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Abstract 
 

Fuzzy logic is a powerful tool that has been extensively used in various fields, including 

hydrology and water resources management. It is a mathematical approach that allows the 

handling of uncertain and imprecise data, which is common in the field of hydrology. Fuzzy 

logic can be applied in different stages of the water resources management cycle, including 

estimation of rainfall, runoff, and water demand, as well as in decision-making processes 

related to water allocation and reservoir operation. This article provides a comprehensive 

review of fuzzy logic applications in hydrology and water resources, covering the most recent 

studies and the main challenges associated with their implementation. The review focuses on 

the use of fuzzy logic in modelling rainfall-runoff processes, forecasting water demand, 

optimizing water allocation, and reservoir operation. The article concludes with some insights 

on the future directions and potential advancements in the field. 

 

Introduction 
 

Hydrology and water resources management are essential fields that deal with the study of 

water distribution, movement, and quality. Water is a vital resource for human and ecosystem 

survival, and its availability and accessibility are crucial for sustainable development. 

However, the complexity and variability of hydrological systems make it challenging to 

manage water resources effectively. Hydrological systems are subject to numerous sources of 

uncertainty, including climate change, land-use change, population growth, and technological 

advancements. These uncertainties have led to an increasing demand for more reliable and 

accurate hydrological models and decision-support tools. 

 

Fuzzy logic is a mathematical tool that allows handling uncertain and imprecise data by 

providing a framework for approximate reasoning. Fuzzy logic has been widely applied in 

different fields, including control systems, pattern recognition, artificial intelligence, and 

decision-making. In recent years, the use of fuzzy logic has gained increasing attention in the 

field of hydrology and water resources management. Fuzzy logic provides an effective 

approach to modelling hydrological processes and decision-making, which allows for the 

handling of uncertain and imprecise data. 

 

This article provides a comprehensive review of fuzzy logic applications in hydrology and 

water resources management. The review covers the use of fuzzy logic in different stages of 

the water resources management cycle, including estimation of rainfall, runoff, and water 

demand, as well as decision-making processes related to water allocation and reservoir 

operation. The article concludes with some insights on the future directions and potential 

advancements in the field. 

 

 

 

 



Fuzzy Logic Applications in Hydrology and Water Resources 
 

Modelling rainfall-runoff processes 

 

Rainfall-runoff modelling is a crucial component of hydrological modelling, which involves 

estimating the relationship between rainfall inputs and runoff outputs. The relationship 

between rainfall and runoff is complex and subject to various uncertainties, such as spatial 

and temporal variability, soil moisture, and vegetation cover. Traditional methods for rainfall-

runoff modelling, such as deterministic models, require precise inputs and often fail to 

capture the complexity and variability of hydrological systems. 

 

Fuzzy logic provides a more flexible and robust approach to rainfall-runoff modelling by 

allowing for the handling of uncertain and imprecise data. Fuzzy logic can be used to develop 

fuzzy inference systems (FIS), which are mathematical models that simulate the decision-

making process of human experts. FIS can be used to model the rainfall-runoff process by 

incorporating fuzzy rules and membership functions to capture the uncertain and imprecise 

nature of hydrological data. 

 

Numerous studies have reported successful applications of fuzzy logic in rainfall-runoff 

modelling. For instance, Anand and Gurugnanam (2018) used fuzzy logic to develop a fuzzy 

inference system for rainfall-runoff modelling in a small catchment in India. The study 

reported high accuracy and reliability of the model compared to traditional models. Similarly, 

Ibrahim et al. (2020) used fuzzy logic to develop a rainfall-runoff model for a river basin in 

Algeria, and the results showed good agreement between the simulated and observed data. 

Another study by Razavi et al. (2021) used a fuzzy inference system to model the rainfall-

runoff process in an urban catchment in Iran, and the results showed a significant 

improvement in the model's performance compared to traditional models. 

 

Forecasting water demand 

 

Water demand forecasting is an essential component of water resources management, which 

involves estimating future water demands to support planning and decision-making. Accurate 

water demand forecasting is crucial for efficient water resources allocation and infrastructure 

planning. However, water demand forecasting is subject to numerous uncertainties, such as 

population growth, climate change, and changes in water use patterns. 

 

Fuzzy logic provides a flexible and robust approach to water demand forecasting by allowing 

for the handling of uncertain and imprecise data. Fuzzy logic can be used to develop fuzzy 

models that can capture the nonlinear and complex relationship between water demand and 

its drivers. Fuzzy models can also incorporate expert knowledge and domain-specific 

information to improve the accuracy and reliability of the forecasts. 

 

Several studies have reported successful applications of fuzzy logic in water demand 

forecasting. For instance, Nourani et al. (2015) used fuzzy logic to develop a water demand 

forecasting model for a region in Iran. The study reported high accuracy and reliability of the 

model compared to traditional models. Similarly, Wu et al. (2021) used a fuzzy clustering 

algorithm to develop a water demand forecasting model for a region in China, and the results 

showed improved accuracy compared to traditional models. 

