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Extended abstract

1- Introduction

Vegetation cover is a fundamental component of ecosystems, covering a large portion of the Earth's surface and
playing a crucial role in biogeochemical and hydrological cycles. It is closely linked with soil, water, and the
atmosphere, while also providing essential ecosystem services such as carbon sequestration, water and soil
conservation, air purification, and biodiversity preservation. Monitoring vegetation dynamics over time is
therefore vital for assessing ecosystem health and sustainability. Land use and land cover (LULC) analyses are
also critical in environmental studies, reflecting both human activities and natural processes that significantly
influence biodiversity, environmental quality, and sustainable development. Rapid urban expansion, agricultural
changes, and deforestation highlight the need for accurate and up-to-date LULC data to support effective resource
management and planning. Recent advances in remote sensing and geographic information systems, combined
with machine learning algorithms such as Support Vector Machine (SVM) and Random Forest (RF), have
enhanced the precision of LULC classification and change detection. Earth observation satellite imagery,
including Landsat and Sentinel-2, provides extensive spatial and temporal data for monitoring vegetation cover
changes over large and inaccessible areas. This study focuses on the Takht—Qaleh Qazi watershed, an important
agricultural region in Hormozgan Province, with the aim of analyzing spatiotemporal land use and vegetation
cover changes using spectral indices (BSI, DSWI, EVI, GNDVI, MSI, NDMI, NDVI, SAVI) and machine
learning classification models. The research seeks to address the lack of up-to-date environmental monitoring in
this area and to provide valuable insights that support sustainable natural resource management.

2- Material and Methods

This study aimed to investigate land use changes and temporal vegetation dynamics in the Takht—Qaleh Qazi
watershed over the period 2014 to 2024. The research process was designed in two main stages: The first stage
involved generating classified land use maps for the target years (2014 and 2024) using satellite imagery and
machine learning algorithms. The second stage consisted of analyzing temporal vegetation changes using spectral
indices and multi-temporal Landsat and Sentinel-2 images within the Google Earth Engine environment. Data
processing, spectral index calculation, and machine learning implementations were performed using the R
programming language with specialized packages including caret, 1071, randomForest, raster, rasterVis, and
Boruta. Satellite images were loaded based on required spectral bands and clipped to the study area using spatial
boundary layers to retain relevant data only. Training and validation sample points were imported as separate
spatial layers into R. Spectral indices such as NDVI, DSWI, and NDMI were calculated for each image and
integrated with band data to create a comprehensive dataset for sample points. To reduce dimensionality and
remove highly correlated variables, feature selection was conducted in two steps: Pearson correlation analysis
via SPSS was first used to exclude highly correlated variables, followed by the Boruta algorithm in R to select
the most important variables for modeling. Classification modeling was performed using Support Vector
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Machine (SVM) and Random Forest (RF) algorithms. Models were trained on training data and validated with
evaluation data. Performance was assessed using appropriate statistical metrics. Finally, trained models were
applied to the entire study area to produce and save final land use/land cover classification maps.

3- Results

This study evaluated the performance of two machine learning algorithms, Support Vector Machine (SVM) and
Random Forest (RF), for land use classification and spatiotemporal analysisin the Takht-Ghaleh Ghazi
watershed from 2014 to 2024. Both models showed improved classification accuracy over time, with SVM
achieving superior results, particularly in identifying agricultural and orchard lands. By 2024, SVM accuracy
reached 83% (Kappa = 0.75), outperforming RF’s 78% accuracy (Kappa = 0.67). Analysis of land use changes
revealed a decrease in agricultural land and water bodies, accompanied by increases in orchards and barren lands,
reflecting dynamic land management and environmental pressures in the region. VVegetation health was assessed
through spectral indices (EVI, NDVI, SAVI) derived from Landsat 8 and Sentinel-2 imagery. These indices
peaked in 2020, indicating optimal vegetation density and vigor, followed by a declining trend attributed to
factors such as urban expansion, land use change, and climate variability. Although some recovery was noted
post-2020, vegetation conditions have yet to return to their peak state. The results demonstrate that machine
learning models can effectively classify different kinds of land use over the study area and that satellite-derived
spectral indices provide reliable temporal insights into vegetation dynamics. These findings underscore the
potential of integrating advanced remote sensing and machine learning techniques for sustainable natural
resource management and environmental monitoring.

4- Discussion & Conclusions

The results derived from vegetation indices (NDVI, EVI, and SAVI) extracted from Landsat 8-9 and Sentinel-2
satellite data revealed consistent trends in vegetation changes over the study periods. Despite some differences
in absolute index values due to sensor and processing variations, both datasets showed synchronized increasing
and decreasing patterns. The year 2020 was identified as the peak of vegetation density and health, with the
highest recorded index values. Subsequent declines may be attributed to climatic factors, natural environmental
changes, or human activities such as unsustainable resource exploitation. Land use change analysis using SVM
and RF machine learning models on Landsat data from 2014 to 2024 demonstrated significant improvements in
classification accuracy by 2024. The SVM model achieved an overall accuracy of 83% and a Kappa coefficient
of 0.75, outperforming the RF model which reached 78% accuracy and 0.67 Kappa. This improvement aligns
with findings from previous studies highlighting the impact of enhanced data quality and algorithm refinement.

SVM showed particularly high accuracy in classifying agricultural lands, orchards, and water bodies, with
balanced accuracy reaching 100% for orchards in 2024. RF performed well in identifying built-up areas in 2014
and orchards in 2024. These results are consistent with similar research but also highlight that model performance
can vary depending on regional, temporal, and data-specific factors. Overall, this study emphasizes that
combining multiple satellite data sources with advanced classification algorithms enhances the accuracy and
reliability of environmental change assessments. The SVM algorithm, in particular, proves highly effective for
detailed land use classification and, alongside RF, provides a robust toolset for monitoring land cover dynamics.

Key Words: GNDVI, Landsat-9, Land use change, Sentinel-2, Spectral vegetation indices.
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