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Abstract

This study evaluates the thermal and dissolved oxygen (DO) responses of the
Zayandeh Rood Reservoir to reductions in river inflow using the two-dimensional
hydrodynamic and water quality model, CE-QUAL-W?2. Following calibration
and bathymetric corrections, the model demonstrated high accuracy in simulating
water level fluctuations. The reservoir exhibits a warm monomictic mixing
regime. Simulation results revealed that reduced inflow increases hydraulic
residence time and decreases the effective reservoir volume, leading to oxycline
displacement and the expansion of oxygen-depleted zones in deeper layers.
Scenario analysis indicated that a 10% to 20% reduction in inflow places the
reservoir under water quality alert conditions, while a reduction exceeding 30%
triggers severe anoxic conditions in the hypolimnion. Additionally, a water
surface elevation of 2017 m was identified as the critical threshold for water
quality to maintain ecological stability. This research underscores numerical
modeling as a robust tool for predicting biogeochemical responses and supporting
decision-making under hydrological stress.exceeding 30% trigger oxygen
collapse in the bottom waters. Accordingly, maintaining the reservoir water level
above 2017 m is proposed as a key operational threshold to reduce the risk of
deoxygenation, highlighting the usefulness of numerical modeling for reservoir
management under water-scarcity stress.
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1. Introduction

Reservoirs play a vital role in managing water resources in arid and semi-arid regions. Thermal
stratification in these water bodies restricts vertical mixing, limits oxygen transfer, and subsequently
degrades water quality, leading to the development of anoxic conditions. Climate change and
fluctuations in river inflow alter hydraulic residence times, thereby intensifying thermal stability. While
the CE-QUAL-W2 model is widely recognized as an efficient tool for simulating these dynamics, prior
research has predominantly focused on the impacts of temperature increases, leaving the role of inflow
variations relatively understudied. This study addresses this gap by conducting high-resolution
simulations and analyzing the ecological response of the Zayandeh Rood Reservoir under various
inflow reduction scenarios. The findings provide a scientific basis for assessing water quality
vulnerability during droughts and developing optimal water release and reservoir management
strategies.

2. Materials and Methods

The two-dimensional, laterally averaged hydrodynamic and water quality model, CE-QUAL-W2
(Version 3.7), was employed to simulate the reservoir’s behavior. The computational grid of the
reservoir was discretized into 72 longitudinal segments and 91 vertical layers. Boundary conditions and
input data—comprising meteorological variables, hydrological inflows, and measured vertical profiles
of temperature and DO—were configured for the period from March to December 2021. Calibration
was performed for both hydrodynamic and water quality components based on a sensitivity analysis of
key parameters. The wind sheltering coefficient (WSC) was identified as the most sensitive parameter
governing thermal stratification stability; thus, it was calibrated dynamically in the range of 0. 5to 0. 7to
improve model accuracy. Model performance was quantitatively evaluated using statistical metrics,
including the coefficient of determination (R?), root mean square error (RMSE), mean absolute error
(MAE), and percent bias (PBIAS).

3. Results

. The calibrated CE-QUAL-W2 model accurately simulated water level fluctuations (RMSE =
3.3 cm), water temperature (R? = 0.98), and dissolved oxygen (R? = 0.91), successfully capturing
the dynamics of thermal stratification and oxycline formation. Simulating inflow reduction scenarios
(10%, 20%, and 30%) revealed a non-linear response to water level drawdown. Decreased inflow
prolonged hydraulic residence time and amplified the impact of sediment oxygen demand (SOD) due
to an increased ratio of sediment surface area to water volume, driving the anoxic boundary upward.

In the first scenario (10% inflow reduction, corresponding to a 3 m drawdown), oxycline compression
is initiated. Under the second scenario (20% reduction, 7.5 m drawdown), the anoxic zone expands to
cover 45% of the reservoir depth. Ultimately, in the third scenario (30% reduction, 14 m drawdown),
the anoxic water mass expands fourfold, encompassing 90% of the water column and causing a
complete collapse of the reservoir’s self-purification capacity.

4. Discussion and Conclusion

The findings demonstrate that a 10% to 20% reduction in inflow places the Zayandeh Rood Reservoir
in a water quality alert state, whereas a 30% reduction (dropping the water level to 2006 m) triggers
severe anoxia and halts self-purification. To prevent internal phosphorus loading through sediment
release and to preserve ecological health, maintaining the reservoir water level above 2017 m is highly
recommended as a critical threshold and management target.
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