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1. Introduction

Optimal water resources management under increasing climatic uncertainty requires robust optimization
techniques capable of solving complex nonlinear problems. Nature-inspired metaheuristic algorithms have
been widely applied due to their strong global search capability; however, many suffer from premature
convergence and sensitivity to control parameters. To address these limitations, this study proposes a Self-
Adaptive Horse Algorithm (SA-HA) that dynamically adjusts its control parameters during the optimization
process, improving the balance between exploration and exploitation. The proposed algorithm is evaluated for
the optimal operation of the Qaranqu Reservoir (East Azerbaijan Province, Iran), aiming to maximize water
supply reliability while minimizing water shortages under operational constraints.

2. Methodology

This study was conducted to optimize the operation of the Qaranqu Reservoir using a self-adaptive
metaheuristic optimization algorithm. The research framework consisted of three main stages: (i) analysis of
hydrological and climatic data, (ii) development of the proposed SA-HA, and (iii) performance evaluation under
reservoir operation conditions.

Hydrological and meteorological data, including precipitation, temperature, evaporation, reservoir inflow,
and irrigation water demand, were collected for the period 1971-2000. These data were used to estimate
reservoir inflow and water demand and served as inputs for the optimization model. The study area is located
in the Qaranqu watershed, East Azerbaijan Province, Iran, where reservoir operation plays a critical role in
agricultural water supply.

The proposed SA-HA algorithm was developed by introducing an adaptive parameter adjustment
mechanism into the original Horse Algorithm (HA). Unlike the conventional HA, the control parameters of each
search agent are dynamically updated according to its optimization performance, enabling a better balance
between global exploration and local exploitation. This adaptive strategy improves convergence accuracy while
reducing the risk of premature convergence and eliminating the need for manual parameter tuning.

The performance of SA-HA was first evaluated using the standard Sphere benchmark function and
compared with the original HA in terms of convergence speed, solution quality, and stability. The algorithm
was then applied to optimize reservoir operation with the objective of maximizing water supply reliability over
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the 30-year simulation period while satisfying storage capacity, release, evaporation, and spill constraints. The
reliability index was adopted to assess the effectiveness of the optimized reservoir operation strategy.

3. Results and discussion

The proposed SA-HA demonstrated superior performance compared with the original HA in both
benchmark optimization and reservoir operation. In the Sphere benchmark function, SA-HA achieved lower
objective function values, faster convergence, and greater solution stability, indicating that the adaptive
parameter adjustment mechanism effectively balanced exploration and exploitation while reducing premature
convergence.

The algorithm was subsequently applied to optimize water allocation in the Qaranqu Reservoir. Compared
with the conventional HA, SA-HA improved the objective function value by approximately 17% and reduced
computational time by nearly 25%. In addition, the adaptive strategy enhanced reservoir operation by
increasing water releases during critical periods, improving final storage, reducing spill volume by about 14%,
and decreasing water supply deficits by approximately 27%.

System reliability analysis further confirmed the advantages of the proposed approach. The reliability index
increased from 0.59 for HA to 0.68 for SA-HA, representing an improvement of approximately 15%. These
results demonstrate that the adaptive learning mechanism enhances optimization efficiency, produces more
stable solutions, and improves the overall performance of reservoir water allocation under operational
constraints.

4. Conclusions

This study demonstrated that incorporating a self-adaptive mechanism into the Horse Algorithm
significantly improves optimization performance for reservoir operation. By dynamically adjusting control
parameters during the search process, the proposed SA-HA achieved faster convergence, greater solution
stability, and higher optimization accuracy than the original HA. Application of the algorithm to the Qaranqu
Reservoir showed improvements in water supply reliability, reservoir storage, spill reduction, and deficit
minimization, highlighting its effectiveness for water allocation under operational constraints. The adaptive
parameter adjustment strategy also eliminates the need for manual parameter tuning, making the algorithm
more robust and computationally efficient. Overall, SA-HA provides a promising optimization framework for
water resources management and can be extended to multi-reservoir systems and climate change scenarios in
future studies.
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