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A B S T R A C T  

The study examines changes in Land-Use/Land-Cover (LULC) in the Yenişehir district of 

Bursa province (Türkiye) between 2020 and 2024. Focusing specifically on the loss of 

agricultural land due to anthropogenic pressure, the study aims to identify changes in the 

LULC using remote sensing tools and techniques. In this regard, it aims to contribute to 

the development of sustainable land use policies. High-resolution Dynamic World dataset 

generated from Sentinel-2 satellite imagery was employed. The study, which was 

conducted by using Google Earth Engine (GEE) and ArcGIS Pro, generated annual LULC 

maps, inter-class transition maps that focus on agricultural land for consecutive years, and 

annual NDVI maps. As a result, a total of 2% decrease was detected in the crops class, 

accelerating particularly after 2022. NDVI values also decreased in the same areas, 

displaying similarity to this result. The findings are generally observed in agricultural land 

in peri-urban areas and are associated with both anthropogenic pressure and climate change 

impacts on the agricultural landscape. The study, based on data analyses, emphasizes the 

importance of ecology-based strategic approaches and demonstrates the need to integrate 

these approaches into spatial planning. Moreover, it shows the applicability of Dynamic 

World dataset in short-term monitoring of surface area losses in agricultural areas. 
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1. Introduction 

Land-Use/Land-Cover (LULC) data are one of the best 

sources for spatial examination of processes and changes on 

Earth across multiple periods (Venter et al., 2022). Changes in 

the LULC may have many different causes. These include 

increased urbanization associated with population growth, 

climate change effects (Aklibasinda & Ozdarici Ok, 2019; 

Kalayci Kadak et al., 2024; Mohiuddin & Mund, 2024), 

changes in forest areas (Verburg et al., 2004), degradation of 

agricultural lands (Negese, 2021), and drought (Gul & Esen, 

2024), which can occur as a result of both natural and human 

influences (Kalaycı Kadak, 2025). Changes in the LULC 
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disrupt the structures of ecosystems and profoundly affect 

environmental sustainability (Jalayer et al., 2022; Kalayci 

Kadak et al., 2024; Liu et al., 2021; Muche et al., 2023). It has 

been observed that land has been used for inappropriate 

purposes (Bikis et al., 2025; Lambin et al., 2003), particularly 

to meet the needs of the rapidly increasing population (Kirui et 

al., 2013). This situation also causes changes in land cover. 

Although identifying these changes may not eliminate the ever-

increasing pressure of humans on nature, it is known that it will 

help manage their impacts appropriately and thus minimize the 

damage as much as possible (Gabisa et al., 2025). 
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In this context, LULC change studies to be conducted, 

especially in regions with a dynamic socio-economic structure, 

are of great importance in detecting, managing and taking 

measures against changes in ecosystems (Alipbeki et al., 2020; 

Jalayer et al., 2022; Yirsaw et al., 2017). 

To detect changes in the LULC, data generated at regular 

time intervals and with the same systematic order are required 

(Lv et al., 2018; Zhu & Woodcock, 2014). Remote sensing 

change detection is also based on comparing satellite images 

obtained at two different times for a given geographic location 

(Cheng et al., 2024). Within this context, remote sensing 

sources such as satellite imagery and land cover datasets can be 

utilized in LULC change detection studies (Cheng et al., 2024; 

Kalayci Kadak, 2022; Kalayci Kadak et al., 2024; Mert et al., 

2024; Tewabe & Fentahun, 2020). Moreover, resources, which 

enable these spectral analyses, can increase the accuracy of 

LULC mapping studies (Azzari & Lobell, 2017; Holloway & 

Mengersen, 2018; Venter & Sydenham, 2021). In this regard, 

this study employed the Dynamic World LULC dataset. To 

support this data with spectral indices, NDVI maps were 

generated from Sentinel-2 satellite imagery. 

