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Floods, as integral components of the natural hydrolc cycle, can lead t
significant social disruptions and morphological alterations in riverine and floodplain
environments. Understanding the contributing factors and their relative impacts on
basin flood susceptibility is vital for sustainable water resource management and
flood risk mitigation. This study presents a streamlined approach to assessing flood
susceptibility in the Gorganrud River Basin by integrating a comprehensive set of
influencing factors. These factors encompass climatic variables (mean daily and
hourly precipitation, snow depth, and snowmelt water equivalent), topographic
features (digital elevation model, slope, and aspect), geomorphological
characteristics (distance to main rivers, soil texture, geology, proximity to faults,
drainage density), land use/land cover, vegetation status, and anthropogenic
interventions. Each of the 13 factors was standardized and equally weighted,
followed by a weighted linear combination to generate the flood susceptibility map.
Validation was conducted using the mean time series of peak discharge data from 26
hydrometric stations, employing Spearman's rank correlation and receiver operating
characteristic (ROC) curve analyses. Sensitivity analysis involved sequentially
omitting each factor to evaluate its influence on flood susceptibility outcomes.
Findings indicate heightened flood potential in the southeastern, western, and
northeastern sectors of the basin. The Spearman correlation coefficient and area
under the ROC curve (AUC) for the 100-year return period across 15 hydrometric
stations were 0.66 and 0.68, respectively. Sensitivity analysis identified hourly
precipitation, snowmelt water equivalent, and elevation as the most influential
factors. The proposed methodology offers a practical framework for identifying
flood-prone areas within the Gorganroud Basin, facilitating prioritized management
and watershed planning interventions.
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EXTENDED ABSTRACT

INTRODUCTION

In recent decades, the increasing frequency of floods in Iran—particularly in the northern regions—
has caused extensive damage to infrastructure, natural resources, and human settlements. While flood
susceptibility is an inherent characteristic of certain areas, factors such as climate change, vegetation
degradation, and improper land use have exacerbated the phenomenon. Under these conditions,
accurate identification of flood-prone zones and analysis of contributing factors are essential for
effective watershed management, damage mitigation, and sustainable regional development.

Due to its geographical location, significant precipitation, and unique topography, the Gorganroud
Watershed is highly susceptible to recurring floods. This study aims to map flood susceptibility in the
watershed using advanced spatial analysis techniques and a combination of environmental indicators
to provide actionable insights for decision-makers and disaster risk managers.

DATA AND METHODOLOGY

To assess flood susceptibility in the Gorganroud Watershed, spatial and environmental datasets were
collected and prepared. These included a Digital Elevation Model (DEM), slope and aspect maps, and

distance to rivers, land use, vegetation cover, and mean annual precipitation. Data sources included the
National Cartographic Center, Landsat 8 imagery, and meteorological station records. Spatial analyses
were conducted using ArcGIS and SAGA software.

Thirteen influencing factors were standardized, assigned equal weights, and integrated using the
Weighted Linear Combination (WLC) method. Model validation was carried out using historical flood
records and field observations. The final flood hazard map was produced by overlaying the weighted
layers. Sensitivity analysis revealed that slope, proximity to waterways, and precipitation were the
most influential factors. Additionally, statistical analysis using SPSS examined the correlation
between variables and flood occurrence. The final flood susceptibility map was classified into five risk
categories: very low, low, moderate, high, and very high.

RESULTS AND DISCUSSION

Analysis of the final flood susceptibility map showed that the southern and southeastern areas of the
watershed—particularly the cities of Minoodasht, Kalaleh, Gonbad-e-Kavus, Aliabad, and Aq Qala—
fall into high and very high-risk zones. Major contributing factors included low slope gradients, high
population density, vegetation degradation, and intense seasonal rainfall.

The integration of spatial and statistical data proved effective in identifying vulnerable areas, with
results consistent with historical flood events. This consistency validates the reliability of the applied
model. Sensitivity analysis confirmed that hourly precipitation, snowmelt water equivalent, and
elevation exerted the strongest influence on flood susceptibility. Therefore, the use of spatial modeling
techniques, supported by field data, presents a powerful tool for flood risk management and
developmental planning.

CONCLUSION

This study confirms the effectiveness of GIS- and remote sensing—based approaches for flood hazard
analysis and watershed management. Accurate identification of flood-prone areas using spatial data
and multi-criteria analysis not only enhances model accuracy but also enables targeted water resource
management.

The results indicate that the southern and central regions of the Gorganroud Watershed are the most
flood-prone and should be prioritized in development planning. Key mitigation strategies include
preserving vegetation cover, revising land use patterns, and enhancing drainage capacity in vulnerable
zones.
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Implementing these findings can facilitate the design of proactive flood prevention programs and
support comprehensive flood management. Future research is recommended to incorporate time-series
datasets and apply machine learning algorithms to improve flood prediction and adaptive risk
management.
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