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Abstract: Land use and land cover change analysis provides critical evidence for environmental management, 

post-disaster reconstruction and risk-sensitive urban planning. This study evaluates land use change in the central 

district of Adıyaman, southeastern Türkiye, using Landsat satellite images acquired for 1996, 2011 and 2024. After 

geometric, radiometric and atmospheric preprocessing, land use classes were mapped using the Spectral Angle 

Mapper classification method and evaluated by accuracy assessment and kappa statistics. The results show a 

marked transformation of the landscape during the 28-year period. Agricultural lands decreased substantially, 

while settlement and bare land classes expanded in response to urban growth, land degradation and post-earthquake 

reconstruction pressures. The most recent map also indicates increasing demand for low-rise residential 

development after the 6 February 2023 Kahramanmaraş earthquakes. Overall accuracies were 85.46%, 87.52% 

and 91.74% for 1996, 2011 and 2024, respectively, with kappa values of 0.83, 0.82 and 0.89. These results indicate 

reliable classification performance and demonstrate the value of satellite-based monitoring for guiding sustainable 

land use policies in disaster-prone urban environments. 
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1. Introduction 

Land use and land cover (LULC) describe the physical cover of the Earth surface and the human activities 

associated with that cover. Although these terms are often used together, land cover refers to biophysical 

surface characteristics, whereas land use refers to the socioeconomic function assigned to land units 

(Kumari et al., 2024). Monitoring LULC change is therefore essential for assessing urban expansion, 
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agricultural transformation, ecosystem degradation and the sustainability of regional development 

(Moghaddam and Cao, 2024). 

Remote sensing and geographic information systems (GIS) provide effective tools for analysing land 

surfaces (Agapiou et al., 2014; Elmahdy and Mohamed, 2016) and detecting land use changes over large 

areas and across multiple time periods (Zhao et al., 2023; Shi et al., 2025; Bharath et al., 2025; Babitha 

et al., 2025). Multi-temporal satellite imagery enables consistent comparison of spectral responses, while 

robust preprocessing steps, including geometric, radiometric and atmospheric corrections, improve the 

reliability of classification outputs (Mather and Tso, 2016). Such analyses are particularly important in 

regions where rapid urbanization intersects with agricultural pressure, environmental degradation and 

disaster risk. 

Satellite image analysis encompasses supervised classifiers such as support vector machines (Pal and 

Mather, 2005), hybrid segmentation methods (Awad, 2018), and deep learning approaches (Yuan et al., 

2020). Domain adaptation supports image segmentation across differing data domains (Liang et al., 

2023), while high-resolution urban land-cover databases provide complementary mapping resources 

(Zhang et al., 2022). 

Adıyaman is a relevant case for LULC monitoring because the city has experienced both long-term urban 

expansion and abrupt post-disaster planning pressures. The 6 February 2023 Kahramanmaraş 

earthquakes caused severe damage across southeastern Türkiye and intensified the need to identify safer 

settlement areas, manage reconstruction and protect productive land. In this context, spatially explicit 

land use information can support planning decisions that balance housing demand, agricultural 

sustainability and environmental protection. 

This study aims to quantify and interpret land use changes in and around the central district of Adıyaman 

between 1996, 2011 and 2024. Landsat satellite images were classified using the Spectral Angle Mapper 

(SAM) method, and the reliability of the classifications was evaluated using overall accuracy and kappa 

statistics. The study contributes to post-disaster land management by documenting how settlement, 

agricultural land, bare land and water body classes have changed over nearly three decades. 

2. Material and Method 

2.1. Study area 

The study area covers the central district of Adıyaman and its surrounding environment in southeastern 

Türkiye (Figure 1). The region includes plains, valleys and mountainous areas that produce strong spatial 

variability in elevation, slope, aspect and land cover. This geomorphological diversity influences local 
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climatic conditions, vegetation patterns, erosion potential and the suitability of land for agriculture and 

settlement. 

