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Abstract

The Ramsar Convention on Wetlands designates over 2,000 sites of international importance, providing crucial
habitats for diverse species. Uluabat Lake faces anthropogenic pressures such as urbanization, agriculture, and
industrialization, affecting its ecological integrity. The land use/land cover (LULC) changes in the lake's catchment
area were assessed using multi-temporal Landsat 7 and Landsat 9 satellite images from 2002 and 2022, along with
2019 management plans. Data were pre-processed with ENVI and stored in ERDAS Imagine program. Then, pixel-
based image analysis with maximum likelihood classification (MLC) was employed to generate LULC maps and
evaluated classification accuracy using ground truth data and the kappa coefficient. The results revealed a 15.8%
reduction in lake area, from 136.1 km2 in 2002 to 114.5 kmz? in 2022, primarily due to sediment transport from
surrounding agricultural land and tributary streams. Urban-agricultural and reed-swamp areas increased by 74.7%
and 59.6%, respectively, while shrubs and forests declined by 35.64%, largely from reed conversion to agriculture
in the Mustafakemalpaga River delta. Overall classification accuracy ranged from 88.2% to 91% with a kappa
coefficient of 0.81 to 0.82, respectively. These transformations highlight the increase in reed and swamp areas and

the decrease in lake area, emphasizing the need for effective conservation and management practices.
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1. Introduction

The Ramsar Convention on Wetlands aims to protect
and conserve wetland areas of international importance.
These areas are crucial for biodiversity, water regulation,
and carbon sequestration (Bandara et al., 2019).
Wetlands are dynamic ecosystems that are influenced by
land use and land cover changes (LULC) (Lambin et al.,
2003). LULC changes can have significant impacts on
wetlands, including alterations in forest cover,
agricultural expansion, and urbanization, which can lead
to wetland area declines (Mao et al., 2021). Additionally,
the conversion of land use, such as deforestation and
agricultural activities, can affect soil carbon stocks and
the global carbon cycle (Deng et al., 2014). The impact
of human activities on land use and land cover change is
a major concern, especially in areas designated as
Ramsar sites. These changes can lead to the degradation
of wetlands, affecting water quality, biodiversity, and
ecosystem services (Nielsen et al., 2012). Furthermore,
the relationship between population growth and land
cover change is evident, highlighting the need for
sustainable land management practices (Samsuri et al.,
2022). The governance and management of wetlands in
Ramsar sites are essential for their conservation.
Effective management strategies, including protection

zone and the application of remote sensing and
frameworks for assessing land use impacts, are crucial
for preserving these valuable ecosystems (Zeng et al.,
2014; Gunathilaka et al., 2022). Moreover, the
monitoring of wetland dynamics through geospatial
analysis provides valuable insights into the changes
occurring in these areas (Zekarias et al., 2021).
Wetlands play a vital role in maintaining ecological
balance and providing habitats for diverse species,
contributing to the preservation of biodiversity. These
wetlands also offer various benefits to ecosystems and all
forms of life (Gardner and Finlayson, 2018). Wetlands,
including those found in deltas, provide numerous
benefits to ecosystems and all forms of life. They support
biodiversity conservation, acting as habitats for diverse
species. Wetlands also contribute to water filtration and
purification, flood control, climate regulation, shoreline
stabilization, nutrient cycling, and offer recreational
opportunities (Vollmer et al., 2013; Gardner and
Finlayson, 2018). Preserving and safeguarding these
ecosystems is crucial for maintaining ecological balance
and supporting sustainable development. The attractive
green and coastal areas of deltas located near urban
centers serve as appealing destinations for individuals
seeking to escape crowded city environments (MVolmer et
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al., 2013). Deltas possess unique flora and fauna, as well
as fertile soils, emphasizing the need to safeguard their
natural characteristics.

