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Abstract:

Background and Aim: Natural disasters are adverse events caused by geophysical,
hydrological, climatic, meteorological, or biological hazards, including earthquakes,
floods, storms, and fires. They lead to casualties, and injuries, and negatively impacts on
public well-being and healthcare systems. Floods are among the most common and
devastating natural disasters, affecting countries worldwide and causing significant
economic losses. Due to its climatic and topographic conditions, Iran faces annual flood
risks, particularly in Golestan Province. Extensive deforestation and unique geography
have intensified flooding in this region. This study aims to compare optical and radar
methods for mapping the flooded areas in Golestan Province during the 2019 inundation.
Method: Extraction of flooded zones is crucial for water resource management and flood
damage reduction. Various methods exist for floodplain extraction, and the Kappa
agreement method is used to evaluate their accuracy. Required data includes 1) satellite
images, which remote sensing researchers use to translate spectral patterns into real-world
values, and 2) reference data, independent sources used for validation results. For assessing
the 2019 flood in Golestan Province, Landsat 8, Sentinel 1, and Sentinel 2 satellite data
were utilized. Landsat 8 and Sentinel 2 provide optical imagery, while Sentinel 1 is radar-
based. Pre- and post-flood maps were created to determine water-covered areas. Optical
and radar indices such as NWI, MNDWI, AWElInsh, AWElIsh, EWI, NDWI, NDWI-B,
NDVI, NDPI, and NDMI were applied. A land use map, generated through supervised
classification and machine learning models, assessed flood damage. Sentinel-2 images and
the Otsu self-thresholding algorithm in Google Earth Engine were used to extract affected
areas. To compare indices, 162 water and non-water training samples were collected and
evaluated using the Kappa agreement coefficient.

Results: The results of this study show that the fusion of optical and radar images can
complement each other's limitations. This is because of the limitations of temporal
resolution and temporal events such as floods limit the availability of satellite images.
Finally, the NDPI and MNDWI indices achieve the highest accuracy in extracting
flooded areas with a high overall accuracy. Examination of the flooded areas and
damaged land uses also show that 22.49% of the area was affected by the flood.
Analysis of each land use reveal that 17.46% of agricultural land, 12.62% of residential
land, and 14.42% of rangeland are flooded.

Conclusion: Remote sensing is a crucial method for flood management, providing
detailed satellite imagery for analyzing flood events and water distribution. This study
visualized the spatial distribution of satellite indices and compared the Kappa index and
overall accuracy of MNDWI and NDPI. With high accuracy, these indices were selected
as the most suitable for flood zone extraction and land use comparison. Accuracy
assessment showed that most optical methods, except NWI, NDMI, and NDWI_B,
exceeded 90% accuracy, confirming their reliability when cloud-free imagery is
available. Due to the flood’s prolonged duration, cloud-free optical images were
accessible, ensuring accurate flood zone extraction. Sentinel-1 radar imagery also
achieved over 90% accuracy, making it a reliable alternative when cloud cover obstructs
optical imagery. Results indicate that 71.87% of the region is agricultural land, with
17.46% affected by floods. Additionally, 39.65% of barren lands were flooded, totaling
70744 hectares in the flood zone.
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