 

Figure 1. Study area 

Topographic and land cover characteristics were evaluated using a digital elevation model, slope, aspect 

and CORINE land cover data (Figure 2). The digital elevation model was obtained from ASTER GDEM 

with an approximate spatial resolution of 28 m. Higher elevations occur mainly in the northeastern part 

of the area, whereas lower elevations dominate the southern sectors. Steeper slopes are associated with 

greater erosion susceptibility and may constrain agricultural and residential development. CORINE land 

cover data indicate a heterogeneous landscape composed mainly of agricultural lands, forested areas, 

bare surfaces and settlement areas. 

2.2. Satellite data and preprocessing 

Landsat satellite images representing 1996, 2011 and 2024 were obtained from the USGS Earth Explorer 

platform. These dates were selected to provide a multi-temporal framework for evaluating land use 

change before and after major urban growth and the 2023 earthquakes. All images were processed in a 

GIS and remote sensing environment. Geometric correction was applied to ensure spatial alignment 
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among dates, while radiometric and atmospheric corrections were used to reduce sensor-related and 

atmospheric effects. These steps are necessary to ensure that differences among the classified maps 

represent land surface change rather than image acquisition or preprocessing artefacts. 

2.3. Spectral Angle Mapper classification and accuracy assessment 

The Spectral Angle Mapper (SAM) method was used as the supervised classification algorithm. SAM 

treats the spectral values of each pixel as a vector and calculates the spectral angle between the image 

pixel and reference spectra. Pixels with smaller spectral angles are assigned to the corresponding 

reference class. The method is widely used in remote sensing because it is relatively insensitive to 

illumination differences and can detect spectral similarity across multispectral and hyperspectral datasets 

(Kruse et al., 1993). Applications of SAM include urban expansion mapping, tree-condition 

discrimination and land degradation mapping (Zare Naghadehi et al., 2021; Mudaliar, 2022; Benzougagh 

et al., 2024). 

Four land use classes were mapped: settlement, bare land, agricultural area and lake/water body. Training 

and reference information was derived from field observations, Google Earth imagery and visual 

interpretation of the satellite scenes. Classification accuracy was evaluated using error matrices, 

producer’s accuracy, user’s accuracy, overall accuracy and kappa statistics (Congalton, 1991; Olofsson 

et al., 2014). The workflow used in the analysis is summarized in Figure 3. 
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Figure 2. Digital Elevation Model (a), Slope (b), Aspect (c), and CORINE (d) Maps of the Study Area. 
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Figure 3. Analysis Scheme of the Data Used in the Study.  

3. Results 

The classified land use maps for 1996, 2011 and 2024 reveal a clear spatial transformation in Adıyaman 

Central District and its surroundings (Figure 4). In 1996, settlement areas were relatively limited and 

mainly concentrated around the city centre. By 2011, urban expansion had progressed outward from the 

centre. In 2024, settlement areas became more extensive, particularly in the southern and southeastern 

parts of the study area. This expansion is consistent with population growth, infrastructure development 

and the increasing demand for new residential areas after the 2023 earthquakes. 
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(a) 

  

(b) 
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(c) 

Figure 4. Land use maps for 1996 (a), 2011 (b) and 2024 (c). 

 

Figure 5. Percentage change in land use classes for 1996, 2011 and 2024. 

The accuracy assessment results indicate reliable classification performance for all three dates (Table 1). 

Overall accuracy increased from 85.46% in 1996 to 87.52% in 2011 and 91.74% in 2024. Kappa values 

of 0.83, 0.82 and 0.89 also indicate strong agreement between the classified maps and reference data. 
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Table 1. Accuracy analysis results obtained after classification of each satellite image. 