Recognizing the urgent need for action against the
degradation of wetlands, international protection efforts
have focused on wetlands since the early 1970s (Fletcher,
2011). The Ramsar Convention, one of the oldest
multilateral environmental agreements, was signed in
Ramsar, Iran, in 1971, with the objective of safeguarding
wetlands. The convention aims to regulate the water
regimes in wetland areas, provide refuge for distinctive
plant and animal communities, particularly waterfowl,
prevent activities that may lead to wetland loss, as
wetlands hold economic, cultural, scientific, and
recreational value, and recognize wetlands as an
international resource due to the migratory patterns of
waterfowl across borders (Demirel, 2005; Cagirankaya
and Merig, 2013).

Tirkiye became a party to the Ramsar Convention on
Wetlands in 1994, with the goal of preserving and
enhancing wetlands and conserving water resources. As
part of its commitment, 14 wetlands covering a total area
of 184,487 hectares were included in the Ramsar List of
Wetlands of International Importance. These wetlands
encompass Sultan Marshes, Seyfe Lake, Burdur Lake,
Manyas (Bird) Lake and Goksu Delta, Akyatan Lagoon,
Kizilirmak Delta, Uluabat Lake and Gediz Delta,
Yumurtalik Lagoon, Meke Lake, Kizoren Sinkhole,
Kuyucuk Lake, and Nemrut Caldera. Additionally,
between 2014 and 2023, 91 new wetlands were
designated, consisting of 59 wetlands of national
importance and 32 wetlands of local importance.
Presently, Tirkiye has a total of 105 wetlands, covering
an area of 1,146,420 hectares (Anadolu Agency, 2023).

The integration of Remote Sensing (RS) and
Geographic Information Systems (GIS) is of great
importance in studying and monitoring land use and land
cover (LULC) changes, particularly in Ramsar areas. RS
provides valuable satellite imagery data, while GIS
enables the analysis and visualization of spatial
information. This integration allows researchers to assess
and understand the dynamics of LULC changes within
Ramsar sites. By utilizing RS and GIS techniques,
decision-makers can make informed choices regarding
land management and conservation efforts in these
ecologically significant wetland areas. In this study,
conducted in the Lake Uluabat Ramsar Site, RS and GIS
were used to analyze the LULC changes occurring
between 2002 and 2022. 1t was not only aimed to identify
the patterns of change but also explore the underlying
causes of these alterations in the Lake Uluabat
ecosystem. The study utilized satellite imagery (Landsat
7 ETM and Landsat 9 OLI/TIRS) and ground truth data
to assess the changes in LULC within the lake's
catchment area over a two-decade period. The 20-year
period was meticulously chosen to capture the subtleties
of ecological and anthropogenic changes impacting the
lake's environment. This duration is crucial for observing
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the cumulative effects of various factors, including
climatic variability, land use modifications, and socio-
economic developments, which significantly influence
the lake's ecological balance. The two-decade span is
particularly pertinent given the dynamic nature of
wetland ecosystems, which are sensitive to both
immediate and gradual environmental transformations.
Pixel-based image analysis and maximum likelihood
classification (MLC) techniques were employed to
generate LULC maps for each year, and the accuracy of
the classification was evaluated using ground truth data
and the kappa coefficient. The study highlights the
absence of similar applications in previous research
within Ramsar sites. Integration of RS and GIS provided
a holistic view of the environmental changes occurring
in the Lake Uluabat Ramsar Site, which enables to
identify specific areas of concern and patterns of change
that were previously undetected. Furthermore, this
approach not only enhances understanding of ecological
dynamics in wetlands but also sets a precedent for the
application of advanced technologies in environmental
monitoring and conservation efforts. Thus, this research
can open up new possibilities for the use of RS and GIS
in studying other Ramsar sites globally, offering a
valuable tool for policymakers and conservationists in
their efforts to preserve these vital ecosystems.

