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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
thebehavior of water bodies. Sncerecently modelsbuilt onthebasisof large
amountsof coll ected dataaregainingpopularity. Thismodeling approachwe
will call data-driven modeling; it borrowsmethodsfromvariousareasrelated
tocomputational intelli gence—machinelear ning, datamining, soft computing,
etc. Thechapter givesan overview of successful applicationsof several data-
driven techniques in the problems of water resources management and
control. Thelist of suchapplicationsincludes: usingdecisiontreesinclassifying
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 asimplified representation of reality with an
objectiveof itsexplanationor prediction. Inengineering, thetermmodel isused
traditionallyinoneof twosenses:

(& amathematica model based onthedescription of behaviour (oftenphysics,
or first-order principles) of aphenomenonor systemunder study, referredto
later asbehavioural (alsoprocess, or physicallyhased) models,

(b) amodél builtof material componentsorobjects, whichisoftenreferredtoas
scale(or physical) model (sinceitisusually smallerthanthereal system).

Theseviewsof amodel arewidely adopted and taught. Understandingly, in
sociad andeconomica studies, scalemodel lingwoul d beadifficult undertaking, but
behavioura-model sbased on mathematical descriptionsof processesarewidely
spread and used.

Traditionally, management and control of water resourceswasbased ongood
understanding of theunderlying processesand useso-called* physicaly based” (or
“knowledge-driven,” behavioral) models. Thesecould befor examplemodels
based on Navier-Stokes' equation describing behavior of water in particular
circumstances. Examplesaresurface(river) water 1D models, coastal 2D models,
groundwater model s, etc. Equati onsare solved using finite-difference, finite-
element or other schemes, andresults—normally water level s, discharges—are
presented todecision makers. Often suchmodel sarecalled simulationmodels.
Knowledge-drivenmodelscanbea so“ social,” “ economic,” etc.

Onthecontrary, a“ data-driven” model of asystemisdefinedasamodel
connectingthesystemstatevariables(input, internal and outputvariables) withonly
alimited knowledgeof thedetail sabout the* physical” behavior of thesystem.
“Hybridmodels’ combinebothtypesof models.

It should bestated that theprocessof modelingincludesstudyingthesystem,
posing theproblem, datapreparation, buildingthemodel (normally amachine
learningmodel), testingthemodel, usingthemodel , interpreting theresultsand,
possibly, reiterating. Inthischapter wewill consider only thetechniquesfor data-
drivenmodeling proper.

Techniguesusedindata-drivenmodeling originateinvariousareas(often
overlapping):

*  machinelearning (decisiontrees, Bayesian andinstance-based methods,
neural networks, reinforcement learning);

»  softcomputing, andinparticul ar fuzzy rule-basesystemsinducedfromdate;

»  datamining(usesmethodsof machinelearningandstatistics);

*  methodsof non-lineardynamicsand chaostheory (often considered aspart
of timeseriesanays's, but whichareactua ly orientedtowardstheana ysisof
|largedatasets).
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