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Flooding is one of the most destructive natural disasters, causing significant damage to
infrastructure, the environment, and human communities each year. The dry and semi-arid
climate of Iran, along with the uneven distribution of precipitation, exacerbates the
occurrence of flood flows, making optimal management of this phenomenon essentials. In
this study, the HEC-HMS model was employed to simulate the rainfall-runoff process in the
Noreh Basin (Koh-e-Abidar, Sanandaj). Precipitation data and basin characteristics were
processed using a Geographic Information System (GIS) and used as inputs to the
model. The results showed that combining the HEC-HMS model with GIS increased the
accuracy of estimating hydrological parameters, such as the curve number (CN) and time of
concentration, while reducing the modeling time. Peak discharge estimates for different
return periods (2 to 100 years) indicated that the maximum discharge produced in this basin
ranged from 2.63 to 19.93 cubic meters per second. Furthermore, comparison of the HEC-
HMS model results with the empirical Dikken method showed that the HEC-HMS model is
more accurate. Finally, the analysis of the capacity of existing hydraulic structures in the
region revealed that some of these structures are not effective when confronted with the
designed peak discharges. This study can provide valuable information for flood risk
management and the design of water structures in the Noreh Basin, and contribute to

improving hydrological planning in similar areas.
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Introduction
Flooding poses significant risks to infrastructure and communities in dry and semi-arid

regions such as western Iran. Accurate estimation of peak discharge is essential for
managing flood hazards and designing reliable hydraulic structures. This study aims to
simulate the rainfall-runoff process in the Noreh Basin (Sanandaj, Kurdistan Province)
using the HEC-HMS model supported by GIS-based watershed data. The research further
evaluates model-derived peak discharges for different return periods and compares these
results with those obtained from the empirical Dikken method. Additionally, the hydraulic
capacity of existing culverts in the basin is assessed to determine their adequacy under flood
conditions.

Method

Geospatial information, including land use, soil characteristics, topographic data, and
precipitation inputs, was processed using a Geographic Information System (GIS) to derive
hydrological parameters such as curve number (CN) and time of concentration. These
parameters were incorporated into the HEC-HMS model to simulate runoff for return
periods of 2 to 100 years. Peak discharge values were also independently estimated using the
Dikken method for comparison. Furthermore, Manning’s equation was used to evaluate the
flow-conveyance capacity of two culverts located near the basin outlet.

Results

Integrating GIS with the HEC-HMS model enhanced the accuracy of hydrological parameter
estimation and reduced overall modeling time. Simulated peak discharges ranged from 2.63
m?/s for the 2-year return period to 19.93 m?/s for the 100-year return period. Comparison
with the Dikken method revealed that HEC-HMS predicts higher discharges, primarily due
to its consideration of additional physical factors such as infiltration, slope, and land cover.
Analysis of structural capacity showed that the older culvert in the basin is unable to safely
convey flows greater than a 50-year return period, while the newer culvert can accommodate
peak discharges up to a 100-year return period.

Conclusions

The combination of GIS-based watershed analysis and the HEC-HMS rainfall-runoff model
provides reliable estimates of peak flow in the Noreh Basin. The results underscore the
importance of incorporating detailed physical characteristics in flood modeling and
demonstrate that empirical methods alone may underestimate peak discharge. The study
concludes that some existing hydraulic structures, particularly older culverts, are inadequate
for large flood events, emphasizing the need for infrastructure upgrades to reduce flood risk
in the region.
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