2. Materials and Methods
2.1. Study Area

Uluabat Lake is situated in the Karacabey district of
Bursa province (Figure 1), located south of Balikesir
highway and 34 km away from the center of Bursa city.
The lake contains four islands and is positioned at
geographical coordinates 40°10'N 28°35'E. The Ramsar
area encompasses the lake and its surrounding region,
covering an area of 19,900 hectares. The settlements of
Eskikaraaga¢ and Golyaz1 are included within the
Ramsar area. Uluabat Lake is a swampy, eutrophic
freshwater lake that formed due to tectonic depression. It
has a depth of 3 meters and is situated 8 meters above sea
level. The lake is fed by the Mustafakemalpasa River and
its outlet is in the northwest, where it flows into the
Kocasu River (Hacisalihoglu et al., 2016).

The decision to define this area’s size was influenced
by the need to encompass the entire lake and its
immediate ecological surroundings, as indicated in the
survey by Welch and Welch (1998). Uluabat Lake is a
swampy, eutrophic freshwater lake formed due to
tectonic depression, with a depth of 3 meters and situated
8 meters above sea level. The lake is fed by the
Mustafakemalpasa River from the southwest, and its sole
outlet is in the northwest, where it flows into the Kocasu
River. The size of the study area was determined to
capture the entirety of the lake's ecosystem, including its
water inflows and outflows, as well as the significant bird
habitats identified in the survey, which are integral to
understanding the ecological dynamics of the Ramsar
site (Hacisalihoglu et al., 2016).
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Figure 1. Location of Uluabat Lake

Lake Uluabat, is a significant Ramsar site, designated
to protect its ecological importance "Valuing Water
Resources in Turkey" (World Bank Group, 2016). The
lake faces various environmental challenges, including
water quality assessment (Isgen et al., 2007), soil erosion
risk (Ozsoy et al., 2012), non-point pollution loads
(Katip and Karaer, 2013), and heavy metal relationships
in water and sediment (Hacisalihoglu and Karaer, 2016).
These issues necessitate comprehensive monitoring and
assessment, which have been addressed through the
application of GIS and remote sensing (Ozsoy et al.,
2012; Hacisalihoglu et al., 2016; Tu and Baykal, 2022).
Additionally, participatory approaches, such as fuzzy
cognitive mapping and stakeholder group analysis, have
been utilized for ecosystem conservation in Uluabat
Lake (Ozesmi and Ozesmi, 2003). Furthermore, the
evaluation of water quality in eutrophic shallow lakes,
including Uluabat, has been a subject of study
(Hacisalihoglu and Karaer, 2018).

The selection of the study area, Uluabat Ramsar Area,
was based on several significant factors. Firstly, the
area's strategic location as a major transportation hub
connecting Istanbul to southwestern Anatolia through
maritime, railway, and road networks renders it highly
relevant for land use and land cover change analysis.
These transportation connections facilitate the
movement of goods, people, and services, contributing
to regional development and economic activities.
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Secondly, the study area encompasses valuable and
limited natural resources that are increasingly under
pressure due to urban growth. The presence of forests,
agricultural lands, a peninsula, and a lake within
conservation boundaries highlights the diverse
ecosystems and ecological sensitivity of the area.
Simultaneously, industrial and mining activities, energy
investments, and tourism policies exert additional
pressures on the natural environment, necessitating a
comprehensive understanding of land use and land cover
changes. Thirdly, the chosen study area provides a
representative example that covers various land cover
types, including urban, agricultural, forested, wetland,
and water bodies. This comprehensive coverage
facilitates a holistic examination of land use dynamics
and the associated implications for ecosystem services,
environmental sustainability, and socio-economic
development. The inclusion of Uluabat Lake Ramsar
Area as the study area (Figure 2) contributes to the
scientific understanding of land use and land cover
change processes in ecologically sensitive regions
characterized by diverse land cover types and human
interventions. Through the examination of these
dynamics, this research can provide valuable insights for
sustainable land management, conservation strategies,
and informed decision-making, both in the study area
and in similar contexts globally.
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2.2. Methods