In light of all this information, the Yenişehir district of 

Bursa province was selected as the study area due to its 

geographical location. Yenişehir harbors productive meadows 

that are exposed to the effects of climate change (Abbasnia & 

Toros, 2018; Karahasan & Pinar, 2023; Selcuk & Gulumser, 

2023; Yetik & Candogan, 2024), and is under pressure from 

urbanization, particularly due to the development of 

agriculture-based industries. The study aimed to reveal annual 

changes in the LULC over the recent five-year period in the 

study area using remote sensing methods and to focus on the 

transition matrices of the crops class, which has the largest 

percentage among LULC classes. Last five years (2020-2024) 

were selected to observe changes in a short period in the near 

past.  The main tools used in the study were ArcGIS Pro and 

Google Earth Engine (GEE), which is an accessible and 

scientifically sound digital laboratory with unlimited data 

processing capacity and cloud computing platform. The main 

hypothesis of this study, which employs remote sensing tools 

and techniques, is that the Yenişehir district has undergone 

changes that could be associated with the effects of climate 

change due to its geographical location as well as human 

interventions, such as urban expansion pressures and 

inappropriate land use decisions, particularly in the post-2020 

period. The second hypothesis of the study is to investigate the 

possibility of using spectral analysis on the GEE platform to 

reveal the LULC changes with high reliability.  

2. Materials and Methods 

2.1. Study Area 

The study was carried out in the Yenişehir district of Bursa 

province. Yenişehir district is located in the east of the Marmara 

Region, between 40°7’44.7” and 40°22’28.9” North latitudes 

and 29°20’23.3” and 29°49’56.9” East longitudes (Figure 1).

 

Figure 1. Location of the study area. 

 

The district has an elevation of 250 meters and an area of 

740 km2 (Yenişehir Municipality, 2022).  According to the 

Köppen climate classification, it falls within the Csa 

(Mediterranean climate with mild winters, very hot and dry 

summers) class (Boluk et al., 2023). The district is populated 

by 55,606 people according to 2024 data. Yenişehir, the third-

largest district in the province in terms of agricultural land, had 

an agricultural area of approximately 328 km2 in 2020, but this 

area decreased to approximately 285 km2 in 2023 (TÜİK, 

2024). Furthermore, there are 941 agricultural basins within the 
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agricultural basin classification system implemented in Turkey 

since 2017. According to the latest report published by the 

respective ministry, Yenişehir is the district within Bursa 

province that receives the highest number of product support 

for the 2025-2027 period (Turkish Ministry of Agriculture and 

Forestry, 2024). Moreover, an Organized Industrial Zone was 

established in 2004 as part of the activities carried out in the 

district (YOSAB, 2022). In addition, it facilitates accessibility 

to the Bursa Yenişehir Airport, located within the boundaries of 

the study area. In this context, Yenişehir’s location could attract 

investors who would support the development of the Organized 

Industrial Zone (OIZ). Examining this district, which is under 

the influence of climate change due to its geographical location 

and generally maintains its rural structure, in the context of 

LULC changes is of great importance for developing 

productive agricultural land protection strategies. Thereby, 

ensuring the sustainability of the district's resource assets will 

be possible. The district was selected as the study area because 

of these features. 

2.2. Methodology and Data Preparation 

The study was conducted in four main stages. These are: 

selecting the study area; formulating the hypothesis; creating 

the database [(determining annual LULC changes, Normalized 

Difference Vegetation Index (NDVI) analyses)]; and 

generating and interpreting maps (Figure 2), respectively.

 

Figure 2. Flowchart of the methodology. 

 

In the first stage, the study area was selected. While 

selecting, the study area was ensured to be: 

• Exposed to climate change effects due to its 

geographical location; 

• Under development, containing land uses that facilitate 

transportation to e.g., airports; 

• Generally considered as an area where the sustainability 

of the rural resource values it harbors is essential. 

In the second stage, the study's hypothesis was determined 

and the research objective was outlined. The tools, scopes, and 

limitations in the literature were identified, and the planned 

methodological stages were reviewed to avoid similar 

limitations within the scope of the study. 

In the third stage, the database to be used throughout the 

study was prepared. First, the datasets to be used in the GEE 

platform, the first of the main tools, were determined. In this 

regard, it was decided to employ the Dynamic World dataset 

instead of the Coordination of Information on the Environment 

(CORINE) land cover dataset, which is frequently used in the 

literature (Alipbeki et al., 2020; Bikis et al., 2025; Cieślak et 

al., 2020; Dzieszko, 2014; Falt’an et al., 2020; Feranec et al., 

2007; Myga-Piatek et al., 2021; Varga et al., 2020). The reason 

behind this is that the most recent data of CORINE land cover 
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dataset, first developed in 1990 by the European Environment 

