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ARTICLE INFO ABSTRACT
Article type: In this study, land use change maps for the Barandoozchay watershed were prepared
Research Paper using TM and ETM+ sensor images from Landsat and Sentinel-2 satellites for the years
1990, 1995, 2000, 2005, 2010, 2016, 2020, and 2024 over 34 years. To predict land use
for 2032, the CA-Markov model in the TerrSet software was used. The analysis employed
the land use change intensity index and the integrated dynamic degree index (Ktotal) to
monitor land use changes. The results indicated that the classified maps were produced
with high accuracy and a Kappa coefficient greater than 0.80, indicating good reliability
Article history of the analyses. In this study, land use was categorized into six classes: irrigated lands and
Received: 30 November 2024 orchards, rangelands, rainfed lands, residential areas, water bodies, and salt marshes.
Revised: 24 June 2025 Analysis of land use changes showed that the most significant changes occurred in
" residential areas, particularly during the periods 1995-2000 and 1995-2024, with growth
Accepted: 25 June 2025 rates of 22.66% and 267.35%, respectively. This growth reflects the rapid development of

Published online: 05 August 2025 iresidential and urban areas, likely due to population growth and housing demand in the
region. Additionally, during the 2020-2024 period, there was a 0.42% increase in irrigated
lands and orchards, possibly due to increased demand for agricultural products and
improved agricultural techniques. Predictions for 2032 indicate that the area of residential
zones will increase to 95.19 km?, and irrigated lands and orchards will increase to 584.64

Keywords: . km?, while rainfed lands and rangelands will decrease. Analysis of the integrated dynamic
Trend Analysis, Landscape degree index (Ktotal) also showed that the rate of land use change increased during the
Dynamics, Land Use Change, periods 2016-2020 and 2020-2024, while it decreased during the periods 2000-2005 and
Dynamic Degree Index, Watershedi2005-2010. These results underscore the need for sustainable natural resource
Management management and the development of protective measures to control land use changes and

maintain the environmental sustainability of the region.
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EXTENDED ABSTRACT

Introduction: Land use change is one of the most significant environmental challenges of the present century,
having extensive impacts on ecosystems, communities, and the global economy. Rapid population growth,
urbanization, industrialization, and climate change are among the key factors exacerbating this phenomenon.
These changes often lead to the conversion of forests to agricultural lands, rangelands to residential areas, and
agricultural lands to industrial uses, resulting in consequences such as biodiversity loss, soil degradation,
disruption of hydrological cycles, and increased natural disasters. In recent decades, the assessment of land use
changes using advanced technologies such as remote sensing and Geographic Information Systems (GIS) has
gained special importance. These tools help identify spatial and temporal patterns of changes and predict their
outcomes. Especially in developing countries, where urbanization and land use changes occur more rapidly, the
use of these technologies is crucial for sustainable resource management and planning.West Azerbaijan
Province, due to its geographical location and climatic diversity, is under significant pressure from land use
changes and desertification. Increasing demand for land due to population growth, agricultural development,
and industrial activities has led to extensive degradation of agricultural lands and rangelands. This study focuses
on the Barandoozchay watershed in this province to examine the dynamics of land use changes and identify the
factors influencing these changes. Precise analysis of these changes and influencing factors provides a scientific
framework for adopting sustainable management policies and preserving natural resources.

Methodology: In this study, land use change analysis of the Barandoozchay sub-watershed in West Azerbaijan
Province was conducted using Landsat 5, 7 and Sentinel-2 satellite images. For data preprocessing, atmospheric,
radiometric, and geometric corrections were performed using ArcGIS 10.8 and ENVI software. After band
combination and calculation of NDVI and NDWI indices, the images were classified using object-based
methods and the nearest neighbour classification (NNC) algorithm in eCognition Developer software. To predict
future changes, the CA-Markov model was utilized. Transition probability matrices and transition areas were
calculated using data from the years 2016 and 2024, and the prediction map for the year 2032 was generated.
Finally, change intensity indices (Ksingle) and integrated dynamic degree indices (Ktotal) were used to analyze
and evaluate the land use change trends.

Results and Discussion: This study analyzes land use changes in the Barandoozchay watershed from 1990 to
2024. For classifying satellite images, supervised classification and maximum likelihood methods were used,
and the accuracy of the images was verified using the Kappa coefficient. The Kappa coefficients for the years
1990, 1995, 2000, 2005, 2010, 2016, 2020, and 2024 were obtained as 0.73, 0.83, 0.89, 0.88, 0.85, 0.91, 0.89,
and 0.87, respectively. The results indicate significant land use changes, particularly a notable increase in
residential area from 0.41 km2 in 1990 to 81.20 km2 in 2024, which is directly linked to the increasing trend of
urban development. Conversely, the area of rainfed lands and rangelands has decreased, with rainfed lands
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shrinking from 90.99 km? in 1990 to 110.61 km? in 2024. Additionally, salt marsh areas increased from 0 km? in
1990 to 2.60 km? in 2024. Trend analysis shows that residential areas, irrigated lands, and orchards have
continuously increased, while rainfed lands and rangelands have decreased. These changes were particularly
prominent during the 1990-2024 period, indicating major shifts in land use patterns. Future predictions suggest
that the residential area will reach 95.19 km2 by 2032, with further declines in rainfed lands and rangelands. The
dynamic change analysis indicates a significant increase in the rate of land use changes during the 2016-2020
and 2020-2024 periods, largely due to changes in development policies, the impacts of climate change, and
population growth.Overall, this study demonstrates that urban and agricultural trends must be accompanied by
sustainable management strategies and effective planning to mitigate negative impacts on the environment and
natural resources.

Conclusion: The results of this study indicate significant changes in land use patterns in the Barandoozchay
watershed over various periods from 1990 to 2024, with predictions extending to 2032. Major changes in
residential, agricultural, and water use areas, coupled with a reduction in natural lands such as rangelands and
rainfed areas, clearly demonstrate the impacts of urban growth, agricultural demands, and climate change. The
increasing trend in residential area expansion and the reduction of natural lands, including rangelands and
rainfed areas, have created numerous challenges for natural resource management and environmental
conservation in the region. The study also highlights the growing trends in demand for water and agricultural
resources, which may exert pressure on water resources and natural ecosystems. In this context, predictions
indicate that in the coming years, these changes will particularly intensify in urban and agricultural areas, thus
emphasizing the need for effective strategies for water, land, and smart agricultural management.
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Figure 1- Geographical location of the studied area
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Table 1- Information of satellite images used in land-use change and prediction study
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Table 2- Area and percentage of land-uses in the different studied years
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Figure 2- Land-use map for the studied years in the Barandozchay watershed
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Figure 3- Predicted land-use map for the 2024 and 2032 year in the Barandozchay watershed
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Figure 4- Integrated dynamics degree of land-use change in the studied watershed
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