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Abstract 

As global water demand intensifies due to population growth, industrialization, and urbanization, effective management of water 

resources becomes increasingly crucial. Reservoirs play a key role in addressing human needs such as water supply, power 

generation, and flood control. However, the traditional approach to reservoir dispatch optimization often neglects the ecological 

consequences of water allocation, leading to detrimental effects on aquatic ecosystems. This research explores the integration of 

ecological flow requirements into reservoir dispatch optimization, aiming to achieve a balance between human and environmental 

needs. Ecological flow, which refers to the water flow necessary to maintain healthy aquatic ecosystems, is essential for the 

preservation of biodiversity, habitat quality, and overall ecosystem health. This paper discusses the challenges and methods for 

incorporating ecological flow into reservoir dispatch models, as well as the various optimization techniques used to address these 

challenges. The findings of this study emphasize the importance of balancing ecological sustainability with human resource needs 

and highlight the potential of optimization algorithms to effectively address this dual challenge. 
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1 INTRODUCTION 

Water resources are fundamental to human survival, economic development, and ecological sustainability. As global 

population growth, industrialization, and urbanization continue, the demand for water increases significantly, putting 

immense pressure on freshwater systems. Reservoirs, as a critical part of hydraulic and hydroelectric engineering, 

are designed to manage water resources, providing essential services such as water supply, power generation, and 

flood control. However, with the increasing recognition of environmental concerns, there is a growing emphasis on 

incorporating ecological considerations into reservoir operations. Ecological flow, often referred to as 

"environmental flow," represents the quantity, timing, and quality of water flows required to maintain healthy 

ecosystems in rivers, lakes, and wetlands. It ensures that water bodies support biodiversity, preserve habitats, and 

maintain the ecological integrity of aquatic systems. Traditional reservoir dispatching primarily focuses on 

maximizing water storage and optimizing power generation or flood control, often without giving sufficient attention 

to the environmental consequences of water allocation. This has led to a range of negative impacts on aquatic 

ecosystems, such as reduced water quality, loss of biodiversity, and disruption of ecological processes. 

In response to these challenges, integrating ecological flow requirements into reservoir dispatch optimization has 

become a critical research area. The goal is to design optimal operating policies that simultaneously meet human 

needs, such as energy production and water supply, while ensuring that ecological flows are preserved. This dual 

optimization approach requires the development of new methods and models that can handle the complexities of 

water resource management while balancing the competing interests of ecological protection and economic benefits. 

2 CONCEPT OF ECOLOGICAL FLOW AND ITS APPLICATION IN RESERVOIR 

DISPATCH 
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2.1 Definition and Importance of Ecological Flow 

Ecological flow, or environmental flow, refers to the amount, timing, and quality of water flow needed to preserve 

the health and integrity of aquatic ecosystems. It ensures that rivers, lakes, and wetlands can maintain biodiversity, 

support aquatic life cycles, and function effectively in ecological processes such as nutrient cycling and sediment 

transport. Ecological flow is essential for protecting ecosystems from the negative impacts of water resource 

development, such as loss of habitat and decline in species. Without sufficient ecological flow, freshwater systems 

may degrade, leading to reduced biodiversity, compromised water quality, and the collapse of ecosystem services. 

Ecological flow plays a fundamental role in water resource management by providing a more holistic approach that 

balances human needs with environmental protection. Unlike traditional water management, which focuses on 

maximizing water storage and power generation, ecological flow recognizes the importance of sustaining the natural 

environment and maintaining the ecological balance. By maintaining the appropriate flow conditions, ecological 

flow helps to preserve the integrity of freshwater ecosystems, which in turn supports human well-being through the 

provision of ecosystem services such as water purification, flood regulation, and recreational opportunities[1]. 

2.2 Application of Ecological Flow in Reservoir Dispatching 

The application of ecological flow in reservoir dispatching is crucial for ensuring that both human and ecological 

needs are met in a balanced manner. Traditional reservoir dispatching primarily focuses on optimizing water storage 

and releasing water for power generation, flood control, and water supply. However, with growing awareness of the 

environmental impacts of reservoir operations, it has become essential to integrate ecological flow requirements into 

reservoir management. 

Ecological flow considerations must be incorporated into the water release strategies to ensure that aquatic 

ecosystems are maintained. This involves a careful balance, as reservoirs are often expected to meet multiple 

objectives, such as providing water for agriculture, generating electricity, and controlling floods. At the same time, 

ecological flow requires the release of specific amounts of water at certain times to maintain healthy ecosystems. 

This means that reservoir dispatching must adopt new models and methods that account for these competing 

demands and optimize water use in a way that supports both human and environmental needs[2]. 