Agency (EEA) to monitor changes in Europe's LULC at a 

comparable level and updated every six years after 2000, 

belongs to 2018. Additionally, this dataset with a spatial 

resolution of 100 m, although frequently used in the literature, 

was deemed inappropriate for the targeted timeframe (2020-

2024) and size of the area. Therefore, the Dynamic World 

dataset, prepared by Google and the World Resources Institute 

(WRI), was used in the study. This dataset is based on Sentinel-

2 satellite imagery, has a spatial resolution of 10 m, is free, and 

is updated on a daily basis. This data, which has been recorded 

since 2015, includes nine different LULC classes (Table 1) 

(Brown et al., 2022; WRI and Google, n.d.). 

The Dynamic World dataset used is generated from 

Sentinel-2 satellite imagery using automatic classification 

methods based on artificial intelligence (AI)-based deep 

learning procedures. No additional on-site observations or field 

studies were conducted within the scope of the study. The 

global accuracy of this dataset is reported by data producers as 

70-80% (Brown et al., 2022; WRI and Google, n.d.). Based on 

the level of reliability at the global scale, the usability of the 

classification can be considered acceptable. Likewise, several 

research reported its accuracy above 72% (Ursu et al., 2025; 

Venter et al., 2022; Wang & Mountrakis, 2023). Moreover, 

considering that the study area focuses on the transformation of 

the agricultural class within the same classification system 

using the same dataset for each year, it is determined feasible 

to use it in calculating LULC change trends. Besides, to the best 

of my knowledge, there is no highly accurate reference dataset 

with this dataset’s properties, such as free access, high 

resolution (10 m) and up-to-date features. In this context, the 

use of spectral indices alone was chosen for the validation of 

the classification system. To support the reliability of the LULC 

classification using spectral indices (Nasiri et al., 2022; Tesfaye 

et al., 2024), annual NDVI maps for the study area were 

prepared. NDVI takes values between -1 and 1. As it 

approaches 1, vegetation density increases; as it approaches 0, 

vegetation density decreases; and as it approaches -1, areas such 

as water, snow, ice, rock, bare soil, and desert are present. 

NDVI is a frequently used tool to distinguish between areas 

covered with vegetation, such as agricultural areas and forest 

areas, and areas devoid of vegetation, such as roads, airports 

and settlements (Kalayci Kadak, 2021; Kalayci Kadak et al., 

2024). 

The GEE model used while generating annual LULC and 

agriculture class change maps in dataset preparation is 

composed of five steps: 

1. Definition of the study area (ROI): District boundaries 

were obtained from the Global Administrative Unit 

Layers (GAUL) dataset developed by the Food and 

Agriculture Organization of the United Nations (FAO). 

2. The colors to be used in the resulting LULC maps were 

defined using a color palette prepared by the dataset 

producers (Google/WRI) for Dynamic World classes 

(Mashala et al., 2023). 

3. Annual LULC maps were generated for 2020, 2021, 

2022, 2023, and 2024. With this regard, for the ROI, the 

most frequently seen LULC type in each year was 

assigned to the map cells using the ‘mode’ function 

(Mashala et al., 2023; Pande et al., 2024). The resulting 

maps have a spatial resolution of 10 meters. The 

coordinate system is EPSG:4326. 

4. Changes in the class that involve agricultural lands were 

particularly focused on, and annual maps were 

generated by pixelating agricultural land transitions 

(Aka et al., 2023; Pande et al., 2024).  Classifications 

were performed on these maps. These classes are: Areas 

that were once agricultural land and have been converted 

to other LULCs; areas that were once agricultural land 

and have remained agricultural; and areas that are not 

currently agricultural land. 

5. In the final step, the LULCs and transition maps were 

saved in .tif file format for further processing in ArcGIS 

Pro.  

The GEE model used while generating NDVI maps in 

dataset preparation consisted of four steps: 

1. The period to be used for the annual NDVI maps was 

determined as January 1st to December 31st of the 

respective year (the same period as the Dynamic World 

LULC maps). 

2. Using harmonized surface reflectance data from the 

Sentinel-2 satellite, cloud filtering was applied to ensure 

cloud cover was less than 10% of the selected satellite 

images.  

3. Satellite images were prepared in the B4 (red) and B8 

(near infrared: NIR) bands at a spatial resolution of 10 

m (Equation 1). 