1996  (%) Overall Accuracy = % 85.46 Kappa Value = 0.83 

Class  Settlement Bareland 
Agricultural 

area 
Lake Producer’s 

Accuracy 
User accuracy 

Settlement 87,01 5,94 1,56 2,78 87,01 89,42 

Bareland 8,62 87,2 3,52 1,75 87,2 74,12 

Agricultural area 1,63 4,25 79,16 0,06 79,16 86,33 

Lake 2,74 2,61 15,76 95,41 95,41 96,45 

Total 100 100 100 100   

              

2011  (%) Overall Accuracy = % 87,52  Kappa Value = 0.82 

Class Settlement Bareland 
Agricultural 

area 
Lake Producer’s 

Accuracy 
User accuracy 

Settlement 86,93 6,94 3,1 6,41 72,25 88,94 

Bareland 2,45 83,19 4,02 4,96 92,46 81,45 

Agricultural area 3,62 4,36 92,46 3,78 89,14 81,45 

Lake 7 5,51 0,42 80,85 86,99 84,44 

Total 100 100 100 100     

              

2024  (%) Overall Accuracy = % 91,74  Kappa Value = 0.89 

Class 

  

Settlement Bareland 
Agricultural 

area 
Lake 

Producer’s 

Accuracy  
User accuracy 

Settlement 88,26 3,62 0,5 1,23 84,63 78,13 

Bareland 1,23 84,53 0,06 0,25 96,14 98,41 

Agricultural area 3,89 4,1 98,59 1,49 89,63 89,36 

Lake 6,62 7,75 0,85 97,03 84,25 97,03 

Total 100 100 100 100   

 

4. Discussion 

The results of this study indicate that the central district of Adıyaman has undergone a considerable land 

use transformation between 1996 and 2024. The observed changes are not limited to simple spatial 

expansion of settlement areas; rather, they reflect a broader reorganization of the landscape driven by 

urban growth, agricultural land conversion, land degradation processes and post-disaster reconstruction 

pressures. In this respect, the study area represents a dynamic urban–rural transition zone where 

environmental, socioeconomic and disaster-related factors interact. 

One of the most significant findings is the long-term pressure on agricultural lands. Agricultural areas 

were more dominant in the earlier phase of the study period, particularly in the northern and western 

parts of the region. However, the decrease observed by 2011 suggests that agricultural land was 

progressively converted into settlement areas or transitional bare surfaces. This change is important 
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because agricultural land loss may directly affect local production capacity, rural livelihoods and the 

long-term sustainability of land resources. In rapidly urbanizing and disaster-prone regions, the 

conversion of productive land into built-up areas should therefore be evaluated not only as a spatial 

planning issue, but also as an environmental and socioeconomic risk. 

The expansion of settlement areas reflects the increasing demand for urban land in Adıyaman. This trend 

became more evident in the 2024 classification, particularly in the southern and southeastern parts of the 

study area. The spatial pattern of this expansion may be associated with both long-term urban 

development and the changing settlement preferences that emerged after the 6 February 2023 

Kahramanmaraş earthquakes. Following the earthquakes, the demand for safer residential zones and low-

rise housing appears to have increased pressure on available peripheral lands. However, this 

interpretation should be approached carefully, because the satellite-based classification directly shows 

land cover change, whereas post-earthquake migration, housing preference and reconstruction decisions 

require additional demographic, cadastral and planning data for direct confirmation. 

Bare land also showed a dynamic behaviour during the study period. The increase in bare land between 

1996 and 2011 may indicate land clearing, construction preparation, degradation of agricultural surfaces 

or erosion-prone exposed areas. The subsequent decrease by 2024 suggests that some of these surfaces 

may have been converted into settlement areas or reused for agricultural purposes. Therefore, bare land 

should not be interpreted as a fixed land cover class only; it may also represent a transitional land use 

stage associated with urban expansion, abandoned agricultural areas, construction processes or post-

disaster land preparation. 

