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Overview



This book on water resource systems planning and analysis is concerned
with the development and application of quantitative mathematical modeling
methods to problems of water management. Quantitative modeling methods
are typically discussed in books or courses on operations research or systems
analysis. In contrast to such texts on systems methodology, the primary focus
of this book is on the application of these methods to problems of water
management. The introductory chapter that follows provides a perspective
on the types of water problems that are most readily analyzed using systems
methods and explains why such quantitative methods can be, and have been,
helpful during the planning process.



CHAPTER i

Planning and Analysis
of Water Resource
Systems

1.1 INTRODUCTION TO WATER
RESOURCES PLANNING

Water: too much, too little, too dirty. Throughout the world, these are
the conditions that prompt water resources planning. To mect the demands
for the desired quantity and quality of water at particular locations and times,
engineers—together with economists, political scientists, lawyers, planners
and conservationists—have gained considerable experience in designing, con-
structing, removing, and operating structures and implementing nonstruc-
tural measures that will permit improved management ol natural water
supplies.

The incentive to plan for increased control of any water resource often
follows a major disaster, such as a flood, a drought, intolerable water quality
conditions, or a waterborne disease epidemic. Following the crises that often
trigger water resources planning, citizens' review committees, planning
boards, advisory groups, and public hearings may all help sustain the
momentum needed to carry plans through to implementation. Just as rapidly
as public support develops for investments in engineering structures for con-
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trolling and managing water, environmental and preservation interest groups
emerge to critically question the wisdom of such investments. The concern of
these groups is not limited to just the conservation and preservation of scenic
arcas and wild rivers, but often includes the broad regional impacts that
could result from changes in air and water quality, noise levels, land use, and
transportation corridors. Even il the issue is the improvement of water
quality, generally considered a desirable goal, the opposition will certainly
include some of those who must pay te achicve it. The issues that create con-
flict in water resources planning are real and are not necessarily the result of
human stubbornness, self-interest, or inflexibility. Reasonable, rational, and
informed individuals will frequently reach opposing conclusions concerning
the wisdom of proposed projects because of the differences in their assess-
ment of the value of the costs and benefits of the projects.

Water resources planning must take into account multiple users, multiple
purposes, and multiple objectives. Different people have different goals,
perspectives, and values, Planning for maximum net economic benefits “to
whomsoever they accrue™ is not sufficient: it matters whe pays and wio
benefits. Issues of equity, risk, redistribution of national wealth, environ-
mental quality, and social welfare are as important as economic efficiency. It
is clearly impossible to develop a single objective that satisfies all interests,
all adversaries, and all political and social viewpoints.

Increased public involvement in water resources planning has changed
the manner in which engincers approach this task. It has forced tradition-
bound planners and designers to broaden their perspective and to examine a
wider range of alternative plans, It has shifted more of the responsibility for
making choices from the engincers or planners to the politicians or public
officials. Even though engineers and planners play an important part in the
decision-making process, it is ¢lected politicians who are, or at least should
be, responsible and accountable for decisions that involve compromises
among various public interests and concerns,

Water resources engineers and planners should develop a number of rea-
sonable alternatives for public officials to consider; they should also evaluate
the economic, environmental, political, and social impacts that might result
from each alternative. Today we study river basins, lakes, cstuaries, and
other water resource systems with a greater awarencess of their complexity,
their sensitivity and adaptability to exogenous forces. and of our own limita-
tions in understanding their behavior, We realize the general irreversibility
of the impact of large projects on natural ecosystems and on our own social
and economic organization. Construction of large reservoirs commits valu-
able land and water resources to a limited range of uses and thus forecloses
society’s aptions to use these resources in very different ways. This awareness
15 humbling, but it is also a challenge. [t has stimulated the development.
over the last several decades, of improved analytical tools and methodologies
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for defining and evaluating alternatives for managing such systems so that the
best possible decisions will be made.

Those who are involved in the development of water resource systems
methodology know that the use of these tools cannot guarantee development
of optimal plans for water resources development and management. Given
the competing and changing objectives and priorities of different interest
groups, it is unclear how useful the concept of an “optimal plan™ really is.
What sysiem methodology can do, however, is to help define and evaluate,
in a rather detailed manner, numerous alternatives that represent various
possible compromises among conflicting groups, values, and management
objectives. In particular, a rigorous and objective analysis should help to
identify the possible trade-offs between quantifiable objectives so that further
debate and analysis can be more informed. The art of systems analysis is to
identify those issues and concerns which are important and significant and
to structure the analysis to shed light on these issues.