Monitoring and assessing ecological flow is a key aspect of this process. Various methods, including hydrological 

modeling, ecohydraulic modeling, and field monitoring, are employed to estimate the water requirements for 

different ecosystems. These tools help guide reservoir operators in making informed decisions about water releases, 

ensuring that ecological flow is maintained while still achieving other objectives. 

3 MODELING THE RESERVOIR DISPATCH OPTIMIZATION PROBLEM 

3.1 Basic Theory of Reservoir Dispatching 

The fundamental theory behind reservoir dispatching is centered on the efficient management of water resources to 

achieve multiple objectives simultaneously. These objectives typically include water supply, power generation, flood 

control, and ecological sustainability. Reservoirs are designed to store water during periods of surplus and release it 

during periods of demand, while optimizing the trade-offs between these competing needs[3]. 

The primary goal of reservoir dispatching is to ensure a stable and reliable supply of water for domestic, industrial, 

and agricultural uses. Water supply is often a high-priority objective, particularly in regions facing water scarcity or 

seasonal variations in water availability. 

Many reservoirs are used for hydroelectric power generation, making it an important objective in the dispatching 

process. The challenge lies in optimizing water release schedules to maximize power production while considering 

other factors such as water storage levels and environmental impacts. 

Reservoirs also play a critical role in mitigating flood risks by controlling water flow during heavy rainfall or 

snowmelt. This function is vital for protecting downstream communities and infrastructure, requiring careful 

planning to manage water releases during extreme weather events. 



- 3 - 
www.ivypub.org/eea 

As awareness of environmental issues has increased, the need to incorporate ecological flow considerations into 

reservoir dispatching has become crucial. Ecological flow must be maintained to support aquatic life, preserve 

biodiversity, and ensure the long-term health of river ecosystems. This adds an additional layer of complexity to 

traditional reservoir dispatching, as ecological needs must be balanced with human demands. 

The constraints on reservoir dispatching are influenced by various factors, including water balance, which ensures 

that the amount of water released does not exceed the inflows; dispatch rules that regulate the timing and quantity of 

water releases; and ecological considerations, which mandate the preservation of minimum ecological flow[4]. 

3.2 Incorporating Ecological Flow Constraints 

Incorporating ecological flow constraints into reservoir dispatch models is a critical step toward achieving more 

sustainable water management. Ecological flow requirements act as a constraint in the optimization problem, 

ensuring that enough water is released to support aquatic ecosystems while still satisfying other objectives such as 

power generation and water supply. 

The integration of ecological flow into dispatch models can be done by specifying the minimum flow levels that 

must be maintained at different times throughout the year, based on the needs of the ecosystem. This can be achieved 

by setting flow thresholds that correspond to critical ecological periods, such as spawning seasons or migration times 

for aquatic species. 

The impact of different ecological flow standards on reservoir dispatch optimization can be significant. More 

stringent ecological flow requirements may result in reduced water availability for power generation and water 

supply, as a larger volume of water must be reserved for environmental purposes. In some cases, this could lead to 

conflicts between ecological and human demands. On the other hand, more lenient ecological flow standards may 

not adequately protect ecosystems, leading to long-term environmental degradation. Therefore, balancing ecological 

flow requirements with the needs of other sectors requires careful calibration of flow thresholds and water release 

schedules. 

3.3 Mathematical Model Construction  

The construction of a mathematical model for reservoir dispatch optimization involves formulating an objective 

function that represents the key goals of the system, such as maximizing power generation, water supply, or 

ecological benefits. Alongside the objective function, the model must incorporate various constraints that reflect the 

system's limitations and operational requirements. One of the fundamental constraints is water balance, which 

ensures that the amount of water released from the reservoir does not exceed the available inflow or storage capacity. 

Another critical aspect is the dispatch rules, which govern the timing, volume, and sequence of water releases to 

meet different demands, such as for power generation, flood control, and water supply. Additionally, ecological flow 

constraints are crucial to ensure that a minimum flow is maintained to support healthy aquatic ecosystems, 

preventing any negative environmental impact from water management practices[5]. 

The mathematical representation of this optimization problem is typically formulated as a constrained optimization 

model. The objective function can be expressed as a weighted combination of several goals, such as power 

generation, water supply, and ecological flow preservation, with each goal being prioritized according to its 

importance. The constraints, including water balance, dispatch rules, and ecological flow requirements, are 

mathematically represented as inequalities or equalities. These ensure that the water release schedules satisfy both 

ecological flow standards at critical times and other operational requirements such as water supply and power 

generation. 

