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Objective: This study aimed to analyze the hydrological behavior of the Savadkouh
watershed in Savadkouh County, simulate flood flow, and perform flood risk zoning using
hydrological and hydraulic models, considering the region’s mountainous conditions,
steep slopes, heavy rainfall, and extensive land use changes.

Method: Topographic data, land use maps, soil hydrological groups, and rainfall
information were collected and processed. The Watershed Modeling System (WMS)
model and the Soil Conservation Service (SCS) method were applied to estimate runoff
curve number (CN), moisture retention capacity, runoff depth and volume, and flood
hydrograph. Hydraulic flow simulation was then conducted using the Hydrologic
Engineering Center’s River Analysis System (HEC-RAS) based on 21 river cross-
sections. Finally, flood zoning and flow depth maps were generated.

Results: The findings indicated that topography, soil permeability, land use type, and
rainfall intensity are the most influential factors in runoff generation and flood risk
increase. The average curve number (CN) of the basin was estimated at approximately
78.3, reflecting a relatively high runoff potential. Areas with hydrological soil groups C
and D, intensive agricultural lands, residential areas, and steep slopes showed the highest
runoff volume and flood depth. Hydrographic analysis revealed a rapid watershed
response, short concentration time, and high peak discharge, increasing the probability of
flash floods. Flood zoning results were consistent with locations of previous flood events.

Conclusions: The study concludes that land use change and reduction of vegetation cover
have significantly increased flood risk in the basin. Effective flood risk mitigation
strategies include vegetation conservation, controlling development within floodplains,
reforming land use management practices, and implementing comprehensive watershed
management measures.
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Extended Abstract

Introduction

Floods are among the most destructive natural hazards associated with climate change, causing
extensive impacts on humans and the environment, and representing a major challenge to
sustainable development. Urban expansion and the conversion of natural lands to impervious
surfaces increase runoff and intensify flood risks. Settlements and infrastructures located along
rivers and floodplains expose larger populations to hazards. It is predicted that under climate
change and increased occurrences of heavy rainfall events, the frequency and intensity of floods
worldwide will rise. Therefore, advanced flood prediction and hazard mapping methods are
essential to mitigate their adverse impacts. Integrating remote sensing technologies, Geographic
Information Systems (GIS), and hydrological models provides essential tools for
comprehensive flood behavior analysis and identification of high-risk areas. Hydrological
models such as WMS and HEC-HMS, coupled with hydraulic models like HEC-RAS and
machine learning algorithms, enable precise simulation of hydrological and hydraulic behaviors
and the generation of operational flood hazard maps.

Savadkuh County, located in northern Iran, is a mountainous region in Mazandaran Province
characterized by steep slopes, dense drainage networks, relatively high rainfall, and diverse
forest cover. These features create unique hydrological conditions and high flood hazard
potential. Settlement expansion and road development near riverbanks and floodplains,
combined with rugged topography, result in rapid runoff concentration and flash floods. Due to
its natural features and its role as a connecting corridor between central Iran and the Caspian
Sea, the area holds strategic importance for water resource management and flood risk
mitigation.

Methods

This study employed a quantitative and integrative approach. Required datasets, including
satellite imagery, Digital Elevation Models (DEM), land use maps, soil maps, and drainage
networks, were collected and processed in GIS. First, basin and sub-basin boundaries and
physiographic parameters, including area, stream length, slope, shape factor, and mean
elevation, were derived and used as inputs for hydrological models. Rainfall-runoff simulations
were conducted using WMS and HEC-HMS with the SCS-CN method, generating flood
hydrographs. Hydraulic modeling with HEC-RAS analyzed flow propagation and floodplain
inundation. Soil-land use layers and Curve Numbers (CN) were calculated to estimate runoff
potential and depth. Spatial overlays in GIS allowed preparation of flood hazard maps,
highlighting high-risk areas

Results

Land use analysis indicated that most of the area is covered by agricultural and semi-natural
lands, but settlements and land-use changes can alter runoff patterns. Small and steep sub-
basins, such as G and D, are prone to flash floods due to short concentration times, whereas
larger sub-basins like L, I, and F contribute substantially to high runoff volumes and widespread
flooding downstream. Soil analysis showed that most of the area falls under hydrological groups
B and C, which have moderate to low permeability and generate significant runoff during heavy
rainfall. The average CN of the basin was 78.3, indicating a high potential for direct runoff.
Hydrograph analysis revealed a rapid increase in flow following rainfall, with a steep rising
limb reaching peak discharge quickly, resulting from steep slopes, limited soil infiltration, and
a dense drainage network. HEC-RAS modeling demonstrated that flood flow transforms from
concentrated, high-energy streams upstream to wider, dispersed flows downstream, with the
greatest flood vulnerability in downstream areas. Flood depth zoning showed that the largest
proportion of floodplain area corresponds to depths of 1.8-2.4 meters (36% of total area),
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representing critical high-risk zones, while the maximum depth of 31.2 meters, though covering
only 2.3% of the area, poses severe hazard potential. Shallower depths (6—12 meters) act as
flow moderators and reduce flood severity

Conclusion

The study revealed that the combination of mountainous topography, low-permeability land
uses, and moderate-to-low permeability soils in Savadkuh County creates conditions prone to
rapid runoff generation and flash floods. Small, steep sub-basins are the primary sources of
flash floods, whereas larger sub-basins with healthy vegetation play a moderating role in runoff.
Flood hydrograph analysis confirmed rapid rising limbs and extended recession limbs,
indicating fast runoff concentration followed by gradual downstream drainage. HEC-RAS
hydraulic modeling identified high-energy concentrated flows upstream, critical hydraulic
points midstream, and wide floodplain inundation downstream, providing essential insights for
flood management and infrastructure planning. Flood depth zoning allowed prioritization of
mitigation measures: sub-basins producing high runoff, critical hydraulic sections, and
vulnerable floodplain areas should be targeted for structural and non-structural interventions.
The integration of remote sensing, hydrological and hydraulic modeling, and GIS-based spatial
analysis offers a comprehensive approach to understanding flood behavior in mountainous
basins. Findings provide a scientific basis for land-use planning, vegetation conservation,
construction of flood control structures, and flood risk reduction strategies. This integrative,
data-driven methodology can serve as a reference for similar flood-prone mountainous regions
worldwide
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