The methodology of the study follows a systematic
approach consisting of four main stages: pre-processing,
image classification, post-processing, and land use land
cover change detection. In this study, the selection of
Landsat imagery was motivated by its cost-efficiency,
availability, and compatibility in terms of spatial
resolution (30 m), enabling a wide range of applications.
To acquire the necessary data for analysis, satellite
images from Landsat 7 (acquired in 2002 May) and
Landsat 9 (acquired in 2022 May) were obtained from
reliable sources such as the US Geological Survey
(USGS). This time span allows for the comprehensive
analysis of changes in land use and land cover, providing
valuable insights into long-term trends and patterns.
Over the past several decades, many studies have
emphasized the importance of studying LULC patterns
and their changes over time like two decades (Burian et
al., 2002; Symeonakis et al., 2007; Hadeel et al., 2011;
Sajikumar and Remya, 2015; ; Bai et al., 2016; Mahaxay
et al., 2016; Li et al., 2018; Saharan et al., 2018; Verma
et al., 2021; Rahmi et al., 2022; Rizwan et al., 2022;
Bermoy et al., 2023; Albalawi, 2023). This period,
spanning 20 years, is meticulously chosen to capture the
subtleties of ecological and anthropogenic changes
impacting the lake's environment. Such a duration is
crucial for observing the cumulative effects of various
factors, including climatic variability, land use
modifications, and socio-economic developments, which
significantly influence the lake's ecological balance. The
two-decade span is particularly pertinent given the
dynamic nature of wetland ecosystems, which are
sensitive to both immediate and gradual environmental
transformations. This timeframe allows for an in-depth
analysis of trends, patterns, and shifts in the ecosystem,
providing a comprehensive view of the lake's response to
external pressures. Studies in similar ecosystems, like the
Ethiopian highlands, have demonstrated the value of
multi-decadal analyses in understanding the complex
interplay between human activities and natural habitats
over time (Muche et al., 2023).

Furthermore, this period coincides with significant
advancements in RS and GIS technologies, offering a
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robust framework for precise and detailed environmental
monitoring. The combination of ENVI, ERDAS and
ArcGIS software platforms has been widely adopted in
previous studies (Corner et al., 2014; Hishe et al., 2020)
due to their effectiveness, efficiency, and availability of
relevant tools and techniques. Researchers have
acknowledged the advantages of this approach, as it
offers a cost-effective and time-efficient solution for
analyzing and monitoring land use and land cover
changes. By utilizing these established methodologies,
this study contributes to the growing body of literature
on land use and land cover change analysis while
providing valuable insights for land management and
planning in the Uluabat region and similar contexts.

The availability of high-resolution satellite imagery
and improved data processing techniques during this
period enhances the study's accuracy and reliability.
From a policy and management perspective, a 20-year
analysis aligns well with the strategic planning cycles of
environmental conservation and land use management.
The insights gleaned from this study can inform
decision-making processes, aiding in the development of
sustainable management practices and conservation
strategies for the Uluabat Lake region. In conclusion, the
selection of a two-decade timeframe in this study is a
judicious choice, balancing the need for a longitudinal
perspective with the practical aspects of technological
capability and policy relevance. It provides a rich, data-
driven understanding of the environmental changes in
the Uluabat Lake region, serving as a critical resource for
future ecological assessments and interventions.

2.2.1. Pre-processing stage

During the pre-processing stage, various operations
were performed to prepare the satellite images for
analysis. Geometric corrections were applied to ensure
accurate alignment and spatial consistency among the
images. Also, radiometric and atmospheric corrections
were carried out using the FLAASH module available in
the ENVI software. These corrections play a crucial role
in reducing noise and atmospheric effects, thus

enhancing the quality and reliability of the images
(Figure 3 and Figure 4).
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Figure 3. Landsat 7 image from 2002,A initial view (left) and after pre-processing (right)
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2.2.2. Supervised classification