In practice, solving these models often involves utilizing optimization techniques such as linear programming (LP), 

nonlinear programming (NLP), or heuristic methods like genetic algorithms (GA) and particle swarm optimization 

(PSO). The choice of algorithm depends on the complexity of the problem and the specific characteristics of the 

reservoir system. These optimization techniques help to determine the optimal water release strategy that balances 

the competing demands of ecological preservation and human use[6]. 
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4 OPTIMIZATION METHODS AND ALGORITHMS 

4.1 Common Optimization Methods 

4.1.1 Linear Programming (LP) 

Linear programming is a mathematical technique for optimization where both the objective function and the 

constraints are linear. LP is widely used in problems where the relationships between variables are linear, and it can 

efficiently find the optimal solution for problems with many decision variables. In the context of reservoir dispatch, 

LP can be used to model straightforward water allocation problems where the flow releases, storage capacities, and 

other constraints exhibit linear relationships. However, LP is limited in its ability to handle more complex, non-linear 

relationships that often arise in real-world reservoir systems. 

4.1.2 Nonlinear Programming (NLP) 

Nonlinear programming is used when the objective function or the constraints are nonlinear. In reservoir dispatch, 

nonlinear relationships may arise due to the dynamics of the water storage system, varying power generation 

efficiencies, and fluctuating environmental conditions. NLP provides more flexibility than LP and can better 

accommodate complex relationships. However, it requires more computational resources and may suffer from issues 

such as local optima, making it more challenging to find the global optimal solution. 

4.1.3 Dynamic Programming (DP) 

Dynamic programming is a method for solving optimization problems by breaking them down into smaller, simpler 

subproblems. This method is particularly useful for multistage decision-making processes, like reservoir dispatch, 

where decisions made at one stage affect subsequent stages. DP is effective in solving problems with a 

time-sequential structure, such as determining optimal water release over multiple time periods. However, the curse 

of dimensionality is a key limitation, as the computational complexity increases exponentially with the number of 

stages and decision variables. 

4.1.4 Genetic Algorithms (GA) 

Genetic algorithms are a class of evolutionary algorithms inspired by natural selection processes. GA is a powerful 

heuristic method used to solve optimization problems with complex, nonlinear, and multi-modal objective functions. 

In the context of reservoir dispatch optimization, GAs can be employed to explore a wide range of possible solutions 

by mimicking the process of natural selection—through selection, crossover, and mutation operations. GAs are 

well-suited for problems with a large search space, but they can be computationally intensive and may require 

fine-tuning of parameters to achieve optimal results[7]. 

4.2 Ecological Flow-based Dispatch Optimization Algorithms  

4.2.1 Framework and Principles 

The framework of ecological flow-based dispatch optimization algorithms typically includes multi-objective 

optimization, where each objective is weighted according to its priority. These algorithms aim to simultaneously 

maximize or minimize multiple conflicting objectives, such as ecological flow, power generation, and water supply. 

The principles behind these algorithms involve creating mathematical models that integrate ecological flow 

constraints with traditional dispatch objectives. The primary challenge is finding a compromise solution that 

achieves a satisfactory balance between ecological sustainability and the human-centered goals of water use. 

4.2.2 Design of Optimization Algorithms 

Designing optimization algorithms that consider ecological flow constraints involves formulating the optimization 

problem as a multi-constraint problem. The ecological flow requirement is modeled as a hard constraint that cannot 

be violated, ensuring that the aquatic ecosystems receive the minimum necessary water flow. Meanwhile, power 

generation, water supply, and flood control are treated as additional objectives, and their impacts on ecological flow 

must be considered in the algorithm design. Optimization methods, such as genetic algorithms (GA) or particle 
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swarm optimization (PSO), are often employed to solve these multi-objective optimization problems. These 

algorithms iteratively explore possible solutions and adapt based on the fitness of the current solution to ecological 

and human demands. 

5 CONCLUSION 

This research has demonstrated the critical importance of incorporating ecological flow requirements into reservoir 

dispatch optimization, contributing to more sustainable and resilient water resource management. The study reveals 

that traditional approaches to reservoir dispatch, which prioritize power generation, water supply, and flood control, 

often overlook the vital ecological functions of water systems. The integration of ecological flow into optimization 

models ensures that aquatic ecosystems are preserved while still meeting human demands for water and energy. Key 

findings indicate that the inclusion of ecological flow as a constraint in reservoir dispatching not only enhances the 

sustainability of freshwater ecosystems but also improves the efficiency of water use across multiple sectors. The 

application of various optimization algorithms, including linear programming, nonlinear programming, and 

evolutionary algorithms such as genetic algorithms, provides flexible and efficient solutions to this complex problem. 

These methods help to balance the competing needs of human use and ecological protection while optimizing the 

operation of reservoirs. Furthermore, the development of real-time monitoring technologies and the integration of 

climate change considerations into optimization models offer promising directions for future research. Real-time 

data from environmental sensors and remote sensing technologies could significantly improve the accuracy of 

ecological flow assessments, allowing for more adaptive and responsive reservoir management. Moreover, the 

evolving impact of climate change on water resources and ecosystems requires the continual refinement of dispatch 

models to ensure long-term sustainability. 
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