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ABSTRACT
Traditionally, management and control of water resources is based on
behavior-driven or physically based models based on equations describing
the behavior of water bodies. Since recently models built on the basis of large
amounts of collected data are gaining popularity. This modeling approach we
will call data-driven modeling; it borrows methods from various areas related
to computational intelligence—machine learning, data mining, soft computing,
etc. The chapter gives an overview of successful applications of several data-
driven techniques in the problems of water resources management and
control. The list of such applications includes: using decision trees in classifying
flood conditions and water levels in the coastal zone depending on the
hydrometeorological data, using artificial neural networks (ANN) and fuzzy
rule-based systems for building controllers for real-time control of water
resources, using ANNs and M5 model trees in flood control, using chaos
theory in predicting water levels for ship guidance, etc. Conclusions are
drawn on the applicability of the mentioned methods and the future role of
computational intelligence in modeling and control of water resources.
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INTRODUCTION
A model can be defined as a simplified representation of reality with an

objective of its explanation or prediction. In engineering, the term model is used
traditionally in one of two senses:
(a) a mathematical model based on the description of behaviour (often physics,

or first-order principles) of a phenomenon or system under study, referred to
later as behavioural (also process, or physically based) models;

(b) a model built of material components or objects, which is often referred to as
scale (or physical) model (since it is usually smaller than the real system).
These views of a model are widely adopted and taught. Understandingly, in

social and economical studies, scale modelling would be a difficult undertaking, but
behavioural models based on mathematical descriptions of processes are widely
spread and used.

Traditionally, management and control of water resources was based on good
understanding of the underlying processes and use so-called “physically based” (or
“knowledge-driven,” behavioral) models. These could be for example models
based on Navier-Stokes' equation describing behavior of water in particular
circumstances. Examples are surface (river) water 1D models, coastal 2D models,
groundwater models, etc. Equations are solved using finite-difference, finite-
element or other schemes, and results—normally water levels, discharges—are
presented to decision makers. Often such models are called simulation models.
Knowledge-driven models can be also “social,” “economic,” etc.

On the contrary, a “data-driven” model of a system is defined as a model
connecting the system state variables (input, internal and output variables) with only
a limited knowledge of the details about the “physical” behavior of the system.
“Hybrid models” combine both types of models.

It should be stated that the process of modeling includes studying the system,
posing the problem, data preparation, building the model (normally a machine
learning model), testing the model, using the model , interpreting the results and,
possibly, reiterating. In this chapter we will consider only the techniques for data-
driven modeling proper.

Techniques used in data-driven modeling originate in various areas (often
overlapping):
• machine learning (decision trees, Bayesian and instance-based methods,

neural networks, reinforcement learning);
• soft computing, and in particular fuzzy rule-base systems induced from data;
• data mining (uses methods of machine learning and statistics);
• methods of non-linear dynamics and chaos theory (often considered as part

of time series analysis, but which are actually oriented towards the analysis of
large data sets).
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