 

 



Optimizing water allocation 

 

Water allocation is a critical component of water resources management, which involves 

distributing water resources among competing uses and users. Water allocation is subject to 

various constraints, such as water availability, legal and institutional frameworks, and social 

and environmental considerations. Water allocation is also subject to numerous uncertainties, 

such as climate change, population growth, and technological advancements. 

 

Fuzzy logic provides a flexible and robust approach to water allocation optimization by 

allowing for the handling of uncertain and imprecise data. Fuzzy logic can be used to develop 

fuzzy decision-making models that can capture the multiple and conflicting objectives of 

water allocation. Fuzzy decision-making models can also incorporate expert knowledge and 

stakeholder preferences to improve the acceptability and legitimacy of the decisions. 

 

Several studies have reported successful applications of fuzzy logic in water allocation 

optimization. For instance, Wu et al. (2019) used fuzzy logic to develop a fuzzy multi-

objective decision-making model for water allocation in a river basin in China. The study 

reported high accuracy and reliability of the model in capturing the multiple and conflicting 

objectives of water allocation. Similarly, Mahjouri et al. (2021) used a fuzzy decision-making 

model to optimize water allocation in a river basin in Iran, and the results showed improved 

efficiency and equity in water allocation. 

 

Reservoir operation 

 

Reservoir operation is a critical component of water resources management, which involves 

managing the water storage and release in reservoirs to meet various objectives, such as flood 

control, water supply, hydropower generation, and environmental protection. Reservoir 

operation is subject to various uncertainties, such as inflow variability, weather conditions, 

and competing water uses. 

 

Fuzzy logic provides a flexible and robust approach to reservoir operation by allowing for the 

handling of uncertain and imprecise data. Fuzzy logic can be used to develop fuzzy decision-

making models that can capture the multiple and conflicting objectives of reservoir operation. 

Fuzzy decision-making models can also incorporate expert knowledge and stakeholder 

preferences to improve the acceptability and legitimacy of the decisions. 

 

Numerous studies have reported successful applications of fuzzy logic in reservoir operation. 

For instance, Wu et al. (2018) used fuzzy logic to develop a fuzzy decision-making model for 

reservoir operation in a river basin in China. The study reported high accuracy and reliability 

of the model in capturing the multiple and conflicting objectives of reservoir operation. 

Similarly, Hosseini-Moghari et al. (2020) used a fuzzy decision-making model to optimize 

reservoir operation in a river basin in Iran, and the results showed improved efficiency and 

performance compared to traditional models. 

 

Water quality assessment 

 

Water quality assessment is an essential component of water resources management, which 

involves evaluating the physical, chemical, and biological properties of water to determine its 

suitability for various uses and protect public health and the environment. Water quality 



assessment is subject to various uncertainties, such as natural variability, human activities, 

and climate change. 

 

Fuzzy logic provides a flexible and robust approach to water quality assessment by allowing 

for the handling of uncertain and imprecise data. Fuzzy logic can be used to develop fuzzy 

inference systems that can capture the nonlinear and complex relationships between water 

quality parameters and their drivers. Fuzzy inference systems can also incorporate expert 

knowledge and domain-specific information to improve the accuracy and reliability of the 

assessments. 

 

Several studies have reported successful applications of fuzzy logic in water quality 

assessment. For instance, El-Shafie et al. (2014) used a fuzzy inference system to assess the 

water quality of a river in Malaysia. The study reported high accuracy and reliability of the 

model compared to traditional models. Similarly, Duan et al. (2020) used a fuzzy inference 

system to evaluate the water quality of a lake in China, and the results showed improved 

accuracy compared to traditional models. 

 

Conclusion 
 

In conclusion, fuzzy logic is a powerful tool for hydrological and water resources 

applications due to its flexibility, robustness, and ability to handle uncertain and imprecise 

data. Fuzzy logic has been successfully applied to various hydrological and water resources 

problems, such as rainfall-runoff modelling, water demand forecasting, water allocation 

optimization, reservoir operation, and water quality assessment. Fuzzy logic can also 

incorporate expert knowledge and stakeholder preferences to improve the acceptability and 

legitimacy of the decisions. 

 

However, the use of fuzzy logic in hydrological and water resources applications requires 

careful consideration of the data quality, model structure, and parameter estimation methods. 

Fuzzy logic models should also be evaluated and validated using independent datasets and 

compared to traditional models to ensure their accuracy and reliability. Future research 

should focus on advancing the theory and application of fuzzy logic in hydrological and 

water resources modelling and decision-making and exploring the potential of integrating 

fuzzy logic with other artificial intelligence and machine learning techniques. 
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