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Obijective: In response to severe droughts and climate change impacts in the Chaharmahal and
Bakhtiari province, numerous watershed management structures, particularly earth dams, have been
constructed to revive groundwater and surface water resources. However, the cumulative
hydrological impacts of these structures on downstream flow regimes, especially in snow-dominated
mountainous basins, remain a subject of debate. This study aims to evaluate the hydrological effects
of existing earth dams on surface runoff and downstream flow in the Sudjan-Qaleh Shahrokh sub-
basin (located upstream of the Zayandeh Rud Dam). Furthermore, it seeks to assess the capability
and reliability of the HEC-HMS model in simulating these structural interventions and snowmelt-
driven hydrological processes in data-scarce mountainous environments.

Method: The study was conducted in the Sudjan watershed (975 km?), characterized by a cold, semi-
arid climate and a snow-dominated hydrological regime. Daily precipitation and discharge data from
10 hydrometric and synoptic stations over an 8-year period (2017-2025) were utilized. Spatial data,
including DEM, land use, and geology, were processed in a GIS environment to extract the Curve
Number (CN) map, with CN values ranging from 45.5 to 66 across nine sub-basins. The HEC-HMS
model (v4.11) was employed using the SCS-CN loss method, SCS unit hydrograph, Muskingum
routing, and linear baseflow modules. The model was calibrated (2017-2021) and validated (2022—
2025) using the Nelder-Mead optimization algorithm. To evaluate the dams' impacts, three major
earth dams with a total storage capacity of 509,220 m3 were simulated for the 2017-2018
hydrological year. Two scenarios were compared: a "with dams" scenario (incorporating stage-area-
volume curves and assuming three full fillings per year) and a "without dams" baseline scenario.
Results: The HEC-HMS model demonstrated satisfactory performance, particularly at the monthly
scale. During calibration, the daily Kling-Gupta Efficiency (KGE) was 0.64 and the monthly KGE
was 0.84, with a Percent Bias (PBIAS) of approximately -22%. The negative PBIAS indicates a
slight systematic overestimation, primarily attributed to the lack of direct Snow Water Equivalent
(SWE) data in the model. Hydrological simulations revealed that the presence of the earth dams
resulted in a negligible reduction in the annual outflow volume—only 0.19% (approximately 406 x
103 m3). Notably, the main annual peak discharge remained entirely unchanged at 56.8 m3/s (recorded
on May 10, 2018). However, a systematic increase in summer baseflow was observed during the
recession limb (June to August), ranging from 0.1 to 0.6 m3/s. Reservoir analysis showed that
Reservoir 1 dominated the retention process, accounting for 79.7% of the total volume reduction.
The minimal impact on flood peaks is fundamentally due to the extremely low ratio of the dams'
total storage capacity (509,220 m3) to the basin's annual runoff volume (~210 million m3), which
constitutes merely 0.24%. Consequently, the structures act primarily as baseflow regulators rather
than flood peak attenuators.

Conclusions: The existing earth dams in the Sudjan sub-basin do not exert significant control over
extreme flood peaks generated by spring snowmelt. However, they play a crucial, albeit localized,
role in enhancing summer baseflow, thereby supporting downstream agricultural demands without
causing a substantial deficit in the total annual water transfer to downstream basins. The HEC-HMS
model proved to be an efficient tool for evaluating cumulative watershed interventions, despite
inherent limitations in snowmelt modeling. From a water resources management perspective, these
findings highlight that small-scale earth dams in snow-dominated regions cannot replace
comprehensive flood risk management strategies. Future watershed management plans must
consider increasing storage capacities or integrating real-time forecasting systems. Furthermore,
rigorous pre-construction hydrological modeling is essential to balance dry-season water supply with
flood risk mitigation in vulnerable mountainous catchments.
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Introduction

Iran suffers recurrent and costly floods, making hydrological simulation a prerequisite for flood-risk
management in vulnerable catchments and riparian infrastructure. In Chaharmahal and Bakhtiari
Province, climate change and protracted drought have left more than 95% of the principal plains
prohibited or critically over-exploited. To restore water resources, watershed management programmes
have built more than 2,850 structural measures, including roughly 470 in the present study area, yet their
cumulative hydrological effect on downstream flow regimes in snow-dominated mountain basins
remains debated. Earlier studies relied on short calibration windows and few storm events, leaving the
annual water balance unresolved. This study therefore evaluates the hydrological effects of existing
earth dams on surface runoff and downstream flow in the Sudjan—-Qaleh Shahrokh sub-basin, upstream
of the Zayandeh Rud Dam, and tests the capability of HEC-HMS in simulating such interventions and
snowmelt-driven processes in a data-scarce mountain environment.

