difference Water Index (MNDWI), we developed a robust methodological framework to
monitor changes in the lake's wetland boundaries. The process included detailed data exploration and
preprocessing, precise water-land classification via iterative threshold determination (validated with real
data), and subsequent assessment of boundary shifts.

Our findings reveal a striking decrease in the geographic extent of Lake Eber's wetlands, from 7748
hectares in 2015 to only 327 hectares in 2024, representing a decline of approximately 96% in a decade.
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Although a slight increase was observed in 2019, the overall trend indicates a persistent and significant
loss of wetlands. This decline highlights the serious impact of both environmental and anthropogenic
factors on the lake ecosystem.
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Several important factors are likely contributing to this shrinkage. Climatic impacts such as prolonged
droughts, rising temperatures and accelerated evaporation have undoubtedly played a significant role.
In addition, erosion through human activities such as agricultural irrigation may have further accelerated
the decline in water resources. These changes not only threaten biodiversity (through habitat loss and
disruption of migratory bird patterns) but also create serious socioeconomic challenges for local
communities dependent on agriculture, tourism and fisheries.
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The study demonstrates the effectiveness of remote sensing and GIS tools as cost-effective and rapid
methods for environmental monitoring. The innovative integration of high-resolution satellite imagery
with a rigorous thresholding process using MNDWI provides a reproducible framework for future
investigations of wetland dynamics. Moreover, this approach provides critical insights that can support
the development of sustainable management practices and integrated water management strategies. As
a result, the deep decline observed in Lake Eber serves as a striking reminder of the urgent need for
comprehensive monitoring and conservation efforts. By combining hydrological, meteorological and
ecological data, the drivers of wetland degradation can be better understood and reduced, ensuring the
long-term protection of these vital ecosystems.
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