The relative stability of water bodies suggests that this class was less affected by urban expansion 

compared with agricultural and bare land categories. Nevertheless, small changes in water surfaces may 

be related to seasonal hydrological variability, image acquisition dates or classification uncertainty. Since 

water resources are essential for ecological continuity, irrigation and local environmental balance, future 

studies should examine surface water dynamics together with precipitation variability, drought 

conditions and land use pressure. Hydrological modelling in the Nyong River Basin further illustrates 

that land-use change and climatic variability can jointly influence runoff (Ebodé, 2023). 

The accuracy assessment results support the reliability of the produced land use maps. Overall accuracy 

values of 85.46%, 87.52% and 91.74% for 1996, 2011 and 2024, respectively, together with kappa 

coefficients of 0.83, 0.82 and 0.89, indicate strong classification performance. These values show that 

the Spectral Angle Mapper method produced consistent and reliable results for multi-temporal Landsat-
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based land use analysis. The higher accuracy obtained for 2024 may be related to improved image quality, 

clearer spectral separability among classes or more reliable reference information from recent high-

resolution imagery and field observations. 

Despite these strong accuracy values, some classification uncertainties should be considered. Settlement 

and bare land classes may exhibit similar spectral responses, especially in areas where construction sites, 

roads, exposed soils and low-density built-up surfaces coexist. Likewise, agricultural areas with sparse 

vegetation cover may be confused with bare land depending on crop type, phenological stage and image 

acquisition season. These uncertainties are common in medium-resolution Landsat-based classifications 

and highlight the importance of combining satellite imagery with field verification, Google Earth 

interpretation and accuracy assessment (Congalton, 1991; Olofsson et al., 2014). 

From a planning perspective, the findings reveal that Adıyaman has gradually shifted from a more 

agriculture-dominated landscape toward a more urbanized and fragmented land use structure. This 

transformation is particularly critical in the post-earthquake period, because reconstruction needs may 

accelerate land conversion around the city. Therefore, future land use planning should not focus only on 

the rapid production of new residential areas. It should also consider agricultural land protection, 

geological suitability, slope conditions, infrastructure capacity, environmental sensitivity and long-term 

urban resilience. 

Overall, the results demonstrate that remote sensing and GIS-based land use monitoring provide an 

effective basis for understanding spatial transformation in disaster-prone urban environments. The 

observed decrease in agricultural areas, expansion of settlements and transitional behaviour of bare land 

indicate the need for an integrated land management strategy in Adıyaman. Such a strategy should 

balance post-disaster housing demand with the protection of productive land, ecosystem services and 

sustainable urban development. In this context, the generated land use maps can provide useful scientific 

evidence for local authorities, planners and decision-makers involved in reconstruction and regional 

development processes. 

5. Conclusion 

This study analysed land use changes in the central district of Adıyaman between 1996, 2011 and 2024 

using Landsat satellite imagery and the Spectral Angle Mapper classification method. The results show 

that the study area has experienced significant land use transformation over nearly three decades. The 

most notable changes include the expansion of settlement areas, the decline and spatial reorganization of 

agricultural lands and the dynamic conversion of bare land surfaces. The classification accuracy results 
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indicate that the produced maps are reliable for evaluating long-term land use change. Overall accuracy 

values above 85% and kappa coefficients above 0.80 confirm strong classification performance for all 

three periods. These results demonstrate that medium-resolution Landsat imagery, when combined with 

appropriate preprocessing, supervised classification and accuracy assessment, can effectively support 

regional-scale land use monitoring. The findings have important implications for post-disaster planning 

in Adıyaman. The 2023 earthquakes increased the need for safer and more resilient settlement areas, but 

future urban expansion should be managed carefully to avoid uncontrolled conversion of agricultural and 

environmentally sensitive lands. Therefore, reconstruction and development policies should be guided 

by spatial evidence, geological suitability analyses and sustainable land management principles. In 

conclusion, this study provides a useful remote sensing-based assessment of land use change in a rapidly 

transforming and disaster-affected urban environment. The results can contribute to risk-sensitive urban 

planning, agricultural land protection and sustainable reconstruction strategies in Adıyaman and similar 

regions affected by both long-term urbanization and sudden natural disasters. 