Methods

The Sudjan watershed (=975 km?), a principal sub-basin of the Gavkhouni basin, lies between 2,131 and
3,948 m a.s.l. under a cold semi-arid climate in which snow governs the annual flow regime. Daily
precipitation and discharge records from ten hydrometric and synoptic stations were compiled for 2017—
2025. A digital elevation model with land-use, geological and soil hydrological group maps was
processed in GIS to derive the curve number (CN) map for nine sub-basins and four routing reaches,
with CN ranging from 45.5 to 66. HEC-HMS v4.11 was configured with the SCS-CN loss method, the
SCS unit hydrograph, Muskingum routing and linear baseflow, with Tlag = 0.6Tc. Automatic calibration
(2017-2021) used the Nelder—Mead simplex algorithm to optimise 26 parameters (lag time and CN per
sub-basin, Muskingum coefficients per reach), and validation used the independent 2022—2025 record;
both were assessed by KGE, R?, RMSE and PBIAS. The three earth dams with the largest impoundment,
with a combined storage of 509,220 m3, were represented through their stage—area—volume curves for
the 2017-2018 hydrological year, assuming three complete fillings annually, and “with-dam” and
“without-dam” scenarios were compared at the watershed outlet.

Results

Before calibration the model systematically overestimated peak discharge with a premature time to peak
(KGE =0.22; RMSE = 56.1; PBIAS = 18%; Rz = 0.20). After calibration, daily performance improved
to KGE = 0.64, RMSE =24.2, PBIAS =—21.5% and R? = (0.51; validation yielded KGE = 0.60, RMSE
=19, PBIAS =-22.2% and R% = 0.54. Monthly aggregation performed better (calibration: KGE = 0.84,
PBIAS = —8.6%, R*> = 0.74; validation: KGE = 0.68, PBIAS = -22.6%, R? = 0.65). Skill thus improved
from “unacceptable” to “acceptable” (Moriasi et al., 2007), and a paired t-test confirmed a significant
reduction in RMSE (p < 0.001); with under 10% skill loss during validation, the parameters are
transferable rather than overfitted. Negative PBIAS arises from the absence of direct snow water
equivalent (SWE) data, which forces immediate conversion of snowfall into runoff, and from the
constant CN assumption; the 30-90 day precipitation—runoff lag above 3,900 m was absorbed by lag
time, explaining winter overestimation and early-spring underestimation, so daily accuracy was lower
than in temperature-index or MODIS SWE studies, whereas the monthly KGE of 0.84 confirms
suitability for volumetric and annual water-balance assessment.

The combined storage of 509,220 m3 reduced the annual outflow volume by only 406 x 103 m3, that is
0.19%, from 210,271.7 to 209,865.6 x 103 m3, 79.7% of which was attributable to dam 1. The principal
peak discharge remained unchanged at 56.8 m¥s on 10 May 2018, although secondary peaks were
marginally attenuated (0.3 m3/s on 23 April 2018) and March—April rising-limb flows were 0.1-0.6 m3/s
lower. Conversely, summer low flows increased consistently (20.9 — 21.2 m3/s on 9 June 2018; 14.0
— 14.6 m*/s on 15 June; 5.0 — 5.2 m%s on 1 July). Reservoir simulation showed near-balanced water
budgets and a coordinated snowmelt pulse between 23 and 25 May 2018. Because the storage-to-annual-
runoff ratio is only 0.24%, the hypotheses that check dams substantially reduce peak discharge and
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annual runoff volume are rejected, and the peak reductions of 22.8% and 60-62% reported elsewhere in
Iran are not reproduced.
Conclusion

HEC-HMS proved reliable for simulating a snow-dominated mountain catchment (KGE = 0.64-0.84).
The three earth dams reduced annual outflow by about 0.19% and had no measurable effect on the main
flood peak of 56.8 m3/s, a behaviour governed by the low storage-to-runoff ratio (0.24%), which makes
such structures summer-baseflow regulators rather than peak-flood controllers. Given the Zayandeh Rud
water crisis, the enhancement of summer low flows supports downstream agriculture and ecosystems
without materially reducing inflows to downstream basins; however, the inability to attenuate snowmelt
extremes shows that small check dams cannot replace comprehensive flood-management strategies, and
that future designs must increase storage or be complemented by real-time forecasting. The main
limitations are the use of SCS-CN for long-term continuous simulation, which lacks explicit soil-
moisture accounting, and the absence of a dedicated snowmelt module due to insufficient SWE data;
the results are therefore volumetric and trend-oriented, and soil moisture accounting modelling is
recommended for future daily-scale analyses.
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Reservoir "Reservoir-2" Results for Run "Saze_96"
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------ Run:Saze_96 Element Reservoir-2 Result Storage Run:Saze_96 Element Reservoir-2 Result Pool Elevation
— Run:Saze_96 Element:Reservoir-2 Result:Outflow ——- RunSaze_96 Element Reservoir-2 Result Combined Inflow
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Reservoir "Reservoir-3" Results for Run "Saze_96"
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------ Run:Saze_96 Element:Reservoir-3 Result:Storage Run:Saze_96 Element:Reservoir-3 Result:Pool Elevation
—— Run:Saze_96 Element Reservoir-3 Result Outflow ——- Run:Saze_96 Element:Reservoir-3 Result:Combined Inflow
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