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Objective: Floods are among the most destructive natural disasters, and in Iran, land use
changes and vegetation degradation have significantly increased flood frequency and
intensity. Integrated watershed management requires identifying critical flood-producing
sub-basins, as treating an entire watershed is impractical. This study aims to identify and
prioritize flood-producing sub-basins in the Kalan Dam watershed by integrating the
HEC-HMS hydrological model with an individual sub-basin removal sensitivity analysis.
Method: The Kalan Dam watershed in Hamadan Province, Iran, was studied using a
1:25,000 DEM. Physiographic and hydrological parameters were extracted using ArcGIS,
ArcHydro, and HEC-GeoHMS. Ten rainfall-runoff events were selected; eight for
calibration and two for validation of the HEC-HMS model. The SCS-CN method was
used for loss calculation, the Clark unit hydrograph for runoff transformation, and the
Muskingum method for routing. Model performance was evaluated using NSE, RMSE,
and PBIAS. Critical sub-basins were identified by sequentially removing each sub-basin
and calculating the percentage reduction in outlet peak discharge. Specific discharge and
reduction per unit area were also computed to eliminate area effects.

Results: The HEC-HMS model showed good performance during validation (high NSE,
low RMSE and PBIAS). The individual sub-basin removal analysis revealed uneven
contributions to outlet peak discharge. Sub-basin W530, despite having a moderate area,
caused the highest reduction in outlet peak discharge when removed, identifying it as the
most critical flood-producing sub-basin. Rankings based on specific discharge and
reduction per unit area differed significantly from rankings based on absolute discharge,
confirming that area alone is an insufficient criterion. Sub-basins with steeper slopes,
higher Curve Numbers, and shorter time of concentration contributed more to flood
generation.

Conclusions: Integrating HEC-HMS with sub-basin removal sensitivity analysis
provides a robust, quantitative framework for prioritizing critical flood-producing areas.
For the Kalan Dam watershed, sub-basin W530 requires urgent flood control
interventions. Prioritization should not rely solely on area but should incorporate specific
discharge and reduction per unit area. This methodology can be extended to other flood-
prone semi-arid regions.
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Introduction

Floods are among the most destructive natural disasters, causing irreparable damages to human
societies and ecosystems. In lIran, arid and semi-arid climatic conditions, along with
unsustainable land use and vegetation degradation, have significantly increased the frequency
and intensity of floods, ranking the country seventh in the world in terms of flood susceptibility.
Land use changes and uncontrolled urban development are major factors exacerbating floods
in the current century, sometimes with even stronger effects than climate change. Integrated
watershed management is essential for predicting, mitigating, and reducing flood damages.
Such management requires the identification of critical flood-producing areas at the sub-basin
scale, as implementing control measures across an entire watershed is not only impractical but
may also lead to adverse outcomes. Various methods have been proposed for prioritizing sub-
basins regarding flood potential, each with limitations. Some studies have analyzed the whole
watershed as a single unit, ignoring intra-basin differences. Others have relied on qualitative,
expert-based methods (e.g., Analytic Hierarchy Process) and weighting of effective parameters,
which can yield inconsistent results with slight changes in weights and often do not sufficiently
utilize hydrological and historical flood data. In contrast, hydrological simulation approaches,
such as the HEC-HMS model using rainfall-runoff data, allow for a more quantitative and
realistic analysis of each sub-basin's contribution to outlet flood discharge. One widely used
method in this context is the individual sub-basin removal approach. However, in most of these
methods, the non-linear behavior of the watershed, river routing effects, and the simultaneity
of flow arrival are not properly accounted for. Given the limitations of existing methods, this
study aims to integrate the HEC-HMS hydrological model with a sub-basin sensitivity analysis
approach to accurately identify and prioritize critical flood-producing sub-basins in the Kalan
Dam watershed. The ultimate goal is to provide a scientific basis for focusing management and
watershed restoration efforts on areas with the highest flood generation potential to reduce
destructive impacts.

