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Obijective: Population growth, global warming, and poor management have led to the
depletion of the world's water resources. To preserve these resources, management and
continuous monitoring, the preparation of land use and land cover maps are essential.

Method: In this regard, Sentinel-1 and Sentinel-2 satellite images were used to prepare
land cover maps of the Horul Azim wetland, along with spatial and frequency fusion
methods such as IHS, PCA, Brovey, Ehlers, and Wavelet-1HS. Fusing the images helped
reduce the effects of clouds and dust, and by adding texture to Sentinel-2 optical images, it
increased classification accuracy. The classification of images after fusion was done using
Support Vector Machine (SVM) and Nearest Neighbor (KNN) methods.

Results: The evaluation of results with overall accuracy (OA) and kappa coefficient
showed an increase in the OA parameter by 1-6% and the Kappa parameter by 2-5% in
KNN classification, and an increase in the OA and Kappa parameters by 1-5% and 1-4%,
respectively, in SVM classification compared to classification with optical images..

Conclusions: Frequency and hybrid methods were selected as the best fusion methods, and
SVM was chosen as the most accurate classification method. Among the two polarizations,
VV and VH, VV polarization showed better performance.
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Introduction

Wetlands are among the most vital ecosystems on Earth, playing a crucial role in regulating
hydrological cycles, maintaining biodiversity, controlling climate, and preventing soil erosion.
However, these ecosystems face serious threats due to human activities, climate change, and land-use
modifications. One of the most affected wetlands is the Hoor al-Azim wetland, which has suffered
significant degradation in recent decades. Effective monitoring and management of wetlands require
accurate and up-to-date land cover classification, which can be efficiently achieved using remote
sensing technologies.

Remote sensing provides valuable insights into land cover changes, especially through optical and
synthetic aperture radar (SAR) sensors. Optical sensors (e.g., Sentinel-2) capture spectral information
but are highly dependent on weather conditions, making them ineffective under cloud cover or dust
storms. On the other hand, SAR sensors (e.g., Sentinel-1) can penetrate clouds and operate in all
weather conditions, providing valuable structural and textural information. However, SAR images lack
spectral details. The fusion of SAR and optical images can overcome the limitations of each sensor
and enhance classification accuracy by integrating spectral and structural characteristics.

Materials and Methods

This study aims to improve land cover classification of Hoor al-Azim wetland by fusing Sentinel-1
SAR and Sentinel-2 optical images. Image fusion was performed using three spatial domain methods
(IHS, PCA, Brovey), three frequency and hybrid domain methods (Wavelet, Ehlers, Wavelet-1HS).
The goal of fusion was to preserve spectral integrity while enhancing spatial and textural details.

To ensure accurate classification, images were preprocessed using radiometric and geometric
corrections. Sentinel-1 images were speckle-filtered using REFINEDLEE and LEESIGMA filters,
while Sentinel-2 images underwent atmospheric correction. After co-registration, fused images were
classified using Support Vector Machine (SVM) and K-Nearest Neighbor (KNN) classifiers. The
classification results were assessed using Overall Accuracy (OA) and Kappa Coefficient to evaluate
the effectiveness of fusion methods.

Results

The classification results demonstrated that: Frequency and hybrid fusion methods (Wavelet, Ehlers,
Wavelet-IHS) achieved higher accuracy than spatial methods (IHS, PCA, Brovey). These methods
preserved spectral details while enhancing spatial resolution. SVM outperformed KNN in all
classification experiments, achieving higher OA and Kappa values. Fusing Sentinel-1 and Sentinel-2
images improved classification accuracy, mitigating cloud cover limitations and enhancing wetland
delineation. Using VV polarization from Sentinel-1 SAR provided better classification results
compared to VH polarization, particularly for barren-salty lands and water bodies. The fusion process
increased OA by 1-6% and Kappa by 2-5% for KNN classification, while for SVM, OA improved by
1-5% and Kappa by 1-4% compared to optical-only classification.

Conclusion

The results indicate that frequency and hybrid fusion techniques provide superior classification
accuracy compared to spatial methods, as they better preserve spectral characteristics. Furthermore,
SVM proved to be a more effective classifier than KNN for this dataset. The fusion of optical and
SAR imagery enhances land cover classification and significantly reduces cloud and atmospheric-
related issues, making it a valuable approach for wetland monitoring and natural resource
management.
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