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Determining the trend and examining land use changes is essential in managing
watersheds. This study aims to investigate land use changes in the AB- Malayer
watershed for the years 2001 and 2021 using Landsat images in the Google Earth
Engine. The land use map was created by combining Landsat images with the
MODIS land use product and applying the random forest classification algorithm.
The analysis categorized the study area into five classes: grassland, cropland, forest,
urban land, and barren land. In 2001, the land was primarily classified as grassland,
cropland, and urban land. By 2021, the classifications expanded to include forest and
barren land. The most significant change observed was in grassland, which decreased
by 37.1%, while forest cover remained unchanged at 0%. Grassland primarily
transitioned into agricultural land, accounting for a 6% change, whereas the smallest
shift, 0.01%, involved conversion to savannah forests. Additionally, agricultural land
experienced an 11.4% conversion to grassland, with the smallest change of 0.2%
occurring towards savannah forests. The validation of the classification using the
random forest algorithm yielded overall accuracy rates of 73% and 75%, and Kappa
coefficients of 0.66 and 0.68 for the years 2001 and 2021, respectively. These results
indicate a reliable land use classification for the study area.

1) Introduction

Land use changes are a critical indicator of human activities' impact on the environment and play a
significant role in regional and global environmental studies. Over the past few decades, these changes have
become increasingly pronounced worldwide, driven by factors such as urbanization, agriculture, and
deforestation (Quintero-Gallego et al., 2018). Monitoring these changes is essential for effective land
management, particularly in watershed areas where changes can significantly impact water resources and
ecosystem health. Detecting land use changes over time provides valuable insights into environmental
trends and aids in planning sustainable land use strategies (Gibson & Power, 2000). This study focuses on
the Ab-Malayer basin, an important watershed within the Karkheh River Basin in Iran, to assess land use
changes between 2001 and 2021 using satellite imagery processed through Google Earth Engine. This
cloud-based platform allows for the efficient handling of large datasets, making it an ideal tool for long-
term environmental monitoring (Sidhu et al., 2018; Liu et al., 2020).
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2) Materials and Methods
The Ab-Malayer basin, covering approximately 3,100 square kilometers, is situated within the upper
Karkheh River Basin. It spans several administrative regions, including parts of Tuyserkan city, Central
Province, and Malayer city, with the majority of the basin falling within Malayer's jurisdiction. The basin's
elevation and geographical diversity make it a critical area for water resources management. This study
utilized Landsat images from 2001 and 2021, combined with the MODIS land cover product, to create
detailed land use maps. The images were processed using the Google Earth Engine platform, which
provides access to vast amounts of satellite data and powerful computational tools. The study employed the
Normalized Difference Vegetation Index (NDVI) and Normalized Difference Water Index (NDWI) to
enhance the accuracy of land use classification. The random forest algorithm, known for its robustness in
handling complex datasets, was used to classify the land use types. The accuracy of the classification was
evaluated using overall accuracy and the Kappa coefficient, two standard metrics in remote sensing studies
(Xie et al., 2019).

3) Results
The classification of land use in the Ab-Malayer basin revealed significant changes over the 20-year study
period. In 2001, the basin was predominantly covered by grasslands and croplands, with smaller areas of
forest, urban land, and barren land. By 2021, the land use composition had shifted, with a notable increase
in barren land and a reduction in forest cover. The classification accuracy for the 2001 and 2021 maps was
0.73 and 0.75, respectively, with Kappa coefficients of 0.66 and 0.68, indicating reliable classification
results. The land use change matrix showed that grasslands experienced the most significant reduction,
decreasing by 37.1%, while forested areas saw the least change. Agricultural land expanded into grasslands
by 6%, while urban areas increased by 11.4%. These changes highlight the ongoing pressures on natural
landscapes from agricultural expansion and urbanization. The results underscore the importance of using
advanced tools like Google Earth Engine to monitor land use changes over time, enabling better
management of natural resources in vulnerable regions like the Ab-Malayer basin.

4) Discussion and Conclusion
The findings of this study demonstrate the effectiveness of the random forest algorithm and Google Earth
Engine platform in detecting and analyzing land use changes over time. The slight increase in classification
accuracy from 2001 to 2021 suggests improvements in data quality and algorithm performance, likely due
to advancements in satellite technology and the availability of higher-resolution imagery. The observed
land use changes, particularly the reduction in grasslands and expansion of agricultural and urban areas, are
consistent with broader trends observed in other parts of Iran and globally (Mohammadim et al., 2023).
These changes pose challenges for sustainable land management, especially in regions where water
resources are already under pressure. The study highlights the need for continued monitoring and the
development of strategies to mitigate the adverse effects of land use changes, such as soil degradation,
water scarcity, and loss of biodiversity. Future research could focus on integrating additional data sources,
such as climate models and socio-economic data, to better understand the drivers of land use change and
develop more targeted interventions.
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