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Article Info ABSTRACT

érticle ;yget:_ | Objective: in recent decades, population growth, urbanization development, and change in
esearch Article
land use have led flooding as one of the most destructive natural disasters in the world.

Article history: Therefore, our goal is to identify flood areas and the synoptic patterns that lead to it, which
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ggggl-,IShEd online 07 January Methods: In this study, in order to prepare a map of flooded areas, the extent of the

floodwater that occurred in June (2024) in Ardabil province, were processed SAR radar
images before and after the flood. Then, to identify synoptic patterns, daily maps of

Kengrds: ) geopotential height at 500 hectopascals, sea level pressure at 1000 hectopascals, omega
Ardabil Province,

Radar Images pressure at 500 hectopascals, and relative humidity at 700 hectopascals with a spatial

June 2024, resolution of 2.5 degrees in 2.5 degrees latitude were received and analyzed from the
F|00d'_ National Center for Environmental Prediction and the National Center for Atmospheric
Synoptic Patterns.

Research (NCEP/NCAR) of the United States.

Results: The flood area study indicated that in the studied province, Bilehsavar city with
an area of 593 hectares, Parsabad city with 505 hectares, Meshkin-shahr with 245 hectares,
and Germi city with 192 hectares were flooded due to the waterlog. The analysis of the
flood zones also showed that the largest volume of flood entering Ardabil Province during
the studied period was related to the northern cities of the province, where the provision of
all moisture conditions and instability at the full depth of the troposphere layer led to the
occurrence of heavy flood-causing rainfall in these areas.

Conclusions: The results of this study indicate that the use of radar data, due to its
outstanding capabilities, is a useful tool in detecting and continuously monitoring of
floods. Therefore, by detecting flood-prone areas and synoptic conditions that produce
floods, executive managers can make the best decisions to deal with possible future floods.
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EXTENDED ABSTRACT

Introduction

Population growth, urbanization development and land use change in recent decades have
caused floods to be recognized as one of the most destructive natural disasters in the world.
Therefore, understanding the flood phenomenon and the methods to deal with it, as well as the
effects caused by it, is one of the most important issues that should be considered in
comprehensive flood management. Comprehensive flood management is a set of activities
that are used to prevent and reduce flood damage. Knowledge of past floods leads to a correct
understanding of flood zones, water levels in past floods, river sections and how floods spread
in the region. There are several methods for flood monitoring, one of which is artificial
aperture radar (SAR). Therefore, in the present research, an attempt has been made to evaluate
the area and extent of flooding caused by the Khordad 1402 flood in Ardabil province using
SAR radar images, a map of the flooded areas, and the classification method of random forest
satellite images. So that these maps are the basis for adopting policies regarding the
management of watersheds and water resources, determining flood prone areas, planning to
prevent and reduce future flood damage, etc.

Methods

Describe the study method, In the present study, Sentinel-1 satellite images were used to
identify the flood area. For this purpose, the images of this sensor with a time coverage of 12
days for before and after the flood were obtained from the Copernicus site with VV+VH
polarization. Then the images were pre-processed in the SNAP software environment, and
finally, based on the classification, the whole area was divided into three flooded areas, areas
with water (they already had water) and other lands in the SNAP-6 software environment.
became In the next step, it was processed in the ENVI environment, and in the last step, the
final map was imported into the ArcGIS environment in order to convert it into a vector
file.Next, synoptic conditions were analyzed simultaneously with the occurrence of torrential
rainfall. For this purpose, June 7" of 2024 was selected as a representative torrential rainfall
day, and the data of geopotential height pressure at 500 Hectopascal, sea level pressure at
1000 kPa, and omega at 700 Hectopascals with a mechanical gradient of 2.5 degrees at 2.5
degrees latitude were obtained from the National Center for Environmental Prediction and the
National Center for Atmospheric Research (NCEP/NCAR) of the United States, and the
desired maps were drawn. Then, this map was analyzed.

Results
The output image showed the extent of the water caused by the flood after seven days of the

flood in the region. In general, the extent of water caused by floods in Ardabil province was
1603 hectares. The largest flood area in the northern parts of the province was located in the
Mughan plain, especially in Beile-Swar city, after that, the western part of Pars-Abad region,
parts of Aslandoz and Qashlag-Gharbi in the area of the Ghori Chai watershed (one of sub-
basins of Aras River) had the most flooding, and the geomorphology of the region has not
been unaffected by the flooding of Bileh-Swar, Asllandoz and Western Qashlag. After Pars-
Abad city, the largest amount of water caused by flood was seen in the northern part of
Meshkin Shahr city, namely Yafet, Salvat, Meshkin-Sharghi. In the city of Garmi, the highest
amount of flooding has occurred in the west part of Angot in the west of the city, Azadlo and
East Ajarod in the east of the city. In this city, the largest extent of flood water was located
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around Dareh Rood, Balharod, Barzand Chayi, Dizi Chai, Garmi Chai and Mesil Qara Ghoch
rivers. The formation of flood phenomenon in Ardabil province was influenced by various
factors such as height, slope and land use etc. The study of synoptic conditions also indicated
that the provision of all moisture and instability conditions throughout the depth of the
troposphere layer led to the occurrence of heavy, flood-causing rainfall in areas of Ardabil
province.

Conclusion

With the flood monitoring of June 1402 in Ardabil province, it was found that in the studied
province, Beileh-Swar city with an area of 593 hectares, Pars-Abad city with 505 hectares,
Meshkin-shahr with 245 hectares, Grami city with 192 hectares, were affected by floods.
They are flooded. The analysis of the flood areas also showed that the largest volume of flood
entered Ardabil province during the study period was related to the northern cities of the
province. Based on the results of the current research, the floors with high flooding potential
are mostly related to the western parts of Pars-Abad, Garmi and Meshkin-Shahr, and the
south-eastern and central parts of Beile-Swar.

Keywords: Ardabil Province, Radar Images, June 2024, Flood, Synoptic Patterns.
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