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Extended Abstract

Introduction

Flooding, as a global phenomenon, has always resulted in significant economic losses and
numerous human casualties. It occurs when the volume of water from sudden and intense
floods exceeds the riverbed's capacity, inundating surrounding areas. Additionally, rising
groundwater levels and excessive saturation of drainage systems can also contribute to
flooding. Several factors, including heavy rainfall, snowmelt, river overflows, and even dam
or embankment failures, can lead to flood occurrences. This phenomenon can cause
irreparable damage to infrastructure, homes, agricultural lands, and human lives. In Europe,
approximately  one-third of economic losses stem from flooding events.
Statistics on flash floods indicate that between 1990 and 2020, a total of 695 flash floods
occurred worldwide, resulting in 5,700 fatalities and causing economic damages exceeding
$66.9 billion. These figures highlight the significant human and financial losses caused by
flash floods over the years. The severity of flooding is further exacerbated when human
settlements are located within flood-prone areas. The presence of such settlements in flood
basins not only increases surface runoff but also poses serious risks. Flood damage can be
minimized as a natural hazard only if essential and well-planned preventive measures are
taken before it occurs. In other words, rather than merely responding after a flood, it is crucial
to implement preventive actions and effectively manage resources and the environment to
mitigate flood impacts.

Methodology

This research adopts an applied approach based on analytical and descriptive methods. The
data utilized include a 30-meter resolution SRTM Digital Elevation Model (DEM), Landsat
OLI 9 satellite imagery from 2023 (obtained from the USGS), a 1:250,000-scale soil texture
map sourced from the National Natural Resources and Watershed Management Organization,
and a 1:100,000-scale geological map. Various software tools, such as ArcGIS 10.7, ENVI
5.3, Google Earth, SPSS, and Excel, were used for data analysis, map production, and data
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processing. Tinku introduced modifications to the MFFPI model, improving its effectiveness.
In the updated version, six parameters were identified as key factors in assessing the
probability of flash flood occurrences: slope, drainage density, curvature, soil texture, rock
permeability, and land use/land cover (LULC). Each parameter was classified into five
categories based on its significance in flood generation. The least influential category was
assigned a value of 1, while the most influential category, which played a crucial role in water
accumulation and flash flood occurrences, was assigned a value of 5.
To create information layers for the six parameters—slope, drainage density, curvature, soil
texture, rock permeability, and land use—base maps were employed. Once the layers were
prepared, the weight of each parameter was multiplied by its respective sub-parameter
category. Subsequently, the final score of each layer was computed using the Raster
Calculator tool in GIS. Finally, by integrating the weighted layers, a refined flash flood hazard
zoning map was produced.

Results and Discussion

Slope is a critical factor influencing flash floods. In steep regions, runoff velocity increases,
rapidly transporting water to downstream areas. Conversely, low-slope areas are prone to
water accumulation, heightening flood risks. Using the DEM and MFFPI model, this study
examined the impact of slope, drainage density, land use, soil texture, curvature, and
geological features on flood occurrences. The results indicated that low-permeability soils,
residential and agricultural land use, and steep convex slopes significantly contributed to
increased surface runoff and exacerbated floods. Conversely, highly permeable soils, dense
vegetation, and concave slopes helped mitigate flood risks. Based on the analysis, the Kozeh-
Topraghi watershed was categorized into five flood risk zones. Areas with steep slopes, sparse
vegetation, and impermeable soils were identified as the most flood-prone. The findings
underscore the importance of considering physiographic characteristics and implementing
management strategies to reduce flood risks. The flood hazard zoning map developed in this
study can serve as a valuable tool for future planning and mitigation efforts.

Conclusion

Floods are among the most frequent and devastating environmental hazards, causing substantial
financial and human losses worldwide each year. This study aimed to map flood hazard potential in
the Kuzeh-Topraghi watershed in Ardabil Province using the enhanced MFFPI model. The six MFFPI
parameters—drainage density, curvature, geological formations, land use, slope, and soil texture—
were employed for the analysis. All data layers were generated in raster format within ArcGIS. Next,
based on Table (2), each parameter was assigned specific weights using the Raster Calculator tool,
producing the final weighted maps. The parameters were then overlaid to generate the final flash flood
hazard map, classifying the study area into five flood risk levels: very low, low, moderate, high, and
very high. Specifically, areas with steep slopes, sparse vegetation, impermeable soils, and unsuitable
land use (e.g., residential and agricultural lands) exhibited the highest flood potential. In these regions,
reduced soil permeability and increased surface runoff, particularly during intense rainfall events,
heightened the likelihood of flooding. Impermeable soils, due to their inability to absorb water,
contributed to increased runoff and decreased soil water retention capacity. In contrast, areas with
gentle slopes, dense vegetation, deep permeable soils, and suitable land use (such as forests and
grasslands) experienced the lowest flood risk. The flood risk classification analysis revealed that 45%
of the watershed falls within the high and very high risk categories, 33.54% in the moderate category,
and over 21% in the low and very low risk categories. Among the 36 sub-watersheds analyzed, the
lowest and highest flood risks were associated with sub-watersheds 2 and 4, covering 0.02 km? and
0.15 km2, respectively, in the very low-risk zone. Meanwhile, sub-watersheds 14 and 17, with areas of
29.27 km? and 14.98 km?, respectively, accounted for the largest portions of the total watershed area.
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