Following the pre-processing stage, the images for
each year were subjected to supervised classification
using maximum likelihood algorithms implemented in
the ERDAS Imagine 2015 software. This classification
technique utilizes known sample points to train the
algorithm in distinguishing different land cover classes.
The accuracy of the classified images was then assessed
to evaluate the performance and reliability of the
classification process. To begin the classification
process, training sites with known class labels were
identified for each of the four categories: Reed and
Swamp Areas, Lake, Shrubs and Forests, and other areas.
For both the years 2002 (256 points) and 2022 (256
points), a total of 512 points were randomly placed each
year to represent the variety within each class. The
distribution of these points for the year 2002 was as
follows: Reed and Swamp Areas (44 points), Lake (170
points), Shrubs and Forests (23 points), and other areas
(19 points). In 2022, the distribution was slightly altered
to Reed and Swamp Areas (48 points), Lake (145 points),
Shrubs and Forests (30 points), and other areas (33
points).

The decision to use 256 points for each year was
based on established practices and researches in remote
sensing for ensuring adequate representation of each
class while maintaining a manageable dataset for
accurate classification (Djimadoumngar and Adegoke,
2018; Gencal et al., 2018; Kadhim et al., 2020; Habte,
2021). This number strikes a balance between
oversampling (which could lead to overfitting) and
undersampling (which might not capture the full
variability within each class). Signatures were generated
based on these training sites to represent the spectral
characteristics of each class. This classification approach
allowed for a comprehensive analysis of these specific
land cover categories, enabling a better understanding of
their spatial patterns and changes over time.

Accuracy assessment is a crucial step in the
classification process, involving statistical analysis to
evaluate the correctness of the classification results. It
serves as a vital component for change detection (Cetin,
2009) and plays a pivotal role in making informed
decisions for future developments and effective resource
management, as it provides valuable information about

Figure 4. Landsat 9 image from 2022,linitial view (left) and after pre-processing (right)
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the location and spatial interaction of resources
(Congalton and Green, 2009). According to various
studies (Deng et al., 2009; Ikiel et al., 2013, Butt et al.,
2015), overall accuracy values exceeding 80%—85% are
considered acceptable levels for image classification. It
is worth noting that the Landsat-7 image of 2002
exhibited the highest accuracy among all the raster
layers, emphasizing the influence of the dataset version
on the accuracy. The accuracy assessment process
(Figure 5) provided valuable insights into the reliability
and precision of the land use and land cover
classification results, contributing to the overall
assessment of LULC changes in the study area.

2.2.3. Post-processing

To further refine the results, post-processing was
conducted using correction techniques in the widely used
ArcGIS software (10.5 Edition). This step aimed to
minimize any remaining errors (if necessary spatial
filtering, image enhancement clearing or smoothing) or
inconsistencies in the classified images (Sarzana et al.,
2020). By utilizing advanced correction tools available
in ArcGIS, the quality of the images was significantly
improved, leading to more accurate and reliable land
cover information.

2.2.4. Land use land cover change

In the final stage, the corrected images were utilized
for land use and land cover change detection. By
comparing the classified images from different years,
changes in land cover patterns and dynamics over time
were identified and analyzed. Measures such as the
Kappa coefficient and overall accuracy were used to
guantify the degree of agreement between the classified
images and ground truth data (management plans then
collecting points from DGPS). Differential Global
Positioning System (DGPS) is an enhancement to the
standard GPS that provides improved location accuracy.
DGPS works by using a network of fixed ground-based
reference stations that have known precise locations.
With higher values of these measures, the corrected
images proved to be wvaluable in detecting and
monitoring land use and land cover changes in the study
area.
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3. Results

LULC changes have been observed in the wetland
ecosystems of Bursa Uluabat Lake, a Ramsar site, over
the past two decades. The LULC categories for the study
area are depicted in Figure 5, along with the
corresponding years 2002 and 2022. The analysis of land
use/cover changes in the Uluabat Lake Ramsar Site from
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Figure 5. Classified satellite images of 2002 (left) and 2022 (right)
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2002 to 2022 has revealed several critical
transformations. The most notable change is the increase
in Reed and Swamp Areas by 59.63% and the significant
decrease in the lake area by -15.88%. These findings are
particularly significant when compared to the study by
Aksoy and Ozcan (2002), which examined changes from
1984 to 1998 (Table 1).