Although the systems approach to water resources planning is not
restricled to mathematical modeling, models do exemplify the approach.
They can represent in a fairly structured and ordered manner the important
interdependencies and interactions among the various control structures and
users of a waler resource system. Models permit an evaluation of the eco-
nomic and physical consequences of alternative engineering structures, of
various operating and allocating policies, and of different assumptions
regarding future flows, technology, costs, and social and legal requirements.
Although this systems methodology cannot define the best objectives or
assumptions, it can identily good decisions, given those objectives and
assumptions,

In acknowledging the role of systems methodology in the water resource
planning process, one should recognize the inherent limitation of models as
representations of any real problem. The input data, including objectives
and other assumptions, may be controversial or uncertain. Of course, these
inputs affect the output. Future events are not known with certainty, and our
knowledge concerning any water resource system is always limited. More-
over, the results of any quantitative analysis of alternatives are often only a
small part of the input to the overall planning and decision-making process.
Equally important may be purely qualitative factors, including subjective
inferences drawn from the quantitative analysis.

We should not expect, therefore, to have the precise results of any quanti-
tative systems study accepled and implemented. A measure of the success of
any systems study resides in the answer to the following questions: Did the
study have a beneficial impact in the planning and decision-making process?
Did the results of such studies make the debate over the proper choice of
alternatives more informed ? Did it introduce competitive alternatives which
otherwise could not have been considered ?
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There seems to be no end of challenging water resource systems planning
problems facing water resources planners. How one models any specific
water resource problem depends on (1) the objectives of the analysis; (2) the
data required to evaluate the projects; (3) the time, data, money, and com-
putational facilities available for the analysis; and (4) the modelers’ knowl-
cdge and skill. Model development is an art, requiring judgment in
abstracting from the real world the components that are important to the
decision to be made and that can be illuminated by quantitative methods,
and judgment in expressing those components and their interrelationships
mathematically in the form of a model.

1.2 WATER RESOURCE SYSTEMS
ANALYSTS, ENGINEERS,
AND POLICYMAKERS

To engage in a successful water resource systems study, the systems ana-
lyst must possess not only the requisite mathematical and systems method-
ology skills, but also an understanding of the environmental engineering,
economic, political, cultural, and social aspects of waler resources planning
problems. For example, to study the impact of a large land development
plan, the analyst should be able to predict how the proposed plan would
affect runoff and, in turn, the quantity and quality of surface waters and
groundwaters, and how the development would affect lood flows and con-
versely, how flood lows would affect the planned development. The analyst
must have an understanding also of the biological, chemical, and physical
processes that are influenced or caused by various nutrients, biodegradable
wastes, chemicals, and other constituents that may be discharged into and
transported by water bodies as a result of the proposed development.

A reasonable knowledge of economic theory is just as important as an
understanding of hydraulic, hydrologic, and environmental engineering dis-
ciplines. Economics has always had, and will continue to have, a significant
role in the planning of water resources investments. It is obvious that the
results of most water resources management decisions have a direct impact
on people and their relationships. Hence inputs from those having a knowl-
edge of law, regional planning, and political science are also needed during
the comprehensive planning of water resource systems, especially during the
development and evaluation of the results of various planning models.

Early water resource systems studies were often undertaken with a naive
view of the appropriate role and impact of models and modelers in the
policymaking process. The policymaker could foresee the need to make a
decision. He or she would tell the systems group to study the problem. They
would then model it, identifying feasible solutions and their consequences,
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and recommend onc or at most a few solutions. The policymaker, after
waiting patiently for these recommendations, would then make a yes or no
decision. Experience to date suggests the following:

1. A final solution to a water resources planning problem rarcly
exists; plans and projects are dynamic and change and evolve over
time as facilities arc added and modified and the uses and demands
placed on the lacilities change.

2. For every major decision there are many minor decisions, made by
different agencies or management organizations responsible for
different aspects of a project; plans cvolve.

3. The time normally available to study a water resources problem is
shorter than the time necessary for an adequate state-of-the-art
mathematical modeling study, or il there is sufficient time, the
objectives of the original study will have significantly shifted by the
time the study is completed.

