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ABSTRACT

Introduction

Flooding is one of the most devastating natural phenomena, threatening human lives,
property, and the social and economic stability of communities. Both natural and
human-induced factors such as climate change and urbanization contribute to the
increasing risk of floods. Identifying flood-prone areas and preparing flood zoning
maps are essential tools for managing water resources and preventing flood-related
damage. The use of satellite data and mathematical models can significantly enhance
the accuracy of these maps.

Methodology

This research uses applied and analytical approaches to identify flood-prone areas in
the Yamchi watershed. Initially, daily discharge data from Lai, Nir, and Yamchi stations
were collected from 2014 to 2021. Then, environmental parameters affecting the
occurrence of floods, including land slope, distance from the waterway, land use, and
soil moisture, were examined. The necessary analyses were performed in the ArcGIS
environment using the Google Earth Engine platform. Important spectral indices were
calculated from Landsat 8 satellite images and used as input variables of the regression
random forest model. After training the model, its performance was evaluated using R2
and MSE criteria, and flood-prone areas were classified into five risk classes. To
evaluate the accuracy of the model, a representative day of flood occurrence,
specifically the April 2017 flood, was examined, and the accuracy of the model in
identifying flooded areas was measured by analyzing the ROC curve

*Correspondin Author: Batool Zeinali. Email: Zeynali.o@uma.ac.ir
How to cite this article: Zeinali, Batool., Frotan, Mahdi. (2025). Identifying flood-prone areas in the Yamchi watershed by monitoring spectral

indices and satellite data. Hydrogeom
DOI: 10.22034/hyd.2025.66392.1784

Copyright: © by

orphology, 12(44): 132 - 150.

the authors Publisher: University of Tabriz

'Y


mailto:Zeynali.b@uma.ac.ir
mailto:Mahdi.frotan23@gmail.com
mailto:Zeynali.b@uma.ac.ir
https://doi.org/10.22034/hyd.2025.66392.1784
https://orcid.org/0000-0003-4244-4008
https://orcid.org/0009-0002-9979-6944
http://doi.org/ 10.22034/hyd.2025.65928.1784

Identifying flood-prone areas in the Yamchi... Zeinali and Frotan.

Results and Discussion

This research identified flood-prone areas in the Yamchi watershed and used daily discharge data from Lai, Nir, and
Yamchi stations between 2014 and 2021. The results show that Yamchi station, with a discharge threshold of 10.6 m3/s,
has the highest threshold and has recorded 25 flood days. In contrast, Lai station, with a discharge threshold of 0.33
m3/s, has the lowest threshold and has experienced 28 days of flooding. Land use and land slope have been investigated
as key factors in the occurrence of floods. The land use map shows that the largest area is devoted to rainfed agricultural
land, and steep slopes in the northern areas of the basin increase the risk of flooding. Also, soil moisture is highest in
the upstream parts of the basin, and these areas are prone to flooding in the event of heavy rainfall. The use of spectral
indices such as AWEI, WRI, NDWI, and LSWI also helped identify flood-prone areas, showing that the northern and
eastern regions are at greater risk due to high humidity and topographic conditions. The random forest model has been
used as a tool to predict flood susceptibility, and the results indicate its high accuracy in identifying flood-prone areas.
Analysis of the April 2017 flood shows that with increased precipitation and soil saturation, runoff flow intensity in the
upstream areas of the basin has increased significantly. Finally, the ROC curve evaluates the model's performance in
distinguishing between flooded and non-flooded areas and shows that the model performs better than chance. These
findings emphasize the need for special attention to flood management in the northern regions of the basin and can
contribute to optimal planning to reduce flood risks.

Conclusions

This study analyzed flood-prone areas in the Yamchi watershed using topographic factors, soil moisture conditions, and
spectral indices. The results showed that the northern part of the basin has the highest potential for flooding due to its
high altitude (4383 meters), steep slope (82 percent), and high soil moisture (35 percent). In contrast, the eastern and
western areas, with their lower elevation and gentler slopes, play a deterrent role against flooding. The random forest
model confirmed the high accuracy of this model with a coefficient of determination of 0.93 and a low error (0.00021).
Radar data also showed changes in surface conditions in the basin after the April 2017 flood, emphasizing the
importance of using satellite data and preventive measures for crisis management.
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Table (3): 99% percentile results for flood days in the Yamchi watershed during the period (2014-2021)
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Figure (3): a) Land use map of the Yamchi watershed, b) Slope map of the Yamchi watershed, c) Map of average soil moisture of the
Yamchi watershed during the years 2014-2021, d) Map of distance from the waterway in the Yamchi watershed
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Figure (4): A) Map of AWEI index, B) WRI index, C) NDWI index, D) LSWI index of Yamchi watershed for the years 2014-2021
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Figure (5): Flood susceptibility map of Yamchi watershed based on the random forest model
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Figure (6): Map a) Average rainfall one month before the flood (March 2017), b) Average rainfall one month after the flood (April
2017), ¢) Runoff status one month before the flood (March 2017), d) Runoff one month after the flood (April 2017), €) Flood status one
month before the flood (March 2017), ¢) Flood one month after the flood (April 2017), h) Flooded areas in April (2017), in the Yamchi
watershed
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Figure (7): ROC curve diagram for comparing the result of the random forest model with the actual flood data studied.
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