Classes
F L
[_]Reed and Swamp Areas *

- Lake
D Other Areas

i : -
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Table 1. Land cover types

Land use Area (ha)

land cover classes 2002 2022 % Change
Reed and Swamp Areas 2737.9 4370.7 59.64%
Lake 13606.7  11445.6 -15,88%
Shrubs and forests 1927.5 1240.5 -35,64%
Other areas 1627.9 2843.2 74,65%

Analysis of land use and cover changes within the
wetland area from 2002 to 2022 revealed the following
percentage changes and annual rates of change:

e Reed and Swamp Areas: The area covered by reed
and swamp increased from 2737.9 hectares in 2002
to 4370.7 hectares in 2022, indicating the highest
percentage change of 59.63%.

e Lake: The extent of the lake decreased from 13606.7
hectares in 2002 to 11445.6 hectares in 2022,
representing the largest negative percentage change
of -15.88%.

e Shrubs and Forests: The area covered by shrubs and
forests decreased from 1927.5 hectares in 2002 to
1240.5 hectares in 2022, indicating a substantial
decline of 35.64%.

e Other Areas: The area occupied by settlements and
agricultural activities increased from 1627.9 hectares
in 2002 to 2843.2 hectares in 2022, reflecting the
highest positive percentage change of 74.65%.

It is important to note that the negative percentage
change for the lake signifies a reduction in its size,
whereas the positive percentage changes for the other
categories indicate an expansion or increase in their
respective areas.

To evaluate the accuracy of the classification results,
an accuracy assessment was conducted, which involves
statistical analysis to measure the correctness of the
classified maps by comparing them to ground truth data.

In this study, a total of 512 points were distributed across
the study area, covering both years of satellite imagery.
The points were randomly selected and allocated to
different land cover classes to ensure representation of
the entire area and capture the variability of the classes.
The selected points were then compared to the ground
truth data to assess the accuracy of the classification
(Figure 6).

The accuracy assessment results (Table 2 and Table
3) were obtained through the development of an error
matrix, which quantifies and summarizes the
classification accuracy. The error matrix provides
important elements for accuracy assessment, such as user
accuracy (UA), producer accuracy (errors of omission),
overall accuracy, and kappa index. Kappa coefficient (k)
(Cohen, 1960) was used as a robust multivariate
technique to assess the agreement between categorical
variables, taking into account all elements in the
confusion matrix.

For each time period (2002 and 2022), the accuracy
assessment was performed, and the overall accuracy and
kappa coefficient values were determined. The results
showed that the classified maps of the study area
exhibited overall accuracies ranging from 88.28% to
91.02% and kappa coefficients ranging from 0.82 to
0.81. These values indicate that the accuracy of the
classified maps is acceptable, and the results can be
considered reliable.
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Figure 6. Accuracy assessment stages of 2002 (top) and 2022 (bottom)

Table 2. Accuracy assessment table of LULC obtained from satellite data 2002

Reed and Shrubs

Classified Data Swamp Lake and Other Areas UA
Areas Forests

Reed and Swamp Areas 33 3 0 0 0.8994
Lake 11 166 3 1 0.7533
Shrubs and forests 0 1 18 2 0.8430
Other areas 0 0 2 16 0.8800
Total 44 170 23 19
Overall Classification Accuracy = 91.02%
Overall Kappa Statistics = 0.8180

Table 3. Accuracy assessment table of LULC obtained from satellite data 2022

Reed and Shrubs
Classified Data Swamp  Lake and Other Areas UA
Areas Forests

Reed and Swamp Areas 43 1 10 0 0.7143
Lake 5 144 1 2 0.9077
Shrubs and forests 0 0 11 3 0.7573
Other areas 0 0 8 28 0.7449
Total 48 145 30 33

Overall Classification Accuracy = 88.28%

Overall Kappa Statistics = 0.8055

106



Kilingarslan et al.

