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Role of Artificial Intelligence in Hydrological Modelling
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Monowar Alam Khalid
Department of Environmental Science, Integral University, Lucknow

Arpit Chouksey
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Introduction

Hydrological modelling involves simulating the movement, distribution and behaviour of
water within a watershed or catchment area using mathematical equations and computational
tools. It uses simplified representations of realworld systems to understand, predict, and
manage water resources, encompassing processes like precipitation, runoff, river discharge,
evaporation, infiltration, flood forecasting and groundwater flow. These models are useful in
water resource management, flood control, drought assessment, and climate change impact
studies. These models are useful in predicting the quantity and quality of water in a watershed
necessary for the effective management of water resources [Kambarbekov and
Baimaganbetov, 2024]. There are many traditional hydrological models developed to apply
on numerous watersheds to find out the impact of climate and soil properties on hydrology
and water resources [Devia et al., 2015]. The best model is the one that gives close to reality
results with the use of the least parameters and the complexity of the model [Devia et al.,
2015]. These models are classified into the following types:

1. Empirical Models which are based on observed data and statistical relationships (e.g.,
Artificial Neural Network, Regression Models).

2. Conceptual Model- These models represent hydrological processes using simplified
equations. E.g. SWAT, HEC-HMS). 3. Physically-Based Models- They used detailed physical
laws to simulate water flow. (e.g. MIKE-SHE, SHEMAT).

Hydrological systems, spanning from individual river segments to global scales, are
becoming increasingly complex due to the dynamic interactions between natural processes
and human activities. Traditional hydrological methods struggle to address the inherent non-
linearity in these systems. Additionally, analysing large-scale hydrological processes requires
managing vast amounts of real-time data [Devia et al., 2015]. In recent years, artificial
intelligence (Al), particularly deep learning, has proven to be a powerful tool for handling
large datasets and solving complex nonlinear hydrological challenges. Al’s potential extends
beyond hydrology to fields such as computer vision, bioinformatics, and climate science,
where it has shown performance comparable to, or even surpassing, human expertise [Volpi
et al., 2023].
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Role of Al in hydrological modelling

Artificial Intelligence (Al) has revolutionized hydrological modelling by offering tools to
handle complex, nonlinear processes inherent in hydrology. The advantages of using Al over
traditional methods includes:

Data-Driven Insights: Al models can analyse vast datasets to identify patterns and
relationships that traditional models might overlook.

Enhanced Prediction Accuracy: By learning from historical data, Al models improve the
precision of hydrological forecasts.

Real-Time Processing: Al algorithms can process real-time data swiftly, facilitating timely
decision-making. [Devia et al., 2015]

Common Al techniques used in hydrology

The most widely utilized Al techniques in hydrological modelling include artificial neural
networks (ANNs) and support vector machines (SVMs). ANNs consist of interconnected
nodes that process information and adapt through learning from past experiences. On the
other hand, SVMs are machine learning algorithms designed for both classification and
regression tasks. The most common Al techniques being used are:

Artificial Neural Networks (ANNs): Mimic human brain functions to model complex
hydrological processes.

Support Vector Machines (SVMs): Classify and regress hydrological data for pattern
recognition.

Random Forests: Utilize ensemble learning for robust predictions.
Deep Learning Models: Capture spatial and temporal dependencies in hydrological data.

Al-driven hydrological models have been applied to various challenges, including flood
forecasting, drought monitoring, and water quality assessment. For instance, Al-based flood
prediction models have been designed to deliver real-time forecasts of flood events (Figure
1). These models integrate radar and satellite data to estimate rainfall, utilizing artificial
neural networks (ANNs) to predict river and stream flood levels.

Similarly, Al-powered drought monitoring models leverage remote sensing data to assess
vegetation health and soil moisture, enabling early drought detection and improved water
management strategies [Devia et al., 2015]

In water quality modelling, Al techniques such as support vector machines (SVMs) are
used to predict pollutant concentrations in water bodies, aiding in pollution source
identification and guiding management practices for water quality improvement. [Hosseini
Baghanam et al., 2022] explored the selection of key large-scale climate variables in
statistical downscaling, incorporating wavelet coherence transforms and ANNs. Additionally,
de Moura et al. (2022) assessed the effectiveness of Long Short-Term Memory (LSTM)
networks for discharge prediction under shifting climate conditions, shedding light on the
strengths and limitations of Al-based models [Natel de Moura et al., 2022]. Nourani (2022)
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