This experience emphasizes not only some of the limitations and difficul-
ties that any water resource systems study may encounter, but more impor-
tant, it emphasizes the nced for constant communication among the analysts,
engineers responsible for the systems operations, and policymakers. The
success or failure of many past water resource studies is in a large part
attributable to the efforts expended or not cxpended in ensuring adequate
and meaningful communication among systems planners, professional engi-
neers responsible for system operation and design, and public officials respon-
sible for major decisions and setting general policies. It is these engineers and
pubiic officials, after all, who need the information that can be derived from
various models and analyses, and they must have it in a form useful and
meaninglul to them. At the beginning ol any study, objectives arc usually
poorly defined. As more is learned about what can be gotten, people arc
better able to identily what they want. Close communication among analysts,
engineers, and public officials throughout the modeling process is essential il
systems studies arc to make their greatest contribution to the plinning
process.

Furthermore, those who will use the models, and present the information
derived from the models to those responsible for making decisions, must be
intimately involved with model development, solution, and analysis. Only
then can they appreciate the assumptions upon which any particular model is
based, and hence adequately evaluate the reliability of the results. Any water
resource systems study that involves only outside consultants, and minimal
communication between consultants and planners within a responsible
managemeni agency, is unlikely to succeed in having a significant impact on
the planning process. Models that are useful arc alive, constantly being
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paration, evaluation, and implementation.

1.3

Successful systems analysis applications cxhibit a number ol common
characteristics. These are reviewed here because they provide insight into
whether a systems study of a particular problem may be worthwhile, If the
planners’ objectives are very unclear, few alternative courses of action exist,
or there is little scientific understanding of the issues involved, then mathe-
matical modeling and sophisticated methodologies are frequently of little

CHARACTERISTICS OF SYSTEMS
ANALYSIS APPLICATIONS

usc. Successful applications of systems analysis are characterized by:

|

[

Not ail water resources planning problems are suitable candidates for study
using systems analysis methods. The systems approach is most appropriate

A systems focus or orientation: Attention nceds to be and is
devoted to the interaction of clements within the system as a whole
as well as to the elements themselves.

The use of interdisciplinary teams: In many complex and nontradi-
tional problems it is not at afl clear from the start what disciplinary
vicwpoints will turn out to be most appropriate. [t is essential that
the participants in such work—coming lrom different established
disciplines—become familiar with the techniques, vocabulary, and
concepts of the other disciplines. 1t might be said that participation
in interdisciplinary research requires a willingness to make mistakes
at the fringes of one’s technical competence,

. The use of formal mathematical models: The overwhelming prefer-

ence of most systems analysts is to use mathematical models to
assist in system description and evaluation and to provide an
unambiguous record of the assumptions and data wsed in the
analysis.

when:

4, The system's objectives are rcasonably well defined and organiza-

tions and individuals can be identified who have the necessary
authority and power to implement possible decisions.

5. There arc many alternative decisions that may satisfy the stated

This text on quantitative planning techniques will be particularly useful for

objectives and the best decision is not obvious.

water resources problems which have two additional characteristics:
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6. The alterpative solutions and the objectives of the system being

analyzed arc describable by a reasonably tractable mathematical
representation.

7. The parameters of the model are estimatable from readily obtainable

data,

Thesc last four conditions are, off course, rarely met in practice. In such
cascs, systems analysis studies may still help in providing new insights and
understanding to the problem of concern, but will probably be less succassful
than would otherwisc be the casc.

EXERCISES

I-1.

What are the characleristics of water resources planning or management
problems that are most suitable for analysis using quantitative systems
analysis techniques ?

. ldentify some specific water resource systems planning problems and

for each problem specify in words possible objectives, the unknown
decision variables whose values need to be determined, and the con-
straints or relationships that must be met by any solution of the prob-
lem.

- From u review of the recent issues of various journals pertaining to

waler resources and the appropriate areas of enginecring, economics,
planning and operations research, identify thosc Jjeurnals that contain
articles on water resource systems planning and analysis, and the topics
or problems currently being discussed,

. Many waler resource systems planning problems involve considerations

that are very difficult if not impossible to quantify, and hence they can-
not easily be incorporated into any mathematical model for defining
and evaluating various alternative solutions. Briefly discuss what value
these admittedly incomplete quantitative models may have in the plan-
ning process when nonquantifiable aspects arc also important. Can you
identify some planning problems that have such intangible objectives?
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