Acknowledgements 

N/A 

Ethics Committee Approval 

N/A 

Peer-review 

Externally peer-reviewed. 

Author Contributions 

Conceptualization: S.T. and Y.İ.; Investigation: S.T. and Y.İ.; Material and Methodology: S.T. and Y.İ.; 

Visualization: S.T. and Y.İ.; Writing-Original Draft: S.T. and Y.İ.; Writing-review & Editing: S.T. and 

Y.İ. All authors have read and agreed to the final version of the manuscript. 

Conflict of Interest 

The authors have no conflicts of interest to declare. 

Funding 

The authors declared that this study has received no financial support. 

 

 



Bilge International Journal of Science and Technology Research 2026, 10(2), 291-305 

303 

References 

Agapiou, A., Alexakis, D. D., Sarris, A., & Hadjimitsis, D. G. (2014). Evaluating the potentials of 

Sentinel-2 for archaeological perspective. Remote Sensing, 6(3), 2176-2194. 

https://doi.org/10.3390/rs6032176 

Awad, M. M. (2018). Current and future trends in segmenting satellite images using hybrid and dynamic 

genetic algorithms. In S. Bhattacharyya (Ed.), Hybrid Metaheuristics for Image Analysis (pp. 1-

31). Springer. https://doi.org/10.1007/978-3-319-77625-5_1 

Babitha, M. S., Diana Andrushia, A., Anand, N., Naser, M. Z., & Pari, Y. (2025). Land use and land 

cover change detection from multisource satellite imagery - A hybrid convolutional neural 

network approach. Engineering Applications of Artificial Intelligence, 161, 112187. 

https://doi.org/10.1016/j.engappai.2025.112187 

Benzougagh, B., Meshram, S. G., Fellah, B. E., Mastere, M., El Basri, M., Ouchen, I., Sadkaoui, D., 

Bammou, Y., Moutaoikil, N., & Turyasingura, B. (2024). Mapping of land degradation using 

spectral angle mapper approach (SAM): The case of Inaouene watershed (Northeast Morocco). 

Modeling Earth Systems and Environment, 10(1), 221-231. https://doi.org/10.1007/s40808-023-

01711-8 

Bharath, N., Swathi, K. K., Dwarakish, G. S., Shivanna, & Jagadeesha, P. B. (2025). Shoreline change 

detection using DSAS and land use/land cover change analysis of Mangalore coast, southwest 

coast of India. Environmental and Sustainability Indicators, 28, 100906. 

https://doi.org/10.1016/j.indic.2025.100906 

Congalton, R. G. (1991). A review of assessing the accuracy of classifications of remotely sensed data. 

Remote Sensing of Environment, 37(1), 35-46. https://doi.org/10.1016/0034-4257(91)90048-B 

Ebodé, V. B. (2023). Impact of climate and anthropogenic changes on current and future variability in 

flows in the Nyong River Basin (equatorial Central Africa). Journal of Hydroinformatics, 25(2), 

369-395. https://doi.org/10.2166/hydro.2023.116 

Elmahdy, S. I., & Mohamed, M. M. (2016). Mapping of tecto-lineaments and investigate their association 

with earthquakes in Egypt: A hybrid approach using remote sensing data. Geomatics, Natural 

Hazards and Risk, 7(2), 600-619. https://doi.org/10.1080/19475705.2014.996612 

Kruse, F. A., Lefkoff, A. B., Boardman, J. W., Heidebrecht, K. B., Shapiro, A. T., Barloon, P. J., & 

Goetz, A. F. H. (1993). The Spectral Image Processing System (SIPS): Interactive visualization 



Bilge International Journal of Science and Technology Research 2026, 10(2), 291-305 

304 

and analysis of imaging spectrometer data. Remote Sensing of Environment, 44(2-3), 145-163. 