Method

The study was conducted in the Kalan Dam watershed, located south of Malayer city in
southeastern Hamadan Province, Iran, covering an area of approximately 33,286 hectares. A
1:25,000 digital elevation model (DEM) was used to extract morphometric parameters
including area, slope, main channel length, channel slope, and sub-basin boundaries using
ArcHydro tools. Physiographic and hydrological characteristics of sub-basins (area, average
slope, main channel length and slope, percentage of impervious surfaces, lag time, and time of
concentration) were derived using ArcGIS, ArcHydro, and HEC-GeoHMS. Ten rainfall-runoff
events with peak discharges exceeding 5 m3/s, recorded at the Darudgaran hydrometric station,
were selected. Eight events (events 2 and 4-10) were used for model calibration, and two
independent events (events 1 and 3) for validation. The HEC-HMS model (version 3.04) was
employed for rainfall-runoff simulation. The SCS Curve Number method was used for loss
calculation; the Clark unit hydrograph method for transforming effective rainfall into direct
runoff; and the Muskingum method for channel routing. Peak discharge, runoff volume, and
hydrograph shape were compared between observed and simulated data. Model performance
was evaluated using the Nash—Sutcliffe efficiency (NSE), root mean square error (RMSE), and
percent bias (PBIAS). To identify critical sub-basins, the individual sub-basin removal method
was applied: each sub-basin was sequentially "removed” (i.e., its contribution set to zero) in the
calibrated model, and the resulting percentage reduction in outlet peak discharge was
calculated. To eliminate the effect of sub-basin area, specific discharge (discharge per unit area)
and reduction percentage per unit area were also computed and ranked.
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Results

The HEC-GeoHMS processing successfully delineated the watershed into multiple sub-basins
with considerable variability in area, slope, and Curve Number. Model calibration results
showed acceptable agreement between observed and simulated peak discharges and runoff
volumes for the eight calibration events. Validation using two independent events demonstrated
that the calibrated model could simulate hydrograph shape, timing of peak, and peak discharge
with good accuracy. The event of 26/02/2020 performed better than 01/04/2018 and was
selected as the basis for further analyses. The NSE value for the validation event was
satisfactorily high, while RMSE and PBIAS values were low, indicating reliable model
performance. The individual sub-basin removal analysis revealed that sub-basins contributed
unevenly to the outlet peak discharge. Sub-basin W530, despite having a moderate area, caused
the highest percentage reduction in outlet peak discharge when removed, indicating it is the
most critical flood-producing sub-basin. In contrast, sub-basin W860 had the lowest impact.
When ranking by specific discharge (discharge per unit area), the priority order changed
significantly compared to ranking by absolute peak discharge, demonstrating that area alone is
not a sufficient criterion. Sub-basin W530 again ranked high in specific discharge analysis.
Furthermore, when the percentage reduction in peak discharge per unit area was considered,
sub-basin W530 ranked first, and W860 last. The results indicated that sub-basins with steeper
slopes, shorter main channel length, higher Curve Number, and shorter time of concentration
contributed more to flood generation. The maximum retention parameter had the greatest
influence on runoff volume, while Curve Number had the greatest influence on peak discharge.

Conclusions

This study demonstrates that integrating the HEC-HMS hydrological model with the individual
sub-basin removal sensitivity analysis provides a robust and quantitative framework for
identifying and prioritizing critical flood-producing sub-basins. The approach overcomes the
limitations of qualitative, expert-based weighting methods and avoids the oversimplification of
treating a watershed as a homogeneous unit. For the Kalan Dam watershed, sub-basin W530
was identified as the most critical area, requiring urgent flood control interventions. The results
emphasize that prioritization should not be based solely on sub-basin area but should
incorporate specific discharge and the percentage reduction in outlet peak discharge per unit
area. The HEC-HMS model proved to be a reliable tool for rainfall-runoff simulation in this
semi-arid watershed.
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