Accuracy assessment results for the year 2002
showed an overall accuracy of 91.02% and a kappa value
of 82%. Similarly, for the year 2022, the overall accuracy
is 88.28% with a kappa value of 81%. These accuracy
values provide an indication of the reliability and
precision of the classification results for the respective
years. The obtained accuracies suggest a moderate level
of agreement between the classified images and the
reference data, indicating that the classification results
for 2002 and 2022 should be interpreted with caution.
Further assessment and validation of the results could
provide a more comprehensive understanding of the
accuracy and reliability of the classification process for
these specific years.

The classification of the wetland area using Landsat
data resulted in the identification of four land cover
types: Reed and Swamp Areas, Lake, Shrubs and forests,
other areas (Table 1). The analysis of the Landsat data
allowed for the examination of these land cover types
and their respective changes within the study period. By
comparing the classified images from different time
periods, it was possible to observe and quantify the
changes that occurred in the wetland area over time. This
information is valuable for understanding the dynamics
of the wetland ecosystem and can contribute to effective
land management and conservation efforts.

Despite multiple attempts, distinguishing between
settlements and agricultural areas etc. based solely on
spectral values proved challenging due to the similarities
in their spectral signatures. Extensive experimentation
with various classification methods and parameter
settings  consistently  revealed  overlapping or
indistinguishable spectral information for these land
cover types. Recognizing the limitations of spectral data
in achieving accurate differentiation, the decision was
made to combine settlements and agricultural areas etc.
into a single class (Other Areas). This decision was
driven by the persistent lack of discriminatory power
exhibited by spectral values alone. However, it is crucial
to acknowledge the potential implications of this choice
in subsequent analyses and interpretations. Future
research may explore alternative approaches, such as
incorporating ancillary data or expert knowledge, to
improve classification accuracy and provide a better
understanding of the dynamics between settlements and
agricultural areas in land use change studies.

To compare the land use/cover changes observed
between 1984 and 1998, as reported in the study
conducted by Aksoy and Ozcan in 2002, with the
changes between 2002 and 2022, both similarities and
differences were observed in the transformation of the
Uluabat Lake Ramsar Site over time. Between 1984 and
1998, the land cover classes exhibited varying degrees of
change. Settlements and roads, Maquis, Agricultural
lands, Orchards, Mixed Marshlands, Reeds, Water lilies
and reed, burned reeds, Shrub and trees, Islands, Uluabat
Lake, Mustafakemalpasa River, and Uluabat River were
the identified land use/cover classes in the study.
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Comparing the percentage changes during these two
periods, some similarities can be observed. For instance,
the land cover classes of other areas (Settlements and
Agricultural areas etc.) lands showed positive percentage
changes in both timeframes. Settlements and roads
increased from 0.17% in 1984 to 0.26% in 1998, and
Agricultural lands increased from 13.01% in 1984 to
16.85% in 1998. However, there were also notable
differences in the land use/cover changes between the
two study periods. For instance, the Reed and Swamp
Areas experienced a significant increased from 3.56% in
1984 to 8.42% in 1998, while in the later study period
(2002-2022), the same category showed a higher
increase from 2737.9 hectares to 4370.7 hectares,
representing a 59.63% change. Similarly, the Lake area
exhibited a different trend between the two study
periods. In the 1984-1998 study, the Lake percentage
remained relatively stable, ranging from 59.61% in 1993
to 58.03% in 1998. However, in the 2002-2022 study, the
Lake area experienced a notable decrease, from 66.10%
in 2002 to 58.03% in 2022, indicating a negative change
of -15.88%.