𝑁𝐷𝑉𝐼 =
𝑁𝐼𝑅−𝑅𝑒𝑑

𝑁𝐼𝑅+𝑅𝑒𝑑
                                                                   (1) 

4. The generated NDVI maps were cropped as per the area 

boundaries and exported in GeoTIFF file format for 

subsequent processing in ArcGIS Pro. 

In the fourth stage, annual LULC data from the GEE, raster-

formatted data on LULC changes, and annual NDVI data were 

analyzed, edited, and converted into map layouts using ArcGIS 

Pro 3.5.2 software. Based on the results of the study, several 

recommendations were developed for map interpretation and 

sustainability. 

3. Results  

In the study, changes in the LULC within the boundaries of 

Yenişehir district of Bursa province were analyzed annually for 
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2020-2024 period. The study findings were examined under 

three headings:  

• LULC maps by year; 

• Change maps focusing on agricultural land transitions in 

the LULC classification; 

• NDVI maps by year. 

3.1. LULC Maps 

LULC Maps were generated from the Dynamic World 

dataset, which is divided into nine classes and uses imagery 

obtained from the Sentinel-2 satellite at 10 m spatial resolution. 

Five maps were generated by year for the research period, i.e., 

2020-2024 (Figure 3). 

 

Figure 3. LULC maps. 

 

There are no areas belonging to the flooded vegetation and 

snow-ice classes within the study area. The other seven 

different classes in the classification system are present. The 

crops class covers the largest area each year. On the other hand, 

the trees class covers the second largest area. The water class 

covers the smallest area. The areal percentages of the LULC 

classes by year are shown in Figure 4. 

Although the orange color, which represents the crops class, 

is generally the dominant color on the maps, it can be said that 

the red color, which represents the built class, increased in 

2020-2024 (from 4.485% to 5.265%), particularly in the north 

and northwest regions, indicating increased urbanization 

pressure. This situation reveals the impact of construction 

pressure on agricultural areas.  

The green color representing the trees class generally 

remains the same in the north, but transitions to the grass or 

shrub-scrub class are observed in some regions. Evaluation of 

these classes, which typically form a transition zone near 

agricultural areas, with NDVI maps can reveal the actual 

relationship. 
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Figure 4. Area percentages of the LULC classes. 

 

3.2. Change Maps Focusing on the Agricultural 

Class 

The examination of the annual LULC maps produced 

reveals that the class with the largest surface area is agricultural 

land. In this context, thematic annual maps, which reveal the 

transition and transformation between classes, were created 

specifically for agricultural land (Figure 5).

 

Figure 5. LULC change maps for the crops class. 

 

In these maps, which focus on changes in crops class, the 

areas highlighted in red indicate areas that have transitioned 

from crops class to other classes. Intense changes are observed 

in the region’s northwest, northeast, and north, particularly in 

the 2022-2023 and 2023-2024 periods. It can be inferred that 

the increasing red represents land degradation due to 

construction pressure. 
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The first map in the above figure covers the entire study 

period and reveals the pressure on agricultural land. The 

percentages of these areas, which changed between 2020 and 

2024, are displayed in Figure 6. 

 

Figure 6. Change percentages of the crops class. 

Furthermore, agricultural areas are the building blocks of 

agricultural landscape structures. Changes detected in the 

immediate vicinity of crop fields indicate that the agricultural 

landscape is changing. 

3.3. NDVI Maps 

NDVI maps, created for the purpose of determining 

vegetation density throughout the years, can also help to 

reliably understand and interpret changes that focus on crops 

class (de la Iglesia Martinez & Labib, 2023) (Figure 7). 

 

 

 

 

Figure 7. NDVI maps. 

 

Thanks to the trees class, which is particularly concentrated 

in the northwestern regions of the area, the maps show a 

predominant green color every year, indicating a higher 

vegetation density. Moreover, the orange hues spreading across 

the area on the maps since 2022 show the decrease in vegetation 

cover and the anthropogenic pressure on the vegetation.  

Maps of change areas focused on agricultural land revealed 

changes from 2020 to 2024, particularly in the north and 

northwest of the area. The changes in these areas, where 

construction has also accelerated, are supported by the NDVI 

data. The year 2022, which is halfway through the study period, 

represents an important point. It is observed in 2022 that 

cropland decreases, while built-up and shrub-scrub areas begin 

2%

55%

43%

LULC Change from crops

Stable  crops

Stable other classes
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to increase. The increase in built-up areas, particularly near 

cropland, triggers adverse changes in the agricultural 

landscape. 

