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Sustainable Water Resource Systems

Sustainable water r
those designed anc

esource systems are
managed to fully

contribute to the objectives of society, now

and in the future, w

nile maintaining their

ecological, environmental, and hydrological
iIntegrity (ASCE, 1998)

o Sustainability is intimately related to various measures of risk

and uncertainty about a

future we cannot know, but which we

can surely influence (Loucks, 2000)

ASCE, 1998, Sustainability criteria for water reseources systems, Reston, Va, ASCE.
Loucks, D.P. (2000). Sustainable water resources management. Water International, 25 (1), 3—-10



Introduction

Reliability of Meeting Future Demands
— How often does the system ‘Fall’ to deliver?

Resiliency

 How quickly can the system recover from
failure?

For most water resource systems, time at which
failure occurs, Is also a vital indicator

Productivity Index

— How much hydropower? How much flood
reduction? --over a long future

Vulnerability of the system
— Losses due to failure (e.g., flood damages);



Introduction

o Areservoir used only for hydro power (or water supply)
performs better at full condition.

e Areservoir used only for flood control performs best
when left empty until the flood comes.

* Asingle reservoir serving all the three purposes (hydro
power, water supply and flood control) is to be
managed better by knowing how much water to store
and how it is operated.

« Conflicts exist where demands are more than supplies.

« Finding ways to manage and resolve these conflicts
over time and space is one more reason for planning.

Source: Water resources systems planning and management: An introduction to methods, models and
applications by Loucks D.P. and Eelco van Beek , UNESCO 2005



Definition of a system

« Definition of a system (Dooge, 1973)

*any structure, device, scheme or procedure, real or
abstract, that interrelates in a given time reference,
an input, cause, or stimulus, of matter, energy, or
Information, and an output, effect or response, of
Information, energy or matter”

Dooge, J.C.1., (1973), Linear theory of hydrologic systems, Technical Bulletin No. 1468,
Agricultural Research Service, US Department of Agriculture.



Types of systems

e Simple and complex systems
o Simple — direct relation between input and output
e Complex — combination of several sub-systems

e Linear and nonlinear systems
e Linear — output is a constant ratio of input

* Nonlinear — relation between input and output Is
nonlinear (principle of superposition is not valid)



Types of systems (contd.)

« Time variant and time invariant systems

« Time invariant: input — output relation does not
depend on time of application of input

e Continuous, discrete and quantized systems

e Continuous: changes in system take place
continuously

» Discrete: state of system changes discrete
Intervals of time

* Quantized: system changes only at certain
discrete intervals



Types of systems (contd.)

Lumped parameter and distributed parameter
systems

e Lumped parameter: variation in space Is
non-existant or ignored

« Distributed parameter: variation in one or more
spatial dimensions is considered

Deterministic and probabillistic systems

« Deterministic: a given input always produces the
same output.

e Probabilistic: input — output relationship is
probabillistic

Stable systems — output is bounded if the input is
bounded
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