4. Discussion

Comparing the present study with similar
international research, diverse wetland dynamics were
observed reflecting region-specific ecological responses
to environmental pressures. In the Lake Abaya-Chamo
study, between 1990-2019, wetland/swamp areas
declined by 11.4% (700 ha), 16% (867 ha), and 31.3%
(1,424 ha) across three periods. Settlements and water
bodies  increased, indicating  habitat  shifts.
Comparatively, in this study from 2002-2022 showed a
59.63% increase in Reed and Swamp Areas, a 35.64%
decrease in Shrubs and Forests, and a 74.65% rise in
Other Areas. These contrasting trends underscore the
varied ecological responses in different wetlands,
influenced by regional factors like siltation and
population growth (Zekarias et al., 2021).

The Gua Musang study, using Landsat 8 OLI images
(2017-2019), identified minimal LULC changes, with
deforestation at 5.95%, forest area changes at 5.57%, and
water bodies covering only 0.36%. Contrastingly, the
present study (2002-2022) showed a 59.63% increase in
Reed and Swamp Areas, a 15.88% decrease in Lake area,
and a 74.65% increase in Other Areas, indicating more
substantial changes over a longer period. These studies
highlight the variability in ecosystem responses to
different environmental pressures and timescales
(Rahman et al., 2022).

The Harike wetland study in India (1989-2010) used
a change matrix for post-classification detection,
showing significant transformations in land cover. Key
changes included the conversion of waterbody areas to
Wetland Il and other categories and shifts within wetland
categories. Comparatively, the present study (2002-
2022) observed a 59.63% increase in Reed and Swamp
Areas, a significant decrease in Lake area (-15.88%), and
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an increase in Other Areas (74.65%). These contrasting
results highlight different patterns of ecological change
in these two wetland ecosystems (Mabwoga, 2014).

These comparisons highlight the dynamic nature of
land use/cover changes in the Uluabat Lake Ramsar Site
over different time periods. While both studies provide
insights into the alterations occurring within the region,
the later study (2002-2022) offers a more recent
perspective on the land use/cover changes, capturing the
transformations in a more current timeframe.

The analysis of land use/cover changes in the Uluabat
Lake Ramsar Site is crucial for understanding the impact
of human activities, ecological dynamics, and climate
change on the wetland ecosystem. It emphasizes the need
for sustainable land management practices, conservation
efforts, and policy interventions to ensure the
preservation of this important ecological site.

5. Conclusion

In conclusion, this study, employing advanced RS and
GIS technologies, offers an in-depth analysis of land
cover changes in the Uluabat Lake wetlands over a span
of two decades. The results reveal a marked decline in
natural habitats, including shrubs, forests and lakes,
alongside a notable increase in areas designated for reed
and swamps and other areas (agriculture and
settlements). These changes are indicative of significant
human encroachment and impact on these delicate
wetland ecosystems. The study emphasizes the critical
need for an integrated and sustainable approach to
wetland management. This includes engaging local
communities, government  bodies, and  non-
governmental organizations in concerted efforts to raise
awareness and implement effective conservation
strategies. Such collaboration is essential for mitigating
further environmental degradation and ensuring the
preservation of biodiversity. The presented methodology,
leveraging the capabilities of Landsat 7 ETM and
Landsat 9 OLI/TIRS satellite imagery, has enabled a
detailed and precise analysis of spatial changes.
However, it is important to acknowledge the limitations
of this study, with a need for further validation and
assessment to fully ascertain the accuracy and reliability
of the findings. Ultimately, this research provides
valuable insights and data for policymakers and
conservationists and underscores the urgent necessity of
adopting sustainable environmental practices and
fostering collaborative efforts in The Uluabat Lake
wetland. These are imperative not only for maintaining
the ecological balance and health of wetland habitats but
also for supporting the overall well-being of local
communities and promoting sustainable development.
The Uluabat Lake wetlands, like many similar
ecosystems, are at a critical juncture; therefore, it is
important to ensure their future viability and the broader
ecological and socio-economic benefits they can
continue to provide.
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