These findings indicate the changes in the LULC. Ensuring 

the sustainability of vegetated areas, particularly crops, is 

crucial due to their significant ecological role. Furthermore, 

these changes are expected not to be solely because of 

anthropogenic pressures in the future. Therefore, climate 

change-based future status modeling, development of sectoral 

recommendations, and conservation interventions are required 

in further studies. 

4. Discussion and Conclusion 

In this study, LULC maps for the Yenişehir district of Bursa 

province for the 2020-2024 period and annual transition maps 

focusing on the agricultural class dominating the study area 

were prepared using the GEE platform with remote sensing 

tools and techniques (Arfa & Minaei, 2024; Ganjirad & 

Bagheri, 2024; Nasiri et al., 2022; Venter et al., 2022). The 

Dynamic World dataset was used as the classification system, 

and a LULC mosaic was found in the area containing seven 

different classes. Various academic studies have favored using 

this dataset because it is free, has a 10-meter resolution, and has 

a reliability exceeding 70% (Venter et al., 2022). Furthermore, 

analyses supported by NDVI maps have revealed a 2% loss in 

agricultural lands over a mere 5 years. As in several research 

emphasizing the need to use indices such as NDVI in LULC 

studies, NDVI values have been observed to decrease in areas 

of agricultural change (Ganjirad & Bagheri, 2024; Shafizadeh-

Moghadam et al., 2021; Tesfaye et al., 2024). Especially after 

2022, the decline in agricultural lands and the increase in shrub-

scrub and built-up areas have been observed to accelerate, 

particularly in the north and northwest of the area. This shift 

could be attributed not only to urban expansion but also to 

administrative decisions such as increasing the industrial areas. 

The fact that these areas are immediate surroundings of the 

urban fabric, called peri-urban areas, is consistent with many 

studies in the literature identifying such changes (Anand et al., 

2025; Mandvikar et al., 2024; Potapov et al., 2022; Taiwo et al., 

2023). Peri-urban areas represent areas where the agricultural 

landscape pattern is very fragile. The changes in peri-urban 

areas mostly occurred in the north and northwest areas within 

the study area. Therefore, taking planned improvement steps 

and implementing protective measures is necessary. In this 

context, it is crucial to take the decline in agricultural land, 

which also threatens production potential, seriously as a critical 

threat by conducting spatial prioritization of the area. It is 

thought that decision-makers and policymakers should develop 

policies within the context of ecosystem integrity to address 

these transformations caused by urbanization pressures and 

different usage demands. In this regard, as suggested by a study 

conducted in Pakistan, implementing easily applicable and 

sustainable agricultural land planning using ecological 

approaches will be beneficial against the factors that pressure 

agricultural land (Hu et al., 2023). Although the 2% area change 

in the Yenişehir district, famous for its agricultural activities 

and fertile plains, may seem small, the severity of the situation 

comes to light when considering that it only occurred in a short 

period of just 5 years.  

As a result, it is postulated that these adverse changes 

experienced in the short term can be mitigated by reducing 

anthropogenic pressures. This study contributes to the literature 

by demonstrating the applicability of the high-resolution 

Dynamic World dataset, which is free, up-to-date and 

accessible by every researcher, in the determination of surface 

area changes in agricultural areas in short periods.  

Developing localized, holistic, ecology-based strategies, 

especially in the context of protecting agricultural areas, is of 

vital importance in ensuring sustainability and transferring 

resource values to future generations. 

The fact that the study area is exposed to the effects of 

climate change due to its geographical location was narrated in 

the introduction section of this paper with current literature. In 

addition to the LULC changes caused by anthropogenic 

pressures identified in the study, this change is expected to 

increase due to the adverse effects of climate change. It is also 

known that this area will experience degradation and decline in 

agricultural land in the future, particularly due to the depletion 

of water resources (Karahasan & Pinar, 2023; Maden & Aslan, 

2019; Yetik & Candogan, 2024). Considering these facts, it is 

thought that modeling the future situation in the study area 

using time series analyses would be beneficial (Kalayci Kadak, 

2021; Kalayci Kadak et al., 2024).  
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