https://doi.org/10.1016/0034-4257(93)90013-N 

Kumari, N., Ayare, B. L., Bhange, H. N., Ingle, P. M., & Kasture, M. C. (2024). Land use and land cover 

change detection using remote sensing in the Kal River Basin, Raigad District, Maharashtra, 

India. International Journal of Environment and Climate Change, 14(10), 58-69. 

https://doi.org/10.9734/ijecc/2024/v14i104467 

Liang, C., Cheng, B., Xiao, B., & Dong, Y. (2023). Unsupervised domain adaptation for remote sensing 

image segmentation based on adversarial learning and self-training. IEEE Geoscience and 

Remote Sensing Letters, 20, 1-5. https://doi.org/10.1109/LGRS.2023.3278448 

Mather, P., & Tso, B. (2016). Classification Methods for Remotely Sensed Data (2nd ed.). CRC Press. 

https://doi.org/10.1201/9781420090741 

Moghaddam, S. N. M., & Cao, H. (2024). Land use and land cover change detection. In Artificial 

Intelligence-Driven Geographies: Revolutionizing Urban Studies (pp. 145-180). Springer. 

https://doi.org/10.1007/978-981-97-5116-7_5 

Mudaliar, A. (2022). Potential use of Sentinel-2 data for discrimination of Tectona grandis L. healthy 

and non-healthy tree species using spectral angle mapper. Environmental Sciences Proceedings, 

22(1), 13. https://doi.org/10.3390/IECF2022-13130 

Olofsson, P., Foody, G. M., Herold, M., Stehman, S. V., Woodcock, C. E., & Wulder, M. A. (2014). 

Good practices for estimating area and assessing accuracy of land change. Remote Sensing of 

Environment, 148, 42-57. https://doi.org/10.1016/j.rse.2014.02.015 

Pal, M., & Mather, P. M. (2005). Support vector machines for classification in remote sensing. 

International Journal of Remote Sensing, 26(5), 1007-1011. 

https://doi.org/10.1080/01431160512331314083 

Shi, S., Liu, Y., Li, D., & Zhong, Y. (2025). Multi-temporal high-resolution urban land-use mapping and 

change analysis based on a deep geospatial-temporal adaptation network. Remote Sensing of 

Environment, 328, 114912. https://doi.org/10.1016/j.rse.2025.114912 

Yuan, Q., Shen, H., Li, T., Li, Z., Li, S., Jiang, Y., Xu, H., Tan, W., Yang, Q., Wang, J., Gao, J., & 

Zhang, L. (2020). Deep learning in environmental remote sensing: Achievements and challenges. 

Remote Sensing of Environment, 241, 111716. https://doi.org/10.1016/j.rse.2020.111716 



Bilge International Journal of Science and Technology Research 2026, 10(2), 291-305 

305 

Zare Naghadehi, S., Asadi, M., Maleki, M., Tavakkoli-Sabour, S. M., Van Genderen, J. L., & Saleh, S. 

S. (2021). Prediction of urban area expansion with implementation of MLC, SAM and SVMs' 

classifiers incorporating artificial neural network using Landsat data. ISPRS International Journal 

of Geo-Information, 10(8), 513. https://doi.org/10.3390/ijgi10080513 

Zhang, Y., Chen, G., Myint, S. W., Zhou, Y., Hay, G. J., Vukomanovic, J., & Meentemeyer, R. K. (2022). 

UrbanWatch: A 1-meter resolution land cover and land use database for 22 major cities in the 

United States. Remote Sensing of Environment, 278, 113106. 

https://doi.org/10.1016/j.rse.2022.113106 

Zhao, X., Xia, N., & Li, M. (2023). Dynamic monitoring of urban renewal based on multi-source remote 

sensing and POI data: A case study of Shenzhen from 2012 to 2020. International Journal of 

Applied Earth Observation and Geoinformation, 125, 103586. 

https://doi.org/10.1016/j.jag.2023.103586 


